Journal of Animal and Feed Sciences, 25, 2016, 58-64
The Kielanowski Institute of Animal Physiology and Nutrition PAS, Jabfonna

Effect of increasing doses

of marigold (Tagetes erecta) flower extract

on eggs carotenoids content, colour and oxidative stability

M. Skiivan'?, M. Marounek’, M. Englmaierova' and E. Skfivanova'?

!Institute of Animal Science, Department of Nutrition Physiology and Animal Product Quality

Pratelstvi 815, CZ-104 00, Prague, Czech Republic
2Czech University of Life Sciences Prague

Faculty of Agrobiology, Food and Natural Resources, Department of Microbiology, Nutrition and Dietetics

KEY WORDS: marigold flower extract, egg
production, yolk colour, carotenoids, oxidative
stability

Received: 27 November 2014
Revised: 22 January 2016
Accepted: 10 March 2016

® Corresponding author:
e-mail: skrivan.milos@vuzv.cz

Introduction

Kamycka 129, CZ-165 21, Prague, Czech Republic

ABSTRACT. Two hundred and forty hens were assigned to six dietary treatments
and fed a maize-wheat-soyabean diet supplemented per kg with 0, 150, 350,
550, 750 and 950 mg of marigold flower extract (MFE) containing lutein and
zeaxanthin in the amount of 21.26 and 9.65 mg - kg™, respectively. There was
observed no MFE addition effect on hens body weight and feed conversion ratio.
The higher hen-day egg production was stated for group fed diet supplemented
with 550 and 950 mg of MFE per kg of diet, whereas egg weight was increased
in groups fed 550 and 750 mg MFE per kg of diet. The treatment effects on
the albumen parameters, and yolk and shell percentages were not statistically
significant. Dietary MFE addition increased the yolk colour score (DSM Yolk Colour
Fan), and redness and yellowness of the yolks but decreased their lightness.
Supplementation of MFE increased the lutein and zeaxanthin concentration in the
egg yolks in a dose-dependent manner, from 12.34 and 5.92 mg - kg™" dry matter
(control) to 36.33 and 25.59 mg - kg~ dry matter (group fed diet with 950 mg MFE
per kg), respectively. No treatment effect on the concentrations of retinol and
a-tocopherol in the yolk was observed. Dietary MFE significantly increased the
oxidative stability of eggs lipids stored at 18 °C for 28 days. It can be concluded
that 1. hen diet supplementation with MFE provides the yolk pigmentation
required by consumers, and 2. MFE (in the amount of 550 mg - kg diet) is
a suitable alternative to commercial synthetic xanthophylls.

synthetic xanthophylls are used as feed supplements
to obtain optimum colouring of the broiler skin and,

Xanthophylls belong to a sub-class of carot-
enoids and contain at least one oxygen atom in their
molecular structure. Currently, there is an increas-
ing interest in xanthophylls use in human food
and animal feed applications. In poultry farming,

especially, of the egg yolk. The preferred synthetic
red xanthophyll used in poultry farming is cantha-
xanthin, and the preferred yellow one is B-apo-8'-
carotenoic acid ethyl ester. The intensity as well as
the colour of the yolk can be controlled by the type
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and concentration of dietary xanthophylls. Both xan-
thophylls are available commercially on the market
as Carophyll® Red and Carophyll® Yellow (DSM
Nutritional Products, Basel, Switzerland) and Lu-
cantin® Red and Lucantin® Yellow (BASF, Ludwigs-
hafen, Germany). The carotenoids present in plants
are promising alternative to synthetic xanthophylls.
Karadas et al. (2006) investigated the effects of
lucerne concentrate, tomato powder and marigold
extract as feed additives for quails on yolk pigmenta-
tion and the deposition of carotenoids in eggs. The
concentrations of lutein, zeaxanthin, lycopene and
[-carotene were increased in the eggs of quails fed di-
ets supplemented with natural carotenoids compared
with the control group. Lokaewmanee et al. (2009)
reported higher pigmentation scores for yolk colour
in the eggs of hens fed diet supplemented with mul-
berry leaves. Hammershgj et al. (2010) examined the
effects of orange, yellow and purple carrots on the
deposition of carotenoids in hens. Supplementing the
feed of layers with coloured carrots significantly in-
creased the total carotenoid content in the egg yolk; in
particular, purple carrots increased the lutein content
in the yolk. The yolk colour and carotenoid content
were also positively correlated. Several researchers
supplemented the laying hens diets with freshwater
or marine algae. Mader et al. (1984) reported that
the fortification of a commercial feed mixture with
disintegrated and spray-dried algae Scenedesmus
obliquus at a dose from 10 to 60 g - kg™ resulted in
several-fold increase in carotenoid levels both in the
feed and in the yolk. At the same level of carotenoids
in the feed, the yolk pigmentation effect of algae was
higher than that of lucerne. Marine algae Spirulina
platensis was used in the experiment of Zahroojian
et al. (2011) who concluded that a diet containing
2.5% S. platensis could be as effective as a diet with
the synthetic pigments Lucantin® Red and Lucantin®
Yellow at dose of 35 and 30 mg - kg, respectively.
Kotrbacek et al. (2013) who studied the effect of sup-
plementation of the commercial hens diets with het-
erotrophic Chlorella, observed that total carotenoids
deposition increased by 46 and 119% when diets
were supplemented with 10 and 20 g - kg™, respect-
ively. Lutein and zeaxanthin represented more than
90% of the total carotenoids in the yolk. The depos-
ition of carotenoids increased the pigmentation score
of the yolk. Englmaierova et al. (2013) compared
the effects of lutein, spray-dried Chlorella (culti-
vated autotrophically), and the synthetic xanthophylls
Carophyll® Red and Carophyll® Yellow on the laying
hen performance, yolk colour and oxidative stabil-
ity of yolk lipids. Supplementation of the feed with
lutein (250 mg - kg') and Chlorella (12.5 g - kg™")

significantly increased the concentration of lutein
and zeaxanthin in yolks, increased the yolk colour,
and improved the oxidative stability of the lipids of
fresh eggs and eggs stored for 28 days. The contents
of carotenoids and yolk pigmentation were increased
also in the eggs of hens fed diet supplemented with
marine algae Nannochloropsis oculata (Fredriksson
et al., 2000) and Sargassum dentifebium (Al-Harthi
and El-Deek, 2012).

The currently being tested natural carotenoids
are too expensive; therefore, they are unprofitable
in practical applications. In contrary, flowers of
marigold (7agetes erecta) are profitable in practice
and are among the best known natural sources of
pigmentation for feed additives. Thus, the purpose
of the present study was to evaluate the effect of
marigold extract on the performance of laying hens,
the quality parameters of eggs, the yolk colour, the
yolk content of lutein, zeaxanthin, vitamins A and E,
and the oxidative stability of yolk lipids. The dose-
response efficacy of the marigold flower extract
supplementation was assessed.

Material and methods

Hens, diets and husbandry

The experiment was approved by the Ethical
Committee of the Institute of Animal Science (the
Czech Republic).

Two hundred and forty 30-week old Lohmann
Brown hens were used in the experiment. The
experiment lasted 12 weeks (including 2 weeks of
a preliminary period). The hens were housed in three-
floor enriched cages, with 10 hens per cage. The cage
provided 0.76 m? of floor area, which did not include
the nest, 120 cm for the feeder and 3 nipple water
dispensers. The cages were equipped with a nest box,
perch, dust bath and equipment for the abrasion of
claws (EU Council Directive 1999/74/EC, 1999).
The cages were placed in the same air-conditioned
facility at 20—22 °C with 16 h of light and 8 h of
darkness.

The hens were randomly assigned to one of the
six dietary treatments, each with 4 replicate cages.
The control group was fed a ground basal maize-
wheat-soyabean diet (Table 1). The experimental
groups received diets supplemented with 150, 350,
550, 750 and 950 mg of Avizant® Yellow 20 HS
(Lohmann Animal Health, Cuxhaven, Germany) per
kg of diet. Avizant® Yellow 20 HS is the extract of
marigold flowers containing 21.26 g of lutein and
9.65 g of zeaxanthin per kg. Marigold flowers were
shredded and dehydrated with a drum dryer and the
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Table 1. Ingredients and analysed chemical composition of basal diet'!

Indices Basal diet

Ingredients, g - kg™
maize 350
wheat 280
soyabean meal 210.5
rapeseed oil 30
lucerne meal 20
limestone (1-2 mm) 91
dicalcium phosphate 9
NaCl 2
DL-methionine 15
L-lysine 1
vitamin-mineral premix? 5

Analysed chemical composition, g - kg™!
dry matter 901.2
crude protein 171.7
calcium 37.3
phosphorus 5.6

Nitrogen-corrected apparent ME®, MJ - kg™! 1.4

"other experimental diets were supplemented with 150, 350, 550, 750
or 950 mg - kg~' of Avizant® Yellow 20 HS, which was added at expense
of limestone; 2 premix provided per kg of diet: IU: vit. D, 3000; mg:
retinyl acetate 3, vit. E 30, niacin 25, Ca pantothenate 8, thiamine 2,
riboflavin 5, pyridoxine 4, folic acid 0.5, biotin 0.075, cobalamin 0.01,
choline CI 250, menadione 2, betaine 100, butylated hydroxytolu-
ene 7.5, ethoxyquin 5.6, butylhydroxyanisole 1, DL-methionine 0.7,
Mn 70, Zn 50, Fe 40, Cu 6, | 1, Co 0.3, Se 0.2; 3 ME — metabolizable
energy

carotenoids were extracted using an organic solvent
(hexane). Calcium carbonate was the major compo-
nent of Avizant® Yellow 20 HS. Therefore, Avizant®
Yellow 20 HS was dosed at the expense of lime-
stone. Extract of marigold flowers was added into
the vitamin-mineral premix. Feed and fresh water
were supplied ad libitum.

Sampling and measurements

Eggs were collected daily, whereas the perfor-
mance parameters were calculated weekly (feed in-
take and eggs weight per cage and group). The body
weight was recorded in the 32 and 41 week of hen
life. In the week 3, 6 and 9 of the study, the eggs
were collected for analysis of the physical charac-
teristics (Englmaierova et al., 2015). Once within
each collection period, a whole-day egg produc-
tion was analysed. All eggs laid in 24 h were col-
lected at 7:00 and immediately analysed. In total 574
eggs were analysed. The technological parameters
included: the eggs weight, the shell weight, thick-
ness and breaking strength, the albumen index, the
Haugh units and the yolk colour. The shell weight
with membranes was determined after drying at
105 °C. The eggshell thickness (the average at both
ends and at the middle, including shell membranes)

was measured with a micrometer. The shell break-
ing strength and deformation were measured on the
vertical axis using Instron 3360 equipment (Instron,
Canton, MA, USA). The albumen height was mea-
sured using a tripod micrometer and Haugh units
were calculated, as indicated by Haugh (1937).
The albumen and yolk index were calculated as
a ratio between the height and diameter of the al-
bumen and the yolk, respectively. The yolk colour
was determined using the DSM Yolk Colour Fan
(DSM Nutritional Products, Basel, Switzerland) and
Minolta CR-300 colorimeter (Konica Minolta, Osa-
ka, Japan). The L*, a*, b* parameters correspond to
the lightness, redness and yellowness, respectively.

Laboratory analyses

Two hundred and sixteen eggs were evaluated for
the vitamin and carotenoid content in their yolks dur-
ing the week 9 of the experiment [6 (treatments) x 12
(nmumber of samples per treatment) x 3 (one sample
consisted of a mixture of 3 egg yolks) = 216 eggs].
The content of lutein and zeaxanthin in the yolks
was measured by high-performance liquid chroma-
tography (HPLC) according to a modified method of
Froescheis et al. (2000) with a use of HPLC instru-
ment (VP series; Shimadzu, Kyoto, Japan) equipped
with a diode-array detector. The a-tocopherol, ret-
inol and B-carotene content in the yolks were deter-
mined in accordance with the European standards EN
12822 (2000), EN 12823-1 (2000) and EN 12823-2
(2000), respectively. The lipid peroxidation level in
the yolks of fresh eggs (n=12) and eggs stored for
28 days at 18 °C (n=12) was assayed using the thio-
barbituric acid method (Piette and Raymond, 1999).

The feed and yolk dry matter was determined
by drying in oven (Memmert ULM 500; Memmert,
Schwabach, Germany) at 105 °C to a constant weight,
and the feed crude protein content was measured using
Kjeltec Auto 1030 instrument (Tecator, Hoganés,
Sweden). Analyses of the P and Ca content in the
diets were conducted. Dry homogenized diets were
ashed in a muffle furnace (LAC Ht40 AL; LAC,
Ltd., Rajhrad, Czech Republic) at 550 °C, and the
ash was dissolved in 3 M hydrochloric acid and
quantitatively transferred into a volumetric flask.
The total P in the solution was determined using
a vanadate-molybdate reagent (AOAC Internatio-
nal, 2005; method No. 965.17) and the Ca concen-
tration in the hydrochloric acid extract was
measured by atomic absorption spectrometry using
a Solaar M6 instrument (TJA Solutions, Cambridge,
UK). The vitamins and carotenoids contents in
the feed and Avizant were determined using the
methods described above.
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Statistical analysis

The data was analysed using analysis of variance
(ANOVA) with the General Linear Models (GLM)
procedure using SAS software (SAS v 9.2, 2003).
A one-way analysis of variance was used. The main
effect was the dose of MFE in diet. All differences
were considered significant at P < 0.05. The results
in the tables are presented as mean =+ standard error
of mean (SEM).

Results and discussion

The marigold flower extract (MFE; Avizant®
Yellow 20 HS) used in this study contained 21.26 g
of lutein and 9.65 g of zeaxanthin per kg (the
results of the analyses carried out in the Institute of
Animal Science, the Czech Republic). Whereas, the
manufacturer declared total xanthophylls content as
20 g per kg mainly consisting of lutein (17 g per
kg). The manufacturer showed lower values of
these active compounds, especially at the end of
the period of validity, as the carotenoids are very
unstable. The hen diet supplementation with MFE
increased the dietary content of lutein from 1.01 to
4.86 mg - kg!' and that of zeaxanthin from 0.69 to
6.55 mg - kg in a dose-dependent manner but did
not increase the content of B-carotene, retinol or
a-tocopherol (Table 2).

The MFE addition into diet did not influence hen
body weight at the end of the experiment; however
feed intake decreased in group fed diet supplemented
with 150 mg of the MFE per kg of diet (Table 3).

Table 2. Effect of marigold flower extract addition into hen diet on
carotenoids, vitamin A and vitamin E content in diets, mg - kg~' DM'

Marigold flower extract dose, mg - kg~ diet

Indices 0 150 350 550 750 950
Lutein 101 236 385 48 901 952
Zeaxanthin 069 155 246 342 655 7.16
B-Carotene 0.31 055 028 049 038 042
Retinol 179 384 181 167 227 264
a-Tocopherol  24.6 295 254 239 253 287

'DM - dry matter

Also Chowdhury et al. (2008) showed that the use
of 4% marigold in the diet of laying pullets had no
effect on body weight and feed consumption. Simi-
lar results mentioned Altuntas and Aydin (2014) in
80-week-old hens fed diet supplemented with 0, 10
or 20 g of marigold flour per kg of diet.

Both 550 and 950 mg of MFE per kg of diet
additions increased hen-day egg production in
comparison to control group. Also the egg weight
was influenced by MFE supplementation and was
increased in groups fed diet containing 150, 550
and 750 mg of MFE per kg of diet in comparison
to control group. The feed conversion calculated as
g of feed per egg did not differ between all groups.
MFE addition did not influence albumen parameters
(albumen percentage, height and index), but there
were observed changes in some parameters describ-
ing yolk in experimental groups. The supplementa-
tion of MFE in the amount of 550 and 950 mg - kg™
significantly decreased yolk height and yolk index.
The shell thickness was increased in group fed
diet supplemented with 550 mg of MFE per kg of
diet. Also in this group the shell deformation was
decreased. The shell breaking strength was de-
creased after MFE addition in the amount of 150
and 950 mg per kg of diet. The shell percentage did
not differ between all groups. In contrast to these re-
sults, Chowdhury et al. (2008), Lokaeswmanee et al.
(2011) and Altuntas and Aydin (2014) did not record
the effect of marigold supplementation on the egg
production and egg quality parameters.

The hen diet supplementation with MFE sig-
nificantly increased the concentration of lutein
and zeaxanthin in eggs in a dose-dependent man-
ner (from 12.34 to 36.33 mg - kg of dry matter,
and from 5.92 to 25.59 mg - kg ! of dry matter, re-
spectively) (Table 5). In fresh eggs only the highest
MFE addition decreased lipid peroxidation level in
comparison to control group; however the lipid oxi-
dative stability in eggs stored for 28 days at 18 °C
was significantly improved by all marigold flower
extract additions. There was no treatment effect on

Table 3. Effect of marigold flower extract addition into hen diet on hen performance between 32 and 41 week of laying period

Marigold flower extract dose, mg - kg™ diet

Indices 0 150 350 550 750 950 SEM P
Body weight in 32 week, g 1863 1758 1815 1789 1849 1762 9.0 NS
Body weight in 41 week, g 1919 1868 1778 1897 1824 1979 22.3 NS
Hen-day egg production, % 85.3©  82.0° 85.2x  91.12 85.8° 90.12 0.62 <0.001
Egg weight, g 63.5° 64.3%* 3.8  65.0° 65.12 63.8> 0.11  <0.001
Total mass of all eggs laid during the experiment, kg - hen”"  3.79 3.69 3.81 415 3.91 4.04 0.059 NS
Feed intake, g - day™' per hen 115.8®  110.8° 1134~ 118.6° 117.32  116.8® 0.55 <0.001
Feed conversion, g feed - g™ egg 2.18 2.15 2.14 2.05 2.14 2.08 0.02 NS

2 means with different superscipts within a row are significantly different, NS — not significant
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Table 4. Effect of marigold flower extract addition into hen diet on eggs quality

Marigold flower extract dose, mg - kg™' diet

Indices 0 150 350 550 750 950 SEM P
(n=289) (n=99) (n'=100) (n=90) (n=100) (n=96)
Albumen percentage, % 65.9 66.1 65.7 66.1 65.8 65.6 0.08 NS
Albumen height, mm 753 7.76 7.65 8.01 7.93 7.60 0.14 NS
Albumen index, % 9.48 9.65 9.51 9.53 9.78 9.34 017 NS
Haugh units 85.1 86.7 85.9 83.6 87.2 85.5 037 NS
Yolk/albumen ratio, % 36.4 36.5 37.2 36.0 36.6 3741 0.16 NS
Yolk percentage, % 24.0 24.0 24.4 237 24.0 24.3 0.08 NS
Yolk height, mm 18.6° 18.5% 18.6° 18.2¢ 18.72 18.3% 0.04  <0.001
Yolk index, % 4567 45.1% 44 8 44.3¢ 45.2% 44 4° 0.11 0.002
Yolk colour!
DSM Yolk Colour Fan 5.67° 7.31¢ 8.52¢ 8.93¢ 9.51° 10.55° 0.071  <0.001
L* 64.29° 62.38° 62.09° 61.78> 60.55% 59.27¢ 0.202  <0.001
a* 4,941 6.17¢ 7.77¢ 9.04¢ 10.54° 11.512 0.108  <0.001
b* 46.98¢ 50.79° 53.78° 55.592 56.30° 56.492 0.204  <0.001
Shell percentage, % 10.1 9.9 10.0 10.1 101 10.1 0.03 NS
Shell thickness, um 351° 3430 349 369° 355%® 350° 232 0.040
Shell deformation, mm 0.50% 0.49% 0.512 0.48° 0.49% 0.48 0.01  0.002
Shell breaking strength, g - cm? 44312 4197° 44482 42562 4415% 4205°¢ 31.9 0.040

'DSM Yolk Colour Fan - egg yolk colour measured with DSM Yolk Color Fan, L* - lightness, a* - redness, b* - yellowness; *'means with different

superscipts within a row are significantly different; NS — not significant

Table 5. Effect of marigold flower extract addition into hen diet on content of carotenoids, vitamin A and vitamin E in egg yolks and lipid peroxida-

tion level' in fresh (MDA, ) and stored for 28 days (MDA,,) eggs

Marigold flower extract dose, mg - kg™' diet

Indices 0 150 350 550 750 950 SEM P
n=12

Lutein, mg - kg~' DM? 12.34¢ 18.56¢ 29.11° 30.27% 30.80° 36.33¢ 1.09 <0.001
Zeaxanthin, mg - kg~' DM 5.92f 10.27¢ 14.93¢ 18.92° 20.81° 25.59° 0.87 <0.001
Retinol, mg - kg~' DM 10.40 10.17 10.79 11.00 10.45 10.98 0.10 NS
a-Tocopherol, mg - kg~' DM 166.0 160.0 1741 171.9 170.6 174.6 1.75 NS
MDA, mg - kg™ 0.384¢¢ 0.358° 0.405 0.393* 0.359 0.321¢ 0.006 <0.001
MDA,;, mg - kg™ 0.819° 0.749° 0.726° 0.736° 0.616° 0.533¢ 0.014 <0.001

Ylipid peroxidation level — thiobarbituric acid reactive substances (TBARS) content expressed as mg of malondialdehyde (MDA) per egg kg;

DM - dry matter; > see Table 4; NS - not significant

the concentration of retinol or a-tocopherol in the
eggs observed (Table 5).

Currently, there is a tendency to replace syn-
thetic feed additives with natural substances derived
from plants, which are free from undesirable side ef-
fects. It was shown in our previous study that spray-
dried Chlorella is a suitable source of carotenoids
that quadrupled the concentration of lutein and zea-
xanthin in yolks and increased the oxidative stabil-
ity of yolk lipids when compared with the control
group and group with addition of Carophyll® Red
(Englmaierova et al., 2013). Positive effect of ca-
rotenoids on oxidative stability was observed also
in the case of grazing (Skiivan et al., 2014, 2015b).
In the present study, hens fed diet with 950 mg
of MFE per kg (which is about 9.5 mg lutein per
kg) deposited lutein and zeaxanthin in the amount

of 7.5 and 5.3 mg per 100 g of egg yolk, respec-
tively. MFE at dose of 150 mg - kg increased the
lutein and zeaxanthin in yolks by 62.9 and 73.3%,
respectively. In group fed diet with 950 mg of MFE
per kg of diet, the concentration of both carot-
enoids tripled in comparison with the control group.
Lokaewmanee et al. (2011) reported that hens fed
MFE in the amount of 443 mg - kg diet containing
10 mg of lutein per kg deposited lutein and zeaxan-
thin in the amount of 1.8 and 0.7 mg per 100 g of
egg yolk, respectively. In Japanese quails fed diet
with addition of 2 g of MFE per kg of diet (10.6 mg
of lutein per kg), the egg yolks contained lutein and
zeaxanthin in the amount of 3.11 and 0.30 mg per
100 g, respectively (Karadas et al., 2006). The de-
position of lutein and zeaxanthin in egg yolk may
be influenced by the composition of the basal diet.
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For example, adding linseed to diets supplement-
ed with lutein depressed the yolk lutein content
(Leeson and Caston, 2004).

Green leafy vegetables and eggs are the major
food sources of lutein and zeaxanthin in most human
diets (Johnson et al., 2010). The presence of both
xanthophylls in food is beneficial for human health.
Lutein and zeaxanthin are deposited in the macular
region of the retina and reduce the risk of age-related
macular degeneration (Landrum et al.,, 1999). At
present, there is no recommended daily intake for
lutein and zeaxanthin. However, a recent dose-
response meta-analysis showed that every 0.3 mg
per day increment in dietary lutein and zeaxanthin
intake was associated with a 3% reduction of the
nuclear cataract risk, which is the most common type
of cataract (Ma et al., 2014). In the present study, the
contents of lutein and zeaxanthin in a 60 g egg from
the control hens were 0.37 and 0.18 mg, respectively,
whereas in hens fed diet with 950 mg of MFE per
kg of diet the corresponding lutein and zeaxanthin
contents were 1.09 and 0.77 mg, respectively. The
daily intake of lutein and zeaxanthin in humans is
variable (Bone et al., 2000). In people consuming
less than 1 mg lutein and zeaxanthin daily, one lutein-
enriched egg per day provides protection to the eye
against oxidative stress and the development of age-
related macular degeneration.

Dietary MFE increased in a dose-dependent
manner the yolk colour score assessed using the
DSM Yolk Colour Fan from 5.67 to 10.55 as well
as redness of the yolk (from 4.94 to 11.51; Table 4).
Also yellowness of the yolk increased but from the
amount of 550 mg of MFE per kg of diet this para-
meter was kept on stable level. The decrease in yolk
lightness was observed for all experimental groups.
In the previous experiment performed by Skiivan
et al. (2015a), MFE supplementation at a dose of
250 and 350 mg - kg! increased the yolk colour
score measured with the use of DSM Yolk Colour
Fan identically to 8.9. It is well recognized that yolk
colour is important for consumers. It was estimated
that deeply hued yolks are the most popular all over
the world (Beardsworth and Hernandez, 2004).

Synthetic carotenoids are routinely used in
poultry diets to increase yolk pigmentation and to
improve the lipid oxidative stability. If canthaxanthin,
present in Carophyll® Red and Lucantin® Red,
is added to the laying hens feed, a maximum of
8 mg - kg is allowed, supposing that the total
concentration of canthaxanthin and other carotenoids
does not exceed 80 mg - kg!' (EU Commission
Directive 2003/7/EC). The use of synthetic caroten-
oids is not allowed in organic farming. The acute oral

toxicity of canthaxanthin is very low. Experiments
conducted on monkeys revealed that the oral
administration of canthaxanthin was associated
with crystalline deposits in the retina. The grade of
crystals in monkey retinas was dose dependent, with
a threshold level at 0.6 mg of canthaxanthin per
kg body weight per day (Goralczyk et al., 2000).
A similar observation based on the biostatistical
eva-luation of 411 cases was reported previously in
humans(Kdopckeetal.,1995). The EFSAPanelonFood
Additives and Nutrient Sources added to Food
(EFSA, 2010) thus allocated an acceptable
daily intake of canthaxanthin at the amount of
0.03 mg - kg' body weight per day (using an
uncertainty factor of 10).

Conclusions

It can be concluded that marigold flower extract
(MFE) supplementation to laying hen diet influence
egg production and its quality. The most recommend-
ed dose would be 550 mg of MFE per kg of diet. This
amount is optimal in terms of increasing egg produc-
tion and efficiency of yolk enrichment with caroten-
oids, which have positive influence on yolk colour
and increase oxidative stability of lipids in stored
eggs. So it can be stated that MFE is a suitable alter-
native to commercial synthetic xanthophylls.
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