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SUMMARY 
For this study it was used 2 botanic mixes obtained through selection of 

plants rich in carotenoids: BA 1 (alfalfa meal, dry pumpkin pulp, dry marigold 
flowers) and BA 2 (dry buckthorn leaves, dry pumpkin pulp, dry red maize 
grains and dry marigold flowers). The experiment run for 6 weeks on 120 
Lohmann Brown layers (aged 42 weeks). The layers were assigned to three 
groups (C, E1, E2) and were housed in special cages (4 layers per cage) stacked 
on three tiers. Group C was fed the standard diet formulation (corn, wheat, 
soybean meal, rapeseed meal, rice bran) with 16.45% CP and 2538.15 kcal/kg 
ME. Compared to diet C, the diet formulations for groups E1 and E2 included 
2% BA 1 (E1) and 2% BA 2 (E2). Throughout the experiment it was sampled 
randomly 18 eggs per group in week 2 and in the final of the experiment. The 
eggs and egg components were weighed; it was also determined the colour 
intensity, the Haugh unit, egg freshness, eggshell thickness and eggshell 
breaking strength. In the end of the experiment, yolk colour intensity in E1 
(5.87 ±0.89) and E2 (6.04±0.73) was significantly (P≤ 0.05) stronger compared 
to C (3.27±0.91). Throughout the experiment period, the Haugh unit was 
constantly higher in the experimental groups than in group C but statistically 
uninsured. The Haugh unit determinations in the eggs harvested in the end of 
the experiment and stored for 14 days was significant (P≤ 0.05) higher in E2 
group then in C group. 
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INTRODUCTION 
Carotenoids are the most numerous and widespread group of pigments in 

nature. For the animal organism, the supply of carotenoids comes from the 
food, because the animals cannot synthesize carotenoids, but have the 
capacity to absorb dietary carotenoids and to store them in tissues. Among 
carotenoids, the absorbent and antioxidant properties of lutein and zeaxanthin 
are particularly beneficial for the animals and humans, particularly for eye 
retina health (Noak and Troche, 2006). Several clinical studies showed that the 
dietary lutein is associated to a lower risk of cerebral vascular accident 
(Ascherio et al., 1999; Hirvonen et al., 2000; Polidori et al., 2002). 

Lutein bioavailability and metabolism are determined by the 
characteristics of the source and by the interactions with the other dietary 
constituents. The fruits and vegetables are important sources of lutein and 
zeaxanthin, but the egg yolk too, which is a matrix composed of digestible 
lipids, cholesterol, triglycerides, phospholipids, contains xanthophylls (lutein 
and zeaxanthin). Egg yolk colour enhancement is done naturally with dietary 
ingredients rich in lutein and zeaxanthin, supplemented with other sources of 
natural or synthetic carotenoids. The literature has several articles reporting 
about the influence of some plants or mixtures of plants rich in carotenoids on 
the production parameters and egg quality. Thus, the use of plants (such as 
chlorella) in layer diets increased significantly the lutein concentration in the 
egg yolk and an enhanced colour of the yolk (Jeon et al., 2012; Kotrbáček et al., 
2013; Englmaierová et al., 2013). Cedro et al. (2009) noticed a stronger colour 
of the enriched eggs when carotenoids-rich algae were fed to the layers. 

Staring from the hypothesis that the use of lutein and zeaxanthin-rich 
dietary ingredients which enrich the eggs in lutein and zeaxanthin may also 
have other benefits in the quality of the eggs and on layer performance, the 
purpose of our investigation was to evaluate the influence of botanic mixes 
high in lutein and zeaxanthin on the production and egg quality parameters. 
We studied two mixtures (BA1 and BA2) prepared by a processor of natural 
food supplements, SC Hofigal SA, from by-products from the production of 
plant oils. 
 
 

MATERIAL AND METHODS 
The botanic mixes included alfalfa meal, dry pumpkin pulp, dry marigold 

flowers (BA 1), dry buckthorn leaves, dry pumpkin pulp, dry red corn grains 
and dry marigold leaves (BA 2). These mixtures have been characterized by 
Varzaru et al. (2015). The effects of these botanic mixes on egg quality 
parameters have been investigated in a 6-week experiment on 120 Lohmann 
Brown layers aged 42 weeks. The layers were weighed individually in the 
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beginning of the experiment and assigned to three groups (C, E1 and E2) 
according to their weight. The layers were housed in enriched cages (2 layer 
per cage; 20 layers per group), on three tiers. The microclimate parameters 
(temperature and humidity) were monitored, and the light regimen was 
according to the recommendations for Lohmann Brown hybrid. The layers had 
free access to the feed and water. The compound feeds for the three groups 
had the same basal structure (corn, wheat, soybean meal, rapeseed meal, rice 
bran). The diets for the experimental groups also included 2% BA 1 (E1) and 2% 
BA 2 (E2). The diets were balanced as energy and protein supply on the basis of 
the chemical analyses of the raw ingredients and of the metabolisable energy 
of each individual ingredient (Table 1). 

Throughout the experiment we monitored the average daily feed intake (g 
CF/layer/day), feed conversion ratio (kg CF/kg egg), laying percentage (%), 
total egg production (egg number/day/group), egg weight (g/egg). 
Intermediary and final random egg collection (18 eggs/group) was done in the 
second and in the last experimental weeks. Each individual sampled egg was 
measured for the physical and organoleptic parameters: egg weight and 
weight of the egg components (egg white, yolk and shell), colour intensity, egg 
freshness, eggshell thickness and strength to breaking. For the determination 
of the shelf time, egg samples (20 eggs/group) were collected randomly at the 
end of the experiment. Of the total 60 eggs stored under refrigeration 
conditions, 30 were kept for 14 days and 30 for 28 days. 

 
Table 1 – Formulation of the experimental compound feeds 

Specification C E1 - (2% BA 1) E2 - (2% BA 2) 

Corn, % 19.5 17.5 17.5 
Rice bran, % 20 20 20 
Wheat, % 20 20 20 
Rapeseed meal, % 20 20 20 
Soybean meal, % 6 6 6 
Oil, % 2.6 2.6 2.6 
BA1, % - 2 - 
BA2, % - - 2 
Monocalcium phosphate, % 1.3 1.3 1.3 
Calcium carbonate, % 9.2 9.2 9.2 
Salt, % 0.3 0.3 0.3 
Methionine, % 0.05 0.05 0.05 
Lysine, % - - - 
Choline, % 0.05 0.05 0.05 
Zoofort, % 1 1 1 
TOTAL 100 100 100 
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The following physical-chemical methods have been used to characterise 
the feed ingredients and the compound feeds samples: dry matter (DM) - 
gravimetric method SR ISO 6498:2001; crude protein (PB) - Kjeldhal method, 
Regulation (CE) nr. 152 /2009 and SR EN ISO 5983-2:2009, using a 
semiautomatic KJELTEC auto 2300 – Tecator (Sweden); ether extractives (EE) – 
extraction in organic solvents – Regulation (CE) nr. 152 /2009 and SR ISO 
6492:2001, using an automatic system SOXTEC 2055 – Tecator (Sweden); crude 
fibre (CF) – method with intermediary filtration – Regulation (CE) nr. 152 /2009 
and SR EN ISO 6865:2002, using FIBERTEC 2010 system–Tecator (Sweden); 
crude ash (Ash) – gravimetric method – Regulation (CE) nr. 152 /2009 and SR 
EN ISO 2171:2010, using calcination oven Caloris CL 1206; metabolisable 
energy (ME) – was calculated from the chemical composition; lutein and 
zeaxanthin - extraction in organic solvent (acetone), re-extraction in petrol 
ether and saponification with methanolic solution of potassium hydroxide – 
high performance liquid chromatography, with a HPLC series 200 fitted with 
UV/VIS detector (Perkin Elmer, USA).  

Egg quality was determined by measurements on egg weight and on the 
weight of egg components: yolk, white, shell, with a Kern scale, 0.001 
accuracy; egg yolk colour intensity measured on the La Roche colour fan of 1-
14, measured with an Egg Analyser TM; egg freshness measured by the Haugh 
indicator and by the specific freshness levels (Egg Analyser TM); eggshell 
thickness (Egg Shell Thickness Gauge); eggshell breaking strength (Egg Force 
Reader). 

The experimental results were processed statistically using StatView 
software. 

 
 
RESULTS AND DISCUSSION 
Table 2 shows the formulations of the 2 feed additives, the gross chemical 

composition and the carotenoid content (lutein and zeaxanthin), these results 
being in press, Varzaru et al., (2015). 

It can be noticed that both the lutein +zeaxanthin concentration and 
vitamin E concentration are higher in BA 2 than in BA 1.  

The laboratory analyses of the gross chemical composition of the 
compound feeds (Table 3) show that they were balanced as protein and energy 
supply. 

The highest content of lutein and zeaxanthin from the analysed compound 
feeds was noticed in group E2 (2% BA 2), which is in agreement with the data 
in Table 2 on the lutein and zeaxanthin concentration in the botanic mix B2. 
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Table 2. Nutrients determined in the botanic mixes used in the trial 

Specification BA 1 BA 2 

Formula of the botanic mix 

50% alfalfa meal 
(Medicago sativa) 

40% buckthorn leaves 
(Hippophae rhamnoides L.) 

20% pumpkin pulp 
(Cucurbita maxima) 

20% pumpkin pulp 
(Cucurbita maxima) 

30% marigold flowers 
(Tagetes erecta) 

20% red corn grains 
(Zea mays) 

- 20% marigold flowers 
(Tagetes erecta) 

DM, % 
CP, % DM 
EE, % DM 
CF, % DM 
Ash, % DM 

93.28 91.48 
16.59 14.69 
1.72 4.15 

29.67 15.84 
6.98 5.59 

Lutein + zeaxanthin, mg/100 g 
Vitamin E, mg/100g 

57.503 66.659 
13.5 64.09 

 
Table 3 – Chemical composition of the experimental compound feeds  

Specification C E1 (2% BA 1) E2 (2% BA 2) 

DM, % 92.02 91.93 92.03 
ME, kcal/kg 2538.15 2504.55 2504.55 
CP, % 16.45 16.67 16.48 
EE, % 6.85 7.02 7.12 
CF, % 6.50 6.33 6.72 
Ash, % 13.49 13.61 13.97 
Ca, % 3.16 3.20 3.15 
P, % 1.10 1.04 1.11 
Lutein + zeaxanthin, ppm 1.528 3.338 4.561 

 
Table 4 – Bioproductive parameters (average values/group) 

Specification C E1 (2% BA 1) E2 (2% BA 2) 

Average daily feed 
intake, g/layer/day 

101.902±8.75
b,c

 118.31±4.912
a
 117.262±6.079

a
 

FCR, kg CF/kg ou 1.745±0.231
b,c

 1.996±0.165
a
 1.984±0.170

a
 

Average egg weight, g 62.155±0.56
c
 62.337±0.977

a,c
 64.259±0.700

b
 

Laying percentage, % 94.898±7.014 93.067±7.138 94.794±6.468  
Total number of 
eggs/period 

800 824 796 

Where a,b,c,d,e = significantly different (P≤0.05) from C, E1, E2 

 
The bioproductive parameters (Table 4) have shown that the use of the 2 

botanic mixes in layer diets increased the average daily feed intake in both 
experimental groups and improved significantly (P≤0.05%) the feed conversion 
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ratio. Egg weight increased significantly in E2 compared to C and E1. These 
findings are in contradiction with the reports of Kotrbáček et al. (2013) who 
used Chlorella biomass as source of lutein in the compound feeds tested in 24 
Hisex Brown layers aged 56 weeks. According to their report, Chlorella biomass 
decreased the average daily feed intake by 5-7 g compared to the control 
group. Another study, by Benakmoum et al. (2013), in which the layers 
received 0, 40, 70, 100 and 130 g dry tomato peel/kg feed, reported that the 
treatments didn’t influence the feed intake and the laying percentage. 

The measurements of the quality parameters (Table 5) show that the 
weight of the yolk from the eggs collected during the final experimental week 
were significantly (P≤0.05) higher in group E2 than in C. Kotrbáček et al. (2013) 
showed, however, that the 2% dietary Chlorella biomass decreased 
significantly yolk weight. On the other hand, eggshell weight in the end of the 
experiment was significantly (P≤0.05) higher in group C compared to the other 
2 groups. The eggshell breaking strength was not different among the groups. 
Jeon et al. (2012) studied the possibility of obtaining eggs enriched in lutein 
using Chlorella as source of xanthophylls and didn’t notice significant 
differences in eggshell quality. 

 
Table 5 – Physical parameters of the eggs (average values) 

Specification C E1 (2% BA 1) E2 (2% BA 2) 

Egg 
weight, g 

45 weeks (intermediary) 62.11±4.46 63.61±6.17 61.28±2.60 
47 weeks (final) 61.38±4.18 63.18±6.68 61.65±3.30 
After 14 days from final 
sampling 

60.68±4.25 59.76±5.87 59.38±6.55 

After 28 days from final 
sampling 

60.93±5.14 62.48±6.28 59.97±2.88 

Egg white 
weight, g 

45 weeks (intermediary) 38.50±4.43 38.94±4.97 37.40±2.57 
47 weeks (final) 37.60±3.83 38.65±5.73 38.02±2.89 
After 14 days from final 
sampling 

36.76±4.49 35.51±4.17 35.21±5.26 

After 28 days from final 
sampling 

35.54±4.01 37.14±5.38 35.27±2.78 

Egg yolk 
weight, g 

45 weeks (intermediary) 16.34±1.33 16.82±1.61 16.26±1.02 

47 weeks (final) 15.40±1.18 
b
 16.06±1.31 16.48±0.98 

a
 

After 14 days from final 
sampling 

16.74±1.49 16.35±1.97 16.24±1.76 

After 28 days from final 
sampling 

17.33±1.53 17.24±1.79 16.83±2.05 

Eggshell 
weight, g 

45 weeks (intermediary) 7.69±0.63 7.85±0.66 7.63±0.51 
47 weeks (final) 8.38±0.70 

b,c
 7.81±0.92 

a
 7.58±0.69 

a
 

After 14 days from final 
sampling 

7.87±0.52 7.90±0.90 7.90±0.54 
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After 28 days from final 
sampling 

7.88±0.67 8.10±0.73 7.85±0.62 

Eggshell 
thickness, 
mm 

45 weeks (intermediary) 0.37±0.03 0.36±0.03 0.37±0.03 
47 weeks (final) 0.35±0.04 0.36±0.03 0.35±0.04 
After 14 days from final 
sampling 

0.36±0.03 0.36±0.03 0.36±0.04 

After 28 days from final 
sampling 

0.40±0.04 0.36±0.06 0.37±0.04 

Eggshell 
breaking 
strength, 
kgF 

45 weeks (intermediary) 4.46±0.82 4.42±0.66 4.32±0.91 
47 weeks (final) 4.25±0.63 4.04±0.74 4.13±0.87 
After 14 days from final 
sampling 

3.70±0.56 3.60±0.74 3.37±0.73 

After 28 days from final 
sampling 

4.15±0.61 4.19±0.65 4.23±0.86 

Where a,b,c,d,e = significantly different (P≤0.05) from C, E1, E2 

 
Figure 1 shows that both BA 1 (E1) and BA 2 (E2), acted, as expected, on 

the colour of the egg yolk. By the end of the trial (47 weeks) egg colour 
intensity in E1 and E2 was significantly (P≤ 0.05) higher than in group C. Egg 
yolk colour intensity was not affected by the storage under refrigeration for 14 
or 28 days (Figure 1). Barbosa et al. (2011) studied the effect of the 
temperature and of the storage time on the colour intensity of the egg yolk, 
and noticed significant decreases (P<0.05) after 28 days of storage at room 
temperature. No significant differences were noticed in the colour intensity of 
the yolk of the eggs kept under refrigeration, unlike Santos et al. (2009) who 
noticed that the yolks from the eggs kept at room temperature have a poorer 
pigmentation than the eggs kept in refrigerator, irrespective of the storage 
time. 

 

 
Figure 1 – Evolution of the egg yolk colour intensity  
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The data from Table 6 regarding the Haugh unit and egg freshness 
determined at 45 and 47 weeks and on the eggs stored in refrigerator show 
the positive effect of the two botanical mixes on egg quality. The value of the 
Haugh unit was constantly higher in the experimental groups, even very 
significantly for E2 after 14 days of storage. Jeon et al.,( 2012) reported the 
highest value of the Haugh unit for eggs produced by layers treated with 2.4 % 
culture medium with Chlorella (rich in lutein). The data on egg freshness (Table 
6) show that the two botanic mixes influenced positively this parameter. All 
the determinations made on the eggs collected from group E2 (BA 2) produced 
eggs with AA freshness, the same situation being determined for group E1 too, 
except for the determinations made on the eggs kept in refrigerator for 28 
days. 

 
Table 6 – Egg freshness parameters 

Specification C E1 (2% BA 1) E2 (2% BA 2) 

Haugh units 

45 weeks (intermediary) 56.87±8.58 55.49±7.33 54.37±7.84 

47 weeks (final) 69.74±12.07 69.85±8.90 72.34±8.84 
After 14 days from final 
sampling 

55.15±7.56 c 59.24±8.93 61.38±6.73 a 

After 28 days from final 
sampling 

54.05±10.91 57.61±6.53 58.44±9.47 

Egg 
freshness 

45 weeks (intermediary) 
        AA 
          A 
          B 

 
0.00 

27.78 
72.22 

 
5.56 

16.67 
77.78 

 
5.56 

11.11 
83.33 

47 weeks (final) 
         AA 
          A 
          B 

 
58.82 
11.76 
29.41 

 
35.29 
52.94 
11.76 

 
41.18 
58.82 
0.00 

After 14 days from final 
sampling  
         AA 
           A 
           B 

 
0.00 

29.41 
70.59 

 
5.88 

41.18 
52.94 

 
5.88 

52.94 
41.18 

After 28 days from final 
sampling 
         A 
         B 

 
5.88 
5.88 

88.24 

 
0.00 

41.18 
58.82 

 
6.25 

37.50 
56.25 

 
The results how that the inclusion of the 2 botanic mixes in layer diets 

influenced egg quality in terms of the physical and chemical parameters. Other 
authors who used vegetal sources of lutein and zeaxanthin for layers didn’t 
report any influence on egg characteristics. Thus, Moeini et al. (2013) in a 
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study on 90 White Leghorn layers aged 103 weeks, treated with 1 and 3% red 
pepper and 1 and 3% marigold didn’t report any significant differences 
between groups in terms of egg quality characteristics. We think that these 
differences between the findings of the different teams are due to the 
different bioavailability of the carotenoids from vegetal sources. 
 
 

CONCLUSIONS 
The use of two botanic mixes (BA 1 and BA 1) rich in lutein and zeaxanthin 

in layer diets influenced the production parameters and the organoleptic and 
physical quality parameters of the eggs. 

The use of the 2% of the two botanic mixes (BA 1 and BA 1) in layer diets 
increased the average daily feed intake in both groups and improved 
significantly (P≤0.05%) the feed conversion ratio. The weight of the yolk from 
the eggs harvested during the final week from group E2 was significantly 
(P≤0.05%) higher than in group C. 

Both botanic mixes (BA 1 and BA 1) had a positive effect on the intensity 
of egg yolk colour, which was significantly (P≤0.05%) higher than in group C. 

The value of the Haugh unit (E1) was constantly higher in the experimental 
groups, even very significant for group E2 for the eggs analysed after 14 days 
of storage. 
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