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Effects of dietary marigold extract on lutein
content, yolk color and fatty acid profile of
omega-3 eggs
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Abstract

BACKGROUND: Lutein is a plant pigment very important for eye health in humans. Its bioavailability in humans is better from
egg yolk than from dietary supplements. The aim of this research was to determine the influence of lutein (marigold extract
powder) supplemented to laying hens’ feed rich in omega-3 fatty acids on the content of lutein, fatty acid profile in egg yolks
and yolk color. The diets that contained 5% of oils as a source of omega-3 fatty acids were supplemented with 0, 1 and 2g kg™’
of marigold powder.

RESULTS: The best enrichment of eggs with lutein was achieved by supplementing 2 g marigold kg~ of feed. Yolk color was
significantly intensified (P < 0.001) by supplementing 1g marigold kg~' of feed. The content of total saturated fatty acids,
monounsaturated fatty acids and n-6 polyunsaturated fatty acids (PUFA) remained unchanged, whereas the content of total
n-3 PUFA (P = 0.017) and docosahexaenoic acid (P < 0.001) was higher in the group with 2 g marigold kg~ of feed. This group
also had the most favorable ratio of n-6:n-3 PUFA.

CONCLUSION: Results of this research showed that addition of marigold powder to laying hens’ feed significantly increased egg
lutein content and yolk color, and altered the fatty acid profile in yolk. Eggs with increased lutein content and a favorable profile
of fatty acids are a good source of these ingredients in human nutrition.
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INTRODUCTION AMD. Because of its antioxidant properties, lutein reduces the pho-

Lutein is a plant pigment contained in green leafy vegetables, totoxic damage of protein and DNA of the lens,” and it reduces lipid

and it is often studied by scientists because of its protective peroxidation in the eye lens of diabetics.® Moreover, there are also

effect on human eyes, skin, blood vessels and the nervous system research into the role of lutein in maintaining cognitive function

Research has confirmed that lutein is an antioxidant,’ an efficient in.adults,g in develpprnent Of the ngrvous system in children,'® in

filter of high-energy blue light,> and a catcher of free radicals and skin health pr9t1e2ct|on andin slgwmg down t.he development of

singlet oxygen.? Besides zeaxanthin, lutein is the most common atherosclerosis.' In the poultry industry, lutein has been mostly

pigment in the eye tissue of humans, macula lutea and eye lens.* us;d Zsez;i(::onsniz%ing:;;ggzzgi;neif%:ltrzzlﬁ:' roducers

Lutein absorbs blue light selectively, as its peak absorption is in canyinﬂuencg t:e com ositio?1 of eqqas and tﬁe coz’teF;t of cer-

the spectrum at 446 nm. Blue light causes 100 times more damage . L . p gg .

. ) . tain active ingredients in eggs. Addition of vegetable or fish oil

compared to orange light, depending on the exposure duration.

Because of its filtration capabilities, lutein is effective in preventing

photoreceptor damage caused by blue light.2 The protective influ- —

ence of lutein is proved in slowing down of age-related macular * Correspondence to: M Grcevic, Department of Animal Production and Biotech-
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can increase desirable n-3 polyunsaturated fatty acids (PUFA) in
the egg yolk. Addition of various antioxidants, such as vitamin E,
selenium and lutein, enhance the stability of fatty acids but also
increase the content of those ingredients in the egg.'* Supple-
mentation of increased amounts of lutein to the feed affects the
increase in lutein concentration in egg yolk. Although egg yolk
is not the best nutritional source of lutein, its bioavailability in
humans is better from egg yolk than from plant sources or from
dietary supplements.' In egg yolk, lutein is present in a soluble
lipid matrix, consisting of cholesterol, triacylglycerol and phospho-
lipids, as well as some micronutrients, such as vitamins A, Dand E."
It is believed that the content of cholesterol, as well as the com-
position of fatty acids in eggs, affect the improved utilization and
increased lutein content in human serum.'* Eggs enriched with
omega-3 fatty acids and lutein are a foodstuff with high-quality
nutritional ingredients that have positive effects on human health
and prevention of certain diseases.

The aim of this research was to find out how lutein, when added
to laying hens’ feed rich in omega-3 fatty acids, influences the
content of lutein and fatty acid profile in eggs.

MATERIAL AND METHODS

Animals and feeding mixtures

The research was carried out on a total of 300 31-week-old Tetra
SL hybrid laying hens. Hens were randomly assigned to three
experimental groups and each group was further divided into
five replicates of 20 hens each (five hens per cage, four cages
per replicate). Prior to starting the experiment with the addition
of marigold extract to hens’ mixtures, the hens were fed mixtures
that contained 5% of oils as a source of omega-3 fatty acids (i.e.
soybean oil 1.25%, rapeseed oil 2.00%, linseed oil 1.00% and fish
oil 0.75%) for 4 weeks, to accustom them to the feed and to
eliminate differences between groups at the beginning of the
experiment with the addition of marigold extract to the mixtures.
After the initial 4 weeks the marigold extract was added to mix-
tures as follows: O,, without marigold extract; O,, 1g marigold
extract kg™' of feed; and O,, 2g marigold extract kg=' of feed.
The experimental period lasted for 5 weeks. Feed and water were
offered for ad libitum consumption. Marigold extract (Calendula
officinalis flowers) was purchased from Phyto Nutraceutical Inc.
(Changsha, Hunan, China) and contained lutein (20%) as active
ingredient. Accordingly, the calculated amount of lutein in mix-
tures for hens was 0, 200 and 400 mg kg~". The composition of the
feeding mixtures is shown in the Table 1.

Content of lutein in feeding mixtures and in egg yolks
Analysis of the lutein content in feed fed to laying hens was
performed on six samples of each feeding mixture (on a total of 18
samples). Samples of analyzed feeding mixtures were prepared
according to the method of Leeson etal.'® Content of lutein in
feeding mixtures is shown in the Table 2.

Content of lutein in egg yolks was analyzed on two occasions:
first on eggs collected in the middle of the experiment (day
21 of research), and then at the end of the experiment (day 35
of research). On these two occasions, ten eggs were randomly
selected from each group (a total of 60 eggs) and prepared
for analysis of lutein content. Samples of egg yolks were pre-
pared for the analysis according to the method of Leeson and
Caston."” Prepared samples were analyzed on a high-performance
liquid chromatographic system (Shimadzu Corporation, Kyoto,
Japan) equipped with auto injector, UV-visible detector and

Table 1. Composition of the mixtures for laying hens

Ingredients (g kg™") 0y 0, 0,
Corn 463.4 462.4 461.4
Soybean meal 216.0 216.0 216.0
Toasted soybean 40.0 40.0 40.0
Sunflower meal 60.0 60.0 60.0
Alfalfa 25.0 250 25.0
Yeast 10.0 10.0 10.0
Limestone 103.4 103.4 103.4
Monocalcium phosphate 15.0 15.0 15.0
Salt 3.32 3.32 3.32
Sal CURB®2 3.32 3.32 3.32
Mineral Detox? 2.40 2.40 2.40
Probio P-500¢ 0.52 0.52 0.52
Lysoforte®d 0.32 0.32 0.32
Synthetic methionine 1.52 1.52 1.52
Marigold extract 0.0 1.0 2.0
Oil mixture® 50.0 50.0 50.0
Premixf 5.8 5.8 5.8
Total 1000 1000 1000
Crude protein (%) 18.00

ME (MJ kg™") 11.50

a Antimicrobial (KEMIN®, Herentals, Belgium).

b Natural zeolite (Mineral Promet, Velika Gorica, Croatia).

¢ Probiotic (4b1841, Enterococcus faecium DSM 7134) 10 x 10° cfu
(Lactosan, Kapfenberg, Austria).

d Absorption enhancer (KEMIN®, Herentals, Belgium).

€ Oil mixture consisted of 2.00% rapeseed oil, 1.25% soybean oil, 1.00
flaxseed oil and 0.75% fish oil.

f Premix (Schaumann Agri, Brunn am Gebrige, Austria), content per
kg diet: vitamin A 11.6001U, vitamin D3 2.9001U, vitamin E 116 mg,
vitamin K; 2.32mg, vitamin B; 2.436 mg, vitamin B, 5.22mg, vita-
min Bg 3.132mg, vitamin B;, 13.34mg, folic acid 0.986 mg, pan-
tothenic acid 8.12 mg, niacin (nicotinic acid) 29 mg, biotin 98.6 g,
choline chloride 464 mg, vitamin C 26.1 mg, iodine 1.044 mg, man-
ganese 81.2mg, zinc 72.5mg, iron 34.8 mg, copper 5.8 mg, organic
selenium 0.464 mg, BHT 19.72 mg, propyl gallate 8.12 mg, canthaxan-
thin 3.48 mg, beta-apo-beta-carotenoic acid 1.16 mg.

Table 2. Content of lutein in experimental mixtures (x + s; n = 6 per
group)

Content of lutein in feeding mixtures (mg kg=")
Group Supplemented Analyzed
Oq 0 18.77 +2.29
0, 200 191.33 + 14.50
0, 400 388.70 + 25.87

X, arithmetic mean; s, standard deviation; O,, without marigold
extract; O;, 1 g marigold extract kg~ of feed; O,, 2 g marigold extract
kg~" of feed.

Viva C18 column (5pm, 250 x 4.6 mm; RESTEK Corporation,
Bellefonte, PA, USA). The mobile phase consisted of a mixture
of methanol and tetrahydrofuran (THF) (9:1, v/v). Mobile phase
flow rate was 1mL min~', the analysis lasted for 20 min and
the wavelength of measurement was 450 nm. The volume of
injected sample was 20 pL. A standard curve of lutein was pre-
pared by using the lutein standard purchased from ChromaDex®
(Irvine, CA, USA).
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Table 3. Average content of fatty acids in mixtures fed to laying hens
(g 100g~" of total fatty acids; n = 6; X + s)

Fatty acid Feed
Lauric acid C12:0 0.026 + 0.008
Myristic acid C14:0 0.630 +0.031
Pentadecanoic acid C15:0 0.100 + 0.009
Palmitic acid C16:0 11.601 + 0.440
Heptadecanoic acid C17:0 0.140 + 0.007
Stearinic acid C18:0 3.925 +0.156
Arachidic acid C20:0 0.384 + 0.007
Behenic acid C22:0 0.233+0.019
Tricosanoic acid C23:0 0.031 + 0.006
Lignoceric acid C24:0 0.105 +0.011
SFA 17.174 + 0.607
Palmitoleic acid C16:1 0.557 +0.025
Elaidic acid C18:1n9t 0.234 +0.036
Oleinic acid C18:1n9¢ 29.921 +0.419
Octadecenoic acid isomer C18:1 (cis) 1.750 + 0.067
Octadecenoic acid isomer C18:1 (trans) 1.433 +£0.133
Eicosenoic acid C20:1n9 0.464 +0.017
Erucic acid C22:1n9 0.031 + 0.003
MUFA 34.391 + 0.393
Linoleic acid C18:2n6 35.460 + 0.290
y-Linolenic acid C18:3n6 0.065 + 0.011
Eicosadienoic acid C20:2 0.056 + 0.004
Arachidonic acid C20:4n6 0.091 + 0.007
Octadecadienoic acid isomer (A) C18:2 0.977 +0.126
Octadecadienoic acid isomer (B) C18:2 0.720 + 0.086
Octadecadienoic acid isomer (C) C18:2 0.623 + 0.063
Octadecadienoic acid isomer (D) C18:2 0.576 + 0.054
n-6 PUFA 38.658 + 0.151
a-Linolenic acid C18:3n3 7.966 + 0.400
Eicosatrienoic acid C20:3n3 0.031 +0.003
Eicosapentaenoic acid C20:5n3 0.834 +0.072
Docosapentaenoic acid C22:5n3 0.186 +£ 0.014
Docosahexaenoic acid C22:6n3 1.430+0.119
n-3 PUFA 10.447 + 0.571
n-6:n-3 PUFA 3.700 + 0.210
X, arithmetic mean; s, standard deviation.

Fatty acids in feeding mixtures and in egg yolks

On the last experimental day, six eggs were randomly collected
from each group (a total of 18 eggs) and the yolks analyzed
for fatty acid profile. The profile of fatty acids was also deter-
mined in samples of feeding mixtures and is presented in
Table 3.

Analysis of samples was performed according to the method of
Csapo et al.'® Fatty acid methyl esters were separated in a WCOT
(wall coated open tubular) column that contained CP-SIL 88 (FAME)
stationary phase, and the content was determined using a flame
ionization detector at 270 °C. The temperature of the split injector
was 270°C, and the carrier gas was helium with a pressure of
235 kPa. The temperature of the oven was set to 140 °C (10 min),
increasing by 10°C min~" up to 235 °C (26 min). The analysis was
performed using a gas chromatograph (CP 9000, Chrompack BV,
Middleburg, Netherlands). Specific fatty acids contained in feed
and in egg yolks are presented as g FA 100 g~ total fatty acids and
mg FA g~'yolk, respectively.

Table 4. Content of lutein in egg yolks (x; n = 10 per group)

Time of analysis Lutein content Lutein content

Group (days) (ng g~ yolk) (mg per 60 g egg)®

Oy 21 20.11d 0,31d
35 22.57d 0,35d

0, 21 107.41bc 1,65bc
35 103.74c 1,59¢

0, 21 118.86a 1,82a
35 113.31ab 1,74ab

SEM 3.171 0,049

Sources of variation

Treatment (T) <0.001

Time of analysis (TA) 0.388

TxTA 0.422

X, arithmetic mean; SEM, standard error of the mean; a,b,c,d values
within a column with different letter differ significantly at P < 0.05;
Oy, without marigold extract; 0,1 g marigold extract kg~ of feed; 0,,
2 g marigold extract kg~" of feed.

€Edible part.

Color of egg yolks

Egg yolk color was analyzed on fresh eggs (1 day after collection
on the farm) and stored eggs (after 28 days of storage in a refriger-
ator at 4 °C). Each time, yolk color was measured with two different
instruments: an egg multi-tester EMT-5200 device (Robotmation
Co. Ltd, Japan) (n =30 eggs per group) and a CR-300 chroma
meter (Konica Minolta, Osaka, Japan) (n = 10 eggs per group). The
color of samples measured by the egg multi-tester is represented
by numbers 1-15 and with the chroma meter by three values:
CIE L*, a* and b*."® The value L* refers to the degree of lightness,
from dark to light (0-100). The value a* represents redness and
indicates degree of red-green color, in which a higher positive
value refers to a redder color. The value b* (yellowness) refers to
the degree of yellow-blue color, in which a higher positive value
refers to a yellower color. The white calibration plate with speci-
fications Y =93.0, x = 0.3159 and y = 0.3324 was used for device
calibration. The optical lens diameter was 8 mm, illumination D65
and standard observation 10°.

Statistical analysis

Research results were processed using Statistica for Windows,
v.13.0.2° Statistical parameters were arithmetic mean (x), standard
error of the mean (SEM) and standard deviation (s). Testing of
significance of differences within a group and between groups was
done by using the GLM procedure of one-way analysis of variance
(ANOVA) and multivariate analysis of variance (MANOVA, 3 X 2).
The calculated F-value was compared to the critical theoretical
F-value at a significance level of 5%. Significance of differences
between mean values was determined by Fisher’s LSD test.

RESULTS

Lutein content in egg yolks

Supplementation of marigold extract to laying hens’ feed had a

significant influence (P < 0.001) on the content of lutein in egg

yolks, achieving the highest values in group O,. The time of

analysis did not affect the content of lutein in egg yolks (P > 0.5).

The results of lutein content in egg yolks are shown in Table 4.
Results of analysis performed on day 21 of the experiment

proved that the lutein content in egg yolks increased from 20.11 to
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Table 5. Profile of fatty acids in egg yolks (mg FA g~ yolk; X + s; n = 6 per group)

Fatty acid Og 0, 0, P-value
Myristic C14:0 0.610 + 0.04 0.690 + 0.02 0.610 +0.03 0.142
Pentadecanoic C15:0 0.211 +0.00 0.210 +0.02 0.187 +0.01 0.195
Palmitic C16:0 60.565 + 1.35 64.996 + 2.90 61.131 +1.60 0.275
Heptadecanoic C17:0 0.529 +0.03 0.534 +0.03 0.529 +0.02 0.988
Stearic C18:0 17.306 + 0.68 17.592 +0.32 18.402 + 0.55 0.345
Arachidic C20:0 0.048 + 0.00 0.049 + 0.00 0.048 + 0.00 0.162
Heneicosanoic C21:0 0.024 + 0.00 0.024 + 0.00 0.024 + 0.00 0.191
Behenic C22:0 0.024 + 0.00 0.024 + 0.00 0.024 + 0.00 0.191
Tricosanoic C23:0 0.024 + 0.00 0.024 + 0.00 0.024 +0.00 0.194
Lignoceric C24:0 0.024 +0.00 0.024 + 0.00 0.024 + 0.00 0.205
SFA 79.367 + 1.05 84.169 + 2.70 81.005 + 1.41 0.203
Myristoleinic C14:1 0.091 + 0.01 0.100 + 0.00 0.100 + 0.01 0.754
Palmitoleic C16:1 5.665 + 0.52 5.887 +0.28 5516 +0.38 0.804
Elaidic C18:1n9t 0.371 £ 0.01 0.333 +0.02 0.405 + 0.04 0.159
Oleinic C18:1n9¢ 91.632 + 0.74 89.688 + 2.96 91.333 £ 1.27 0.737
3.549 +0.16

Octadecenoic isomer C18:1 (cis) 3.481 +0.10 2,904 +0.28 0.057
Octadecenoic isomer C18:1 (trans) 0.661 + 0.04 0.685 + 0.06 0.993 + 0.24 0.221
Eicosenoic C20:1n9 0.353 +0.01 0.320 +0.03 0.368 +0.01 0.191
MUFA 102.254 + 0.87 99.917 + 3.36 102.265 + 1.13 0.661
Linoleic C18:2n6 47.105 + 1.09 44944 +1.36 43.881 + 0.89 0.148
Octadecadienoic isomer (A) C18:2 0.154 + 0.01 0.140 + 0.01 0.241 +£0.05 0.058
Octadecadienoic isomer (B) C18:2 0.154b + 0.01 0.130b + 0.01 0.284a + 0.05 0.006
Octadecadienoic isomer (C) C18:2 0.087b + 0.01 0.082b + 0.01 0.207a +0.03 <0.001
Octadecadienoic isomer (D) C18:2 0.120 + 0.03 0.063 + 0.01 0.125 + 0.02 0.067
y-Linolenic C18:3n6 0.231 +0.02 0.227 +0.02 0.207 +0.01 0.542
c9,t11-CLA 0.044 + 0.00 0.044 + 0.01 0.044 + 0.00 0.999
Eicosadienoic C20:2 0.281 + 0.01 0.247 +0.02 0.271 +0.01 0.143
Eicosatrienoic C20:3n6 0.363 + 0.01 0.339 +0.02 0.421 +0.04 0.092
Arachidonic C20:4n6 2.269+0.18 2.035+0.03 2.197 +0.05 0.334
Docosatetraenoic C22:4n6 0.175+0.03 0.175 +0.01 0.189 + 0.01 0.832
n-6 PUFA 50.983 + 1.33 48.425 + 1.44 48.068 + 1.05 0.236
a-Linolenic C18:3n3 4.878 +0.31 4.887 +0.36 4.937 +0.27 0.990
Eicosatrienoic C20:3n3 0.053ab + 0.00 0.044b + 0.01 0.068a + 0.00 0.020
Eicosapentaenoic C20:5n3 0.145 + 0.01 0.155 +0.01 0.155 +0.01 0.680
Docosapentaenoic C22:5n3 0.252b + 0.02 0.355ab + 0.05 0.466a + 0.05 0.005
Docosahexaenoic C22:6n3 2.933b + 0.06 2.914b + 0.08 3.904a +0.11 <0.001
n-3 PUFA 8.262b + 0.28 8.355b + 0.36 9.529a + 0.28 0.017
n-6/n-3 PUFA 6.17a + 0.76 5.80ab + 0.75 5.04b + 0.42 0.025

X, arithmetic mean; s, standard deviation; a,b values within a row with different letter differ significantly at P < 0.05; O,, without marigold extract;

0,, 1 g marigold extract kg~" of feed; O,, 2 g marigold extract kg™ of feed.

107.41pgg™" in group O;, and to 118.86ugg~" in group O,,
which was the highest recorded value and significantly (P < 0.001)
different from the value of the O, group. Results of analysis
performed on day 35 of the experiment showed a slightly lower
content of lutein in egg yolks than on day 21, but the differences
were not statistically significant.

Fatty acids in egg yolks

The profile of fatty acids in egg yolks is presented in the Table 5.
Supplementation of marigold extract to the feeding mixtures did
not influence the content of individual or total saturated (SFA) or
monounsaturated (MUFA) fatty acids. There was slightly higher
content of total SFA and slightly lower content of total MUFA in
the O, group than in other two groups, but the differences were

not statistically significant. Total n-6 PUFA exhibited a decreasing
trend with increase in marigold extract content supplemented
to the feed: 21.17% > 20.10% > 19.96%; but there was no statis-
tically significant difference. In n-3 PUFA, marigold extract had a
significant influence on the content of total n-3 PUFA (P =0.017),
and on the content of docosapentaenoic acid (DPA) (22:5n3)
(P=0.005) and docosahexaenoic acid (DHA) fatty acid (22:6n3)
(P <0.001).

Content of the stated fatty acids in the experimental groups was
higher than in the control, due to which the content of total n-3
PUFA was also higher in the experimental groups. Therefore, the
ratio of n-6:n-3 PUFA was more favorable in groups fed mixtures
supplemented with marigold extract (P = 0.025). The narrowest
and the most favorable ratio of 5.04 was determined in group O,
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Figure 1. Color of egg yolks of experimental groups. O, without marigold extract; O,, 1 g marigold extract kg~" of feed; O,, 2 g marigold extract kg™’
of feed; each group consisted of 100 31-week-old Tetra SL hybrid laying hens which were fed experimental diets for 5 weeks; n = 30 eggs per group;
eggs were analyzed as fresh (1 day after collection on the farm) and stored (after 28 days of storage in a refrigerator at 4 °C); a,b,c values with different

superscripts differ significantly at P < 0.05.

followed by 5.80 in group O, and then by a ratio of 6.17 in the
control group.

Color of egg yolks

Dietary supplementation of marigold extract and storage duration
of eggs had a statistically significant influence (P < 0.001) on the
egg yolk color. Results of the determination of egg yolk color are
presented on the Fig. 1. The highest value of egg yolk color was
recorded in the stored eggs of the O, group, being 14.40. This
group also exhibited the highest value of color for fresh eggs,
which was 13.77. These values were expected, since this group had
been fed a diet supplemented with 2 gkg™" marigold extract. The
value of egg yolk color of the control group with no supplemented
marigold extract was 12.90 for fresh and 13.10 for stored eggs.
When compared to the O, group, supplementation of 1gkg™
marigold extract to the group O, caused a significant increase in
color values, both of fresh and stored eggs. Although there was
a further increase in color intensity with the addition of 2gkg™'
marigold extract, there was no significant difference determined
with respect to the O, group. The storage duration did not affect
the value of egg yolk color of the control group, while experimental
groups had significantly higher values of egg yolk color of stored
eggs than of fresh eggs.

Yolk color measured by the CR-300 chroma meter and expressed
by the CIE Lab values indicated the significant (P < 0.001) influ-
ence of marigold extract and of storage duration only for the a*
value (degree of redness) (Table 6). Supplementation of marigold
extract influenced the increase of value from 10.74 in the control
to 15.94 in the O, group, as did the storage duration in all experi-
mental groups. Fresh eggs did not exhibit differences between O,
and O, groups, but a significant difference was determined in the
O, group when compared to the other two groups. Eggs stored for
28 days in a refrigerator exhibited a significant difference with sup-
plementation of 1 g kg~' marigold extract, while there was no dif-
ference between O, and O, group. Supplementation of marigold
extract and storage duration did not influence the L* (degree of
lightness) and b* (degree of yellowness) values, but it was still
noted that lightness and yellowness of yolk were decreased by an
increase in the amount of supplemented marigold extract. Storage
duration led to a decrease in the L* value and a decrease in the b*
value of egg yolk.

Table 6. Color of egg yolks depending on the supplemented
marigold extract and storage duration (x; n = 10 per treatment)
Yolk color CIE
Storage
Treatment duration (days) L* a* b*
Oy 1 61.24 10.74e 55.54
28 60.57 12.79cd 57.51
0, 1 60.00 11.72de 53.21
28 5941 15.18ab 55.34
0, 1 59.70 14.14bc 53.86
28 59.18 15.94a 55.63
SEM 0.734 0.527 1.359
Sources of variation
Treatment (T) 0.113 <0.001 0.229
Storage duration (SD) 0.329 <0.001 0.083
TxSD 0.995 0.244 0.991
X, arithmetic mean; SEM, standard error of the mean; a,b,c,d,e values
within a column with different letter differ significantly at P < 0.05; O,
without marigold extract; O, 1 g marigold extract kg~ of feed; 0,,2 g
marigold extract kg~ of feed.

DISCUSSION

Lutein content in egg yolks

The best results after enriching egg yolks were obtained with sup-
plementation of 2 g kg~' marigold extract after 21 days of feeding.
In their research, Leeson and Caston'” supplemented corn- and
soybean-based feeding mixture with 8% ground linseed as a
source of omega-3 fatty acids, and 0, 125, 250 and 500 mg kg™’
lutein. Control mixture was based on corn and soybean, without
supplements. When compared to the control group, analysis of
results showed worse deposition of lutein in eggs laid by hens
that were fed mixtures supplemented with linseed. Supplemen-
tation of higher amounts of lutein to feed influenced the increase
in lutein content in egg yolks from 0.24 mg per 60 g egg to
1.40mg per 60 g egg (by supplementing 250 mgkg™" lutein).
These results are comparable with those in our research, but in
our research content of lutein in the control group was slightly
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higher (0.33 mg per 60 g egg), and by adding 1 gkg~"marigold
extract to feed (200mgkg™" lutein) average content of lutein
increased to 1.62mg per 60 g egg, which is 15.7% higher than
the results of the mentioned authors, when adding 250 mg kg™
lutein. Moreover, Leeson et al.'® supplemented laying hens’ feed
with 10% ground linseed and 0, 125 and 250 mg kg~" lutein. Con-
tent of lutein in egg yolks of the control group was 0.11 mg per
60 g egg, and in groups fed 125 and 250 mg kg~ lutein it was 1.39
and 1.73 mg per 60 g egg, respectively. Higher content of lutein
in egg yolks was achieved with a lower amount of supplemented
lutein (250mgkg™") than in our O, group, where the supple-
mented lutein at an amount of 400 mg kg™' achieved on average
1.78 mg per 60 g egg of egg. Nain?' fed laying hens a mixture with
10% linseed and 500 mg kg™ lutein and monitored the increase
in lutein content in egg yolks over 56 days of treatment. When
comparing the results with the group that was fed a mixture with
only linseed (10%), the best enrichment of egg yolk was achieved
after 28 days of feeding treatment, as the lutein content in the
experimental group was 34.59 ug g~' of egg yolk, and 8.64 ug g™’
of egg yolk in the group fed with linseed supplement only. At the
beginning of the research, content of lutein in the experimental
group was 9.38 pgg~' of egg yolk, and in the group with linseed
it was 9.70 ug g~ of egg yolk. There was a confirmed trend of egg
yolk enrichment as in our research, although the values are far
lower than ours. In our research lower lutein values were found
on day 35 of analysis and similar results were reported by Islam
etal?? and Nain,?' in whose research the content of lutein in
egg yolks was lower on the 21st day than on the 14th day, i.e.
on the 56th than on the 28th day of experiments, respectively.
However, those differences were also statistically not significant.
A limitation of this study is the fact that we do not have data on
the content of lutein in eggs from all three treatments on day
0, but since hens were fed mixtures of the same composition
4 weeks before addition of marigold extract to mixtures, and
because there were no differences in lutein content in eggs of the
control group on the 21st and 35th days of the experiment, we
consider that the differences did not exist even on day 0 of the
research.

Fatty acids in egg yolk

Many authors have investigated the influence of dietary supple-
mentation of various vegetable seeds and oils, and oils of marine
organisms, on the profile of fatty acids in egg yolk. Sultan et al.?
determined that the addition of 10% flaxseed in feed for lay-
ing hens caused a significant (P < 0.05) reduction in content of
total SFA, MUFA and n-6:n-3 PUFA and an increase (P < 0.05) in
content of n-3 PUFA and total PUFA. Inclusion of 3.4% of lin-
seed oil in diets of laying hens has a similar effect on FA content
like flaxseed, causing decrease in content of total SFA, MUFA and
trans-FA (P < 0.05) while simultaneously increasing n-3 PUFA and
total PUFA (P < 0.05).2* Enrichment of eggs with n-3 PUFA using
flaxseed or linseed oil in hens’ diet is mainly due to an increase
in content of ALA (C18:3n-3). In order to increase the content of
long-chain PUFAs (eicosapentaenoic acid (EPA; C20:5n-3) and DHA
(C22:6n-3)) in eggs, it is necessary to include sources of those fatty
acids, such as fish oil, to laying hens’ diet. In the study of Ceylan
et al?> it was found that eggs from hens fed with the addition of
fish oil to the diet contained significantly higher content of DHA
than the eggs of hens that had received sunflower, linseed or rape-
seed oil in the mixtures. Supplementation of various combinations
of fish, linseed, rapeseed and soybean 0ils?6-% affects the increase

in content of total and individual n-3 PUFA, by simultaneous lower-
ing n-6 PUFA, thus resulting in a more favorable, narrower ratio of
n-6:n-3 fatty acids. However, there are not many studies that have
explored the influence of dietary supplementation with a combi-
nation of four oils as used in our research. Moreover, the available
literature offers not many data on the influence of lutein as dietary
supplement on the profile of fatty acids in egg yolks enriched with
omega-3 fatty acids. Nain?' studied the effects of supplementa-
tion of 10% linseed and 500 mg kg~ lutein to laying hens’ feed
on the profile of fatty acids in egg yolks. The control group was
fed with a mixture containing 10% linseed. The author did not
determine any major differences between the two groups. Thus
the content of SFA, total PUFA and n-6 PUFA was slightly higher
in the group fed with supplemented lutein, but the differences
were not statistically significant. Content of MUFA and n-3 PUFA
was similar in both groups. The ratio of n-6:n-3 increased slightly
in the group with lutein supplementation. Except for the content
of SFA and MUFA, which was also similar in our research, other
results do not correspond to those published by that author. In our
research, the content of n-6 PUFA decreased with the addition of
marigold extract, although it was not significant (P = 0.236), while
the content of n-3 PUFA was significantly higher in experimental
groups than in the control (P =0.017). These changes caused the
ratio of n-6:n-3 to improve from 6.17 in the control group to 5.04
in the group that had 2 g kg~' marigold extract (P = 0.025). Higher
content of total n-3 PUFA, and especially DHA, in the group with
2 gkg~" marigold extract (O,) could be explained by the protec-
tive action of lutein. Lutein is an effective antioxidant because of its
ability to quench singlet oxygen and scavenge peroxy radicals.>
Surai et al3' have shown that lutein in combination with vitamin
E, in the presence of a high content of the highly unsaturated
DHA in designer eggs, significantly decreased malondialdehyde
formation as a result of Fe-stimulated lipid peroxidation. The find-
ings of Mohn et al.3? suggest that lutein may preserve DHA con-
centrations and may contribute to inhibiting its oxidation in cer-
tain brain regions of rhesus monkeys, which were supplemented
with lutein and zeaxhantin, by reducing oxidative stress. Based
on these results we suppose that an increased level of lutein in
yolks of eggs from the O, experimental group had an influence
on the preservation of DHA in egg yolk lipids, while in the con-
trol group, due a to lower level of lutein, oxidative processes were
more pronounced, which affected DHA damage, and therefore its
level in the control group was lower. We assume that lutein actu-
ally ‘keeps’ DHA from oxidation and thus maintains higher levels
of DHA in the experimental group. Further studies are required
to determine the combined effect that different oils and lutein in
laying hens’ dietary supplements have on the fatty acid profile in
egg yolks.

Color of egg yolks

Along with the egg freshness and eggshell quality, color of egg
yolk is one of the indicators of egg quality that is very important
to consumers. Although yolk color preferences varies among coun-
tries and regions of the world, European consumers usually pre-
fer a more intense egg yolk color.3® Because of this, different pig-
ments, often synthetic, are added to the hens’ mixtures in order
to increase the intensity of egg yolk color. More recently, however,
the tendency has been to add natural pigments, such as lutein
from plant sources. Leeson and Caston'” supplemented lutein to
hens’ feed in amounts from 0 to 1000 mg kg~" and studied its influ-
ence on the egg yolk color. They determined a significant increase
in yolk color value after only 7 days of feeding from 6/7 to 12/13.
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Color of egg yolk was stabilized at 13/14, and supplementation of
lutein in portions higher than 250 mg kg™ did not affect further
increase in color values. In their research, Leeson etal.'® used a
combination of lutein and 10% linseed as a supplement to laying
hens’ feed, and achieved enrichment of eggs with omega-3 fatty
acids and lutein. The authors determined that supplementation of
125 mg kg~' lutein effected a significant (P < 0.001) increase in egg
yolk color, from 6.7 as of the control, to 13.7. Further lutein sup-
plementation of 250 mg kg™ resulted in just a slight increase in
egg yolk color to 13.9. Englmaierova et al.>* reported an increase
in egg yolk color from 6.4 to 13.1 (P < 0,001) by supplementa-
tion of 250 mg kg™ lutein to laying hens’ feed, while Englmaierova
and Skfivan3> supplemented 100 mg kg™ lutein to hens’ feed and
achieved an increase in egg yolk color from 7.7 in the control to
8.4 (P <0.001). Jang etal3® confirmed that supplementation of
even small amounts of lutein (40 mg kg~') affected egg yolk color
(P < 0.05). Our research confirmed the positive influence of dietary
supplementation of lutein on the intensity of egg yolk color, so
our results are in accordance with the results of the cited authors.
The difference occurs in the egg yolk color of the control group,
which is more intensive than the egg yolk colors reported by the
authors mentioned. Results obtained in our research showed a sig-
nificantly (P < 0.001) higher intensity of yolk color of eggs stored
in a refrigerator for 28 days than of fresh eggs in all three groups.
The difference between two occasions of measurement was not
significant in the control group, but the significance of differences
was determined for the O, and O, groups. There are not many
data in the available literature on the changes in color intensity
in eggs enriched with omega-3 fatty acids and lutein that occur
during storage. Therefore, a comparison is made of the results of
research performed by Kralik et al.®” referring to changes in color
of egg yolks of omega-3-enriched eggs during storage. In that
research, storage of eggs for a period of 14 days in a refrigerator
affected the reduction of egg yolk color from 13.24 to 12.76 in the
group that consumed 3.5% fish and 1.5% rapeseed oils, and from
13.24 to 13.00 in the group that consumed 1.5% fish and 3.5%
rapeseed oils, but those differences were not significant (P > 0.05).
Barbosa etal.® did not determine an influence of storage dura-
tion on changes in yolk color of eggs enriched with omega-3 fatty
acids stored in a refrigerator for 35 days, whereas eggs stored at
room temperature exhibited a significant (P < 0.05) decrease in
color value from 11.50 to 10.38.

Studies on the effects of lutein on the CIE Lab color indica-
tors, as available in the literature, were performed mostly on con-
ventionally produced fresh eggs. Lokaewmanee et al*® supple-
mented various amounts of lutein (10-40 mg kg~') to hens’ feed
and confirmed a significant increase (P < 0.05) in a* color value,
as in our research. They confirmed the decrease in L* value and
increase in b* value, but the differences were not statistically sig-
nificant. Sirri et al.** reported that the increased amount of lutein
supplemented to feeding mixtures (80160 mg kg~") significantly
(P < 0.001) influenced the increase in redness degree (a*), whereas
values of lightness and yellowness were not significantly differ-
ent between experimental groups, although L* and b* values
decreased, which is in accordance with our results. Englmaierova
etal* also conducted research into the effects of lutein supple-
mented in an amount of 250 mg kg~' of hens’ feed on the CIE Lab
indicators of yolk color. Unlike the results of our research, their
results showed a significant influence (P < 0.001) of lutein sup-
plementation on all color indicators. Dietary supplementation of
lutein effected a decrease in L* value and an increase in a* and b*
values of yolk color.

CONCLUSIONS

Based on the research results, we can conclude that dietary
marigold extract is very effective in the enriching of eggs
with lutein as well as increasing egg yolk color intensity. It can
also be noted that it has an effect on increasing the content of the
desired n-3 PUFA and reducing the ratio of n-6:n-3 PUFA. Further
studies are needed to determine the influence of different sources
and concentrations of lutein on fatty acid composition in egg
yolks. Eggs simultaneously enriched with lutein and omega-3
fatty acids are a good source of these ingredients in human
nutrition.
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