
Archiva Zootechnica 18:1, 65-74, 2015 

 

65 

 

Evolution of lutein and zeaxanthin concentration in the 
yolk of layers fed lutein-enriched diets 

 
 

V. Bunduc1,2, Tatiana Dumitra Panaite3†, Iulia Vărzaru4,  
Maria Gabriela Cornescu4, C. V. Panaite4,5, M. Pop1 

 
1
University of Agricultural Sciences and Veterinary Medicine (USAMV) Iasi - Doctoral 

School of Agronomy, horticulture and animal husbandry, Iaşi; 
2
SC Avicola Lumina SA, 

Lumina, Constanta, Romania; 
3
National Research Development Institute for Animal 

Biology and Nutrition (IBNA), Balotesti, Ilfov; 
4
University of Agricultural Sciences and 

Veterinary Medicine (USAMV) Bucharest-Doctoral School, Bucharest, Romania, 
5
BIOMIN Romania SRL, Sibiu, Romania 

 
 

SUMMARY 
The experiment was conducted for 5 weeks on 120 Lohmann Brown layers 

(27 weeks) assigned to 3 groups (C, E1, E2). The layers were housed in three-
tier cages (2 layers per cage), with free access to the feed and water. The diet 
formulation for group C comprised corn, wheat, soybean meal and sunflower 
meal, and had 2751.8 kcal/kg ME and 17.06% protein. The diets for groups E1 
and E2 included 5% alfalfa and 5% gluten, 0.05% lutein powder (E1) and 0.1% 
lutein powder (E2). The lutein and zeaxanthin concentrations of the three diets 
were 4.3 mg/kg (C), 27.939 mg/kg (E1) and 40.774 mg/kg (E2). The eggs 
harvested (18 eggs/group) in the second and last week of the experiment were 
measured for yolk colour intensity and yolk content of lutein and zeaxanthin. 
Yolk colour intensity was significantly (P≤0.05) higher in groups E1 and E2 
compared to C after the first two weeks. Between groups E1 and E2, yolk 
colour intensity was higher in E2 (0.1% powder lutein), but it decreased slightly 
between the second and last week. The yolk lutein and zeaxanthin 
concentrations in E1 and E2 were higher than in C, for both series of 
determinations. There have been higher (P≤ 0.05) yolk lutein and zeaxanthin 
concentrations in E2 than in E1. The highest concentrations of lutein and 
zeaxanthin were noticed in the eggs harvested at 14 days from the start of the 
experiment. The lutein and zeaxanthin determinations in the egg yolk samples 
from the eggs harvested in the end of the experiment and stored for 14 days 
have shown a significant (P≤ 0.05) decrease of the lutein and zeaxanthin 
concentrations in groups E1 (3.5%) and E2 (17.7%). 
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INTRODUCTION 
Different studies (Johnson et al., 2000; Landrum, 2000) showed that the 

consumption of foods or supplements with lutein and zeaxanthin increase the 
optic density of the macular pigment (indirect measurement of the lutein 
concentration) and may help improve the visual function in the patients with 
macular degeneration due to age (Mares-Perlman et al., 2002; Seddon et al., 
1994), cataract (Gale et al., 2001) or other eye diseases (Dagnelie et al., 2000; 
Olmedilla et al., 2003, Richer et al., 2002).  

One of the foods identified by Sommerburg et al. (1998) as being rich in 
zeaxanthin is the hen egg. In the young birds, the carotenoids are stored in the 
meat, but when they reach sexual maturity the carotenoids are mobilised from 
the tissues and transferred towards the reproduction organs and in eggs. In 
the case of layers, the carotenoids are absorbed and transferred to the eggs 
(Thurnham, 2007). Lutein is normally found as esters in plants, while it is in the 
free form in eggs (Lai et al., 1996). 

As it is known, the egg is the almost perfect food due to its high feeding 
value. The composition of eggs is very complex containing essential elements 
for human foods (Criste et al., 2009). Furthermore, value can be added 
nutritionally to the feeding value of the eggs. Several studies undertook to 
enrich the yolk in lutein and zeaxanthin using plant materials rich in these 
xanthophylls. Jang et al. (2014) investigated the effect of two sources of lutein 
included in layer diets – commercial form of lutein and a spinach extract – on 
lutein transfer into the egg yolk. The lutein concentration in the yolk increased 
significantly in both groups compared to the control. The group with 
commercial lutein had a higher concentration of lutein in the yolk and a lower 
variability compared to the group with spinach extract, but the differences 
were not statistically significant. The 1 and 2 ppm lutein supplements from 
spinach and 1 and 2 ppm lutein supplements from spinach powder extract 
were used by Kang et al. (2012) in their study. The highest concentration of 
lutein was observed in the group with 2 ppm lutein from the spinach powder 
extract, which also had the strongest colour of the yolk.  

However, there also are other conventional ingredients rich in lutein and 
zeaxanthin, such as corn and alfalfa. Fritsche and Schippel (1990) noticed 
equivalent yolk colour intensity for the diets with 40% corn, 20% corn + 0.5% 
Tagetes and 0% corn + 1% Tagetes meal. The authors said that the use or 
alfalfa meal as source of lutein is limited due to the content of fibre and to the 
fast oxidation of the xanthophylls. Steinberg et al. (2000) supplemented the 
diet with 15, 30, 60 and 120 mg Tagetes total xanthophylls/kg diet and noticed 
that the increase of xanthophylls concentration in the yolk was not linear with 
the dietary level of Tagetes. This was mainly due to the low rate of retention of 
the zeaxanthin compared to lutein. 



Archiva Zootechnica 18:1, 65-74, 2015 

 

67 

 

The concentration of egg lutein can vary considerably depending on the 
type of forage and on the rearing conditions (Hesterberg et al., 2012; 
Schlatterer and Breithaupt, 2006).  

Starting from the hypothesis that the egg concentration of lutein and 
zeaxanthin also depends on the stability of the ingredients and of the feed 
additives, we studied the evolution of the lutein and zeaxanthin concentration 
in the egg yolk when the layers were fed corn gluten, alfalfa ground and a 
commercial powder lutein supplement. 
 
 

MATERIAL AND METHODS 
The experiment was conducted for 5 weeks on 120 Lohmann Brown layers 

aged 27 weeks. The birds were assigned to groups (C, E1 and E2) and housed in 
metabolic cages set on three tiers (2 hens/cage, 20 cages/group). The 
experimental house had controlled temperature, humidity and ventilation. The 
light regimen was of 16 hours per day, and the hens had free access to the 
feed and water. 

The layers received compound feeds formulations with the same basal 
structure: corn, wheat, soybean meal and sunflower meal. Compared to the 
diet for group C, the diets for groups E1 and E2 included 5% corn gluten of 
alfalfa. The diets for groups E1 and E2 also included 0.05% and 0.1% powder 
lutein, respectively (produced by Shaanxi Kingsci Biotechnology Co – China 
Company, with a concentration of 5%). Table 1 shows the three compound 
feeds formulations. The formulations were balanced as energy and protein 
supply: 2751.8 - 2845.3 kcal/kg ME and 17.06 - 17.69 % protein. 

The average daily feed intake, the feed conversion ratio, the laying 
percentage and egg weight were monitored throughout the entire 
experimental period. 

When the experiment started (27 weeks), after 2 weeks and during the 
final week of experiment (32 weeks), 18 eggs/group were harvested and the 
intensity of yolk colour was measured with an Egg Analyzer TM. The lutein and 
zeaxanthin concentrations in the yolk were determined on 6 samples (3 
eggs/sample) for each group. In order determine the evolution of the lutein 
and zeaxanthin concentrations in the eggs after storage, in the end of the 
experiment 60 eggs were harvested (20 eggs per group) and stored in 
refrigerator for 14 (30 eggs) and 28 days (30 eggs). The lutein and zeaxanthin 
concentrations in the yolk were determined by high performance liquid 
chromatography using a HPLC series 200 with UV/VIS detector (Perkin Elmer, 
USA). The samples were prepared by extraction in organic c solvent (acetone), 
re-extraction in petrol ether and saponification with methanolic solution of 
potassium hydroxide. 
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Table 1 – Compound feeds formulation   

Ingredients 
Control 

E1 (0.05% lutein 
powder) 

E2 (0.1% lutein 
powder) 

(%) (%) (%) 

Corn 40.06 41.69 41.64 
Wheat  15.00 14.67 14.67 
Soybean meal (46%) 21.17 13.44 13.44 
Sunflower meal (34%) 8.73 6 6 
Oil 3.20 2.5 2.5 
Corn gluten  - 5 5 
Alfalfa ground - 5 5 
Lutein - 0.05 0.1 
Lysine 0.03 0.21 0.21 
Methionine 0.18 0.14 0.14 
Calcium carbonate 8.95 8.48 8.48 
Monocalcium phosphate 1.32 1.46 1.46 
Salt 0.36 0.36 0.36 
Premix  1 1 1 
Total ingredients 100.00 100.00 100.00 

 
The results are shown as average values with standard deviations, the 

statistical processing being done with StatView software. The differences were 
considered significant for P ≤0.05.  
 
 

RESULTS AND DISCUSSION 
The finished compound feeds were analysed for their gross chemical 

composition and for the content of lutein and zeaxanthin (Table 2). The 
compound feed for group E2 had the highest concentration of lutein and 
zeaxanthin (40.774 ppm), followed by the compound feed for group E1 (27.939 
ppm). This is due to the inclusion rate of the powder lutein, 0.05% for E1 and 
0.1% for E2. 

 
Table 2 – Chemical composition of the compound feeds   

Ingredients Control 
E1 (0.05% lutein 

powder) 
E2 (0.1% lutein 

powder) 

DM, % 93.30 93.12 92.30 
Crude protein, % 17.06 17.69 17.20 
Crude fat, % 5.04 4.72 4.53 
Crude fibre, % 5.58 5.99 5.70 
Ash, % 13. 21 12.75 12.74 
ME, kcal/kg 2751.8 2845.3 2798.02 
Lutein + zeaxanthin, ppm 4.3 27.939 40.744 
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Because just one batch of compound feeds was manufactured for the 
entire experimental period, a study was conducted to determine the stability 
in time of lutein concentration in the compound feeds (Table 3). The decrease 
of lutein and zeaxanthin concentration in the compound feeds for groups E1 
(0.05% lutein powder) and E2 (0.1% lutein powder) was 58% and 73%, 
respectively, at the end of the experiment compared to the values from the 
beginning of the experiment. The higher decrease for group E2 is explained by 
the fact that the lutein powder was severely and adversely affected by the 
light, once the sealed aluminium bag was opened. 

 
Table 3 – Evolution of the lutein and zeaxanthin concentration in the three compound 
feeds 

Time of analysis 
Control 

E1 (0.05% lutein 
powder) 

E2 (0.1% lutein 
powder) 

ppm 

27 weeks 4.300 

 

27.939 

 

40.744 

 

Intermediary (after 2 weks) 6.566 20.969 25.775 
Final (32 weeks) 3.895 11.546 10.678 

 
The data from Table 4 show the feed conversion ratio in groups E1 and E2 

were significantly (P≤0.05) higher compared to group C. the laying percentage 
and egg weight were not different between the three groups. Similar results 
were reported by Leeson et al. (2007) who investigated the effects of the long-
term inclusion of lutein powder and flax seeds in layer diets. Kang et al. (2012) 
noticed that the supplemental 1 and 2 ppm spinach lutein and 1 and 2 ppm 
spinach extract powder lutein influenced significantly layer performance. 
Sajjad et al. (2013) showed that there were not significant differences between 
the results of feeding the layers with free lutein, esterified lutein or both forms 
of lutein. 

 
Table 4 – Bioproductive parameters (average values/group) 

Ingredients Control 
E1 (0.05% lutein 

powder) 
E2 (0.1% lutein 

powder) 

Average daily feed intake, 
g/layer/day 

119.74±4.564
b
 117.04±4.499

a,c
 120.11±3.846

b
 

Feed conversion ratio,  
kg CF/kg egg 

1.99±0.098
b,c

 2.07±0.112
a
 2.07±0.123

a
 

Average egg weight, g 63.62±1.284
b,c

 60.87±0.747
a
 60.59±1.159

a
 

Laying percentage, % 95.24±3.366 95.77±4.237 96.48±4.579 
a,b,c = significant differences (P≤0.05) compared to M, E1, E2 
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Figure 1 shows the evolution of egg colour intensity at the beginning of 
the experiment (27 weeks), after 2 weeks and at the end of the experiment (32 
weeks). 

 

 
Figure 1- Evolution of egg yolk colour intensity  

 
In the experimental groups, the intensity of yolk colour was significantly 

(P≤0.05) higher than in group C, even after the first 2 weeks (Figure 1). Also 
Figure 1 shows that differences also appeared between the two experimental 
groups in favour of group E2 (0.1% powder lutein), but in this group, yolk 
colour intensity decreased slightly between the determination at 29 weeks and 
that at 32 weeks. This decrease in yolk colour intensity is caused by the 
instability of the lutein powder and it occurred because just one batch of 
compound feeds was manufactured for the entire experimental period. This 
phenomenon was not observed in group E1, with just 0.5% powder lutein. The 
use of powder lutein alone, or in combinations, with the purpose to enrich the 
egg in lutein was studied by a number of researchers. The effect of the long-
term inclusion of lutein powder and flax seeds in layer diets has been 
investigated by Leeson et al. (2007). The lutein supplement enhanced 
significantly (P< 0.01) the intensity of yolk colour and the intensity of lutein 
concentration in the egg and liver (P< 0.01). The lutein concentration increased 
from 0.10 mg to 1.6 mg/60 g egg. Yolk colour intensity peaked for the 125 ppm 
lutein supplement. 

Table 5 shows the concentration of lutein and zeaxanthin in the samples 
of yolk. The statistical analysis of the data showed significant (P≤ 0.05) 
increases of the lutein and zeaxanthin concentrations in the experimental 
groups (E1 and E2) compared to the control group, both at the intermediary 
harvesting and at the final harvesting of eggs (Table 5). Significant (P≤ 0.05) 
differences also were observed between the experimental groups E1 and E2. 
Table 5 also shows that the highest concentrations of lutein and zeaxanthin 
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were determined in the eggs harvested 2 weeks after the beginning of the 
trial. Lutein concentrations decreased significantly (P≤ 0.05) in groups E1 and 
E2 in the eggs harvested in the end of the trial, compared to the intermediary 
harvesting. These results are accountable by the data from Table 3 which show 
the evolution of lutein concentration in the three compound feeds. Leeson and 
Caston (2004), who supplemented the corn-soy based diets for layers with 
powder lutein extracted from marigolds, noticed that after 7 experimental 
days, yolk colour increased from 6/7 to 12/13 on the Roche colour fan. The 
authors highlight the results obtained in such short period taking into account 
that the yolk increases in mass over a period of 14-20 days, the change of 
colour being expected 14-20 days after the beginning of feeding the high-lutein 
compound feeds. 

 
Table 5 – Evolution of lutein and zeaxanthin concentrations in egg yolk 

Group 

Lutein + zeaxanthin concentration, ppm 

Initial 
harvesting, 
27 weeks 

Intermediary 
harvesting, 
29 weeks 

Final harvesting, 
32 weeks 

C 

2.338±0.416 

3.973 ± 0.4
b, c 

3.898 ± 0.3
b, c

 

E1 (0.05% lutein powder) 30.330 ± 2.4
a, c 

21.959 ± 2.1
a, c

 

E2 (0.1% lutein powder) 48.481 ± 2.8
a, b 

34.472 ± 3.1
a, b

 
a,b, c = significant differences (P≤0.05) compared to M, E1, E2 

 
Figures 2 and 3 show, for the experimental groups, the correlations 

between the concentrations of powder lutein, the compound feeds and the 
yolk, in the interval 14-30 experimental days. The two figures show very strong 
correlations, which are an indication of the fact that the decrease of the 
dietary lutein concentration affected directly the lutein concentration in the 
egg yolk. 
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Figure 2 – Correlation between the lutein 
concentration after 2 experimental weeks 

(intermediary) and the end of the trial 
(final) in group E1 

 Figure 3 – Correlation between the lutein 
concentration after 2 experimental weeks 

(intermediary) and the end of the trial (final) 
in group E2 
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In order to quantify the effects of lutein stability in the egg yolk, lutein 
concentration was determined in yolk samples from the eggs harvested in the 
end of the experiment and stored in refrigerators (40 C) for 14 days. The results 
of these analyses showed a significant (P≤ 0.05) decrease of the lutein and 
zeaxanthin concentrations in groups E1 (21.192 ± 1.6 ppm lutein + zeaxanthin) 
and E2 (28.357 ± 2.9 ppm lutein + zeaxanthin), by 3.5 % in E1 and by 17.7 % in 
E2 compared to the samples from group C (3.646 ± 0.5 ppm lutein + 
zeaxanthin). 
 
 

CONCLUSIONS 
The stability of the lutein sources used for the experimental compound 

feeds, the powder lutein particularly, has been affected by the lapse time 
because just one batch of compound feeds has been manufactured. The 
concentrations of lutein and zeaxanthin decreased strongly in the samples of 
compound feeds for groups E1 and E2 analysed in the end of the experiment, 
compared to the determination done when the compound feeds had been 
manufactured. 

Egg yolk colour intensity was significantly (P≤ 0.05) stronger in the two 
experimental groups compared to the control group, even from the first two 
experimental weeks. Differences in egg yolk colour intensity have also been 
noticed between the two experimental groups, in favour of group E2 (0.1% 
powder lutein). 

The concentrations of lutein and zeaxanthin in the experimental groups 
(E1 and E2) were significantly (P≤ 0.05) higher in the control group throughout 
the experimental period, but in these two groups, the highest concentrations 
were determined 2 weeks from the start of the experiment. These results were 
determined by the decreasing concentrations of these xanthophylls in the 
experimental compound feeds. Therefore, if lutein supplements are to be 
used, the compound feeds must be manufactured in batches which to be used 
in short periods of time, so that the lutein and zeaxanthin concentrations are 
not affected. 
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