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ABSTRACT

The experiment was designed to investigate the effects of feed supplementation with selenite or selenized yeast on
eggs quality of laying hens. Hens of laying breed Isabrown were randomly divided at the day of hatching into 4 groups
(n=12) and fed ad libitum for 9 months on diets which differed only in amounts or forms of selenium supplemented.
Hens were fed from 1% day by standard feed mixture. Control group get only native dose of selenium (0.1 mg/kg)
naturally presented in feed mixtures. First experimental group get selenium addition 0.4 mg/kg in a form of sodium
selenite, second one the same dose of 0.4 mg/kg but in organic form of Se-yeast. The diet for the fourth group was
supplemented with Se-yeast at Se dose 0.9 mg/kg DM. The both doses of organic selenium had significantly (P<0.05)
beneficial influence on the egg weight (g£SD) (60.45+3.87%; 60.81+5.63%; 62.41+£3.72% 62.15+3.16%). Significantly
lower values of egg shell weight and egg shell ratio were found out in experimental group with sodium selenite only.
The significantly lower egg shell strength (N/cm?) was in the experimental groups with supplementation of Se in both
forms. Average egg shell thickness (um) were not significantly affected (P>0.05) by the supplementation of Se into
the feed mixture for laying hens.
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SUHRN

Pokus bol uskutotneny s cielom sledovania vplyvu pridavku anorganického selénu (Se)
alebo  selenizovanych  kvasnic na  kvalitu  vajec  znaSkovych  sliepok. Kurcatd  znéaskového
hybrida Isabrown boli ndhodne rozdelené do 4 skupin (n = 12) a od 1l.dia zivota kimené
po dobu 9 mesiacov kfimnou zmesou s pridavkami rozdielnych mnozstiev alebo foriem Se. Sliepky boli kfmené
Standardnymi kompletnymi kimnymi zmesami pre odchov a neskdr v chove zmesou pre vajcia produkujice nosnice ad
libitum. Sliepky v kontrolnej skupine prijimali kompletnu kfmnu zmes s nativnou davkou Se, v prvej experimentalnej
skupine bol pridavok Se vo forme seleniCitanu sodného v mnozstve 0,4 mg/kg susiny, v druhej experimentalnej
skupine bola zmes obohatend o Se v davke 0,4 mg/kg susiny, ale vo forme organickym Se obohatené¢ho kvasni¢ného
extraktu, v tretej experimentalnej skupine dostavali sliepky zmes obohatenti o selenizované kvasnice v davke 0,9
mg/kg susiny, teda nad limit povoleny EU. V pokuse boli sledované ukazovatele: hmotnost’ vajec (g), merna hmotnost’
vajec (g/cm?), hmotnost’ Skrupiny (g), merna hmotnost’ skrupiny (g/cm?), percentualny podiel skrupiny (%), pevnost’
Skrupiny (N/cm?) a priemerna hrubka Skrupiny (um). Pri hmotnosti vajca sa $tatisticky vyznamne (p<0,05) prejavil
priaznivy vplyv oboch davok organickej formy Se. Statisticky niZ§ia pevnost’ krupiny bola v experimentalnych
skupinach s pridavkom Se v oboch formach, pri priemernej hribke skrupiny boli rozdiely medzi jednotlivymi
skupinami S$tatisticky nevyznamné (p>0,05).

Kitgové slova: sliepky, seleni¢itan sodny, selenizované kvasnice, hmotnost vajca, Skrupina
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DETAILNY ABSTRAKT

V sticasnosti sa venuje zvySena pozornost vplyvu
vyzivy na zdravie v suvislosti s prijmom antioxidantov
zabranujucich tvorbe $kodlivych oxidaénych procesov
v organizme, ako su vitaminy (A, E, C), fenolové
zltCeniny, taniny, flavonoidy aj mnozstvo dalSich
rastlinnych antioxidantov a esencialnych stopovych
prvkov ako zinok (Zn), med’ (Cu), selén (Se), ktoré su
sucastou antioxida¢nych enzymov. Vzhl'adom na zakaz
antibiotik a chemoterapeutik pri vyrobe hydinového
mésa a vajec, zvySuje sa potreba hladat’ vhodni a
hlavne bezpecnt alternativu. Preto najmi vyziva musi
byt tou zlozkou, ktora svojim mnozstvom, kvalitou
a koncentraciou vSetkych potrebnych zloziek pri
ich vysokej utilizacii bude zabezpeCovat optimalny
prejav Gzitkovych vlastnosti. Jednou zmoznosti je
suplementacia kfmnych zmesi organickymi formami
stopovych prvkov. V poslednych rokoch sa znacne
pouzival ako pridavok do kimnych zmesi hospodarskych
zvierat prave anorganicky Se. V tejto stvislosti sa
dostala do popredia otazka vyhodnosti dopliovania
kfmnych zmesi pre hospodarske zvierata pripravkami
s organickou formou Se namiesto doposial’ uzivaného
anorganického selenicitanu sodného. Prirodzené pozadie
Se tvorené Se - metioninom a Se - cysteinom bielkovin
jednotlivych komponentov naSich kimnych zmesi je
na trovni len asi 0,03 az 0,12 mg/kg susiny (skor sa
pohybuje v oblasti niz§ich hodndt), ¢o by znamenalo jeho
vyraznu deficienciu so vSetkymi naslednymi zdravotnymi
problémami. Preto st v sucasnosti kimne zmesi u nas
dotované seleni¢itanom sodnym v mnozstve asi 0,2 mg
Se na kg suSiny krmiva, ¢im sa dosahuje jeho takmer
optimalny prijem. Organicky Se vo forme selénovych
kvasiniek podava novy pristup vo vyzive hospodarskych
zvierat. Ked'ze ma dolezity vyznam pre produkciu
a kvalitu v zivociSnej vyrobe, mdze nepriamo cez tieto
produkty znizit'" chorobnost’ tak v chove zvierat, ako i
u l'udskej populacie. Biovyuzitenost' Se prijimaného
z jeho organickych zdrojov je vysoko signifikantne vyssia
zvieratami aj 'ud’'mi, Se-Met je neSpecificky zabudovany
najmé do bielkovin svalovej hmoty, ale aj inych organov,
kde vytvara vyznamné telové zasoby Se, inkorporuje
sa aj do bielkovin zivoc¢isnych produktov, ako st napr.
vajcia a mlieko. Selénové vajcia so zvySenym obsahom
prirodného Se znamenaju aj jeho podstatne vyssi prijem
v metabolicky najvhodnejsej forme l'udskou populaciou
na Slovensku. Skrupine vajca, jej vlastnostiam a
vyznamu sa venuje zvySend pozornost a nemozeme
ju uz povazovat len za odpad, ale naopak, za zdroj
vyznamnych biologicky dodlezitych latok. Jej kvalita je
vyznamnym faktorom ovplyviiujucim celkovii hodnotu
konzumného vajca aj efektivnost jeho vyroby. Straty
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sposobené nekvalitnou Skrupinou su stale vysoké, o ma
nepriaznivy dopad na ekonomiku vyroby vajec. Cielom
nasho prispevku bolo sledovat’ vplyv anorganickej aj
organickej formy selénu v réznych hladinach na zmeny
ukazovatelov kvality Skrupiny ahmotnosti vajec
prebichajiicou znaskou. Suplementacia organického
Se do kfmnej zmesi signifikantne ovplyvnila hmotnost’
vajec. V priemernej hmotnosti analyzovanych vajec
v jednotlivych skupinach za celé sledované obdobie
(60.45+3.87% 60.81+5.63% 62.41+£3.72°% 62.15+3.16%)
bol Statisticky signifikantny rozdiel (p<0,05) medzi
kontrolnou skupinou a experimentalnymi skupinami
s organickym Se v oboch davkach. Signifikantne nizsie
hodnoty hmotnosti vaje¢nej Skrupiny a percentualneho
podielu Skrupiny boli len v experimentalnej skupine
so selenic¢itanom sodnym. Pevnost’ vajecnej Skrupiny
(28,85+6,31%; 25,63+6,84% 26,03£5,02% 27,20+5,90%)
bola signifikantne nizsia v skupinach s oboma formami
selénu. Priemerna hribka vajecnej Skrupiny, Specificka
hmotnost’ vajca a Specifickd hmotnost’ Skrupiny neboli
pridavkom selénu do kifmnej zmesi signifikantne
ovplyvnené.

INTRODUCTION

At present it is very important to increase the quality of
compound feed supplements with various feed additives
(probiotics [3], phytobiotics, enzymes and minerals in
organic form) in connection with increased attention to
the impact of nutrition on animal health and production.

Selenium is an essential trace element with many
vital functions in humans and animals. Apart from
supplementation, farm animals receive selenium mainly
in the form of selenoamino acids (selenomethionine) in
vegetable feed ingredients [10]. Inadequate selenium
(Se) supply often in combination with low vitamin E
status causes deficiency symptoms in many species [16].
Although inorganic Se is absorbed as a mineral, little
is retained in the tissue and much of the Se is excreted
via the feces in ruminants and urine in the non-ruminant
animals. Very little of the inorganic Se was incorporated
into body proteins [15]. Inorganic form of selenium can
cause toxicity, interaction with other minerals, low ability
to penetrate into the products as well as weak ability to
keep selenium supplies in body.

Selenium in the form of another amino acid,
selenocysteine, is the central structural component of
specificselenoenzymesincluding glutathione peroxidases,
iodothyronine deiodinases, thioredoxin reductases,
selenophosphate synthetase and many others. The
best understood selenoenzyme is cytosolic glutathione
peroxidase (cGPx), which works as the antioxidant by
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removing reactive oxygen species [6].

Eggs are a good source of nutrients. With a moderate
enrichment of nutrients according to the recommendations
for fortification of foods, eggs could play an important
role as a functional food [13]. Increase of selenium
content in the eggs of commercial laying hens express
in stronger antioxidant protection of yolk, prolonged
stability and nutrition value of eggs [5]. Organic selenium
increases egg production, improves fertility, antioxidant
status, accelerating of feathers growth after feather
loosing of layers at saddle and back sections [4] and has
positive influence on storage ability of eggs. Selenium
concentration in eggs according to many authors was
markedly higher in groups with organic selenium [7, 14,
11, 12]. In experiment of [2] human volunteers receiving
multiple-enriched eggs improved the blood concentration
of omega-3 fatty acids, HDL cholesterol, LDL cholesterol
and triglycerides. [1] recorded significant to very high
significant influence of laying hens individuality on
content of macroelements and microelements in fresh
yolk of eggs.

The aim of this study was to compare the effects of feed
supplemented with sodium selenite and Se-yeast on egg
weight and egg shell quality.

LAYING HENS EGGS

MATERIAL AND METHODS

Animal, diets and treatments

Forty-eight hens of the laying breed Isabrown were
randomly divided at the day of hatching into 4 groups
(n=12) and fed for 9 months on diets which differed
only in amounts or forms of selenium supplemented.
For period rearing and breeding hens consumed ad
libitum appropriate diets for development of laying hens.
Feedstuff HYD-04 for period 0 — 6 weeks, HYD-05 for
period 7 — 16 weeks and HYD-06 from 17 to 22 weeks
were given. The composition of the last basal diet HYD-
10 fed to the hens from the 23" week up to the age of 36
weeks is presented in Table 1.

Hens in control group were fed the basal diet with
native Se content 0.1 mg/kg dry matter (DM). First and
second experimental groups were fed the basal diets
supplemented with equivalent Se dose 0.4 mg/kg DM of
either sodium selenite or Se-yeast (Sel-Plex, Alltech Inc.,
USA), respectively. The basal diet for third experimental
group was supplemented with Se-yeast at Se dose 0.9
mg/kg DM. The diets for groups 1, 2 and 3 were fortified
with corresponding amounts of the yeast extract without
Se (NUPRO, Alltech, USA) to obtain the same final
levels of yeast extract as in the diet for group 4 (81.9 g

Table 1 The composition of the basal diet (feedstuff HYD — 10) fed to hens for breeding
Tabul’ka 1 Zlozenie bazalnej diéty (kfmnej zmesi HYD -10)
skrmovanej nosnicami pocas chovu

Component Komponent g/kg
Wheat, (10.5 % of crude protein (CP)) 366
Psenica (10,5 % obsah hrubého proteinu (HP))

Soyabean oil 7
Sojovy olej

Maize (8.3 % CP) 50
Kukurica (8,3 % HP)

Soyabean meal (45 % CP, 1.5 % fat) 90
Sojovy extrahovany Srot (45 % HP, 1,5 % tuk)

Limestone 82
Vpenec dolomiticky

Premix HYD-10 35
Barley (12 % CP) 200
Ja¢men (12 % HP)

Pulverized soya fat, Soyax-FORTA (35% CP, 20 % fat) 170

Soyax-FORTA (35 % HP, 20 % tuk)

1kg of basal diet containing: IU: vit. A, 13469; vit. D3, 3106; mg: vit. K, 2.49; thiamine, 5.6; riboflavin, 6.6; pyridoxine,
6.1; niacin, 59; panthothenic acid, 13.86; biotin, 0.09; folic acid, 0.86; Se, 0.1; Zn, 64.2; 1, 0.77; Co, 0.06; Mn, 100.13;
Cu, 13.96; Fe, 192.55; pg: cyanocobalamin, 0.35; g: lysine, 8.7; methionine, 4.267

1kg bazalnej diéty obsahuje: U: vit. A, 13469; vit. D3, 3106; mg: vit. K, 2.49; thiamin, 5.6; riboflavin, 6.6; pyridoxin,
6.1; niacin, 59; kyselina pantoténova, 13.86; biotin, 0.09; kyselina listova, 0.86; Se, 0.1; Zn, 64.2; 1, 0.77; Co, 0.06; Mn,
100.13; Cu, 13.96; Fe, 192.55; ng: kyanokobalamin, 0.35; g: lyzin, 8.7; metionin, 4.267
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per 100 kg of feed).

During the rearing chicks were stabled in one-storey
cage technology in groups, trough-manger tables as
well as founts were located in the cage with possibility
of free access to the feed and water. The powdery feed
mixture was given to feed manger manually. In the hall
of 4.5x3.6m was natural lighting, from the first day of
experiment the constant light regime was used.

Young hens at the age of 17 weeks were transferred to
the breeding place to adapt to conditions where they were
housed during the laying period. The experimental layers
were stabled individually in three-ctage cage batteries.
The front cage panel was mobile in order to allow
manipulation with layers. The manger tables were placed
out of the cage with the possibility of free access to feed.
The powdery feed mixture was given to the feed manger
manually. The founts were dropping and they were placed
in the centre of battery etage, which enables free access
to water from both sides of cage battery. The layer hens
were kept in the standard bioclimatic conditions.

The eggs were collected daily by hand. Immediately after
collection they were marked with the date, number of
group, number of hen and weighed by using of laboratory
balance OWA Labor with precision of 0.01 g.

Sample analysis

Eggs for analysis were collected regularly twice a
month (30 from each group). Five analyses were done
in total. Weights of eggs (g) and egg shell (g) were
determined by analytical balance with the accuracy of
0.01g. The percentage of egg shell (%) was calculated
as a proportion of shell weight from the weight of whole
egg. Specific egg weight (g/cm?) was expressed as a ratio
between the egg weight on the air and egg weight on the
water. The strength of egg shell (N/cm?) was determined
by an electronic device, egg crusher (12.99 version Cz).
Thickness of egg shell (um) was measured on both poles
and in the centre of the egg. Average egg shell thickness
was set as an average of these 3 values.

Statistical analysis

The differences among various parameters within the
frame of monitored groups were tested using single-factor
analysis of single-stage sorting variant with identical
number of observation. Duncan’s test was used to test the
significance between any two means.

RESULTS AND DISCUSSION

The weight of eggs (g), the egg shell weight (g) and the
percentage ratio of egg shell (%) are presented in Figure
1. The average weight of analyzed eggs in individual
groups during the whole observed period was 60.45+3.87,;
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60.81£5.63; 62.41+3.72 and 62.15+3.16 g, respectively,
in the order of the groups. Experimental groups with
Se-yeast (at the dose of 0.4 mg/kg and 0.9 mg/kg DM)
differed significantly from the control group (P<0.05).
Similar increase of eggs weight after administration
of selenium, especially in the form of Se-yeast, was
reported also by other authors [7, 11]. Beneficial effect of
inorganic selenium with the supplement of vitamin E on
the egg weight was reported [9]. In our experiment, the
weight of eggs in the group with inorganic selenium was
slightly higher in comparison with the control group, but
the differences were not significant. Similar report was
given by [14].

The weight of egg shell was in the sequence of
5.69+0.63; 5.56+0.46; 5.74+0.40; 5.72+0.39 g (Figure
1). Significant difference (P<0.05) was recorded between
the experimental group with sodium selenite and all other
groups.

In the parameter of egg shell ratio, significant difference
(P<0.05) occurred just between the control group and the
group with sodium selenite.

The specific egg weight, specific egg shell weight,
egg shell strength and average egg shell thickness are
presented in Table 2. In the specific egg shell weight
only minimal non-significant differences were found
(2.00+0.14;2.01£0.11;2.01+0.11; 2.00+0.10 g/cm?). Egg
shell strength reached significantly higher values in the
control group compared with selenium enriched groups.
In contrast to that, other authors found out positive effect
of selenium additives in organic and inorganic form on
egg shell strength [8]. Also, another study reports egg
shell strength improved by the organic bound selenium
[11]. Higher percentage of dirty and cracked eggs of
hens fed with Se-yeast compared with those fed with
sodium selenite was also reported [7]. Thickness of egg
shell among the groups in our experiment differed non-
significantly (P>0.05), however some authors report
positive influence of selenium supplemented diet [9].

CONCLUSION

Both doses of organic selenium had beneficial influence
on the egg weight. Significantly lower values of egg shell
weight and percentage of egg shell weight were found
in the experimental group with sodium selenite only.
Significantly lower egg shell strength was found in the
experimental groups with Se supplementation in both
forms. Average egg shell thickness was not significantly
affected by the supplementation of the feed mixture for
laying hens with Se.
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Figure 1 The effect of basal diet (BD) supplementation with selenium in the form of selenite or Se-yeast on
Isabrown hybrid egg weight, egg shell weight and egg shell percentage ratio. Values are means+SD (n=150).
Obrazok 1 Efekt suplementacie bazalnej diéty (BD) selénom vo forme seleni¢itanu sodného alebo selenizovanych
kvasnic na hmotnost’ vajca, hmotnost’ $krupiny vajca a percentualny podiel Skrupiny vajca sliepok znaskového
hybridu Isabrown. Hodnoty st priemery+=SD (n=150).

Table 2 The effect of basal diet (BD) supplementation with selenium in the form of selenite or Se-yeast on
Isabrown hybrid egg shell quality (mean+SD) (n=150).
Tabul’ka 2 Efekt doplnku selénu vo forme seleniCitanu sodného a selenizovanych kvasnic do kfmnej zmesi
(KZ) na kvalitu skrupiny vajec sliepok znaSkového hybridu Isabrown (priemer+SD) (n=150).

BD BD + Se BD + Se BD + Se
0.1 mg Se 0.4 mg/kg' DM 0.4 mg/kg' DM 0.9 mg/kg' DM
Parameter per kg DM Selenite Se-yeast Se-yeast
Ukazovatel KZ + nativny Se KZ +selenicitan KZ + selenizované ~ KZ + selenizované
0,1 mg/kg susiny sodny 0,4mg/kg kvasnice kvasnice
susiny 0,4 mg/kg susiny 0,9 mg/kg susiny
Specific egg weight (g/cm’)
Specificka hmotnost’ vajca 1.09+£0.007 1.09+£0.008 1.09+0.004 1.09+£0.005
(g/em’)
Specif}ic egg shell weight
(g/em’)
Specificka hmotnost krupiny 2.00+0.14 2.01£0.11 2.01£0.11 2.00+0.10
(g/cm’) ,
Egg shell strength (N/em ) 28.8546.31° 25.636.84° 26.03+5.02° 27.20+5.90°

Pevnost’ skrupiny (N/ecm?)

Average egg shell thickness

(um) 379.904+37.5 371.15+36.87 374.974+32.72 379.82+34.37
Priemerna hriibka skrupiny (pm)

Distinct letters in superscripts within a row mean significant differences (P<0.05). Values are means+SD n=150.

Rozdielne pismena v indexoch v riadku znamenaju signifikantné rozdiely (p<0.05). Hodnoty su priemery=SD n=150.

J. Cent. Eur. Agric. (2010) 11:1, 99-104 103



Henrieta ARPASOVA, Peter HASCIK, Martina HANOVA, Jozef BUJKO

ACKNOWLEDGEMENT

This study was supported by Grant Agency for Science,
VEGA of Slovak Republic, Grant No. 1/0074/08.

REFERENCES

[1] Baumgartner J., PolaCikova M., Benkova J.,
Sarnikové B., Obsah mineralnych prvkov v Zitku sliepok
§Pachtenych na znizeny obsah Zitkového cholesterolu, J.
Farm. Anim. Sci. (2001) 34: 283 —290.

[2] Bourre J.M., Galea F., An important source of
omega-3 fatty acids, vitamins D and E, carotenoids,
iodine and selenium: A new natural multi-enriched egg,
J. Nutr. Health Aging. (2006)10: 371-376.

[3]CapcarovaM.,KolesarovaA.,MassanyiP., Kovacik
J., Selected Blood Biochemical and Haematological
Parameters in Turkeys after an Experimental Probiotic
Enterococcus Faecium M — 74 Strain Administration, Int.
J. Poult. Sci. (2008) 7: 1194-1199.

[4] Edens F.W.  Practical applications for
selenomethionine: Broiler breeder reproduction,
Nutritional Biotechnology in the Feed and Food Industry,
Proceeding of the 18" Annual Symposium. Nottingham
University Press, Nottingham., (2002), 29 - 42.

[5] Hess J.B., Cowns K.M., Bilgili S.F., Selenium
nutrition and poultry meat quality, Nutritional
Biotechnology in the Feed and Food Industries.
Proceeding of the 19" Annual Symposium. Nottingham
University Press, Nottingham, UK., (2003), 107 — 112.

[6] Kyriakopoulos A., Behne D., Selenium-containing
proteins in mammals and other forms of life, Rev. Physiol.
Biochem. Pharmacol. (2002) 145: 1 — 46.

[7] Payne R.L., Lavergne T.K., Southern L.L., Effect
of inorganic versus organic selenium on hen production
and egg selenium concentration, Poultry Sci. (2005) 84:
232-237.

[8] Richter G., Leiterer M., Kirmse R., Ochrimenko

104

W.I., Arnhold W., Comparative investigation of dietary
supplements of organic and inorganic bounded selenium
in laying hens, Tieraerztz. Umschau. (2006) 61: 155.

[9] Sahin N., Sahin K., Onderci M., Vitamin E and
selenium supplementation to alleviate cold-stress-
associated deterioration in egg quality and egg yolk

mineral concentrations of Japanese quails, Biol. Trace
Elem. Res. (2003) 96: 179-189.

[10] Schrauzer G.N., Anticarcinogenic effects of
selenium, Cell. Mol. Life Sci. (2000) 57: 1864 - 1873.

[11] Skiivan M., Simane J., Dlouha G., Doucha J.,
Effect of dietary sodium selenite, Se-enriched yeast and
Se-enriched Chlorella on egg Se concentration, physical
parameters of eggs and laying hen production, Czech J.
Anim. Sci. (2006) 51: 163-167.

[12]SuraiP.F.,KaradasF.,PappasA.C., SparksN.H.C.,
Effectof organic selenium in quail diet on its accumulation
in tissues and transfer to the progeny, Br. Poult. Sci.
(2006) 47: 65 —72.

[13] Sparks N.H.C., The hen’s egg - is its role in
human nutrition changing? World Poult. Sci. J. (2006)
62: 308-315.

[14] Utterback P.L., Parsons C.M., Yoon I., Butler J.,
Effect of supplementing selenium yeast in diets of laying
hens on egg selenium content, Poult. Sci. (2005) 84:
1900-1901.

[15] Wolffram S., Absorption and metabolism of
selenium: differences between organic and inorganic
sources, Biotechnology in the Feed industry, (T.P.Lyons
and K.A. Jacques, eds.), Proceedings of the 15th Annual
Symposium, Nottingham University Press. Nottingham,
UK., (1999), 547-566.

[16] Zuberbuehler C.A., Messikommer R.E, Wenk
C., Choice feeding of selenium-deficient laying hens

affects diet selection, selenium intake and body weight,
J. Nutr. (2002) 132: 3411-3417.

Journal of Central European Agriculture Vol 11 (2010) No 1



