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1 Literarni piehled

1.1 Vejce jako potravina

produkty. Divodu jejich popularity je mnoho (Lesnierowski & Stangierski 2018). Pokud jde
0 nutri¢ni hodnotu, vejce predstavuji dobry zdroj vSech zakladnich Zivin, a kromé& toho
disponuji mnoha vlastnostmi, které maji pozitivni vliv na lidské zdravi. I proto byvaji vejce
oznacovana jako multifunkéni potravina, pfipadn¢ jako kompletni potravina
(lannotti et al. 2014). Obsahuji nejkvalitnéjsi bilkoviny, jejichz celkovy obsah ve vejci je
ptiblizné 6,5 g a které se skladaji z vyvazeného poméru aminokyselin. Mezi tyto aminokyseliny
se fadi histidin, izoleucin, leucin, metionin, fenylalanin, threonin, tryptofan a valin
(Zaheer 2015). Kvalita bilkovin je dana pravé piitomnosti a pomérem téchto aminokyselin.
Aminokyseliny jsou nezbytné pro funkci enzymt, hormontd, hormondlnich receptort
a Vv neposledni fad¢ také pro funkci komponentit DNA. Dalsi duleZitou soucésti vajec jsou tuky.
Ze zdravotniho hlediska jsou pro ¢lovéka dulezité predev§im polynenasycené mastné kyseliny,
véetné kyseliny alfa-linolenové (omega-3) a kyseliny linolové (omega-6). Jedno vejce obsahuje
ptiblizné 70 mg omega-3 mastnych kyselin. Metabolizaci kyseliny linolové vznik4 kyselina
arachidonova, alfa-linolenova, eikosapentaenova (EPA) a dokosahexaenova (DHA). Pravé
EPA a DHA hraji dulezitou roli v prevenci kardiovaskularnich onemocnéni (KVO)
a onemocnéni centralniho nervového systému. Dale jsou G€inné proti riznym druhim infekci
(Sparks 2006). Dalsi podstatnou slozkou vajec je cholesterol. Primérna koncentrace
cholesterolu ve vejci, pfesnéji ve vajeéném zloutku, je asi 200 mg. Cholesterol ovliviiuje funkci
steroidnich hormont, vitaminu D a funguje také jako prekurzor pro Zlu¢ ke vsttebavani a traveni
tukt (Zaheer 2015). Konzumace vajec se Casto dava do spojitosti s vy$§im rizikem vzniku
KVO, zejména kviili obsahu cholesterolu (Shin et al. 2013). Problematika cholesterolu je stale
kontroverznim tématem. Nékteré zdroje (Shin et al. 2013) potvrzuji, Ze neexistuje zadna
souvislost mezi konzumaci vajec a vznikem KVO. Naopak Zhuang et al. (2021) zjistili,
ze ptijem cholesterolu je spojen s vy$$im rizikem vzniku KVO a dokonce i1 S vys$Sim rizikem
vzniku rakoviny. Vyse zminéné mastné kyseliny jsou slozkami fosfolipidd, které piispivaji
ke snizeni hladiny cholesterolu v krevni plazmé (Sparks 2006). Vejce jsou také bohatym
zdrojem vitaminti rozpustnych v tucich — vitaminy A, D, E, K a rozpustnych ve vodé — vitaminy
skupiny B, mezi které patti vitaminy B, (thiamin), Bz (riboflavin), Bs (kyselina pantothenova),
Bs (pyridoxin), B7 (biotin), Bg (folat), B1> (kobalamin) a mineralnich latek. Konkrétné se jedna

o hoicik, fosfor, selen, sodik a zinek. Vitamin E a selen navic slouzi jako antioxidanty
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(Zaheer 2015). Selen je ucinny proti oxidativnimu stresu, zatimco vitamin E napomaha
ke zlepSeni rovnovahy a transportu cholesterolu. Dalsi skupinou latek, ktera se fadi mezi
antioxidanty, jsou karotenoidy, napiiklad lutein a zeaxanthin (Hargitai et al. 2006). Karotenoidy
se ve vejcich nachazeji ve zZloutku a ze zdravotniho hlediska hraji roli v prevenci proti Sedému
zakalu a makularni degeneraci (Abdel-Aal et al. 2013). V neposledni fadé¢ jsou vejce zdrojem
protilatek, imunoglobulinit Y (IgY), které jsou ucinné proti bakterialnim a virovym infekcim

(Zaheer 2015).

1.2 Jednotlivé komponenty vejce a jejich sloZeni

Vejce se sklada ze tii hlavnich casti, konkrétné ze skofapky, bilku a Zloutku. Skotfapka
tvoti vnéjsi vrstvu vejce, kterd obklopuje bilek a Zloutek a tim udéava vejci tvar. Dale skotapka
zastupuje piedevSim ochrannou funkci, a to jak u konzumnich, tak i ndsadovych vajec, protoze
tvofi bariéru mezi vn&jSim prostiedim a vajeCnym obsahem. Vnitini ¢ast vejce je tvorena
ze dvou samostatnych ¢asti, z bilku, ktery se nachéazi pod skotfapkou a ze zloutku, ktery je zcela
obklopen bilkem a ktery se nachazi ve stredu vejce (Zaheer 2015). Obecné plati, Ze pomér mezi
skotapkou, bilkem a zloutkem ¢&ini 1:6:3, coz s drobnymi odchylkami potvrzuji i vysledky
védeckych studii (Sokotowicz et al. 2018a, Zita et al. 2018), nicméné se mohou vyskytovat
I podstatngjsi rozdily, které se daji ptisoudit riznym vnitinim ¢i vn&j§im faktorim. Z téch
nejzasadngjSich faktord je tfeba zminit genotypovou/plemennou prislusnost, vék nosnic, vyZivu
(Tang et al. 2015) a systém ustajeni (Ghanima et al. 2020). Samoziejmé existuje fada dalSich
faktord, které ovliviiuji, at’ uz vice ¢i méng, pomérové zastoupeni jednotlivych komponent
vejce. Je mozné mezi né¢ zahrnout napiiklad dobu sneseni vejce (Tumova & Ebeid 2005)

nebo délku ¢i teplotu skladovani vajec (Akter et al. 2014).

Samotnd skofdpka se skladd ze dvou vrstev, mamilarni a spongidzni
(Park & Sohn 2018). Na jejim slozeni se majoritné podili latky anorganického puvodu
(az z 95 %), zbylou cast tvori latky organické a voda. Konkrétné se sklada z bilkovinnych
vlaken, ktera jsou vzajemné propojena pomoci krystali uhli¢itanu vapenatého (CaCOg), jehoz
celkové zastoupeni ve skotdpce miize byt az 94 %. Dale se na stavbé podili fosforecnan
vapenaty a uhli¢itan hofecnaty, jejich procentualni zastoupeni je kolem 1 % (Zaheer 2015).
Na vnitini strané skofdpky se nachazeji dvé transparentni membrany bilkovinného plvodu,
tzv. podskotapecné blany (vnéjsi a vnitini), které oddéluji skotdpku od bilku (Zaheer 2015).
Na jejich slozeni se podili bilkoviny a glykoproteiny, konkrétné jsou nejvice zastoupeny
bilkoviny desmosin a isodesmosin, které se mohou na sloZzeni membran podilet az ze 75 %

(Oliveira et al. 2013). Funkce podskotfapecnych blan spociva zejména v U¢inné ochrané
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vaje¢né¢ho obsahu pied mikrobidlni kontaminaci, dale piedstavuji zaklad pro tvorbu skotapky
(Zaheer 2015). Po sneseni vejce se vytvori vzduchova bublina, ktera vznikne mezi vnéjsi
a vnitini blanou, obvykle na tupém konci vejce (Baker 1974). Se staifim vejce se vzduchova
bublina zvétSuje (Li et al. 2018). Povrch skofapky je z vnéjsi strany pokryt tenkou
(Liu et al. 2016), neviditelnou (Wilson et al. 2017), bilkovinnou vrstvou, tzv. kutikulou.
Kutikula pfedstavuje prvni obrannou bariéru vejce proti pruniku nezadoucich patogent skrze
pory ve skotapce do vajecného obsahu. Na antimikrobiadlni ochrané se pfimo podileji bilkoviny
obsazené v kutikule, jako jsou napiiklad ovocalyxin-32, ovocalyxin-36, ovocalyxin-25,
klastrin, lysozym C (Kulshreshtha et al. 2018) a ovotransferin (Chen et al. 2019). Z chemického
hlediska je tvofena piedevs§im glykoproteiny, polysacharidy a lipidy (Liu et al. 2016). Kutikula
se vytvati v déloze vejcovodu a k jejimu naneseni na skofapku obvykle dochazi do jedné hodiny
pted snesenim vejce (Chen et al. 2019). Z hlediska potravinové bezpecnosti je ziejmé,
ze neporusenost kutikuly je zcela zasadni (Wilson et al. 2017). Vyznam skofapky spociva
predevs§im v mechanické ochran¢, souvisi tedy s funkci odoldvat nejen fyzickym,
ale i patogennim vlivim z vné&jsiho prostiedi (Ketta & Tumova 2016). Kvalita skofapky je
zasadni pro produkci konzumnich vajec z hlediska zdravotni bezpecnosti a nezévadnosti
(Krunt et al. 2021a) a zaroven i z hlediska ekonomického. Vejce s poskozenou skotapkou
piedstavuji 8-10 % vajec z celkové produkce. Vysoka kvalita skotapky je podstatna i pro vejce
nasadova (Oliveira et al. 2013), protoze umoziuje vyménu plynti mezi vn&j§im a vnitinim
prostiedim a poskytuje ziviny dilezité pro vyvoj embrya, zejména vapnik (Ketta & Tamova
2016). Polopropustnost skofapky zajistuji pory, které limituji prichod vzduchu a vody
(Arzate-Vazquez et al. 2019).

Mistné je bilek situovan mezi skotapkou (piesnéji, mezi vnitini podskofdpecnou blanou)
a zloutkem (Quan & Benjakul 2019). Z hlediska sloZeni je bilek tvofen piedevs§im vodou
a bilkovinami. VVoda je v bilku zastoupena z 90 %, zatimco bilkoviny z 10 % (Zaheer 2015).
Mezi nejvyznamnéj$i a nejvice zastoupené bilkoviny vaje¢ného bilku patti ovalbumin,
ovotransferrin, ovomukoid, a-ovomucin a f-ovomucin, které se fadi do skupiny glykoproteinii
(Ahmadi & Rahimi 2011). Bilek dale obsahuje cystatin a ovoinhibitor, které spolu
s ovomukoidem pusobi jako inhibitory protedz. Navic bilkoviny obsazené v bilku a jejich
derivaty hraji hlavni roli v antimikrobialnich, antioxida¢nich a proti rakovinovych procesech
(Quan & Benjakul 2019). Dalsi zasadni slozkou bilku je enzym lysozym (Ahmadi & Rahimi
2011), jehoZz obsah v bilku je pfiblizné 3,5 %. Lysozym je nejucinnéj§im obrannym nastrojem
bilku proti kontaminaci vaje¢ného obsahu patogeny (You et al. 2010). V neposledni fadé bilek
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obsahuje vitaminy skupiny B, zejména se jednd o vitaminy Bi, B2, Bz (niacin), Bs, Bs,
Bs (inositol), By, B12 a malé mnozstvi cholinu (Réhault-Godbert et al. 2019). Vajecny bilek je
heterogenni médium skladajici se prevazné z hustych a fidkych slozek, které 1ze odlisit podle
jejich viskozity. Husty bilek, hlavni ¢ast vajeéného bilku, ma vysokou viskozitu a pevnou
strukturu, kterd udrzuje Zloutek ve stfedu vejce. Rovnéz je dilezity pro ur€eni vnitini kvality

vajec (Wan et al. 2019).

Zloutek, ktery je uloZen ve stfedu vejce, je jeho posledni hlavni &asti (Eddin et al. 2019).
Z hlediska slozeni zloutku se na jeho uspotadani podili stiidajici se vrstvy svétlého a tmavého
Zloutku (Zaheer 2015). Na povrchu je zloutek obklopen tenkou, prihlednou membranou,
tzv. vitelinni membranou (Eddin et al. 2019). Tésné pod ni a také piimo ve stiedu je svétly
zloutek. Ve vajeCném Zloutku se dale nachazi zarodec¢ny tercik, ktery je zésadni pro vyvoj
zarodku a jeho zasobovéni zivinami. Hlavni slozku zloutku pfedstavuje voda, kterad je
zastoupena témer z 90 %, zbytek obsahu je tvotfen bilkovinami a tuky. Tmavy Zloutek plni
zejména zasobni funkci, Obsahuje cca 35 % tukl, 16 % bilkovin a velké mnozstvi
karotenoidnich barviv lipofilniho charakteru. Rozdily ve sloZeni Zloutku vznikaji béhem jeho
tvorby a jsou zpusobeny nerovnomérnym uloZenim barviv béhem tvorby Zloutku
(Zaheer 2015). Na slozeni zloutku se kromé vody, tukd a bilkovin podili dalsi nutri¢né
vyznamné latky, mezi které patii vitaminy rozpustné v tucich (A, D, E, K) a vitaminy skupiny
B, které jsou rozpustné ve vodé, konkrétné vitamin B, Bz, Bs, Bg, Bg, B12 a vysoké mnozstvi
cholinu (680 mg/100 g Zloutku v porovnani s 1 mg/100 g bilku). Vajecny Zloutek je dale
dobrym zdrojem mineralnich latek (napiiklad Zeleza nebo zinku) a barviv, zejména
karotenoidl, mezi které patii xantofyly, lutein a zeaxanthin (Réhault-Godbert et al. 2019).
Zaptirozené zbarveni Zloutku jsou zodpov&€dna pravé barviva z kategorie karotenoidl

(Kljak et al. 2012).

1.3 Hodnoceni kvality vajec

Kvalitu vajec je mozné stanovit riiznymi zpusoby, které se zamé&fuji na jejich specifické
vlastnosti. Mezi nejzasadnéjsi vlastnosti, které se bézné u vajec stanovuji, se fadi vlastnosti
technologické, organoleptické a mikrobialni. Dale je také mozné stanovit chemické
¢i fyzikalné-chemické vlastnosti vajec. Z hlediska technologického posouzeni, tak se vejce
posuzuje jako celek, hodnoti se jeho hmotnost a tvar a nasledné se hodnoti jeho jednotlivé

komponenty (Englmaierova et al. 2014).



Standardni stanoveni kvality vajec bézn¢ zahrnuje hodnoceni parametrt celého vejce,
skofapky, bilku a Zloutku (Yilmaz Dikmen et al. 2017, Sokotowicz et al. 2018Db,
Kraus et al 2019). Co se ty¢e parametrui celého vejce, obvykle se hodnoti hmotnost a index
tvaru vejce (Krawczyk & Gornowicz 2010). Nékteré studie, které jsou zaméfeny na vliv
skladovani, uvadéji navic hmotnostni ztraty vejce s délkou skladovani (Aygun & Sert 2013b).
Kvalitu skofapky urcuje predevsim jeji pevnost (Ketta & Timova 2016), mezi dalsi bézné
hodnocené parametry skofapky patii hmotnost, podil, tloustka, povrch, barva
(Kraus et al. 2019) a index (Krunt et al. 2021a). Kvalita bilku je dana pfedevS§im hodnotou
Haughovych jednotek (Jones & Musgrove 2005). Z dalSich kvalitativnich parametrti se kromé
Haughovych jednotek u bilku stanovuje hmotnost, procentudlni podil a index. U kvality Zloutku
se hodnoti, stejn¢ jako u bilku, hmotnost, procentualni podil a index (Zita et al. 2009). Navic
se obvykle posuzuje jeho barva (Yilmaz Dikmen et al. 2017) a pomér zloutku k bilku
(Kraus et al. 2019). Rada védeckych studii se kromé& zakladnich kvalitativnich parametr(i vajec
zaméfuje 1 na chemické slozeni. U skofapky se hodnoti zastoupeni mineralnich latek, ptipadné
barviv (Philippe et al. 2020), u bilku se stanovuje obsah bilkovin ¢i aminokyselin
(Sunetal.2019) a u zloutku obsah cholesterolu (Zita et al. 2018), mastnych kyselin
(Zita et al. 2022) nebo vitamint (Sokotowicz et al. 2018a).

Vybrané kvalitativni parametry vajec, zejména parametry bilku a zloutku, lze kromé
standardnich metod hodnotit pomoci tzv. pocitacové obrazové analyzy CADIA
(Computer-assisted digital image analysis), ktera umoziiuje dokonalejs$i méfeni (Aktan 2004a).
Prostfednictvim obrazové analyzy je mozné obecné hodnotit rozméry, povrch, thly
a v neposledni fadé také barvu daného objektu (Alasahan & Giinlii 2012). Obrazova analyza
ma Siroké uplatnéni, vyuziva se pifedevsim v zemédélském a potravinarském odvétvi, hlavné
ke tfidéni a kontrole kvality potravin (Hatem et al. 2003). Vyuziti obrazové analyzy, konkrétné
u stanoveni vybranych kvalitativnich parametrii slepi¢ich vajec, nema ve védecké sféte
prozatim Siroké uplatnéni a dostateény pocet vystupt (Alasahan a Giinlii 2012). Nicméné
existuje nékolik veédeckych studii napiiklad Aktan (2004b), Sezer & Tekelioglu (2009),
Alasahan & Giinlii (2012), ve kterych byla vyuzita obrazova analyza pro hodnoceni kvality
vajec. Jejim vyuzitim Ize naptiklad stanovit index tvaru vejce (Alasahan & Giinlii 2012), barvu
skotapky (Sezer & Tekelioglu 2009), index bilku, Haughovy jednotky, a index zloutku
(Alasahan & Giinlii 2012). Mezi nejvyznamnéjsi vyhody obrazové analyzy patii piesnost
a konzistentnost méfeni (obrazova analyza eliminuje riziko lidského faktoru), ispora Casu

(Aktan 2004a) a moznost uchovani vzorki v digitalni podobé (Alasahan & Giinlii 2012).



1.4 Faktory ovliviiujici kvalitu vajec

Existuje mnoho faktort, které maji vliv na kvalitu vajec. Nejzasadnéjsi faktory zahrnuji
vliv genotypu, véku nosnic, vyzivy (Tang et al. 2015) a systému ustajeni (Zita et al. 2018).
K dalsim faktorim, které vyznamné ovliviiuji kvalitu vajec, se fadi mikrobidlni kontaminace
vajec (Chousalkar et al. 2021), délka a teplota skladovani vajec (Vickova et al. 2019)
a v neposledni fad¢ také vliv vnéjSich podminek prostiedi (Barbosa Filho et al. 2006). Kvalita
vajec, pripadné kvalita jednotlivych casti vajec, je vzdy ovlivilovana multifaktorialné

(Krunt et al. 2021a).
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vajec (Bozkurt & Tekerli 2009, Sokotowicz et al. 2018a, Kraus et al. 2020a). Genotypova
prislusnost ptisobi predev§im na technologickou hodnotu vajec, zejména na hmotnost vajec,
ale ovliviiuje i dalsi kvalitativni aspekty, jako je napiiklad zastoupeni bilkovin a tuku. D&di¢né
dispozice tedy vyraznou mérou pusobi na kvalitu vajec (Jones et al. 2010). Existuje cela fada
studii, ktera se zaméfuje na vliv genotypu na kvalitu vajec (Bozkurt & Tekerli 2009,
Sokotowicz et al. 20183, Zita et al. 2018, Kraus et al. 2020b). Konkrétné byly porovnany rizné
genotypové kombinace, pouze mezi komerénimi hybridy (Bozkurt & Tekerli 2009,
Kraus et al. 2020ab), mezi  komerénimi  hybridy aptvodnimi  plemeny  slepic

(Sokotowicz et al. 2018a) nebo pouze mezi slepicemi ptivodnich plemen (Zita et al. 2018).

Vits et al. (2005), Jones et al. (2010) a Kraus et al. (2020b) se zamétili na rozdily
v hmotnosti vajec od hnédovajeénych a bélovajeénych komerénich hybrida, kde vysledky
vSech studii potvrdily vy$§i hmotnost vajec U hnédovajecnych slepic. Rovnéz
El-Sheikh et al. (2014) uvedli, ze vejce svys§i hmotnosti snaseji hnédovajecné nosnice,
coz si vysvétlili  vy$§i  hmotnosti  hnédovaje¢nych  nosnic  samotnych.  Avsak
Alsobayel & Albadry (2011) zaznamenali zcela opacné vysledky, vyssi hmotnost vajec byla
zjisténa U bélovajecnych hybridd. Nicméné genotyp neovliviiuje pouze hmotnost vajec,
aleidalsi kvalitativni parametry, coz potvrzuji napiiklad Bozkurt & Tekerli (2009),
Sokotowicz et al. (2018a) nebo Zita et al. (2018). Genotyp ma zasadni roli u kvality skofapky,
predev§im u pevnosti a tloustky skofapky (Krunt et al. 2021a). Kocevski et al. (2011)
porovnavali kvalitu vajec od hnédovajecnych a bélovajeénych hybrida a zjistili kvalitnéjsi

a pevn¢jsi skofapku u hnédovajeénych hybridi. Naopak Stojci¢ et al. (2012) udavaji, ze vyssi
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kvalita skofapky byla zjistétna u bélovajeénych nosnic Hisex White v porovnani

s hnédovaje¢nym hybridem Hy-Line Brown.

Krunt et al. (2021a) potvrdili vliv genotypu na mikrobialni kontaminaci a dokonce
| penetraci mikroorganismu skrze skofapku do vaje¢ného obsahu. Rozdily v mikrobidlni
kontaminaci mezi genotypy autofi vysvétluji hned nékolika diivody, mezi ty nejzasadnéjsi patii
behavioralni zvyky drubeze, kvalita a celistvost kutikuly, tloustka a pevnost skofapky a obsah

antimikrobialnich latek (zejména lysozymu) v jednotlivych vaje¢nych komponentech.

1.4.2 Vék slepic

Vék nosnic se rovnéz fadi mezi faktory, které vyznamné ovliviuji finalni kvalitu vajec
(Kowalska et al. 2021). T diky tomu byl vliv véku pfedmétem mnoha védeckych studii
zaméfenych na rizné kvalitativni parametry vajec  (PetriCevic et al. 2017,
Sokotowicz et al. 2018b nebo Kraus et al. 2019). Vliv vé€ku na zakladni parametry
technologické hodnoty vajec, jako jsou hmotnost a index tvaru vejce, index bilku a Zloutku,
Haughovy jednotky, tloustka a pevnost skofapky a S nimi spojené parametry hodnotila fada
autort, mezi které patii naptiklad Zita et al. (2009), Yilmaz Dikmen et al. (2017)
a Kraus & Zita (2019). Krom¢ téchto parametrt byl vliv véku sledovan i u obsahu cholesterolu
ve vajetném zloutku (Zemkova et al. 2007) nebo u obsahu, slozeni a zastoupeni jednotlivych
skupin mastnych kyselin taktéz ve zloutku (LeSi¢ et al. 2017, Zita et al. 2022). Vlivem véku
nosnic vznikaji rozdily také ve sloZeni bilku a v zastoupeni jednotlivych bilkovin (ovalbumin
a ovotransferrin) ¢i lysozymu (VI¢kova et al. 2019). Dale byl hodnocen vliv véku na obsah
vybranych mikro a makroprvki ve vaje¢ném obsahu (ve Zloutku i bilku) a nasledn¢ byl zjistén
signifikantni vliv véku na obsah hoiciku, Zeleza, zinku, selenu, médi nebo manganu

(Nowaczewski et al. 2021).

Obecné plati, Zze svékem se zvySuje hmotnost vajec (Johnston & Gous 2007,
Bozkurt & Tekerli 2009, Zita et al. 2009). Na zakladé studii Van Den Brand et al. (2004),
Kraus & Zita (2019) a Kowalska et al. (2021) 1ze konstatovat, Ze béhem prvnich tfech mésict
snasky se hmotnost vajec prokazatelné zvySuje. Mezi vékem nosnice a hmotnosti vejce,
pfipadné mezi vékem nosnice a hmotnosti skotapky, bilku a Zloutku existuje pozitivni korelace
(Bozkurt & Tekerli 2009). Johnston & Gous (2007) dodavaji, Ze se zvySujici hmotnosti vejce
se nejvice zvySuje procentualni podil zloutku V porovnani s bilkem a skotfapkou. Dalsi
kvalitativni parametry vajec se S vékem nosnic zhorSuji, jedna se piedev§im 0 pevnost

a tloustku skotapky, ale i o parametry bilku a zloutku, jako jsou Haughovy jednotky nebo index
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bilku a Zloutku (Yilmaz Dikmen et al. 2017). S vé€kem nosnic se snizuje také hodnota indexu
tvaru vejce (Rakib et al. 2016). Co se ty¢e zmén u kvality skotapky, vysledky studie Bozkurt
& Tekerli (2009) dokladaji, ze s vékem dochazi ke ztenCovani vaje¢né skofapky. Nicméné Zita
et al. (2009) tento trend nezaznamenali. Vysledky studie Kraus et al. (2019) nejsou v souladu
S tim, ze se S vékem nosnic snizuje pevnost skotapky. Tyto rozdily ve vysledcich mohou byt
zpusobeny vice faktory, naptiklad genotypem slepic, odliSnym vékem nosnic pfi sbéru vajec

nebo délkou pozorovani.

Molnar et al. (2016) a Kraus et al. (2020a) se zaméfili na zmény v kvalité vajec béhem
posledni faze snaskového cyklu a zaroven zkoumali potencial prodlouzeni snaskového cyklu
ajeho vliv na finalni kvalitu vajec, pfipadné¢ jednotlivych casti vajec. Konkrétné,
Kraus et al. (2020a) sledovali zmény v kvalité vajec od nosnic ve véku od 46 tydnu do véku
74 tydnt, zatimco Molnar et al. (2016) dokonce az do veku 92 tydnu. Kraus et al. (2020a)
udavaji, ze se hmotnost vajec s vékem zvysSovala, zatimco hodnoty mnoha dalsich dilezitych
parametri (tvar vejce, index bilku a zloutku, Haughovy jednotky a pevnost skofapky)
se snizovaly. Nicméné Molnar et al. (2016) konstatuji, ze piestoze vék nosnic zna¢né ovlivnil
kvalitu vétSiny sledovanych parametrti, tak byla finalni kvalita vajec na konci snasky piijatelna,

coz poukazuje na potencial v prodlouzeni snaskového cyklu.

Z hlediska obsahu cholesterolu ve vaje¢ném zloutku, Krawczyk et al. (2011) uvadéji,
Ze ¢im jsou nosnice star§i, tim mén€ cholesterolu jejich vejce obsahuji. Dle studii
Lesic et al. (2017) a Zita et al. (2022) se s vékem také méni zastoupeni a pomér jednotlivych
skupin mastnych kyselin ve zloutku. Konkrétné se jednd o nasycené a nenasycené mastné
kyseliny (omega-3 a omega-6). Také obsah bilkovin ovalbuminu a ovotransferrinu ve vaje¢ném
bilku byl zjistén statisticky prikazné niz§i u vajec od starSich nosnic, zatimco pro obsah

lysozymu nebyly zjistény statisticky vyznamné rozdily (VIc¢kova et al. 2019).

1.4.3 VyZiva a krmeni slepic

Slozeni krmné smési a vyziva obecné patii k faktorim, které maji zasadni vliv
na vyslednou kvalitu vajec (Puyalto & Mallo 2014). Vliv vyzivy, respektive vliv riznych aditiv
do krmiva ¢i zmény v poméru bézn€ vyuzivanych komponent, na kvalitu vajec studovala fada
autort, jako jsou napiiklad Galli et al. (2018), Gumus et al. (2018) nebo Popat et al. (2019).
Nekterd aditiva pozitivné ovliviiuji kvalitu vajec, ale také zdravotni stav nosnic. Konkrétné,
ptidavek kurkuminu zlepsuje z hlediska kvality vajec antioxidac¢ni aktivitu a sniZzuje peroxidaci

(oxidativni poskozeni) lipidii a zaroven stimuluje imunitni odpovéd’ organismu a napomaha
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proti kokcidioze (Galli et al. 2018). Vyziva pisobi predev§im na kvalitu vajecné skorapky
(Lichovnikova & Zeman 2008). Obzvlaste dulezitou roli ve vyziveé zastupuji vitamin D, vapnik,
fosfor, mangan, méd’ a zinek. Jakakoli nerovnovdha muze vést k problémim s kvalitou
skorapky, naptiklad nadbytek nebo nedostatek fosforu ovlivni dostupnost vapniku a vitaminu D
(Puyalto & Mallo 2014). Kvalita skotapky je dulezitd 1 z ekonomického hlediska, ztraty
zpusobené Spatnou kvalitou skofapky jsou V celosvétovém métitku mezi 8 a 10 %

(Ketta & Tumova 2016).

Z kvalitativnich parametrii skofapky ma na tloustku a pevnost skofdpky vliv mnozstvi
pfijatych mineralnich latek, zejména pak vapniku (Lichovnikova & Zeman 2008). Vapnik neni
dilezity pouze pro kvalitu skofapky, ale také pro kvalitu kosti (Ahmadi & Rahimi 2011).
Kvalita kosti u nosnic je zasadni z hlediska zlomenin, které jsou vyznamnym problémem
Z hlediska welfare (Lichovnikovd & Zeman 2008). Krmna smés by méla obsahovat dostatek
vapniku a zaroven by Obsazeny vapnik mél byt vtakové formé, aby mohl byt vyuzit
s co nejvetsi efektivitou (Nys 1999). Vapnik se dale podili na srazeni krve, svalové kontrakci
¢i na ptenosu nervovych impulzi (Dijkslag et al. 2021). Dal$i nemén¢ vyznamnym prvkem
ve vyzive, ktery je mimo jiné také dilezity pro kvalitu skotépky, je fosfor. Pomér mezi
mnozstvim fosforu a vapniku by mél v idealnim piipadé byt okolo 1:7 (Liu et al. 2007). Nejen
kvalita skofapky, ale i zakladni kvalitativni parametry bilku a Zloutku (Haughovy jednotky,
index bilku, index Zloutku atd.) jsou ovlivnény vyzivou (Galli et al. 2018, Gumus et al. 2018).

Vyziva, respektive slozeni krmné smési, ma zésadni vliv na barvu zloutku, ktera je
dilezita predevsim pro spotiebitele (Tang et al. 2015), ale kvalitu a chut' neovliviuje.
Za zbarveni zloutku jsou zodpovédné predevsim karotenoidy (Zaheer 2015). Nosnice nejsou
schopné syntetizovat barevné pigmenty z karotenoidd, nicméné je dokazi z piijatého krmiva
ukladat do zloutku (Kljak et al. 2012). Hlavnim zdrojem karotenoidi v komerénich krmnych
smé&sich jsou piedevsim syntetické karotenoidy podavané ve formé premixd. Karotenoidy jsou
obsaZeny 1 V nékterych komponentech krmiva, zeyména v kukutici nebo vojtéskové moucce
(Tang et al. 2015). Mnohdy jsou pro zlepSeni barvy Zloutku do krmnych smési piidavana rtizna
pfirodni barviva, naptiklad paprika, extrakt z kvéti afrikani nebo fasy rodu Chlorella
(Zaheer 2015).

V neposledni fad¢é zastava velmi dulezitou roli kvalita vody, ktera ma vliv zejména
na kvalitu skofapky. Zcela zasadni vliv na pfijem krmiva a vody ma teplota prostiedi

(Ahmadi & Rahimi 2011). Krom¢ toho je velmi dulezita i teplota vody. Pfi jeji nadmérné
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teploté nosnice snizuji piijem, vV nékterych extrémnich piipadech mize dojit k tomu, Ze nosnice

ptestanou pit Gplné. Idealni teplota vody pro nosnice by méla byt okolo 23 °C (Xin et al. 2002).

1.4.4  Systémy ustdjeni slepic

Systém ustajeni ovlivituje kvalitu vajec, ale predev§im ma zasadni vliv na zdravotni stav
a welfare nosnic. Pravé zdravotni stav, welfare a moznost uskute¢iiovat piirozené projevy
chovani se v poslednich letech stavaji sttedem pozornosti ve vSech sférach, od producent ptes
spottebitele az po védeckou spolecnost. Nicméné neni snadné posoudit a jednoznacné potvrdit,
ktery systém ustajeni je nejlepsi a zda dany systém zajistuje v dostatecné mite dobré podminky
pro zdravi a druhové specifické potieby zvirat (Lewko & Gornowicz 2011). V Evropské unii
(EV) je od 1. 1. 2012 mozné chovat nosnice pouze v obohacenych klecich nebo v neklecovych
(alternativnich) systémech jako jsou voliéry, podestylka, vyb&h nebo ekologické systémy
(Krunt et al. 2021a). Problematika tykajici se systému ustajeni nosnic vSak i pfesto nadale
pretrvava, v nékterych vyspélych zemich (napifiklad ve Francii) dokonce jiz mnoho
supermarketil oznamilo, Ze v nasledujicich letech ukon¢i prodej vajec od slepic z obohacenych
kleci (Gautron et al. 2021). Data Evropské komise (EC 2021) ukazuji, ze v EU pievlada
chov nosnic v obohacenych klecich, ktery je zastoupen 44,9 % z celkového poctu. Podlahovy
chov (na podestylce a ve voliérach) predstavuje 35,6 %, vybéhovy chov 12,8 % a chov
Vv ekologickém zemé&délstvi pouze 6,7 %. Nicméné procento neklecovych systémi se v EU
neustale zvysuje. Z ptivodnich 8 % v roce 1996 na 50 % v roce 2019 (Gautron et al. 2021).
Podil systémi ustajeni se vSak v jednotlivych zemich lisi. Naptiklad v zemich jako je Litva,
Lotyssko, Malta, Portugalsko nebo Slovensko je drtivéa vétSina nosnic (vice nez 80 %) chovéana
v obohacenych klecich. Naopak v zemich jako jsou tfeba Dansko, Lucembursko, Némecko,
Nizozemsko a Rakousko ptevladaji neklecové systémy ustajeni (Molnar & Sz6116si 2020).
V Ceské republice jsou stale zatim nejvyuzivangj§im systémem ustajeni obohacené klece s 62,1
%. Podlahové systémy jsou zastoupeny 36, 3 %, vybéhové 1,2 % a systémy ekologického
zemé&délstvi pouze 0,4 % (EC 2021).

Ve vyspélych zemich je chov nosnic v obohacenych klecich stale pod velkym tlakem
z divodu zvyseného zajmu 0 vejce z alternativnich systémi ustajeni, a to predevsim kvili
zajmu spotiebiteld o lepsi welfare zvifat (Krunt et al. 2021a). Na druhou stranu, ekologické
zem&délstvi je v Evropé stale popularnéjsi, a pravé proto u dribeze dochazi k navratu
K tradi¢nim metodam ustajeni s ptistupem do volného vybéhu s cerstvym vzduchem a sluncem
a skrmenim zalozenym na pfirodnich krmivech (Krawczyk & Gornowicz 2010). Chov

v ekologickych systémech je zekonomického hlediska nakladngj$i, coz je zplsobeno
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pfedevSim  delSim odchovem, vys§i spotfebou krmiva a niz§i uZitkovosti

(Lewko & Gornowicz 2011).

Systém ustdjeni ma z hlediska kvality vajec zasadni vliv na parametry skotapky,
zejména na jeji tlouStku a pevnost. Vys§i hodnoty tloustky byly zjistény u vajec od slepic
z obohacenych kleci v porovnani s vejci od slepic z podestylky. Vzhledem k tomu, ze tloustka
skotapky pozitivné Kkoreluje s pevnosti, 1ze usuzovat, ze vyssi kvalitu skotapky maji vejce
od slepic z obohacenych kleci (Ketta & Tumova 2018). Kraus et al. (2019) uvadéji, ze systém
ustajeni ovliviiuje kromé parametri skotapky i samotnou hmotnost vejce a parametry bilku
a zloutku. Konkrétn¢ autofi v této studii porovnavali vliv dvou systému ustdjeni (obohacené
klece vs podestylka) a zjistili signifikantné vys$si hodnoty u vajec od slepic z obohacenych kleci
u hmotnosti vejce, skofapky, bilku i Zloutku, indexu bilku a Haughovych jednotek. Z hlediska
tloustky a pevnosti skofapky se vysledky studie Kraus et al. (2019) neshoduji s vysledky studie
Ketta & Tamova (2018), coz miize byt zptisobeno hned nékolika dalsimi faktory, jako jsou
napiiklad odlisny genotyp nebo vE€k nosnic ve zminénych studiich. Dale Yilmaz
Dikmen et al. (2017) sledovali vliv n¢kolika systémi ustajeni (konvenéni klece, obohacené
klece a vyb&hovy chov) na kvalitu vajec u nosnic Lohmann Brown a zjistili, ze vejce od slepic
z vyb&hového chovu méla celkové lepsi kvalitu nez vejce od slepic z konvencnich

a obohacenych kleci.

Vickova et al. (2019) porovnavaly klecovy a vyb&hovy chov a uvadéji, ze Systém
ustajeni ma signifikantni vliv na obsah lysozymu. Dale byly sledovany také zmény v obsahu
jednotlivych bilkovin (ovalbuminu a ovotransferinu), ale rozdily mezi jednotlivymi systémy
ustajeni nebyly signifikantné¢ prukazné, pouze numerické. Zemkova et al. (2007)
aZitaetal (2018) se zamétili na obsah cholesterolu ve vajeéném Zloutku v zavislosti
na systému ustdjeni. VSichni autofi shodné uvadéji, Ze systém ustijeni vyrazné ovliviiuje
koncentraci cholesterolu ve Zloutku. Konkrétné byla ve vSech zminénych studiich potvrzena
niz8i koncentrace cholesterolu u vajec pochazejicich z obohacenych kleci v porovnani s vejci
z podestylky. Zita et al. (2018) vysvétluji, Ze na rozdilnou koncentraci cholesterolu mize mit
vliv i intenzita snasky, coz je v souladu se zjisténimi autorti Rizzi & Chiericato (2010), ktefi
navic dodavaji, ze pivodni plemena maji obvykle niz§i intenzitu snasky a tudiz vyssi

koncentraci cholesterolu ve vejcich v porovnani s komerénimi hybridy.

V neposledni fadé ma Systém ustijeni vliv na mikrobidlni kontaminaci skofapky

(Englmaierova et al. 2014) a naslednou penetraci pies skofapku do vajecného obsahu
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(VIckova et al. 2018). U mikrobialni kontaminace vajec se bézn¢ stanovuje napiiklad celkovy
poCet mikroorganismti a vyskyt Dbakterii Escherichia coli a Enterococcus
(Englmaierova et al. 2014, Krunt et al. 2021a). Na mikrobialni kontaminaci vajec se vSak
podileji i dalsi vyznamné rody bakterii, ze kterych je tfeba zminit napiiklad rody Salmonella
nebo Camphylobacter (De Reu et al. 2008). Pfi porovnani Ctyi systémi ustajeni (konvenéni
klece, obohacené klece, voliéry a podestylka) na mikrobialni kontaminaci skotapky byly
nasledované vejci od slepic z voliérovych chovi. Nejvy$si mira kontaminace vajecné skofapky
byla zjisténa u vajec od slepic z podestylky (Englmaierova et al. 2014). Tyto vysledky jsou
v souladu s vysledky autori De Reu et al. (2008) a Vickova et al. (2018).

1.45 Podminky chovného prostiedi

Podminky prostiedi, piedevsim teplota (Ahmadi & Rahimi 2011, Nikolova et al. 2012)
a ventilace, potazmo proudéni vzduchu (Ruzal et al. 2011) se také fadi k vyznamnym faktorim
majicim vliv na kvalitu vajec. Déle je tfeba do této kategorie zaradit také osvétleni (pfipadné
svételny rezim a jeho podminky), které ma dualezity vyznam nejen u kvality vajec,

ale i u fungovani organismu (Farghly et al. 2019).

Vysoka teplota (nad 25 °C), ktera miize zpusobovat zvifatim tepelny stres, ma negativni
vliv nejen na welfare nosnic, ale také na jejich produkci (Ahmadi & Rahimi 2011). K tepelnému
stresu dochazi u zvifat v momenté, kdy teplota prostfedi piekroci takzvanou termoneutralni
zonu (Yoshida et al. 2011). Z hlediska kvality vajec, ptisobenim vysoké teploty dochazi
zejména ke snizeni hmotnosti snaSenych vajec a ke zhorSeni kvality skofapky
(Ahmadi & Rahimi 2011). Pusobeni vysokych teplot ma u kvality skofapky vliv pfedevsim
na jeji pevnost (Nikolova et al. 2012) a tloustku (Yoshida et al. 2011). Tyto zmény jsou
zpusobeny tim, Ze Se vlivem tepelného stresu snizuje piijem krmiva, a tim padem se omezuje
dostupnost vapniku z krve, ktery je esencialni pro tvorbu skofapky (Ahmadi & Rahimi 2011).
S teplotou prostiedi je spojena také sezonnost, kterou je v kontextu kvality vajec tieba brat

V potaz a to zejména u vybehovych chovii (Nikolova et al. 2012).

Ventilace je rovnéz z hlediska kvality vajec vyznamna. Pravé pii vysSich teplotach
prostiedi ma adekvatni ventilace pozitivni vliv jak na produkci, tak i na kvalitu vajec.

Pti zajiSténi dostatecného proudéni vzduchu se snizuji nebo dokonce eliminuji problémy

wrwe

pii ptsobeni vysoké teploty prostiedi byla produkce vajec pozitivné ovlivnéna vysokou
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rychlosti ventilace (3,0 m/s), zatimco nizka rychlost (0,5 m/s) ovlivnila produkci, ale i kvalitu

vajec negativné (Ruzal et al. 2011).

Osvétleni ovliviiuje zejména fyziologické procesy vcetné stimulace vnitinich organi
a zahajeni uvoliovani hormoni a dalSich metabolickych kroku, které usnadnuji proces krmeni
a traveni. Také ma vliv na produkci vajec, hmotnost vajec a konverzi krmiva. Nastaveni
svételného rezimu a délka jeho trvani umoziiuje nosnicim stanovit si cirkadianni rytmus
(Farghly et al. 2019). Cirkadianni rytmus, také oznaCovany jako biorytmus, pifedstavuje
fyziologickou kontrolu metabolickych aktivit jedince svétlem. Nejen délka osvétlenti, ale 1 jeho
intenzita je dulezitd. Obecné plati, ze pifi nedostatecné intenzité¢ osvétleni dochazi ke snizeni
produkce. Z hlediska produkce vajec je pro nosnice idealni délka osvétleni 14 hodin denné

a intenzita 10 luxt (Jacome et al. 2014).

1.4.6 Podminky skladovdni vajec

Dalsi skupinou faktorii, ktera mé zasadni vliv na rizné parametry kvality vajec, jsou
podminky jejich skladovani, které zahrnuji délku skladovani, teplotu (Krunt et al. 2021a)
a Vv neposledni fadé také vlhkost (Menezes et al. 2012), ktera je dulezita zejména z hlediska
odparovani a naslednych ztrat vody (Samli et al. 2005). Obecné plati, ze s délkou skladovani
dochazi ke zhorSovani kvality vajec (Jin et al. 2011) a ze hlediska teploty skladovani jsou
pro skladovani vajec vhodngjsi nizsi teploty, které jsou okolo 5 °C (Akter et al. 2014,
Feddern et al. 2017).

Z pohledu délky skladovani, delsi skladovani negativné piisobi na hmotnost vajec, kdy
dochazi k ubytku vaje¢ného obsahu a ke zvétSovani vzduchové bubliny (Brodacki et al. 2019),
déale naptiklad na index bilku i Zloutku a Haughovy jednotky (Bozkurt & Tekerli 2009).
Vysledky autortt Akyurek & Okur (2009) potvrzuji, Ze délka skladovani, pravé v kombinaci
s teplotou skladovani maji vyznamny vliv na kvalitu vajec, zejména pak na jejich hmotnost
a dodavaji, ze udrzeni Cerstvosti a kvality vajec, alesponn do jist¢ miry, lze docilit pouze
pouzitim nizké teploty (4 °C) pti skladovani. Je-1i brana v potaz teplota skladovani, tak vyssi
teplota zpiisobuje vyraznéjsi zmény u kvalitativnich parametri vajec, nez teplota nizsi
(Feddern et al. 2017). Autofi se vétSinou zaméfuji na porovnani skladovaci teploty, ktera
simuluje skladovani v lednici, coz je teplota okolo 5 °C (Jin et al. 2011,
Krawczyk & Sokotowicz 2015, Feddern et al. 2017, Krunt et al. 2021a) a pokojové teploty, coz
je teplota okolo 20 °C (Jin et al. 2011, Krunt et al. 2021a). Nékteré studie byly navic zaméteny

na zmeény Vv kvalité vajec pfi skladovaci teploté 15 °C (Krawczyk & Sokotowicz 2015), jiné
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pii vysoké skladovaci teploté¢ okolo 30 °C (Jin et al. 2011, Feddern et al. 2017). Teplota
skladovani ovliviuje, pfedev§im hmotnost vajec (pfesnéji hmotnostni ztraty) a Haughovy
jednotky (Krawczyk & Sokotowicz 2015), ale i dalsi parametry, jako jsou hmotnosti a indexy
bilku a zloutku (Jin et al. 2011). Také pH (bilku i Zloutku) je negativné ovlivnéno vyssi teplotou
pti skladovani, zejména pH bilku se béhem skladovani zvysuje. Rozdily v hodnotich pH
u Zloutku nejsou tolik vyrazné v porovnani se zménami u bilku (Samli et al. 2005). Ve studii
autort VIc¢kova et al. (2019) byly pozorovany zmény v obsahu lysozymu a bilkovin
ovotransferinu a ovalbuminu v zavislosti na délce skladovani, ale zadné statisticky prukazné

rozdily nebyly zjistény.

1.4.7 Mikrobidlni kontaminace vajec

Mikrobidlni kontaminace piedstavuje ,neviditelnou* hrozbu pro kvalitu vajec
(Rodriguez-Navarro et al. 2013). Ze zdravotniho hlediska je velmi dulezité, aby se jakékoliv
form¢ kontaminace vajec (at’ uz mikrobialni nebo napiiklad chemické) ptedchazelo z divodu
rizika konzumace takto kontaminovanych vajec Ssohledem na zdravotni stav a ptipadna
onemocnéni. Proto je nutné dodrzovat spravné postupy béhem celého procesu produkce vajec
(Zaheer 2015). Mira mikrobialni kontaminace neni dilezitym faktorem pouze u konzumnich

vajec, ale také u vajec nasadovych (Aygun & Sert 2013a).

Bézné se jako indikator potravinové bezpecnosti vajec pouzivaji populace bakterii
z ¢eledi Enterobacteriaceae (Moyle et al. 2016), coz jsou gramnegativni bakterie (naptiklad
Salmonella enteritidis nebo Escherichia coli), které vétsinou byvaji detekovany uvnitt
kontaminovanych vajec, protoze maji vys$i odolnost vic¢i antimikrobidlnim proteinim
(D’Alba & Shawkey 2015). Dale se u vajec, kromé vySe zminénych, standardné stanovuji
bakterie rodu Camphylobacter (Moyle et al. 2016), rodu Enteroccoccus, a také celkovy pocet
mikroorganismu (Englmaierova et al. 2014). Nejvétsi hrozbu predstavuje Salmonella enteritidis
(Zaheer 2015). Riziko infekce touto bakterii nastava piedevsim pii konzumaci syrovych
¢i nedostate¢né tepelné upravenych vajec (Mughini-Gras et al. 2014). Piestoze k mikrobialni
kontaminaci vajec dochazi zejména pii kontaktu vajec s povrchem podlahy, tak se na povrchu
vajec prirozen¢ vyskytuji nékteré bakterie jest¢ pred snesenim. V travicim traktu se nachdzeji

napiiklad bakterie rodu Enterococcus (D’Alba & Shawkey 2015).

Bakterie jsou schopny proniknout z povrchu vajec pfes podskotfapecné blany
do vnitiniho obsahu (bilku, ptipadné zloutku). Vajecny obsah je vhodnym prostifedim pro rust

bakterii, a proto patii riziko kontaminace vajec patogennimi bakteriemi mezi vyznamné
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problémy produkce vajec (Zaheer 2015). Vzhledem k této skute¢nosti je nezbytné se zaméfit
na pocet bakterii nejen na povrchu vajec, ale také ve vajecném obsahu (Moyle et al. 2016).
Pocate¢ni stav bakterii na povrchu vejce definuje pravdépodobnost priniku skofapkou
do vnitiniho obsahu (D’Alba & Shawkey 2015). Z tohoto duvodu je zasadni kvalita skotapky,
ktera je dulezita nejen proto, Ze chrani obsah vajec (VI¢kova et al. 2018), ale pravé z hlediska
vztahu k mikrobialni kontaminaci vnitinich ¢asti vajec (Zaheer 2015). Nékteré vnéjsi faktory,
napiiklad systém ustajeni (Englmaierova et al. 2014) nebo teplota a délka skladovani
(Krunt et al. 2021a), ovliviiuji miru kontaminace vajec, proto se ptaci v pritbéhu let pfizptsobili
a vyvinuli si behavioralni, chemické a fyziologické mechanismy, které slouzi k boji proti

riznym infekcim (D’ Alba & Shawkey 2015).

Jak jiz bylo zminéno, mikrobiadlni kontaminace vajec je vétSinou nizS§i u vajec
z klecovych systému ustajeni v porovnani s alternativnimi systémy ustajeni (De Reu et al. 2008,
Englmaierova et al. 2014, VIckova et al. 2018). Stejné vysledky udavaji
i Samiullah et al. (2014), kteti sledovali celkovou mikrobialni zatéz vajec enterobakteriemi.
Zaroven zjistili, Ze mira mikrobialni kontaminace byla u vSech pozorovanych vajec relativné
nizka. De Reu et al. (2008) dodavaji, ze vliv systému ustajeni na mikrobialni kontaminaci vajec
je variabilni. Studie autortt Krunt et al. (2021a) byla zaméfena na vliv podminek skladovani
(délky skladovani a teploty skladovani) a vliv genotypu na mikrobialni kontaminaci vajec,
potazmo penetraci do vaje¢ného obsahu. Obecné také plati, Ze délka skladovani ovliviiuje
mikrobidlni kontaminaci skotfdpky. S délkou skladovéani se snizuje pocet mikroorganismi
na povrchu skofapky. U penetrace mikroorganismii do vaje¢ného obsahu, kde pisobi
I ochranné slozky proti kontaminaci, nelze jednozna¢n¢ urcit trend vyvoje s délkou skladovani
(VIckova et al. 2018, Krunt et al. 2021a). Pokud jde o vliv teploty skladovani na mikrobialni
kontaminaci vajec, tak je vyS$si teplota z hlediska kvality a bezpecnosti vajec méné ptizniva
nez teplota nizs$i (Theron et al. 2003). Napiiklad ideélni teplotni rozmezi pro rist bakterii
Escherichia coli je od 20 do 37 °C. Cim vys§i je teplota (pfi zohlednéni rozmezi od 20
do 37 °C), tim rychlejsi je rast (Farewell & Neidhardt 1998). Podobné je tomu tak i u bakterii
z rodu Enterococcus, u kterych je rozsah teplot, pfi kterych jsou schopné rust, od minimalné
6,5 °C do maximalné¢ 47,8 °C. Optimalni teplota pro rast bakterii tohoto rodu je 42,7 °C
(Fisher & Phillips 2009). Tyto trendy byly zjistény i v dalSich studiich, naptiklad snizeni poctu
mikroorganismu s délkou skladovani uvadéji Aygun & Sert (2013b) a Vickova et al. (2018)
a vhodnost nizsich teplot skladovani je patrna ze studie autor Theron et al. (2003). Vliv
genotypu, respektive druhu, kdy byla porovnavana vejce od ptivodniho plemene slepic s vejci
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od komer¢niho hybrida a od perlicek, byl rovnéz zaznamenan (Krunt et al. 2021a). To je
v souladu s vysledky autort Jones et al. (2004), ktefi také uvadéji, ze genotyp ovliviiuje miru
mikrobialni kontaminace. Vzhledem ke zjisténym vysledkiim studie autortt Krunt et al. (2021a)
se z hlediska bezpec¢nosti konzumnich vajec jevi do budoucna jako idealni alternativa vejce

v

I penetrace v porovnani s vejci od slepic.

1.5 Vybrané parametry posuzujici zdravotni stav slepic
Zdravotni stav zvifat 1ze posuzovat riznymi zptsoby. Mezi tyto zpisoby bezesporu patii
hodnoceni biochemickych krevnich parametri (Koronowicz et al. 2016) a hodnoceni kvality

a mineralniho sloZeni kosti (Krunt et al. 2021b).

Obecné plati, Ze parametry krevniho séra jsou spolehlivymi indikétory zdravotniho stavu
odrazejici jakékoli fyziologické, nutricni nebo dokonce patologické zmény, ke kterym
v organismu dochazi (Simaraks et al. 2004, Koronowicz et al. 2016). Ob¢ zminéné studie toto
tvrzeni potvrdily, a to u riznych genotypi slepic. Simaraks et al. (2004) vyuzili thajské piivodni
plemeno slepic, zatimco Koronowicz et al. (2016) sledovali krevni parametry u komeréniho
hybrida nosného typu ISA Brown. Glukéza je hlavnim zdrojem energie
(Gallenberger et al. 2012), zatimco triacylglyceroly piedstavuji  jeji  dalsi  zdroj
(Pillutla et al. 2005). Cholesterol je prekurzorem steroidnich hormonu (Pavlik et al. 2007)
a soucasné stavebni slozkou bunéénych membran (Zhang et al. 2019). Spravnou funkci jater
1ze zjistit z aktivity enzymu aspartataminotransferazy (Mollahosseini et al. 2017). Hodnoty
celkovych bilkovin a albuminu odrazeji jak vyuziti bilkovin z krmiva (Pavlik et al. 2007),
tak Groven zahusténi krve, takzvané hemokoncentrace (Greene et al. 2013). Tyto biochemické
ukazatele zaroven charakterizuji homeostazu vnitfniho prostfedi zvifat, coz méa vliv nejen

na jejich zdravotni stav, ale i na produkéni parametry (Pavlik et al. 2007).

Kvalita kosti byva obvykle determinovdna zejména jejich pevnosti, ale také dalSimi
zakladnimi kvalitativnimi parametry, jako jsou délka, Sitka ¢i hmotnost. Z béZné€ hodnocenych
chemickych parametr je tfeba zminit obsah suSiny a popelovin. V neposledni fadé¢ ma
na kvalitu kosti rovnéz zasadni vliv obsah a podil jednotlivych prvki, zejména pak vapniku,
fosforu a hoiciku, ale i dalSich (Krunt et al. 2021b). U dribeze obecné plati, ze proces snasky
pfedstavuje pro organismus znacnou zatéZz, ktera nasledné ovliviiuje zdravotni stav slepic
Vv prubehu jejich zivota (Bain et al. 2016). Konkrétné, integrita kostry se s vékem slepic snizuje,

coz je dano zejména vysokymi naroky organismu na vapnik, ktery je zcela zasadni pro tvorbu
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skotapky v obdobi snaSky (Whitehead 2004). Z pohledu welfare jsou u nosnic vaznym
problémem zlomeniny (Council 2010). Plati, ze slepice chované v alternativnich systémech
ustajeni maji vyS$i pevnost kosti nez slepice chované v klecich (Leyendecker et al. 2005).
Na druhou stranu, vyskyt zlomenin je paradoxné vys$i pravé v alternativnich systémech
ustdjeni ve srovnani se systémy klecovymi (Sandilands 2011). Kromé& zlomenin je dal$im
podstatnym, welfare limitujicim problémem, osteopordza, kterd se objevuje u slepic predevsim
ke konci snaskového cyklu (Eusemann et al. 2018). Problémy tykajici se kosti maji u driabeze
za nasledek snizeni snaSky, naopak =zvySeni piijmu krmiva a zvySeni mortality
(Riber et al. 2018). Z hlediska kvality kosti jsou problematické také prodlouzené snaskové
cykly (Bain et al. 2016), které jsou stale cast¢jsi kvili pozadavkim na vyssi produkci.
Dale, dnes$ni Slechtitelské programy jsou zaméfeny na vysokou produkci (Liu et al. 2018),
coz muze rovnéz vést ke vzniku zdravotnich problému, které jsou spojeny pravé se selekci
zvirat. Tento fakt by Slechtitelské programy mély pii vybéru zvifat zohlednovat
(Bain et al. 2016). V neposledni fad¢ zlomeniny kosti zvifat zpisobuji nemalé ekonomické

ztraty (Clark et al. 2008).

Kost, jakozto komplexni material se sklad4d z anorganické a organické ¢asti a vody
(Rodriguez-Navarro et al. 2018). Kromé¢ toho je kost zivou tkani, kterd muze byt ovlivnéna
hned nékolika faktory, v¢éetné¢ zmén télesné hmotnosti, fyzické aktivity nebo potieby vapniku
(Glimcher 1998). Ve skutecnosti existuji dalsi vyznamné faktory, jako jsou napiiklad genotyp,
pohlavi, vyziva nebo Vliv prostfedi, které mohou ovlivnit vlastnosti kosti a jeji vyvoj
(Rose et al. 1996, Talaty et al. 2009). Kosti slepic lze podle vztahu k tvorbé vajec rozdélit
do tii skupin. Prvni skupinu tvoii kosti kortikalni, druhou kosti spongiozni a posledni skupinu
kosti medularni. Kortikalni kosti pfedstavuji vné&jsi ¢asti kosti. Spongidzni kosti 1ze obecné
nalézt uvnitt obratlovych kosti a na koncich dlouhych kosti, jako je napiiklad kost stehenni
(femur). Medularni kosti funguji jako zésobarna vapniku pro tvorbu vajeénych skofapek.
Produkce vajec a kvalita vajec (ptfesnéji kvalita skofapky) tedy uzce souvisi s kvalitou kosti
a naopak. Studie, zamétené na vliv a funkci specifickych prvka u slepic, se obvykle zaméfuji
na vapnik a fosfor, respektive na vitamin Ds. Nicmén¢ jiz dfive byl potvrzen vyznam dalsich
stopovych prvkl véetné zinku, manganu a médi jako enzymatickych kofaktorli souvisejicich

s mineraliza¢nimi procesy (Pereira et al. 2020).

1.6 Genetické zdroje drabeze
Termin geneticky zdroj lze interpretovat mnoha zptisoby, nicméné obecna definice,

ktera vychazi z Umluvy o biologické rozmanitosti (v originale Convention on Biological
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Diversity) z roku 1992, popisuje geneticky zdroj jako kazdy zijici material obsahujici geny
se soutasnou nebo potencialni hodnotou pro lidstvo (de Chazournes 2009). Umluva
0 biologické rozmanitosti byla do ceské legislativy zaClenéna jako Sd€leni ministerstva
zahrani¢i ¢. 134/1999 Sb., o sjednani Umluvy o biologické rozmanitosti. Uchovavani
genetickych zdroji pro zemé&délstvi je v Ceské republice aktudlné zajistovano prostiednictvim
»,Narodnitho programu konzervace a vyuzivani genetickych zdroji rostlin, zvifat
a mikroorganismt vyznamnych pro vyzivu a zemédélstvi na obdobi 2018 — 2022%. Program
ochrany genofondu ptvodnich plemen se v Ceské republice datuje od roku 1994, kdy byla
zpracovana studie o vyvoji a stavu pivodnich druhti a plemen hospodarskych zvirat
(MZe 2021). Vystupem tohoto programu je identifikace, lokalizace a sjednoceni dat
0 puvodnich plemenech hospodatskych zvifat a nasledny navrh feSeni pro jejich uchovani,
pfipadné jejich regeneraci (Narodni referencni stfedisko pro genetické zdroje zvitat 2022).
Do genetickych zdroji zviiat Ceské republiky spadaji plemena skotu, ovci, koz, koni, prasat,
driibeze, kralikt, nutrii, sladkovodnich ryb a vcel, ktera maji ptivod nebo jsou dlouhodobé
adaptovana na uzemi Ceské republiky (Roudna & Dotlagil 2007). Z driibeze jsou do tohoto
programu zahrnuta dvé pivodni plemena — ¢eské slepice a ¢eské husy (Anderle et al. 2014).
Hlavnim prostfedkem pro ochranu tradi¢nich plemen je chov in situ neboli chov v ptirozenych
podminkach. Dale se vyuziva zpasob ex situ, ktery zahrnuje kryokonzervaci reprodukéniho
materialu, ktery pfedstavuji napiiklad insemina¢ni davky, kmenové buniky, embrya, tkdné€ apod.
Koordinaéni &innost pro oblast genetickych zdrojii hospodatskych zvifat v Ceské republice ma

na starost Vyzkumny uastav zivo¢isné vyroby, v.v.i. Praha — Uhtinéves (Zedek et al. 2017).

Zmeény praktik a postupll v komer¢nich velkochovech, pfedev§im vyuZivani komer¢nich
hybridi na ukor puvodnich plemen, zpisobily razantni snizeni pravé téchto plemen
(Anderle etal. 2014). Jako hlavni duvod lze oznacit, ze komer¢ni hybridi v porovnani
s puvodnimi plemeny maji obvykle vyssi uzitkovost (Krawczyk et al. 2011). Nasledkem téchto
zmén zacalo béhem poslednich né€kolika desetileti dochdzet ke sniZovani stavli piivodnich
hospodarskych zvirat véetn¢ driibeze, mnoho dalSich plemen je ohrozeno (Anderle et al. 2014).
Navic intenzivni §lechténi zplisobuje ztratu mnoha cennych gend, a proto je nezbytné zachovat
chov puvodnich plemen (Hanusova et al. 2017). V piipadé ptivodnich plemen dribeze jejich
zachovani zavisi pfedevs§im na mens$ich a zdjmovych chovech (Krawczyk et al. 2011). Stale je
kladen diraz na vysokou produkci, zejména ve vyspélych zemich (Hanusova et al. 2017),
ale zaroven se zacina vice fesit otazka vybéru vhodného systému ustdjeni s ohledem na lepsi
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zivotni podminky a zdravotni stav zvifat (Yilmaz Dikmen et al. 2017). Praveé u dribeze je téma
volby vhodného systému ustajeni v poslednich letech pfedmétem diskuzi nejen ve védecké,
odborné sfétre, ale 1 mezi laickou vefejnosti. Z hlediska konzumnich vajec preference
spotiebitelil zacinaji sméfovat k produktim pochazejicim z alternativnich systémi ustajeni
(Krunt et al. 2021a). Praveé tyto systémy ustajeni jsou pro pivodni plemena slepic vhodnéjsi
ve srovnani s klecovymi systémy (Zita et al. 2018) a zaroven jsou tato plemena diky své vyssi
adaptabilit¢ a odolnosti obecné 1épe uzpusobena pro chov v alternativnich systémech
(ptedevsim ve vybéhovych systémech ustajeni) v porovnani skomerénimi hybridy

(Sokotowicz et al. 2018b).

1.7 Genetické zdroje driubeZe ve svété

Na problematiku tykajici se vyuziti ptivodnich plemen slepic ve svété se zaméfuje fada
autort, jako jsou napiiklad Krawczyk et al. (2011), Hanusova et al. (2017) nebo
Duvnjak et al. (2021). Vétsina téchto studii je cilena na zmapovani urcitého plemene z daného
regionu (pfipadné z dané zemg) a zjisténi novych ¢i chybéjicich informaci. Konkrétné se jedna
napiiklad o oravky na Slovensku (Hanusova et al. 2017), zelenonozky a zlutonozky v Polsku
(Krawczyk et al. 2011) nebo kastilské slepice ve Spanélsku (Miguel et al. 2007). Je§té vetsi
vyznam ma chov pivodnich plemen v méné rozvinutych oblastech svéta, piedev§im se jedna
o0 n¢které asijské a africké zemé. Jako ptiklady je mozné uvést Indii (Biswas et al. 2010),
Thajsko (Tongsiri et al. 2019) nebo Nigérii (Ndofor-Foleng et al. 2015), kde maji ptivodni
plemena nezastupitelnou roli v tamnim zemédé€lstvi, a to piedev§im diky jejich adaptaci
na mistni podminky prostiedi. Casto byvaji také v riiznych studiich vyuZzivana ,,vychozi“
puvodni plemena, kterd jsou zakladem dneSnich komer¢nich hybridd, a kterd jsou
pak porovnavana s jinymi pavodnimi plemeny nebo komerénimi hybridy. Prvnim z téchto

plemen jsou leghornky bilé, druhym pak rodajlendky ¢ervené (Hanusova et al. 2015).

1.8 Genetické zdroje dribeze v Ceské republice
Jak jiz bylo zminéno v jedné z ptechazejicich podkapitol, ,,Narodni program konzervace
a vyuzivani genetickych zdrojii rostlin, zvifat a mikroorganismii vyznamnych pro vyzivu
a zeméd¢€lstvi zahrnuje z dribeze plemena Ceské slepice zlaté kropenaté, Ceské husy,
respektive ¢eské husy s chocholkou. Obé tato plemena (Ceské slepice zlaté kropenaté a Ceské
husy) jsou tradiéni Eeska plemena, ktera jsou na uzemi Ceské republiky chovana jiz nékolik
stoleti. Tradi¢ni plemena driibeze byla na naSem uzemi chovéana Vv hojnych poctech jeste
v 19. stoleti, nicméné situace se znaén¢ zménila v dob¢, kdy zafala byt puvodni plemena
nahrazovana specialné¢ vySlechténymi  hybridy zajistujicimi  vysokou produkci.
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Tato transformace méla za nésledek razantni sniZzeni poctl zvifat ptivodnich plemen, a proto je
Vv soucasnosti chov piivodnich Cistokrevnych plemen zélezitosti pfedevsim zadjmovych chovii.
U ceskych slepic se podafilo do soucasnosti zachovat n€kolik barevnych razi, konkrétné
se jedna o zlaty kropenaty raz, ktery je jako jediny zafazen do genovych zdroju, dale
pak napiiklad koroptvi, ¢erny, bily barevny raz. Ceské husy se podaiilo uchovat jak v tradiéni
formg, tak i ve formé& s chocholkou. Ceské husy s chocholkou byly vyslechtény z tradi¢nich
Ceskych hus, bez vyuziti jinych plemen, a nasledné byly roku 1988 oficialné¢ uznany jako

samostatné plemeno (Narodni referen¢ni sttedisko pro genetické zdroje zvifat 2022).

1.8.1 Ceské slepice zlaté kropenaté
1.8.1.1 Zdkladni charakteristika slepic

Ceské slepice zlaté kropenaté, které jsou jednim z barevnych razi ¢eskych slepic, jsou
ptvodnim &eskym plemenem nosného typu zafazenym do genetickych zdroji Ceské republiky.
Z hlediska télesné konstituce lze Ceské slepice zatadit do skupiny lehkych slepic se stiedim
télesnym ramcem a postojem, dobie osvalenym trupem valcovitého tvaru a mensi hlavou.
Télesna hmotnost slepic je obvykle v rozmezi 2,0 a 2,5 kg, zatimco télesna hmotnost kohouti
je mezi 2,3 a 2,8 kg. Co se tyce dalsich exteriérovych znaku, typicky je kratsi, lehce zahnuty
btidlicovy az tmavé rohovy zobak se svétlejsi Spickou a jemny, stiedné velky listovy hieben.
Dale malé, cervené uSnice a mensi laloky vejcitého tvaru. Oc¢i jsou vyrazné, oranzové, Cervené
az hnédocervené. Charakteristicky je také bohaty, vyse neseny ocas a btidlicova barva béhakd.
Vsechny vnéjs$i charakteristiky plemene jsou podrobné popsany ve standardu, ktery je soucasti
Vzorniku plemen drubeze (Pavel & Tulacek 2006). Toto plemeno je dokonale ptizptisobeno
naroénéj$im klimatickym podminkam stfedoevropského regionu. Mezi behavioralni
charakteristiky ceskych slepic patii zivy temperament, ostrazitost az plachost, bd¢lost
a shanclivost. Typicka je také nenaro¢nost, a to jak na vyzivu, tak i na chov. Slepice maji dobie
vyvinuty matefsky pud a jsou dobrymi kvoc¢nami. VSechny tyto atributy piedurcuji Ceské
slepice k chovu ve volném vyb&hu. Naopak nevhodnym zplsobem ustajeni je chov v malych
a omezenych prostorach (voliéry, klece). Primérna ro¢ni snaska je bézné¢ v rozmezi od 150
do 170 vajec s krémovou az svétle hnédou barvou skotapky. Primérna hmotnost jednoho vejce
¢ini piiblizné 55 g.
1.8.1.2 Uzitkovost a kvalita vajec slepic

Kontrola uzitkovosti z roku 2021 reportuje snasku ¢eskych slepic zlatych kropenatych,
ktera byla 134,55 vajec (primeér slepic v 1. roce) a primérna hmotnost vajec 58,50 g. Lihnivost

(z vlozenych vajec) byla 68,64 %. Kontrola uzitkovosti zahrnovala 239 slepic. Celkovy pocet
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chovanych zvifat byl v tomto obdobi 275, konkrétné 239 slepic a 36 kohouti. U vsech hodnot
Ize pozorovat snizeni oproti pfedchazejici kontrole uzitkovosti z roku 2020. Naopak celkovy

pocet slepic i kohoutt se mirné zvysil (Stejskalova 2022).

Zitaetal. (2014) se mimo jiné zamé&fili také na porovnani parametri uzitkovosti ¢eskych
slepic zlatych kropenatych ze dvou systému ustajeni (podestylka a obohacené klece). Byla
hodnocena intenzita snasky vajec, spotfeba krmiva na kus a den a spotieba krmiva na vejce.
Intenzita snasSky byla vyssi u slepic chovanych na podestylce nez Vv obohacenych klecich
(30,78 vs 24,69 %). Nicméné spotieba krmiva na kus a den byla téméf dvakrat vyssi u slepic
chovanych na podestylce (127,54 g) nez u slepic chovanych v obohacenych klecich (67,99 g),
také spotfeba krmiva na vejce byla vyssi u slepic chovanych na podestylce (411,11 g) nez
u slepic chovanych v obohacenych klecich (300,28 g). Ve studii autort Zita et al. (2018) byla
Z parametrt uzitkovosti sledovana pouze intenzita snasky ceskych slepic zlatych kropenatych
na podestylce a v obohacenych klecich, kde vyssi intenzita snasky byla zjisténa také u slepic
z podestylky (30,85 %) nez u slepic z obohacenych kleci (24,49 %). Z uvedenych vysledka
uzitkovosti vyplyva, ze pro chov ceskych slepic zlatych kropenatych je vhodnéjsi vyuzit

podestylkovy systém ustajeni nez obohacené klece.

Zita et al. (2018) se dale zaméfili na hodnoceni riznych kvalitativnich parametru vajec.
Autofi zjistili, ze hmotnost vajec byla vyssi u vajec od slepic z podestylky (53,33 g) ve srovnani
s vejci od slepic z obohacenych kleci (51,56 g), zatimco index tvaru vejce byl vyssi u vajec
od slepic z obohacenych kleci (74,81 %) nez u vajec od slepic z podestylky (71,29 %). Index
Zloutku i bilku byl vyssi u vajec od slepic z obohacenych kleci (45,54 %; 8,96 %) ve srovnani
s vejci od slepic z podestylky (44,32 %; 8,31 %). Hodnota Haughovych jednotek byla rovnéz
vyssi u vajec od slepic z obohacenych kleci (82,70) nez u vajec od slepic z podestylky (79,90).
Naopak barva Zloutku a hodnoty tloustky a pevnosti skofapky byly vyssi u vajec od slepic
z podestylky (6,93; 0,325 mm; 41,25 N/cm?) nez u vajec od slepic z obohacenych kleci
(6,00; 0,306 mm; 36,04 N/cm?). Déle byla stanovena primérnd koncentrace cholesterolu
ve vaje¢ném zloutku (10,64 mg/g) a v krevnim séru (3,11 mmol/1). Pti porovnani vlivu systému
ustajeni byla u vajec od slepic z podestylky zjisténa vyssi koncentrace cholesterolu ve vajecném
zloutku (10,84 mg/g) nez u vajec od slepic z obohacenych kleci (10,44 mg/g). U koncentrace
cholesterolu v krevnim séru byla zjisténa vyssi koncentrace u slepic chovanych v obohacenych
klecich (3,24 mmol/l) nez u slepic chovanych na podestylce (2,97 mmol/l). Dalsi autofi jako
jsou Charvatova & Timova (2010) nebo Ledvinka et al. (2015) zjistili velice podobné vysledky.
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2 Védecké hypotézy a cile prace

Existuje pouze velmi omezeny pocet dostupnych udaji nejen o uzitkovosti a kvalité
produkce ptivodniho plemene ¢eské slepice zlaté kropenaté, a to jak ve védecké, tak i v odborné

literatuie, ktera se vénuje predevsim hodnoceni komerc¢nich hybridd.
2.1 Védecké hypotézy

1. Plvodni plemeno Ceské slepice zlaté kropenaté se bude v porovnani s jinym genotypem
slepic signifikantné liSit v uzitkovosti, kvalit¢ produkce, mikrobialni kontaminaci vajec
anasledné penetraci mikroorganismi skrze skotfapku, kvalit¢ kosti a biochemickych
krevnich parametrech.

2. Z hlediska kvality vajec a biochemickych krevnich parametrii budou pro plemeno ¢eské
slepice zlaté kropenaté vhodné&jsi alternativni systémy ustajeni v porovnani s obohacenymi

klecemi.
2.2 Cile prace

1. Zmapovat a zhodnotit u plemene ¢eské slepice zlaté kropenaté uzitkovost, kvalitu produkce,
mikrobidlni kontaminaci vajec a naslednou penetraci mikroorganismil skrze skotapku,
kvalitu kosti a biochemické krevni parametry a ziskané vysledky porovnat s jinymi
genotypy slepic.

2. Posoudit u plemene Ceské slepice zlaté kropenaté vliv podminek skladovani na mikrobialni
kontaminaci vajec, naslednou penetraci mikroorganismt skrze skofapku a kvalitu skofapky.

3. Stanovit u plemene Ceské slepice zlaté kropenaté kvalitu produkce a biochemické krevni

parametry v zavislosti na systému ustéjeni.
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ABSTRACT The objective of this study was to
determine and evaluate the impact of the age and
housing system on blood indicators (triacylglycerides,
total cholesterol, aspartate aminotransferase, total pro-
teins, albumin, glucose) and physical egg quality pa-
rameters (egg weight, shape index and surface area,
eggshell proportion, thickness, strength, and color,
albumen proportion and index, Haugh units, yolk pro-
portion, index and yolk-to-albumen ratio) in selected
native breeds of the Czech Republic (the Czech Golden
Spotted hens) and Slovakia (the Oravka hens).
Furthermore, the concentration of cholesterol in the yolk
was determined. A total of 132 animals were used. There
were 60 eggs collected from each breed at each monitored
period for the evaluation of egg quality. Blood samples
were taken by puncture of a wing vein. The assessments
were made when the hens were of 34, 42, and 50 weeks
old. Enriched cages and floor pens with litter were used as
housing systems. The effects of breed, housing system,
and age were observed. Furthermore, interactions among

these factors were calculated. The significant effect of
housing system was found in total cholesterol (P =
0.098) and aspartate aminotransferase (P = 0.0343) and
the significant effect of age in total protein (P = 0.0392).
The significant effect of breed (P = 0.0199), housing
system (P = 0.0001), and age (P = 0.0001) was found in
concentration of cholesterol in the yolk. Regarding the
egg quality, the significant effect of breed (P = 0.0001)
was found in eggshell color, albumen index and Haugh
units, whereas the significant effect of housing system
was found in egg weight (P = 0.0002), egg surface area
(P = 0.0003), eggshell proportion (P = 0.0460), thick-
ness (P = 0.0216), strength (P = 0.0049), and color (P =
0.0009). The significant effect of age was determined in
all parameters except for the eggshell proportion and
strength. The results represent an interesting compari-
son of changes in biochemical blood and egg quality pa-
rameters. It is necessary to further evaluate these
indicators, especially in other genetic resources of hens,
where the data are often nonexisting.

Key words: age, blood serum, egg quality, housing system, native breed

INTRODUCTION

In general, blood serum parameters are reliable indica-
tors of health status and reflect any physiological, nutri-
tional, or even pathological changes that occur in the
organism (Simaraks et al., 2004; Koronowicz et al.,
2016). Both studies confirmed this statement using
different genotypes of hens. Simaraks et al. (2004) used

© 2020 The Authors. Published by Elsevier Inc. on behalf of Poultry
Science Association Inc. This is an open access article under the CC BY-
NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Received June 9, 2020.

Accepted October 20, 2020.

'Corresponding author: krausa@af.czu.cz

2021 Poultry Science 100:1142-1153
https://doi.org/10.1016/j.psj.2020.10.039

the Thai native hens, whereas Koronowicz et al. (2016)
used Isa Brown, which belong to the group of commercial
laying hybrid hens. These biochemical indicators simul-
taneously characterize the homeostasis of the internal
environment of the animals, which has an effect not
only on their health, but also on the production param-
eters (Pavlik et al., 2007). Glucose is the main energy
source (Gallenberger et al., 2012), whereas triacylglycer-
ols (TAG) represent another source of energy (Pillutla
et al., 2005). Total cholesterol is a precursor of steroid
hormones (Pavlik et al., 2007) and a simultaneously
building component of cell membranes (Zhang et al.,
2019). The adequate function of the liver can be detected
from the activity of the aspartate aminotransferase
enzyme (Mollahosseini et al., 2017). Total protein and
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albumin values reflect both protein utilization from the
feed (Pavlik et al., 2007) and the level of hemoconcentra-
tion (Greene et al., 2013).

Eggs are one of the main poultry products and their
final quality plays an important role for producers and
for consumers as well (Hernandez et al., 2005). Many in-
ternal and external factors influence egg quality param-
eters. Genotype, housing system, and age are some of the
most substantial ones and their significant effect was
previously confirmed by numerous authors such as
Hanusova et al. (2015), Kraus et al. (2019), and
Sokotowicz et al. (2019). Moreover, the topic of housing
systems is currently very actual because of growing con-
cerns of the general public about the welfare and housing
conditions of farm animals (Rahmani et al., 2019). As
previously mentioned by Pavlik et al. (2007), biochem-
ical blood indicators have an effect on health status of
hens and according to Galli et al. (2018), ensuring
good health status of hens positively affects final quality
of eggs. The egg weight (EW) is an essential quality
parameter for both, producers and consumers (Tolimir
et al., 2017). The eggshell quality parameters are impor-
tant because of several reasons. In the economical point
of view, it is desirable to produce eggs with solid egg-
shells without cracks. Eggshell strength is influenced
by other parameters such as egg shape, egg size, or
eggshell thickness (Sapkota et al., 2017). Another func-
tion of the eggshell is protection against the contamina-
tion of egg internal content so in the food safety point of
view, eggshell quality plays an important role as well
(Vickova et al., 2018). The quality of albumen and
yolk concerns particularly consumers (Tolimir et al.,
2017). The quality of both albumen and yolk is usually
expressed by proportion and index (Zita et al., 2009;
Hanusova et al., 2015; Kraus et al., 2019). Haugh units
(HU) are essential albumen quality parameter that de-
termines an overall quality of egg content and egg fresh-
ness (Narushin et al., 2020). The egg yolk is a great
source of cholesterol and contains approximately
200 mg. The role of cholesterol in human nutrition is
huge. It has a functional impact on steroid hormones,
vitamin D, and it is also precursor for bile to absorb
and digest fat (Zaheer, 2015). According to Pavlik
et al. (2007), concentration of cholesterol in the yolk
may be in relationship with concentration of cholesterol
in blood. However, some authors claim the opposite
(Shivaprasad and Jaap, 1977; Vogt et al., 1990). Both
of these concentrations are associated with the hen-day
egg production (Pavlik et al., 2007).

Nowadays, the use of native breeds of laying hens is
still decreasing at the expense of commercial hybrids,
which typically have a higher performance (Krawczyk
et al., 2011). At the end of the 20th century, about
20% of farm animal breeds including poultry breeds
became extinct (Anderle et al., 2014). In the case of
poultry, maintaining native breed populations largely
depends on small farmers (Krawczyk et al., 2011). The
Czech Golden Spotted (CGS) hens (Anderle et al.,
2014) and the Oravka (OR) hens (Hanusova et al.,
2017) are included in native breeds of farm animals in
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the Czech Republic and Slovakia, respectively. Native
breeds are valuable thanks to their adaptability to envi-
ronmental conditions of specific regions and thanks to
higher resistance against local diseases (Begli et al.,
2010). In the absence of programs for the conservation
of animal genetic resources, there would be a risk that
many important fixed genes would be lost and could
no longer be used in breeding work (Belew et al., 2016).

The information about the blood serum indicators and
egg quality parameters of Czech and Slovak native hens
is insufficient or even nonexistent. Thus, the main objec-
tive of this study was to determine some missing infor-
mation, which would evaluate the impact of the hen
age and housing system on blood indicators and physical
egg quality parameters in selected native breeds.

MATERIALS AND METHODS

The Ethics Committee of the Central Commission for
Animal Welfare at the Ministry of Agriculture of the
Czech Republic approved this research with animals.

Animals and Management

Two native breeds of hens were used in this study, the
CGS hen and the OR hen. Each breed belongs to the ge-
netic resources of animals in the country of its origin.
The CGS hens come from the Czech Republic and the
OR hens from Slovakia.

Enriched cages and floor pens with litter were used as
housing systems. Both types of housing systems met the
criteria set by Council Directive 1999/74/EC that de-
fines minimum standards for the protection of laying
hens. Used housing systems were designed to exactly
satisfy above-mentioned criteria. The area in enriched
cage per hen was 750 cm® (600 cm® usable area) and
stocking density was 12 hens per cage. Furthermore,
each cage was equipped with feed trough (12 c¢cm per
hen), 2 nipple drinkers, nest (150 cm?), perches (15 cm
per hen), plastic pad for raking, tray with dust for dust
bathing, claw-shortening device, and egg collection
trough (placed outside of the cage). Nest walls were
made of plastic flaps, which were hung up from the ceil-
ing of the cage. The ceiling was made of wire mesh. Nests
were also equipped with plastic pad with artificial grass
on the floor. The tilt of the floor in cages was 14%, which
enabled the movement of eggs from nests into the egg
collection trough. The area of floor pens with litter
(maximum 9 hens per m? allowed in alternative housing
systems) was adjusted to the number of hens placed in-
side the pens; the stocking density in one pen was 10
hens. Each floor pen was equipped with feed trough
with 12 ¢m per hen (minimum allowed space is 10 cm
per hen), 2 nipple drinkers, 2 nests (each 150 cm?),
perches (15 cm per hen). In terms of nest design, there
were installed 2 nests in each pen (maximum allowed
number of hens per nest is 7 hens). Nests were made of
solid material and the entrances were made of plastic
flaps. Floors in nests were also equipped with plastic
pads with artificial grass (same as in enriched cages).
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The floor in each nest was tilted by 14% to secure move-
ment of eggs into the egg collection trough, which was
placed outside of the nest. A straw litter bedding was
used in floor pens.

A total of 132 pullets were obtained from the breeding
facility and divided at the age of 17 wk in accordance
with the breed (66 pullets per breed) and subsequently
divided again in accordance with the housing system
(36 hens per cage system and 30 hens per litter). Each
treatment consisted of 3 replications of 12 laying hens
in the cage system and of 3 replications of 10 laying
hens in the litter system. The climate conditions were
controlled and maintained on the same level in both
housing systems. The temperature was kept between
18°C and 20°C and humidity between 50 and 60%
throughout the whole study. From the age of 20 wk,
the hens were provided with 14 h of light, which was
regularly extended to 16 h from the age of 24 wk and
remained unchanged until the end of the study. The in-
tensity of lighting was set to 5-10 Ix. The feeding was
provided by different commercial feed mixtures in accor-
dance with the age of the birds. Feed mixture NO, which
was fed to pullets from 17 to 19 wk of age, contained
15.00% crude protein (CP) and 11.56 MJ of metaboliz-
able energy (ME). From the age of 20 wk, hens were
fed by commercial feed mixture N1 (16.66% CP,
11.40 MJ of ME) and from the age of 42 wk with a
feed mixture N2 (15.37% CP, 11.48 MJ of ME). Access
to feed and water was ad libitum during the whole study.

Blood and Yolk Cholesterol Concentration
Analysis

Blood samples were taken by puncture of a wing vein
between 7:00 and 8:00 AM from hens at the age of 34, 42,
and 50 wk and were the subject of hematological and
biochemical examination. Ten blood samples from each
breed (5 from cages and 5 from litter) were collected in
sterile syringes and then divided into 2 tubes, one was
empty and the other contained sodium fluoride (NaF);
the latter was used for glucose evaluation, only. Blood
samples were centrifuged and the separated serum was
stored at —20°C. Concentrations of TAG, total choles-
terol (CHOL), aspartate aminotransferase (AST), total
proteins (TP), albumin (ALB), and glucose (GLU)
were determined in blood serum using commercial kits
(Erba Lachema, s.r.o., CR) on the automatic analyzer
XL - 200 (Erba Lachema s.r.o., CR).

Eggs for the assessment of cholesterol concentration in
the egg yolk and for the assessment of selected quality
parameters were collected at the same periods as blood
samples. Twenty egg yolks from each breed (10 from
cages and 10 from litter) at each of the monitored periods
were used to determine the concentration of cholesterol
in the yolk. Each yolk was evaluated separately as one
sample and was evaluated in triplicate. Cholesterol was
extracted with n-hexane and separated from fat by the
saponification with potassium hydroxide in ethanolic so-
lution. High-performance capillary gas chromatography
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(HRGC; Master GC, Dani Instruments S.p.A., Cologno
Monzese, Italy) with the mass spectrometry and flame-
ionization detectors was used for the determination of
cholesterol content. Technical information and device
settings were used as it follows. The length of a glass col-
umn was 1 m and internal diameter was 4 mm. The tem-
perature was set to 300°C in detector, 290°C at injector,
and 260°C in column. As a carrier gas was used argon,
flow rate was 50 cm® /min and internal standard Dotria-
contane (Sigma, St. Louis, MO). The concentration of
cholesterol in the yolk was calculated and expressed in

mg/g.

Egg Quality Analysis

Sixty eggs were collected from each breed (30 from
cages and 30 from litter) at each monitored period for
the evaluation of egg quality parameters. The collection
of eggs was performed for 3 consecutive days to reach a
required number of eggs for the analysis. After the collec-
tion, eggs were stored at 6°C until the analysis, which
was performed the following day (24 h after the egg
collection). The evaluation of egg quality parameters,
which included EW, egg shape index (ESI), egg surface
area (ESA), eggshell proportion (ESP), eggshell thick-
ness (EST), eggshell strength (ESS), eggshell color
(ESC), albumen proportion (AP), albumen index (AI),
HU, yolk proportion (YP), yolk index (YI), and yolk-
to-albumen ratio (YAR) took place at the laboratory
of the Department of Animal Science of the Faculty of
Agrobiology, Food and Natural Resources of the Czech
University of Life Sciences Prague.

The EW and the weight of individual egg components
were measured by laboratory scale Ohaus (Model: Trav-
eler TA502, Parsippany, NJ 07054) with 0.01 g precision.
Egg shape index was calculated by the following formula:
ESI (in %) = (egg width in mm/egg length in mm) X 100.
An electronic sliding caliper (JOBI profi) with 0.01 mm
precision was used for the measurement of width and
length of egg and also of albumen and yolk respectively.
The value of the ESA was determined by the following
formula: ESA (in cm?) = 3.9782 X EW’ 7% in g. The
proportions (in %) of the individual egg components
(eggshell—ESP, albumen—AP, and yolk—YP) were
calculated by the following formula: concrete egg compo-
nent in g/EW in g X 100. The EST was measured by a
digital micrometer (Digimatic Outside Micrometer,
Mitutoyo Corporation, Japan) with 0.001 mm precision.
The same device was used for the determination of the
albumen and yolk height using different rack. The thick-
ness was measured without eggshell membranes at the
center of the eggshell. Regarding the measurement of
EST, each eggshell was measured twice for more precise
results. The ESS was determined by a device (Instron
Universal Testing Machine; model 3342; Instron Ltd.),
which calculates the force (in N/em?) required to crack
the eggshell. The reflectometer (T'SS QCR reflectometer,
Chessingham Park, Dunnington, YORK YO19 5SE,
England) was used for the determination of ESC in %.
The higher value represents the lighter color of the
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eggshell. Albumen index was calculated by the following
formula: AI (in %) = (height in mm/average of
length and width in mm) X 100. The formula
HU = 100 X log (height of albumen in mm -
1.7 X EW"*"in g 4+ 7.6) was used for the calculation of
HU. Yolk index was calculated by the following formula:
YI (in %) = (height in mm /average of 2 mutually vertical
values of width in mm) X 100. Yolk-to-albumen ratio
was calculated by the following formula: yolk weight in
g/albumen weight in g.

Statistical Analysis

The computer application SAS was used for the statis-
tical analysis of the data. The effect of breed, housing
system, and age on each of biochemical indicators in
blood serum, egg quality parameters, and concentration
of cholesterol in the egg yolk was assessed by the mixed
model using the MIXED procedure of SAS:

Vi = B+ Bi + HS; + Ay + (BXHS);; + (BXA),,
+ (HS XA)jk + (B XHS X A)ijk—i-eijkl,

where yijq is the value of trait, p is the overall mean, B; is
the effect of breed (the CGS hens and the OR hens), HS;
is the effect of housing system (enriched cages and litter),
Ay is the effect of the age of the hens (34, 42, and 50 wk),
(B X HS)y is the effect of the interaction between breed
and housing system, (B X A)y, is the effect of the interac-
tion between breed and the age of the hens, (HS X A)j is
the effect of the interaction between housing system and
the age of the hens, (B X HS X A);j is the effect of the
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interaction among the breed, housing system and the age
of the hens and ey is the random residual error.

The significance of the differences among groups was
tested by Duncan’s multiple range test. The value of
P < 0.05 was considered as significant for all
measurements.

RESULTS

The resulting values of biochemical indicators and
of cholesterol concentration in the yolk are described
in Table 1. Table 2 describes the results of the whole
egg and eggshell parameters. The results of the
albumen and yolk parameters are described in
Table 3. Statistically significant interactions are dis-
cussed in detail in the text, but not described in
tables.

Blood Serum Parameters and Yolk
Cholesterol Concentration

Concentrations of TAG, CHOL, AST, TP, ALB, and
GLU were observed in the blood serum. The effect of
breed was calculated as nonsignificant in all of these in-
dicators. The housing system significantly affected the
concentration of CHOL (P = 0.0098) and AST (P =
0.0343), where lower values of both indicators were
found on litter in most of the cases, whereas age had a
significant (P = 0.0392) effect on the concentration of
TP, which was lower at the end of the monitored period
than at the beginning. The significant interaction be-
tween breed and housing system was calculated for
GLU (P = 0.0374), but the interaction between breed

Table 1. Biochemical parameters in blood serum and concentration of cholesterol in the egg yolk.

Parameter
TAG CHOL AST TP ALB GLU CH Y
Breed Housing system  Age (weeks)  (mmol/L)  (mmol/L)  (pkat/L) (g/L) (g/L) (mmol/L)  (mg/g)
Czech Golden Spotted hens  Cages 34 5.27 3.69 3.835 56.90 19.85 17.35 11.59
42 7.11 4.02 3.400 51.90 20.65 14.80 9.77
50 7.76 2.41 2.854 46.18 17.76 14.69 9.88
Litter 34 11.45 2.88 3.320 54.30 20.25 17.86 11.92
42 3.68 2.43 2.873 45.10 16.17 12.98 10.62
50 3.28 3.67 2.460 50.10 18.64 20.70 10.65
Oravka hens Cages 34 3.50 4.11 3.238 52.30 20.34 16.07 11.19
42 8.09 3.67 3.828 50.98 21.48 18.11 10.39
50 5.08 3.26 3.584 50.36 20.30 16.00 9.89
Litter 34 8.00 3.41 3.067 51.60 20.20 15.25 13.22
42 4.96 2.30 3.083 43.53 19.15 13.01 12.09
50 8.81 2.82 2.930 46.40 18.80 15.90 11.22
P-value B 0.9895 0.7315 0.4765 0.4482 0.0767 0.4204 0.0199
HS 0.6535 0.0098 0.0343 0.1563 0.0697 0.7906 0.0001
A 0.7589 0.1784 0.2801 0.0392 0.2525 0.0940 0.0001
B X HS 0.3664 0.3212 0.9223 0.5888 0.8476 0.0374 0.0406
BXA 0.3449 0.4359 0.1738 0.7103 0.5744 0.1650 0.4096
HS X A 0.0221 0.0050 0.8782 0.3556 0.0703 0.0101 0.9294
B X HS X A 0.2397 0.1640 0.8364 0.5552 0.3506 0.4739 0.6110
0.644 0.129 0.114 1.009 0.333 0.467 0.196

SEM

P-value < 0.05 means significant effect of concrete parameter.

Abbreviations: A, age; ALB, albumin; AST, aspartate aminotransferase; B, breed; CHOL, cholesterol; CH Y, cholesterol in egg yolk; GLU, glucose; HS,

housing system; TAG, triacylglycerol; TP, total protein.
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Table 2. Whole egg and eggshell quality parameters.
Parameter
Breed Housing system  Age (weeks) EW (g) ESI (%) ESA (cm®) ESP (%) EST (mm) ESS (N/cm?) ESC (%)
Czech Golden Spotted hens  Cages 34 48.22 76.24 72.92 9.27 0.312 40.00 59.01
42 52.89 75.58 78.17 9.41 0.324 39.43 60.12
50 53.74 75.22 79.11 9.19 0.293 35.57 58.63
Litter 34 50.73 75.12 75.76 9.59 0.324 40.17 58.24
42 54.04 74.29 79.44 9.78 0.338 43.06 59.95
50 56.69 74.06 82.35 9.93 0.315 42.79 54.77
Oravka hens Cages 34 49.61 74.79 74.49 9.47 0.326 41.56 40.78
42 52.95 74.36 78.22 9.50 0.324 39.00 42.10
50 53.76 73.18 79.13 9.57 0.289 39.17 42.98
Litter 34 51.51 75.97 76.64 9.45 0.317 42.16 37.80
42 53.06 75.57 78.35 9.24 0.317 37.23 41.86
50 55.03 75.14 80.39 9.72 0.303 43.01 35.80
P-value B 0.8804  0.4748 0.8581 0.7356 0.1101 0.8181 0.0001
HS 0.0002  0.7106 0.0003 0.0460 0.0216 0.0049 0.0009
A 0.0001 0.0282 0.0001 0.4726 0.0001 0.3681 0.0079
B X HS 0.2078  0.0002 0.2035 0.0149 0.0096 0.0844 0.2162
B XA 0.1410  0.8516 0.1352 0.4629 0.1282 0.0169 0.5133
HS X A 0.2657  0.8721 0.2765 0.3296 0.0797 0.0217 0.0231
B X HS X A 0.8812  0.8878 0.8661 0.8060 0.6746 0.2787 0.6955
0.244 0.171 0.275 0.051 0.002 0.391 0.620

SEM

P-value < 0.05 means significant effect of concrete parameter.

Abbreviations: A, age; B, breed; ESA | egg surface area; ESC, eggshell color; ESI, egg shape index; ESP, eggshell proportion; ESS, eggshell strength; EST,

eggshell thickness; EW, egg weight; HS, housing system.

and age was not significant in any of the monitored indi-
cators. On the other hand, interactions between housing
system and age were found for TAG (P = 0.0221),
CHOL (P = 0.0050), and GLU (P = 0.0101). Further-
more, the concentration of cholesterol in the yolk was
determined and was significantly affected by breed
(P = 0.0199), housing system (P = 0.0001), age (P =
0.0001), and by interaction between breed and housing
system (P = 0.0406).

Table 3. Albumen and yolk quality parameters.

The regular trends (increasing or decreasing) in blood

serum parameters and in concentration of cholesterol in
the yolk did not occur. The highest value of TAG was
found in 34-week-old CGS hens kept on litter
(11.45 mmol/L) and the lowest in 50-week-old CGS
hens from the same housing system (3.28 mmol/L).
The highest value of CHOL was determined in 34-
week-old OR hens from cages (4.11 mmol/L), whereas
the lowest in 42-week-old hens of the same breed from

Parameter
Breed Housing system  Age (weeks) AP (%)  AI (%) HU YP (%)  YI(%) YAR
Czech Golden Spotted hens  Cages 34 61.17 9.89 86.95 29.55 47.15 0.49
42 59.93 8.92 82.48 30.66 44.68 0.51
50 58.81 7.57 77.95 32.01 43.86 0.55
Litter 34 60.93 8.57 83.15 29.49 46.66 0.49
42 59.42 8.18 79.10 30.80 43.57 0.52
50 58.23 6.99 74.88 31.84 43.42 0.55
Oravka hens Cages 34 60.27 9.62 85.78 30.26 47.14 0.50
42 58.54 9.13 82.84 31.96 44.59 0.55
50 57.97 7.34 76.89 32.46 42.39 0.56
Litter 34 60.99 10.43 88.07 29.56 48.12 0.49
42 60.01 10.11 85.63 30.75 44.52 0.51
50 58.63 9.59 84.02 31.65 43.98 0.54
P-value B 0.2678 0.0001 0.0001 0.1834 0.4124 0.1648
HS 0.4155 0.3465 0.3465 0.1039 0.7766 0.1520
A 0.0001 0.0001 0.0001 0.0001 0.0001  0.0001
B X HS 0.0255 0.0001 0.0001 0.1261 0.0078  0.0652
BXA 0.9618 0.7883 0.7883 0.8013 0.2136  0.8875
HS X A 0.8615 0.1918 0.1918 0.9750 0.2567  0.9291
B X HS X A 0.7818 0.6863 0.6863 0.8435 0.7956  0.7555
0.157 0.129 0.129 0.145 0.163 0.004

SEM

P-value < 0.05 means significant effect of concrete parameter.

Abbreviations: A, age; Al, albumen index; AP, albumen proportion; B, breed; HS, housing system; HU, Haugh units; YAR, yolk-to-

albumen ratio; YI, yolk index; YP, yolk proportion.
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litter (2.30 mmol/L). The highest value of AST occurred
in 34-week-old CGS hens kept in cages (3.84 pkat/L),
whereas the lowest in 50-week-old hens of the same breed
kept on litter (2.46 pkat/L). The highest value of TP was
found in 34-week-old CGS hens from cages (56.90 g/L)
and the lowest in 42-week-old OR hens from litter
(43.53 g/L). The highest value of ALB was observed in
42-week-old OR hens kept in cages (21.48 g/L) and the
lowest in 42-week-old CGS hens kept on litter
(16.17 g/L). The highest value of the last evaluated
parameter of blood serum, which was GLU, was deter-
mined in 50-week-old CGS hens from litter
(20.70 mmol/L) and the lowest in 42-week-old hens of
the same breed from the same housing system
(12.98 mmol/L). The highest value of cholesterol con-
centration in the yolk was found in 34-week-old OR
hens kept on litter (13.22 mg/g), whereas the lowest in
42-week-old CGS hens kept in cages (9.77 mg/g).

Statistically significant differences in the interaction
between housing system and age in TAG showed that
the highest value of TAG had 34-week-old hens from
litter (9.73 mmol/L) and the lowest value had 42-
week-old hens from litter (4.32 mmol/L) and 34-week-
old hens from cages (4.38 mmol/L). The significant ef-
fect of this interaction was found also in CHOL, where
the highest value of CHOL had 34- and 42-week-old
hens from cages (3.90 and 3.84 mmol/L) and the lowest
value had 42-week-old hens from litter (2.36 mmol/L).
The last parameter, where the interaction between hous-
ing system and age was found as statistically significant
was GLU. The highest value of GLU was found in 50-
week-old hens from litter (18.30 mmol/L) and the lowest
value in 42-week-old hens from litter (12.99 mmol/L).
Glucose was also significantly affected by the interaction
between breed and housing system, where the highest
level of GLU was determined in CGS hens from litter
(17.18 mmol/L) and the lowest in OR hens from litter
(14.72 mmol/L). Statistically significant effect of the
interaction between breed and housing system was found
in concentration of cholesterol in the yolk. The highest
value was found in OR hens kept on litter (12.18 mg/
g) and the lowest in CGS hens kept in cages and on litter
(10.41 and 11.06 mg/g) and in OR hens kept in cages
(10.49 mg/g).

Egg Quality Parameters

Regarding the assessment of egg quality, these param-
eters were observed: EW, ESI, ESA, ESP, EST, ESS,
ESC, AP, AL, HU, YP, YI, and YAR. The significant ef-
fect (P = 0.0001) of breed was determined in ESC, AI,
and HU, whereas the effect of housing system was deter-
mined as significant in EW (P = 0.0002), ESA (P =
0.0003), ESP (P = 0.0460), EST (P = 0.0216), ESS
(P =0.0049), and ESC (P = 0.0009). The significant ef-
fect of age was discovered in all evaluated parameters
apart from the ESP and ESS. The significant interaction
between breed and housing system was discovered in ESI
(P =0.0002), ESP (P = 0.0149), EST (P = 0.0096), AP
(P=10.0255), A1 (P =0.0001), HU (P = 0.0001), and YT
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(P = 0.0078). The only significant interaction between
breed and age was found in ESS (P = 0.0169). The inter-
action between housing system and age was calculated
as significant in ESS (P = 0.0217) and ESC (P =
0.0231). All interactions among breed, housing system,
and age were nonsignificant.

The heaviest eggs had 50-week-old CGS hens from litter
(56.69 g) and the lightest eggs had 34-week-old CGS hens
from cages (48.22 g). The highest value of ESI was found
in eggs from 34-week-old CGS hens kept in cages
(76.24%), whereas the lowest in eggs from 50-week-old
OR hens kept in cages (73.18%). The highest value of
ESA was determined in eggs from 50-week-old CGS hens
from litter (82.35 cm?) and the lowest in eggs from 34-
week-old hens of the same breed, but from cages
(72.92 cm?). The highest value of EP had eggs from 50-
week-old CGS hens kept on litter (9.93%), whereas the
lowest had eggs from hens of the same age and breed kept
in cages (9.19%). The highest value of EST was found in
eggs from 42-week-old CGS hens from litter (0.338 mm)
and the lowest in eggs from 50-week-old OR hens from cages
(0.289 mm). The highest value of ESS had eggs from 42-
week-old CGS hens from litter (43.06 N/cm?) and the
lowest had eggs from 50-week-old hens of the same breed
from cages (35.57 N/cm?). The highest value of ESC was
observed in eggs from 42-week-old CGS hens kept in cages
(60.12%), whereas the lowest in eggs from 50-week-old OR
hens kept on litter (35.80%). The highest value of AP was
found in eggs from 34-week-old CGS hens from cages
(61.17%), whereas the lowest in eggs from 50-week-old
OR hens from cages (57.97%). The highest value of Al
was determined in eggs from 34-week-old OR hens kept
on litter (10.43%) and the lowest in eggs from 50-week-old
CGS hens also kept on litter (6.99%). The highest value of
HU had eggs from 34-week-old OR hens from litter
(88.07) and the lowest had eggs from 50-week-old CGS
hens from the same housing system (74.88). The highest
value of YP was found in eggs from 50-week-old OR hens
from cages (32.46%), whereas the lowest in eggs from 34-
week-old CGS hens from litter (29.49%). The highest value
of YI was determined in eggs from 34-week-old OR hens
from litter (48.12%) and the lowest in eggs from 50-week-
old OR hens from cages (42.39%). The highest value of
YAR was observed in eggs from 50-week-old OR hens
kept in cages (0.56) and the lowest in eggs from 34-week-
old CGS hens from both housing systems and from OR
hens kept on litter (0.49).

On top of that, several trends occurred in most of the
observed parameters. Values of EW regularly increased
with the age of the hens in both housing systems and in
both breeds. With the increasing EW, the ESA increased,
so the trend was exactly the same. The increasing trend
was also determined in YP and thus in YAR. The opposite
trend was found in ESI, AP, Al, HU, and YI. The trend in
ESP was regular only in eggs from the CGS hens kept on
litter and in eggs from the OR hens kept in cages, where
the values constantly increased with the age. The rest of
the values varied irregularly. A certain trend was detected
also in EST, where the lowest values were for eggs from



1148

the oldest hens and in ESC, where the highest values were
found in eggs from 32-week-old hens in three of four groups.

Statistically significant effect of interaction between
breed and housing system was found in ESI. The highest
value of ESI had eggs from the CGS hens kept in cages
and eggs from the OR hens kept on litter (75.68 and
75.56%) and the lowest had eggs from the OR hens kept
in cages (74.11%) and eggs from the CGS hens kept on
litter (74.49%). Also ESP was significantly affected by
the interaction between breed and housing system. The
highest value was found in eggs from the CGS hens kept
on litter (9.76%) and the lowest in eggs from the same
breed kept in cages (9.29%). Last eggshell parameter
that was significantly influenced by this interaction was
EST, where the highest value was determined in eggs
from the CGS hens kept on litter (0.326 mm) and the
lowest in eggs from the CGS hens kept in cages
(0.310 mm) and in eggs from the OR hens kept on litter
and in cages (0.312 and 0.313 mm). The significant inter-
action between breed and age was calculated in ESS. The
highest value was calculated in eggs from 34- and 50-week-
old OR hens (41.86 and 41.09 N /cm?) and in eggs from 42-
week-old CGS hens (41.25 N/cm?) and the lowest in eggs
from 42-week-old OR hens (38.11 N/cm?). This param-
eter was also significantly influenced by the interaction
between housing system and age. The highest value of
ESS was found in eggs from 50-week-old hens kept on
litter (42.90 N/cm?) and the lowest in eggs from 50-
week-old hens kept in cages (37.37 N/cm?). Statistically
significant interaction between housing system and age
was calculated in ESC, where the highest value had eggs
from 42-week-old hens from cages and litter (51.11 and
50.90%) and the lowest had eggs from 50-week-old hens
from litter (45.29%). The interaction between breed and
housing system was determined as significant in AP,
where the highest value had eggs from the CGS hens
kept in cages and from the OR hens kept on litter (59.97
and 59.88%) and the lowest had eggs from the OR hens
kept in cages (58.93%). This interaction was found as sig-
nificant also in Al. The highest value was found in eggs
from the OR hens kept on litter (10.04%) and the lowest
in eggs from the CGS hens kept on litter (7.91%). Also
HU were significantly influenced by the interaction be-
tween breed and housing system. The highest value of
HU was calculated in eggs from OR hen kept on litter
(85.91) and the lowest in eggs from CGS hens kept on litter
(79.04). The last egg quality parameter that was signifi-
cantly affected by the interaction between breed and
housing system was YI, where the highest value had
eggs from OR hens kept on litter (45.54%) and the lowest
had eggs from CGS hens kept on litter and OR hens kept in
cages (44.55 and 44.70%).

DISCUSSION
Blood Serum Parameters and Yolk
Cholesterol Concentration

The concentration of TAG was significantly influ-
enced only by the interaction between the housing
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system and the age of the hens. Gyenis et al. (2006)
found a significant effect of genotype on the concentra-
tion of TAG and simultaneously described an extreme
increase of TAG at the age of 17 wk (from concentrations
between 0 and 5 mmol/L to concentrations between 15
and 20 mmol/L) because of the change of feed mixture.
The concentration of CHOL in blood serum was signifi-
cantly influenced by the housing system (P = 0.0098)
and by the interaction between housing system and
age (P = 0.0050). The results indicate that litter housing
system may be more suitable than cages for selected
native breeds (2.92 vs. 3.53 mmol/L). The interaction
between housing system and age showed the highest
value of CHOL in blood serum of 34-week-old hens
kept in cages (3.90 mmol/L), which is associated with
the higher level of stress. The level of CHOL in blood
serum of hens kept in cages dropped in the next moni-
tored period (50 wk of age) to 2.83 mmol/L. This finding
may indicate that the hens got used to the housing sys-
tem. The level of CHOL decreased when comparing
the beginning and the end of the monitored period,
which corresponds with the findings from Suchy et al.
(2001) and Burnham et al. (2003). However, average
values were higher (5.26-7.19 mmol/L) than the values
discovered in this study (2.30-4.11 mmol/L). On the
other hand, Suchy et al. (1999) and Pavlik et al.
(2007) noted that the highest rise of CHOL concentra-
tion occurred in the middle of the laying period. Such a
trend in CHOL concentration was found only in the
CGS hens from cages. The dynamics of changes in
CHOL concentration during the laying period may
have been caused by stress (Puvadolpirod and
Thaxton, 2000) and by laying intensity (Suchy et al.,
1999). Monitoring of the activity of the enzyme AST is
closely related to energy, protein, and fat metabolism.
Aspartate aminotransferase represents changes in the
permeability of liver cell membranes and hence the func-
tionality of the liver parenchyma (Goncalves et al.,
2010). Aspartate aminotransferase was significantly
influenced only by the housing system (P = 0.0343),
where higher values were found in hens from cages
in comparison with hens from litter (3.46 vs.
2.96 pkat/L). Higher concentration of AST means a
higher load on the liver cells. Goncalves et al. (2010)
point out that laying intensity is a factor that signifi-
cantly influences the liver function. The consistent stress
load results in increased AST activity and simulta-
neously in increased concentration of CHOL and GLU
in the blood serum of cage-housed hens, which suggests
that stress occurs in cage housing system in the long-
term point of view (Everds et al., 2013). Values of
AST and CHOL were significantly higher in the blood
serum of hens kept in cages than in that of hens kept
on litter. Values of GLU were not higher significantly
but were higher in cage housed hens numerically. A
higher concentration of AST and CHOL refers to higher
level of catecholamines (dopamine and epinephrine),
which was determined higher in the blood serum of
hens from cages with lower production than in that of
hens with higher production (Cheng at al., 2001). Total
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protein in blood serum was significantly (P = 0.0392)
influenced by the age of the hens and the higher values
were found in the blood serum of younger hens. Other
observed factors did not affect proteinemia values. These
findings are in accordance with the results of Pavlik et al.
(2007), who also found no changes in TP in blood serum
in different housing systems, but in contrast to our re-
sults, the differences among the values of TP were very
slight depending on the age of the hens. The values var-
ied between 52 and 56 g/L, whereas the data of this
study showed variability in TP values from 43.53 to
56.90 g/L. These differences may be caused by the use
of different hen genotypes. Two native breeds of hens
(the CGS hen and the OR hen) were used in this study,
whereas Pavlik et al. (2007) used a commercial hybrid
Isa Brown. The decrease of TP with the age of the
hens could be caused by the quality of the protein con-
tained in the feed mixture, especially by the content of
essential amino acids (Pavlik et al., 2007). The higher
value of TP means better health condition of the animal
(Marono et al., 2017). The effect of all observed factors
on ALB was calculated as mnonsignificant. Cerolini
et al. (1990) similarly did not find any significant effect
of genotype but found a significant effect of age on
ALB concentration in the blood serum. These distinc-
tions may be connected with the age of hens, when the
observations were made (at 18, 30, 36, 58, and 67 wk
of age) as well as with the used genotypes (Warren
(ISA) and Golden-Comet (Hubbard)). As mentioned
previously, this study used CGS hens and OR hens at
the age of 34, 42, and 50 wk. In addition, the trends of
ALB depending on age considerably differ. Findings
from Cerolini et al. (1990) show an obvious increase of
the ALB with the age of the hens, whereas findings of
this study show very inconsistent concentrations of
blood serum ALB. The results from the study by
Gyenis et al. (2006) confirm the increasing trend of
ALB concentration in blood serum with the age of the
hens. Because there have been no major changes in blood
GLU levels, which are considered as a main source of
readily available energy (Nasrel-din et al., 1988), pro-
teins cannot be assumed to serve as an alternative source
of energy. The level of GLU in blood serum was signifi-
cantly influenced by the interaction between breed and
housing system (P = 0.0374) and by the interaction be-
tween housing system and age (P = 0.0101). The combi-
nation of housing system with breed had a significant
effect on the concentration of GLU in blood serum.
The highest value of this interaction had CGS hens
kept on litter (17.18 mmol/L) and the lowest had OR
hens kept on litter (14.72 mmol/L), whereas the values
of both breeds kept in cages differed slightly (15.61 vs.
16.73 mmol/L). This may indicate a different demand
on energy utilization and the level of glycemia in relation
to the body constitution of concrete breed and its phys-
ical activity in concrete housing system. Regarding the
interaction between housing system and age, in context
of the cage housing system and age, the stress affected
the concentration of GLU, which decreased linearly
with the age. This trend was also observed in the
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concentration of CHOL, which may indicate that hens
are getting used to the concrete housing system. The
age did not significantly affect the level of GLU, which
means that the prompt energy required for egg laying
was sufficiently covered from the feed. The results from
the study by Pavlik et al. (2007) also show a nonsignifi-
cant effect of the housing system on glycemia. However,
on the contrary to the findings of this study, Onbasilar
and Aksoy (2005) discovered the effect of age as being
significant. The dynamics of changes in GLU concentra-
tion during the monitored period showed higher average
values than reported by Pavlik et al. (2007). The concen-
tration of GLU varied between 12.98 and 20.70 mmol /L
and reached average value around 16 mmol/L, whereas
Pavlik et al. (2007) determined values which varied be-
tween 12.5 and 14 mmol/L. In most of the groups of
laying hens, glycemia decreased in the middle of the
monitored period, at 42 wk of age, whereas Pavlik
et al. (2007) discovered a decrease in glycemia at
75 wk of age and Onbasilar and Aksoy (2005) at 56 wk
of age. The critical thing was, as can be seen from blood
GLU and TAG values, hens’ age of 42 wk, when hens
that were kept in cages experienced an increase in
TAG, which is accompanied by an increase of glycemia
and AST activities in the OR hens. Total protein values
suggest a certain blood dilution. Statistically, these find-
ings showed a significant difference in both glycemic and
TAG values depending on age and housing system.
Therefore, it can be stated that hens’ age of 42 wk means
a significant energy burden for caged laying hens, which
means a compensation from fat resources, because the
supply of ready energy is insufficient.

The concentration of cholesterol in the yolk was signif-
icantly affected by breed (P = 0.0199), housing system
(P = 0.0001), age (P = 0.0001), and by the interaction
between breed and housing system (P = 0.0406).
Basmacioglu and Ergiil (2005) found the significant ef-
fect of genotype on concentration of cholesterol in the
yolk. In addition, Rizzi and Chiericato (2010) add that
the higher concentration of cholesterol in the yolk is
typical for eggs from native breeds in comparison with
commercial hybrids, which is caused by lower laying in-
tensity of native breeds. Zemkova et al. (2007) confirm
that both, housing system and age, significantly influ-
ence the concentration of cholesterol in the yolk. Matt
et al. (2009) simultaneously determined that higher
values of cholesterol in the yolk concentration are in
eggs from alternative housing systems (489 mg/100 g)
and lower in eggs from cages (341 mg/100 g), which is
in accordance with the results of this study (11.62 vs.
10.45 mg/g). Statistically significant interaction be-
tween breed and housing system in the concentration
of cholesterol in egg yolk may be caused by the fact
that the effect of breed and housing system were deter-
mined as significant even separately. Therefore, the
interaction was calculated as significant. According to
Griffin (1992), the level of egg yolk cholesterol is very
resistant to change. The present review argues that
because of the particular mechanisms involved in yolk
formation. Yolk precursors are synthesized in the liver
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of the laying hens and transported in the plasma to the
ovary, where they are taken up into the developing folli-
cles by receptor-mediated endocytosis. Therefore, the
cholesterol content of the yolk is primarily dependent
on the cholesterol content of triglyceride-rich lipopro-
teins. The concentration of cholesterol in the yolk may
be in relationship with the concentration of cholesterol
in blood (Pavlik et al., 2007). On the other hand, Vogt
et al. (1990) claim the opposite.

Egg Quality Parameters

A large number of authors, such as Hanusova et al.
(2015), Samiullah et al. (2017), and Sokotowicz et al.
(2019), previously studied the factors that influence
egg quality, including genotype, housing system, and
age of hens and confirmed their effect. Most of previously
determined results were also found in this study.

The significant effect of housing system on EW was
previously confirmed by the number of authors including
Lewko and Gornowicz (2011) and Kraus et al. (2019).
Unlike the results of this study (53.51 g from litter vs.
51.86 g from cages), both of these authors found that
EW is higher in eggs from cages than in eggs from litter.
The difference of the results may be caused by geno-
types, which were used. This study, in contrast with
the studies of Lewko and Gornowicz (2011) and Kraus
et al. (2019), was made with native breeds of hens, which
reach better results in noncage systems. The significant
effect of age was confirmed by Zita et al. (2009) and
Sokotowicz et al. (2019). The significant effect of age
on EST was also found by Yilmaz Dikmen et al. (2017).
Sokotowicz et al. (2018) calculated a mnonsignificant
interaction between genotype and housing system in
ESTI unlike in this study, where the interaction was calcu-
lated as significant. Sirri et al. (2018) confirmed the sta-
tistically significant effect of age on ESA, but did not
observed the effect of housing system on this parameter,
which was significant in this study. However, Kraus
et al. (2019) determined the significant effect of housing
system on ESA with higher values in eggs from cages
than in eggs from litter. These results are in contrast
with the results of this study, where the values of ESA
were determined higher on litter in comparison with
cages (78.82 vs. 77.01 cm?). Also these results may be
influenced by different genotypes used in these studies
(native breeds vs. commercial hybrids). Regarding the
eggshell parameters, Lewko and Gornowicz (2011) found
the significant effect of age on ESP; the results showed
highest ESP in eggs from free range (9.93%), followed
by eggs from cages (9.03%) and from litter (8.77%).
This study showed opposite results, the ESP was higher
in eggs from litter than from cages (9.62 vs. 9.40%). The
study from Ketta and Tumova (2014) included a breed
of CGS hens, but did not find any significant effect of
housing system. Nevertheless, they found the significant
interaction between genotype and housing system,
which was also determined in this study. Sokotowicz
et al. (2018) confirmed the significant effect of housing
system on EST using different housing systems (organic,
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litter, and free range), whereas Kraus et al. (2019)
confirmed this finding using same housing systems
(cages and litter) and determined same results as this
study (EST was higher in eggs from litter than in eggs
from cages). In terms of this study, this may be again
in relationship with the used native breeds and their
higher suitability in noncage systems. Moreover, Sirri
et al. (2018) confirmed the significant effect of age on
EST. Sokotowicz et al. (2018) determined the significant
interaction between genotype and housing system,
which corresponds with the results of this study. More-
over, Sokotowicz et al. (2018) confirmed the significant
effect of housing system on ESS. On the other hand,
Yilmaz Dikmen et al. (2017) did not find this factor as
significant. Differences of these studies may be caused
by the comparison of different housing systems (organic,
litter, and free range vs. conventional cages, enriched
cages and free range). Nevertheless, Zita et al. (2009)
calculated the significant interaction between genotype
and age in ESS and confirmed the findings of this study.
Furthermore, Yilmaz Dikmen et al. (2017) and Kraus
et al. (2019) determined the interaction between housing
system and age in ESS. Both of these studies used Loh-
mann Brown hens (commercial hybrid). Yilmaz Dikmen
et al. (2017) calculated this interaction as statistically
significant, which is in accordance with the results of
this study. However, Kraus et al. (2019) did not find
this interaction as significant. The differences between
results of Yilmaz Dikmen et al. (2017) and Kraus et al.
(2019) may be caused by the length of each study,
because the used hen genotype was the same. Statisti-
cally significant effect of genotype on ESC was deter-
mined by Sokotowicz et al. (2019), who used native
breeds and commercial hybrid. The effect of housing sys-
tem on ESC was also confirmed by Samiullah et al.
(2015) and Kraus et al. (2019), but the results from
Sokotowicz et al. (2018) showed the opposite. Statisti-
cally significant effect of age on ESC confirmed various
authors, such as Zita et al. (2009), Samiullah et al.
(2015), and Kraus et al. (2019). The significant interac-
tion between housing system and age in ESC was calcu-
lated by Kraus et al. (2019), which corresponds with
findings of this study. Regarding the assessment of inter-
nal egg parameters, statistically significant effect of ge-
notype on Al was not confirmed by Zita et al. (2009),
who used commercial hybrids and neither by Hanusova
et al. (2015), who used 2 breeds including OR hens. Sta-
tistically significant interaction between genotype and
housing system was calculated in Al also by Ledvinka
et al. (2012). Statistically significant effect of genotype
on HU was previously determined by authors such as
Zita et al. (2009), Sokotowicz et al. (2018), and
Sokotowicz et al. (2019). The significant interaction be-
tween genotype and housing system was determined in
HU by Sokotowicz et al. (2018), which is in accordance
with the results of this study. Furthermore, statistically
significant effect of age on AP, AI, HU, YP, and YI was
found by Yilmaz Dikmen et al. (2017). Statistically sig-
nificant interaction between genotype and housing sys-
tem in AP was determined by Svobodova et al. (2014),



BLOOD SERUM AND EGG QUALITY OF NATIVE HENS

who also included CGS hens. Unlike the results of this
study, Ledvinka et al. (2012) calculated the interaction
between genotype and housing system in YI as nonsig-
nificant. The effect of age on YAR was found as signifi-
cant also by Kraus et al. (2019).

Kraus et al. (2019) determined same trends in EW,
ESI, ESA, EST, and HU, whereas Zita et al. (2009)
found the same trends in AP, AI, YP, and YI. Moreover,
the findings from Kraus et al. (2019) confirm irregular
trends in ESP and Zita et al. (2009) in ESS.
Sokotowicz et al. (2019) found the increasing trend in
ESC in contrast to the results of this study. The use of
the different hen genotypes may be the reason why the
results vary. Van den Brand et al. (2004) also found
the increasing trend of YAR, but the increase was not
regular as in the results of this study. The difference
may be caused by the higher number of monitored
periods.

CONCLUSION

The consistent stress load could cause an increased
AST activity and simultaneously an increased concen-
tration of CHOL and GLU in the blood serum of cage-
housed hens, which suggests that stress may occur in
cage housing system in the long-term point of view.
Values of GLU were not higher significantly but were
higher in cage-housed hens numerically. The supportive
statement of increasing level of catecholamines (dopa-
mine and epinephrine) results in higher concentration
of AST and CHOL, which could indicate the truthful-
ness of the assumption that stress affects blood serum
concentrations of observed parameters in terms of hous-
ing system. The higher value of TP means a better
health condition of the animal. The combination of hous-
ing system with breed had a significant effect on the con-
centration of GLU in the blood serum. This may indicate
a different demand on energy utilization and the level of
glycemia in relation to the body constitution of concrete
breed and its physical activity in concrete housing sys-
tem. Regarding the interaction between housing system
and age, in context of the cage housing system and age,
the stress affected the concentration of GLU, which lin-
early decreased with the age. This trend was also
observed in the concentration of CHOL, which may indi-
cate that hens are getting used to the concrete housing
system. Statistically significant interaction between
breed and housing system in concentration of cholesterol
in the egg yolk may be caused by the fact that the effect
of breed and housing system were determined as signifi-
cant even separately. The relationship between concen-
tration of cholesterol in the blood serum and
concentration of cholesterol in the yolk was previously
confirmed by some authors, but some authors disproved
this statement.

In terms of egg quality, the results showed that the
litter housing system is more suitable for used native
breeds (CGS and OR hens). When comparing the litter
and cage housing systems, significantly higher values
were determined in eggs from litter in the most
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important egg quality parameters such as EW, EST,
and ESS. Higher values were found also in eggs from
litter in other important quality parameters including
Al HU, and YI. The values of these parameters were
higher only numerically, not statistically.

The obtained results are an interesting comparison of
the dynamics of changes in biochemical blood and egg
quality parameters of Czech and Slovak original hen
breeds during the laying cycle housed in 2 different sys-
tems. This study is one of the first of its kind because it
focuses on the evaluation of biochemical blood indicators
of laying hens, which have not been sufficiently studied
in the past. Moreover, these indicators were complexly
examined and determined for the first time in both of
these national breeds, the CGS hens and the OR hens.
Indeed, it is necessary to further evaluate these indica-
tors, especially in other genetic resources of hens, where
the data are often nonexisting.
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Abstract

The aim of this study was to evaluate and compare the impact of genotype and storage conditions (temperature and time) on microbio-
logical contamination and eggshell quality. There were four genotypes of laying hens used, Czech Golden Spotted (CGS), Greenleg Par-
tridge (GP), White Leghorn (WL) and commercial hybrid (CH) hens were included. After collection, the eggs were divided equally into
five groups according to the storage time (0, 14, 28 days) and temperature (5 and 20°C). The microbiological analysis included counting
of colonies forming units (CFU) of Escherichia coli (EC), Enterococcus (ENT) and total number of microorganisms (TNM) on eggshell
surface, eggshell membranes and in thin albumen. The analysis of eggshell quality included the determination of eggshell proportion
(SP), thickness (ST), strength (SST), index (SI) and surface (SS). Moreover, egg weight (EW) and egg weight loss (EWL) were determined.
The significant effect of genotype was found in contamination of eggshell by EC, ENT and TNM, eggshell membranes by TNM and
albumen by EC (all P<0.05). The significantly lowest contamination of eggshell from EC was in eggs from the WL hens (4.42 log CFU/
eggshell), while from ENT was in eggs from the CGS hens (1.22 log CFU/eggshell) and from the WL hens (1.40 log CFU/eggshell). The
lowest incidence of TNM was also detected in eggs from the WL hens (5.03 log CFU/eggshell). Statistically the lowest contamination of
eggshell membranes by TNM was found in eggs from the WL (0.12 log CFU/eggshell membranes) and CH hens (0.15 log CFU/eggshell
membranes). Regarding the effect of genotype, the GP (not detected) and WL (not detected) hens had eggs with statistically the lowest
occurrence of EC bacteria in albumen. Regarding the EW and eggshell quality, all the parameters were significantly affected by the geno-
type (P<0.0001). Also EWL was significantly (P<0.05) affected by genotype (after 14, 21 and 28 days of storage). There were found to be
significant differences of microbial contamination of egg surface among observed hen genotypes. The penetration of selected microorgan-
isms was also significant in contamination of eggshell membranes by TNM and in contamination of albumen by EC.

Key words: egg, genotype, microorganisms, storage temperature, storage time

In recent years, food safety has become a more dis-
cussed topic and greater emphasis is being put on its
improvement, modernization and strengthening (Elmi,
2004). Food safety is a tool that prevents the spreading of
health dangerous food to consumers causing foodborne
illnesses. One of the main components of food safety are
storage conditions (FAO, 2003). Moreover, refrigeration
during both transport and storage, is an essential fac-
tor specifically for food safety of eggs, respectively of
egg products. Special care and handling is necessary to
avoid unfavourable contamination (Zaheer, 2015). Eggs
belong to worldwide spread food, which is valued espe-
cially for good nutritional value. Hens’ eggs represent a
great source of high quality proteins, essential fatty acids
(Iannotti et al., 2014), fat-soluble vitamins (A, D, E, and
K), water-soluble vitamins (B) and minerals, such as cal-

cium, iron, magnesium, phosphorus, selenium, sodium
and zinc (Zaheer, 2015).

In general, several numbers of internal and external
factors may affect different aspects of egg quality (Rob-
erts, 2004). Kraus et al. (2019) consider age, genotype
and nutrition as the most influential factors. Englmai-
erova et al. (2014) describe the level of microbiological
contamination as an important factor, which influences
overall egg quality. Storage conditions including method,
time and temperature, play a considerable role as well
(Svobodova and Ttmova, 2014; Brodacki et al., 2019). A
number of authors, such as Jones et al. (2004), Vickova
et al. (2018) and Krunt et al. (2021) studied the effect
of storage conditions on microbiological contamination.
Jones et al. (2004) determined the effect of genotype and
storage time, VIckova et al. (2018) the effect of storage

*Source of research financing: “S” grant of Ministry of Education, Youth and Sports of the Czech Republic and grant project no. SV21-6-

21320.
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time, housing system and age of hens and Krunt et al.
(2021) the effect of storage time, storage temperature and
genotype. As mentioned above, some environmental fac-
tors have an impact on the contamination of eggs, so the
avians have throughout the years adapted and developed
several mechanisms, such as behavioural, chemical and
physiological, to fight with the infection. However, the
microbial contamination of eggs begins with the contact
of an egg with the floor surface, nevertheless certain bac-
teria, such as Enterococcus spp., occur in the digestive
tract (D’ Alba and Shawkey, 2015).

Microbiological contamination represents an “invis-
ible” threat to egg quality (Rodriguez-Navarro et al.,
2013). As an indicator of egg safety, Enterobacteriace-
ae and total bacteria populations are commonly used
(Moyle et al., 2016). These gram-negative bacteria are
mostly detected inside of contaminated eggs, because
of their higher resistance to antimicrobial proteins, such
as lysozyme (D’Alba and Shawkey, 2015). Bacteria are
able to penetrate from the egg surface, through the egg-
shell membranes into the internal egg content. Due to this
fact, it is essential to focus on bacterial count not only
on the egg surface, but also in the internal parts of eggs
(Moyle et al., 2016). The count of bacteria on the egg
surface define the probability of penetration through the
eggshell into the internal content (D’Alba and Shawkey,
2015). The eggshell quality is important not only because
it protects the egg content (VIckova et al., 2018), but also
in terms of the relationship with a microbiological con-
tamination of egg internal parts (Zaheer, 2015). Further-
more, the eggshell quality is also important for producers
from the economic point of view. The mechanical dam-
age (cracks) and uncommon changes (especially in egg
shape) are unfavourable (Hernandez et al., 2005).

Nowadays, there is still greater emphasis put on high
production, especially in developed countries (Hanusova
et al., 2017), while at the same time on the choice of
a suitable housing system regarding better welfare and
health condition of animals (Dikmen et al., 2016). For
housing of native breeds, alternative housing systems are
more suitable in comparison with cage systems (Zita et
al., 2018; Kraus et al., 2021). Intensive breeding causes
the loss of many valuable genes, so it is essential to keep
the breeding of native breeds (Hanusova et al., 2017).
Czech Golden Spotted (Anderle et al., 2014) and Green-
leg Partridge hens (Krawczyk, 2009) are native breeds of
the Czech Republic and Poland respectively, while White
Leghorn hens belong among the most important original
breeds (FAO, 2007).

The aim of this study was to evaluate and compare
the impact of genotype and storage conditions, specifi-
cally temperature and time, on microbiological contami-
nation and eggshell quality.

Material and methods

The Ethics Committee of the Central Commission
for Animal Welfare at the Ministry of Agriculture of the

Czech Republic and the Ethics Committee of the Czech
University of Life Sciences Prague approved this study
with animals (approval document no. 07/2020).

Animals and management

There were four genotypes of laying hens used, three
native breeds and commercial hybrid. Specifically, Czech
Golden Spotted (CGS), Greenleg Partridge (GP), White
Leghorn (WL) and commercial hybrid (CH) hens were
included. The Hy-Line brown egg-laying hybrid was
used as a representative of the group labelled as com-
mercial hybrid.

CGS hens belong to gene reserves of the Czech Re-
public (Anderle et al., 2014). The main exterior charac-
teristics include typical lightweight type (body weight of
adult hens can reach up to 2.0 kg), medium body frame,
cylindrical body shape, leaf type of comb, red ears, rich
tail, medium high stance, white skin and slate colored
shanks (Zita et al., 2018). The CGS hens lay eggs with
a creamy coloured eggshell and average egg weight rang-
es from 57 to 58 g (Anderle et al., 2014). Zita et al. (2018)
state that average egg weight is lower, specifically from
51.56 to 53.33 g depending on the housing system. They
also calculated hen-day egg production, which reached
24.49% in cage housed hens and 30.85% in litter housed
hens. These findings can be supported by results from
Kraus et al. (2021), who concluded that CGS hens are
more suitable for breeding in non-cage housing systems.
GP is the oldest native Polish breed of hens. This breed
is characterised by its lower body weight (1.7-1.8 kg),
green legs, and grey, partridge-like plumage. GP hens lay
eggs with a creamy coloured eggshell and with high yolk
proportion (Batkowska and Brodacki, 2017). According
to Krawczyk (2009), average egg weight of eggs from
GP hens varies between 54.1 and 57.3 g depending on the
housing system. Average hen-day egg production of this
breed reaches from 56.5% to 60.7% (Krawczyk et al.,
2011). WL hens represent a breed, which lays eggs with
a white eggshell (Hanusova et al., 2015) and with egg
weight between 54.27 and 62.92 g. Hen-day egg produc-
tion may vary from 70 to 89% (Pohle and Cheng, 2009).
According to Jones et al. (2001), hen-day egg produc-
tion of WL hens is lower, specifically between 56.88 and
73.38%. Another characteristic of this breed is its body
constitution, body weight typically reaches values from
1.42 to 1.71 kg. All these parameters depend on many
factors, mainly on hen age or housing system (Pohle
and Cheng, 2009). CH hens were represented by Hy-
Line brown hens in this study. These hens lay eggs with
a brown eggshell colour with egg weight between 57.3
and 66.7 g. Hen-day egg production can reach up to 95—
96% at peak. Body weight ranges from 1.85 to 2.04 kg in
adult hens (Hy-Line, 2021).

The number of hens kept for the purpose of this study
was adjusted to match the number of CGS hens, because
there is a very limited amount of officially recognized
hens of this breed. Therefore, 50 hens of each genotype
were used. The hens of each genotype were divided into
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half and kept separately because of the replication of the
results. Hens were kept in an external experimental cen-
tre in the Department of Animal Science of the Faculty of
Agrobiology, Food and Natural Resources (Czech Univer-
sity of Life Sciences Prague). All hens were housed on lit-
ter under the same housing conditions including the micro-
climate conditions, lighting regime, composition of feed
mixture and access to feed and water. The requirements on
floor area in litter housing systems (maximum density of 9
hens per m?), which are set by the European Commission
Directive 1999/74/EC, were met. The temperature in the
halls was kept between 18 and 20°C and humidity between
50 and 60%. In terms of the lighting regime, natural condi-
tions were used. Feed mixture contained 16.4% of crude
protein and 11.42 MJ of metabolizable energy. The access
to both feed and water was ad libitum.

Samples

A total of 200 eggs (50 from each genotype) were
used for a microbiological analysis, while 800 eggs (200
from each genotype) were used for the eggshell quality
analysis. The hens were 44 weeks old when the collec-
tion of eggs was carried out. The eggs were collected
using sterile plastic gloves and then placed into sterile
plastic boxes to avoid any undesirable contamination. All
eggs fell into the weight category M, which ranges from
53 to 63 g. The collection was carried out for the dura-
tion of the whole week to achieve the required number
of eggs for the analysis. After the collection, eggs were
equally divided into five groups. The first group was ana-
lysed immediately as a control group marked as a day
0 group (fresh eggs). The second and third groups were
both stored for 14 days, the second at a temperature of
5°C and the third at a temperature of 20°C. The last two
groups were stored for 28 days, which is the official min-
imal shelf life of eggs. The last two groups were also di-
vided according to the temperature, as the previous ones.

The eggs were analysed immediately after the col-
lection (day O group) or were immediately put into the
specific storage conditions for a specific group. The eggs
were stored in the fridge (with air access), where the tem-
perature was kept at 5°C and relative humidity at 50-60%
and in a room with a thermostat, where the temperature
was kept at 20°C and relative humidity at 50-60% re-
spectively. Digital thermometers Emos E8860 were used
for the monitoring of the required conditions. The temper-
ature and relative humidity were controlled and record-
ed twice a day. All laboratory analyses were carried out
in the laboratory of the Department of Animal Science of
the Faculty of Agrobiology, Food and Natural Resources
of the Czech University of Life Sciences Prague.

Microbiological analysis

The microbiological analysis was made accord-
ing to Krunt et al. (2021) and included the counting of
colonies forming units (CFU) of Escherichia coli (EC),
Enterococcus (ENT) and a total number of microorgan-
isms (TNM). The determination of microbiological con-

tamination was made from the eggshell surface, eggshell
membranes and thin albumen. The analysis of microbial
contamination consisted of a number of steps. For the de-
termination of eggshell contamination, eggs were placed
into sterile plastic bags (each egg was placed into a sepa-
rate bag) with a 10 ml solution of saline peptone (9 g of
sodium chloride, 1 g of peptone, and 1000 ml of distilled
water; Sigma-Aldrich, Saint Louis, USA). All eggs were
thoroughly rinsed for 120 seconds in the plastic bags. Af-
ter this procedure, the eggs were removed from the plas-
tic bags and then a dilution series for each egg was made
by adding 1 ml of the solution (10°, 107!, 102, 1073, 10~
and 107). The dilution 10° was prepared directly from
the plastic bag. The determination of the microbiological
contamination of the eggshell membranes and albumen
was subjected to the same procedure as the determina-
tion of the eggshell contamination. Prior to the eggshell
membranes and albumen samples preparation, the egg-
shell surface was disinfected by rinsing in ethanol so the
subsequent removal of the eggshell membranes, respec-
tively of the albumen was sterile. The dilution series was
prepared the same way as in the determination of egg-
shell contamination. However, the difference was in the
dilution 10° that contained directly eggshell membrane,
respectively albumen. When the dilution series was pre-
pared, 1 ml of the solution from each dilution for EC and
ENT and 0.1 ml for TNM, was put into a Petri dish with
a specific agar (or the agar was added after the sample
application in the case of TNM). Each sample was ana-
lysed in duplicate. Regarding the agar methods, standard
methods were used. The Mac-Conkey agar was used for
the count of EC, Slanetz Bartley agar was used for the
count of ENT and the Standard Plate Count agar was
used for the count of TNM (all Oxo0id™, Thermo Scien-
tific, Tewksburg, USA). The samples for the determina-
tion of EC (Mac-Conkey agar) and ENT (Slanetz Bartley
agar) were incubated at 37°C for 48 h in an incubator.
The samples for the determination of TNM (Standard
Plate Count Agar) were incubated at 30°C for 120 h in an
incubator (Memmert INE 500). After the incubation, the
count of typical CFU was made for each Petri dish. The
final contamination of individual parts was calculated by
the standard plate count method formula.

Eggshell quality analysis

The analysis of eggshell quality included the deter-
mination of eggshell proportion (SP), thickness (ST),
strength (SST), index (SI) and surface (SS). Even though
egg weight (EW) does not belong to the eggshell param-
eters, it was determined. Furthermore, egg weight loss
(EWL) was determined as well.

The EW and the eggshell weight (SW), which is re-
quired for the calculation of ESP, were measured by labo-
ratory scale Ohaus (Model: Traveler TAS02, Parsippany,
NJ 07054, USA) with 0.01 g precision. The ST was de-
termined by a digital micrometer (Digimatic Outside Mi-
crometer, Mitutoyo Corporation, Japan) with 0.001 mm
precision. The ST was measured without eggshell mem-
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branes at the center of the eggshell, the measurements
of each eggshell were made in duplicate. The SST was
assessed by an Instron device (Instron Universal Testing
Machine; model 3342; Instron Ltd., US), which calcu-
lates the necessary force (in N/cm?) for eggshell break-
age. Furthermore, SS was calculated by the formula SS
=4.68 x EW??[cm?], where EW is the egg weight in g
(Ahmed et al., 2005). For the determination of SI, the
formula SI = (SW/SS) x 100 [g/100 cm?], where SW is
eggshell weight in g and SS is eggshell surface in cm?
(Ahmed et al., 2005).

Statistical analysis

The data were analysed by statistical software SAS
9.4 (SAS Institute Inc., Cary, NC, 2012). The data were
tested for normality with univariate plot normal proce-
dure of SAS and subsequently subjected to a three-way
ANOVA in a 4 (genotype: CGS, GP, CH, WL hens) x 3
(storage time: 0, 14, 28 days) x 3 (storage temperature:

fresh, 5°C, 20°C) factorial arrangement of treatments us-
ing the Tukey test by the PROC MIX procedure of SAS.
The value of P<0.05 was considered statistically signifi-
cant. The results in the tables show the average values
of each treatment and the standard error of the mean
(SEM).

Results

The results of this study are presented in following
tables. The microbiological contamination of the egg-
shell surface is described in Table 1, while the micro-
biological contamination of eggshell membranes in Ta-
ble 2. The microbiological contamination of albumen is
presented in Table 3. EW and eggshell quality parameters
are shown in Table 4. EWL data are shown in Table 5. All
statistically significant interactions are discussed in detail
in the text, but not all of them are described in the tables.

Table 1. Effect of genotype, storage time and temperature on microbial contamination of the eggshell (CFU/eggshell)

G STI (days) STE (°C) EC ENT TNM
1 2 3 4 5 6
CGS 531a 1.22b 577 a
GP 511a 1.86 ab 5.24 ab
CH 521a 2.28a 58la
WL 442b 1.40b 5.03b
0 5.59 2.10a 6.02
14 4.74 1.92a 5.46
28 4.93 1.16 b 5.10
fresh 5.59 2.10a 6.02a
5 4.89 1.97a 5.56 ab
20 4.78 1.12b 5.00b
0 fresh 5.88 2.01 6.03
5 5.21 1.94 5.38
cGs H 20 4.97 0.41 6.08
" 5 5.07 1.22 5.85
20 5.04 0 5.34
0 fresh 5.51 1.85 5.75
" 5 5.14 3.69 5.57
GP 20 4.67 1.15 5.72
’g 5 5.18 2.62 6.22
20 4.70 0 2.60
0 fresh 5.95 3.37 6.56
5 4.78 3.37 5.49
CH 1 20 4.70 1.91 5.69
5 5.06 2.98 5.87
2 20 5.56 2.09 5.45
0 fresh 4.82 1.42 591
5 4.61 1.41 495
WL 1 20 3.87 1.89 4.78
" 5 4.03 0.81 5.17
20 4.77 1.48 4.30
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Table 1 — contd.

1 2 3 | 4 5 6

P-value

G <0.05 <0.05 <0.05
STI 0.2720 <0.05 0.1422
STE 0.5316 <0.05 <0.05
G x STI 0.5553 0.8907 02152
G x STE 0.5059 <0.05 <0.05
STI x STE 0.0910 0.3090 <0.05
G x STI x STE 0.3943 0.5833 0.0780
SEM 0.0885 0.1637 0.1332

CFU - colony forming units, G — genotype; STI — storage time; STE — storage temperature; EC — Escherichia coli, ENT — Enterococcus, TNM — total
number of microorganisms, CGS — Czech Golden Spotted hen; GP — Greenleg Partridge; CH — commercial hybrid; WL — White Leghorn; SEM — standard
error of mean; Values with significance of P<0.05 were considered as significant.

Table 2. Effect of genotype, storage time and temperature on microbial contamination of the eggshell membranes (CFU/eggshell membranes)

G STI (days) STE (°C) EC ENT TNM
1 2 3 4 5 6
CGS 0.32 0 0.82a
GP 0.27 0.61 ab
CH 0 0.15b
WL 0.26 0.11 0.12b
0 0b 0 0.28b
14 0.51a 0 0.76 a
28 0.07b 0.07 0.23b
fresh 0 0 0.28
5 0.19 0 0.51
20 0.39 0.07 0.49
0 fresh 0 0 0.36
4 5 0.57 0 1.46
cas 20 1.23 0 1.75
5 0 0 0.70
28
20 0 0 0.47
0 fresh 0 0 0.26
5 0.95 0 1.62
14
GP 20 0.57 0 1.20
5 0 0 0
28
20 0 0 0.23
0 fresh 0 0 0
5 0 0 0.13
14
CH 20 0 0 0.13
5 0 0 0.48
28
20 0 0 0
0 fresh 0 0 0.48
5 0 0 0
14
WL 20 0.73 0 0.13
5 0 0 0
28
20 0.57 0.57 0
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Table 2 — contd.

1 2 3 4 5 6

P-value

G 0.5124 0.4816 <0.05
STI <0.05 0.2473 <0.05
STE 0.2732 0.2473 0.9109
G x STI 0.1853 0.2629 <0.05
G x STE 0.3667 0.2629 0.8600
STI x STE 0.7563 0.2473 0.5931
G x STI x STE 0.7720 0.2629 0.5334
SEM 0.0794 0.0265 0.0936

CFU - colony forming units, G — genotype; STI — storage time; STE — storage temperature; EC — Escherichia coli, ENT — Enterococcus, TNM — total
number of microorganisms, CGS — Czech Golden Spotted hen; GP — Greenleg Partridge; CH — commercial hybrid; WL — White Leghorn; SEM — standard
error of mean; Values with significance of P<0.05 were considered as significant.

Table 3. Effect of genotype, storage time and temperature on microbial contamination of the albumen (CFU/albumen)

G STI (days) STE (°C) EC ENT TNM
1 2 3 4 5 6
CGS 0.52a 0 0.21
GP 0b 0 0.16
CH 0.11 ab 0 0.17
WL 0b 0 0.21
0 0 0 0.29
14 0.30 0 0.10
28 0.14 0 0.20
fresh 0 0 0.29
5 0.30 0 0.22
20 0.14 0 0.09
0 fresh 0 0 0.42
" 5 1.23 0 0
CGS 20 0.57 0 0
5 1.13 0 0.45
28
20 0 0 0
0 fresh 0 0 0.14
5 0 0 0
14
GP 20 0 0 0
5 0 0 0
28
20 0 0 0.70
0 fresh 0 0 0
5 0 0 0.83
14
CH 20 0.57 0 0
5 0 0 0
28
20 0 0 0
0 fresh 0 0 0.60
5 0 0 0
14
WL 20 0 0 0
5 0 0 0.47
28
20 0 0 0
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Table 3 — contd.

1 3 | 4 5 6

P-value

G <0.05 - 0.9378
STI 0.2199 - 0.5032
STE 0.2199 - 0.3735
G x STI 0.6687 - 0.2603
G x STE <0.05 - 02977
STI x STE 0.3031 - 0.6157
G x STI x STE 0.7759 - 0.2411
SEM 0.644 - 0.0634

CFU - colony forming units, G — genotype; STI — storage time; STE — storage temperature; EC — Escherichia coli, ENT — Enterococcus, TNM — total
number of microorganisms, CGS — Czech Golden Spotted hen; GP — Greenleg Partridge; CH — commercial hybrid; WL — White Leghorn; SEM — standard
error of mean; Values with significance of P<0.05 were considered as significant.

Table 4. Effect of genotype, storage time and temperature on egg weight and eggshell quality parameters

G STI (days) (STC]"; ]?:)’ (f/f) (nslzl) SST (N/em?) @ O%Imﬂ (csni)
1 2 3 4 5 6 7 8 9
CGS 56.42 b 9.45 ab 0.306 ab 4270 a 7.74 ab 68.83 ab
GP 55.77b 8.90 ¢ 0.292b 34.60 ¢ 7.26¢ 68.30 b
CH 57.97a 9.25b 0.307 ab 38.53 b 7.65b 70.08 a
WL 55.85b 9.72a 03142 38.34b 7.94a 68.36 b
0 57.96 a 9.19b 0.309 a 39.09 7.59b 70.08 a
14 56.52b 9.22b 0.297 b 38.05 756 b 68.90 ab
28 55.76 ¢ 9.51a 0311a 38.65 7.76a 68.28 b
fresh 57.96a 9.19b 0.309 a 39.09 7.59b 70.08 a
5 56.81 b 9.23 b 03102 38.19 7.78a 69.14b
20 5547¢ 9.50 a 0.297 b 38.51 7744 68.05 ¢
0 fresh 57.67 9.32 0311 43.42 7.69 69.84
5 56.80 9.26 0.306 4139 7.60 69.13
CGS 14
20 55.88 9.58 0.292 42.76 7.82 68.39
5 57.35 9.23 0.309 273 7.61 69.58
28 20 54.43 9.87 0313 43.20 7.99 67.20
0 fresh 56.83 8.79 0.296 34.79 7.22 69.16
5 56.86 8.79 0.300 34.36 7.20 69.19
GP 1 20 55.38 8.85 0.285 33.40 721 67.98
s 5 55.99 8.89 0.292 35.74 7.27 68.48
20 53.79 921 0.287 34.73 743 66.68
0 fresh 60.19 9.03 0.309 41.09 7.56 71.87
5 58.98 8.75 0.300 35.68 7.27 70.91
CH 1 20 57.68 9.03 0.277 37.38 7.46 69.85
5 58.15 9.25 0.319 37.55 7.66 70.22
28 20 54.86 10.16 0.330 40.06 8.25 67.55
0 fresh 57.17 9.60 0.319 37.08 7.90 69.43
5 54.36 9.87 0.326 39.52 7.98 67.12
WL 1 20 56.22 9.68 0.292 39.94 7.92 68.66
5 56.01 9.82 0.331 38.55 8.02 68.48
2 20 55.50 9.65 0.306 36.60 7.86 68.07
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Table 4 — contd.

1 4 5 6 7 8 9
P-value
G <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
STI <0.05 <0.05 <0.0001 0.4425 <0.05 <0.05
STE <0.0001 <0.05 <0.0001 0.6771 <0.05 <0.0001
G x STI <0.05 <0.05 <0.05 0.1997 <0.05 <0.05
G x STE <0.05 <0.05 <0.05 0.4383 <0.05 <0.05
STI x STE <0.05 0.0715 <0.05 0.6828 0.2528 <0.05
G x STI x STE 0.7695 0.6368 0.4429 0.9010 0.6321 0.7692
SEM 0.150 0.042 0.002 0.370 0.033 0.122

G — genotype; STI — storage time; STE — storage temperature; EW — egg weight; ESW — eggshell weight; SP — eggshell proportion; ST — eggshell thick-
ness; SST — eggshell strength; SI — eggshell index; SS — eggshell surface; CGS — Czech Golden Spotted hen; GP — Greenleg Partridge; CH — commercial

hybrid; WL — White Leghorn; SEM — standard error of mean; Values with significance of P<0.05 were considered as significant.

Table 5. Effect of genotype, storage time and temperature on egg weight loss after 7, 14, 21 and 28 days from the initial EW

G STI STE EWL (in %)
(days) )
after 7 days after 14 days after 21 days after 28 days
1 2 3 4 5 6 7
CGS 0.95 1.77 ab 2.68 ab 3420
GP 0.87 1.60 b 248D 3400
CH 0.95 1.84a 296 a 395a
WL 1.00 1.74 ab 2.73 ab 3.58 ab
0 _ _ _ _
14 0.87b 1.79 - -
28 1.02a 1.69 2.71 3.59
fresh - - - -
5 0.59b 0.99 b 1.43b 1.93b
20 1.30a 249 a 4.00 a 524a
0 fresh - - - -
5 0.50 ef 0.97 - -
cGs 14 20 1.26 ab 2.64 - -
5 0.80 de 0.86 1.24 1.60
2 20 1.25 ab 2.60 4.12 5.23
0 fresh - - - -
5 0.52 ef 1.06 - -
GP 14 20 1.24 abc 2.17 - -
5 0.49 ef 0.95 1.45 1.93
2 20 1.24 abc 221 3.50 4.87
0 fresh - - - -
5 0.25f 0.94 - -
CH 1 20 1.42a 293 - -
5 0.90 cd 1.01 1.46 2.10
28 20 1.21 abe 2.49 4.47 5.81
0 fresh — - - -
5 0.27f 1.02 - -
WL 1 20 1.46 a 2.57 - -
5 0.97 bed 1.11 1.57 2.09
28 20 1.29 ab 2.28 3.90 5.06
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Table 5 — contd.

1 2 E 4 5 6 7
P-value
G 0.5521 <0.05 <0.05 <0.05
STI <0.05 0.1506 - -
STE <0.0001 <0.0001 <0.0001 <0.0001
G x STI 0.3867 0.8792 0.0648 0.1825
G x STE 0.8369 <0.05 - -
STI x STE <0.0001 0.2374 - -
G x STI x STE <0.05 0.2720 - -
SEM 0.037 0.055 0.122 0.155

G — genotype; STI — storage time; STE — storage temperature; EWL — egg weight loss; CGS — Czech Golden Spotted hen; GP — Greenleg Partridge; CH
— commercial hybrid; WL — White Leghorn; SEM — standard error of mean; Values with significance of P<0.05 were considered as significant.

Microbial contamination

Regarding the eggshell contamination (Table 1), the
effect of genotype was found to be statistically signifi-
cant in all three observed groups of microorganisms. The
significantly lowest contamination of eggshell by EC
was in eggs from the WL hens (4.42 log CFU/eggshell),
while from ENT was in eggs from the CGS hens (1.22
log CFU/eggshell) and from the WL hens (1.40 log CFU/
eggshell). The lowest incidence of TNM was also detect-
ed in eggs from the WL hens (5.03 log CFU/eggshell).
These data obviously show that in terms of genotype,
WL hens achieved the most favourable results compared
to other selected genotypes. The effect of storage time
on eggshell contamination was determined as significant
only in contamination by ENT bacteria, where the lowest
level of contamination was found in eggs stored for 28
days (1.16 log CFU/eggshell). However, the decreasing
trend of the eggshell contamination with the increasing
storage time was detected in all evaluated groups of mi-
croorganisms (EC, ENT and TNM). This trend was regu-
lar in contamination by ENT and TNM, while irregular
in contamination by EC. When comparing the effect of
storage temperature on microbial contamination of the
eggshell, the contamination by ENT and by TNM were
calculated as statistically significant. The lowest levels
were found in eggs stored at 20°C, specifically 1.12 log
CFU/eggshell for ENT and 5.00 log CFU/eggshell for
TNM. The level of microbial contamination regularly
decreased with the increasing storage temperature in
all monitored groups of microorganisms. Furthermore,
there were several interactions calculated as significant.
Specifically, the interaction between genotype and stor-
age temperature in contamination by ENT and TNM and
the interaction between storage time and temperature in
contamination by TNM. The statistically lowest eggshell
contamination by ENT was determined in eggs from the
CGS hens stored at 20°C (0.20 log CFU/eggshell) and the
highest in fresh eggs from the CH hens (3.36 log CFU/
eggshell). The lowest incidence of TNM on eggshell was
determined in eggs from the GP hens stored at 20°C (4.16
log CFU/eggshell) and the highest in fresh eggs from CH

hens (6.56 log CFU/eggshell). In terms of the interaction
between storage time and temperature, which was found
significant only in contamination by TNM, the low-
est value was found in eggs stored for 28 days at 20°C
(4.42 log CFU/eggshell) and the highest in fresh eggs
(6.06 log CFU/eggshell).

The microbial contamination of eggshell membranes
(Table 2) was significantly affected by genotype (TNM)
and storage time (EC and TNM). Statistically the low-
est contamination of eggshell membranes by TNM was
found in eggs from the WL (0.12 log CFU/eggshell
membranes) and CH hens (0.15 log CFU/eggshell mem-
branes). When considering the effect of storage time,
the significantly lowest contamination of eggshell mem-
branes by EC was found in fresh eggs (not detected)
and in eggs stored for 28 days (0.07 log CFU/eggshell
membranes). Storage time significantly affected the con-
tamination by TNM, where the lowest incidence of mi-
croorganisms in eggshell membranes was found in eggs
stored for 28 days (0.23 log CFU/eggshell membranes)
and in fresh eggs (0.28 log CFU/eggshell membranes).
The statistically significant interaction between genotype
and storage time was determined in contamination by
TNM, where the lowest value was detected in eggshell
membranes from the WL eggs stored for 28 days (not
detected) and from the CH fresh eggs (not detected). Vice
versa, the highest value was detected in eggshell mem-
branes from the CGS and GP hens stored for 14 days
(1.45 and 1.41 log CFU/eggshell membranes).

The genotype and interaction between genotype and
storage temperature were determined as significant in
microbial contamination of albumen by EC (Table 3).
Regarding the effect of genotype, the GP (not detected)
and WL (not detected) hens had eggs with statistically
the lowest occurrence of EC bacteria in albumen. The
interaction between genotype and storage temperature
showed that the lowest contamination of EC in albumen
was in eggs from all storage temperature groups from the
GP and WL hens (not detected). Moreover, fresh eggs
from the CGS and CH hens and eggs from the CH stored
at 5°C had also the same level of contamination by EC
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(not detected). On the other hand, the highest contamina-
tion of albumen was in eggs from the CGS hens stored at
a temperature of 5°C (1.18 log CFU/albumen).

Egg weight and eggshell quality parameters

The significant effects of genotype, storage time and
temperature were determined in EW and in some egg-
shell quality parameters (Table 4). Moreover, signifi-
cant interactions were calculated as well. The EW and
all observed eggshell parameters were significantly af-
fected by the genotype. The heaviest eggs were from the
commercial hybrid hens (57.97 g). The highest value of
the SP (9.72%) and the ST (0.314 mm) was determined
in eggs from the WL hens. The strongest eggshells were
from the CGS hens (42.70 N/cm?). The highest value of
the SI was from the WL hens (7.94 g/100 cm?). The last
eggshell parameter, which was significantly influenced
by genotype was the ESS and the highest was in eggs
from the CH hens (70.08 cm?). The effect of storage
time was determined as significant in the EW, SP, ST,
SI and SS. The heaviest eggs were fresh eggs (57.96 g).
The highest value of the SP was found in eggs stored for
28 days (9.51%). The ST value was determined highest
in eggs stored for 28 days (0.311 mm) and in fresh eggs
(0.309 mm). Storage time had also a significant effect
on the SI, which was found as highest in eggs stored for
28 days (7.76 g/100 cm?). The highest value of the SS
was found in fresh eggs (70.08 cm?). The effect of stor-
age temperature was statistically significant in exactly
the same parameters as the effect of storage time. Sig-
nificantly heaviest eggs were fresh eggs (57.96 g). The
SP was found to be the highest in eggs stored at 20°C.
The highest value of the ST was in eggs stored at 5°C
(0.310 mm) and fresh eggs (0.309 mm). The SI was de-
termined to be the highest in eggs stored at 5°C (7.78
g/100 ¢cm?) and at 20°C (7.74 g/100 cm?). The highest
value of the SS was determined in fresh eggs (70.08 cm?).

The interactions between genotype and storage time
and between genotype and storage temperature were
calculated as being significant in the same parameters,
specifically in the EW, SP, ST, SI and SS. Regarding
the interaction between genotype and storage time, the
heaviest eggs were fresh eggs from CH hens (60.19 g),
while the lightest eggs were eggs from the GP hens
stored for 28 days (54.89 g). The highest value of the
interaction between genotype and storage time in SP was
calculated in eggs from the WL hens stored for 14 days
(9.77%) and the lowest in fresh eggs from the GP hens
(8.79%) and in eggs from the GP and CH hens stored for
14 days (8.81 and 8.88%, respectively). The same inter-
action significantly affected ST, where the thickest egg-
shell was in eggs from CH hens stored for 28 days (0.325
mm) and the thinnest eggs from CH stored for 14 days
(0.289 mm) and eggs from the GP hens stored for 28 and
14 days, respectively (0.290 and 0.292 mm, respectively).
The interaction between genotype and storage time was
determined also in SI, where the highest value was found
in eggs from CH hens stored for 28 days (7.95 g/100

cm?) and the lowest in eggs from the GP hens stored for
14 days (7.21 g/100 cm?). The last eggshell parameter that
was significantly affected by this interaction was SS. The
significantly highest value of SS was in fresh eggs from
the CH hens (71.87 cm?), while the lowest was in eggs
from the GP hens stored for 28 days (67.58 cm?). The
significant effect of the interaction between genotype and
storage temperature was found in EW. The heaviest eggs
were fresh eggs from the CH (60.19 g), while the lightest
eggs were eggs from the GP stored at 20°C (54.59 g).
In terms of the interaction between genotype and stor-
age temperature, SP was calculated as significant, where
the highest value was determined in eggs from the WL
hens stored at 5°C (9.84%) and the lowest value in fresh
eggs from the GP hens (8.79%) and eggs stored at of
5°C (8.83%). As mentioned before, the statistically sig-
nificant effect of this interaction was calculated also in
ST, where the thickest eggshells were in eggs from the
WL hens stored at 5°C (0.329 mm) and the thinnest were
in eggs from the GP hens stored at 20°C (0.286 mm).
The significantly highest value of SI was found in eggs
from the WL hens stored at 5°C (8.00 g/100 c¢cm?) and
the lowest in eggs from all storage temperature groups of
eggs (fresh, 5°C and 20°C) from the GP hens (7.22, 7.24
and 7.32 g/100 cm?, respectively). The last eggshell pa-
rameter influenced by the interaction between genotype
and storage temperature was SS. The highest value was
calculated in fresh eggs from the CH hens (71.87 cm?)
and the lowest in eggs from the GP hens stored at 20°C
(67.33 cm?). Moreover, the interaction between storage
time and storage temperature was determined in EW,
ST and SS. The heaviest eggs were fresh eggs (57.96 g),
while the lightest were eggs stored for 28 days at 20°C
(54.64 g). The ST was significantly the highest in eggs
stored for 28 days at 5°C (0.312 mm) and 20°C (0.309
mm), fresh eggs (0.309 mm) and eggs stored for 14 days
at 5°C (0.308 mm). Vice versa, the statistically thinnest
eggshell was found in eggs stored for 14 days at 20°C
(0.286 mm). The last parameter, where the significant in-
teraction between storage time and storage temperature
was calculated, was SS. The highest value of SS was in
fresh eggs (70.08 cm?) and the lowest was in eggs stored
for 28 days at 20°C (67.37 cm?).

Regarding the EWL, significant effect of genotype,
storage time, storage temperature and their mutual inter-
actions were calculated (Table 5). Statistically signifi-
cant effect of genotype on EWL was found in eggs after
14, 21 and 28 days of storage. The lowest EWL at the
end of the storage period was in eggs from GP and CGS
hens (3.40 and 3.42%, respectively) and the highest in
eggs from CH hens (3.95%). As expected, the effect of
storage time and storage temperature influenced EWL.
Specifically, EWL regularly increased with storage time
and simultaneously, higher EWL was determined in eggs
stored at 20°C compared to 5°C. Significant interaction
between storage time and temperature was found in EWL
in eggs after 7 days of storage, where the highest EWL
was found in eggs stored for 14 and 28 days at 20°C (1.35
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and 1.32%, respectively) and the lowest in eggs stored
for 14 days at 5°C (0.39%). Significant interaction be-
tween genotype and storage temperature was determined
in EWL in eggs after 14 days of storage, where the high-
est EWL was found in eggs from CH hens stored at 20°C
(2.71%) and the lowest in eggs from CGS, CH, GP and
WL hens all stored at 5°C (0.92, 0.98, 1.01 and 1.06%,
respectively). The only significant three-way interaction
among genotype, storage time and storage temperature
for EWL was calculated in eggs after 7 days of storage.
The only three-way interaction (among genotype, storage
time and temperature) in EWL, which was calculated as
statistically significant, was found in eggs after 7 days of
storage, where the highest EWL was in eggs from WL
and CH hens stored for 14 days at 20°C (1.46 and 1.42%,
respectively) and the lowest was in eggs from CH and
WL hens stored for 14 days at 5°C (0.25 and 0.27 %,
respectively).

Discussion

The effect of storage time or storage temperature on
microbial contamination, respectively on microbial pen-
etration into the egg content was previously observed by
a number of studies, for example by Stepien-Pysniak
(2010) and Vickova et al. (2018). However, the effect of
genotype was not studied in as much depth as other fac-
tors. Authors such as De Reu et al. (2008) and Englmaier-
ova et al. (2014) usually focus on the effect of different
housing systems, but not on the effect of genotype. Nev-
ertheless, Jones et al. (2004) carried out a study, where
the effect of genotype on microbial contamination of
eggs was not only observed, but also confirmed. Moreo-
ver, these authors concluded that genetic selection has
negatively affected the resistance of eggs to microbial
contamination and penetration through the eggshell dur-
ing the storage time. This statement can be supported by
the findings of our study, where the differences in the mi-
crobial contamination and penetration among the geno-
types were found. Specifically, the results showed the
most favourable values for eggs from WL hens, where
the statistically lowest eggshell contamination was found
in all monitored groups of microorganisms and also the
lowest in contamination of eggshell membranes and al-
bumen, when values were significant. Vice versa, the
worst results were found in eggs from the CGS hens,
which may have been caused by the fact that these hens
belong to genetic resources of the Czech Republic and
the selection is based on their exterior signs. These find-
ings can be supported by the previously mentioned state-
ment from Jones et al. (2004), which claims that geno-
type has an effect on microbial contamination of eggs.
Jones et al. (2015) add that the higher contamination and
subsequent penetration might be caused also by the be-
havioural patterns, for example by behaviour connected
to oviposition. They found out that the higher contamina-
tion occurs in eggs laid on the floor compared to nest

boxes. However, that is not the case of our study, because
there were only eggs used from nest boxes. Furthermore,
Kusuda et al. (2011) observed the diversity in the cuticle
structure among different avian species including the
Japanese quail (Coturnix japonica), Red Junglefowl
(Gallus gallus), Greater Flamingo (Phoenicopterus ru-
ber roseus), White Pelican (Pelecanus onocrotalus) and
Humboldt Penguin (Spheniscus humboldti). The eggshell
cuticle represents the first defensive barrier of the egg to
avoid penetration of undesirable pathogens into the egg-
shell content. The thickness of the cuticle and its cover-
age on the eggshell surface are traits that are heritable
(Kulshreshtha et al., 2018). The results of Kusuda et al.
(2011) indicated that the differences in cuticle structure,
coverage and functionality occurred in different avian
species. Therefore, the same pattern could possibly work
for different genotypes of hens. When considering the ef-
fect of genotype, the microbial contamination of eggshell
membranes and albumen did not show corresponding
values to the contamination of the eggshell surface. Spe-
cifically, there was almost no detection of penetration of
microorganisms into the egg content in the eggs from CH
hens despite a high initial contamination of egg surface.
Conversely, microorganisms (especially EC and TNM)
occurred in egg content of eggs from native breeds. These
results may suggest a better antimicrobial defence of
eggshell membranes, respectively of albumen. The study
from Lewko and Gornowicz (2009) supports this state-
ment, because they found differences in the content and
activity of lysozyme among different hen genotypes. Ac-
cording to You et al. (2010) lysozyme is the most repre-
sented (the content of lysozyme in albumen is 3.5%) and
the most effective tool of albumen against the contamina-
tion of egg content by pathogens. Lysozyme is included
not only in albumen, but also in eggshell membranes and
in eggshell itself (Hincke et al., 2000). Furthermore,
lysozyme is effective especially against gram-positive
bacteria (Hincke et al., 2000), so the low levels of ENT
bacteria (gram-positive) observed in this study compared
to other groups might be caused by the activity of
lysozyme. VIckova et al. (2019) add that ovotransferrin
and ovalbumin are other proteins that play an essential
role in terms of the antimicrobial defence of albumen and
that ovotransferrin concentration is influenced by genet-
ics. This also supports the idea of different level of anti-
microbial defence of eggs from different hen genotypes.
Furthermore, the findings of VI¢kova et al. (2018) also
concluded that the level of contamination of eggshell and
penetration into egg content by ENT was lower in com-
parison with EC and TNM. Despite the highest initial
contamination of eggshell surface of eggs from CH hens,
the occurrence on the eggshell membranes and in albu-
men was statistically or numerically the lowest compared
to native breeds. Considering the discussed literature, the
results of this study may indicate that eggs from CH hens
are less prone to microbial penetration through the egg-
shell or that these hens produce eggs with better antimi-
crobial defence. The results of various studies (Park et
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al., 2003; Aygun and Sert, 2013 a and Vickova et al.,
2018) showed the decrease of microbial contamination of
eggshell surface with the increasing storage time regard-
less of the origin of the microorganisms. This is in ac-
cordance with the findings of our study, where the lowest
levels of microbial contamination were found in eggs
stored for 28 days, when significant. The statistically
highest incidence of microorganisms on the eggshell
membranes was detected in the eggs stored for 14 days,
with the exception of ENT, where the effect of storage
time was non-significant and the values were very low.
Very similar results were achieved by Vickova et al.
(2018) including the overall low contamination by ENT,
but their results were not statistically significant. Never-
theless, the similar trends of the results are obvious. The
same trend relates to contamination of albumen, but our
results were statistically non-significant and the values
were lower compared to contamination of eggshell mem-
branes. The reason why the ENT values are usually low
was already discussed above. Regarding the effect of
storage temperature on microbial contamination of eggs,
the higher temperatures are less favourable than the low-
er temperatures from the perspective of egg quality and
safety (Theron et al., 2003). The ideal temperature for the
growth of EC bacteria ranges from 20 to 37°C. The high-
er the temperature (when the range from 20 to 37°C is
taken into account), the faster the growth (Farewell and
Neidhardt, 1998). The range of temperatures where ENT
bacteria are capable of growing, varies, the optimal tem-
perature for ENT growth is 42.7°C, the minimum is
6.5°C and the maximum is 47.8°C (Fisher and Phillips,
2009). The significant effect of storage temperature was
found only in the contamination of egg surface. The
highest contamination levels were found in fresh eggs
compared to eggs stored at two different temperatures
(5 and 20°C), which corresponds with the storage time
and decreasing trend of microorganisms with extended
storage time. The only significant difference between the
two observed temperatures was found in eggshell con-
tamination by ENT, where lower values were detected in
eggs stored at 20°C. Other differences between these
storage temperatures were determined as non-significant.
The similar growth of observed microorganism groups in
both storage temperatures could be caused by the fact
that the temperatures (5 and 20°C) are far from the ideal
temperature for growth so therefore there was not any
significant difference detected between these storage
temperatures. The calculated interactions between geno-
type and storage time, respectively storage temperature,
reflect the individual relationship of the specific genotype
to the storage conditions (time or temperature). These in-
teractions should be further studied to draw substantiated
conclusions. However, an interesting interaction between
storage time and storage temperature was detected in
eggshell contamination by TNM. This interaction re-
vealed that the best results of the combination of storage
time and storage temperature regarding the eggshell con-
tamination, was storage for 28 days at 20°C, which is

controversial because of a generally known fact that the
egg quality deteriorates with prolonged storage time.

The importance of eggshell quality is multilateral,
it represents the protection of egg content against mi-
crobial contamination in terms of food safety (Zaheer,
2015), respectively in terms of hatchability in hatching
eggs (Yamak et al., 2016). Another substantial effect
of eggshell is connected to the economics, because the
eggs with damaged eggshell represent from 6 to 8% of
overall egg production (Bain et al., 2006). Usually, the
eggshell quality is defined by its weight, proportion and
thickness (Messens et al., 2005). Bain et al. (2006) con-
sider also the strength as the one of the most essential
eggshell quality parameters. Eggs with thinner eggshells
are more likely to be penetrated by pathogenic micro-
organisms (Messens et al., 2005). Moreover, the cuticle
contributes to the eggshell thickness according to Kusuda
etal. (2011). The significance of cuticle regarding the mi-
crobial contamination was discussed above in detail. The
effect of genotype on EW and various eggshell quality
parameters was previously confirmed by various authors
such as Zita et al. (2009), Khatun et al. (2016) and Kraus
et al. (2020). Also, a large number of studies (e.g. Akter
et al., 2014; Krawczyk and Sokotowicz, 2015; VI¢kova
et al., 2019) that were focused on the effect of storage
conditions (storage time, storage temperature or both),
was carried out in the past. The inconsistencies in some
results among the studies could be caused by the different
use of genotypes, storage times, and storage temperatures
and also by other factors, such as housing systems, feed
mixtures etc. However, our results predominantly corre-
spond to the general and previously confirmed facts and
trends. The interactions of EW and eggshell parameters
between genotype and storage time or storage tempera-
ture are to a large extent influenced by the individuality
of each specific genotype (same as for the interactions of
microbial by various microorganisms). Nevertheless, the
interaction between storage time and temperature, which
could reveal some trends, was calculated in EW, ST and
SS. The results of this interaction in EW and SS were
exactly the same, the highest values were determined in
fresh eggs and the lowest in eggs stored for 28 days at
20°C. This is probably caused by the fact that EW values
are used for the calculation of SS. Lee et al. (2016) con-
firmed the same trends in EW and also found the inter-
action between storage time and temperature as signifi-
cant. Specifically, these authors determined the decrease
with an extended storage time and the decrease with an
increased storage temperature. The interaction between
storage time and temperature in ST showed that the low-
est value of ST was found in eggs stored for 14 days at
20°C. Samli et al. (2005) also found the significant effect
of this interaction on ST, but the trend is not as obvious
as in the EW or SS.

The effect of storage conditions on EWL was previ-
ously studied by a large number of authors, such as Sert
et al. (2011), Aygun and Sert (2013 b) and Brodacki et
al. (2019). Specifically the study from Aygun and Sert
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(2013 b) focused on the comparison of two storage treat-
ments (control and vacuum) during different storage
times and temperatures. The results of their study, same
as the results of this study, showed that prolonged stor-
age time and higher storage temperature (storage tem-
peratures 5 and 22°C were studied) negatively influences
EWL. Brodacki et al. (2019) concluded that the use of
lower storage temperatures is more suitable for egg stor-
age because it prolonged the shelf life of eggs, which is
in accordance with the results of our study.

Conclusion

The most essential finding of this study is that there
were significant differences in microbial contamination
of egg surface among observed hen genotypes. The pen-
etration of selected microorganisms was also significant
in contamination of eggshell membranes by TNM and
in contamination of albumen by EC. Regarding these re-
sults, breeders should focus not only on the performance
parameters of hens, but also on the ability of eggs to re-
sist the microbial contamination and penetration during
storage because of the safety of eggs.

Specifically, regarding the effect of genotype on mi-
crobial contamination and penetration, it can be con-
cluded that WL hens achieved the best results among the
selected genotypes based on the obtained results. Re-
garding the effect of storage time, from the results it is
obvious that in terms of microbial contamination it is
suitable to store eggs for 28 days, but on the other hand
it is not compatible with quality and especially with the
freshness of egg content. These results confirm the gen-
erally known fact that the level of eggshell contamina-
tion decreases with time. In terms of storage tempera-
ture, there were not enough significant results calculated
to make any statement. Furthermore, there were several
two-way interactions calculated as statistically signifi-
cant (G x STI, G x STE and STI x STE), nevertheless
there were not any patterns found so it is impossible to
draw any conclusions. Only the interaction between stor-
age time and storage time and temperature showed in-
teresting results, where the lowest contamination of egg-
shell was determined in eggs stored for 28 days at 20°C.
Speaking of the egg weight and egg quality parameters,
it is impossible to unequivocally choose the best geno-
type. However, the results of eggs from WL hens seem
to be the best overall. The most notable changes caused
by storage time and temperature were found in EW (and
logically in SP, which is in direct relationship with EW).
The higher the storage time (storage temperature, resp.)
was, the lower the EW was. The results of SP were ex-
actly the opposite. Based on the findings of this study, it
can be recommended to store eggs at lower storage tem-
peratures for a short time to avoid high EWL. Regarding
the genotype, the lowest EWL during the storage time
was achieved in eggs from GP hens, followed by eggs
from CGS hens.
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The objective of this study was to assess egg quality parameters for the whole laying period depending on oviposition time and
breed of Czech and Slovak native breeds of laying hens. Besides, to determine the differences between selected breeds in laying
pattern, related to the oviposition place. Furthermore, biochemical blood parameters were measured at the end of the study. A total
of 60 pullets at the age of 20 weeks were divided according to the breed. Each treatment consisted of 3 replications of 10 laying
hens. The eggs were collected every day, at 6:00, 10:00 and 14:00 and the number of eggs was recorded for each oviposition time
interval (from 14:00 to 5:59, from 6:00 to 9:59 and from 10:00 to 13:59). Moreover, the oviposition place (inside and outside the nest)
and the number of eggs in particular place were recorded. In addition, blood samples were collected. Significantly heavier eggs
were laid between 10:00 and 13:59 than between 6:00 and 9:59 h (52.44 vs. 51.39 g, resp.). Haugh units were highest in eggs from
Czech golden spotted hens that were laid between 6:00 and 9:59 h and in eggs from Oravka hens that were laid between 6:00 and
9:59 h and between 10:00 and 13:59 h. Significantly lower content of yolk cholesterol was found in Czech golden spotted hens
compared to Oravka hens (10.64 vs. 11.22 mg g, resp.). The Czech golden spotted hens had significantly higher level of glucose in
blood serum than Oravka hens (16.47 vs. 14.03 mmol I}, resp.). The Czech golden spotted hens, gene reserve of the Czech Republic,
are not yet sufficiently described in scientific literature, which highlights the importance of this study.

Keywords: cholesterol, egg-laying, Czech golden spotted hen, Oravka hen, oviposition

1 Introduction acids, including alpha-linolenic acid (omega-3) and

Nowadays, eggs belong to the most favourite animal linoleic acid (omega-6), are essential for health. One
productsandthereasonsfortheirpopularityarenumerous €99 contains approximately 70 mg of omega-3 fatty
(Lesnierowski & Stangierski, 2018). In terms of nutritional ~ acids. They are formed by metabolization of linoleic
value, eggs represent a great source of all basic nutrients  acid, arachidonic, alpha-linolenic, eicosapentaenoic
and apart from that dispose of many characteristics, (EPA) and docosahexaenoic (DHA). EPA and DHA play
which have a positive effect on human health status an important role in prevention of cardiovascular
(lannotti et al., 2014). Specifically, eggs contain high- diseases and furthermore have a positive impact against
quality proteins that are composed of balanced number  infections (Sparks, 2006). Cholesterol belongs among
of amino acids, such as histidine, isoleucine, leucine, the substantial egg constituents. The average amount
methionine, phenylalanine, threonine, tryptophan, and ~ ©f cholesterol in one egg, precisely in one egg yolk is

valine (Zaheer, 2015). Another important nutritional 200 mg. It is an important component as it influences
component of eggs are lipids. Polyunsaturated fatty the function of steroid hormones, vitamin D and works
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as a precursor for bile to absorb and digest fat. Eggs are
also a rich source of vitamins and minerals. Finally yet
importantly, eggs are a source of antibodies IgY that are
effective against bacterial and virus infections (Zaheer,
2015).

There is a large number of factors, which have an
impact on internal and external egg quality. Scientific
studies usually focus their attention on the effect
of breed (genotype, resp.), age of animals, nutrition
(Tang et al., 2015) housing system (Zita et al, 2018),
storage conditions (VI¢kova et al., 2019) and microbial
contamination (Krunt et al.,, 2021). However, there are
other factors that affect egg quality and one of them
is oviposition (Hrn¢ar et al,, 2013; Tdmova et al., 2017;
Shaker et al., 2019). According to Timova et al. (2017)
time of the oviposition is an important factor and
influences especially egg weight and eggshell quality
parameters. Apart from the oviposition time, attention
should be also directed towards oviposition place
(Oliveira et al.,, 2019). Regarding the effect of genotype,
the use of native breeds is still decreasing in favour of
commercial hybrids, who achieve higher production.
Therefore, breeding of native hens is dependent
especially on small and hobby farmers (Krawczyk et
al, 2011). The programs for the conservation of animal
genetic resources also contribute significantly to preserve
native breeds (Belew et al, 2016). Both, the Czech
golden spotted and Oravka hens belong into genetic
resources of the country of its origin, Czech Repubilic,
and Slovakia (Kraus et al., 2021). Protection of native
breeds is important because of the high adaptability and
resistance of these animals in local conditions (Begli et al.,
2010) and for keeping valuable genes (Belew et al., 2016).
Biochemical blood parameters describe the health status
and point out any changes in organism, which may have
nutritional, physiological, or even pathological character
(Koronowiczetal., 2016). These parameters may influence
not only health of the animals, but also their production
(Pavlik et al., 2007).

The main objective of this study was to assess egg quality
parameters for the whole laying period depending
on oviposition time and breed of Czech and Slovak
native breeds of laying hens. Besides, to determine the
differences between selected breeds in laying pattern,
related to the oviposition place. Furthermore, measure
and evaluate biochemical blood parameters at the end
of the study.

2 Material and methods

The experiment was authorized by the Ethical Committee
for Animal Experimentation of Czech University of Life
Sciences Prague.

2.1 Animals and management

Two native breeds of hens were included in present study,
the Czech golden spotted (CGS) hen and the Oravka (OR)
hen. Floor pens with litter, which met the criteria set by
Council Directive 1999/74/EC, were used as housing
systems. The housing system design and equipment
were made according to Kraus et al. (2021). A total of 120
pullets were obtained from the breeding facility at the
age of 20 weeks and immediately divided according to
the breed (60 pullets per breed). Each treatment consisted
of 3 replications of 20 laying hens. The environmental
conditions were controlled and maintained same for all
animals. The temperature was kept between 18 °C and
20 °C and humidity between 50 and 60% throughout the
whole study. Hens from 20 weeks of age were provided
with 14 hours of light, which was regularly extended
to 16 h from the 24 weeks of age. The lighting intensity
was kept between 5-10 Ix. Regarding the feeding, it was
provided by commercial feed mixtures. Hens from the
age of 20 weeks, feed mixture labelled as N1 was used
and contained 16.71% of crude protein (CP) and 11.40 MJ
of metabolizable energy (ME) and hens from the age of
42 weeks feed mixture labelled as N2 was used (15.41%
of CP, 11.48 MJ of ME). Access to both, feed and water was
ad libitum for the duration of the whole study.

2.2 Egg quality and blood analysis

The collection of eggs for the purpose of the study
started when hens were 24 weeks old and finished when
hens were 64 weeks old. The eggs were collected every
day, three times a day, at 6:00, 10:00 and 14:00 and the
number of eggs was recorded for each oviposition time
interval (from 14:00 to 5:59, from 6:00 to 9:59 and from
10:00 to 13:59). Furthermore, the oviposition place
(inside and outside the nest) and the number of eggs in
particular place were recorded. The design of the housing
system was made according to Kraus et al. (2021). The
eggs for egg quality analysis (50 eggs from each breed
at each age) and for yolk cholesterol analysis were
collected every four weeks and the collection of eggs
was performed for 3 consecutive days to reach a required
number of eggs for the analysis. After the collection, eggs
were stored at 6 °C until the day of the analysis (24 h after
the egg collection). The yolks for cholesterol analysis
were randomly selected (5 egg yolks from each breed
at each age) from the eggs, which were used for quality
analysis. Each yolk was evaluated separately as one
sample and was evaluated in triplicate. The evaluation of
egg quality parameters included egg weight (EW), shape
index (SI), eggshell reflectivity (ESR), thickness (EST),
strength (ESST), surface (ESS), index (ESI) and proportion
(ESP), yolk colour (YC), proportion (YP) and index (YI),
cholesterol concentration in yolk (CH_Y), albumen
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proportion (AP) and index (Al), Haugh units (HU) and yolk
to albumen ratio (YAR). All measurements and devices
were used according to Kraus et al. (2021). Furthermore,
the determination of eggshell index (ESI) was calculated
according to Ahmed et al. (2005). The egg quality analysis
took place at the laboratory of the Department of Animal
Science and blood analysis took place at the Department
of Veterinary Sciences of the Faculty of Agrobiology, Food
and Natural Resources of the Czech University of Life
Sciences Prague. The effect of age was not considered in
this study, all evaluated parameters were evaluated for
the whole observed period.

Biochemical blood analysis was performed from blood
serum and the following parameters were studied:
aspartate aminotransferase (AST), total protein (TP),
albumin (ALB), glucose (GLU), triacylglycerol (TAG),
cholesterol (CHOL), high-density lipoprotein cholesterol
(HDL), low-density lipoprotein cholesterol (LDL),
triacylglycerol and high-density lipoprotein cholesterol
ratio (TAG_HDL), low-density lipoprotein cholesterol and
high-density lipoprotein cholesterol ratio (LDL_HDL),
non-high-density lipoprotein cholesterol (Non_HDL) and
atherogenic index (ATI). Six birds per replication from
each breed (in total, 36 animals) were randomly selected
and slaughtered for the purpose of the blood analysis.
Blood was collected into two types of tubes (each
sample): the empty sterile tubes, which were used for
all selected parameters apart from GLU and tubes with
sodium chloride, which were used for the determination
of GLU. The analysis of AST, TP, ALB, GLU, TAG, CHOL,
HDL and LDL was made according to Kraus et al. (2021).
Parameters, such as TAG_HDL, LDL_HDL was calculated
as a ratio and Non_HDL according to van Deventer et al.
(2011) and ATl according to Salma et al. (2007).

2.3 Statistical analysis

The computer application SAS (SAS Inst. Inc., Cary, NC,
USA) was used for the statistical analysis of the data.
The effect of breed and oviposition time on each of egg
quality parameters was assessed by the mixed model
using the MIXED procedure of SAS:

Yy=n+ B+ OT/,+ (B x 077”+A,7k+ A

where: Yijk - the value of trait, u - the overall mean; B, -
the effect of breed (the CGS hens and the OR
hens); OTj - the effect of oviposition time (6:00,
10:00 and 14:00); (B X ODU - the effect of the
interaction between breed and oviposition time;
A, - independent variable of the age; e, - the
random residual error

The significance of the differences among groups

was tested by Duncan’s multiple range test. The

value of P <0.05 was considered as significant for all
measurements.

Furthermore, the effect of breed on oviposition time
and oviposition place was assessed. Although the data
were repeatedly measured on two flocks of hens, they
were evaluated as independent observations. Pearson’s
chi-square tests were used in intergroup comparisons of
categorical variables. The relationship between the breed
and the choice of nest for laying was tested first. This was
followed by testing of the dependence of chosen place for
laying and time for each breed separately. P-values lower
than 0.05 were considered as statistically significant.
The phi coefficient and Cramer’s coefficient were used
to estimate the degree of dependence for four-field and
the six-field table, respectively. However, based on the
nature of our data, there was no difference between the
two coefficients. The calculations were performed using
a statistical program Statistica 12 (StatSoft, Inc., Tulsa,
Oklahoma).

3 Results and discussion

All results are shown in detail in attached tables and
figure.

3.1 External and internal egg quality regarding
the breed and oviposition time

Egg and eggshell quality parameters are presented in
Table 1, while yolk and albumen quality parameters are
presented in Table 2. The effect of breed, oviposition
time and interaction of these two factors are shown
in both tables for each parameter. Breed significantly
affected ESR, EST, ESI, ESP (Table 1), YC, YP, CH_Y, AP, Al,
HU and YAR (Table 2). The effect of oviposition time was
calculated as statistically significant in EW, SI, ESR, EST,
ESS, ESI, ESP (Table 1), YC, YI, AP, Al, HU and YAR (Table 2).
The interaction between breed and oviposition time was
significant in ESR, EST, ESST, ESI, ESP (Table 1), YC, YP, AP,
HU and YAR (Table 2).

3.2 Hens’ oviposition regarding the time, place,
and breed

The percentage of laid eggs regarding the oviposition
time and place and the interaction between oviposition
time and oviposition place of CGS hens is shown in
Table 3 and of OR hens in Table 4. The statistically
significant interaction between oviposition time and
oviposition place was found only in CGS hens (Table 3).
The preference of oviposition place regarding the breed
and ratio between total numbers of laid eggs in each
place are presented in Figure 1. Statistically significant
difference between the oviposition places (inside the
nest and outside the nest) was found only in CGS hens.
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Table 1 Egg and eggshell quality parameters regarding the breed and oviposition time
Item Parameter
Breed oviposition | EW Sl ESR EST ESST ESS ESI ESP
time (9) (%) (%) (mm) (Ncm?) (cm?) (g 100 cm?) | (%)
CGS 52.05 74.68 56.81° 0.316° 38.94 77.19 7.61° 9.53°
OR 51.78 74.53 39.89° 0.319° 39.75 76.90 7.72° 9.69°
6 51.92® 74.90° 47.41° 0.322° 39.57 77.06%° 7.80° 9.78°
10 51.39° 74.43° 49.732 0.311° 38.97 76.45° 7.51¢ 9.46°
14 52.442 74.50° 47.91° 0.319° 39.50 77.62° 7.67° 9.59%
6 52.07 74.76 55.19° 0.324° 39.33% 77.23 7.81° 9.78°
CGS 10 51.21 74.63 59.32° 0.305¢ 37.65¢ 76.25 7.36¢ 9.28¢
14 52.87 74.66 55.93° 0.319° 39.84% 78.10 7.64¢ 9.52%
6 51.77 75.04 39.63¢ 0.320% 39.81% 76.89 7.78%® 9.79°
OR 10 51.57 74.23 40.13¢ 0.317° 40.28° 76.66 7.66¢ 9.63%
14 52.01 74.33 39.90¢ 0.319° 39.15P 77.14 7.71b¢ 9.66°°
P-value
B 0.2756 0.3744 0.0001 0.0336 0.0578 0.2828 0.0005 0.0001
oT 0.0018 0.0489 0.0019 0.0001 0.4017 0.0020 0.0001 0.0001
BxOT 0.1202 0.1952 0.0156 0.0001 0.0011 0.1203 0.0003 0.0031
SEM 0.116 0.081 0.310 0.001 0.174 0.130 0.015 0.020

B - breed, OT - oviposition time, EW - egg weight, SI - shape index, ESR - eggshell reflectivity, EST — eggshell thickness, ESST — eggshell strength,
ESS - eggshell surface, ESI - eggshell index, ESP - eggshell proportion, CGS - Czech golden spotted hen, OR - Oravka hen; SEM - standard error
of the mean; P-value <0.05 means significant effect of concrete parameter. Values marked with different superscript letters for each parameter are
significantly different

Table 2 Yolk and albumen quality parameters regarding the breed and oviposition time
Item Parameter
Breed oviposition | YC YP YI CH_Y AP Al HU YAR
time (point) (%) (%) (mgg?) (%) (%) (point)
CGS 6.28° 31.20° 45.37 10.64° 59.282 8.66° 81.64° 0.53°
OR 6.13° 31.68* 45.50 11.22° 58.63° 9.34° 83.65° 0.54°
6 6.17° 31.51 44.72¢ 11.02 58.72° 8.18¢ 79.65¢ 0.54°

10 5.97¢ 31.22 46.03° 10.95 59.33° 9.52° 84.74° 0.53°
14 6.46° 31.59 45.56° 10.82 58.82% 9.29° 83.56° 0.54°

CGS 6 6.31° 31.623¢ 44.56 10.57 58.60° 7.76 78.03¢ 0.54%
10 5.93¢ 30.66¢ 45.97 10.76 60.07° 9.37 84.59° 0.51¢
14 6.60° 31.32¢ 45.57 10.60 59.16° 8.85 82.30° 0.53°

OR 6 6.04¢ 31.40° 44.88 11.47 58.83%¢ 8.60 81.26° 0.54%
10 6.01¢ 31.77% 46.09 11.15 58.59¢ 9.68 84.89° 0.55°
14 6.33° 31.86* 45.54 11.04 58.48¢ 9.73 84.81° 0.55°

P-value

B 0.0125 0.0006 0.3939 0.0323 0.0001 0.0001 0.0001 0.0001

oT 0.0001 0.0891 0.0001 0.8188 0.0028 0.0001 0.0001 0.0307

BxOT 0.0382 0.0011 0.6195 0.6746 0.0001 0.0915 0.0236 | 0.0004

SEM 0.029 0.067 0.076 0.132 0.069 0.055 0.205 0.002

B - breed, OT - oviposition time, YC - yolk colour, YP — yolk proportion, YI - yolk index, CH_Y - cholesterol concentration in yolk, AP — albumen
proportion, Al - albumen index, HU — Haugh units, YAR - yolk to albumen ratio, CGS - Czech golden spotted hen, OR - Oravka hen; SEM - standard
error of the mean; P-value <0.05 means significant effect of concrete parameter. Values marked with different superscript letters for each parameter
are significantly different
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Figure 1 Preference of oviposition place regarding the

breed and percentage of laid eggs

values marked with different superscript letters for
each  parameter are  significantly  different
(P-value <0.05)

3.3 Biochemical blood parameters regarding
the breed

Table 5 displays biochemical blood parameters of CGS
hens and OR hens. Statistically significant differences
between CGS and OR hens in blood serum were found
in GLU, TAG, CHOL, HDL, LDL, NonHDL. The rest of the
evaluated parameters did not differ significantly.

3.4 External and internal egg quality regarding
the breed and oviposition time

The effect of oviposition time on EW was previously
studied by authors such as Samiullah et al. (2016) or
Tdmova & Ledvinka (2009). However, the contrary to
the results of this study, Samiullah et al. (2016) found
out that the heaviest eggs are laid early in the day and
Tdmova & Ledvinka (2009) stated that the heaviest eggs
were laid between 14:00 at 5:59. The significant effect of
oviposition time on Sl and ESS was determined, which is
in accordance with the study from Tdmova et al. (2017).
Furthermore, Yl and Al were also significantly affected by
oviposition time, where higher values were observed at
morning eggs (laid between 6:00 and 9:59). Tdmové &
Ebeid (2005) confirmed a significant effect of oviposition
time on both parameters and found the same trend forYl,
but on the other hand, different for Al, where they found
the highest value of Al in eggs that were laid between
10:00 and 13:59 h.

In our study, the CH_Y content was affected just by
breed, while oviposition time had no significant effect,
which is in accordance with Tdmova & Ebeid (2005).
Oppositely, Abdalla & Ochi (2018) found lower CH_Y
content in the morning eggs. Genotype (or breed) has
a direct impact on several egg quality parameters
including concentration of cholesterol in egg yolk (Rizzi
& Chiericato 2010; Kraus et al., 2021). Similarly, Yang et

Table 3 Percentage of laid eggs regarding the
oviposition time and place in Czech golden

spotted hens (%)

Oviposition time Oviposition place | Number of eggs
(QT) (OP) (%)
inside 34.7%
14:00 - 5:59
outside 4.9°
inside 11°
6:00 — 9:59
outside 2.8°
inside 41.92
10:00 - 13:59
outside 4.7°
P-value
OT x OP 0.0042

values marked with different superscript letters for each parameter are
significantly different (P-value <0.05)

Table 4 Percentage of laid eggs regarding the

oviposition time and place in Oravka hens (%)

Oviposition time | Oviposition place | Number of eggs
(QT) (OP) (%)
inside 9.5
14:00 - 5:59
outside 21.8
inside 9.9
6:00 - 9:59
outside 18.1
inside 133
10:00 - 13:59
outside 27.4
P-value
QOT x OP 0.4826

values marked with different superscript letters for each parameter are
significantly different (P-value <0.05)

al. (2013) confirmed the differences in CH_Y between
breeds and added that CH_Y is dependent also on
other factors, such as EW, laying intensity or age of
hens. Kraus et al. (2021) also compared differences in
CH_Y between CGS and OR hens and discovered the
lower cholesterol content (11.06 mg g™') in eggs from
CGS hens housed on deep litter compared to eggs
from OR hens (12.18 mg g™), which is quite similar
to our results (10.64 vs. 11.22 mg g™). Consumption
of eggs is generally being linked with a higher risk
of cardiovascular diseases, especially because of the
cholesterol content. Moreover, the problematics
around the impact of cholesterol consumption is still
controversial. Specifically, Shin et al. (2013), stated that
there is no connection between egg consumption and
cardiovascular diseases. On the other hand, Zhuang
et al. (2021) concluded that intake of cholesterol is
associated with higher all-cause, cardiovascular diseases,
and even with cancer mortality.

Slovak University of Agriculture in Nitra

Faculty of Agrobiology and Food Resources

113


http://www.acta.fapz.uniag.sk


Acta fytotechn zootechn, 25, 2022(2): 109-116
http://www.acta.fapz.uniag.sk

Table 5 Biochemical blood parameters regarding the breed
Parameter Breed P-value SEM
CGS OR

AST (ukat I'") 2.76 2.83 0.7242 0.093
TP (g/1) 46.45 4347 0.3218 1.479
ALB (g ") 17.48 18.14 0.4671 0.444
GLU (mmol I 16.47° 14.03° 0.0498 0.652
TAG (mg dI) 262.85° 274.22° 0.0318 24.356
CHOL (mg dlI) 114.79° 105.65° 0.0321 4.556
HDL (mg dlI”) 168.18° 135.89° 0.0401 18.853
LDL (mgdl™) 82.24° 89.08° 0.0461 4.529
TAG_HDL 240 2.18 0.7794 0.375
LDL_HDL 0.72 0.72 0.9973 0.062
Non_HDL (mg dI"") 13.88° 20.72° 0.0313 13.995
ATI 0.90 0.87 0.7886 0.060

CGS - Czech golden spotted hen, OR - Oravka hen; SEM - Standard Error of the Mean; AST - aspartate aminotransferase, TP - total protein,
ALB - albumin, GLU - glucose, TAG - triacylglycerol, CHOL - cholesterol, HDL - high-density lipoprotein cholesterol, LDL - low-density lipoprotein
cholesterol, TAG_HDL - triacylglycerol high-density lipoprotein cholesterol ratio, LDL_HDL - low-density lipoprotein cholesterol high-density
lipoprotein cholesterol ratio, Non_HDL - non high-density lipoprotein cholesterol, ATl - atherogenic index. Values marked with different superscript

letters for each parameter are significantly different (P-value <0.05)

The two-way interaction between breed and oviposition
time was found for ESR. In general, breed or hybrid
genotype affect the ESR (Kraus & Zita, 2019). Moreover, in
terms of oviposition time, Samiullah et al. (2016) observed
the trend, where hens laid darker eggs in the morning.
Furthermore, statistically significant interactions of breed
and oviposition time were calculated for EST, ESST and ESI.
These results reflect the real value of the whole eggshell
and due to that are valuable (Tyler & Geake, 1961) and
important in terms of cracks occurrence, because Kibala
et al. (2015) found positive correlation between EST and
ESST. Concerning ESI, the highest value means smaller
crystals of CaCO3 and higher breaking strength (Ahmed
etal., 2005). Similarly to our results, Samiullah et al. (2016)
stated the reduction in the EST in eggs, which were laid
later in the morning and connected these results with
the time that eggs remain in the shell gland and does
not necessarily mean of extra calcite. On the other
hand, Tdmova & Ebeid (2005) did not observe eggshell
parameters as significant in connection with oviposition
time. Beside other parameters, Hrncar et al. (2013) studied
the effect oviposition on ESP in Brown Leghorn, Oravka
and Brahma hens and did not found any significant effect
of oviposition time on ESP with the exception of eggs
from Brahma hens, which had significantly lowest value
ESP when laid between 14:00 and 5:59. However, the
housing was the same, differences in YC could have a link
withimmune response due to carotenoids, which provide
these actions to support immune system (Moller et al.,
2000). The oviposition time could be affected by stress

in individuals, which proves a delay of laying eggs, which
influences an internal quality (Reynard & Savory, 1999).
Tadmova et al. (2017) also found significant interaction
(B x OT) for YP and AP. They observed an increase of the
values with the time of oviposition in Bovans and Moravia
hybrid strains. These results of HU are in accordance with
results from Hrncar et al. (2013), who found lower values
in eggs from Brahma hens that were laid between 6:00
and 9:59 h. Vice versa, Tamova & Ebeid (2005) discovered
higher values of HU in the afternoon eggs.

3.5 Hens’ oviposition regarding the time,
place and breed

Results of eggs laid into nests are important thanks to
their connection with better hatchability of chickens
(Keeling, 2004) or higher status of food safety, because
the most of bacteria comes from the litter on the floor
(Brandl et al., 2014). Basically, it can be expected that the
most of eggs will be laid during the morning. However,
some delay in the timing of oviposition can occur, when
stress occurs (Reynard & Savory, 1999) or when there
is not enough space to lay eggs synchronously. This
can also end in adaptation of hens and laying later or
choosing a different place to oviposit (Villanueva et al.,
2017). These authors also found differences between
brown and white laying hybrids, which varied in the live
weight as well as our hens (OR hens are heavier than CGS
hens). Another factor, which can affect the preference of
place to oviposit, is a natural tendency of hens to nest in
groups to avoid predators (Riber, 2012).
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3.6 Biochemical blood parameters regarding
the breed

GLU and TAG are energy sources, where GLU is considered
as the main energy source. Significant differences
between CGS and OR hens may be simply caused by
different body constitution or different physical activity
of particular breed (Kraus et al., 2021). Regarding the
cholesterol, Andrews et al. (1968) stated that its origin
in eggs is in blood serum. Blood serum cholesterol was
influenced by age of hens and housing system in study
of Kraus et al. (2021), who proved the negative effect
of cage housing of native breeds with an impact on
blood and yolk cholesterol. Zita et al. (2018) calculated
the correlation between concentration of cholesterol
in egg yolk and in blood serum, but the result was
non-significant. The role of cholesterol is also important
because it is a precursor of steroid hormones (Kraus et
al., 2021). Furthermore, the cholesterol fractions (LDL and
HDL) can be used for determination of the onset of CVD
(Fernandez and Webb, 2008). Non-HDL was previously
confirmed to be predictive of CVD as well (Packard &
Saito, 2004) and is considered as a superior predictor of
CVD compared to LDL (Blaha et al., 2008).

4 Conclusions

The effects of breed, oviposition time and theirinteraction
on egg quality were determined as significant in most
of the evaluated quality parameters. The preference of
CGS hens to lay eggs inside the nest was also confirmed.
Based on this finding, we can assume that CGS hens
showed less risky nest behaviour regarding the egg
quality. It can be also summarised that egg quality varied
independently with time of oviposition. The effect of
breed on blood serum parameters was calculated as
statistically significant especially in cholesterol connected
parameters. The blood serum data may help to acquire
more complete information about these native breeds.
The uniqueness and originality of this study is highlighted
using native breeds, the Czech golden spotted and the
Oravka hens, which are insufficiently explored from this
point of view.
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ABSTRACT The study aimed to assess laying perfor-
mance, growth rate, and bone quality properties of tibia
and femur bones of various genotypes of laying hens,
including determining essential element composition at
the end of the laying cycle in smallholder conditions. The
study included three genotypes of laying hens; Czech
golden spotted (CGS), White Leghorn (LE) and Domi-
nant Partridge D300 (D300) hens. In total, 180 hens
(60/genotype) were used in 3 replications (20 hens/repli-
cation). The eggs were collected to determine egg lay and
hen-day egg production. Additionally, feed consumption
was recorded to determine feed consumption per day or
egg, resp. The mortality rate was recorded. Hens were
individually weighed every 10 wk to analyze the growth
performance and body weight changes during the laying
cycle. The differences in performance characteristics were
observed as significant in all studied parameters. The

bone quality analysis consisted of the determination of
bone weight, length, width, and fracture toughness. Fur-
thermore, dry matter, ash, and selected elements, which
included boron (B), calcium (Ca), cadmium (Cd), copper
(Cu), iron (Fe), magnesium (Mg), manganese (Mn),
sodium (Na), phosphorus (P), lead (Pb), and zinc (Zn)
were assessed. Regarding the results of tibia and femur
bones, the effect of genotype was determined as signifi-
cant in all evaluated properties. In terms of element com-
position, all evaluated elements significantly differed
among the genotypes in the tibia (with one exception of
Cu) and in the femur (with one exception of Cd). In con-
clusion, our results showed that hens’ performance, pro-
duction quality, mortality and bone properties
significantly differed among genotypes under smallholder
conditions. Thus, every genotype needs to be carefully
considered, when the rearing conditions are set.

Key words: calcium, femur, magnesium, phosphorus, tibia

INTRODUCTION

The housing conditions of laying hens are nowadays a
very actual topic, mainly due to growing concerns of the
inexpert public about the welfare of farm animals
(Rahmani et al., 2019). In the EU, conventional cages
were banned in 2012 and had to be substituted by
enriched cages. The allowed alternatives are; aviaries,
litter housing, free-range housing, and organic systems,
respectively (Dikmen et al., 2016). However, the prob-
lematics around the housing systems for laying hens per-
sist because in some countries (e.g., France), many
supermarkets have announced the end of selling eggs
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from enriched cages in the following years. Moreover,
the percentage of non-cage systems use continuously
increases in the EU, from 8% in 1996 up to 51% in 2019.
Despite the fact that the number of non-cage housing
systems is currently growing in EU, there are consider-
able differences among the countries. Alternative hous-
ing systems represent less than 10% in Poland or Spain
and more than 85% in Austria, Germany, and the Neth-
erlands (Gautron et al., 2021). Smallholder farming is
common especially in developing countries, but at pres-
ent, it arises as a possible alternative in developed coun-
tries (Shuma and Gurmessa, 2021).

Generally, the process of egg-laying represents a certain
burden for the organism, which consequently deteriorates
hens’ health status during the life period (Bain et al.,
2016). Specifically, skeletal integrity declines with the age
of hens, which is especially due to the high demands of the
organism on calcium for eggshell formation during the
egg-laying period (Whitehead, 2004). Regarding welfare,
bone fractures are a serious problem in laying hens
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(Council, 2010). Alternatively housed hens have higher
bone strength than hens kept in cages (Leyendecker et al.,
2005). On the other hand, the incidence of bone fractures
is higher in alternative housing systems compared to cage
housing systems (Sandilands; 2011). Not only the inci-
dence of bone fractures but also osteoporosis (predomi-
nantly toward the end of the laying cycle) are one of the
main  welfare concerns regarding laying hens
(Eusemann et al., 2018). When the birds have bone-con-
nected problems, they decrease egg production, subse-
quently increase food intake and the mortality rises up
(Riber et al., 2018). In terms of bone quality, there are also
concerns over prolonged laying periods (Bain et al., 2016),
which nowadays become more common due to higher pro-
duction. The breeding programs are focused on high pro-
duction (Liu et al., 2018), which usually results in health
issues connected to the selection and breeding programs
should take this problem into account (Bain et al., 2016).
In addition, bone fractures cause economic losses
(Clark et al., 2008).

As a complex material, bone consists of an inorganic
part, an organic part, and water (Rodriguez-
Navarro et al., 2018). Besides, bone is a living tissue that
can be influenced by several factors, including body
weight changes, physical activity, or calcium demand
(Glimcher, 1998). Indeed, there are other significant fac-
tors, such as genotype, gender, nutrition, or the environ-
ment, that can influence bone properties and its
development (Rose et al., 1996; Talaty et al., 2009). The
bones of laying hens can be divided into 3 groups accord-
ing to the relationship to egg formation — cortical bones,
cancellous bones, and medullary bones. Cortical bones
represent dense outer parts of bones. Cancellous bones
can be generally found at the core of vertebral bones and
the ends of the long bones, such as the femur. Medullary
bones function as calcium storage for the formation of
eggshells. Hence, egg production and egg quality (pre-
cisely eggshell quality) are closely related to bone quality
and vice versa. The studies targeting specific elements’
effect and function in hens' organisms are usually focused
on macro minerals, such as calcium and phosphorus or
vitamin D3, respectively. However, the importance of
trace elements including zinc, manganese, and copper as
enzymatic cofactors related to mineralization processes
has been confirmed before (Pereira et al., 2020).

This study is one of the first of its kind hence it focuses
on the determination of element composition of tibia and
femur bones of various laying hen genotypes in detail,
which was not sufficiently studied in past, especially in
smallholder conditions. The study aimed to assess laying
performance, growth rate and bone quality properties of
tibia and femur bones of various genotypes of laying hens,
including determining essential element composition at
the end of the laying cycle in smallholder conditions.

MATERIALS AND METHODS

This study was approved by the Ethics Committee of
the Czech University of Life Sciences Prague (approval
document no. 07/2020).

Animals and Housing

The study included three genotypes of laying hens,
specifically Czech golden spotted (CGS) and White
Leghorn (LE) hens, which are native breeds of hens, and
Dominant Partridge D300 hens (D300), which belong
to the group of commercial hybrids.

CGS hens, which are gene reserves of the Czech
Republic of lightweight type, lay creamy colored eggs
with an average egg weight of around 57.5 g. CGS hens
are capable of laying up to 110 eggs per laying cycle
(Anderle et al., 2014). Hen-day egg production of CGS
hens is lower compared to commercial hybrid hens and
vary in different housing systems. Hen-day egg produc-
tion of CGS hens housed in cages reaches around 24.49%
and on litter around 30.85%. Live weight of adult CGS
hens, who are typical representatives of lightweight type
hens, can reach up to 2.0 kg (Zita et al., 2018). LE hens
lay eggs with a white eggshell color (Hanusova et al.,
2017) and an average egg weight of around 58.5 g
(Pohle and Cheng, 2009). Goraga et al. (2012) stated
that LE hens lay around 150 eggs during the laying cycle
(from 18 to 60 wk of age). According to Pohle and
Cheng (2009), hen-day egg production of LE hens may
differ from 70 to 89%. However, Jones et al. (2001), state
lower values, specifically from 56.88 to 73.38%. Another
characteristic of this breed is its body constitution, body
weight typically reaches values from 1.42 to 1.71 kg. All
these parameters depend on many factors, mainly on
hen age or housing system (Pohle and Cheng, 2009).
D300 hens are commercial hybrid hens that were bred
for high production. Laying cycle of D300 hens starts at
the age of 19 wk and ends at the age of 78 wk. During
the laying cycle, D300 hens are capable of laying around
320 white and creamy colored eggs with average weight
of 62 g. Hen-day egg production can reach up to 95 % at
its peak. Body weight of adult hens is between 1.90 and
2.00 kg (Dominant, 2022). Sexual maturity (age, when
the first egg is laid) is dependent on the regulation of the
hypothalamus-pituitary-gonadal axis (Yilmaz et al.,
2015). Factors, such as genotype (Hassan and Abd-
Alsattar, 2016), nutrition and light directly affect sexual
maturity (Yilmaz et al., 2015).

In total, 180 hens (60/breed) were used in three repli-
cations (20 hens/replication). At the age of 20 wk, the
hens of each genotype were transferred from the breed-
ing facility into the experimental housing systems and
divided into thirds, and kept separately because of the
replication of the results. The sexual maturity (age at
first egg) varied among the genotypes; CGS (23 wk), LE
(26 wk), and D300 (21 wk). For the purpose of the
study, the hens were housed until the age of 60 wk, when
the study was terminated. Three D300 hens and one
CGS hen died during the study. The total number of
hens was adapted to the limited number of officially rec-
ognized CGS hens.

All hens were kept in an external experimental center
of the Department of Animal Science of the Faculty of
Agrobiology, Food and Natural Resources of the Czech
University of Life Sciences Prague. The litter housing
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system in open-sided houses was used, and all the ani-
mals were housed under the same conditions. The tem-
perature and relative humidity of the environment were
natural and corresponded to the season; the study took
place from September 2020 to June 2021. The lighting
regime was also natural, but artificial light was used
when needed to maintain 16 h of light and 8 h of dark.
Access to feed and water was ad libitum. All the require-
ments for housing of laying hens set by the European
Commission Directive 1999/74/EC were met.

Feeding

Two feed mixtures for laying hens were used during
the study because of the different component require-
ments of hens during the laying cycle. The feed mixture
labeled as N1 was fed to the hens from the age of 20 wk
to 40 wk and contained 156.7 g/kg of crude protein and
11.02 MJ of metabolizable energy. Feed mixture labeled
as N2, which contained 150.0 g/kg of crude protein and
11.00 MJ of metabolizable energy, was fed to the hens
from the age of 40 wk until the end of the study. Detailed
composition of feed mixtures N1 and N2 are shown in
Tables 1 and 2, respectively.

Performance, Growth Analysis, and Mortality

The eggs were collected every morning throughout the
whole study. The eggs were collected to determine egg-
lay, egg weight and hen-day egg production and calcu-
lated to the initial state. Also, feed consumption was

Table 1. Composition of N1 feed mixture for laying hens.

N1 feed mixture

Composition (%) Phosphorus 504 ¢g

Barley 5.00 Sodium 1.60 g
Wheat 53.52 Potassium 6.63 g
Corn 10.00 Chlorine 1.90¢g
Wheat bran 5.00 Magnesium 147 ¢
Soybean meal (47 %) 15.50 Sulphur 1.69¢
DL-methionine 0.10 Tron 87.87 mg
Mono-calcium 0.45 Manganese 67.48 mg

phosphate
Fodder limestone 9.00 Zinc 80.41 mg
Fodder salt 0.25 Copper 12.06 mg
Lysine HCL (98%) 0.08 Todine 0.90 mg
Rapeseed oil 0.80 Selenium 0.27 mg
VN UCH 304* 0.30 Cobalt 0.36 mg
Chemical analysis of the N1 feed mixture Vitamin A 8252 TU

(kg of diet)
Metabolizable energy 11.02MJ  Vitamin D 2352 IU
Dry matter 888.90 g Tocopherol 26.31 mg
Ash 115.38 g Vitamin K 1.50 mg
Crude protein 156.70 g Thiamine 5.41 mg
Fat 28.48 g Riboflavin 5.37 mg
Carbohydrates 3746 ¢g Pyridoxine 5.67 mg
Fiber 3045 ¢g Vitamin B12 10.68 ug
Starch 426.57 g Biotin 0.17 mg
Lysine 779¢g Folic acid 0.81 mg
Threonine 543 g Niacin 43.32 mg
Methionine 3.35¢g Pantothenic acid 14.91 mg
Linoleic acid 10.98 g Choline 1213.40 mg
Sulphur amino acids 6.27¢g
Calcium 35.60 g

Mineral/vitamin commercial premix.

Table 2. Composition of N2 feed mixture for laying hens.

N2 feed mixture

Composition (%) Phosphorus 5.00¢g
Barley 5.00 Sodium 1.55¢g
Wheat 55.34 Potassium 6.29¢g
Corn 10.00 Chlorine 1.90g
Wheat bran 5.00 Magnesium 144 g
Soybean meal (47 %) 13.30 Sulphur 1.64¢
DL-methionine 0.10 Tron 88.46 g
Mono-calcium phosphate 0.39 Manganese 68.30 mg
Fodder limestone 9.70 Zinc 79.99 mg
Fodder salt 0.25 Copper 11.69 mg
Lysine HCL (98%) 0.12 Todine 0.90 mg
Rapeseed oil 0.50 Selenium 0.27 mg
VN UCH 304* 0.30 Cobalt 0.35 mg
Chemical analysis of the N2 feed mixture Vitamin A 8252 IU

(kg of diet)

Metabolizable energy 11.00 MJ  Vitamin D 2352 TU
Dry matter 889.00 g Tocopherol 26.53 mg
Ash 120.54 g Vitamin K 1.50 mg
Crude protein 150.00 g Thiamine 5.44 mg
Fat 2554 ¢g Riboflavin 5.33 mg
Carbohydrates 35.69¢g Pyridoxine 5.62 mg
Fiber 2994 ¢ Vitamin B12 10.70 ng
Starch 43593 g Biotin 0.17 mg
Lysine 748 g Folic acid 0.80 mg
Threonine 5.08¢g Niacin 43.71 mg
Methionine 3.24¢g Pantothenic acid 14.81 mg
Linoleic acid 10.626 g Choline 1171.20 mg
Sulphur amino acids 6.04g
Calcium 38.11lg

*. . Jo. . . .
Mineral/vitamin commercial premix.

recorded to determine parameters such as feed consump-
tion per day or egg. For the purpose of growth analysis,
hens were individually weighed every 10 wk (beginning
at the age of 20 wk) to analyze the growth performance
and body weight changes during the laying cycle. Last
but not least, the mortality rate was recorded.

Bone Quality Analysis

The bone quality analysis consisted of the determina-
tion of bone weight, length, width, and breaking
strength. Furthermore, dry matter, ash, and eleven
selected elements, which include boron (B), calcium
(Ca), cadmium (Cd), copper (Cu), iron (Fe), magnesium
(Mg), manganese (Mn), sodium (Na), phosphorus (P),
lead (Pb), and zinc (Zn) were assessed. The analysis was
performed on the tibia and femur bones. Bones were
taken from 7 randomly chosen hens (that were slaugh-
tered at the age of 60 weeks) from each replication and
each genotype from the right leg. It means that 42 bones
(21 tibia bones and 21 femur bones) from each genotype
were analyzed in total.

The bones were de-fleshed without boiling, subse-
quently individually packed in plastic bags, and frozen
at —20°C until the analysis. The bones were thawed for
24 h and cleaned from all excessive tissue before the
analysis. The length and width (in the middle of the
bone) were measured 3 times for each bone by an elec-
tronic sliding caliper (DIN 862; IP54; Shut Geometrical
Metrology; Groningen, Netherlands) with 0.01 mm pre-
cision. To determine fracture toughness, the Instron
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device (Instron Universal Testing Machine; model 3342;
Instron Ltd.; Norwood, MA), which calculates the force
(in N) required to break the bone, was used. The 50-kg-
load cell at 50-kg-load range with a crosshead speed of
50 mm/min with bone supported on 3.35-cm span
according to Shafer et al. (2001). After the determina-
tion of fracture toughness, the bones were dried for 24 h
at 105°C and weighed on a digital laboratory scale
Ohaus (Model: Traveler TA502, Parsippany, NJ) with
0.01 g precision. Broken bones were subsequently used
for the elemental composition analysis.

Bone composition and determination of elements con-
tent were made as follows. The bone dry matter content
was determined by oven drying at 105°C. The ash con-
tent was determined by oven burning at 550°C. The
ashed samples were then treated with concentrated HCI
and HNO;3; acids and the elemental compositions were
analyzed using ICP-OES iCAP 7000 (Thermo Fisher
Scientific, Waltham, MA); the limit of detection (LD)
was calculated using the equation: LD = 3.29 00 (where
00 is a blank sample standard deviation). The samples
and standards were matrix matched. Several procedural
blanks were included throughout the analysis.

The analysis of basic bone quality properties was carried
out in the laboratory of the Department of Animal Science
of the Faculty of Agrobiology, Food and Natural Resour-
ces of the Czech University of Life Sciences Prague, while
the analysis of element composition in the laboratory of
the Department of Soil Science and Soil Protection of the
Faculty of Agrobiology, Food and Natural Resources of
the Czech University of Life Sciences Prague.

Statistical Analysis

The data were analyzed by statistical software SAS
9.4 (SAS Institute Inc., Cary, NC, 2012). The data were
tested for normality with univariate plot standard pro-
cedure of SAS and subsequently subjected to a one-way
ANOV, with genotype (CGS, LE, D300 hens) as main
effect using the GLM procedure of SAS. The data of per-
formance parameters (egg lay, hen-day egg production,
feed consumption per feeding day and feed consumption
per egg) and bone quality properties were determined
using Duncan’s test and mortality with non-parametric
Kruskal-Wallis test. The value of P < 0.05 was consid-
ered statistically significant. The results in the tables
show the average values of each treatment and the stan-
dard error of the mean (SEM).

RESULTS
Performance Parameters

Performance parameters, precisely egg lay, egg weight,
hen-day egg production, feed consumption per feeding
day, and feed consumption per egg of selected hen geno-
types, are presented in Table 3. Figure 1 displays egg lay
curve of selected genotypes from 20 to 60 w, of age
throughout the season. Statistically significant differences
among the genotypes in performance characteristics were

found in all evaluated parameters. D300 hens had signifi-
cantly the highest egg lay, hen-day egg production (both
parameters jointly with LE hens), egg weight, feed con-
sumption per feeding day and mortality, and the lowest
feed consumption per egg. On the other hand, the CGS
hens had significantly the lowest egg lay, egg weight, hen-
day egg production, and feed consumption per feeding
day, and the highest feed consumption per egg. LE hens
had the lowest mortality.

Growth Rate

Figure 2 displays body weight gains of observed hen
genotypes (D300, CGS, and LE) in 10 wk intervals from
20 to 60 wk of age. D300 hens had the highest average
body weight throughout the study, followed by LE hens
(with the only exception at 30 wk of age, where CGS hens
were heavier than LE hens). CGS hens had the lowest
body weight from the beginning until the end of the study
(as mentioned above, with the only exception at 30 wk of
age). All observed genotypes reached the peak (the high-
est body weight) at the end of the monitored period, at
the age of 60 wk. Life weight of all included genotypes
gradually increased from the beginning (20 wk of age) to
the end (60 wk of age) of the studied period.

Bone Quality Properties

Basic bone quality properties including fracture
toughness, length, width, and weight were analyzed,
and differences among the selected genotypes were cal-
culated. The results are presented in Table 4 for tibia
bone and Table 5 for femur bone. Regarding the tibia
bone, the effect of genotype was determined as signifi-
cant in all evaluated properties. In femur bones, all prop-
erties were significantly affected by genotype.
Significantly the highest fracture toughness values were
found in tibia bones of LE and D300 hens and in femur
bones of D300 hens. On the other hand, the lowest val-
ues were calculated for CGS hens for tibia bones and
CGS and LE hens for femur bones. An identical state
was observed in bone weight. The differences in bone
length and width among the genotypes were statistically
significant for both observed bones.

Table 3. Performance characteristics of selected hen genotypes.

Parameter Genotype P-value SEM
CGS LE D300

Egg lay (eggs) 75.43° 129.58" 132.44° 0.0001 1.345

Egg weight (2) 52.78°  56.20°  59.30° 0.0001 0.145

Hen-day egg production (%)  27.54° 45.26"  53.22" 0.0001 0.545

Feed consumption per 113.97° 151.73" 162.42* 0.0015 1.113
feeding day (g)

Feed consumption per 500.79" 446.69" 340.07° 0.0001 3.247
egg (g)

Mortality (%) 1.67°  0.00°  5.00° 0.0001 0.148

Abbreviations: CGS, Czech golden spotted hens; D300, Dominant Par-
tridge D300 hens; LE, White Leghorn hens.

Values marked with different superscript letters in each line are signifi-
cantly different (P <0.05)
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Figure 1. Egg lay from 20 to 60 weeks of age throughout the observed period. Abbreviations: CGS, Czech golden spotted hens; D300, Dominant

Partridge D300 hens; LE, White Leghorn hens.

Chemical and Element Composition of
Bones

The content of dry matter, ash, and selected macro and
micro-elements (B, Ca, Cd, Cu, Fe, Mg, Mn, Na, P, Pb,
and Zn) is shown in Table 6 (for tibia bones) and in
Table 7 (for femur bones). These tables display the differ-
ences among observed genotypes in the properties men-
tioned above of tibia and femur bones in detail.
Statistically, the highest amount of dry matter was found
in bones from D300 and CGS hens for both tibia and
femur and, therefore, the lowest in bones from LE hens.
The effect of genotype on ash content was found to be sig-
nificant only for femur bones, and the highest value was
detected in bones from LE hens, while the lowest in bones
from D300 and CGS hens. In terms of element composi-
tion of the tibia, D300 hens had significantly highest
amounts of Ca, Mn, P, and Zn and the lowest amounts of
Fe, Mg, Na, and Pb (jointly with LE hens). CGS hens
had the highest amounts of Fe (jointly with LE hens),
Mg, Na, and Pb and the lowest amounts of Ca, Mn

——CGS —LE

2200
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1400
1300
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Live weight (g)

20 30

(jointly with LE hens), P, and Zn (jointly with LE hens).
The effect of genotype showed identical results for femur
as for tibia in the following elements: B, Cd, Fe, Mn, Pb,
and Zn. Moreover, for the femur, D300 hens had signifi-
cantly the highest amounts of Ca, Cu, and P and the low-
est amounts of Mg and Na. CGS hens had significantly
the highest amounts of Mg and Na and the lowest
amounts of Cu (all jointly with LE hens). Last but not
least, LE hens had statistically the lowest amounts of Ca
and P. The elements not mentioned in this section did
not statistically differ among the genotypes.

DISCUSSION
Performance Parameters

The effect of genotype, specifically, comparison of com-
mercial hybrids with native breeds of laying hens on per-
formance parameters, was subject to several studies
(Ershad, 2005; Rizzi, 2020; Ozentiirk and Yildiz, 2021).
The results of the present study are in accordance with the

D300

40 50 60

Age (weeks)

Figure 2. Growth rate of selected hen genotypes from 20 to 60 weeks of age. Abbreviations: CGS, Czech golden spotted hens; D300, Dominant

Partridge D300 hens; LE, White Leghorn hens.
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Table 4. The effect of hen genotype on basic tibia properties.

Table 7. Properties and element composition of femur bone
regarding the genotype.

Properties Genotype P-value SEM
CGS  LE D300 Properties Genotype Povalue  SEM
Fracture toughness (N)  185.77° 228.87 218.12"  0.0463  11.010 cGs LE D300
Length (mm) 109.19"  117.63* 116.29*  0.0018 1.227 Dry matter (%) 80.79" 77.479° 82.870"  0.0005  0.598
Width (mm) 6.99"  7.64*  7.51 0.0391  0.133 Ash (%) 42,61 47.134*  44.408"  0.0020  0.546
Weight (g) 714> 846  9.58* 0.0034  0.341 Boron (mg/kg) 4.27 4.33 4.35 09112  0.034
. N b = C a
Abbreviations: CGS, Czech golden spotted hens; D300, Dominant Par- 8;11;:111.111 (g/kg)/k 233'?2 218?2 263{3 ggggé gég;
tridge D300 hens; LE, White Leghorn hens. Ca o (mg 8) ab Tob ea ’ '
. . . . . - opper (mg/kg) 14.69 15.12 20.18 0.0001  0.639
Values marked with different superscript letters in each line are signifi- I k 197.03°  134.36° 91.51" 0.0002 4853
tly different (P < 0.05) ron (mg/ke) | T aioa SIS e
cantly Magnesium (g/kg) 341" 340 3.10 0.0001  0.333
. . / S / . 45° 547 . .
Table 5. The effect of hen genotype on basic femur properties. gfﬁ: fi??;cégg ke) 1(13_;3.& lé?gd 12_23}; 8888} 8?23
G Phosphorus (g/kg) 99.92"  89.01° 109.64* 0.0001  1.424
Properties enotype P-value SEM Lead (mg/kg) 15.98" 4.76" 9.23"  0.0001  0.866
CGS LE D300 Zinc (mg/kg) 264.46°  247.84" 344.61* 0.0001  7.800
Fracture toughness (N) 224.08"  239.69" 272.31* 0.0491 17.169 Abbreviations: CGS, Czech golden spotted hens; D300, Dominant Par-
Length (mm) 76.71>  78.69"  81.03" 0.0483  0.748  tridge D300 hens; LE, White Leghorn hens.
Width (mm) 7.71% 7.30° 7.90" 0.0414  0.104 Values marked with different superscript letters in each line are signifi-
Weight (g) 5.80" 7.02* 8.00"  0.0039 0.310 cantly different (P < 0.05)

Abbreviations: CGS, Czech golden spotted hens; D300, Dominant Par-
tridge D300 hens; LE, White Leghorn hens.

Values marked with different superscript letters in each line are signifi-
cantly different (P < 0.05)

generally known fact that high-productive commercial
hybrids, reach higher egg lay, egg weight, hen-day egg pro-
duction, and therefore lower feed consumption per egg in
comparison with native breeds (Ozentiirk and Yil-
diz, 2021). The differences of these parameters might be
supported by the different age of sexual maturity, which
was the lowest in D300 hens. However, the findings of our
study showed that D300 hens (commercial hybrid) did not
reach their full performance potential according to the
technological manual of the hybrid (Dominant, 2022), and
compared to native breeds, they had a significantly worst
mortality rate. This may raise questions about the suitabil-
ity of commercial hybrids in smallholder conditions in
terms of health or welfare. Sokotowicz et al. (2018)
recorded the mortality of various genotypes (including
commercial hybrids and native breeds) across various
housing systems. Likewise, they found out that commercial
hybrids compared with native breeds had significantly

Table 6. Properties and element composition of tibia bone
regarding the genotype.

Properties Genotype P-value SEM
CGs LE D300
Dry matter (%) 85.57"  78.790°  85.010°  0.0001  0.671
Ash (%) 49.89  48.284  48.618  0.4781  0.564
Boron (mg/kg) 4.21 4.13 4.19 0.8645  0.028
Calcium (g/kg) 229.03°  253.37°  281.85% 0.001 3.643
Cadmium (mg/kg) 0.13 0.14 0.14 0.9321  0.007
Copper (mg/kg) 16.30 19.32 19.05 0.0505  0.565
Iron (mg/kg) 95.95*  89.81* 68.75°  0.0099  3.952
Magnesium (g/kg) 3.32* 3.20™ 315" 00414  0.291
Manganese (mg/kg) 8.51" 9.35" 11.59*  0.0001  0.329
Sodium (g/kg) 6.52* 6.09" 5.67°  0.0001  0.650
Phosphorus (g/kg) 95.54°  107.78" 114.62% 0.0001  1.344
Lead (mg/kg) 13.96" 5.320" 725" 0.0015  1.081
Zinc (mg/kg) 214.43"  222.54°  292.26°  0.0001  6.758

Abbreviations: CGS, Czech golden spotted hens; D300, Dominant Par-
tridge D300 hens; LE, White Leghorn hens.

Values marked with different superscript letters in each line are signifi-
cantly different (P < 0.05)

highest mortality in a litter housing, where the Hy-line
Brown hens had 2.4%, Rhode Island Red hens 0.6%,
Greenleg Partridge hens 0.4%, and Sussex hens 0%. The
authors observed similar results in organic housing, where
commercial hybrids had statistically the highest mortality
(Greenleg Partridge hens had 3.3%, Araucana and Rhode
Island Red hens 6.7%, and Hy-line Brown hens 10%).
These findings may be related to the previously mentioned
concern that commercial hybrids are less suitable for alter-
native housing systems than native breeds, who are better
adapted to these housing systems and local conditions,
respectively (Kraus et al., 2021).

Growth Rate

The flock's live weight and weight uniformity are
essential factors for egg production. The body weight of
hens changes because of the sexual and physical matu-
rity during life (Lacin et al., 2008). Leeson et al. (1997)
observed body weight changes of four different strains of
Leghorn hens and found out that body weight con-
stantly increased from 22 to 66 wk of age, which corre-
sponds to our findings, where the life weight of hens of
all observed genotypes constantly increased during the
monitored period (from 20 to 60 wk of age). Also, the
growth and individual weights of LE hens are very simi-
lar between the study of Leeson et al. (1997) and ours.
When comparing the growth curves, the trend was very
balanced among the selected genotypes. Regarding the
body weight, CGS hens had the lowest body weight
compared to D300 and LE hens, which may be caused
by genetics, because CGS hens are typical representa-
tives of the lightweight breed (Kraus et al., 2021).

Bone Quality Properties

Considering the bone quality, scientific literature often
focuses on the effect of nutrition (Swiatkiewicz et al.,
2010) or housing system (Tactacan et al., 2009). How-
ever, several studies, such as (Riczu et al, 2004;
Sharma et al., 2021), observed the effect of genotype.
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Sharma et al. (2021) observed the genotype's effect on
quality properties of the tibia bone, also confirmed that
genotype significantly influenced bone length and frac-
ture toughness. Unlike our study, the authors did not con-
firm the significant effect of genotype on tibia weight,
which can be attributed to comparing different genotypes
between the studies. Significant differences in tibia length
and weight might refer to different average body weights
and sizes of each genotype at the end of the study when
the sampling was conducted. The study of
Riczu et al. (2004) compared fracture toughness of femur
bones between brown and white egg-laying hens and con-
cluded that brown egg-laying hens had a significantly
higher fracture toughness (30.68 kg) than white egg-lay-
ing hens (19.54 kg). Furthermore, they confirmed the sig-
nificant effect of genotype on femur weight, which is also
in accordance with our findings. Vice versa they did not
confirm this effect for femur length. Regardless of some
differences among studies or evaluated bones, it is evident
that genotype belongs to factors that influence bone prop-
erties, such as fracture toughness, weight, or size.

Chemical and Element Composition of Bones

Similarly to our results, the effect of genotype on dry
matter and ash content in the tibia of laying hens was
observed by Silversides et al. (2012), who confirmed that
genotype significantly influenced both of these proper-
ties. The authors compared the following genotypes:
Lohmann White, Lohmann Brown, Cross (Rhode Island
Red x Barred Plymouth Rock) and H&N White. The
authors observed that Cross had the highest value of dry
matter and ash (10.645 g; 4.436 g) and H&N White and
Lohmann White had the lowest (6.604 and 7.015 g;
0.636 and 0.640 g). Moreover, the content of dry matter
and ash in tibia bone was studied by
Yalcin et al. (2001), who analyzed the effect of strain in
broiler chickens and concluded that this factor signifi-
cantly influenced the content of dry matter and ash.
Sharma et al. (2021) found the same results in the effect
of genotype on tibia ash content (nonsignificant effect of
genotype). However, for femur bones, the ash content
was calculated as significant among the genotypes. The
differences between the results of tibia and femur bones
might be caused by the different composition of the
bones. The tibia belongs among the most mineralized
group of bones and therefore is often used as an indicator
of overall skeletal mineralization (Rose et al., 1996;
Talaty et al., 2009), so, when bone quality is measured,
tibias are typically used (Min et al., 2019; Sibanda et al.,
2020; Teng et al., 2020). Moreover, it is in accordance
with our results, where a higher amount of ash was
found in the tibia than in the femur in all genotypes.

Regarding the elemental composition of bones, scien-
tific studies usually focus on nutrition (Olgun and
Aygun, 2016) or the housing system in connection with
movement (Krunt et al. 2021). However, our study ana-
lyzed the elemental composition of bones from a different
perspective and focused on the effect of genotype.

Scientific literature concerning the effect of genotype on
elemental composition of bones is limited, but other
effects, such as nutrition (Jing et al., 2018) or housing sys-
tem (Newman and Leeson, 1998) were previously studied.
Jing et al. (2018) observed the content of Ca and P, while
Newman and Leeson (1998) only the content of Ca.
Many studies previously confirmed the essential role of
Ca, P, and Mg for bone quality across the animal species,
from rats (Takahara et al, 2000), through rabbits
(Krunt et al., 2021) to poultry (Shastak and Rodehuts-
cord, 2015). In the present study, the effect of genotype
resulted in significant differences of Ca, P, and Mg con-
tent in tibia and femur bones. In laying hens, demand for
Ca is high, mainly during the peak production period and
also towards the end of the laying cycle, when the effi-
ciency of Ca absorption from feed decreases (Al-
Batshan et al., 1994). Approximately 20 to 40% of Ca
needed for eggshell formation is supplied from bones, rep-
resenting a specific bone integrity burden (Mueller et al.,
1964). Bone quality is in close relationship with egg pro-
duction and subsequent egg quality. Therefore, the selec-
tion for high production negatively influences bone
quality. Negative correlations between bone fracture
toughness and egg production and bone fracture tough-
ness and eggshell thickness were determined
(Bishop et al., 2000). Bone quality is not defined only by
the content of Ca, but also by the content of P, which is
in close relationship with Ca and is essential for bone
structure. Especially, the ratio between Ca and P is cru-
cial because the relationship between Ca and P is inverse,
which means that the more P is in the blood, the less Ca
there is and contrariwise (Copp, 1957). Furthermore, P
plays a key role in eggshell formation (Taylor, 1965).
Wei et al. (2021) determined differences in the element
content of fractured and nonfractured keel bones, includ-
ing all elements as in our study. The authors found signifi-
cant differences in B, Ca, Cu, Na, P, and Pb content
among observed groups of birds with results of: higher
amount of Ca (154,840.10 vs. 110,095.10 mg/kg), P
(76,904.19 vs. 62,448.86 mg/kg), Na (1,430.35 vs.
1,068.37 mg/kg) and lower amount of B (2.46 vs 3.59
mg/kg), Cu (0.86 vs 1.20 mg/g), and Pb (0.97 vs. 2.26
mg/kg) in nonfractured keel bones compared to fractured
ones. In general, Ca and P are mutually influenced, and
Mg is closely connected to them, while Mg is an antago-
nist to Ca (Shastak and Rodehutscord, 2015).
Krunt et al. (2021), who studied Ca, P, and Mg content
in the tibia and femur bones of rabbits in various housing
systems, highlighted the importance of Mg for bone qual-
ity, specifically for fracture toughness, and concluded
that Mg could be a key player in the determination of
bone fracture toughness. Considering the element Mg, it
is essential for the metabolism of cells and bone develop-
ment (Shastak and Rodehutscord, 2015).

From generally less discussed elements affecting bone
quality, B belongs among the important ones because it
interacts with Ca, Mg, and vitamin D. The amount of B
in bones depends on the amount of B received from feed
(Chapin et al., 1998). Nevertheless, Cu, Fe, Mn, and Zn
are also important for bone quality hence they
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participate in bone-related metabolic processes (Pala-
cios, 2006). For example, a deficiency of Mn may cause
several bone abnormalities (Spears, 2019). Osteoporosis
is a risk factor affecting bone quality, which is also influ-
enced by Na. High intake of Na from feed negatively
influences Ca metabolism, respectively its excretion
from organism (Teucher and Fairweather-Tait, 2003).

Cd (Rani et al., 2014) and Pb are major environmen-
tal pollutants (Angelidis et al., 2011). Cd accumulates
upon exposure in several organs (e.g., brain, kidney, and
liver), including bones (Nordberg, 2009), which belong
among the most critical target organs influenced by Cd
exposure. The unfavorable effect of Cd on bone quality
is characterized by a higher occurrence of fractures and
decreased level of mineralization in comparison with a
standard state (Sughis et al., 2011). Toxicity of Cd
causes disorders in bone cells' metabolism and absorp-
tion (and excretion) of Ca in the intestines and kidneys,
which leads to a lack of Ca and, therefore, to bone abnor-
malities and defects (Chen et al., 2011). Similarly, Pb
can accumulate in bones (Angelidis et al., 2011), and its
deposition is highly enduring thus it forms stable com-
plexes with P (Agrawal, 2012). When the concentration
of Pb in bones is high, the degree of mineralization dra-
matically decreases, which can lead to osteoporosis or to
bone weakness (Alvarez-Lloret et al., 2014).

CONCLUSIONS

Significantly LE and D300 hens had the highest values
of fracture toughness for tibia bones and for femur bones
D300 hens. Regarding the egg lay and hen-day egg pro-
duction, statistically LE and D300 hens had the highest
values of both parameters. The differences among the
genotypes in the majority of bone properties (including
element composition) were found to be statistically sig-
nificant. D300 hens had the best results in terms of egg
lay, hen-day egg production, and bone strength, but
from the mortality point of view, this genotype had sta-
tistically the worst results. It might indicate that native
breeds are better adapted to local environmental condi-
tions and smallholder housing conditions.
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4 Souhrnna diskuze

4.1 Rist a uzitkovost ve vztahu ke genotypu

V doktorské disertacni praci byl sledovan vliv genotypu na riist a uzitkovost slepic
(Kraus et al. 2022b) a vliv plemene na snasku (Kraus et al. 2022a). Ziva hmotnost a uniformita
hejna jsou zasadni pro bezproblémovou produkci vajec. T¢€lesnd hmotnost slepic se v priabéhu
zivota méni v disledku jak fyzického, tak i pohlavniho dospivani (Lacin et al. 2008). Studie
autort Leeson et al. (1997) mimo jiné sledovala zmény télesné hmotnosti riznych plemen slepic
a bylo zjisténo, Ze se té€lesna hmotnost neustale zvySovala (v rozmezi od 22. do 66. tydne véku),
coz odpovida nasim zjisténim. Také rustova kiivka a jednotlivé hmotnosti slepic plemene
leghornka bila jsou velmi podobné pii porovnani nami zjisténych vysledkd s témi ze studie
autorti Leeson et al. (1997). Pfi srovnani ristovych kfivek nami sledovanych genotypt (Ceské
slepice zlaté kropenaté, leghornky bilé a Dominant D300) byl trend mezi vybranymi genotypy
Ceské slepice zlaté kropenaté, coz mize byt piisuzovano plemenné piislusnosti, protoze toto

plemeno je typickym piedstavitelem lehkého typu slepic (Kraus et al. 2022a).

Vliv genotypu, konkrétné srovnani komercnich hybridi s pivodnimi plemeny nosnic na
parametry uzitkovosti, byl predmétem mnoha studii (Ershad 2005, Rizzi 2020,
Ozentiirk & Yildiz 2021). Vysledky nasi studie jsou v souladu s obecné zndmou skute&nosti,
ze vysoce uzitkovi komer¢ni hybridi maji vyssi snasku, intenzitu snasky a hmotnost vajec,
a naopak niz§i spotiebu krmiva na vejce ve srovnani s ptivodnimi plemeny (Ozentiirk & Yildiz
2021). Rozdily u zminénych parametri by mohly byt zpsobeny rozdilnym vékem nastupu
pohlavni dospélosti, ktery byl nejniZsi u komeréniho hybrida. Nicméné, ze zjisténi nasi studie
vyplyva, ze z hlediska uzitkovosti komeréni hybrid Dominant D300 nenaplnil sviij potencial,
ktery uvadi technologicky navod (Dominant 2022). Navic bylo zji§téno, Ze ve srovnani
S pivodnimi plemeny mély tyto slepice statisticky nejhorsi mortalitu. To mize vyvolat otazky
0 vhodnosti vyuziti komer¢nich hybridi v extenzivnich podminkach, ve kterych byla tato studie
realizovana, z hlediska zdravi nebo welfare. Sokotowicz et al. (2018c) porovnavali mortalitu
riznych genotypl (v€etné komerénich hybridl a piivodnich plemen) napfi¢ riznymi systémy
ustajeni. RovnéZ zjistili, Ze nejvys§i mortalita byla u komercnich hybridii v porovnani
S ptvodnimi plemeny slepic a to jak na podestylce, tak i v ekologickych systémech ustdjeni.
Tato zjisténi mohou souviset s obavou, ze komer¢ni hybridi jsou méné vhodni pro alternativni
systémy ustajeni nez ptivodni plemena, ktera jsou Iépe ptizpiisobena témto systémim ustajeni,

respektive mistnim podminkam (Kraus et al. 2022a).
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Misto snasky (konkrétné&ji procento vajec snesenych piimo do hnizda) je dulezité
zejména z diavodu lepsi lihnivosti u nasadovych vajec (Keeling 2004) a zaroven potravinové
bezpe¢nosti u vajec konzumnich, protoze nejvice nezddoucich bakterii, které mohou
kontaminovat vajecny obsah, pochdzi pravé z podestylky na podlaze (Brandl et al. 2014).
Z hlediska denni doby snasky lze o¢ekavat, Ze nejvice vajec bude sneseno béhem dopoledne.
Nicméné pusobenim riznych faktord muze dojit kK uréitému zpozdéni ve snasce. Jednim
ztéchto faktori je stres (Reynard & Savory 1999) nebo tifeba nedostatek prostoru
pro synchronni snasku. To mize mit za nasledek adaptaci slepic na pozd¢jsi snasku nebo vybér
jiného mista pro snasku (Villanueva et al. 2017). Tito autofi dale zjistili rozdily mezi
hnédovaje¢nymi a bélovajeénymi komerénimi hybridy ve snaskovém chovani. Tyto odlisnosti
1ze vysvétlit rozdilnou zivou hmotnosti. Rovnéz v nasi studii byly zjistény obdobné vysledky,
porovnavany byly Ceské slepice zlaté kropenaté se slovenskymi oravkami, které jsou t€zsi.
Dalsim faktorem, ktery mlze ovlivnit preferenci mista snaSky, je pfirozenéd tendence slepic

hnizdit ve skupinach, aby se vyhnuly predatorim (Riber 2012).

4.2 Kuvalita vajec
4.2.1 Technologicka kvalita vajec ve vztahu ke genotypu, systému ustdjeni a véku slepic

V doktorské diserta¢ni praci byl také hodnocen vliv plemene (Kraus et al. 2021, 2022a),
sytému ustajeni a veéku slepic (Kraus et al. 2021) na kvalitu vajec. Velky pocet autort, naptiklad
Hanusova et al. (2015), Samiullah et al. (2017) nebo Sokotowicz et al. (2019), diive studovali
faktory, které ovliviiuji kvalitu vajec, a to v€etn€ genotypu, systému utajeni a véku slepic. Tito

autofi zjistili prukazny vliv vySe zminénych faktort na kvalitativni parametry vajec.

Z nejzasadnéjSich parametri kvality vajec, vyznamny vliv systému ustajeni na hmotnost
vajec jiz diive potvrdila fada autori véetné autori Lewko & Gornowicz (2011)
nebo Kraus et al. (2019). Dle zminénych autort plati, Ze vejce od slepic z kleci jsou t€Z8i nez
vejce od slepic z podestylky, coz se vSak v nékterych nasich studiich nepotvrdilo. Tyto rozdily
ve vysledcich mohou byt zptisobeny vybérem odlisnych genotypu slepic, které byly ve studiich
vyuzity, protoze puvodnich plemena slepic maji obvykle lepsi vysledky Vv alternativnich,
neklecovych systémech ustajeni. Prikazny vliv véku dale potvrdili autofi, jako jsou napiiklad
Zita et al. (2009) a Sokotowicz et al. (2019). Co se tyce kvality skofapky, statisticky prikazny
vliv systému ustajeni na tloustku skotapky zjistili Sokotowicz et al. (2018c), ktefi porovnavali
kvalitu vajec mezi nékolika systémy ustajeni (ekologické, podestylka a volny vybeh).

Kraus et al. (2019) rovnéz prokazali toto zjisténi pti porovnani pouze dvou systému ustdjeni
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(obohacené klece vs podestylka), kde hodnoty tloustky skotapky byly vyssi u vajec
z podestylky nez u vajec z obohacenych kleci. Navic Kraus et al. (2020) potvrdili statisticky
prukazny vliv genotypu, zatimco Sirri et al. (2018) vliv véku na tloustku skotapky. Z dalsich
vyznamnych parametra kvality skofapky, Sokotowicz et al. (2018¢) prokazali vyznamny vliv
systému ustajeni na pevnost skofapky. Naopak Yilmaz Dikmen et al. (2017) tento faktor
neshledali jako statisticky vyznamny. Rozdily mezi témito konkrétnimi studiemi mohou byt
zpusobeny srovnanim riznych systémi ustdjeni (ekologické, podestylkové a volné vybehy
vs konvencni klece, obohacené klece a volné vybéhy). Presto Zita et al. (2009) vypocitali
statisticky vyznamnou interakci mezi genotypem a vékem U pevnosti skofapky, coz je v souladu
s naSim zjisténim. Yilmaz Dikmen et al. (2017) dale zjistili statisticky vyznamnou interakci
mezi systémem ustdjeni a vékem, toto zjiSténi odpovida i ndmi ziskanym vysledkiim. Nicméné
Kraus et al. (2019) tuto interakci neshledali jako statisticky vyznamnou. Rozdily mezi vysledky
diskutovanych studii mohou byt zptisobeny odlisnou délkou trvani kazdé studie. Pokud jde
0 hodnoceni vnitinich kvalitativnich parametrt vajec, diilezitym urcujicim nejen kvalitu bilku,
ale i obecnou Cerstvost vajec jsou Haughovy jednotky. Prikazny vliv genotypu na Haughovy
jednotky byl jiz diive potvrzen v mnoha studiich (Zita et al. 2009, Sokotowicz et al. 2018c,
2019). Rovnéz byl prokazan signifikantni vliv véku (Yilmaz Dikmen et al. 2017). Statisticky
vyznamnou interakci mezi genotypem a systémem ustajeni u Haughovych jednotek stanovili
Sokotowicz et al. (2018c), coZ je v souladu s ndmi zjiSt€énymi vysledky. Nejen na tyto zminéné
parametry, ale i na dal$i kvalitativni parametry skotfapky, bilku i Zloutku mé vliv genotyp,
systém ustajeni 1 v€k, nicméné vySe zminéné jsou z hlediska technologické kvality vajec
povazovany za nedtlezité;si.
4.2.2 Technologicka kvalita vajec ve vztahu ke genotypu a dobé sneseni

Kvalita vajec ve vztahu k plemenné pfislusnosti a dob¢ sneseni (Kraus et al. 2022a) byla
hodnocena jako dalsi cast v predkladané doktorské disertacni praci. VIiv doby sneseni
na hmotnost vajec byl dfive studovan autory jako Samiullah et al. (2016) nebo

Timova & Ledvinka (2009). Na rozdil od nami zjisténych vysledkd  vSak

A4

Y Vv

do 5:59 hodin. Dale byly pro tloustku a pevnost skofapky vypocitany statisticky vyznamné
interakce mezi plemenem a dobou sneseni vejce. Tyto vysledky odrazeji skutec¢nou celkovou
kvalitu vajecné skorapky a pravé diky tomu jsou cenné (Tyler & Geake 1961) a dulezité
z hlediska vyskytu prasklin, protoze Kibala et al. (2015) vypocitali pozitivni korelaci
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mezi tloustkou a pevnosti skotapky. Co se tyce indexu skotapky, ¢im vyssi je jeho hodnota,
tim mensi jsou Kkrystaly uhli¢itanu vapenatého, coz znamena pevnéjsi skotfapku
(Ahmed et al. 2005). Podobn¢ jako tomu bylo u nasich vysledkd, Samiullah et al. (2016) zjistili
snizeni tloustky skofapky u vajec, ktera byla snesena dopoledne. Autofi davaji tyto vysledky
do kontextu s dobou, po kterou jsou vejce v déloze vejcovodu, kde delsi doba nemusi vzdy
nutné¢ znamenat vys$si kalcifikaci skordpky. Prestoze byl v nas$i studii vyuzit stejny systém
ustajeni a stejna krmnd smés u obou sledovanych plemen (Ceské slepice zlaté kropenaté
a oravky), byly mezi t€émito plemeny zaznamenany signifikantni rozdily v barvé Zloutku, které
mohou mit souvislost s imunitni odpovédi organismu, kde hraji roli rovnéz karotenoidy,
které jsou za barvu Zloutku zodpovédné (Moller et al. 2000). Doba snasky muze byt ovlivnéna
také stresem, coz dokazuje opozdéni snaSky. Toto opozdéni ve snaSce ovlivituje vnitini kvalitu
vajec (Reynard & Savory 1999).
4.2.3 Koncentrace cholesterolu ve Zloutku ve vztahu ke genotypu, systému ustdjeni, véku

slepic a dobé sneseni vejce

V ramci doktorské disertacni prace byly studie také zaméfeny na zhodnoceni vlivu
plemene, systému ustajeni, v€ku (Kraus et al. 2021) a doby snasky (Kraus et al. 2022a)
na koncentraci cholesterolu ve zloutku. Statisticky signifikantni vliv byl zjistén u plemene,
systému ustajeni, véku a interakce mezi plemenem a systémem ustdjeni. Basmacioglu & Ergiil
(2005) rovné€z vypocitali vliv genotypu na koncentraci cholesterolu ve Zloutku jako
signifikantni. Rizzi & Chiericato (2010) a Yang et al. (2013) dodavaji, Zze pro vejce
od puvodnich plemen slepic je ve srovnani s komerénimi hybridy typicka vyssi koncentrace
Yang et al. (2013) dodavaji, Ze obsah cholesterolu je zavisly i na dalSich faktorech, jako jsou
hmotnost vejce nebo vek slepic. Vysledky od Zemkové et al. (2007) potvrzuji, Ze jak systém
ustajeni, tak vék vyznamné ovliviuji koncentraci cholesterolu ve Zloutku. Matt et al. (2009)
dale zjistili, Ze vySsi hodnoty cholesterolu v koncentraci zloutku jsou ve vejcich z alternativnich
systému ustajeni (489 mg / 100 g) v porovnani s vejci, ktera pochazi z klecovych systémi
(341 mg /100 g), coz je v souladu s naSimi vysledky (11,62 vs 10,45 mg/g). Podle studie
Griffin (1992) je hladina cholesterolu ve vaje¢nych Zloutcich stabilni a tudiz velmi odolna vaci
zménam. Prekurzory Zloutku jsou syntetizovany v jatrech nosnic a transportovany do vajecnika
pomoci krevni plazmy. Proto je obsah cholesterolu ve Zloutku zavisly zejména na obsahu
cholesterolu v lipoproteinech bohatych na triglyceridy. Koncentrace cholesterolu ve zloutku

mize mit souvislost a vztah s koncentraci cholesterolu v krvi (Pavlik et al. 2007). Doba sneseni
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vejce neméla na obsah cholesterolu zadny vyznamny vliv, coz je v souladu s vysledky studie
autortt Tumova & Ebeid (2005). Naopak Abdalla & Ochi (2018) zjistili rozdily v obsahu
cholesterolu v zavislosti na dobé sneseni, nizsi obsah cholesterolu detekovali u vajec snesenych

rano.

Konzumace vajec je obecné spojovana s vyssim rizikem vzniku KVO, a to zejména
kvuli obsahu cholesterolu. Problematika ohledné konzumace cholesterolu je stale
kontroverznim tématem. Konkrétng, Shin et al. (2013) dospéli k zavéru, Ze neexistuje zadna
souvislost mezi konzumaci vajec a KVO. Naopak Zhuang et al. (2021) uvadéji, Ze piijem
cholesterolu je obecné spojen s vyssi umrtnosti, vy$$im rizikem vzniku KVO a dokonce i s vyssi

amrtnosti na rakovinu.

4.2.4  Kvalita skorapky ve vztahu ke skladovacim podminkam

Doktorska disertacni prace dale zahrnuje hodnoceni vlivu skladovacich podminek, doby
a teploty skladovani na kvalitu skotapky (Kraus et al. 2022c). Vyznam skofapky u vajec je
obsahu pied mikrobialni kontaminaci, coz je zcela zasadni z hlediska bezpecnosti potravin
(Zaheer 2015), respektive z pohledu lihnivosti u nasadovych vajec (Yamak et al. 2016). Kvalita
skotapky ma dale ptimou souvislost s ekonomickou strankou produkce, vejce s poSkozenou

skotapkou piedstavuji v priméru 6 az 8 % z celkového poctu vyprodukovanych vajec
(Bain et al. 2006).

Obvykle je kvalita skofapky definovédna jeji hmotnosti, podilem z celkové hmostnosti
vejce a tloustkou (Messens et al. 2005). Rovnéz pevnost skotapky je jednim z nejdilezitéjsich
parametru kvality skofapky (Bain et al. 2006). Jiz v minulosti byl realizovan velky pocet studii,
jako jsou napiiklad studie autori Akter et al. (2014), Krawczyk & Sokotowicz (2015)
nebo VIckova et al. (2019), které byly zaméfeny na vliv podminek skladovani (doba skladovani,
teplota skladovani nebo oboji) na kvalitu skotapky a dalSich parametrii. Odli$nosti ve zjisténych
vysledcich mezi studiemi mohou byt zplsobeny pouzitim riznych genotypu slepic, rozdilné
délky skladovani a rozdilnych skladovacich teplot, ale také dalsimi faktory, jako jsou systém
ustajeni, slozeni krmné smési a dal§i. Nami ziskané vysledky vSak prevdzné odpovidaji
obecnym a dfive potvrzenym faktiim a trendlim. Interakce mezi genotypem a dobou skladovani
nebo teplotou skladovani a jejich vliv na kvalitativni parametry vajecné skofapky a hmotnost
vejce byly do zna¢né miry ovlivnény individualitou kazdého konkrétniho genotypu. Nicméné

interakce mezi dobou skladovani a teplotou, kterd by mohla odhalit n€které trendy, byla
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vypoctena jako signifikantni pro tloustku a povrch skotapky a rovnéz i pro hmotnost vejce.
Lee et al. (2016) potvrdili stejné trendy u hmotnosti vajec a také shledali interakci mezi dobou
skladovani a teplotou jako statisticky vyznamnou. Konkrétné tito autofi uvadéji,
ze s prodlouzenou dobou skladovani nebo se zvysenou teplotou skladovani dochazi k ubytku
hmotnosti vejce. Interakce mezi dobou skladovani a teplotou skladovani u tloustky skorapky
byla vypoctena jako prukazna a ukazala, Ze nejtenci skorapku méla vejce skladovana 14 dni pti
teploté 20 °C. Samli et al. (2005) potvrzuji vyznamny vliv této interakce na tloustku skofapky,

piestoze trend neni tak ziejmy jako tfeba u hmotnosti vejce.

4.2.5 Mikrobidlni kontaminace vajec ve vztahu ke genotypu a skladovacim podminkam

Vliv doby a teploty skladovani na mikrobialni kontaminaci, respektive na prinik
nezadoucich mikroorganismt do vaje¢ného obsahu je také soucasti doktorské disertacni prace
(Kraus et al. 2022c¢). Jiz dtive sledovala fada autort vliv podminek skladovani na mikrobialni
kontaminaci vajec (Stepien-Pysniak 2010, Vickova et al. 2018). Nicméné vliv genotypu
na mikrobidlni kontaminaci vajec vSak nebyl dfive studovan do takové hloubky jako jiné
faktory. Autofi, jako De Reu et al. (2008) a Englmaierova et al. (2014) se zamé&fili na vliv
riznych systému ustajeni, které byvaji ve spojitosti s mikrobialni kontaminaci hodnoceny
nejcastéji.

Jak genotyp ovlivituje mikrobidlni kontaminaci vajec, sledovali Jones et al. (2004), kteti
potvrdili, ze genotyp statisticky prukazné ovliviiuje mikrobialni kontaminaci vajec. Navic
autofi této studie dospéli k zavéru, Ze geneticka selekce negativné ovlivnila rezistenci vajec
vuci mikrobialni kontaminaci a pronikani mikroorganismi skrze skotfapku beéhem skladovani.
Toto tvrzeni 1ze podpofit i na zaklad€ zjisténi nasi studie, kde byly mezi sledovanymi genotypy
vypocitany statisticky vyznamné rozdily jak v mikrobidlni kontaminaci skofapky,
tak i v penetraci mikroorganismid do vajecného obsahu. Konkrétné, vysledky ukazaly
nejptizniveéj$i hodnoty u vajec od slepic plemene leghornky bilé, kde byla zjisténa statisticky
nejnizs$i mira kontaminace vaje¢nych skotapek u vSech sledovanych skupin mikroorganismi
byly vyhodnoceny jako statisticky prukazné. Naopak nejhorsi vysledky byly zjistény u vajec
od slepic plemene Ceské slepice zlaté kropenaté, coz by mohlo byt zptisobeno tim, ze toto
plemeno patii do genetickych zdrojii Ceské republiky a selekce zvitat je zaloZena primarné
na jejich exteriérovych znacich. Jones et al. (2015) k tomuto tématu dodavaji, Ze miru

kontaminace i naslednou penetraci mikroorganismi mohou zpisobovat i vzorce Vv chovani,
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zejména pak chovani spojené se snaSkou. Autofi potvrdili, ze k vyssi mife kontaminace dochazi

u vajec snesenych mimo snaskova hnizda nez u vajec snesenych do hnizd.

Kutikula na povrchu skofapky piedstavuje prvni obrannou bariéru vejce, ktera zabranuje
pronikani nezadoucich patogent do vejce. Tloustka kutikuly a jeji pokryti na povrchu skotapky
jsou znaky dédicné (Kulshreshtha et al. 2018). Kusuda et al. (2011) se zaméfili na diverzitu
ve struktufe kutikuly mezi riznymi druhy ptakt v¢etné japonské kiepelky (Coturnix japonica),
kura bankivského (Gallus gallus), plamenaka velkého (Phoenicopterus ruber roseus), pelikana
bilého (Pelecanus onocrotalus) a tu¢naka Humboldtova (Spheniscus humboldti). Vysledky této
studie ukazaly rozdilnosti ve struktufe, pokryti a funk¢nosti kutikuly mezi pozorovanymi druhy
ptakt. Na zaklade téchto vysledki je mozné usuzovat, ze rozdily tykajici se parametrii kutikuly

by se mohly vyskytovat i mezi genotypy ¢i plemeny slepic.

U mikrobidlni kontaminace podskotfapecnych blan a bilku hodnoty neodpovidaly tém
naméfenym na povrchu skofapky. Naptiklad u komeréniho hybrida Hy-Line Brown nebyla
detekovana témér zadna penetrace skofapkou na podskofapecné blany a do bilku, a to navzdory
vysoké pocateéni kontaminaci povrchu skotapky. Naopak penetrace nékterych mikroorganismu
ptes skofapku byla zaznamenana u vajec od pivodnich plemen slepic. Tyto vysledky mohou
naznaCovat lep$i antimikrobidlni funkci podskofapecénych blan, respektive bilku.
Lewko & Gornowicz (2009) zjistili rozdily v obsahu a aktivité lysozymu mezi riznymi
genotypy slepic, coz podporuje i nase tvrzeni. You et al. (2010) uvad¢ji, ze lysozym je nejvice
zastoupen v bilku (obsah lysozymu v bilku je 3,5 %) a zarovei,, ze je jeho nejucinné&jSim
nastrojem pusobicim proti kontaminaci vaje¢ného obsahu patogeny. Lysozym je obsazen nejen
v bilku, ale také v podskotapecnych blanach a ve skotapce samotné a je ¢inny zejména proti
grampozitivnim bakteriim (Hincke et al., 2000). Studie VIckové et al. (2019) byla mimo jiné
zam&fena na dalSi proteiny, které maji zdsadni vyznam V antimikrobidlni ochrané bilku,
ovotransferin a ovalbumin. Autofi dodavaji, ze koncentrace ovotransferinu je ovlivnéna

geneticky, coz také podporuje myslenku rozdilné Grovné antimikrobialni obrany vajec mezi
riznymi genotypy slepic.

Vysledky mnoha studii (naptiklad Park et al. 2003, Aygun & Sert 2013a
a Vickova et al. 2018) prokazaly snizeni mikrobialni kontaminace na povrchu vaje¢nych
skotapek s prodluzujici se dobou skladovani bez ohledu na ptivod mikroorganismi. To je
v souladu s vysledky nasi studie, kde byla nejnizsi aroven mikrobialni kontaminace zjisténa

u vajec skladovanych po dobu 28 dnu, v piipadech, kde byly vysledky vyhodnoceny jako
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statisticky vyznamné. Prikazné¢ nejvyssi vyskyt mikroorganismi na podskofapecnych blanach
byl zjistén u vajec skladovanych po dobu 14 dnu, s vyjimkou kontaminace bakteriemi
Enterococcus, kde nebyl vliv doby skladovani vyhodnocen jako statisticky prukazny. Navic,
zjisténé hodnoty byly velmi nizké. Podobné vysledky uvadéji Vickova et al. (2018), konkrétné
se jedna o nizké hodnoty kontaminace bakteriemi Enterococcus. Stejny trend se byl zjistén
u mikrobialni kontaminace bilku, kde vSak byly nase vysledky statisticky nevyznamné

a zaroven byly hodnoty nizsi ve srovnani s kontaminaci na podskofape¢nych blanach.

Pokud jde o vliv skladovaci teploty na mikrobidlni kontaminaci vajec, vyssi teploty jsou
z hlediska kvality a bezpec¢nosti vajec méné piiznivé nez teploty nizs§i (Theron et al. 2003).
Idealni teplota pro rust bakterii Escherichia coli je od 20 do 37 °C, ¢im vyssi je teplota vV daném
rozmezi, tim rychlejsi je rist (Farewell et al. 1998). U bakterii rodu Enterococcus je rozsah
teplot, kde jsou bakterie schopny rust, $irsi. Optimalni teplota je 42,7 °C, zatimco minimum je
6,5 °C a maximum je 47,8 °C (Fisher & Phillips 2009). Statisticky prikazny vliv skladovaci
teploty byl v nasi studii zjistén pouze u kontaminace skofapky. Nejvyssi uroven kontaminace
byla stanovena u Cerstvych vajec ve srovnani s vejci skladovanymi pti dvou riiznych teplotach
(5°C a20°C), coz odpovida snizujicimu se trendu v mnozstvi mikroorganisma s prodlouzenou
dobou skladovani. Jediny signifikantni rozdil mezi zminénymi teplotami byl zjistén
u kontaminace skofapky bateriemi Enterococcus, kde niz$i hodnoty byly u vajec skladovanych
pfi teploté¢ 20 °C. Podobny rist sledovanych skupin mikroorganismli v obou skladovacich
teplotach mohl byt zptsoben tim, ze teploty 5 °C a 20 °C jsou relativné daleko od idealnich
teplot pro rist téchto mikroorganismi, a proto nebyl zjistén zadny vyznamny rozdil mezi témito

skladovacimi teplotami.

4.3 Kbvalita Kkosti a jejich sloZeni ve vztahu ke genotypu

Dale byla v doktorské disertacni praci hodnocena kvalita kosti a jejich chemické
a mineralni sloZzeni (Kraus et al. 2022b). S ohledem na kvalitu kosti se odborna literatura ¢asto
zaméfuje na vliv vyzivy (Swiatkiewicz et al. 2010) nebo systému ustajeni
(Tactacan et al. 2009). N¢kolik studii (napiiklad Riczu et al 2004, Sharma et al. 2021) vsak
pozorovalo i vliv genotypu. Sharma et al. (2021) studovali vliv genotypu na kvalitativni
vlastnosti holenni kosti a také potvrdili, Ze ma genotyp signifikantni vliv na délku a pevnost
kosti. Na rozdil od nasi studie autofi nepotvrdili vyznamny vliv genotypu na hmotnost kosti,
coz lze vysvétlit srovnanim riznych genotypii mezi studiemi. Statisticky vyznamné rozdily
V délce a hmotnosti holenni kosti mohou odkazovat na riiznou priimérnou télesnou hmotnost

a velikost kazdého genotypu na konci studie, kdy byl realizovan odbér vzorkd.
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Riczu et al. (2004) porovnavali pevnost stehennich kosti u hnédovajeénych a bélovajeénych
nosnic a zjistili, ze hnédovajecné nosnice mély vyrazn¢ vyssi pevnost stehennich kosti
(30,68 kg) nez b&lovajecné nosnice (19,54 kg). Dale autofi potvrdili vyznamny vliv genotypu
na hmotnost stehenni kosti, coz je také v souladu s nasimi zjisténimi. Naopak, co se tyce délky
stehenni kosti, tento efekt nepotvrdili. Bez ohledu na nékteré rozdily mezi studiemi
nebo hodnocenymi kostmi je ziejmé, ze genotyp patii k faktorim, které znac¢né ovliviuji

parametry kosti, jako jsou pevnost, hmotnost nebo délka, piipadné Siika.

Podobné jako naSe studie, kterd sledovala vliv genotypu na obsah suSiny a popela
Vv holenni kosti nosnic, také Silversides et al. (2012) studovali tyto parametry a potvrdili,
ze genotyp ovliviiuje oba tyto parametry. Obsah susiny a popela v holenni kosti hodnotili také
Yalcin et al. (2001), ktefi porovnavali vliv kmene u brojlerovych kufat a dospéli k zavéru,
ze rovnéz tento faktor ovliviluje obsah suSiny a popela. Sharma et al. (2021) zjistil stejné
vysledky u vlivu genotypu na obsah popela u holenni kosti (nesignifikantni vliv genotypu).
Nicméné¢ pro stehenni kost byl obsah popela vypocitan jako statisticky prikazny
mezi vybranymi genotypy. Rozdily mezi vysledky holennich a stehennich kosti mohou byt
zpusobeny jejich rozdilnym sloZzenim. Holenni kost patii do skupiny nejvice mineralizovanych
kosti, a proto se ¢asto pouziva jako indikator celkové mineralizace skeletu (Rose et al. 1996,
Talaty et al. 2009), takze pti méfeni kvality kosti se obvykle pouzivaji pravé holenni kosti
(Min et al. 2019, Teng et al. 2020). To je v souladu s naSimi vysledky, kde bylo u vSech

genotypl zjisténo vyssi mnozstvi popela v holennich kostech nez v kostech stehennich.

Z hlediska mineralniho sloZeni kosti se védecké studie obvykle zamétuji na vliv vyzivy
(Olgun & Aygun 2016) nebo vliv systému ustajeni v souvislosti s pohybem (Krunt et al. 2021b).
Nase studie byla vSak zaméfena na analyzu mineralniho sloZeni kosti z jiné perspektivy,
konkrétné¢ byl pozorovan vliv genotypu. Védeckd literatura tykajici se vlivu genotypu
na mineralni sloZeni kosti je zna¢né omezend, nicméné jiné vlivy, jako je naptiklad jiZ zminéna
vyziva (Jing et al. 2018) nebo systém ustdjeni (Newman & Leeson 1998), byly studovany
jizdfive. Jing et al. (2018) sledovali obsah vapniku a fosforu, zatimco
vapniku, fosforu a hofciku v kvalit¢ kosti napti¢ zivo¢iSnymi druhy, od krys
(Takahara et al. 2000), ptes kraliky (Krunt et al, 2021b) az po drubez
(Shastak & Rodehutscord 2015). V nasi studii byl zjistén signifikantni vliv genotypu na obsah
vapniku, fosforu i hot¢iku jak u holennich, tak i u stehennich kosti. U nosnic jsou naroky

na vapnik obzvlasté vysoké, a to zejména v obdobi vrcholu sndsky a ke konci snaskového cyklu,
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kdy se snizuje ucinnost absorpce vapniku z krmiva (Al-Batshan et al. 1994). Ptiblizné
20 az 40 % potiebného vapniku pro tvorbu vajecnych skofapek pochazi z kosti, coz predstavuje
specifickou zaté€z pro integritu kosti (Mueller et al. 1964). Kvalita kosti tizce souvisi se snaskou
a naslednou kvalitou vajec. Proto mé selekce na vysokou snasku negativni dopad na kvalitu
kosti. Byly vypocitany negativni korelace mezi pevnosti kosti a snadskou a pevnosti kosti
a tloustkou skotapky (Bishop et al. 2000). Kvalita kosti neni definovana pouze obsahem
vapniku, ale také obsahem fosforu, ktery je s vapnikem v blizkém vztahu a je nezbytny pro
stavbu kosti. Zejména pomeér mezi vapnikem a fosforem je zasadni, protoze vztah mezi
vapnikem a fosforem je inverzni, coZ znamena, ze ¢im vice je fosforu v krvi, tim mén¢ je
Vv ni vapniku a naopak (Copp 1957). Kromé toho fosfor hraje kli¢ovou roli pfi tvorbé vajecné
skotapky (Taylor 1965). Obecné tedy plati, ze vapnik a fosfor se vzajemné ovliviiuji a ze hoi¢ik
je s nimi Uzce spojen. Hoi¢ik je antagonistou vapniku (Shastak & Rodehutscord 2015).
Krunt et al. (2021b), ktefi studovali obsah vapniku, fosforu a hot¢iku v holennich a stehennich
kostech kraliki v riznych systémech ustdjeni, zdlraziiuji vyznam hotc¢iku pro kvalitu kosti,
konkrétné pro odolnost vii€i zlomenindm. Autoii dospéli k zévéru, Ze hoicik by mohl byt

klicovym prvkem z pohledu pevnosti kosti.

Z obecné méné diskutovanych prvki ovliviujicich kvalitu, ale pfesto velmi dilezitych
patii bor, protoze interaguje s vapnikem, hoi¢ikem a vitaminem D. MnoZstvi béru v kostech je
zavislé na mnoZzstvi boru piijatého z krmiva (Chapin et al. 1998). Méd’, Zelezo, mangan a zinek
jsou dal$imi ddleZitymi prvky pro kvalitu kosti, protoZe se ucastni metabolickych procest
souvisejicich s kostmi (Palacios 2006). Napiiklad nedostatek manganu miize zptisobit rizné
kostni abnormality (Spears 2019). Osteopordza, na kterou ma vliv sodik, je rizikovym faktorem
ovlivitujicim kvalitu kosti. Vysoky pfijem sodiku z krmiva negativné ovliviiuje metabolismus

vapniku, respektive jeho vylu¢ovani z organismu (Teucher & Fairweather-Tait 2003).

4.4  Biochemické krevni parametry ve vztahu ke genotypu, systému ustajeni a véku
Biochemické krevni parametry ve vztahu k plemeni (Kraus et al. 2021, 2022a), systému
ustdjeni a véku (Kraus et al. 2021) jsou posledni feSenou problematikou doktorské disertacni
prace. Gyenis et al. (2006) zjistili vyznamny vliv genotypu na koncentraci triglycerida v Krvi
asoucasné¢ popsali jejich extrémni zvySeni Vv 17. tydnu véku slepic (z koncentraci
mezi 0 a5 mmol/l na koncentrace mezi 15 a 20 mmol/l). Divodem této zmény byl piechod
najinou krmnou smés. Nicméné naSe vysledky nepotvrdily signifikantni vliv genotypu,
systému ustajeni ani véku na koncentraci triglyceridi v krevnim séru, byla vsak vypoctena

prukazna interakce mezi systémem ustajeni a vékem slepic pro tento parametr.
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Pokud jde o koncentraci cholesterolu v krvi, Andrews et al. (1968) uvadgji, ze jeho
puvod ve vejcich je pravé v krevnim séru. Role cholesterolu je také diilezitd, protoze
je prekurzorem steroidnich hormonti (Goncalves et al. 2010). Dale lze frakce cholesterolu
pouzit pro predikci vzniku KVO (Fernandez & Webb 2008). Co se tyce koncentrace
cholesterolu v krevnim séru, byla vyznamné ovlivnéna systémem ustdjeni a interakci
mezi systémem ustajeni a vékem. Nami ziskané vysledky naznacuji, ze ustajeni na podestylce
muze byt pro vybrana puvodni plemena (Ceské slepice zlaté kropenaté a oravky) vhodnéjsi nez
ustajeni v obohacenych klecich (2,92 vs 3,53 mmol/l). Interakce mezi systémem ustajeni
a vékem vykazovala nejvyssi hodnotu cholesterolu v krevnim séru u 34 tydni starych slepic
chovanych v obohacenych klecich, coz mize souviset s vy$s§i mirou stresu. Dale, hladina
cholesterolu v krevnim séru slepic chovanych v klecich se snizila v dal§im sledovaném obdobi
(50. tyden véku). To mize znamenat, Ze si slepice na systém dany systém ustajeni zvykly.
Z hlediska veku se koncentrace cholesterolu v prubéhu sledovani snizila, coz koresponduje
se zjisténimi studii autord Suchy et al. (2001) a Burnham et al. (2003). Na druhou stranu
Suchy et al. (1999) a Pavlik et al. (2007) zaznamenali nejvyssi zvySeni koncentrace cholesterolu
uprostied snaskového obdobi. Stejny trend byl v nasi studii zjistén pouze u slepic plemene
ceské slepice zlaté kropenaté chovanych v obohacenych klecich. Dynamika zmén tykajici
se obsahu cholesterolu v krevnim séru béhem snaskového cyklu mohla byt zpisobena také

stresem (Puvadolpirod & Thaxton 2000) a intenzitou snasky (Suchy et al. 1999).

Aktivita enzymu aspartataminotransferaza tzce souvisi s energetickym, bilkovinnym
a tukovym metabolismem (Goncalves et al. 2010). V nasi studii byla aspartataminotransferaza
signifikantné¢ ovlivnéna systémem ustdjeni, kde byly vysS§i hodnoty zjiStény u slepic
z obohacenych kleci ve srovnani se slepicemi z podestylky (3,46 vs 2,96 pkat/l). Vyssi
koncentrace tohoto enzymu v krevnim séru znamena vyssi zatizeni jaternich bun¢k. Goncalves
et al. (2010) navic upozoriuji, Ze intenzita snasky je faktorem, ktery zna¢né ovliviiuje funkci
jater. Konzistentni stresova zatéz ma za nasledek zvysenou aktivitu aspartataminotransferazy
asoucasné¢ zvySenou koncentraci cholesterolu a glukézy v krevnim séru slepic
chovanych v obohacenych klecich, coz naznacuje, Ze stres se v klecovém ustdjeni vyskytuje
v dlouhodobém hledisku (Everds et al. 2013). Hodnoty jak aspartataminotransferazy,
tak i cholesterolu byly vnasi studii prikazné vys$i v krevnim séru slepic chovanych
v obohacenych klecich nez u slepic chovanych na podestylce. Jejich koncentrace souvisi
s hladinou katecholamini (dopaminu a epinefrinu), které souviseji se stresem a jsou vyssi
u slepic s nizsi produkei v porovnani se slepicemi s vyssi produkcei (Cheng et al. 2001).
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Celkovy obsah bilkovin v krevnim séru byl v nasi studii signifikantn¢ ovlivnén vékem
slepic s tim, ze vyssi hodnoty byly zjistény v krevnim séru mladsich slepic. Ostatni sledované
faktory (genotyp a systém ustajeni) hodnoty proteinemie neovlivnily. Tato zjisténi jsou
v souladu s vysledky autori Pavlik et al. (2007), ktefi navic také nezjistili Zadné zmény
celkovém obsahu bilkovin v krevnim séru v riznych systémech ustajeni. Ve studii t€chto autort
hodnoty kolisaly mezi 52 a 56 g/l, zatimco vysledky nasi studie ukazaly mnohem vyssi
variabilitu hodnot celkového obsahu bilkovin Vv krevnim séru, konkrétn¢ od 43,53 do 56,90 g/I.
Zminéné rozdily mohou byt zplisobeny vybérem riznych genotypii slepic V porovnavanych
studiich. V nasi studii byla vyuzita pouze ptivodni plemena slepic, zatimco Pavlik et al. (2007)
hodnotili krevni sérum u komeréniho hybrida Isa Brown. SniZeni obsahu bilkovin v krevnim
séru s vékem slepic lze ptisuzovat kvalité bilkovin obsazenych v krmné smési, zejména obsahu
esencialnich aminokyselin (Pavlik et al. 2007). Vyssi hodnota celkovych bilkovin znamena

leps$i zdravotni stav zvifete (Marono et al. 2017).

Vliv genotypu, systému ustajeni a véku na koncentraci albuminu byl v nasi studii
vypo¢éitan jako neprtikazny u vSech téchto faktord. Cerolini et al. (1990) podobné nezjistili
prukazny vliv genotypu, nicméné zjistili prikazny vliv véku na koncentraci albuminu
Vv krevnim séru. Tyto rozdily mohou souviset s vékem slepic, kdy byla pozorovani realizovana
(ve v€ku 18, 30, 36, 58 a 67 tydnii), a také s pouzitymi genotypy (Warren (ISA) a Golden-Comet
(Hubbard)). Jak jiz bylo zminéno diive, v nasi studii byla hodnocena pivodni plemena slepic,
a to ve veéku 34, 42 a 50 tydnt. Navic se trendy v obsahu albuminu v zavislosti na véku zna¢né
lisi. Cerolini et al. (1990) uvadéji ziejmé zvyseni koncentrace albuminu s vékem slepic, zatimco
nase vysledky ukazuji velmi nekonzistentni trend v koncentraci albuminu v krevnim séru.

Gyenis et al. (2006) také potvrzuji zvySujici se trend koncentrace albuminu s vékem slepic.

Protoze nebyly zjistény zadné prikazné zmény v obsahu glukézy v krvi, které jsou
povazovany za hlavni zdroj snadno dostupné energie (Nasrel-din et al. 1988), nelze
pfedpokladat, Ze bilkoviny slouZi jako alternativni zdroj energie. Hladina glukézy v krevnim
séru byla v nasi studii signifikantn€ ovlivnéna pouze interakci mezi plemenem a systémem
ustijeni a interakci mezi systémem ustdjeni a vékem. Tyto vysledky mohou poukazovat
na rozdilné naroky ve vyuziti energie a na rozdilnou Uroven glykémie ve vztahu k télesné
konstituci konkrétniho plemene a jeho pohybové aktivité¢ v daném systému ustdjeni. Pokud jde
o interakci mezi systémem ustijeni a v€kem, U klecového systému ustajeni ovlivnil stres
koncentraci glukozy, ktera se linearn¢ snizovala s vékem. Tento trend byl pozorovan

I u koncentrace cholesterolu, coz miize opét naznacovat fakt, ze si slepice postupné zvykaji
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na dany systém ustajeni. Protoze v€k prikazné neovlivnil hladinu glukézy v krevnim séru, je
mozné Usuzovat, ze pohotova energie potiebna ke snasce vajec byla dostate¢né pokryta z krmné
smési. Vysledky studie autoru Pavlik et al. (2007) také ukazuji statisticky neprukazny vliv
systému ustajeni na glykémii. U vétSiny nami sledovanych skupin nosnic bylo patrné snizeni
glykémie v poloving sledovaného obdobi, ve 42. tydnu véku nosnic, zatimco Pavlik et al. (2007)
zaznamenali snizeni glykémie az ve véku 75 tydnd a Onbasilar & Aksoy (2005) v 56. tydnu

veéku.

Kritickym v€kem, jak je patrné z hodnot koncentrace glukozy a triglyceridi v krevnim
séru, byl veék slepic 42 tydnt, kdy u slepic chovanych v obohacenych klecich doslo ke zvyseni
hodnot triglyceridii, coz bylo u slepic plemene oravky navic doprovéazeno zvysenim glykémie
a aktivit aspartataminotransferazy. Hodnoty celkovych bilkovin naznacuji ur€ité ziedéni krve.
Statisticky tato zjiSténi ukdzala vyznamny rozdil v hodnotich glykémie 1 triglyceridi
Vv zavislosti na véku a systému ustdjeni. Ze zjisténych vysledkl l1ze tedy konstatovat, ze veék
42 tydni znamena pro nosnice chované v obohacenych klecich zna¢nou energetickou zatéz,
coz ma za nasledek kompenzaci téchto narokt z tukovych zdroji, protoZze ptisun dostupné

energie je nedostatecny.
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5 Zavér

Doktorska disertatni prace se zabyvala uzitkovosti, rtstem, kvalitou produkce,
mikrobidlni kontaminaci vajec a naslednou penetraci mikroorganismii do vaje¢né¢ho obsahu,
kvalitou kosti vcetné mineralniho slozeni, biochemickymi krevnimi parametry a dalSimi
charakteristikami u puvodniho plemene ceské slepice zlaté kropenaté. Dale byla prace
zamé&iena na faktory, které vyznamné ovliviiuji sledované charakteristiky. Hlavnim divodem
vzniku a zaroven cilem této prace bylo zjisténi novych informaci, zaroven doplnéni a rozsiteni
dosavadnich znalosti 0 plemeni ceské slepice zlaté kropenaté, nebot’ tyto informace dosud

ve védecke ¢i odborné literatuie chybély nebo byly diskutovany v nedostatecné mire.

Vysledky potvrdily, Ze Ceské slepice zlaté kropenaté mély prikazn€ horsi vysledky
u vétsiny sledovanych parametri uzitkovosti (pocet snesenych vajec, primérna hmotnost vejce,
intenzita snasky, spotfeba krmiva na vejce) nez vybrany komer¢ni hybrid, ale na druhou stranu
u nich byl zaznamenan nizs§i thyn a nizsi spotfeba krmiva na den. Nejvyssi mortalita byla
zjisténa pravé u komer¢niho hybrida. V tomto piipadé muze mortalita naznacovat vyssi
odolnost a lepsi prizpusobivost ¢eské slepice zlaté kropenaté podminkam prostiedi, pripadné
systému ustdjeni, v tomto konkrétnim ptipad¢ extenzivnimu chovu na podestylce. Pfi porovnani
s jinym plemenem slepic, leghornkami bilymi, byly ¢eské slepice zlaté kropenaté signifikantné
horsi ve vSech sledovanych parametrech uZzitkovosti, nicméné rozdily nebyly tak vyrazné

jako pfi porovnani s komerénim hybridem.

Z hlediska kvality vajec bylo potvrzeno, ze pro Ceské slepice zlaté kropenaté je
vhodnéjsi ustdjeni na podestylce (v porovnani s ustajenim v obohacenych klecich). Vyssi
hodnoty byly zjiStény zasadnich parametrt kvality vajec, jako jsou naptiklad hmotnost vejce,
tloustka nebo pevnost skofdpky. Pti posouzeni mikrobidlni kontaminace vajec a nasledné
penetrace mikroorganismi skrze skofapku do vajeéného obsahu byly mezi sledovanymi
genotypy slepic zjistény statisticky vyznamné rozdily. Podminky skladovani rovnéz statisticky
prikazné ovlivnily mikrobidlni kontaminaci a néslednou penetraci mikroorganismi
do vajecného obsahu. Jak z pohledu primarni mikrobialni kontaminace vajec, tak z pohledu
penetrace mikroorganismt skrze skotfdpku do vaje¢ného obsahu mély Ceské slepice zlaté
kropenaté nejhorsi vysledky ze vSech porovnavanych genotypu slepic U vétSiny sledovany
mikroorganismu. Tyto vysledky mohou byt zpiisobeny jednostrannou selekci zvitat na uzitkové
vlastnosti (pfipadné na vlastnosti exteriérové), a proto by se chovatelé pii selekci zvifat méeli

zamé&fit nejen na zminéné vlastnosti, ale také mikrobialni rezistenci vajec. U plemene Ceské
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slepice zlaté kropenaté je tato problematika navic komplikovana pomérné nizkym poctem

oficialn€ uznanych zvirat, a tudiz je selekce jesté vice limitovana.

Dalsi podstatnou casti doktorské disertatni prace byl experiment zaméfeny
na hodnoceni kvality kosti a jejich mineralniho slozeni u ¢eskych slepic zlatych kropenatych
anasledné porovnani ziskanych vysledki s jinym plvodnim plemenem a komerénim
hybridem. K hodnoceni byly vybrany kosti holenni a stehenni. Vliv genotypu byl vypocitan
jako statisticky vyznamny u vSech zékladnich kvalitativnich parametrt, ze kterych je tfeba
a to jak u holennich, tak i stehennich kosti. Rovnéz u zastoupeni prvki byly ve vétsing ptipadi

zjistény statisticky signifikantni rozdily mezi sledovanymi genotypy slepic.

Poslednim okruhem doktorské disertacni prace bylo hodnoceni biochemickych krevnich
parametrt, kde byly zjistény prikazné rozdily mezi ¢eskymi slepicemi zlatymi kropenatymi
a oravkami. Zajimavéjsi je vSak zjisténi tykajici se vlivu systému ustajeni na biochemické
krevni parametry. Ze zvySené aktivity aspartataminotransferazy a soucasné hodnot cholesterolu
a glukozy v krevnim séru u Ceskych slepic zlatych kropenatych chovanych v obohacenych
klecich je mozné konstatovat, Ze byly tyto slepice vystaveny dlouhodobé stresové zatézi. Jinymi
slovy, stres se v klecovém ustajeni projevil z dlouhodobého hlediska, proto jsou z tohoto

pohledu vhodné&j$im ustajenim pro Ceské slepice zlaté kropenaté alternativni systémy.

Zavérem je tieba dodat, Ze obé stanovené hypotézy doktorské disertacni prace byly

potvrzeny, a Ze definované cile doktorské disertacni prace byly splnény.
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