
 
 

NUTRIENTS  IN  THE  DIET OF LAYING   
HENS FOR MODIFYING THE NUTRITIONAL 
PROFILE OF EGGS 

 

Biological value of nutrients in eggs 

  In recent years, the interest in the relationship 

between  diet and human health has led to exploring the 

possibility of obtaining differentiated products that are 

adapted to the demands of consumers and have added 

value linked to the nutritional profile of eggs. For these 

purposes, animal nutrition may be used to modify the 

levels of various nutrients which are recognized as being 

healthy, as well as to reduce the amounts of nutrients 

that should be controlled. 

Eggs are characterized by their high nutrient 

density and moderate contents of calories (73 kcal/egg; 

Barroeta, 2010) and saturated fatty acids. In addition, the 

amino acid profile of eggs is very suited to the body’s 

needs and the proportion of polyunsaturated fatty acids 

(PUFAs) is high. For these reasons, eggs are among the 

best and most efficient sources of high biological value 

proteins and lipids. Eggs are also a concentrated source 

of vitamins and minerals (Herron and Fernandez, 2004). 

  On the other hand, eggs have micronutrients with 

accepted functional value, such as choline, lutein and 

zeaxanthin, vitamin E and omega-3 fatty acids, among 

others. Nutrigenomics – the study of the effects of 

nutrients on gene expression and its metabolic 

implications – has opened new perspectives to 

micronutrient research which help us understand better 

the real impact of these nutrients which are found in 

small concentrations in the diet. 

  This provides a window of opportunity for egg 

producers, who can implement nutritional strategies that 

are beneficial for both laying hens and end-consumers. 

  Some of the strategies for nutritional differentiation 

of commercial eggs are described below, with a focus on 

the following key fat-soluble micronutrients: carotenoids, 

cholesterol, omega-3 fatty acids and vitamin E. 

 

Carotenoids: lutein-zeaxanthin 

Carotenoids in eggs are originally intended for the 

nutrition and antioxidant protection of the embryo and 

therefore have beneficial effects for the animal beyond 

their pigmenting properties (Karadas et al., 2005). 

Among carotenoids, lutein and its isomer zeaxanthin 

are the most abundant in the natural diet of hens. In fact, 

these two carotenoids make up the majority of the egg’s 

carotenoid contents, with levels ranging from 0.1 µg/egg 

to 0.8 µg/egg based on diet, representing over 85% of 

the egg’s total carotenoids (Jang et al., 2014). 
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Fig. 1. Blood lutein levels in 

individuals who took 5.5 mg to 6 mg 

lutein daily from different sources, as 

from day 14 (Chung et al., 2004). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Lutein and zeaxanthin have been studied 

extensively for their protective properties against age-

related macular degeneration and cataracts, which is the 

main cause of blindness in developed countries 

(Olmedilla et al., 2003). Supplementation of diet with 

lutein-zeaxanthin increases macular pigment optical 

density and improves the function of retinal cone cells 

(Van der Made et al., 2014). The protective activity of 

lutein and zeaxanthin is linked to their strong natural 

antioxidant properties.  

Lutein and zeaxanthin obtained from eggs have 

been shown to have the highest biological value, i.e. the 

greatest bioavailability and presence in tissues after 

absorption versus other vegetal sources. As shown in 

Figure 1 below, the greater bioavailability resulted in 

higher blood lutein levels when lutein from eggs was 

consumed (Chung et al., 2004). Indeed, it has been 

reported that 1 mg of egg lutein has as much 

bioavailability as 5 mg of lutein from dietary supplements 

(Kelly et al., 2014). 

Goodrow et al. (2006) assessed blood carotenoid 

and cholesterol levels in elderly subjects who received 

one egg a day in their diet (non-enriched egg) for 5 

weeks. At the end of the study, blood lutein and 

zeaxanthin levels in subjects in the egg group were 26% 

and 38% higher than in controls, respectively. In addition, 

no significant changes were seen in blood cholesterol 

levels. Handelman et al. (1999) did observe elevated 

cholesterol levels in younger subjects who received the 

equivalent of 1.3 egg yolks a day in their diet.  

Eggs can be enriched with high levels of lutein and 

zeaxanthin by supplementing the hens’ diet with these 

carotenoids. The main source of these supplements used 

for  poultry farming is the extract of marigold petals, 

which is presented as lutein and zeaxanthin in 

concentrated and free forms (not esterified with fatty 

acids), which increases their bioavailability in poultry and 

their deposition in the egg yolk.  

Other nutritional products are being developed 

which incorporate egg yolk, such as enriched dairy 

products. The lutein added in these products has high 

biological value and is more easily absorbable than 

vegetal lutein from fruit and vegetables. For instance, 

blood lutein levels in subjects who took buttermilk 

enriched with 1.5 egg yolks for one year were 83% 

higher than in controls (Van der Made et al., 2014).  

 

Cholesterol  

High cholesterol levels in the diet result in high 

blood levels of total cholesterol and low-density 

lipoprotein (LDL) cholesterol, with an association 

between LDL cholesterol and cardiovascular risk being 

widely recognized. Of note, the majority of lipids are 

monounsaturated, and therefore healthy. However, not 

all cholesterol is bad; for instance, high-density 

lipoprotein (HDL) cholesterol is considered to be ‘good’ 

cholesterol. Nonetheless, a standard egg contains 

approximately 200 mg cholesterol. This is near the 

maximum recommended intake of 300 mg/day (Kassis et 

al., 2010).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Therefore, more recent research lines are justified; 

these have two main objectives: 

 

1) To regulate maximum cholesterol levels in the 

eggs through the diet of layers. 

2) To limit the bioavailability of cholesterol in 

eggs without affecting fat-soluble 

micronutrients such as carotenoids. 

 

Regarding the control of cholesterol deposition in 

the egg, there is significant evidence to support a 

relationship between the addition of saponins in the diet 

of layers and lower cholesterol deposition in the yolk 

(Afrose et al., 2010; Wang and Kim, 2011). This is 

because saponins form insoluble complexes with sterols 

and biliary acids and thus reduce their intestinal 

absorption in hens and ultimately their deposition in the 

egg. Many vegetables contain saponins, but because not 

all saponins are equally effective, their effectiveness 

seem to be influenced by the vegetable from which they 

are derived (Afrose et al., 2010). Among available 

saponin sources, Yucca schidigera has been studied 

extensively. 

 

 

Y. schidigera is a flowering plant native to desert 

areas of Mexico (Kutlu et al., 2001; Kaya et al., 2003). 

This saponin is found in its steroidal form, which makes it 

different from the saponin found in other sources such as 

Quillaja saponaria (Wang & Kim, 2011). 

A wide range of yucca dosages between 30 ppm 

and 200 ppm has been tested in the feed of layers. Kutlu 

et al. (2001) reported that young (< 30 weeks old) layers 

receiving up to 120 ppm had lower egg deposition. 

Similarly, Aslan et al. (2005) assessed dosages of up to 

200 ppm and 100 ppm; after 4 weeks of treatment, these 

authors also observed reduced cholesterol levels in the 

blood and in the yolk. In addition, the reduction of 

cholesterol was dose-dependent for the inclusion of 

saponins (see Table 1). 

The combination of yucca with other components 

such as caprylic acid has also been shown to be effective 

for reducing cholesterol levels, in addition to contributing 

to improve feed efficiency (Wang y Kim, 2011). 

Additionally, several vegetable extracts are being 

investigated with promising results, but there is not as 

much evidence as for saponins. 

 

 

 
 
Table 1. Cholesterol levels in the blood and 
the yolks of laying hens supplemented with 
various levels of Yucca schidigera in their 
diet (*) 

 
 

    Y. schidigera in the diet (ppm)                   0              100            150      200 

Serum cholesterol (g/L)           4 weeks     1.86a        1.74a          1.62ab         1.47b 
                      8 weeks        1.92a        1.61ab         1.46b          1.52b 

 

Yolk cholesterol (mg/g)            4 weeks       24.9           21.9           24.7           25.0 
        8 weeks       26.4           24.5           23.9           24.9 

     
(*) Adaptated from Aslan et al. (2005) 

 

Table 2. Enrichment of eggs for n-3 fatty acids through the diet of layers using  
different sources (expressed in milligrams of fatty acid per egg).   

Source used              LNA*      EPA*      DHA*                    Authors 

20% linseed oil         580          8          14         Caston y Leeson, 1990 

2% linseed oil + 2% mackerel oil       214         32        214         Farrell y col., 1991 

1% linseed oil + 2% fish oil               70         12        155         ITPSA, 1997 

12% herring flour                66          8        100         Nash y col., 1995 

1.5% menhaden oil         10         12        138         Herber&VanElswyk, 1998 

3% menhaden oil                21         24        252         Van Elswyk et al.,1995 

6% mackerel oil                       20         71        377         Farell et al., 1991 

2.4% seaweed                           11        150         Herber&VanElswyk, 1998      

4.8% seaweed              11        196         Herber&VanElswyk, 1998 

3% dry seaweed                38          3        195         ITPSA, 2000

(*) LNA: linolenic acid; EPA: eicosapentaenoic acid; DHA: docosahexaenoic acid.  

 

 

 

 



 

 

 

 

 

 

 

Omega-3 fatty acids 

Unlike saturated and monounsaturated fats, the 

polyunsaturated fatty acid (PUFA) composition can be 

modified effectively through the layers’ diet. The influence 

on fatty acid profiles through the diet is well-documented 

and for a number of years these have been by far the most 

common enriched eggs available in the market.  

Eggs naturally contain high levels of omega-6 (n-6) 

fatty acids but have low levels of omega-3 (n-3) fatty acids. 

In order to modify the egg’s fatty acid contents in favor of 

n-3, two nutritional strategies are usually followed: 

1) Linolenic acid may be added to the layers’ diet as 

a precursor of docosahexaenoic acid (DHA). For 

these purposes, flour, linseed or linseed oil is 

added. As a result, the egg yolk has higher levels 

of alpha-linolenic acid (ALA) and DHA. However, 

the use of ALA has limited effects. 

2) DHA may be added to the diet. For many years, 

this has required the use of fish flours or oils.  

Certain raw materials can be used to increase PUFA 

contents significantly. Caston et al. (1994) assessed the 

addition of 10% to 30% of linseed as a replacement of soy 

flour and obtained up to 44-fold increases versus baseline 

in the levels of alpha-linolenic acid in the egg yolk; 

however, the levels of eicosapentaenoic acid (EPA) and 

DHA were more modest. Similarly, Betancourt and Díaz 

(2009) attained increases of up to 10% in alpha-linolenic 

acid levels by using 20% linseed in the diet of layers.  

In order to achieve even greater increases in EPA and 

DHA levels, fish flours or oils should be included in the 

diet. Table 2 shows examples of ingredients added to the 

diet of layers to achieve eggs with higher contents of 

omega-3 fatty acids and the results reported by several 

authors. 

Negative effects have been reported in some cases, 

both in terms of productive layer parameters and 

organoleptic quality of the eggs, when diets with high 

contents of vegetable or fish flours or oils were used. 

However, for moderate doses of these ingredients, no 

negative effects were seen and eggs were significantly 

enriched for omega-3 fatty acid content (Van Elswyk, 

1997; Fraeye et al., 2012). 

Seaweeds have been used as a source of omega-3 

fatty acids for layers. As shown in Table 2, this supplement 

has very good results, especially for DHA enrichment. 

More recently, enzyme preparations are being studied 

for their effects on the breakdown of the leguminous 

portion of the diet (linseed, canola, soybean, etc.), which 

can contribute to better digestibility and higher PUFA 

levels. 

Vitamin E 

Vitamin E has multiple benefits, primarily based on its 

antioxidant action. One of these is the improvement of the 

immune system and the reduction of cardiovascular 

disease risk. 

To protect polyunsaturated fatty acids (PUFAs) 

against peroxidation, 0.4 mg to 0.8 mg of vitamin E per 

gram of PUFA should be consumed. The amount of 

vitamin E in the egg yolk can be increased easily, and 

therefore simultaneous supplementation with PUFAs and 

vitamin E is highly recommended and attractive for 

consumers (Galobart et al., 2001b). When supplementing 

layer feeds with vitamin E, the levels of vitamin E in eggs 

peak at 3 weeks after starting the supplementation. 

Transference of alpha-tocopherol to eggs expressed as 

the ratio between the increase of the level attained in the 

egg and the increase in the feed has been found to be 

approximately 59.2% (Galobart, 2000). 

Animal experiments have shown that the consumption 

of eggs with high vitamin E levels is effective to prevent 

lipid peroxidation (Surai et al., 1997). Some authors 

conclude that eggs are the best choice of a product 

enriched for vitamin E among several products obtained by 

modifying the diet of various animals. 

Conclusion 

The diet of laying hens can be used to effectively 

modify the nutritional profile of eggs. This is particularly 

interesting for the enrichment of micronutrients such as 

lutein, PUFAs and vitamins, as well as the restriction of 

cholesterol contents. 
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