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A B S T R A C T 

 

Lutein enrichment can be used for reducing chances of age 
related macular degeneration (AMD) in human being. The present 
study was conducted to evaluate the production performance of 
commercial layers categorized in three body weight categories 
supplemented with different lutein sources. For this purpose a total 
number of four thirty two 31 week old Hy-line (W-36) commercial 
layers were categorized in three body sizes (Heavy >1400g, Medium 
1300-1399 g, Light <1300) and supplemented with different sources 
of Lutein (Control, Free, Esterified and Free + Esterified) replicated 6 
times containing 6 birds each. The data were collected for 
production performance (egg production %, egg weight, egg mass, 
FCR per dozen, FCR per kg egg mass). The data were analyzed using 
analysis of variance (ANOVA) technique through Completely 
Randomized Design (CRD). Results of the present study showed non-
significant (P>0.05) differences for production performance among 
different lutein sources and body weight categories except egg 
weight which was found to be highest in heavy birds. Thus Lutein can 
be supplemented in layer diet without any harm to its production 
performance. 
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1. Introduction 

Lutein is a group of natural pigments known as xanthophylls and it is mainly found in fruits, vegetables and 
eggs (Johnson, 2004). Its colour is yellow-orange and can be used in poultry diets to pigment egg yolks. Its 
supplementation in human diet can reduce risk of several diseases like age related macular degeneration and 
cataracts (Ribaya-Mercado and Blumberg, 2004). Lutein is highly bio-available from fats, fat-soluble compounds; in 
eggs it is mainly present in egg yolk (Chung et al., 2004). Several authors reported that lutein supplementation in 
layer diet cause an increased lutein concentration in Plasma (Wu et al., 2009) and contents of eggs (Leeson and 
Caston, 2004). Lutein is mostly found in marigold (Tagets erecta) and its extraction by solvent extraction method 
has been used to produce lutein additives (Breithaupt, 2002). Some authors (Li et al., 2007) reported a better 
stability of esterified lutein then that of free lutein, under the same challenge of light and heat. Both free and 
esterified lutein can be added in the diets of layer to increase the lutein contents of eggs (Wu et al., 2009). 
Hydrolysis rate of esterified lutein is 40 to 60% than free lutein so absorbance of free lutein is higher than its 
esterified form (Hencken, 1992). Best utilization of lutein esters than free lutein is seen in laying hens because it is 
assumed that solubility of lutein esters is superior in fats (Philip et al. 1976). The results of colour measurements of 
yolk showed that there is identical absorption tendency of same level of free and esterified lutein in diet (Lai et al. 
1996). However, no study yet focused on the comparison of the production performance of birds fed free and 
esterified lutein. So, the present study was conducted with the objective to investigate and compare the 
production performance of birds supplemented with different lutein sources.  

2. Materials and methods 

The present study was conducted at commercial layer farm with the objective to investigate the effect of 
dietary lutein supplementation on production performance of hens of different body sizes. In this study Four thirty 
two Hy-Line W-36 commercial layers (31-wk-old) were categorized in three body weights i.e. heavy (1400-1500g) 
medium (1301-1400g) and light (1201-1300g) were randomly divided into four Lutein treatments, with 108 birds in 
each body weight for a period of 4 weeks. Each treatment was replicated 6 times with 6 birds in each replicate. 
Different lutein sources (free, esterified, free + esterified) were added @ 500mg/kg in commercial layer diet 
formulated keeping in view NRC, (1994). Hens were maintained in semi-environment control house in A type cages 
with each deck measuring 28.5 inches long, 17 inches wide, and  16.5 inches high. The birds were kept under 
standard management conditions with adlibitum water supply, 16 hour light. Daily feed allowance was provided to 
birds according to the recommendation of the company as prescribed in the guide. 

2.1. Data collection 

The data were collected on daily basis for feed intake egg production and egg weight and then used for 
calculating egg mass, FCR per dozen eggs and FCR per kg egg mass. 

2.2. Statistical analysis 

The data were analyzed using ANOVA in factorial arrangement through Completely Randomized Design using 
SAS 9.3. Means were compared using Duncan’s multiple range tests. 

3. Results and discussion 

3.1. Egg production (%) 

Results of the present study showed non-significant (P>0.05) differences in means (Table 1) as well as in 
weekly trend (Fig1) of egg production (%) among three body weight categories. This might be due to good 
uniformity of the flock having narrow body weight ranges and performing at peak production phase. Lutein 
sources also could not show any significant (P>0.05) differences in means (Table 1) as well as in weekly trend (Fig 
2) of egg production (%). Lutein is reviewed to enrich the egg yolk and not to affect the egg production. The similar 
findings have been reported by Leeson and Caston, (2004) who found non-significant effect of lutein on egg 
production. Similarly, Grashorn and Steinberg (2002) also studied the transfer of xanthophylls from feed to the 
eggs and could not observe any effect on laying performance. 
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3.2. Egg weight (g) 

Results of the present study showed significant (P<0.05) differences in means (Table 1) as well as in weekly 
trend (Fig3) of egg weight among three body weight categories. Significantly (P<0.05) higher egg weight for heavy 
body weight category might be attributed to largest pre-ovulatory follicle and the oviduct in the heavier birds 
causing them to produce heavier eggs (Joyner et al., 1987). The similar findings have been reported by Juliank and 
Christians (2002) that egg size increases with advancement of age in birds. However, different sources of lutein 
showed non-significant (P>0.05) differences in means (Table 1) as well as in weekly trend (Fig 4) of egg weight. 
Similarly, in another study Rosa et al. (2012) also reported non-significant differences among different lutein 
enriched diets on egg weight. 

3.3. Egg mass 

Results of the present study showed non-significant (P>0.05) differences in mean (Table 1) as well as in 
weekly trend (Fig 5) of egg mass among different body weight categories which could be attributed to the stage of 
the production, because all the experimental birds were in peak production. After feeding lutein enriched diets the 
results showed non-significant (P>0.05) differences in mean (Table 1) as well as in weekly trend (Fig 6) of egg mass. 
Being egg mass the product of egg number and egg weight as both were not affected independently so could not 
produce any significant different in combination by lutein sources. Results of the present study also agreed with 
results found by Gracia et al. (2002) who reported non-significant difference of xanthophyll enriched diets on 
laying characteristics. Similarly another study (Hossain et al., 1998) who also reported non-significant effect of 
vitamin E (another anti oxidant) enriched diets on egg weight and laying rate ultimately not influencing the egg 
mass. 

3.4. FCR/dozen  

Results of the present study showed non-significant (P>0.05) differences in means (Table 1) as well as in 
weekly trend (Fig 7) of FCR per dozen among different body weight categories which might be attributed to the 
stage of the production, because all the experimental birds were in peak production phase. As FCR per dozen is 
calculated by feed intake and egg production so by producing same number of eggs with consuming same amount 
of feed could not show significant difference for FCR per dozen. Lutein sources did not affect significantly the 
means (Table 1) as well as in weekly trend (Fig 8) of FCR/dozen eggs. This may be attributed to the non significant 
effect of lutein sources on feed intake and egg production (%) consequently showing the non- significant (P>0.05) 
effect of different lutein sources on FCR per dozen. Results of the present study are in accordance with another 
study (Leeson and Caston, 2004) who also  reported that  lutein enriched diet had no effect on FCR per dozen egg. 
The same outcomes were observed by Garcia et al. (2002) who used different levels of xanthophyll pigment 
canthaxanthin in layer diets and  observed non-significant effect on feed conversion ratio. 

3.5. FCR/Kg egg mass  

Present study showed non-significant (P>0.05) differences in means (Table 1) as well as in weekly trend (Fig 9) 
of FCR per kg egg mass among different body weight categories which could be attributed due to the peak 
production phase of the experimental birds. As FCR per kg egg mass is derived from feed intake and egg mass and 
egg mass was not affected by different lutein sources (Hossain et al., 1998) and feed allowance was constant so 
FCR per kg egg mass was not affected. Present study showed non-significant (P>0.05) differences in means (Table 
1) as well as in weekly trend (Fig 10) of lutein enriched diets on FCR per kg egg mass. The outcomes of the present 
study are in accordance with another study (Grashorn and Steinberg 2002) who also reported transfer of 
xanthophylls from feed to the eggs which did not affect laying performance and daily feed consumption. These 
results also agreed with those of Angeles and Scheideler (1998) who evaluated 2 basal diets, corn gluten and 
alfalfa meal and observed non-significant difference on laying rate and feed intake. 
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Table 1 
Production performance as affected by different lutein sources and body sizes. 

Variables 
Performance Traits 

Egg 
 (%) 

Egg weight 
(g) 

Egg mass 
 (g) 

FCR / dozen 
 

FCR / Kg egg mass 
 

Lutein Sources 
Free 87.46±1.30 61.43±0.20 1504.43±22.8 1.37±0.02 1.86±0.03 
Esterified 88.82±0.85 61.51±0.27 1530.08±17.93 1.35±0.01 1.83±0.02 
Free + esterified 88.09±1.08 61.78±0.29 1523.62±19.53 1.36±0.01 1.84±0.02 
Control 90.50±0.65 61.85±0.41 1567.86±17.30 1.32±0.009 1.78±0.02 
Body weight Categories 
Heavy 88.02±1.01 62.74±0.23

a
 1546.73±20.52 1.36±0.01 1.81±0.02 

Medium 89.21±0.86 61.56±0.17
b
 1537.87±16.19 1.34±0.01 1.82±0.01 

Light 88.93±0.77 60.63±0.17
c
 1509.89±14.17 1.35±0.01 1.85±0.01 

Lutein sources 0.17 0.72 0.14 0.17 0.15 
Body weight 0.613 <0.001 0.291 0.60 0.38 
Lutein × body weight 0.21 <0.001 0.04 0.21 0.06 
Different alphabets on means show significant differences at P<0.05 

 

 
Fig. 1. Weekly trend in egg production% influenced by3 body weight categories. 
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Fig. 2. Weekly trend in egg production% influenced by different lutein. 

 

 
Fig. 3. Weekly trend in egg weight influenced 3 body weight categories. 
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Fig. 4. Weekly trend in egg weight influenced by different lutein sources. 

 

 
Fig. 5. Weekly trend in egg mass influenced by3 body weights. 
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Fig. 6. Weekly trend in egg mass influenced by different lutein sources. 

 

 
Fig. 7. Weekly trend in FCR per dozen influenced by 3 body weight categories. 
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Fig. 8. Weekly trend in FCR per dozen influenced by different lutein sources. 

 

 
Fig. 9. Weekly trend in FCR per kg egg mass influenced 3 body weight sizes. 
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Fig. 10. Weekly trend in FCR per kg egg mass influenced lutein sources. 
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