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With the purpose of impact assessments of synthetic and natural carotenoids on the daily production
of eggs and some indicators of their quality, two experiments were performed.

In order to evaluate some characteristics of yolk as colour and oxidative stability of lipids, the
first experiment was conducted on two hundred and forty ISA Brown hens aged 25-39 weeks which were
housed in cages (10 hens per 1 cage). Hens were fed by four different diets: control diet (the first group) and
diets supplemented with synthetic carotenoids Carrophyl® Red and Carrophyll® Yellow at 20 and 15 mg/kg,
respectively (the second group), with lutein powder extract at 250 mg/kg (the third group), and with 12.5 g/kg
spray-dried Chlorella (the forth group). The control diet contained maize, wheat and soybean meal as the main
ingredients. Eggs were collected daily. Yolk colour was determined using Yolk Colour Fan. Lipid peroxidation
in yolks was determined in fresh eggs and eggs stored at 18° C for 4 weeks.

The second experiment was conducted with the purpose to compare effect of synthetic carotenoids,
lutein and mustard (source of carotenoids) on daily output of eggs, yolk colour and contents of carotenoids in
yolks. In the experiment, one hundred and sixty ISA Brown hens of age 20-34 weeks were housed in enriched
cages. Control hens (the 1° group) were fed by a diet without carotenoids. Hens of the 2" group were fed with
a combination of Carophyll® Red and Carophyll® Yellow as it was described previously. Hens of the 3 group
were fed by a diet supplemented with lutein at 100 mg/kg. The 4" group received diet supplemented with 10 g/kg
of meal from Brassica juncea (L.). The mustard meal contained lutein and zeaxanthin at 11.9 and 5.2 mg/kg,
respectively. Sampling and yolk colour determination were the same as in the first experiment. The [f-carotene
contents of yolks were determined by HPLC.

Carotenoids had no effect on hen-day egg production. Both synthetic and natural carotenoids signifi-
cantly increased the intensity of yolk colour. Carophylls, lutein and Chlorella significantly improved the oxida-
tive stability of yolk lipids. It can be concluded that (i) lutein and Chlorella are alternatives to synthetic carote-
noids, and (ii) the use of Chlorella is more advantageous from an economical point of view than that of lutein.
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THcTuTyT TBapuHHUITBA, 104 00 I1para, Uecska PecnyOimika
’HarioHanbHHIN YHIBEPCUTET OI0OPECYpPCiB 1 IPUPOIOKOPUCTYBAHHS YKpaiHH,
ByJ1. ['epoiB O6oponu, 15, Kuis, 03041, Ykpaina

3 memoro oyinKu 6NAUEY 320008VEAHHA KVPAM CUHMEMUYHUX | NPUPOOHUX KAPOMUHOIOIE HA 00008y
NPOOYKYIIO A€Yb Ma OesKi XapaKxmepucmuxy ix Skocmi 0yi0 npoeedeHo 08a O0CIiou.

s OYiHKU MaKux XapaKkmepucmux Jco8mKa, K KOIIP i OKUCHIOBAIbHA CMIUKICMb 1inidis, Oye npoge-
Oenutl nepwuti docnio na 240 xyprax kpocy ISA BROWN gixom 25—39 muoichie, AKi ympumyeanucs y Kiimrax
(no 10 na xoorcny). Yomupu epynu Kypeii 200y6au 32i0H0 3 YOMUPbLOMA PayioHamil, a came KOHMpPOIbHUM
(I epyna) i docnionumu payionamu 3 000A8AHHAM CUHMEMUYHUX KAPOMUHOIOI8 — UEPBOHO20 I HCOBMO20
Carrophyll® ionosiono 6 xinekocmi 20 i 15 me/ke (Il epyna), nopowky nomeino6o2o ekcmpaxmy 6 KilbKocni
250 me/xe (Il epyna) i 12,5 e/ke sucywenoi posnunennam xaopenu (IV epyna). Ocnosnumu inzpedienmamu payio-
Hy I (konmponvuoi) epynu 6yau KyKypyosa, nueHuys i coesa myka. AHiiys iooupanu wodenrno. Konip scosmra
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BUBHAUATU 30 OOTIOMO2010 8i0N0GIOH020 Gisa OJiA GUIHAYEHHS IHmeHcUugHocmi 3abapeénenns. Ilepexuche oxuc-
HeHHs1 TNIOI ) JCOBMKY OYI0 GUSHAUEHO Y CEidcuX stiysix | mux, wjo 30epieanucs npu 18° C enpodoesaic 4 muoichis.
Jpyeuil 0ocnio nposoounu 3 Memoro NOPiGHAHNS GNIUBY CUHMEMUYHUX KapOMUHOoidie, ntomeiny i 2ip-
yuyi (Odicepena Kapomuroioie) Ha 00608y NPOOYKYIIO S€Yb, KOLIP HCOBMKA | eMicm Kapomunoidie. Y docnioi
suKopucmogysanu cmo wicmoecsim kypok kpocy ISA BROWN sikom 20—34 muoichi, wjo nepedysanu y Kiimrkax
8I0N06I0HO 00 e8ponelicokux cmandapmis. Kypu I (konmponbHoi) epynu ympumysanucs Ha payiowi 6e3 kapomu-
Hoiois. Kypeii Il epynu 2o0ysanu 3 000a8aHHAM KOMOIHAYIT CUHMEMUYHUX KAPOMUHOI0I6 — YePBOHO20 T HCOG-
mozo Carophyll®, sx onucano 6 nepuwomy docnioi, III epynu — niomeiny 6 xinokocmi 100 me/xe, IV epynu —
10 2/ke eipuuyHnoi MyKu, sKa Micmuia iromein i 3eakcanmut 8i0nogioHo y kinvkocmi 11,91 5,2 me/ke. Biobip
npoo i BUBHAYEHHSL IHMEHCUBHOCTI KOJIbOPY HCOBMKA NPOGOOUTIU MAK CAMO, 5IK Y nepuiomy 0octiol. Buicm f-kapo-
MUHY 8 JHCOBMKY BUHAYANU 3a OONOMO20I0 GUCOKOEPEeKMUBHOI pIOUHHOT Xpomamozpapi.
Excnepumenmanvni pesyniomamu nokazanu, wjo KapomuHoiou He Mauu HCOOH020 GNIUEY HA 00008y
nPOOYKYIIO siEYb, MOOI SIK CUHMEMUYHI | RPUPOOHT iX NPe0CmasHUKY GIPOCIOHO NOCUTTIOBAU ITHIMEHCUBHICTb KO-
JIbOPY AHCOBMKA €YD, A yepgoHull i scoemuii Carophyll® (cunmemuyni kapomunoiou), iomein i xnopeia ipo-
2I0HO NIOBUWLYBANU OKUCHIOBATbHY CIMADIIbHICMb NInidie H#c08mKI6 sicyb. Cnupanuucs Ha Oani 00CIIONCEHD,
MOJICHA cmeepoACcysamu, wjo Jomein i Xaopeia — ye albmepHamueHi CUHIMeMuUdHUM KapomuHoioam pedo-
BUHU, a Oinblue nepesas 3 eKOHOMIUHOT mouku 30py mac suxopucmanns xaopenu (Chlorella), nisc nomeiny.
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C yenvio oyeHKu 6IUAHUSA CKAPMAUBAHUS KYPAM CUHIMEMUYECKUX U NPUPOOHBIX KAPOMUHOUAO8 HA C)-
MOUHYI0 NPOOYKYUIO AUY U HEKOMOPbLE XAPAKMEPUCMUKY UX KAUecmad Obliu Nposedensl 08a IKCNEPUMEHMA.

s oyenxu maxux Xapaxmepucmux JHceimia, KaxK yeem u OKUCIUMENbHASL YCMOUYUEOCTN TUNUOOS,
OvL1 nposeden nepeuiii sxcnepumenm na 240 kypax kpocca ISA BROWN ¢ sospacme 25-39 neoens, komopule
codepoicanuce y kremxax (no 10 ma xapoyio). Kyp xopmunu co2iacHo uyemuvlpex payuoHo8: KOHMPOIbHO2O
(I epynna) u sKCnepuMeHmanbHblX payuoHo8 ¢ 00DABKAMU CUHMEMUYECKUX KAPOMUHOUOO8 — KPACHO20
u acenmozo Carrophyll® coomeemcmeenno 6 konuwecmee 20 u 15 me/xe (Il epynna), nopowka 1omeurHo8o2o
akcmpakma 6 konuuecmee 250 me/xe (Il epynna) u 12,5 2/xe evicyuiennoil pacnuvlienuem xaopeinst (1V epynna).
Payuon I (konmponvroti) epynnst cooepican KyKypy3y, NUEHUY) U COe8VI0 MYKY 8 Ka4ecmee OCHOGHbIX UHpe-
ouenmos. Auya omoupanu exceonesHo. L{sem sicenmra onpedensinu ¢ ROMOWbIO COOMBEMCMEYoule2o 6eepa
0151 onpedeneHus unmencuenocmu yeema. llepexucrnoe oxucienue 1unudog 8 dxceimre Ovlio onpeoeneno
6 ceedcux anyax u mex, komopuie xpanunuce npu 18° C ¢ meuenue 4 neoens.

Bmopoti axcnepumenm npooounu ¢ yeavio cpagHenus GIUAHUSL CUHMEMUYECKUX KAPOMUHOUOAO8, NI0-
meuna u 2opuuybl (LCMOYHUKA KAPOMUHOUOOB) HA CYMOYHYIO NPOOYKYUIO SUY, YEBEM JHCENMKA U COOEPIHCAHUE
Kapomunoudos. B onvime ucnonvsosanu 160 xyp xpocca ISA BROWN 6 6ospacme 20—34 nedenu, Haxoosauwuxcs
8 KIAEeMKAX COOMBEMCMEEHHO esponelckum cmanoapmam. Kypol I (KoHmpoawvHotl) epynnst co0epicanicy Ha
payuone be3 kapomurouoos. Kyp Il epynnuvl kopmunu ¢ 0obasienuem KOMOUHAYUY CUHMEMUYecKUxX Kapomiu-
HOUO008 — KpacHoeo u scermoeo Carophyli®, xax onucano 6 nepsom onvime, 11l epynnvl — nmomeuna ¢ Koau-
yecmee 100 me/ke, IV epynnwvr — 10 2/ke 20puuunon MyKu, KOMopas co0epicana atomeut u 3eakCanmuH coom-
semcmeenno @ koauuecmee 11,9 u 5,2 me/xe. Omobop npod u onpedenenue UHMEHCUGHOCMU YBETNA JICENNKA
npogoounU max dce, kax 6 nepgom onvime. Cooepoicanue f-kapomuHa 6 dtceme onpeodensn npu nomMouu
8bICOKOIPDEKMUBHOU HCUOKOCMHOU XpOMaAmocpaguu.

DKcnepumenmanvuvie pe3yibmanmyl NOKA3aIU, 4mo KapomuHOuUobl He UMelU HUKAKO20 GIUAHUS HA CY-
MOUHYI0 NPOOYKYUIO SUY U 8 MO Jice 6PEMs CUHMEMUYecKue U nPpUpooHvle Ux npeocmagumenu O0CmMo8ePHo yCu-
JUBATU UHMEHCUBHOCTb Y8ema JceimKa auy, a KpacHulil u sceamoiti Carophyll® (cunmemuyeckue xapomu-
Houowl), ntomeun u xaopenna (Chlorella) 0docmosepno nogviuianu OKUCIUMENbHYIO CMAOUTLHOCb JHCENMKO8
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sauy. Jannvle ucciedosanuil C6UOEmenbCmayiom, Ymo J0meun U Xa1opeiid — Mo albmepHamusHble geuyec-
Mea CUHMEeMU4eCKUM KapomuHOUOaM, d ¢ IKOHOMUYECKOU MOUKU 3peHust uchonviosanue xaopeirvt (Chlorella)
umeem 6oabULE NPEUMYYECTE, YeM UCNOTb308aAHUe TIOMEUHA.

Kumouessie ciioBa: KAPOTUHOW/IBI, LIBET XKEJITKA, OKUCJIMTEJIbHA A CTABUJIb-

HOCTb, CHLORELLA

Carotenoids are yellow, orange, and
red pigments synthesized by plants and micro-
organisms. In the poultry industry, carotenoids
are routinely added to diets of laying hens to
obtain optimum pigmentation of the egg yolk
and increase oxidative stability of yolk lipids.
Carotenoids may serve as a precursor of vita-
min A and also have immunomodulatory func-
tions [1]. To overcome the shortage of natu-
ral carotenoids, synthetic carotenoids were pre-
pared. Canthaxanthin is the preferred synthetic
red xanthophyll in poultry farming available as
Carophyll® Red (DSM Nutritional Products,
Switzerland) or Lucantin® Red (BASF, Ger-
many). The preferred yellow xanthophyll is
B-apo-8 -carotenoic acid ethyl ester available
as Carophyll® Yellow and Lucantin® Yellow.
Carotens and B-cryptoxanthin are provitamins
A which can be converted to retinol in the
body. Also lycopene, a bright red carotenoid,
found in tomatoes was tested in several studies.
Sevéikova et al. [2] investigated the effect of
lycopene supplementation on lipid profile and
meat quality of broiler chickens, Englmaierova
etal. [3] reported the effect of lycopene on qual-
ity and oxidative stability of chicken meat, and
Xue et al. [4] reported the effect of a lycopene-
containing tomato by-product on the yolk colour
and lycopene content of eggs. Lutein is an or-
ange xanthophyll occurring in plants usually
with carotens. Jang et al. [5] showed that both
commercial lutein and lutein-containing extract
of spinach significantly increased the egg yolk
lutein content and yolk colour.

This paper summarizes the results of two
experiments aimed at improvement of oxidative
stability and colouring of yolks using natural
and synthetic carotenoids.

Materials and methods

In the first experiment, lutein, dried
Chlorella and synthetic carotenoids were com-
pared. Two hundred and forty ISA Brown hens

aged 25-39 weeks were housed in enriched
cages, 10 hens per cage. There were four dietary
treatments. The control diet (the first group)
contained maize, wheat and soybean meal as
the main ingredients. The hens of the second
group obtain a combination of Carophyll® Red
and Carophyll® Yellow at 20 and 15 mg/kg,
respectively. The hens of the third group re-
ceived diet supplemented with Lutein powder
extract (Alchimica, Prague, Czech Republic)
at 250 mg/kg. Diet of hens of the fourth group
was supplemented with 12.5 g/kg spray-dried
Chlorella, cultivated autotrophically in the Insti-
tute of Microbiology (Ttebon, Czech Republic).

Eggs were collected daily. Yolk colour
was determined by using Yolk Colour Fan
(DSM Nutritional Products). Lipid peroxidation
in yolks was determined in fresh eggs and eggs
stored at 18°C for 4 weeks. The thiobarbituric
acid method by Piette and Raymond [6] was
used. Thiobarbituric acid-reactive substances
(TBARS) were expressed as mg of malon-
dialdehyde per kg. The data were analyzed by
one-way ANOVA (SAS, version 9.2).

In the second experiment, synthetic ca-
rotenoids, lutein and mustard were compared.
Mustard seed is a potential source of carote-
noids. One hundred and sixty ISA Brown
hens, 20-34 weeks of age, were housed in en-
riched cages, conforming to the EU Directive
1999/74/EC. The hens were assigned to one
of 4 dietary treatments. Hens of the 1 group
(control) were fed br a diet without carotenoids.
Hens of the 2™ group were fed a combination
of Carophyll® Red and Carophyll® Yellow as de-
scribed previously, hens of the 3™ group were fed
by diet supplemented with lutein at 100 mg/kg.
The last experimental (the 4™) group received
diet supplemented with 10 g/kg of meal from
Brassica juncea (L.). The mustard meal was ob-
tained from Oseva Pro, Ltd. (Opava, Czech Re-
public). The mustard meal contained lutein and
zeaxanthin at 11.9 and 5.2 mg/kg, respectively.
For sampling and yolk colour determination see
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the first experiment. The -carotene contents of
yolks were determined in accordance with the
standard EN 12823-2 [7]. The HPLC instrument
(VPseries; Shimadzu, Kyoto, Japan) equipped with
a diode-array detector was used. The data were
analyzed statistically using one-way ANOVA.

Results and discussion

Results of the first experiment are pre-
sented in 7able I and Fig. 1. Neither synthetic
nor natural carotenoids significantly influenced
hen-day egg production. Carophylls, lutein
and Chlorella significantly increased the yolk
colour. The strongest effect was that of lutein.
Carophylls were better colouring agents than
dried Chlorella. All supplements significantly
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Fig. 1. Oxidative stability of fresh eggs and eggs

stored for 28 days, results of the 1% experiment
(**P<0.05; MDA — malondialdehyde)

increased the oxidative stability of yolk lipids,
expressed as malondialdehyde level.

Table 1

Daily output of eggs, yolk colour (results of the 1** experiment)

Indicators

Groups of hens

2

3

Hen-day egg production (%)

92.8

93.4

93.9

93.8

Yolk colour (DSM Fan)

6.4¢

10.7°

13.1*

8.9

Note: *¢ P<0.05

Results of the second experiments are
shown in Table 2 and Fig. 2. The source of ca-
rotenoides, either synthetic or natural, did not
influence the hen-day egg production. Colour
of yolks in hens fed the mustard meal was com-
parable to that of yolks in hens fed lutein at
100 mg/kg and significantly higher than in con-
trol hens. Feed supplementation with Carophylls
and lutein significantly increased concentrations
of B-carotene, lutein and zeaxanthin in egg
yolks. The contents of carotenoids in yolks of
hens fed the mustard meal were not significantly
different from the control.

Experiment 2

B-Carotene Lutein Zeaxanthin

35
3170

30

25

20

15

Carotenoids (mg/g DM)

10

groups of hens

Fig. 2. Contents of carotenoids in yolks, results of the
21 experiment (*° P<0.05; DM — dry matter)

Table 2
Daily output of eggs and yolk colour (results of the 2" experiment)
. Groups of hens
Indicators 1 B 3 4
Hen-day egg production (%) 89.0 90.0 85.5 91.8
Yolk colour (DSM Fan) 7.7° 11.8° 8.4° 8.3°

Note: ** P<0.05
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All carotenoids are efficient antioxidants
that alleviate the oxidative stress. Eggs are ex-
cellent vehicles for the carry-over of carote-
noids in the human food chain [8]. Lutein
and its isomer zeaxanthin accumulate in the
macular region of the retina and protected eyes
against the development of cataract and macu-
lar degeneration [9]. Lutein-enriched eggs have
greater lutein bioavailability for humans than
commercial supplements [10].

The egg yolk colour is one of the main
characteristics of egg quality. To satisfy con-
sumer’s demand, synthetic carotenoids are used
as colouring agents. These carbonyl derivatives
include ethyl ester of [-apo-8 -carotenoic
acid, canthaxanthin and astaxanthin. However,
some harmful side effects of the canthaxanthin
application have been described in the litera-
ture [11, 12], thus the maximum amount of
canthaxanthin should be 8 mg/kg feed. Lutein
and spray-dried algae Chlorella thus represent
a suitable alternative to synthetic carotenoids.
From an economical point of view, the use of
Chlorella is more advantageous than that of
lutein, which is rather expensive. Our results are
consistent with those of Kotrbacek et al. [13]
who supplemented a diet of laying hens with 1 %
or 2 % of dry disintegrated Chlorella. Egg yolk
deposition of total carotenoids was significantly
(P<0.01) increased by 46 % and 119 %, also
the yolk colour was increased. Another natural
source of carotenoids, usable in the nutrition
of layers, is the extract of flowers of marigold
(Tagetes erecta), available commercially as
Avizant® Yellow 20 HS (Lohmann Animal
Health, Cuxhaven, Germany).

Conclusions

Since carotenoids are precursors of vita-
min A and also have immunomodulatory func-
tions that’s why they are routinely added to diets
of laying hens to obtain optimum pigmentation
of the egg yolk and increase oxidative stability
of yolk lipids in the poultry industry. It’s known
that synthetic carotenoids were prepared to
overcome the shortage of natural carotenoids;
therefore, there are important investigations of
synthetic and natural carotenoids on health of

hens and eggs quality. From our data, it could
be concluded that lutein and Chlorella are alter-
natives to synthetic carotenoids, and the use of
Chlorella is more advantageous from an eco-
nomical point of view than that of lutein.

Perspectives of future research. Fu-
ture research will be focused at studying the
impact of synthetic and natural carotenoids
on the organism of hens, production of eggs
and their characteristics for implementation in
production. The extract of flowers of marigold
(another natural source of carotenoids) would
be next step of comparative study of effect of
natural carotenoids on organism of hens. There
is also a perspective of important investigation
of influence of supplementation of the natural
carotenoids on lipid profile and chicken meat
quality.
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