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1 Literarni prehled

1.1 Systémy ustdjeni
Podle autori EFSA (2020) lze systémy ustajeni rozdélit na konvencni klece, obohacené
klece a vyvySené kotce (typicky pouzivané na konvencnich farméch), podlahové boxy,

venkovni a ekologické systémy.

Konvendéni klece

Tento typ kleci se pouziva pro vykrmované kraliky, mladé a nebfezi samice. Specialnimi
typy konvencnich kleci jsou bicelularni klece pro chov kralikii a dvouucelové klece pro
reprodukci samic s mlad’aty nebo pro rostouci kraliky (EFSA, 2020). Tradicné se bicelularni
klece pouzivaji jako konvencni systém ustajeni pro vykrm kralikd. EFSA (2020) udava velikost
bicelularni klece 25,4 x 44 x 28 cm (Sitka x délka x vyska) s celkovou dostupnou plochou 1 200
cm?. Xiccato a kol. (2013) doporucuji 28 x 40 x 28 cm. Trocino a kol. (2013) doporuduji 28 x
40 x 30 cm. Tento systém ustdjeni byl po velmi dlouhou dobu nejbéznéjsim typem ustajeni na
farmach kralik( (Matics a kol., 2019).

Jednou z nejdulezitéjSich Casti klece je podlaha. NejCastéjsSim typem podlahy je draténa
sit, v mnoha pripadech sparovana s plastovou podlozkou na nohy (25 x 36 cm). Bézn¢ se také
pouzivaji plastové rosty. V ustajovacim prostoru musi byt pfitomno krmitko a niplova
napajecka. Konvencni klece slouzi k ustajeni pouze 2 vykrmovanych kralikti (EFSA, 2020) s

hustotou osazeni 18 zvifat/m? (Xiccato a kol., 2013).

Obohacené klece

EFSA (2020) uvadi dva typy teéchto kleci, obohacené klece s draténou podlahou (38 -
46 x 95 - 102 x 60 - 65 cm, celkova dostupna plocha 4 370 - 4 700 cm?) a obohacené klece s
poli¢kou z plastového rostu (46 - 52,5 x 102 x 65 - 80 cm, celkova dostupna plocha 5 600 - 6
400 cm?). Tyto klece poskytuji vice volného prostoru pro kraliky a musi byt obohaceny o

vyvySené plosiny, okus nebo jiné predméty.

Vyvysené boxy (combi-parky)

Vyvysené boxy pro samice s mlad’aty nebo pro vykrmované kraliky (180 - 200 cm x 80
- 102 cm s otevienou horni &sti, celkova dostupna plocha 18 000 - 25 400 cm?) jsou sestaveny
z jednotlivych moduld, které 1ze spojovat dohromady. K dispozici je jeden velky modul pro
samici a jeji mlad’ata s odnimatelnym plastovym hnizdem. Tento prostor je od prostoru klece

5



oddélen odnimatelnou sténou. Po odstaveni lze sténu mezi moduly oddélit a dat vzniknout
jednomu novému velkému prostoru, ktery se obvykle sklada ze ¢tyf modula (EFSA, 2020).
Rommers a kol. (2014) prezentuji combi-parky jako 38 cm Siroké a 100 cm hluboké s otevienou
horni Casti systému ustajeni. Policku o Sifce 38 cm autofi umistili 25 cm nad plastovou
podlahou, kotisté byla 25 cm dlouha a 38 cm Siroka. Dal Bosco a kol. (2019) uvedli podobny
systém a nazvali ho , kombinovana kolonialni klec”. Systém se skladal ze dvou-uroviiové
porodni ¢asti s hnizdy a odnimatelnych stén. Rozméry této klece jsou 130 x 158 x 60 cm s

vnéj§imi uzaviratelnymi hnizdnimi budkami (39,52 x 20 x 35 cm).

Podlahové boxy

Tento typ ustajeni pouZili Ruchti a kol. (2018) ve Svycarsku pro samice s jejich mladaty
a nasledné pak pro vykrmované kraliky. Primérné rozméry kotce byly 3,5 x 2,0 m s otevienou
horni &4sti boxu a minimalnim prostorem pro samici 1,6 m> V boxech byly instalovany
vyvySené plastové ploSiny a hnizda (0,29 x 0,36 m), k nimz byl pfistup samicim umoznén pouze

po vyskoceni.

Venkovni systémy

EFSA (2020) predstavuje tyto systémy jako tzv. ,niche“ systémy s rdznymi
stacionarnimi (klece, boudy, vybéhy) nebo mobilnimi systémy ustajeni (obvykle klece), které
mohou umoznit pfistup do venkovnich prostor a pastvin. Nejsou vSak k dispozici zadné
standardy pro rozméry tohoto ustajeni. Napfiklad Paci a kol. (2013) popisuji svilj venkovni
systém jako kolonii kleci s draténymi podlahami o riznych rozmeérech téchto kleci (50 x 50 x
76 cm, 100 x 80 x 76 cm, 100 x 160 x 76 cm), které jsou situovany ve venkovni Casti postavené

tak, aby byla poskytovana zvifatim ochrana pied predatory a slune¢nim zafenim.

Ekologické systémy

Dle EFSA (2020) existuje nafizeni EU 2018/848, které obsahuje zakladni pozadavky
jako je moznost pastvy, kdykoli to podminky dovoli, skupinové ustajeni, pfistup do krytého
pristfeSku vcéetné tmavého ukrytu, vyvySena plosina a hnizdni materidl pro vSechny bfezi
samice pied porodem, zadna antibiotika a zadné hormony. Tato implementace pozadavki
vstoupila v platnost od roku 2021. Podminky ekologického chovu kralikti podléhaji predpisim
kazdé zemé. Pla (2008) chovala skupinu kralikti na mistni ekologické farmeé podle doplikovych
norem R (CEE) N° (1804/1999) CRAE (Néarodni regulacni vybor pro ekologické zemédélstvi)



ve Spanélsku. Pouzivaly se skupinové kotce (2 m?) a slaména podestylka, kralici byli krmeni

ad libitum.

1.2 Vliv systému ustajeni na produké¢ni parametry kraliku

Rast, primérny denni pfirtstek, konverze nebo piijem krmiva jsou nékteré z dilezitych
parametrd vykrmu, které maji vazny dopad na produkci kraliciho masa. Neékolik studii
zkoumalo vliv systému ustajeni na produkcni parametry s prikazné vy$sim primérnym dennim
ptirtistkem a konecnou zivou hmotnosti u kralikti chovanych v klecich nez u kraliki umisténych
ve vybézich pii malych skupinach (Lambertini a kol., 2001; Princz a kol., 2009) nebo u vétSich
skupin (Dal Bosco a kol., 2002; Combes a kol., 2010).

Velikost skupiny

Pti porovnani rizné velikosti skupiny kralika (6, 12, 18, 30, 42, 54) nebyl zaznamenan
zadny vliv na rist a pfijem krmiva (Rommers a Meijerhof, 1998). Na druhou stranu, Xiccato a
kol. (1999) zjistili, ze denni pfijem krmiva vyznamné poklesl ve skupinach kralikti v boxech ve
srovnani s kraliky, ktefi byli chovani v klecich. Bylo také zjiS§téno, ze pohybova aktivita se
zvysuje se zvysujici se plochou prostoru v ustajovacim systému, a negativné ovliviiuje pfijem
krmiva (Rommers a Meijerhof, 1998). Také kralici chovani ve velkych skupinach vykazovali
niz§i ptijem krmiva v disledku vyssi rovné stresu a agresivity (Maertens a Van Herck, 2000).
Naopak Matics a kol. (2018) nezjistili zadny vliv systému ustajeni na pfijem krmiva, kdyz
porovnavali boxy a klece. Souvisejici vys§i pohybova aktivita ve vétsich skupinach pak dle vice
studii (Lambertini a kol. 2001; Dal Bosco a kol. 2002) ovliviiuje rychlost ristu a zpomaluje jej.
Nicméné, nejvyssi té€lesna hmotnost a hmotnostni piiristek byly pozorovany v systémech
individualniho ustajeni (Xiccato a kol., 1999). Dalsi studie autort Matics a kol. (2018)
zaznamenala vysS§i prirtstek télesné hmotnosti u kraliki umisténych v kleci na rozdil od kralika
umisténych v boxech s vysledkem lep§iho poméru konverze krmiva ve veéku kralika od 7 do 9
tydnt. Naopak studie Princze a kol. (2009) neprokazala zadny vliv velikosti skupiny na
hmotnostni pfirGstek nebo na konecnou zivou hmotnost kralikli. Autofi vSak prokazali pokles
denniho prirtstku hmotnosti u kralika z vétsich skupin, pfi¢emz snizeni bylo mezi 1,0 a 9,3
g/den (Princz a kol., 2009; Combes a kol., 2010). Na zakladé uvedenych studii nelze
jednoznacné konstatovat, ze vliv systému ustdjeni na hmotnost pfed porazkou existuje. Na
vzniklych rozdilech se patrné podili vice faktori, at’ uz chovani zvifat a s tim spojené agresivni
vypady, nebo obecné interakce mezi zvifaty, které je stimuluji k pohybu, tak prostor k pohybu

samotny. Napiiklad v piilozenych studiich Krunt a kol. (2021; 2022) je vliv systému ustajeni
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na parametry vykrmu nejednotny. V prvni zminované studii byl vliv ustajeni zjistén jako
signifikantni a zvifata se tak v 80 dnech véku v porazkové hmotnosti liSila o0 224 g, kdy kralici
z kleci méli hmotnost vy$si nez kralici z boxd. Naproti tomu, nebyly, v pofadi druhé citované

studii, mezi kraliky v klecich a boxech nalezeny statisticky vyznamné rozdily.

Hustota osazeni

Dal§im faktorem, ktery ovliviiuje produkéni parametry, je hustota osazeni ustajovaciho
prostoru. Kdyz byla hustota osazeni snizena z 20-23 na 15-16 kralikéi/m?, parametry riistu se
zlepSily (Morisse a Maurice, 1997). Mousa-Balabel (2009) a El-Bayoumi a kol. (2018)
pozorovali nejnizsi prirtstek té€lesné hmotnosti u kralikii chovanych pii hustoté osazeni 28
kralikéi/m? v porovnani s kraliky chovanymi pii hustoté osazeni 20 nebo 12 zvitat/m?. Princz a
kol. (2008a), Szendrd a kol. (2009), Szendr6 a Dalle Zotte (2011) a Paci a kol. (2013) vSak
nezjistili zadny efekt snizeni hustoty osazeni na niz§i pocet nez 15-17 kralikéi/m?. Nicméné,
vys$§i hustota osazeni zpusobila nizsi ptijem krmiva v obdobi vykrmu dle studii autorti Moriss

a Maurice (1997) a Trocino a kol. (2004).

Podlahy

V prubéhu let byl zkouman vliv riznych typa podlah na produk¢ni a jateCni parametry
u vykrmovanych kralikd. Pfi porovnani tii riznych typt podlah (kovovy rost x plastovy rost x
hluboka podestylka) byla ziva hmotnost vyssi u kralik(i od 7 do 10 tydna véku, chovanych na
podlaze s plastovym roStem nez na kovovém rostu a hluboké podestylce. Rozdil byl také u
kralikti ve véku 11 tydnt chovanych na plastovych rostech a hluboké podestylce. Z hlediska
rastu byly zjistény vyssi hodnoty Zivé hmotnosti ve prospéch kralika ustajenych na plastovych
roStech v porovnani s kraliky z hluboké podestylky (Gerencsér a kol., 2014). Naproti tomu,
Dalle Zotte a kol. (2009) porovnavali kraliky vykrmované na kovovych a plastovych rostech
s vysledkem statisticky nevyznamnych rozdili v rastu. Dal Bosco a kol. (2015) pak také
neobjevili signifikantni rozdily pro charakteristiky rastu u kralikti vykrmovanych na kovovych
a plastovych rostech. Naopak, Trocino a kol. (2015) zkoumali rozdil mezi plastovym a
dfevénym rostem s vysledkem vyssiho denniho priristku hmotnosti, pfijmu krmiva a zivé
hmotnosti ve prospéch plastovych rostovych podlah oproti dievéné rostové podlaze. Dale pak
bylo pouzivani hluboké podestylky, jakozto prvku zakryvajiciho podlahu, zhodnoceno jako

nevhodné z produkéniho hlediska. Hluboka podestylka totiz zptsobila nizsi pfirastky zivé



hmotnosti, diky jeji konzumaci kraliky, v disledku cehoz byl omezen piijem granuli

(Lambertini a kol., 2001; Matics a kol., 2014).

1.3 Vliv systému ustajeni na parametry jate¢ného téla

Velikost skupiny

Vliv velikosti skupiny na znaky jate¢né upraveného téla byl potvrzen nékolika autory
(Dal Bosco a kol., 2002; Dalle Zotte a kol., 2009; Combes a kol., 2010; Matics a kol., 2014). U
kraliki umisténych ve vétSich skupinach byla zjiSténa niz§i porazkova hmotnost, jate¢na
vytéznost a vy$si vyvoj zadnich partii v porovnani s kraliky z mensich skupin. To je dle autort
zpusobeno vyssi fyzickou aktivitou zvirat v takovychto skupinach (Combes a kol., 2010). Dle
téchto autort je pak takovym pohybem snizeno procento tuku v téle takto vykrmovanych zvifat
a snizuje se pomér masa ku kosti. Loponte a kol. (2018) uvadéji, ze u kralikti chovanych ve
volnych systémech ustajeni byla pozorovano nizké procentudlni zastoupeni tuku v jatené
upravenych télech nez u kralik chovanych v kleci. To autofi vysvétlili vy$sim vydejem energie
pfi pohybu, skakani a béhu. Nekteré kontroverzni vysledky publikovali Machado a kol. (2019),
ktetfi nepozorovali zadny vliv systému ustdjeni (klece vs. box) a velikosti skupiny (3 vs. 6
kralikti na systém ustajeni) na jateCnou vyté€znost, procento tuku a vyvin zadnich koncetin.
Autori uvedli, Ze se zvifata na dany systém a management chovu v pribéhu ¢asu adaptovala,
coz vedlo ke statisticky nevyznamnym rozdilim. Na druhou stranu, Metzger a kol. (2003)
zjistili statisticky vy$si porazkovou hmotnost a jateCnou vytéznost ve prospéch kralika
chovanych v boxech v porovnani s témi v klecich a Matics a kol. (2018) uvedli vyssi vyvin
zadni casti u kralikti chovanych v boxu v porovnani s témi v kleci. Nicméné, ve studii Krunt a
kol. (2022), mimo jiné, zjistili, Ze se systém ustajeni vyznamné podili na vyvinu raznych svalt.
Obecné znamy je praveé rozdilny stupen vyvinu svaloviny stehna kralika, ktefi jsou vykrmovani
odlisné (zpravidla klec vs. vybéh/box). Vétsina studii ale ve svych vysledcich zhodnocuje pouze
nejveétsi sval stehna — biceps femoris. Ve vyse zmifiované studii byl ale také zhodnocen

napiiklad quadriceps femoris, pro n&z data ve védecké literature, v kontextu s ustajenim u
kralika, chybi.
Hustota osazeni

Dal§im faktorem ovliviiujicim parametry jatecného téla je hustota osazeni. Pokud byla
hustota osazeni vy$§i nez 15-17 kraliki/m?, zptisobila vyssi jate¢nou vytéznost (Trocino a kol.,

2004). Snizenim hustoty osazeni z 16 na 12 kralikti na klec se vyrazné zvysila hmotnost jatecné
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upraveného téla (Trocino a kol., 2015). Nejlepsi parametry jateCnych tél byly zjiSt€ny pii
hustoté osazeni 5 kralik(/m?. Ve studiich Dal Bosco a kol. (2000) a Pla (2008) bylo
zaznamenano, ze obecné pii zvySeni hustoty osazeni systému ustijeni kraliky klesd podil
zadnich koncetin. To je v souladu se zjisténimi autori Matics a kol. (2018) o vys§im vyvoji

zadni Casti, ktery je vice uptednostiiovan spotiebiteli (Dal Bosco a kol., 2002).

Podlahy

Vliv typu podlahy na parametry jatecné upraveného téla nebyl podle Princze a kol.
(2009) signifikatni. Na druhou stranu, Trocino a kol. (2015) zjistili vySsi zivou a jateCnou
hmotnost a jateCnou vyté€znost u kralikti chovanych na plastové rostové podlaze nez na dievéné
podlaze. Tito kralici méli také vys$si pomér svalt ke kostem v zadni Casti jatecn€ opracovaného
trupu. JateCna vytéznost byla dle studie Trocino a kol. (2008) vyrazn¢ vyssi na draténé podlaze
ve srovnani s podlahou z pokovovanych list, plastovych li§t, a slamou na draténé podlaze.
Nicméné, Dal Bosco a kol. (2002) ve své studii konstatovali, ze kdyz je rist vyrazn€ snizen

kvuli nevhodné podlaze, jsou naruseny i znaky kvality jatecné upraveného téla a masa.

1.4 Vliv systému ustajeni na kvalitu masa — fyzikalni a chemické parametry

Krali¢i maso je bohatym zdrojem bilkovin a esencialnich aminokyselin a ma vysokou
nutricni hodnotu. Nej€astéjSimi kyselinami v krali¢im mase jsou nasycené mastné kyseliny
(SFA) a polynenasycené mastné kyseliny (PUFA). Kvalita masa z pohledu zdravotniho stavu
zavisi na obsahu SFA a tuku. V této ¢asti budou shrnuty ucinky systéma ustajeni na slozeni

masa (Szendr6 a Dalle Zotte, 2011).

Velikost skupiny

Vliv velikosti skupiny na fyzikalni vlastnosti masa, jako je pHu (24 h postmortem) nebo
barva masa byl zjistén né€kolika kolektivy autort (Dal Bosco a kol., 2002; Dalle Zotte a kol.,
2009; Combes a kol., 2010; Xiccato a kol., 2013; Matics a kol., 2018), ktefi sledovali vliv rizné
urovné stresu na barvu masa. Agresivni chovani ve vétSich skupinach a souvisejici stres u
kralikd umisténych v boxech vedly k reakci svald, které zménily barvu a mély nizsi hodnoty
pHu v porovnani se zvitaty z menS$ich skupin (Matics a kol., 2018). Naopak, Lambertini a kol.,
(2001) negzjistili vliv velikosti skupiny na barvu masa. Co se ty¢e hodnot pHu, ty byly vyssi u
svalt hibetu u kralikti chovanych v kleci v porovnani s témi v boxech (Dal Bosco a kol., 2002;

Dalle Zotte a kol., 2009).

10



Combes a kol. (2010), Xiccato a kol. (2013) a Palka a kol. (2018) vSak nenalezli zadné
zmény pHu mezi jednotlivymi systémy ustajeni, co se jednotlivych jateCnych partii tyce.
Naproti tomu, Lazzaroni a kol. (2009) pozorovali vys$si pHu u biceps femoris a longissimus
lumborum u kralikd umisténych v boxech v porovnani s t€mi v klecich. Autofi se ale domnivaji,
ze tomu tak bylo v dusledku odchytu kralikti pfed porazkou. Szendré a Dalle Zotte (2011)
uvedli vliv velikosti skupiny na hodnoty ¢ervenosti (a*) a Zlutosti (b*) jako nejasny. Dal Bosco
a kol. (2002) a Dalle Zotte a kol. (2009) zjistili, ze hodnoty barvy L (svétlost)*a*b* byly vyssi
u kraliki chovanych v kleci v porovnani s t€mi v boxech. Naproti tomu Combes a kol. (2010)
a Mattioli a kol. (2016) zaznamenali tyto hodnoty nizsi u kralik(i chovanych v klecich oproti
tém v boxech. Szendrd a Dalle Zotte (2011) nabidli vysvétleni, ze hodnota L* se nezméni,
pokud pH neni ovlivnéno systémem ustdjeni (velikosti skupiny, respektive). Dal Bosco a kol.
(2002) uvedli, ze kdyz se zvysi mnozstvi SFA a mononenasycenych mastnych kyselin (MUFA)
v tuku, zvysi se 1 obsah PUFA. Szendr6 a Dalle Zotte (2011) vysvétlili tento fenomén jako efekt
ustajeni vétSich skupin kralikt s klesajicim obsahem tuku v mase, kdy odezvou bude zvySeni

relativni koncentrace PUFA v mase.

Hustota osazeni

Podle autor Szendr6 a Dalle Zotte (2011) neni vliv hustoty osazeni na slozeni masa tak
jasny, jak by mél byt, protoze se zkoumaly jen hustoty osazeni niz§i nez 17 kralik@i/m?. Preziuso
a kol. (2009) zjistili vys$si hodnoty pro a* a nizsi pro L* u kralikd chovanych pfi hustoté osazeni
<5 kralikti na m?. Pozdé&ji, Matics a kol. (2014) porovnali hustoty osazeni 10,5 kralikéi/m? a 16,3
kralikéi/m? bez vyznamnych rozdil pro barvu u svalu longissimus dorsi. Naopak, Dalle Zotte
a kol. (2009) a Paci a kol. (2013), zjistili vyssi hodnoty L* u masa hibetu kralika pfi vyssi
hustoté& osazeni oproti tém s niz§i hustotu osazeni. Vliv hustoty osazeni (10 vs. 4 kralici/m?) na

celkovy obsah PUFA a MUFA zjistili Volek a kol. (2014) ve prospéch vyssi hustoty osazeni.

Podlaha

Profil mastnych kyselin ve svalech podle autori Dal Bosco a kol. (2015) muze také
ovlivnit typ podlahy. V této studii byly pozorovany rozdily mezi kovovym rostem, plastovym
roS§tem a hlubokou podestylkou. Méné¢ MUFA u longissimus thoracis et lumborum bylo
zaznamenano na podlaze z kovového roStu. PUFA byly na nejnizs§i trovni na hluboké
podestylce. Tyto hodnoty 1ze diskutovat pravé s podobnymi studiemi, napt. Dalle Zotte a kol.
(2009) zjistili, ze PUFA se nezménily ve dvou raznych typech ustajeni (klec vs. kotec) bez
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vyznamného vlivu typu podlahy (kovovy rost vs. plastovy rost), na rozdil od autorti Dal Bosco
a kol. (2002), ktefi zjistili vyznamné vyssi hladinu PUFA u longissimus lumborum a Chodova
a kol. (2014) uvedli vyssi obsah PUFA u kralikl na slamé v boxu nez u kralika v kleci na

kovovém rostu.

1.5 Vliv systému ustajeni na vyvin svalovych vliken

Z hlediska zastoupeni Lefaucher (2010) uvadi, ze se svaly skladaji ze svalovych vlaken
typu I (BR) a typu II (aR, aW). U kralika se vétSinou sleduji dva nejvice dominantni svaly
(biceps femoris a longissimus thoracis et lumborum). Svalova vldkna ovliviiuji vyvoj
posmrtnych zmén, a i kvalitu masa (Hernandez a kol. 2006). Dv¢ zakladni charakteristiky, které
definuji svalova vlakna, jsou primeér a obvod. Tretim urcCujicim faktorem, ktery ovliviuje
velikost svalu, je plocha prafezu (Chodova a kol. 2014).

Hodnoceni vlivu hustoty osazeni na charakteristiky svalovych vlaken ve svalu biceps
femoris realizovali Volek a kol. (2014). U hustoty osazeni (10 kraliki/m? vs. 4 kréalici/m?) byl
podil aW vlaken 79,3 vs. 59,2 %. Pfi srovnani stejnych hustot byl podil vlaken aR 24,5 vs. 14,2
%. Naopak, distribuce vlaken BR byla vyssi pii nizsi hustoté osazeni (16,3 %), zatimco pii vyssi
hustoté osazeni pouze 6,5 %. Plocha svalovych vlaken typu BR byla vyznamné nizsi u kralikt
chovanych pii nizsi hustoté osazeni v porovnani s témi s vyssi hustotou osazeni ustajovaciho
prostoru (1 882 vs. 2 744 um?), plocha vlaken oR a aW nebyla signifikantné ovlivnéna.
Chodova a kol. (2014) diskutovali dva systémy ustajeni (skupinova klec s kovovym ro§tem vs.
box se slamou) a jejich vliv na vyvoj svalovych vlaken u biceps femoris. Byla ale pouzita
odlisna nomenklatura typizace svalovych vlaken nez u dfive citovaného clanku. Plocha prufezu
vlaken typu I byla vyznamné vétsi u kraliki chovanych v klecich s vyssi hustotou osazeni a
jejich praimér byl také vétsi ve srovnani s plochou prufezu a prumérem svalovych vlaken u
kralik chovanych pfi nizsich hustotach osazeni.

V dalsi studii (Krunt a kol., 2021) byl zkouméan vliv klecového a skupinového ustéjeni
v boxech na vyvin svalovych vlaken u biceps femoris, pticemz byly objeveny dvé tendence,
které ukazovaly vyss§i hodnotu obvodu a plochy prifezu svalovych vlaken typu PR u kralika

vykrmovanych v boxu nez u kralika v kleci.

1.6 Moznosti obohaceni ustajeni a jejich vliv na vykrm kralika

Ve védeckych studiich bylo zkoumano nékolik typti obohaceni a jeho vliv na produk¢ni
charakteristiky, pfipadné pak na charakteristiky jate¢né upravenych tél. Mezi ty patfi napiiklad
okus (Buijs a kol., 2011; Zucca a kol., 2012), zrcadla (Reddi a kol., 2011; Musco a kol., 2019)

nebo policky (Matics a kol., 2018).
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Okus

Vliv okusu na uzitkovost a znaky jatecn€ upraveného téla kraliki pozorovali
Mohammed a Nasr (2016). Vysledkem bylo, ze kralici, ktefi meli k dispozici okus, mé&li vyssi
koneCnou hmotnost pii porazce, celkovy pfirastek hmotnosti, denni pfijem krmiva a vyssi
hmotnost jate¢né upraveného téla. Princz a kol. (2008a), Buijs a kol. (2011) a Zucca a kol.

(2012) nezjistili zadny vliv okusu na uzitkovost kraliku.

Zrcadla

Dal§im zkoumanym prvkem jsou zrcadla. Musco a kol. (2019) doporucuji pouziti
zrcadel ve volném vybehu kralikti. Umisténi zrcadel v tomto systému ustajeni vedlo ke zlepSeni
vlastnosti jateCné upravenych tél, zvyseni pfirtstku hmotnosti a vyssi jatecné vytéznosti. Kralici
dle autort soustiedi svou energii na pruzkum zrcadel, coz snizuje jejich pohybovou aktivitu a
zvysuje charakteristiky rastu. V systému individualniho ustajeni méla zrcadla vliv na konecnou
zivou hmotnost kralika (Reddi a kol., 2011), ktera byla vyssi u téch, jez zrcadlo k dispozici méli

nez u téch bez zrcadel.

Policky

Policky jsou obecné pouzivanym typem obohaceni a dnes jsou v ramci legislativy pro
CR nutnosti. Nicméné jejich t¢inek na produké&ni parametry je stale predmétem védeckého
vyzkumu. Nepochybné se platformy pouzivaji k poskytovani obohaceni prostiedi, zvySeni
moznosti pohybu a k odstranéni ptipadného agonistického nebo stereotypniho chovani (Matics
a kol., 2018). Az do dnesnich dnt nékolik studii reportovalo vysledky bez vyznamného
statistického vlivu vicetroviiovych policek na rast kralika (Princz a kol., 2009; Matics a kol.,
2018). Pouze lze konstatovat, ze z hlediska hygieny, je tfeba uvazovat vhodné umisténi policky

v ramci daného systému ustéjeni (Trocino a kol., 2019).

1.7 Moznosti obohaceni ustajeni a jejich vliv na welfare kralika ve vykrmu

Snahy o intenzifikaci chovu kralika byly v prab&hu let spojovany se systémem chovu a
vybérem technologii, které by nejlépe spliiovaly podminky welfare a zaroven se vyhnuly
omezenim produkce v souvislosti s nevhodné zvolenym systémem ustajeni nebo technologii
chovu. Hlavni nedostatky z hlediska welfare je u intenzivné chovanych kraliki nedostatek
prostoru pro odpocinek, ukryt nebo pfirozené pohyby, jako je poskakovani a skakani (Verga,
2000). Newberry (1995) definoval obohaceni jako zlepSeni biologického fungovani zvifat
chovanych v péci ¢loveéka vyplyvajici z uprav jejich prostfedi. Obohaceni by melo byt pouzito
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ke snizeni negativnich emocnich stavt, jako je strach, stres spojeny s vystavenim novym
podnétim, nuda a apatie z nevhodného ustajeni. EFSA (2005) zduraznila, Ze obohaceni

zivotniho prostiedi je dilezité, aby zvirata méla prilezitost vyjadfit své pfirozené chovani.

Typy podlah a policky

Vyznam typu podlahy jako nejdulezitéjsiho technologického prvku a jeho dopad na
pohodu zvitat byl Castecné popsan v review autorti Szendr6 a Dalle Zotte (2011). Typ podlahy
hraje kli¢ovou roli, protoze na ni zvitata travi celou dobu a je ji ovlivnéna jejich lokomoce a
odpocinek. Existuje n€kolik typt podlah, které l1ze pouzit pro vykrmované kraliky s urcitymi
vyhodami i nevyhodami. Review je zaméfena na pouzivani téchto typt podlah nékolika autory.
Pokud je v nasledujicim textu uvedena v souvislosti s typem podlahy poznamka o lepSim
welfare, tak tuto podlahu kralici preferovali a jejich preference je reflektovana jako soucet Casu,
ktery na ni stravili.

Trocino a kol. (2015) porovnavali dievéné ro§tové podlahy a plastové rostové podlahy
s lepSimi vysledky welfare ve prospéch plastovych rostovych podlah. Gerencsér a kol. (2014)
porovnavali kotce s podlahami z 1/3 feSené stejnou plochou draténého rostu, plastového rostu
a slaméné podestylky, vSe umisténé v jednom kotci. Lepsi vysledky welfare zvitat byly zjistény
ve prospeéch podlahy z umélé hmoty, kde kralici travili nejvice casu. Dal Bosco a kol. (2015)
porovnavali stejné typy podlah. Zjistili pouze negativni dopad pouzivani hluboké podestylky
na zdravotni stav kralikai. Dall Zote a kol. (2009) zjistili, Ze pii srovnani typt podlah (draténa
ro§t vs. plastovy rost), zvifata umisténa na plastovych podlahach méla t€zsi predni ¢asti jate¢né
opracovaného trupu a hlavy, coz mohlo byt dle autord zpuisobeno drzenim téla kralika,
souvisejicim prave s jiz zminénou podlahou. Trocino a kol. (2018) pouzili dfevéné a plastové
rosty. Podle jejich vysledka travili kralici chovani v kotcich s dfevénymi rostovymi podlahami
vice Casu odpocivanim ve skréené poloze nez ostatni. Vykazovali také snizenou uroven péce o
srst, pohybu a okusovani prvkt systému ustajeni.

Predmétem vyzkumu vhodnosti materialu, pfipadné typu podlahy, byva casto také
znecCisténi nohou kralika a jejich otlaky, protoze podlaha hraje kli¢ovou roli v pohodli a hygiené
kralika (Masthoff a Hoy, 2019). Pfi porovnani tii typt podlah (plastova rostova podlaha s
ptickami 5 mm, Sitka drazky 13 mm, perforace 75 % x plastova rostova podlaha s ptickami 10
mm, §itka drazky 10 mm, perforace 50 % x plastova rostova podlaha s pfickami 10 mm , §irka
drazky 10 mm, perforace 50 %, také v kombinaci s <15 % perforaci podlahy na vyvysené

policce x plastova rostova podlaha s piickami 12 mm, §itka drazky 12 mm, 50% perforace na
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podlaze a vyvySené plosin€), bylo zneCiSténi zadnich nohou na nejnizsi urovni u kralika
chovanych na plastové rostové podlaze s 5 mm prickami, Sitkou drazky 13 mm a se 75%
perforaci. Dalsi tfi typy podlah vykazovaly vyskyt otlakd, které byly zptisobeny kontaminaci
podlahy.

Policky jsou komerén€ vyuzivany na farmach v piipad€ potieby zvétSeni plochy
ustajovaciho prostoru. Pouzivani né€kolika typu policek, s hlubokou podestylkou, draténa sit
bez trusniku nebo s trusnikem, bylo béznou praxi v experimentalni sféfe i na farmach (Szendrd
a kol., 2012). Pfi porovnavani ruznych typt plosin byla pro kraliky vhodnéjsi plastova rostova
policka nez policka z draténého pletiva (Szendr6 a kol., 2012; Gerencsér a kol., 2014). Pouziti
poli¢ek zvySuje plochu systému ustajeni a poskytuje kralikim lepsi moznost pohybovych
aktivit. Kralici také preferovali policky, nad nimiz byl jako vrsek klece pouzit neperforovany
material, protoze se pod nim snazili schovat (Matics a kol., 2018). Szendrd a kol. (2012) toto
chovani vysvétlili tim, ze evropsti divoci kralici si pfirozené vyhrabavaji nory pod zemi, aby
nasli ukryt a tim padem se tento rys chovani vyskytuje i u domestikovanych kralika, ktefi maji
tendenci hledat bezpecny prostor pro schovani se. Ve studii Maticse a kol. (2018) byla feSena
problematika mozného vyssiho indexu morbidity a mortality u kralik( ustajenych ve vétSich
skupinach s vyuzitim policek. Problém spatfovali autofi v pouzivani rostovych platforem nebo
mezipater, které na jedné strané zlepsuji pohodu zvitat, umoznuji kralikiim vétsi pohyb a snizuji
stres, ale naopak kralici se pod nimi spiSe schovavaji. SkuteCnym problémem kraliku
skryvajicich se pod ploSinami, které jsou umistény v rozich boxa, je pak situace, kdy na né
kréalici nad nimi moci a kali. Olizovani (druhové specifické chovani kralika) podlahy je pak
hlavnim faktorem, ktery vede k zvySenému infekénimu tlaku pisobiciho na mladé vykrmované
kraliky. Moznym vychodiskem by tedy mohla byt implementace téchto plosin do stfedu boxd,

coz kralikiim zabrani v pocitu, ze ploSina je idealnim mistem pro ukryt.

Okus

Vyuziti okusu, jakozto obohacujiciho prvku, ma v intenzivnich chovech zvitat velky
vyznam. Jeho vyuziti je znamo napiiklad u liSek, které si prostfednictvim okusovani té€chto
predméta uspokojuji tuto svou druhove specifickou potiebu (Lapinski a kol., 2019).

U mysi je toto obohaceni instalovano, aby se zabranilo nadmérnému rastu zubti (Henkel
a kol., 2018) a také u kupirovanych prasat se pouziva néco podobného jako klacky (literatura
uvadi pouze oznaceni jako dievéné latky), aby se eliminovalo kousani ocasu jako negativni

chovani (Chou a kol., 2018). U kralika je k dispozici dievény okus k odstranéni stereotypniho
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chovani (Trocino a kol., 2013), jako je kousani nebo olizovani mfizi v kleci nebo nadmérné
oSetfovani srsti, které je ve zvySené mife nezadouci. Vyuziti okusu kraliky také snizuje hladinu
kortizolu a potencialné zlepSuje jejich zivotni pohodu (Mohammed a Nasr, 2017) a stimuluje
kréli¢i pozornost na jiné pfedméty s moznym vlivem na relativni hmotnost mozku (Bozicovich
a kol., 2016).

Ve védecké literatufe bylo porovnano nékolik typu materialt, ze kterych je okus
vyroben (Princz a kol., 2007; Mohammed a Nasr, 2017). Princz a kol. (2007) zjistili, ze nejvyssi
preference byla u lipy malolisté. Velmi konzumovany byly také jirovec bily a vrba bila.
Preference vrby potvrdili i Mohammed a Nasr (2017). Vyse uvedené materialy byly oblibené
pro svou tvrdost, vini a chut. Autofi povazovali za nevhodné pro pouziti jako obohaceni tyto
druhy okusu: Cerny bez, modfin evropsky, bfiza bélokora, moru§e bélokora a dub obecny.
Princz a kol. (2008a) umistili okus (trnovnik akéat) jen do nékterych kleci, coz vedlo (s moznosti
preference klece s nebo bez okusu) k vybéru obohacenych kleci. Obecné Ize fici, ze na zakladé
védeckych poznatkd, kralici preferuji ve svych systémech ustajeni ptitomnost okusu (Princz a
kol., 2008b; Buijs a kol., 2011; Bozicovich a kol., 2016). Nicmén¢, okus mél vliv i na chovani
zvitat. Sebe peCovani a socialni kontakty, stres a agresivni chovani které by za podminek
ustajeni bez obohaceni mohly vést ke zranénim, byly snizeny s vysvétlenim interakce
s obohacenim (Verga a kol., 2004; Buijs a kol., 2011; Bozicovich a kol., 2016).

Umisténi (podlaha vs. pod stropem) okusu je také dulezité ve vztahu k poméru bakterii
v systému ustajeni (E. coli, Clostridium, Lawsonia intracelularis). Okusy by mohly byt v
technologiich farem kontaminovany kraliky a mohlo by byt ohrozeno zdravi zvifat. Marino a
kol. (2018) pozorovali, ze pokud méli kralici moznost vybrat si, kde budou okusovat dievény
okus, ¢inili to ve vy$sim poméru na podlaze systému ustajeni nez pod stropem. Ackoliv kralici
preferuji umisténi okusu na podlaze, je tam jeho umisténi nevhodné z divodu mikrobialniho

zneCisténi.
Zrcadla

Individualni ustajeni kralikd je typické predevs§im pro dospélé samice, které ve
skupinovém ustajeni mnohdy projevuji zvySenou miru agresivniho chovani (Edgar a Seaman,
2010) a pro samce. Skupinové ustajeni samic je vSak v soucasnosti intenzivné zkoumano
z divodu vySe zminéné agresivity, zranéni mlad’at a samotnych samic, coz do zna¢né miry
zpochybtiuje uroven welfare v téchto systémech ustajeni (Szendr6 a kol., 2019). Chu a kol.

(2004) zjistili, ze kralici chovani jednotlivé vykazovali vice stereotypniho chovani nez kralici
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chovani v paru, pravdépodobné proto, ze se jednd o spoleCenska zvifata. K eliminaci
stereotypniho chovani se zda byt vhodnou cestou vyuziti zrcadel. Aby bylo mozné porozumét
tomu, jak reaguji rostouci kralici na zrcadla, je nutné porozumét dospélym kralikim. Edgar a
Seaman (2010) popsali razné behavioralni reakce na podnéty ve vztahu k pohlavi dospélych
kralikd. U samostatné ustajenych kralikii mize péce o srst prejit ve zvykani srsti nebo jeji
tahani, pripadné vytrhavani. Autofi zjistili, ze zrcadla zpisobuji u samic snizeni péce o srst, coz
by mohlo naznaCovat odstranéni socialni deprivace, protoze pravé zvySena péce o srst
naznacuje opak. Na druhé strané se po aplikaci zrcadel do kleci samct zvysila jejich ostraZitost.
Schofield (2019) vysvétlila tyto poznatky tim, ze se kralici v zrcadlech vidi, obrazy rozeznavaji
jako specifické, a proto mohou u samct vyvolavat ostrazitost s ohledem na sexualni chovani.
Samci také snizili péci o srst mozna proto, ze projevili teritoridlni chovani a soustfedili tak
vétsinu pozornosti k odrazu v zrcadle. V této situaci by zrcadla mohla byt pro samce Skodliva,
zejména na malych plochach.

U rostoucich kralika Jones a Phillips (2005) doporucovali zrcadla, protoze stimulovala
potiebu kralik zkoumat jejich prostiedi (hrabani a Cichani). Také toto obohaceni mize ovlivnit
Cas, ktery kralici travi civénim z klece, aby ho nahradili zajmem o zrcadla. Preference Casti
systému ustdjeni se zrcadly zjistili i Dalle Zotte a kol. (2009). Zjistili také nejvyssi preferenci
Casti kotce, kde byla umisténa zrcadla, u kralika ve véku 5.5 — 8,5 tydne, coz ukazalo, Ze kralici
se rade¢ji shlukovali do vétSich skupin, nez aby byli o samoté. Vysoky zijem o zrcadla u
mladych kralik(i popsali Edgar a Seaman (2010). Konstatuji, ze kralici si na novy objekt
postupné zvykali a povazovali ho za méné zajimavy na konci vykrmu nez v prvni Casti
vykrmového obdobi, kdy uz byla mira z4jmu nizsi. Mastellone a kol. (2019) a Musco a kol.
(2019) doporucovali pouziti zrcadel pii chovu kraliki ve volném vybéhu. Kralici mohli
soustfedit svou energii na zkoumani zrcadel, coz snizilo jejich pohybovou aktivitu (a zlepsilo
prirastek zivé hmotnosti) a také neprojevovali negativni chovani ve smyslu agresivity nebo
stereotypu. Na druhou stranu, Schofield (2019) poukazal na to, ze pfitomnost zrcadla by mohla
vést ke zvySeni pfijmu krmiva (a nasledné i hmotnosti) z divodu projevu konkuren¢niho

chovani, hlavné v pozdni fazi vykrmu.

1.8 Stres a kvalita kosti jako indikator welfare

V Zivoté zvifete existuji rizné strategie chovani a fyziologické odpoveédi, které reaguji
na stresory. Jedna se o stimulaci sympatického nervového systému, ktera vede k uvolnéni
katecholamind (adrenalin, noradrenalin), a aktivaci osy hypotalamus-hypofyza-nadledviny
(HPA). HPA ma dalezitou roli. Obnovuje homeostazu, coz ma za nasledek sekreci
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glukokortikoida (kortizol, kortikosteron). Tento stav muize trvat minuty az hodiny (Sheriff a
kol., 2011). Kdyz jsou zvifata vystavena kratkodobym problémiim, bolestivym stavim, jsou
manipulovana, prepravovana nebo jsou konfrontovana s neobvyklou situaci, hladina kortizolu
se zvySuje. Toto zvySeni hladiny kortizolu mize byt indikatorem $patného welfare (Broom,
2017). Kratkodobé situace vedou ke kratkodobému zvySeni koncentrace glukokortikoida, které
pomahaji zvifeti uniknout. Nicméné Skodlivé nasledky jsou zpusobeny ve spojeni s kondici

zvirete (Blas a kol., 2007).

Kortikosteron a agresivni chovani

Glukokortikoidy jsou obecné nastrojem pro pochopeni toho, jak stresory a pftirodni
prostfedi (predatofi, pocasi), zména klimatu nebo premisténi atd. ovliviiuji populace (Monclus
a kol., 2009). Existuje nekolik typl méteni téchto hormona; krev (plazma nebo sérum), sliny,
moc, vykaly, vlasy a pefi (Sheriff a kol., 2011). U kralikd jsou typickymi vzorky pro méfeni
vykaly a jsou nejcCastéji pouzivanym médiem pro hodnocenti stresu (Trocino a kol., 2014; Matics
a kol., 2018). Vzorkovani chlupt neni tak rozsifené, jak by mélo byt (Comin a kol., 2012).
Chlupy jsou vSak pomémé stabilni, jejich odbér je neinvazivni (Balikova, 2005) a analyza
nabizi hodnoceni chronické aktivity osy HPA (Peric a kol., 2017). Skute¢nym problémem v
ustajeni kralikt je nejasny nazor na podminky ustajeni, obohacovani a ustajeni kraliki podle
pohlavi. Tyto faktory mohou vyvolat strach, negativni emoce, coz ma za nasledek negativné
ovliviyjici welfare kralikti a celé obdobi vykrmu (Peric a kol., 2017).

Nékolik studii zkoumalo vliv podminek ustajeni na pohodu kralikd (Trocino a kol.,
2014; Matics a kol., 2018). Indikatorem byl stresovy hormon — kortikosteron. Tento hormon
ma stejnou funkei jako kortizol (Broom, 2017), takze odkaz na kortizol v nize uvedeném textu
se vztahuje na kortikosteron. Szendrd a Dalle Zotte (2011) poukézali na vy§si miru agresivity
a vzajemného napadani kralikd, ktefi byli umisténi ve skupinovych boxech. Jejich tvrzeni je
podlozeno studii autori Maertense a Van Herck (2000), ktefi se domnivaji, Ze vysoky stupei
agresivity kralikti umisténych v boxech nebo klecich pii vysoké hustoté osazeni (obvykle v
boxech nebo zvétSenych klecich) zptsobuje Casté utoky na slabsi nebo méné dominantni
jednotlivce. Tato opatfeni by také mohla snizit pfijem krmiva a narus$it dobré zivotni podminky
zvifat v souvislosti s nemoznosti pfijimat krmivo. Incidenci utokd hodnotili Rommers a
Meijerhof (1998), ktefi pripustili moznost ovlivnéni v€ku a hustoty osazeni. Zavérem lze fict,
ze vice koznich 1ézi spojenych s vyssi frekvenci napadani se, bylo u kralik pfipisovano spise

hustoté osazeni nez véku.
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Na zacatek tohoto odstavce je tfeba konstatovat, ze abnormalni chovani, jako jsou
stereotypy nebo vysoka mira agrese, jsou nékdy velmi uzite¢nym indikatorem §patného welfare
v situacich, kdy nedochazi ke zvySené hladin€ kortizolu. Kolisani kortizolu nemusi byt
dikazem Spatného welfare, protoze je pfipravou na namluvy nebo aktivni krmeni (Broom,
2017). Proto kontext, ve kterém dochdzi ke zménam kortizolu, je zasadni informaci pro
interpretaci fyziologickych dat. V nedavné studii (Matics a kol., 2018) byla zjisténa vyssi
hladina kortikosteronu v trusu kralikGh umisténych v kotcich ve srovnani s kraliky v kleci.
Hladiny kortikosteronu se zvySovaly s vékem kraliki v boxech. Mezi Sestym a jedenactym
tydnem se jejich hladina zvysila témér o Sprocentnich bodt. Také Trocino a kol. (2014) zjistili
vyznamn¢ vysSi hladiny kortikosteronu u kralikd umisténych v boxu ve srovnani s kraliky v
klecich. Jejich studie vSak byla zalozena na méfeni hormonti z chlupti. Déle, kortikosteron ve
vykalech zkoumali Cornale a kol. (2016), ktefi zaznamenali zvySeni hladiny kortikosteronu se
snizenim dostupného prostoru v klecich. Na druhou stranu, Buijs a kol. (2011) nepozorovali
vyssi distribuci glukokortikoidnich metaboliti ve vykalech v zavislosti na velikosti klece. V
jejich studii bylo stanoveno doporuceni eliminovat strach jako psychicky stav stresu ze zmény
velikosti skupiny nebo po naskladnéni. Doporucili klec obohatit o predmét, ktery by simuloval
moznost jednoduse dimenzovaného ukrytu ze tfi dfevénych desek tvarovanych do pismene ,,U*.
Trocino a kol. (2014) uvedli, ze eliminace stresu a agonistického chovani u rostoucich kralikt
je mozna obohacenim systému ustéjeni jiz dfive zminéného okusu.

Dal§im faktorem, ktery ovliviluje welfare (pfipadné vyvolava stavy strachu a
agresivity), muze byt slozeni skupiny podle pohlavi (Bozicovich a kol. 2016). Jejich studie
dospéla k zaveéru, ze vykrm kralikdi podle pohlavi maze zpusobit méné zranéni. Zjistili, ze
nejnizsi pocet zranéni byl pozorovan ve skupinach samic a nejvice zranénych kralikt bylo ve
skupinach samcia. Naproti tomu, Szendrd a kol. (2012) uvedli, ze jako prvni utoci samice ve
veéku sedm, osm a devét tydnt. U kralik starSich deseti a jedenacti tydna véku byla frekvence
poranéni Castéjsi ve skupinach samcua. Zranéni zptsobena agonistickymi reakcemi méla vyssi
frekvenci ve skupinach jedincti stejného pohlavi nez ve smisenych skupinach. Kralici nejvice
utocili, kdyz umélé svétlo bylo podobné soumraku a usvitu, jako v pfirodnich podminkach. To
odpovida jejich druhoveé specifickému chovani, kdy jsou kralici nejaktivnéjsi za soumraku nebo
za usvitu. Nicméné Vervaecke a kol. (2010) zjistili, ze agresivni interakce mezi zviraty nejsou

podle nich zameéteny cilené na stejné pohlavi.
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Kvalita kosti ve spojitosti s pohodou zvirat

V obdobi vykrmu nebyva se zlomeninami kosti problém, ale v pfipadé manipulace se
zvitaty je vyskyt zlomenin Cast&j$i (Martrenchar a kol., 2001). Co se zdravotniho stavu kosti
tyCe, nejveétsim piinosem u kralikti vykrmovanych ve skupinovych kotcich, je zvySena odolnost
proti zlomening stehenni a lytkové kosti, v porovnani s kraliky ustajenymi v klecich (Xiccato a
kol., 2013). Dalle Zotte a kol. (2009) také potvrdili, ze zZlomeniny stehenni a holenni kosti jsou
Castjsi u kraliki v kleci a dodali, ze obé kosti maji vyssi hmotnost u kraliki umisténych ve
skupinach v boxech. Combes a kol. (2010) zjistili, ze kralici v boxech méli vyvinutéjsi zadni
Cast jatecné opracovaného trupu nez kralici v kleci, coz indikovalo vyssi osvaleni a vyssi
hmotnost této Casti trupu. Autoii uvedli, Zze Cetnost zlomenin kosti je vyssi u kralika v kleci,
zatimco kralici v boxech vykazuji vyssi odolnost vuci zlomeninam. Vysledky téchto studii
podporuji tvrzeni diivéjsi studie Dalle Zotte a kol. (2009), kteti uvedli, ze snizeni frekvence
vyskytu zlomenin 1ze docilit zvySenim plochy klece. Matics a kol. (2018) také zjistili, ze kralici
z boxu maji hmotnost kosti v porovnani s kraliky z kleci nejen vyssi, ale tyto kosti jsou u nich
zaroven delsi. Krunt a kol. (2021) také porovnali kvalitu kosti kralikti vykrmovanych v klecich
s témi vykrmovanymi ve skupinovych boxech a zjistili, ze kralici ustajeni v boxech méli vyssi
pevnost lytkové kosti, a také vy§si zastoupeni popelovin, vapniku a hoic¢iku. V pevnosti
stehenni kosti se kralici z vy$e jmenovanych systémut ustajeni statisticky nelisili, ale obsah

popelovin a hoi¢iku u téchto kosti byl signifikantné vyssi u kralikti v boxech.

1.9 Ustajeni chovnych samic z pohledu welfare a zdravi

Ustajeni chovnych samic kralikti je dlouhodobé diskutované téma napfti¢ veédeckou i
chovatelskou vetejnosti. V poslednich letech zde byl vyvijen relativné velky tlak na rozvolnéni
stavajicich systémui, coz byly individualni klece, na systémy skupinové — riznymi zpusoby
modifikované. Iniciace této zmény prakticky pochazi z teze, ktera tika, ze je kralik ve volné
ptirodé skupinové zijici zvife. Aspekty zivota kralika v pfirozeném prostiedi jsou ale slozité)si
a mnohem vice komplexni, nez kdy zivot zvifat v umélém ustajeni bude.

Evropsky kralik divoky (Oryctolagus cuniculus) zije v koloniich, které maji pfisné
nastavenou hierarchii, které je zpravidla dosahovéano silnym teritorialnim chovanim zvifat,
které je doprovazeno rizné intenzivnimi boji nebo kontakty. Skupina kralikd zijici v kolonii se
vétsinou sklada ze dvou az tfi samct a dvou az deviti samic. Hierarchie je znama mezi obéma
pohlavimi, kdy samice bojuji o mista k budovani nory ¢ili o mista k porodu a samci bojuji o
postaveni ve skupin€, scimz souvisi prednostni pravo k pareni (Bell, 1983). Postaveni

v socialnim zebficku se s vékem zvifat méni, a to s ohledem na jejich kondici. Boje mezi
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samicemi jsou nejcetn€jSi na zacatku rozmnozovaci sezony, pfipadné, jsou-li do skupiny
zatazeny nové mladé samice. Poté se hierarchie ve skupiné stabilizuje a frekvence boji se snizi
(Mykytowycz, 1958). Vytvoreni jakychsi skupin ¢i CasteCnych kolonii bylo cilem védca
poslednich dekad. Agresivita mezi samicemi a vzajemné utoky v omezeném prostoru umele
vytvorenych systému ustajeni ale do zna¢né miry znemoziiuji snahy pro uspokojivé vysledky
v oblasti produkce téchto kralikt. Proto je stale vétSina samic na farmach ustajena individualné

se svymi kralicaty az do odstavu (Mondin a kol., 2021).

Klecové systémy

Samice v reprodukci jsou na komer¢nich farmach chovany pfevazné v individuélnich
klecich, a to se svymi mladaty az do odstavu. Ve vétsin€ pripadi se jedna o klece s dvojim
vyuzitim, tzv. , dual purpose cages”, které umoziuji samici okoceni, odkojeni mlad’at a jeji
setrvani s odchovem v jedné ubikaci az do odstavu. Odstavena kralicata pak v kleci zlstavaji,
odebrana je pouze samice, v tu dobu zpravidla znovu bfezi. Oproti predeslym letim jsou tyto
klece vybaveny polickou pro unik samice pifed mlad’aty, pfipadné pro jeji odpoCinek a pozdéji
i odpocinek mlad’at. Navic jsou v klecich k dispozici vétSinou i prvky urCené k okusu a
castecnému naplnéni potreb kralika ohlodavat pfedméty a brousit si zuby (Szendrd a kol.,
2019).

Pokud jde o velikost kleci pro reprodukci samic, jejich rozméry mohou ovlivnit pohodu
zvitrat z hlediska moznosti poskytovani vhodného prostoru pro pohyb a odpocinek. Délka a
Sitka predevsim urcuji dostupnou plochu pro pohyb a odpocinek kralika, zatimco vyska muze
ovlivnit obecné moznosti pohybu a nékteré konkrétni chovani kralikt, jako je naptiklad
panackovani. Omezeni plochy pro pohyb mize zptusobit psychicky stres, jako je nuda, frustrace
a stereotypni chovani (Verga a kol., 2007), stejn€ jako vyvojové a kostni abnormality. Afektivni
stavy spojené s nudou jsou pak Castymi iniciatory agresivnich utoka u samic ve skupinach nebo
disledkem vyskytu abnormalit jako je napfiklad vytrhavani srsti bez zjevné priciny (pfiprava
hnizda). Studie z minulého tisicileti o ustajeni samic v reprodukci ukéazaly, ze chov v malych a
nizkych klecich souvisel s deformacemi patete, a tedy Spatnou urovni welfare (Drescher, 1996).
Podle autorti této studie, donutila nizka vyska béznych kleci (<32 cm) zvifata pfijmout
prodlouzenou polohu téla pfi sezeni a pravdépodobné vyvolala systémovou hypoplazii kostni
tkan¢ a také kaudalni dislokaci téziste téla v disledku hmotnosti délohy s plody. Buijs a kol.
(2015) ale nenasli zadny vliv rozméra klece na vyskyt deformaci patere u samic chovanych v

systémech s malym/nebo bez omezeni vysky, tedy v individualnich klecich (3 952 cm?/samice,
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maximalni vyska stropu 63 cm) vs. systému pro poloskupinovy chov (5 000 cm?/samice, bez
stropu). Negretti a kol. (2010) pozorovali, Ze nejbéznéjsi postoje, které dospéli kralici zaujimaji,
nevyzaduji vic nez 40 cm vysky: zvifata stala pod touto vySkou v 99,5 % pozorovani (45 000
zaznamu na 10 zvifatech béhem 1 tydne). Autofi uvedli, Ze standardné kralici nepanackuji, tedy
nestavi se na zadni nohy, pokud to nevyzaduje situace. BE€Zné se totiz jedna o prizkumné nebo
ostrazité chovani. Kralici provadéji vzpinani nebo také natahovani se po sténach kotce, ptipadné
panackuji, kdyz jsou umisténi v novém prostiedi, jako naptiklad pfi pfesunu z bézné klece do
do jiného ustgjeni (Olivas a kol., 2013). Motivace k postaveni se na zadni nohy za podminek
chovu muze souviset s ostrazitym chovanim v reakci na vizualni podnét (napf. lidskou
ptitomnost) nebo hluk, ktery je v blizkosti chovného zafizeni.

V individualnich klecich samice travi vétsSinu Casu v klidu (Alfonso - Carrillo a kol.,
2014) a pohybuji se velmi omezené. Bylo také pozorovano, ze mladsi samice jsou ve svém
ustajeni aktivn&j§i nez samice star§i (Bignon a kol., 2012). Na druhou stranu, u samic v
reprodukci, které byly chovany ve standardnich klecich ve srovnani s témi, které byly chovany
ve vétsich klecich (83 x 38 x 32 cm vs. 113 x 46 x 46 cm), byly naméfeny vyssi hladiny
kortikosteronu ve vykalech (Prola a kol., 2013). Na vysi hladiny kortikosteronu ve vykalech
ma vliv vice faktori a v ustajeni kraliku, a jeho vlivu na hladinu tohoto hormonu, se vysledky

studii poné€kud rozchazeji.

Vybaveni klecovych systémii — podlaha

V minulosti byly testovany ruzné typy podlah, at’ uz ve vykrmu kralikti, nebo u samic
v reprodukci. Na farmach se ale vétSinou pouzivaly draténé podlahy, které byly nejCastéji
voleny z davodu vysokych hygienickych standardd — propadavani vykald, jednoducha
dezinfekce atd. Hlavnim nedostatkem tohoto typu podlah byla vysoka incidence otlakt — 1ézi
na spodni ¢asti chodidla samic, rizné zavaznosti (Szendr6 a kol., 2019). Incidence otlakd je pro
chov kralikt fatalni, otlaky jednak omezuji pohyb samic, dale jsou velmi bolestivé a tim
kompromituji welfare, a také jsou potencialnim mistem vzniku loziska infekce (Ruchti a kol.,
2019). Vyskyt 1ézi v oblasti spodni strany tlapky je béznym zdravotnim problémem u kralika,
zejména u téch chovanych jako domaci mazlicci, u nichz jsou obvykle poranéni kize
doprovazena sekundarnimi smisenymi infekcemi, které casto konci vytvofenim hnisavych
abscesu a ulceraci. U kralika se prevalence 1ézi na spodni stran¢ tlapky tyka pravé predev§im
chovnych kralikd, zejména samic, kvuli vyssi délce doziti a vyssi t€lesné hmotnosti, ve srovnani

s kraliky ve vykrmu (Rosell a de la Fuente, 2013). Léze na spodni ¢asti koncetin ale nevznikaji
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pouze z otlaCeni na draténé podlaze. Dalsi pfi¢inou muze byt nedostatecna vymeéna podestylky
v kotcich s hlubokou podestylkou (slamou). Dlouhodobé sezeni zvitat ve vlhké podestylce ma
pak stejny efekt jako zatézovani koncetin na draténé podlaze. I proto jsou v soucasnosti klece
vétsinou vybaveny plastovymi rostovymi podlahami, které pii fadné dezinfekci a zoohygiené
snizuji incidenci otlakt u samic v reprodukci. Existuji i studie, ve kterych bylo zaznamenano,
Ze samice ustajené na plastové podlaze vykazovaly méné agresivniho chovani v porovnani se
samicemi, jejichz ustajovaci podlaha byla z kovu. Autofi této studie (Zomefio a kol ., 2018) v§ak

tyto vysledky nedokézali vysvétlit.

Vybaveni klecovych systémii — obohacujici prvky

Obohacujici prvky maji primarné za cil zvySovat welfare zvitat a priblizovat jejich zivot
v uméle vytvoreném systému ustajeni co nejblize skuteCnym potiebam. Jednim z téchto prvka
jsou platformy, nebo také policky, jejichz funkce byla popsana v kapitole o vykrmu kraliku.
Krome toho, Ze poli¢ky poskytuji kralikim vice prostoru, tedy zvysuji plochu kotce, maji pro
samice v laktaci velmi specifickou funkci. Samice se na n€ mohou schovat pied mlad’aty, ktera
vylézaji z hnizda a dozaduji se krmeni, coz miZe byt pro samici v uzavieném prostoru stresujici
faktor. Pozdé&ji, kdyz jsou mlad'ata dost stara, aby na policku vyskocila, travi samice vétSinu
casu pod ni (Mik¢ a kol., 2014). Z hlediska zdravi koncetin je také vhodné umistit plastovou
podlozku (v ptipadé, ze je policka draténa a ma charakter rostu). Samice, které byly na druhém
nebo v poradi vys$im vrhu, tuto podlozku vyuzivaly, dle vysledkt autord Miko a kol. (2014)
Castéji nez samice na prvnim vrhu. Pro samice v reprodukci byla také dfive testovana mista,
ktera slouzila k tiniku nebo schovani (Rommers a kol., 2014), jejichz potencial vSak nebyl dle
Huanga a kol. (2021) nikdy naplnén.

Dal$im moznym obohacenim systému ustajeni je okus. Okus muze byt ve formé
vétvicek, klacika, nebo slisovanych pelet. Napiiklad Maertens a kol. (2013) uvedli, ze
ptitomnost okusu v podobé pelet nijak nezménila Cetnost okusovani konstrukce klece samicemi
(okusovani mfizi klece patfi k projeviim stereotypniho chovani), ale naopak vyrazné zvysila
jejich aktivni chovani. To naznacuje moznost ovlivnéni chovani samic prostfednictvim téchto

pelet, které se napti¢ védeckymi pracemi lisi svym slozenim.

Skupinové systémy

Skupinovy chov samic kralikti v reprodukci je standardné realizovan dvéma zptsoby. Tim

prvnim je kontinualni systém a druhym je docasny systém (Szendrd a kol., 2019). Kontinualni
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systém chovu, kdy jsou samice ustijeny dohromady a zapuStény bud samcem, nebo
inseminovany, se zdal byt nadény, ale po letech vyzkumu byl v podstaté zavrzen. A to
z divodu vysoké miry agresivniho chovani samic pii soubojich o misto k porodu. Agresivita
Casto vyusti v poranéni, ktera samicim zptusobuji problémy zdravotniho charakteru, je narusen
welfare a snizuje se produkce (Andrist a kol., 2013). V tomto typu ustgjeni také ¢asto dochazi
k vysoké incidenci falesné brezosti (Mugnai a kol., 2009) nebo porodiim vice samic do jednoho
hnizda (Hoy a Matics, 2016). Naproti tomu docasné systémy, kde jsou samice ustajeny v ramci
reprodukéni periody dohromady jen urcity ¢asovy usek, mnohdy dosahuji podobnych vysledka
v reprodukci jako individualni systémy ustajeni. Nicmén€, uroven produkcnich parametra
mlad’at té€chto vysledka potom nedosahuje (Maertens a Debie, 2017). Pti¢inou je opét agresivni
chovani samic vici ostatnim samicim, mlad’atim z cizich vrht a boje v hnizdech samic (Buijs

a kol., 2015).
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2 Védecké hypotézy a cile prace
2.1 Védecké hypotézy

Kralici ustijeni na plastové rostové podlaze v boxech nebudou mit vyznamné snizenou
uzitkovost a kvalitu jateCnych partii oproti kralikim ustajenym na draténé rostové podlaze

v kleci pfi stejné hustoté osazeni.

Kralici ustdjeni na plastové rostové podlaze v boxech budou vykazovat vyssi kvalitu kosti

nez kralici ustajeni v klecich na draténé rostové podlaze pii stejné hustoté osazeni.

Samice kralikti ve vykrmu budou mit na konci vykrmu vy§si hmotnost nez samci. Samice
budou mit vyssi procentuélni zastoupeni aW svalovych vlaken nez samci, zatimco samci budou
vykazovat vys§i procentudlni zastoupeni aR a PR svalovych vldken nez samice pii stejné

hustoté osazeni.

Zvysena fyzicka aktivita ovlivni velikost pohybovych svalt a tim i jejich vlastnosti jako
je vytéznost, barva, nebo sila stiihu. Tyto zmény zptsobi zvySeni obsahu bilkovin ve svalech,
a zaroveni dojde ke snizeni obsahu intramuskularniho tuku a tim budou ovlivnény senzorické

charakteristiky masa.

Samice kralikl v reprodukci ustajené na podestylce, které budou mit moznost hloubit své
vlastni nory, budou vykazovat nizsi miru agresivniho chovani vic¢i ostatnim samicim, budou
mit méné zranéni na kizi, méné zranénych kralicat a tim padem nizsi thyn kralicat v porovnani
se samicemi ustajenymi na podestylce bez moznosti vytvaret vlastni nory.

Samice plemene meklenbursky straka¢, které budou mit moznost hloubit své vlastni nory
budou mit méné zranéni na kizi, méné zranénych kralicat a tim padem nizsi uhyn kralicat
v porovnani se samicemi masného hybridu Hyplus, ktery bude mit stejné podminky ustajeni.

Systém ustajeni samic v reprodukci bude mit vliv na kvalitu kosti zvifat a jejich vybrané

reprodukéni ukazatele, ale neovlivni jejich zdravotni stav reflektovany krevnim profilem.

2.2 Cile prace

Mezi cile této prace patii posoudit:

e vliv systému ustdjeni na parametry uzitkovosti a slozeni jatecné opracovaného trupu
kralika
e vliv systému ustajeni na vyvin riznych svalovych partii a charakteristiky svalovych

vlaken
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vliv systému ustdjeni na welfare prostiednictvim kvality kosti

vliv pohlavi na produk¢ni parametry, kvalitu jate¢né upraveného trupu, vyvin svalovych
vlaken a kvalitu kosti

vliv systému ustdjeni na fyzikalni, chemické a senzorické charakteristiky kvality
vybranych pohybovych svali zadni ¢asti kraliiho trupu spolu se svalem longissimus
thoracis et lumborum

vliv systému ustdjeni a genotypu na agresivni chovani, incidence zranéni a zdravi samic
v reprodukeci a jejich mlad’at

zdravotni stav a welfare samic v reprodukci prostfednictvim hematologickych a
biochemickych ukazateld krve, kvality kosti a jejich reprodukéni ukazatele v riznych

systémech ustajeni s/bez zrcadly/zrcadel
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The aim of this review was to evaluate the effect of different housing systems on productive
traits, carcass, meat quality and muscle fibre properties in growing rabbits. Rabbit breeding for
meat production is nowadays under the pressure of decreasing rabbit meat consumption and
unsatisfactory animal welfare conditions. It is necessary to review which housing systems are the most
suitable from the production point of view with respect to animal welfare. It is crucial to implement
environmental enrichment of these systems in order to eliminate aggressive or stereotypical
behaviour. There are several studies in scientific literature, which examined effects of group size,
stocking density and floor types on productive traits, carcass traits, meat quality or welfare, but very
few studies considered the potential impact of these factors on muscle fibre properties, which are
the determining factor of carcass quality. Nowadays, more possibilities to enrich the housing system
environment are available. Generally, gnawing sticks are used to eliminate the negative behaviour,
while platforms have no effect on productive traits, although the exercise function is well received by
rabbits. Additionally, mirrors may be used to decrease the effect of feeling isolated and thus improve
welfare conditions.

KEYWORDS: carcass / housing systems / meat quality / productive traits / welfare

Housing of rabbits was confirmed as a factor, which influences productive
performance [Dal Bosco et al. 2002, Dalle Zotte et al. 2009] and meat quality
[Xiccato et al. 2013, Mattioli ef al. 2016]. The effect of housing systems on muscle
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fibre characteristics is still in the research phase. Group size, stocking density and
floor type were examined by several authors across the scientific spectre [Lambertini
etal 2001, Matics et al. 2014, Trocino et al. 2015]. Rabbits used for meat production
conventionally are specifically hybridised strains and their meat is generally exported
to most European markets [Cullere ef al. 2018]. A commercial supply chain of
this final product includes input suppliers, meat rabbit producers, abattoirs, logistic
platforms, supermarkets and final consumers [Baviera-Puig et al. 2017]. Thus the best
options need to be implemented for housing, stocking density, group size and other
effects. EFSA [2020] provides a division of housing systems to meet the requirements
of conventional farms and niche systems. The former group includes conventional
cages, enriched cages and elevated pens. The latter group comprises floor pens,
outdoor and organic systems. Individual housing systems have been used for a long
time with the benefit of the best productive performance [Maertens and De Groote
1984] and superior meat quality [Xiccato ef al. 2013]. Nevertheless, group housing
systems with environmental enrichment have become increasingly popular because
of the better welfare status of animals, which could have more social interactions
with their mates [Buijs ef al. 2011]. On the other hand, group housing of rabbits in
groups bigger than 10 rabbits leads to a deterioration in productive performance, as
well as lower carcass and meat quality [Dal Bosco et al. 2002, Xiccato et al. 2013].
The productive performance, carcass traits, meat quality and muscle fibres of growing
rabbits in commercially used housing systems with their effects were compared in this
study. The review is focused specifically on housing technologies, which according
to scientific studies significantly influence previously mentioned parameters. These
parameters (such as productive traits) are connected with animal welfare by affecting
both animal well-being and performance thanks to environmental enrichment (e.g.
gnawing sticks), with environmental enrichment being also a part of alternative
housing systems.

Productive performance, carcass and meat quality characteristics
Productive traits

Growth, body weight gain or feed intake are these important characteristics,
which have a serious impact on rabbit meat production. Several studies examined the
effect of housing systems on productive performance with the proven greater growth
and live weight in rabbits reared in cages compared to those of rabbits housed in pens
of either small groups [Lambertini et al. 2001, Princz et al. 2009] or bigger groups
[Dal Bosco efal. 2002, Combes ef al. 2010]. The effect of group size, stocking density
and floor type on productive performance will be discussed.

When comparing different group sizes [6, 12, 18, 30, 42, 54 individuals] no effect
on growth and feed intake was recorded [Rommers and Meijerhof, 1998]. On the
other hand, Xiccato et al. [1999] found that daily feed intake significantly decreased
in animals kept in groups compared to individual cages. More free space was observed
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in larger cages because animals tended to rest in one part of the cage. Locomotion
activity increased with the greater available space and it negatively influenced feed
intake [Rommers and Meijerhof 1998]. Also, rabbits housed in large groups showed
lower feed intake due to a higher level of stress and aggressiveness [Maertens and Van
Herck 2000]. In contrast, Matics et al. [2018] found no effect of housing system [size
of group] on feed intake. The related greater activity in bigger groups affected growth
rate and made 1t slower [Lambertini ef al. 2001, Dal Bosco ef al. 2002]. Nevertheless,
the greatest body weight and weight gain were observed in the individual housing
system [Xiccato ef al. 1999]. The higher body weight gain was recorded in cage-
housed rabbits in contrast with pen-housed rabbits resulting in a better feed conversion
ratio in rabbits aged from 7 to 9 weeks [Matics ef al. 2018]. However, no effect of
group size on weight gain or final weight was found [Princz et al. 2009, Szendr¢ et
al. 2009]. Some authors [Princz ef al. 2009, Szendro et al. 2009, Combes et al. 2010]
showed a decline in daily weight gain ranging between 1.0 and 9.3 g/day]. Matics et
al. [2014] observed no changes in rabbits reared in small groups. On the other hand,
Matics et al. [2019] found significantly better results of final body weight in rabbits
housed in smaller groups.

When stocking density was reduced from 20-23 to 15-16 rabbits/m? growth
performance would improve [Morisse and Maurice, 1997]. This is consistent with the
findings reported by Mousa-Balabel [2009] and El-Bayoumi e al. [2018], who observed
the lowest body weight gain and body weight in rabbits kept at a stocking density of
28 rabbits/m? compared to those reared at a stocking density of 20 or 12 animals/m?,
Princz et al. [2008], Szendr6 et al. [2009], Szendré and Dalle Zotte [2011] and Paci et
al. [2013] found either no or only random effect of reducing stocking density to a lower
level than 15-17 rabbits/m?. Nevertheless, higher stocking densities caused lower feed
intake in the fattening period [Morisse and Maurice 1997, Trocino et al. 2004].

Different types of floor were examined over the years. When comparing three
different floor types [wire-mesh vs. plastic-mesh vs. deep litter] a greater body weight
was reported in rabbits [aged from 7 to 10 weeks] reared on the plastic-mesh floor than
on wire-mesh floor or deep litter. The difference was also found between plastic-mesh
and deep litter in 11-week old rabbits. Better results of body weight gain were found
in favour of plastic-mesh floor against deep litter [Gerencsér et al. 2014]. Trocino
et al. [2015] observed a higher daily weight gain, feed intake and live weight in the
case of plastic floor when compared to wooden slatted floor. When comparing wire-
mesh and steel slats floors, greater feed efficiency was found in the case of wire-mesh
flooring [Trocino ef al. 2004]. Indeed, Dalle Zotte et al. [2009] compared wire-mesh
and plastic-mesh floors with no significant differences in growth performance, which
1s in accordance with the observations by Dal Bosco ef al. [2015]. From the productive
point of view, deep litter caused a decrease of weight gain and body weight because
of its consumption, which has a negative effect on the intake of pellets [Lambertini et
al. 2001, Matics ef al. 2014]. Moreover, the effect of using deep litter on a reduction
of productive performance was found by Dal Bosco et al. [2015].
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Carcass traits

The effect of group size on carcass traits was confirmed by several authors [Dal
Bosco ef al. 2002, Dalle Zotte et al. 2009, Combes et al. 2010, Matics et al. 2014].
Lower slaughter and carcass weight, carcass adiposity and greater development of
hind parts were reported in rabbits housed in larger groups. This may be caused by
increased locomotor activity of rabbits in a bigger space, where the opportunity to
move and run is greater [Combes ef al. 2010]. Also, the dressing out percentage is
lower [Dal Bosco et al. 2002, Dalle Zotte et al. 2009]. Similarly, it also caused a
lower fat deposition and a decrease in the meat-to-bone ratio [Combes ef al. 2010].
A low percentage of dissectible fat in the carcasses was observed in rabbits reared
in the outdoor system than in cage-housed rabbits. It is substantiated by a greater
energy disbursement involved in moving, jumping and running [Loponte et al. 2018].
Some controversial results were published by Machado et al. [2019], who observed
no effect of housing system [cage vs. pen] and group size [3 vs. 6 rabbits per housing
system] for carcass yield, dissectible fat and hind leg yield. They reported the effect
of adaptation to the floor system over time. On the other hand, Metzger ef al. [2003]
found significantly better results for carcass yield and slaughter weight in favour of
rabbits reared in pens, while Matics ef al. [2018] reported greater hind parts in pen-
raised rabbits.

The stocking density exceeding 15-17 rabbits/m? caused an increase in the
dressing out percentage [Trocino ef al. 2004]. At a reduction of the stocking density
from 16 to 12 rabbits per cage their carcass weight significantly increased [Trocino et
al. 2015]. The best parameters of carcass traits were found at a stocking density of 5
rabbits/m?. The highest skin percentage was found in the housing system of 16 rabbits/
m? [Paci et al. 2013]. There are reports in scientific literature made by Dal Bosco et
al. [2000] and Pla [2008] showing a trend towards a decreased hind leg proportion
when the stocking density increases. That is consistent with statements of Matics ef
al. [2018] on greater higher hind part development, which 1s favoured by consumers
[Dal Bosco et al. 2002].

The effect of floor type on carcass traits was not observed as significant by Princz
et al. [2009]. On the other hand, Trocino ef al. [2015] found greater live and carcass
weights and dressing out percentage in rabbits reared on the plastic floor compared to
those kept on the wooden floor, with these rabbits also having higher muscle-to-bone
ratios in hind legs. Dressing out percentage was significantly higher in the case of
the wire net floor in comparison with steel slat, plastic slat, wire net and straw litter
on wire net floors [Trocino ef al. 2008]. However, a statement of Dal Bosco et al.
[2002] also needs to be reported here: “Only when growth is greatly lowered due to
unsuitable floors, carcass and meat quality traits are also impaired.”

Meat quality — physical and chemical properties

Rabbit meat is a rich source of proteins and essential amino acids and has a
high nutritional value. Saturated fatty acids [SFAs] and polyunsaturated fatty acids
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[PUFAs] are the most common acids in rabbit meat. The health-promoting value of
meat depends on SFAs and fat. The effects of housing systems will be summarised
in this section to elucidate the problems. The effect of group size on meat traits such
as final pH [24 h postmortem] or meat colour was found by several authors [Dal
Bosco ef al. 2002, Dalle Zotte et al. 2009, Combes et al. 2010, Xiccato et al. 2013,
Matics et al. 2018], who observed the effect of different stress levels on meat colour.
Aggressive behaviour and related stress in pen-housed rabbits resulted in the response
affecting their muscles, which changed colour due to the lower pH values [Matics et
al. 2018]. In contrast, Lambertini ez al. [2001] found no effect of group size on meat
colour. The pH values were higher in the longissimus thoracis et lumborum muscle
in cage-housed rabbits [Dal Bosco et al. 2002, Dalle Zotte et al. 2009]. However, no
changes of pH were found by Combes ef al. [2010], Xiccato et al. [2013] and Palka et
al. [2018], whereas Lazzaroni ef al. [2009] observed higher pH in biceps femoris and
longissimus lumborum in pen-housed rabbits due to the capture of rabbits, when they
were caught for slaughter. Szendr6 and Dalle Zotte [2011] reported the effect of group
size on redness [a*] and yellowness [b*] values as unclear. To be exact, Dal Bosco et
al. [2002] and Dalle Zotte et al. [2009] found that L*a*b* colour values were higher
in cage-housed rabbits. In contrast, Combes ef al. [2010] and Mattioli et al. [2016]
found these values to be lower in rabbits reared in cages. Szendré and Dalle Zotte
[2011] offered the explanation that the lightness [Z *] value will not change if the pH 1s
not affected by housing system [group size]. Dal Bosco et al. [2002] stated that when
the amount of SFAs and monounsaturated fatty acids [MUFAs] in body fat increases,
the levels of PUFAs will also increase. Szendr6 and Dalle Zotte [2011] explained this
trend as the effect of housing of larger groups of rabbits with a decreasing meat lipid
content, resulting in an increase in the relative amount of PUFAs.

According to Szendr6 and Dalle Zotte [2011], the effect of stocking density on
meat composition is not entirely clear, because of examining only stocking densities
lower than 17 rabbits/m?. Following this statement, Preziuso et al. [2009] found higher
values for a* and lower for L* in rabbits reared at a stocking density of < 5 rabbits
per m?. Matics et al. [2014] compared 10.5 rabbits/m? and 16.3 rabbits/m? finding
no differences in colour values of the longissimus dorsi muscle. These results are
in conflict with those of Dalle Zotte et al. [2009] and Paci1 ef al. [2013], who found
higher L* values in rabbits housed in higher stocking densities. More researches
should be done to examine exact values within a wider range. The effect of stocking
density [10 vs. 4 rabbits/m?] on total PUFA and MUFA contents was reported by Volek
et al. [2014] in favour of higher stocking density. The floor type could also affect the
fatty acid profile in muscles. According to Dal Bosco et al. [2015], differences may
be observed when comparing wire mesh, plastic mesh and deep litter flooring. Lower
amounts of MUFAs in m. longissimus thoracis et lumborum were detected in the case
of the wire mesh floor. Lower PUFA levels were recorded in rabbits kept on the deep
litter floor. These values can be discussed only when comparing similar studies. For
example Dalle Zotte et al. [2009] found that PUFAs did not change in two different
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types of housing [cage vs. pen] with no significant effect of floor type [wire mesh vs.
plastic net]. In contrast, Dal Bosco ef al. [2002] recorded a significantly higher level
of PUFASs in longissimus lumborum and Chodova ef al. [2014] reported higher PUFA
contents in straw bedded rabbits than in caged ones.

Muscle fibres properties

In terms of meat composition, Lefaucher [2010] reported that muscles consist
of muscle fibres, type I [BR] and type II [aR, aW]. In rabbits two most dominant
muscles are mostly examined [biceps femoris and longissimus thoracis et lumborum].
Muscle fibres affect the development of postmortem changes, while meat quality
is also influenced [Hernandez et al. 2006]. Two basic characteristics which define
muscle fibres are their diameter and perimeter. The size of muscle is also affected by
these two characteristics, with cross-sectional area being the third determining factor
[Chodova et al. 2014]. The effect of stocking density on muscle fibre characteristics in
the biceps femoris muscle was evaluated by Volek ef al. [2014]. In rabbits kept at the
stocking density of 10 rabbits/m? vs. 4 rabbits/m? the proportion of aW fibres was 79.3
vs. 59.2%. Comparing the same densities, the proportion of aR fibres was 24.5 vs.
14.2%. Likewise, the distribution of BR fibres was higher at a lower stocking density
and amounted to 16.3%, while at a higher stocking density it was only 6.5%. These
results were explained by the higher physical activity of the rabbits. The area of BR
type muscle fibers was significantly lower in rabbits kept at a lower stocking density
[1882 vs. 2744 um?], whereas the area of aR and aW fibers was almost unchanged
due to stocking density. Very few studies were published on the subject. Chodova et
al. [2014] discussed two housing systems [collective wire net cages vs. straw-bedded
pens] and the resulting development of biceps femoris muscle fibres. A different
nomenclature of muscle fibre types was used in that study, with type I comprising
BR muscle fibres and type II including aR and aW muscle fibres. The trend towards
a larger cross-sectional area of muscle type II in comparison with muscle type I was
observed in caged rabbits [Gondret ef al. 2002, Dalle Zotte et al. 2005, Chodova et al.
2014]. The cross-sectional area of BR fibres [type I] was significantly bigger in rabbits
reared in cages at higher stocking densities, with the muscle fibre diameter also being
bigger when compared to the cross-sectional area and the diameter of muscle fibres
[biceps femoris] in rabbits reared at lower stocking densities.

Environmental enrichment of housing systems

Several types of environmental enrichment and their effect on productive or
carcass traits were examined in scientific studies, e.g. gnawing sticks [Rizzi et al.
2008, Buijs ef al. 2011, Zucca ef al. 2012], mirrors [Reddi et al. 2011, Musco ef al.
2019] or platforms [Farkas et al. 2016, Matics ef al. 2018]. The effect of gnawing
sticks on productive performance and carcass traits was observed by Hesham and
Nasr [2016] indicating better body weight at slaughter, total weight gain, daily feed
intake and higher carcass weight. Rizzi ef al. [2008] found an improvement only in
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Table 1. Evaluation of used housing systems with different environmental enrichment types along with their
effect on production and welfare of growing rabbits

Authors Enrichment Housing system Effect on production Effect on welfare
Rizzi et al. gnawing oo higher feed intake and
12008 sticks individual cages erowth rale no data
Buijs et al enawing less social contact, cage
[2011] sticks open-top wire cages no data {;?rrllépulanon and lateral
. low effect on productive .
Zuccaet al. ghawing . increased
. enriched cages performance and meat .
[2012] sticks quality allogrooming
Trocino et al nawin: individual cages x climinated biting,
[2013] : fﬁcl?s s bicellular cages x open- no data licking barns or
top collective cages aggressive behavior
better body weight at
. laughter, total weight
Hesham and  gnawing o sia . .
X individual cages gain, daily feed intake no data
Nasr [2016] sticks and greater carcass
weight
Reddi et al. . o higher body weight . -
[2011] mirrors individual cages gains higher activity
affected energy higher allogrooming,
Mastellone — free ranee balancing and changed behavioral
etal. [2019] & consequent productive repertoire of isolated
performance rabbits
Musco et al better growth lower activity, changed
[2019] " mirrors free range performance and carcass behavioral repertoire of
traits isolated rabbits
ens with (plastic or no significant effect on
Farkas et al. latforms gvire-mesh) or without productive performance  no significant effect on
[2016] P due to greater movement welfare
platforms X .
in pens in general
. . no significant effect on lowyer frequency of
Matics et al pens with (plastic or roductive performance being under platform
" platforms wire-mesh) or without P P than in front of them due
[2018] due to greater movement I :
platforms ) ! to urinating by rabbits
in pens in general .
being on platforms
no significant effect on  longer time of resting,
Trocino et al. . productive performance  being in stretched
platforms collective pens

[2019]

due to greater movement
in pens in general

position and biting or
licking objects

feed intake and weight gain. In contrast, Princz et al. [2008], Buijs et al. [2011]
and Zucca et al. [2012] found no effect of gnawing sticks on productive and carcass
traits. Nevertheless, gnawing sticks should be installed for their benefit of eliminating
biting, licking the cage or aggressive behaviour [Trocino et al. 2013]. Musco et al.
[2019] recommended using mirrors in free range rearing rabbits. Placing mirrors in the
raising area led to improvement of carcass traits, increased growth performance and
dressing out percentage. Rabbits could focus their energy on exploring mirrors, which
decreases locomotion activity and increases parameters of live performance traits.
In an individual housing system, mirrors had the effect on productive performance,
particularly higher growth rate [Reddi ef al. 2011]. Specifically, mirrors could have an
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effect on unwanted behaviour and could eliminate the feeling of isolation [Mastellone
et al. 2019]. Platforms are generally the most common type of environmental
enrichment. While their effect on productive performance is still being investigated,
platforms are used to provide environmental enrichment to eliminate agonistic or
stereotypical behaviour [Matics ef al. 2018]. Until recently several studies indicated
no significant effects of using multilevel platforms on growth performance [Princz
et al. 2009, Farkas et al. 2016, Matics et al. 2018]. When introducing platforms to
the cage their correct position inside the cage or pen must be selected to eliminate
unhygienic conditions [Trocino ef al. 2019].

Conclusion

Considering the productive and carcass performance traits, better values of daily
weight gain, feed intake, live weight, carcass weight, dressing out percentage and
muscle-to-bone ratios were observed in the case of the plastic floor than the wooden
slats floor and deep litter. Generally, deep litter caused a reduction of weight gain and
body weight, because rabbits consumed the deep litter material. A greater dressing
out percentage was found in the case of the wire net floor in comparison with the
other floor types. Housing growing rabbits at high stocking densities caused the
occurrence of aggressive behaviour, pale meat and lower muscle fibre characteristics.
Nevertheless, the best parameters of carcass traits were found at a stocking density
of 5 rabbits/m2. Meat quality, such as pH values and lightness, are correlated. If the
pH values do not change as a result of the adopted housing system, lightness will be
comparable. After the years, scientific literature sources are not consistent in terms
of the effect of different housing systems on meat quality in growing rabbits. Very
few research studies have evaluated how different rearing systems influence muscle
fibre properties. The cross-sectional area, which determines muscle size, i1s mostly
developed in rabbits reared in cages. PR muscle fibres are more developed in housing
systems with lower stocking densities, because of greater locomotion activity in these
rabbits. The environmental enrichment i1s very important to reduce stereotypical
behaviour. Its effect on productive or carcass traits has not been completely elucidated.
Some studies reported no influence of environmental enrichment, whereas different
studies informed on greater body weight or better daily feed intake in the case of
gnawing sticks and better growth performance in the case of mirrors used for free
ranged rabbits. Gnawing sticks should be installed to avoid aggressive behaviour in
growing rabbits after sexual maturity. Also mirrors could reduce abnormal behaviour,
such as feeling isolated, especially in single-housed rabbits. According to literature
research, housing smaller groups of rabbits at stocking densities of 5 rabbits/m2 on
the plastic floor with multilevel platforms placed in the middle of the housing system
could be recommended.
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HIGHLIGHTS

e Penned rabbits and males had bigger hind part to reference carcass ratio

e Penned males had the largest aR muscle fiber cross-sectional area and pR diameter

e The higher content of ash and Mg was in the tibia and femur bones of penned rabbits
e Bone fracture toughness was higher in penned rabbits in the tibia and femur bones

ARTICLE INFO ABSTRACT
Keywords: The aim of this study was to evaluate the effect of housing system (cages with wire mesh floor and pens with
Calcium

plastic mesh floor) and gender on growth performance, carcass and physical traits, muscle fibers and bone
characteristics of growing rabbits. 160 rabbits were assigned to 4 groups by housing system and by gender. Sixty
rabbits were kept in cages (0.15 m? per rabbit; 90 x 50 x 45 cm; 3 rabbits/replicate; 10 replicates/gender), the
other rabbits in pens (0.15 m? per rabbit; 25 rabbits/replicate; 2 replicates/gender). Significant housing system
(HS) x gender (G) interaction (P = 0.029) was found for dressing percentage, when pen housed females showed
higher values compared to pen housed males. There was a higher percentage of hind part to reference carcass in
pen housed than in cage housed rabbits (P = 0.001). The fiber cross-sectional area of «W (white fast twitch) was
higher in pen housed (P = 0.009) than in cage housed rabbits in biceps femoris (BF). Pen housed males had larger
diameter (P = 0.001) of BF muscle fibers in comparison with pen housed females. Additionally, pen housed
rabbits had larger diameter (P = 0.001) of BF muscle fibers in comparison with cage housed rabbits. Moreover,
significant interactions between HS x G were found in dry matter (P = 0.010), calcium (P = 0.024) and
phosphorus (P = 0.049) content in tibias. Pen and cage housed males had higher content of dry matter compared
to pen and cage housed females. Regarding calcium results, the highest values were observed in males and fe-
males from cages and from penned females, while penned males had the lowest values. The same results were
found for phosphorus values. Furthermore, significant HS x G interaction was reported in dry matter content (P
= 0.009), where the highest values were in pen housed males and the lowest in pen housed females in femurs.
Additionally, the higher fracture toughness was found in pen housed rabbits.

carcass
gender
growth
pen

1. Introduction rabbits may not correlate with the genuine needs of it (Matics et al.,
2014). Generally speaking, consumers want to have an opportunity to

Nowadays, there is a trend to harmonise production with animal buy attractive and implicitly wholesome carcasses produced from
welfare by using enriched pen housing systems (Matics et al., 2018). welfare-friendly farms (Lazzaroni et al., 2009). Also, the misgivings of
Unfortunately, the human ideas of the ideal housing conditions of an inexpert public are caused by having rabbits as pets (Szendr¢ et al.,
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2019). Breeders have to be able to satisfy their customers by the high
quality of the meat and also demonstrate different housing systems
which are more suitable for rabbits than cages (Loponte et al., 2018).
There is no generally applicable legislation governing the breeding of
rabbits (Szendro et al., 2019).

In scientific literature, there are no consistent data to clearly state
that better results of carcass traits are for cage housed or pen housed
rabbits. Changes in carcass yield could be related to higher movement in
pens (Matics et al., 2019). Metzger et al. (2003) found significantly
better results for carcass yield and slaughter weight in favor of cage
housed rabbits and Matics et al., (2018) stated a higher level of hind
parts in pen housed rabbits, but the reference carcass yield was higher in
caged rabbits.

Muscle fiber characteristics influence the physical and sensory
properties of meat (Dalle Zotte et al., 2005). The presence of muscle
fibers affects the course of postmortem changes and also the quality of
meat (Hernandez et al., 2006). Meat quality depends also on structure
and composition of muscle fibers (Blasco and Ouhayoun, 1996). Muscle
fibers are described according to the methodology of Ashmore and
Doerr (1971), who divided muscle fibers according to contractile and
metabolic characteristics into types oR (red, rapidly contractile), aW
(white, rapidly contractile) and pR (red, slowly contractile). The number
of muscle fibers per 1 mm? is closely related to the area of the fibers
(Ouhayoun and Dalle Zotte, 1993). The transformation of muscle fibers
is reversible, in the case of higher muscle work, the muscle fibers may
change from white muscle fibres back to aR, as the number of mito-
chondria increases in the fibers. Rabbits with a higher possibility of lo-
comotor activities show a higher percentage of fR and oR fibers and a
decrease in the proportion of aW fibers (Volek et al., 2014). Higher
locomotion is also connected with higher fracture toughness of bones
(Dalle Zotte et al., 2009) and mineral content (Sharma et al., 2021),
which is as important as content of ash and dry matter in occurrence of
osteoporosis in adult animals.

The aim of this study was to evaluate the effect of housing system
(cages with wire mesh floor and pens with plastic mesh floor) and
gender and their interactions on growth performance, carcass and his-
tomorphological traits, muscle fibers and bone characteristics of
growing rabbits.

2. Materials and methods

The study was realized in the Demonstration and Experimental
Centre of the Faculty of Agrobiology, Food and Natural Resources, Czech
University of Life Sciences Prague (Czech Republic). The experiment
was authorized by the Ethical Committee for Animal Experimentation of
Czech University of Life Sciences Prague. The observation was in
agreement with the attitude stated in Directive 2010/63/EU revising
Directive 86/609/EEC on the protection of animals used for scientific
purposes.

2.1. Animals and experimental design

The rabbits were housed in a room with controlled environmental
conditions. The ventilation and rating system allowed an ambient tem-
perature to be maintained between 18 and 21°C, and relative humidity
between 65-70% throughout the experiment period. The daily lighting
period was 12 h. The rabbits were fed ad libitum by a feeder with a
standard fattening pelleted diet containing 14.5% crude protein and
10.2 MJ of digestible energy/kg. Water was available ad libitum from
nipple drinkers.

A total of 160 rabbits of commercial hybrid Hyplus (PS 19 x PS 39)
of both genders (1:1) were weaned at 36 d of age. They were randomly
divided into 4 experimental groups (by housing system and by gender).
Sixty rabbits were kept in cages with wire mesh floor made from
galvanized wire with 3 mm diameter (0.15 m? per rabbit; 90 x 50 x 45
cm; 3 rabbits/replicate; 10 replicates/gender), the other rabbits were
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kept in pens with plastic mesh floor with 10 mm slat width, 10 mm slot
width, and 50% perforation and the walls were wire meshed (0.15 m?
per rabbit; 25 rabbits/replicate; 2 replicates/gender). There was an
elevated step in the middle of the pen, which divided the pen to two
halves. The step was elevated above the second half by 15 cm.

2.2. Growth performance, carcass and physical characteristics, sampling
and analysis

Individual live weight was recorded weekly and feed intake was
noted once per day in both housing systems to calculate body weight
gain, feed intake and the feed conversion ratio.

All rabbits were weighed at the end of the (80 d of age). 15 rabbits
per experimental group were randomly selected for carcass and other
analysis. Selected rabbits were then weighed (SW) and slaughtered.

Slaughter and carcass dissection progresses were evaluated in
accordance with the norms of the World Rabbit Science Association
recommendation by Blasco and Ouhayoun (1996). The slaughtered
rabbits were bled, and then the skin, genitals, bladder, gastrointestinal
tract, and the distal segment of the legs were removed. Twenty minutes
after slaughter, carcasses with the head, liver, kidneys, perirenal and
scapular fat and set of organs consisting of thymus, trachea, esophagus,
lungs and heart were weighed (hot carcass; HC). They were suspended
from the tendon calcaneus for 1 h in a ventilated area and then chilled at
4°C for 24 h. After 24 h, the carcasses were weighed to obtain the chilled
carcasses (CC). The cooler carcass shrinkage (CCS) was calculated as the
difference between the hot carcass and chilled carcass, relative to the hot
carcass. The head, liver, kidneys and set of organs, were removed from
each carcass to obtain the reference carcass (RC), which included the
meat, bones, and fat deposits. The carcasses were then cut between the
7% and 8™ thoracis vertebrae and between 6% and 7% lumbar vertebrae to
obtain the fore, mid, and hind parts, which were weighed separately.
Next, the hind part was obtained by the technological division (Blasco
and Ouhayoun, 1996) and the bone and meat of the hind legs were
dissected, and their weights were recorded. The dressing percentage
(DP; CC divided by SW and multiplied by 100) and the ratio of the or-
gans and carcass parts to either the CC or to the RC were calculated as
required. The head, lung, liver and kidneys weights were expressed as a
percentage of the CC. The fore, mid and hind parts, thigh, thigh muscle
and dissectible fat weights were expressed as a percentage of the RC.

The ultimate pH (pHu) of the biceps femoris (BF) was measured 24 h
postmortem using a pH meter WTW pH 330i (WTW, Weilheim, Germany)
provided with a glass electrode suitable for meat penetration.

Muscle color regarding, the aperture size was 8 mm and it was the
diameter of measured area, a specular component 0% UV, standard
illuminant D65 (daylight simulation), observer angle was 10°, and zero
and white calibration values corresponded to the average of three
measurements per sample. The L* a* b* color values were measured 24 h
postmortem on the fresh cut surface. Meat color of the hind leg was
measured in transversal section of the BF muscle surface. Instrumental
color measurements were recorded in the CIELAB color space for L*
(lightness — 0 = black, 100 = white), a* (redness/greenness - positive
values = red, negative values = green), and b* (yellowness/blueness -
positive values = yellow, negative values = blue) using spectropho-
tometer (CM-700d, Konica Minolta, Osaka, Japan). The measurements
were taken after 30 min of air exposure to allow blooming.

Then, the hind leg meat was dissected and collected to determine the
BF muscle fiber characteristics. Samples of BF muscle were frozen in
liquid nitrogen-cooled isopentane (-156°C) and then stored at -80°C
until analysis. Serial cross-sections (12 um) from BF were obtained with
a cryostat Leica CM1850 (Leica Microsystems Nussloch GmbH, Nus-
sloch, Germany) at -20°C. The sections were subjected to myofibrillar
ATPase staining after successive preincubations in acid (pH = 4.6) and
alkaline buffer (pH = 10.3), according to methodology by Brooke and
Kaiser (1970). The computerized images analysis of fibers were typed as
BR (red slow twitch fiber), aR (red fast twitch fiber) or aW (white fast
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twitch fiber) according to the nomenclature described by Ashmore and
Doerr (1971). For each muscle fiber type, the number in 1 mmz, fiber
type distribution (%), diameter (um), perimeter (um), cross-sectional
area (um?) and circularity were determined, using NIS Elements AR
3.1 software (supplied by Laboratory Imaging s.r.o., Prague, Czech
Republic).

2.3. Bone characteristics, sampling and analysis

The bones of the hind leg (femur and tibia) were individually packed
in polyethylene bags and stored at -20°C until analysis, when they were
thawed overnight. When fully thawed, soft tissue was removed from the
tibia and femur. The tibia and femur were subsequently boiled for 15
min in 95°C water, defleshed further and dried at 25°C for 24 h. Sub-
sequently, the maximum shear force until initial structural silure (i.e. the
breaking of the bone) was determined to a three-point flexure test using
a Instron® Model 3342 (Instron, Norwood, Massachusetts, US) and the
load rate was 12 mm/min. The distance between the two fulcra points
supporting the bones was 45 and 38 mm. The bones were constantly
oriented for testing with their natural convex shape downwards. The
bone dry matter content was determined by oven drying at 105°C. The
ash content was determined by oven burning at 550°C. After burning the
sample in the oven, the sample was decomposed (7 ml HNO3 + 1 ml HF
supplemented with water to a volume of 50 ml). Bone calcium (Ca),
phosphorus (P) and magnesium (Mg) were determined in ash samples:
Ca and Mg by atomic absorption spectrometry on device ContrAA 700
and P colorimetrically by a molybdate reagent (Huxtable and Bressler,
1973).

2.4. Statistical analysis

The statistical analysis was processed using the software SAS 9.4,
2012 (SAS Institute Inc. Cary. NC. USA). All the data were examined
using the General Linear Model with PROC MIXED procedure:

Yy = p+ HS; + G; + (HS % G)l./. + e, where

Yijk value of trait,

p general mean,

HS; effect of housing system (i = 1-2),

G; effect of gender (j = 1-2),

(HS x G)y; effect of interaction of level i of housing system with level j
of gender, ejjx random residual error.

Housing system and gender were considered as fixed effects. Dif-
ferences between means were determined by the Duncan’s test. The
value of P < 0.05 was considered significant for all measurements. All
the data are expressed in tables as LS means. The interaction effect and
mean values were not reported in tables but discussed in the text when
significant.

3. Results
3.1. Growth performance characteristics

Results of growth performance are presented in Table 2. Housing
system significantly affected live weight at 80 d, body weight gain and
feed intake. These characteristics were observed higher in cages.
Moreover, effect of gender showed significant differences between
males and females in live weight at 80 d and in body weight gain, when
both parameters were higher in females.

3.2. Carcass characteristics

Some carcass characteristics were more affected by the housing
system, than by the gender (Table 3). The cage housed rabbits (housing
system effect; HS) and females (gender effect; G) showed a higher
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Table 1

Ingredient and chemical composition of pelleted diet (%).
Item
Ingredient %
Alfalfa meal 30
Sunflower meal 17
Wheat bran 23.5
Sugar beet pulp 4
Oats 13
Barley 8
Rapeseed oil 2
Vitamin-mineral premix” 0.5
Monocalcium phosphate 0.5
Limestone 1
Salt 0.5
Chemical composition
Dry matter 88.6
Crude protein 14.5
NDF 29.4
ADF 18.3
ADL' 3.9
Ether extract 3.0
Starch 18.7
Ash 6.6
Ca 0.996
P 0.649
Mg 0.308
Digestible energy (MJ/kg)" 10.2

@ Included per kg of diet: vitamin A, 12,000 IU; vitamin
D3, 1500 IU; vitamin E, 50 mg; vitamin K3, 1 mg; vitamin
B1, 2 mg; vitamin B2, 6 mg; vitamin B6, 3 mg; niacinamide,
20 mg; Ca-pantothenate, 10 mg; folic acid, 0.5 mg; vitamin
B12, 0.02 mg; choline chloride, 500 mg; Co, 0.3 mg; Cu, 8
mg; Fe, 27 mg; I, 0.8 mg; Mn, 19 mg; Zn, 44 mg; Se, 0.07 mg.

b As provided by the compound feed manufacturer.

¢ NDF: neutral detergent fibre, ADF: acido detergent fibre,
ADL: acido detergent lignin.

slaughter weight (+211 g and +175 g, resp.) compared to other rabbits.
The full digestive tract was influenced by the housing system, gender
and there was found significant HS x G interaction. Cage housed females
showed a higher full digestive tract by 144 g, 140 g and 100 g in com-
parison with pen housed males or females and cage housed males.
Significantly higher values of full digestive tract were found in cage
housed rabbits in comparison with pen housed rabbits. Similarly, sig-
nificant HS x G interaction was stated for dressing percentage, when pen
housed females showed the highest dressing percentage (61.1%)
compared to other ones. None of the studied factors or HS x G inter-
action had a significant influence on hot carcass, chilled carcass, refer-
ence carcass and cooler carcass shrinkage, as well as most of the selected
ratios of organs and carcass parts to reference carcass. Significantly
heavier head and lung to chilled carcass ratio were observed in pen
housed rabbits compared to cage housed rabbits.

There was a higher hind part to reference carcass ratios in pen
housed rabbits (+1.6 percentage points) than in cage housed rabbits.
Likewise, the higher hind part to reference carcass ratio was higher in
females (by +1.0 percentage points) than in males. Similarly, the pen
housed rabbits demonstrated the both significantly higher thigh to
reference carcass ratio (+0.7 percentage points) and thigh muscle to
reference carcass ratio (+0.5 percentage points) in contrast to cage
housed rabbits.

3.3. Physical measurements of biceps femoris muscle
Table 4 presents pHu and color parameters (L* a* b*) of BF muscle.

Housing system significantly affected only b* color values of the BF
muscle (by +1.11 in favor of pen housed rabbits).
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Table 2

Growth performance according to housing system and gender.
Traits Housing system (HS) Gender (G) SEM* P-value”

Pen Cage Male Female HS G HS x G

Live weight 36 d (g) 919 896 900 915 11 0.302 0.520 0.330
Live weight 80 d (g) 2793 3017 2848 2984 34 0.005 0.039 0.210
Period 36 — 80 d
Body weight gain (g/d) 42.6 48.3 44.3 47.1 0.7 0.001 0.020 0.219
Feed intake (g/d) 140 148 147 147 5.94 0.043 0.089 0.662
Feed conversion ratio 3.30 3.15 3.18 3.11 0.09 0.652 0.673 0.375
& SEM = Standard error of the mean.
b p-values were considered significant at 0.05 level.

Table 3

Effect of housing system and gender on selected slaughter traits.
Traits" Housing system (HS) Gender (G) SEM* P-value”

Pen Cage Male Female HS G HS x G

Slaughter weight (SW, g) 2759 2970 2777 2952 46 0.017 0.045 0.697
Skin (g) 403 436 412 427 8 0.039 0.330 0.194
Full digestive tract (g) 407 498 426 479 14 0.001 0.016 0.026
Hot carcass (HC, g) 1700 1817 1709 1808 30 0.052 0.097 0.784
Chilled carcass (CC, g) 1674 1790 1683 1780 30 0.051 0.101 0.832
Reference carcass (RC, g) 1377 1474 1378 1473 27 0.063 0.069 0.716
Cooler carcass shrinkage (CCS, %) 1.50 1.50 1.50 1.50 0.05 0.581 0.896 0.091
Dressing percentage (DP, %) 60.6 60.3 60.6 60.3 0.28 0.510 0.647 0.029
Head (% CC) 7.80 7.20 7.80 7.30 0.13 0.029 0.051 0.908
Lung (% CC) 0.90 0.70 0.80 0.80 0.03 0.038 0.624 0.755
Liver (% CC) 6.00 6.51 6.40 6.12 0.20 0.111 0.314 0.984
Kidneys (% CC) 1.21 1.10 1.14 1.07 0.02 0.084 0.144 0.990
Fore part (% RC) 42.2 42.2 42.4 42.1 0.26 0.949 0.618 0.554
Mid part (% RC) 18.4 18.2 18.0 18.5 0.17 0.596 0.205 0.949
Hind part (% RC) 36.6 35.0 36.3 35.3 0.25 0.001 0.036 0.737
Thigh (% RC) 17.4 16.7 17.3 16.9 0.12 0.001 0.098 0.807
Thigh muscle (% RC) 13.4 129 13.3 13.0 0.09 0.002 0.071 0.701
Kidney fat (% RC) 1.85 2.22 1.89 2.17 0.11 0.101 0.216 0.995
Inguinal fat (% RC) 0.61 0.61 0.49 0.74 0.07 0.988 0.060 0.488
Scapular fat (% RC) 0.58 0.65 0.58 0.65 0.05 0.460 0.459 0.609
Total dissectible fat (% RC) 3.04 3.48 2.96 3.56 0.16 0.162 0.060 0.900

& SEM = Standard error of the mean.
b p-values were considered significant at 0.05 level.

¢ HC = carcass after slaughter with head, set of organs consisting of thymus, trachea, esophagus, lungs and hearth, liver, kidneys, perirenal and scapular fat; CC =
chilled carcass weight 24 h after slaughter; RC = CC minus the head, liver and kidneys, thoracic cage organs and neck (RC included the meat, bones, and fat deposits);
CCS = difference between HC and CC divided by HC (x 100); DP = CC weight divided by slaughter weight and multiplied by 100; Total dissectible fat includes the

scapular, inguinal and perirenal fat.

Table 4

Effect of housing system and gender on some physical characteristics of biceps femoris muscle.
Traits" Housing system (HS) Gender (G) SEM*" P-value”

Pen Cage Male Female HS G HS x G

pHu 5.76 5.71 5.75 5.71 0.01 0.096 0.147 0.137
L* value 61.9 60.8 61.6 61.1 0.57 0.320 0.710 0.111
a* value -2.58 -3.07 -2.67 -2.97 0.14 0.083 0.286 0.330
b* value 7.76 6.65 7.46 6.95 0.26 0.034 0.322 0.805

& SEM = Standard error of the mean.
b p-values were considered significant at 0.05 level.

¢ pHu = pH ultimate, 24 h after slaughter; L* = lightness; a* = redness; b* = yellowness.

3.4. Fibre histomorphological characteristics of biceps femoris muscle

The results about the fiber histomorphological characteristics of BF
muscle are presented in Table 5. Fiber type distribution was only
affected by gender, specifically only the distribution of aW muscle fi-
bers, when females had higher values by +17.3 percentage points than
males. Significant differences were found in HS x G interaction for
diameter of aR muscle fibres. The pen housed males had the largest
diameter (60 um), while pen housed females had the smallest diameter
(55.7 um). Significant differences were found in HS x G interaction for

perimeter as well. The pen housed males had also the largest perimeter
of aR muscle fibers (224 pm) compared to pen housed females (203 ym),
who had the lowest value of this parameter. The same trends as in oaR
muscle fibers, the largest perimeter and diameter in the same housing
system and the gender, were observed in «W muscle fibres. Cage housed
females had the largest perimeter and diameter of aW muscle fibers
compared to males in the same housing system (243 um vs. 226 ym; 65
um vs. 60 pum, resp.), who had the lowest values. Significant differences
were found in HS x G interaction for aR and oW fibre cross-sectional
area. Pen housed males had the largest oR fiber cross-sectional area
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Table 5

Effect of housing system and gender on the muscle fibre type distribution and fiber histomorphological characteristics of biceps femoris muscle.
Characteristic* Housing system (HS) Gender (G) SEM* P-value”

Pen Cage Male Female HS G HS x G

Number of fiber (in 1 mm?)
BR 24.4 26.2 27.0 23.6 2.36 0.712 0.487 0.437
oR 130 110 142 97.6 11.68 0.393 0.056 0.374
aW 123 133 108 149 12.92 0.688 0.116 0.142
Total 277 170 277 270 8.97 0.683 0.683 0.466
Fiber type distribution (%)
BR 8.89 9.45 9.57 8.78 0.83 0.745 0.641 0.151
oR 48.0 41.6 53.1 36.6 4.26 0.444 0.053 0.343
aW 43.1 48.9 37.4 54.7 4.36 0.489 0.046 0.223
Diameter (um)
BR 53.6 51.3 52.9 52.1 0.78 0.150 0.635 0.064
oR 57.8 57.1 57.8 57.1 0.44 0.447 0.446 0.001
aW 61.2 62.4 60.6 63.0 0.43 0.159 0.006 0.003
Perimeter (um)
BR 193 183 192 184 2.86 0.068 0.019 0.135
oR 213 210 215 208 1.77 0.389 0.049 0.001
aW 232 234 229 237 1.80 0.450 0.020 0.016
Fiber cross-sectional area (um?)
BR 2408 2165 2298 2276 67.73 0.076 0.868 0.109
oR 2807 2743 2825 2724 40.62 0.442 0.221 0.001
aW 3111 3253 3046 3318 40.70 0.088 0.001 0.001
Circularity
BR 0.77 0.78 0.76 0.79 0.006 0.093 0.002 0.067
oR 0.74 0.74 0.72 0.75 0.002 0.510 0.001 0.260
aW 0.71 0.71 0.71 0.72 0.003 0.357 0.058 0.056

& SEM = Standard error of the mean.
b p-values were considered significant at 0.05 level.

¢ BR = Red slow twitch fiber; aR = Red fast twitch fiber; xW = White fast twitch fiber.

and pen housed females had the lowest values for this parameter (3022
pm? vs. 2591 pm?). Next, cage housed females had the highest of the aW
fibre cross-sectional area (3527 um?), on the other hand, in cage housed
males there were found the lowest values (2979 pmz). Likewise, the aW
fiber cross-sectional area was larger in females by +273 ym? in com-
parison with males. In the present study, the circularity was influenced
by the gender, where females had higher circularity of PR and oR muscle
fibers than males.

3.5. Tibia and femur bone characteristics

Table 6 provides results of the mineral content and fracture tough-
ness in the tibia and femur.

Regarding tibia bones, housing system significantly affected ash
content in favor of pens by + 4.09 %, calcium in favor of cages by +10 g/

kg, magnesium with better results in pens (6.94 vs. 6.62 g/kg) and in
WBFT, where rabbits from pens had higher fracture toughness by + 43
N.

The gender significantly affected content of dry matter, when males
had higher values than females and magnesium, which was higher in
females compared to males. Moreover, significant interactions between
HS x G were in dry matter content, calcium and phosphorus. In-
teractions tended to be significant in magnesium. Pen and cage housed
males had the highest content of dry matter compared to the lowest dry
matter content in cage housed females. Regarding calcium results, the
highest values were observed in males and females from cages and from
penned females, while penned males had the lowest values. The same
trends were found for phosphorus values.

Considering femur bone, housing system affected ash and magne-
sium content in favor of penned rabbits. Additionally, WBFT tended to

Table 6

Effect of housing system and gender on the mineral content and fracture toughness in tibia and femur bones.
Traits" Housing system (HS) Gender (G) SEM* P-value”

Pen Cage Male Female HS G HS x G

Tibia
Dry matter (%) 96.6 96.6 97.2 95.9 0.2 0.950 0.001 0.010
Ash (%) 63.6 59.5 60.9 62.7 0.9 0.031 0.413 0.664
Calcium (g/kg) 287 297 289 293 1.7 0.001 0.181 0.024
Phosphorus (g/kg) 179 181 178 181 1.1 0.358 0.198 0.049
Magnesium (g/kg) 6.94 6.62 6.65 6.95 0.1 0.011 0.023 0.057
WBEFT (N) 411 368 380 400 8.60 0.007 0.211 0.079
Femur
Dry matter (%) 96.3 96.5 97.1 95.8 0.2 0.673 0.001 0.009
Ash (%) 60.8 57.6 59.0 59.4 0.4 0.001 0.524 0.499
Calcium (g/kg) 298 298 305 292 2.9 0.993 0.033 0.924
Phosphorus (g/kg) 184 183 187 180 1.7 0.714 0.057 0.503
Magnesium (g/kg) 7.20 6.75 6.87 7.07 0.1 0.003 0.170 0.461
WBEFT (N) 307 265 291 281 10.70 0.052 0.654 0.980

@ SEM = Standard error of the mean.
b p-values were considered significant at 0.05 level.
¢ WBFT = Warner Bratzler Fracture Toughness.
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be significant with results of higher resistance to fracture in pens by + 42
N. Furthermore, males had more bone dry matter content than females.
Oppositely, females had higher values of magnesium than males.
Phosphorus tended to be higher in males. Likewise, significant interac-
tion between HS x G was in dry matter content, where the highest values
were in pen housed males and the lowest in pen housed females.

4. Discussion
4.1. Growth performance characteristics

Generally, the growth performance of rabbits reared in pens is lower
compared with cage housing systems with small groups of rabbits
(Lambertini et al., 2001; Princz et al., 2009; Xiccato et al., 2013a). A pen
provides more free space for locomotion and lower feed intake with
lower weight gain (Maertens and Van Herck 2000). This trend was
observed also in our study, where higher final weight, body weight gain
and feed intake were higher in cages than in pens. In pens, expression of
different behavior than in cages can occur. Competitions for feed (Xic-
cato et al., 2013b), increased movement (Dal Bosco et al., 2002) and
energy requirements (Loponte et al., 2018) are the main consequences of
pen or free range rabbits. Regarding the gender effect, in the present
study was found, that females had higher final live weight and body
weight gain. Additionally, Bozicovich et al. (2016) summarized, the
lower feed intake and growth performance of males could be affected in
the same reason of specific behavior, which can be manifest as aggres-
sive among males.

4.2. Carcass characteristics

In the present study, significantly higher slaughter weights of rabbits
in cages and in females were found with notable differences. + 211 g as
the difference between rabbits from cages and pens and +200 g between
females and males could be explained by higher physical activity of
penned rabbits and males. Males’ higher activity could be explained by
their earlier achievement of sexual maturity and connected aggression
(Di Meo et al., 2016). Lazzaroni et al. (2009) found higher differences
between cage or pen housed rabbits (+-290 g in cages) compared to our
results with the explanation of higher locomotor activities of rabbits in
pens. Also, they reported higher slaughter weight of females by +101 g.
Additionally, Bozicovich et al. (2016) found the lowest number of
injured rabbits in female groups, which could indicate more calm among
females and due to that lower movement. Regarding the full digestive
tract, the highest values were found in females, which correspond with
our previously mentioned hypothesis that males’ were more active. In
present study, females from pens had the highest dressing percentage
compared to males from pens and cage housed rabbits. These differences
cannot be clearly assigned to the treatment. According to scientific
studies (Dal Bosco et al., 2002; Xiccato et al., 2013a), the better per-
formance of rabbits from cages compared to rabbits from pens (collec-
tive housing) is related to expression of behavior, ability to movement
and affected feed intake. These results could show trends, when rabbits
housed in pens with high floor space, they demonstrate heavier lungs,
maybe partly caused by higher locomotion and higher air exchange in
the lungs. Also, heavier heads in rabbits with higher locomotion activity
might be caused due to higher relative brain weight. This tendency was
observed by Bozicovich et al. (2016), who found numerically heavier
brains in male rabbits housed in enriched systems and confirmed this
information with facts that mice and rats housed in enriched systems
showed the same trends. All of that could be caused by environmental
stimulus and higher energy requirements of animals (Allman, 2000).
Considering the higher locomotor activities, it is likely to affect the
development of hind part to reference carcass ratio in pen rabbits
(Gondret et al., 2009; Lazzaroni et al., 2009; Combes et al., 2010; Matics
et al., 2018). This trend is confirmed in our results, where both a higher
hind part and thigh to reference carcass ratio were found in pens than in
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cages.

4.3. Physical measurements of biceps femoris muscle

According to Szendr6 and Dalle Zotte (2011), pHu values were
measured as lower, when group size of rabbits was bigger. Specifically,
agonistic behavior in these groups after reaching sexual maturity can
occur and have an impact on rheological traits. Trocino et al. (2019)
reported aggression at 9 — 10 weeks of a rabbit’s age and Trocino et al.
(2014) found higher levels of corticosterone levels in pen housed rab-
bits. That could indicate lower pHu values due to adaptive stress
response in muscles. On the other hand, increased locomotor activities
have an effect on aW muscle fibers and transform them to oR fibers,
which induce increased pHu values (Ouhayoun, 1998). In our study,
higher pHu values of BF in pen housed rabbits and males could be
attributed to higher movement of penned rabbits and males, who could
expressed their attention against the same gender and induce then the
higher locomotion. However, the results did not show the possible
aggression among pen housed rabbits and males in pHu point of view,
the stressful conditions created by agonistic behavior could induce
adaptive response in the muscles for metabolic production of more free
radicals (Dal Bosco et al., 2002). According to Dalle Zotte et al. (2009),
the pen housed rabbits provided better response to pre-slaughter treat-
ments. In the present study, cage housed rabbits could negatively react
to pre-slaughter handling, decreased their pHu and due to that pen
housed rabbits had higher values with connection of higher movement
as well as males compared to females.

Regarding the meat color, Dalle Zotte et al. (2009) reported the
lower the pHu is, the lighter the meat color is. Our results showed
numerically higher L* values in penned rabbits and in males in BF
muscles. Moreover, b* color values were higher in BF in pens. Contrary
to us, Dal Bosco et al. (2002) and Dalle Zotte et al. (2009) found higher
values of L* a * b* in cages. On the other hand, Combes et al. (2010)
observed same results as we did. However, according to Szendr6 and
Dalle Zotte (2011) the effect of group size on color values is unclear,
Zhao et al. (2018) found positive correlations between b* with pHu
values postmortem.

4.4. Fibre histomorphological characteristics of biceps femoris muscle

As it was concluded in the review of Krunt et al. (2020), two the most
examined muscles on rabbits carcass are biceps femoris and longissimus
thoracis et lumborum, which consists of typically investigated muscle fi-
bers (BR, aR, aW). The diameter and perimeter define muscle fiber and
the size of muscle is expressed by cross-sectional area. Ouhayoun (1998)
reported transformation of aW to oR muscle fibers due to higher
movement. The changes can also occur with the age (Chodova et al.,
2018). In the present study, females had more aW muscle fibers, which
show males were more active, as was previously mentioned. This trend
isdisplayed in results of aR muscle fiber distribution, which tended to be
higher in males. The locomotor activities, specifically in pen males,
affected distribution of aR fibers and their diameter and perimeter.
Therefore, they had the largest oR fiber cross-sectional area. Oppositely,
females in cages had the largest diameter, perimeter and cross sectional
area of oW fibers. Choi et al. (2009) correlated increased cross-sectional
area of muscle fibers with live weight. Additionally, Lefaucheur (2011)
observed, selection of rabbits for growth resulted in increased fibers size.
According to available surface area, Volek et al. (2014) compared 10
rabbits/m? and 4 rabbits/m? with results of aW distribution (79.3 vs
59.2%), which can be attributed to our results in cages, specifically in
caged females. The higher cross sectional area in aW and aR was
observed in studies of Dalle Zotte et al. (2005) and Chodova et al.
(2014), in favor of cage housed rabbits compared to pen housed rabbits.
In our study, we observed the same trend in pen males.
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4.5. Tibia and femur bone characteristics

Mineralization of bones can be described by calcium, magnesium,
phosphorus, and iron content (Clarkson and Haymes, 1995). Calcium
and phosphorus are the main elements of the mineral matrix and they
vary independently. Most of the calcium content is tied up in the mineral
phase and goes to the blood through bone resorption (Peacock, 2010).
Moreover, sustaining homeostasis and bone metabolism depends on the
relative content of calcium and phosphorus, which is needed for growth
and development of bones (Shapiro and Heaney, 2003). Low bone mass
may increase risk of fracture. In humans, one of the factors affecting
bone mass and its strength is lifestyle with respect to exercise (Clarkson
and Haymes, 1995). Running on the treadmill is one form of exercise for
rats. Specifically, femur and tibia bones receive a great mechanical
loading than the lumbar spine (Iwamoto et al., 2005). Furthermore,
exercise promotes a positive calcium balance and increases skeletal mass
(Yeh et al., 1989). In laying hens, higher ash percentage contents were
found in floor pens (Silversides et al., 2012) and in free range housing
(Sharma et al., 2021) compared to cage housing systems. Moreover,
higher breaking strength of bones in penned rabbits could be explained
by connection with higher ash percentage, which shows mineral con-
tents, such as calcium (Sharma et al., 2021) or magnesium. According to
our results, it seems to be magnesium that affects bone strength more
than calcium or phosphorus. However, calcium influences bone strength
(Zhu and Prince, 2012), magnesium is its antagonist (Iseri and French,
1984) and also has the effect on bone fractures, which was reported in
the study of Boskey et al. (1992). Considering dry matter content, males
could have higher values due to their higher hind part, which was
affected by locomotion and due to that the bones from pens are usually
longer and heavier than bones from cages (Matics et al., 2018) and have
more dry matter. The differences of single elements between genders
could be explained by different locomotor activity, which correspond
with behavior, sexual maturity (Di Meo et al., 2016) and connected
movement (Combes et al., 2010), as was found in studies of human
bones, where reduced exercise decreased mineral content of bones (Vico
et al., 2000).

5. Conclusion

The best results of growth performance and carcass can be obtained
in cages. In case of distributing parts of carcasses to supermarkets, the
highest hind parts were in rabbits housed in pens, which could be
valuable. Moreover, higher fracture toughness was observed also in pen
housed rabbits. That could indicate higher welfare status in terms of
bone fractures. The results showed critical values of minerals in bones of
variously housed rabbits and could set the future perspectives of
modelling a suitable housing system for rearing young females for future
breeding with respect to their bone strength and its welfare to avoid
injuries and osteoporosis in adult females.
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The present study analysed the effect of housing system (caged versus penned) on the growth performance,
carcass traits, and meat quality of rabbits. The physiochemical quality of five muscles was evaluated, together
with the chemical composition and fatty acid profile of the meat from the hind leg. Sensory properties of the
longissimus lumborum (LL) was also assessed. The LL yields were higher in caged rabbits. According to the results,
meat from rabbits raised in cages had higher b* values for the LL (i.e., meat was yellower) than rabbits raised in

pens. In addition, the quadriceps femoris from penned rabbits had higher a* and b* values (i.e., were redder and
yellower) than caged rabbits. The MUFAs (18:1 n-9 and 20:1 n-9) and ash contents of the hind leg meat were
higher in caged rabbits. In conclusion, while housing system influenced the physiochemical traits of rabbit meat,
the sensory properties were not influenced.

1. Introduction

The production and consumption of rabbit meat are rising in coun-
tries such as China and Mexico; whilst European countries with a
tradition of rabbit production and consumption, such as Italy, Poland,
France, and Spain, have noted a significant reduction (FAOSTAT, 2020).
Welfare, primarily associated with animal housing conditions, may be
the key player regarding the popularity of rabbit meat, particularly in
European countries (Petracci, Soglia, & Leroy, 2018). Moreover, recent
husbandry changes made in connection with welfare standards (e.g.,
utilization of group housing for growing rabbits in pens with different
construction dimensions and materials) are associated with higher ex-
penses, making rabbit rearing more costly for farmers (Szendro, Szabo-
Szentgroti, & Szigeti, 2020). There are also predictions that cage
farming will be completely banned in some countries (e.g., the Czech
Republic) in the near future (Valkova et al., 2021). In order to adhere to
new welfare guidelines, adapting the entire rabbit farming production
cycle to alternative systems will be necessary. Research has shown that
housing systems significantly impacts production efficiency and meat
quality in rabbits (Combes, Postollec, Cauquil, & Gidenne, 2010; Dalle
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Zotte et al., 2015; Krunt, Zita, Kraus, & Volek, 2021; Xiccato, Trocino,
Majolini, Tazzoli, & Zuffellato, 2013). Recent changes in the housing
requirements of rabbits present their own welfare issues, potentially
introducing new stressors of social and behavioural origin, and thus
research should not neglect to consider the influence of this on the
production performance and meat quality of these rabbits.

Several scientific studies have compared the effects of housing rab-
bits in traditional systems (cages) and alternative systems (pens) on their
productive parameters and meat quality. Pla, Zomeno, and Hernandez
(2008), reported lower growth rates, meat pH, and meat surface redness
from pen-housed rabbits compared with cage-housed rabbits. Mattioli
et al. (2016) examined the differences between bicellular cages and
mobile arks with shelters, and reported no effects on pH, colour, water
holding capacity, or cooking loss. On the other hand, the authors found a
higher thrombogenicity index and a lower peroxidability index in the
rabbit meat from animals in cages. Housing system also affects the
chemical composition of rabbit meat, likely due to differences in the
level of physical activity possible within each system, influencing mus-
cle development and fat deposition, both of which are important for
physiochemical and sensory meat quality. Dalle Zotte et al. (2015)
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reported significantly higher ash contents in meat from rabbits in pens
compared to those raised in cages. Szabo, Romvari, and Fébel (2002)
showed that differences in meat fatty acids profiles from rabbits under
different housing systems are influenced by the degree of movement of
the rabbits, with decreased contents of C18:0 and C20:4 n-6 in the hind
leg muscle (vastus lateralis) of rabbits exhibiting more movement/exer-
cise. Most of these previous studies focused on quality investigations of
the two largest muscles in rabbits from the loin and hind leg, i.e., the
longissimus lumborum et thoracis (LTL) and biceps femoris (BF) muscles.
However, the semitendinosus (ST) or quadriceps femoris (QF) muscles are
usually not considered but are important muscles in the rabbit's move-
ment. It is important to expand the muscle types evaluated under such
circumstances, as it is well-known that the quality of each muscle differs
as a result of their inherent differences.

The aim of the present study was thus to investigate the effects of two
housing system types (caged versus penned) on the physiochemical and
sensorial meat quality of a variety of important locomotive muscles from
the hind leg together with the longissimus thoracis et lumborum muscle, as
differing levels of movement/activity within each of the systems could
influence these parameters through differing degrees of muscle devel-
opment and fat deposition. It was hypothesised that the increase in
physical activities able to be performed in pens could impact the sizes of
these locomotive muscles, thereby affecting traits such as yield, colour,
shear force, and will increase muscle protein concentration whilst
lowering intramuscular fat (IMF) deposition. The result of these changes
in muscle traits could have consequences on the sensory quality of rabbit
meat, due to their relationships with texture, flavour, and aroma,
especially the IMF concentration and its fatty acid profile.

2. Material and methods

The experiment was conducted at the Demonstration and Experi-
mental Centre of the Faculty of Agrobiology, Food, and Natural Re-
sources (Czech University of Life Sciences Prague) in the Czech
Republic. All experimental procedures were in agreement with the
Directive 2010/63/EU, revising Directive 86/609/EEC, regarding the
protection of animals used for scientific purposes. Ethical clearance was
granted by the Ethical Committee for Animal Experimentation at the
Czech University of Life Sciences Prague (approval document number
10/2020).

2.1. Animals and experimental design

A total of 135 rabbits of the commercial Hyplus cross-bred line (PS
19 x PS 40), of both sexes (50% males and 50% females), were weaned
at 36 d of age and randomly divided into two experimental groups ac-
cording to housing system type. The experimental protocol closely fol-
lows that of Krunt et al. (2021). Sixty rabbits (balanced for sex across
housing types) were kept in groups of three rabbits per cage (90 x 50 x
45 cm; 0.15 m? per rabbit), in a total of 20 cages (n = 60; 30 males, 30
females) alternating a sex ratio of 1 male:2 females and 2 males:1 female
in each cage. The cages were constructed from a 3 mm diameter
galvanized wire mesh floor and wire mesh walls. The remaining rabbits
(n = 75; 38 males and 37 females) were randomly placed into one of
three pens (25 rabbits/pen; 0.15 m? per rabbit); pen 1 contained 12
males and 13 females, pen 2: 13 males and 12 females, and pen 3 had 13
males and 12 females. The pens were constructed from a plastic mesh
floor (10 mm slat width, 10 mm slot width, and 50% perforation) and
wire mesh walls. The facilities were temperature- and humidity-
controlled (18 to 21 °C, and 65-70% relative humidity) and the daily
light period used was 12 h. Rabbits were fed ad libitum with a pelleted
fattening diet (Table 1 and Table 2) and had ad libitum access to water
via nipple drinkers.

Meat Science 193 (2022) 108953

Table 1
Ingredient and chemical composition of pelleted diet (%)
according to Krunt et al. (2021).

Ingredient %
Alfalfa meal 30
Sunflower meal 17
Wheat bran 23.5
Sugar beet pulp 4
Oats 13
Barley 8
Rapeseed oil 2
Vitamin-mineral premix 0.5
Monocalcium phosphate 0.5
Limestone 1
Salt 0.5

Chemical composition

Dry matter 88.6
Crude protein 14.5
NDF 29.4
ADF 18.3
ADL 3.9
Ether extract 3.0
Starch 18.7
Ash 6.6
Ca 0.996
P 0.649
Mg 0.308
Digestible energy (MJ/kg) 10.2

Included per kg of diet: vitamin A, 12,000 IU; vitamin D3,
1500 IU; vitamin E, 50 mg; vitamin K3, 1 mg; vitamin B1, 2
mg; vitamin B2, 6 mg; vitamin B6, 3 mg; niacinamide, 20
mg; Ca-pantothenate, 10 mg; folic acid, 0.5 mg; vitamin
B12, 0.02 mg; choline chloride, 500 mg; Co, 0.3 mg; Cu, 8
mg; Fe, 27 mg; I, 0.8 mg; Mn, 19 mg; Zn, 44 mg; Se, 0.07 mg.
As provided by the compound feed manufacturer.

NDF, neutral detergent fibre; ADF, acid detergent fibre;
ADL, acid detergent lignin.

2.2. Growth and slaughter performance

The rabbits were individually weighed once a week. Feed intake was
recorded daily per cage/pen, from weaning until slaughter, for calcu-
lation of the feed conversion ratio. At 80 days of age, 28 rabbits were
randomly selected (around the mean live weight for the respective
housing system treatments) from the housing systems (balanced for sex)
and slaughtered at commercial slaughterhouse. Slaughter and carcass
dissection performance was evaluated according to the standards of the
World Rabbit Science Association (Blasco & Ouhayoun, 1996). The
rabbits were exsanguinated, skinned, and eviscerated (genitals, bladder,
gastrointestinal tract), and the distal segment of the legs were removed.
The remaining carcass (head, liver, kidneys, perirenal and scapular fat,
thymus, trachea, oesophagus, lungs, and heart) were weighed to
determine the hot carcass (HC) weight, and determine the dressing
percentage relative to the live slaughter weight. After 1 h of suspension
from the tendon calcaneus of both legs, the carcasses were chilled at 4 °C
for 24 h, and then weighed again to determine the chilled carcass (CC)
weight and calculate carcass cooler shrinkage (CCS). To determine the
reference carcass (RC) weight for each individual carcass (according to
Blasco & Ouhayoun, 1996), the head and internal organs were removed.
The kidney fat, inguinal fat, and scapular fat was dissected from the
carcass and weighed, to calculate its yield as a percentage of the RC. The
carcasses were then sectioned by cutting between the 7th and 8th
thoracis vertebrae, and between 6th and 7th lumbar vertebrae, to yield the
fore, mid, and hind parts, which were then weighed separately, and their
yield was calculated as a percentage of the RC weight. The hind leg
(thigh) was removed from the hind part of the RC (Blasco & Ouhayoun,
1996), weighed (yield indicated as percentage of RC), and further
dissected to remove the thigh muscle, which was also weighed, and its
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Table 2

Fatty acid profile (% of fatty acid) of the rabbit
diet fed to grower rabbits under two different
housing systems.

Parameter %
SFA

12:0 0.04
14:0 0.15
15:0 0.06
16:0 10.04
17:0 0.07
18:0 1.75
Other SFA 0.62
Total SFA 12.77
MUFA

14:1 0.01
16:1 0.29
18:1 n-9 37.95
18:1 n-7 1.52
20:1 n-9 0.81
Other MUFA 0.03
Total MUFA 40.85
PUFA

18:2n-6 36.76
18:3 n-3 9.00
20:2 n-6 0.06
20:3 n-6 0.01
20:4 n-6 0.04
20:5n-3 0.17
22:5n-3 0.03
22:6 n-3 nd
Other PUFA 0.12
Total PUFA 46.85

SFA, saturated fatty acids; MUFA, mono-
unsaturated fatty acids; PUFA, polyunsaturated
fatty acids; nd, not detected.

yield was calculated as a percentage of the RC.
2.3. Physical analyses

After cooling for 24 h at 4 °C, carcasses were deboned, and the right
carcass side longissimus thoracis (LT), longissimus lumborum (LL), biceps
femoris (BF), semitendinosus muscle (ST), and quadriceps femoris (QF)
were removed, weighed, and their individual yields were determined as
a percentage of the CC side weight. Muscle pH was then determined in
each individual muscle (InoLab pH 730 set with automatic temperature
adjustment, WTW, Weilheim, Germany). Meat cut surface colour (L*,
lightness; a*, redness; b*, yellowness) was also measured at 24 h post-
mortem (3 replicates per sample), on cut surfaces of steaks from each
muscle after a 30 min blooming period, using a Minolta CM-700d
spectrophotometer (8 mm aperture diameter size; 0% UV; D-65/10°
illuminant/observer angle; Konica Minolta, Osaka, Japan). Samples
were then cut from each muscle to determine cooking loss percentages,
by weighing the samples, placing them within a plastic bag into a pre-
heated water bath (80 °C) until an internal temperature of 75 °C
(measured by a thermometer probe; AD14TH, Ama-Digit, Kreuzwer-
theim, Germany). The samples were allocated at random to one of four
cooking batches. The samples were then removed, cooled to room
temperature, blotted, and weighed again. From these samples, five cores
(10 x 10 mm) were cut, parallel with the muscle fibres. The samples
were placed into a Instron Universal Texture Analyzer 3365 (Instron,
Canton, MA, USA) fitted with a standard Warner-Bratzler blade, and the
peak shear force was recorded per sample at a crosshead speed of 100
mm/min and averaged across the five cores (sheared perpendicular to
the direction of the muscle fibres).
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2.4. Chemical analyses

The meat samples from the left hind leg were homogenised and
frozen at —20 °C until analysis. The moisture content of the meat sam-
ples was determined by oven drying (105 °C) to a constant weight,
whereafter samples were pulverized and used for crude protein (Kjeltec
2400, FOSS Tecator AB, Hoganas, Sweden), crude fat (Soxtec Avanti
2055 System, FOSS Tecator AB, Hoganas, Sweden), and ash determi-
nation (6 h at 550 °C). After fat extraction, the samples were used for
determining the hydroxyproline content using a spectrophotometer
(Varian Cary 50 Probe, Mulgrave, Australia) following the methodology
of Bergman and Loxley (1963). The total collagen content was then
calculated by multiplying the hydroxyproline content by a factor of 7.25
and expressing it as g/kg muscle. The energy value (kJ/100 g muscle)
was then calculated as 16.75 x protein content +37.68 x fat content,
according to the method described by Simonova et al., 2010).

2.5. Fatty acid analyses

Both the diet and meat samples from the hind legs intended for fatty
acid (FA) analyses were analysed by gas chromatography following the
extraction of total lipids as described by Volek, Bures, and Uhlitova
(2018). The FA proportions (g/100 g of FAs determined) were expressed
as percentages of the total area of injected methyl esters. The content of
FA (mg/100 g muscle tissue) was determined with nonadecanoic acid as
an internal standard. Alkaline trans-methylation of fatty acid was done
according to Raes, De Smet, Balcaen, Claeys, and Demeyer (2003).
Chromatograph HP 6890 (Agilent Technologies, Santa Clara, CA, USA)
with a programmed 60 m DB — 23 capillary column (150-230 °C) and a
flame-ionization detector (FID) was used for performing the gas chro-
matography of methyl esters. An Agilent autosampler was used for
performing split injections. Fatty acids were determined by retention
times contrasted with standards. A known amount of internal standards
was added to each sample - the standards were PUFA 1, PUFA 2, PUFA 3
and 37 Component Fame Mix (Supelco, Bellefonte, PA, USA). These
were utilized to set up the calibration curve, with the equation:

Ai/Aisa = ki X (Ci/Cisa) +b

where Aj is analyte signal area of i, Ajyq is internal standard signal area,
C; is concentration of the analyte i, Cjsq is concentration of internal
standard, k; is response factor and b is constant.

Calculations of atherogenic (AI) and thrombogenic (TI) indices were
performed according to Ulbricht and Southgate (1991), peroxidability
index was calculated following the formula of Arakawa and Sagai
(1986):

Al=[CI2:0+ (4 xCl4:0)+Cl16

:0]/[ZMUFA+ 3 n—6PUFA + Zn—?;PUFA]

TI=[C14:0+C16:0+CI8: 0]/[(0.5 x ZMUFA)
+(0.5 x Zn—6PUFA> +(3>< S n-3 PUFA)

+(Zn—3PUFA/Zn—6PUFA>]

PI =(%monoenoic x 0.025) + (%dienoic x 1) + (%trienoic X 2)
+ (%tetraenoic x 4) 4 (%pentaenoic X 6) + (%hexaenoic x 8)

2.6. Descriptive sensory analyses

Samples of the left longissimus lumborum (LL) muscles of all animals
and were vacuum-packed and refrigerated at 4 °C for a further 24 h
(total of 48 h from slaughter). The whole muscles were grilled on a
preheated (200 °C) double glass/ceramic plate grill (VCR 6 L TL,
Fiamma, Aveiro, Portugal) until an internal sample temperature of
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70 °C, which was determined by a digital temperature probe (AD14TH,
Ama-Digit, Kreuzwertheim, Germany). Muscle samples were cut into 15
mm-long rectangles, omitting the outer edges that had contact with the
grill, placed in sealed glass containers (labelled with a randomized
code), and stored at +50 °C until evaluation (~1 h).

Descriptory sensory evaluation was performed by six trained panel-
lists (ISO 8586, 2012) in individual cubicles (ISO 8589, 2007) with red
lightning, according to a linear unstructured continuous 100 mm scale
for each of the eight descriptors, defined according to Volek et al.
(2018). Two training sessions were performed before the analyses, using
rabbit meat samples. The analysis was performed during two sessions
within one day and included in a total of 28 samples evaluated in 14 sets,
presented to panellists in randomized orders to avoid first-order carry-
over effects and possible effects of the order of presentation. Panellists
were provided with water and bread between samples. Each set had one
sample from each housing system type and were from animals of the
same sex.

2.7. Statistical analyses

Statistical analysis was performed using SAS statistical package
(Version 9.4, SAS Institute, Cary, NC, USA). The measured variables
were firstly tested for normality using the Shapiro-Wilk test (procedure
UNIVARIATE), and for homogeneity of variance with Levene's test
(procedure GLM). A mixed linear model was used (procedure MIXED),
and parameters were estimated by the restricted maximum likelihood
(REML) method. The evaluation of the growth parameters included the
data from all 135 rabbits, whilst that of the slaughter and meat quality
only included the 28 selected rabbits. The model for growth traits,
carcass traits, physical, chemical and fatty acid data used the fixed effect
of housing system and random effect of pen/cage and animal. The effect of
sex was initially included as a fixed effect, without significant effects on
the results, and thereafter was included rather as a random effect as sex
was not the focus of this study.

The statistical model for growth, carcass traits, physical, chemical,
and fatty acid data was:

Yju =p+H +p; +an eu

where:Y;j = observed variabley = overall meanH; = fixed effect of
housing system (; = 1, 2)p; = random effect of pen/cage (; = 1-3/20)ay
= random effect of animal (x = 1-28)ej); = random error

For the analyses of cooking loss and shear force, cooking batch was
also accounted for as a random variable.

The model equation for cooking loss and shear force was:

Yiju =p+H +a;+b + ey

where:Y;j = observed variabley = overall meanH; = fixed effect of
housing system (; = 1, 2)a; = random effect of animal (; = 1-28)by =
random effect of batch (x = 1-4)e;; = random error

The model used to evaluate sensory characteristics included the fixed
effect of housing system and random effect of gender of the animals, ses-
sion, and assessor. The model equation for sensory analysis was:

Yium = p+Hi + 8 + Si + & + €jiam

where:Yjm = observed variablep = overall meanH; = fixed effect of
housing system (; = 1, 2)g; = random effect of gender of animal (j =1, 2)
s, = random effect of session (; = 1, 2)a; = random effect of assessor (; =
1-7)ejjkim = random error

The data are presented as the least squares means (LSM) and their
respective standard errors (SEM).
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Table 3

Growth performance according to housing system.
Parameter Housing system SEM P-value

Pen Cage

Live weight 36 d (g) 919 898 12 0.401
Live weight 80 d (g) 2791° 3023° 32 0.005
Period 36-80 d
Body weight gain (g/d) 39.8° 46.5% 0.6 0.001
Feed intake (g/d) 138" 147° 4.98 0.039
Feed conversion ratio 3.30 3.13 0.08 0.561

3Means in the same row with different superscript letters differ significantly at
0.05.

SEM, standard error of the mean (n = 25 rabbits per each of the 3 pens; 3 rabbits
per each of the 20 cages).

3. Results
3.1. Growth performance characteristics

Table 3 shows the growth performance of the rabbits during the trial.
The live weight at 80 days of age, body weight gain, and feed intake
were significantly higher for the rabbits housed in cages compared to
rabbits from pens.

3.2. Carcass characteristics

The results of carcass characteristics are displayed in Table 4. Dif-
ferences were found in cooler carcass shrinkage, dressing percentage,
thigh (% RC), and thigh muscle (% RC) yields. Significantly higher
values of cooler carcass shrinkage were reported for rabbits from pens
compared to rabbits from cages. The dressing percentage was also
higher in pen-housed rabbits (+ 1.5%) than cage-housed rabbits. The
thigh yields were significantly greater (+ 0.7%) in rabbits from pens
than rabbits from cages. However, the thigh muscle yield was greater in
caged rabbits than in pen rabbits (+ 0.6%).

3.3. Physical attributes of selected muscles

Differences between pen-housed and cage-housed rabbits were found
for the physical attributes of their muscles (Table 5). Specifically, a
lower a* colour value was found in the LT of penned rabbits compared
with caged rabbits. On the other hand, rabbits from cages had meat with

Table 4
The effect of housing system on carcass characteristics of rabbits at the age of 80
days (28 rabbits per treatment group, gender ratio of 1:1).

Parameter Housing system SEM P-value
Pen Cage
Slaughter weight (g) 2866 2946 30.05 0.179
Hot carcass (g) 1745 1742 20.06 0.930
Chilled carcass (g) 1713 1717 19.09 0.917
Reference carcass (g) 1408 1404 16.50 0.910
Cooler carcass shrinkage (%) 1.85% 1.41° 0.07 <0.001
Dressing percentage (%) 59.8% 58.3° 0.37 0.044
Fore part (% RC) 42.1 41.9 0.28 0.731
Mid part (% RC) 18.2 18.1 0.28 0.866
Hind part (% RC) 36.6 36.9 0.19 0.998
Thigh (% RC) 17.4% 16.7° 0.12 0.001
Thigh muscle (% RC) 13.6" 14.2* 0.13 0.032
Kidney fat (% RC) 2.1 2.07 0.14 0.912
Inguinal fat (% RC) 0.45 0.35 0.06 0.449
Scapular fat (% RC) 0.54 0.49 0.05 0.623
Total dissectible fat (% RC) 3.08 2.92 0.20 0.680

aMeans in the same row with different superscript letters differ significantly at
0.05.
SEM, standard error of the mean; RC, reference carcass.
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Table 5

Effect of housing system on physical attributes of longissimus thoracis, longissimus
lumborum, biceps femoris, semitendinosus, and quadriceps femoris muscles of rab-
bits at the age of 80 days (28 rabbits per treatment group, gender ratio of 1:1).
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Table 6

Fatty acid profile (mg/100 g of muscle from the left hind leg) and indices related
to human health of rabbits at the age of 80 days (28 rabbits per treatment group,
gender ratio of 1:1).

Parameter Housing system SEM P-value Parameter Housing system SEM P-value
Pen Cage Pen Cage
Longissimus thoracis SFA
PHy 5.86 5.85 0.028 0.929 12:0 2.36 3.01 0.27 0.230
Colour L* (lightness) 58.44 56.68 0.890 0.174 14:0 22.98 30.97 2.36 0.092
Colour a* (redness) -2.24* -1.48° 0.174 0.005 15:0 5.92 7.42 0.44 0.091
Colour b* (yellowness) 8.17 8.42 0.355 0.605 16:0 311.5 380.9 19.16 0.070
Drip loss (%) 1.56" 2.20% 0.200 0.032 17:0 6.21° 8.99% 0.60 0.022
WBSF (N) 24.41 24.23 1.152 0.918 18:0 99.01 115.5 5.06 0.100
Cooking loss (%) 27.27 27.53 1.380 0.894 Other SFA 4.13 5.30 0.33 0.080
Total SFA 452.1 552.1 27.80 0.071
Longissimus lumborum
PHu 5.77 5.82 0.039 0.327 MUFA
Colour L* (lightness) 58.31 59.19 1.360 0.465 14:1 2.90 5.94 0.83 0.071
Colour a* (redness) —1.53 —1.44 0.355 0.863 16:1 41.00 58.94 5.06 0.080
Colour b* (yellowness) 8.15° 9.58% 0.497 0.050 18:1 n-9 281.2° 389.4* 24.07 0.023
Drip loss (%) 2.91 3.05 0.531 0.816 18:1 n-7 19.74 22.90 1.13 0.171
WBSF (N) 33.14 30.51 1.706 0.203 20:1 n-9 5.64° 7.28% 0.42 0.050
Cooking loss (%) 28.37 28.17 1.445 0.923 Other MUFA 3.22 4.10 0.29 0.130
Total MUFA 353.7° 488.6" 31.12 0.021
Biceps femoris
PHu 5.91 5.95 0.032 0.346 PUFA
Colour L* (lightness) 58.12 60.99 1.418 0.165 18:2 n-6 288.3 315.5 12.75 0.290
Colour a* (redness) —1.56 —0.99 0.368 0.283 18:3 n-3 31.39 38.21 2.17 0.121
Colour b* (yellowness) 8.49 9.71 0.616 0.173 20:2 n-6 4.31 4.67 0.19 0.353
Drip loss (%) 0.74 0.56 0.093 0.188 20:3 n-6 7.10% 5.46" 0.24 <0.001
WBSF (N) 28.39 27.16 0.913 0.353 20:4 n-6 54.18* 41.42° 1.86 <0.001
Cooking loss (%) 26.12 26.65 0.736 0.606 20:5n-3 2.23 2.04 0.07 0.141
22:4 n-6 5.49 5.16 0.15 0.272
o 22:5 n-3 10.88° 9.26" 0.36 0.020
Semitendinosus 22:6 n-3 2.36 2.07 0.08 0.080
PH. a 6.05 6.07 0.045 0.667 Other PUFA 5.03" 5.94% 0.23 0.040
Colour L* (lightness) 55.50 55.24 1.092 0.868 Total PUFA 411.3 429.7 15.72 0.571
Colour a*(redness) 0.89 1.30 0.586 0.627 n3 48.78 53.49 2.33 0.323
Co.lour b*(yellowness) 7.81 7.54 0.771 0.802 06 362 375.3 13.46 0.630
Drip loss (%) L.91 L.69 0305 0.617 PUFA n-6/PUFA n-3 7.47 7.13 0.13 0.181
WBS}_-: ™ 25.74 24.99 1.366 0.628 Total fatty acids 1217 1470 71.51 0.084
Cooking loss (%) 28.61 29.53 0.816 0.431
i i Health indices
Quadriceps femoris Al 0.53 0.54 0.01 0.222
PHu 6.10 6.05 0.042 0.378 TI 0.86 0.89 0.01 0.231
Colour L* (lightness) 50.13 50.5b9 0.988 0.745 PI 60.712 49.92b 1.84 <0.001
Colour a* (redness) 3.61% 1.89 0.798 0.016
Colour b* (yellowness) 12.66" 10.98" 0.665 0.045 aMeans in the same row with different superscript letters differ significantly at
Drip loss (%) 1.01 0.82 0.151 0.356 0.05.
WBSF (N) 29.56 27.17 1.887 0.194 SEM, standard error of the mean; SFA, saturated fatty acids; MUFA, mono-
Cooking loss (%) 27.29 27.67 0.913 0.771

®Means in the same row with different superscript letters differ significantly at
0.05.
SEM, standard error of the mean; WBSF, Warner-Bratzler shear force.

higher drip losses than rabbits from pens. Rabbits from cages had higher
LL b* colour values than rabbits from pens. The QF muscle differed in
colour between the treatments, resulting in higher a* and b* colour
values in the muscles from rabbits grown in pens compared to rabbits in
cages. No significant influence of housing system on the physical attri-
butes of the BF and ST muscles was found.

3.4. Fatty acid profile, including indices of human health

The contents of selected fatty acids and indices related to human
health are shown in Table 6. Regarding the saturated fatty acids, a
significantly higher content of C17:0 fatty acid was found in the meat
from caged rabbits. For MUFAs, 18:1 n-9 and 20:1 n-9 also had higher
concentrations in the meat from caged rabbits. Thus, the total MUFA
concentrations were higher in the meat from cage-housed rabbits
compared to that from pen-housed rabbits. The 20:3 n-6, 20:4 n-6, 22:5
n-3 concentrations were higher in the meat from penned rabbits.

unsaturated fatty acids; PUFA, polyunsaturated fatty acids; Al, atherogenic
index; TI, thrombogenic index; PI, peroxidability index.

Table 7

The effect of the housing system on the chemical composition of the left hind leg
meat of rabbits at the age of 80 days (28 rabbits per treatment group, gender
ratio of 1:1).

Parameter Housing system SEM P-value
Pen Cage
Dry matter (g/kg) 254.9 254.1 0.85 0.652
Moisture (g/kg) 745.1 745.9 0.86 0.654
Fat (g/kg) 20.04 20.18 0.65 0.920
Protein (g/kg) 204.6 206.3 0.61 0.172
Ash (g/kg) 11.71% 11.34° 0.07 0.008
Hydroxyproline (g/kg) 1.32 1.29 0.02 0.561
Collagen R (g/kg) 4.36 4.18 0.09 0.353
Energy value (MJ/kg) 4.21 4.19 0.03 0.671

aMeans in the same row with different superscript letters differ significantly at
0.05.
SEM, standard error of the mean.
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However, the other PUFAs were higher in the meat from caged rabbits,
and as a result, the housing system did not influence the total PUFA
concentrations. Regarding the calculated indices, the peroxidability
index was greater for the meat from pen-housed rabbits.

3.5. Chemical composition of the hind leg

The hind leg meat's chemical composition (Table 7) was not affected
by the housing system, except the ash content, which had a significantly
higher concentration within the meat from penned rabbits.

3.6. Weight and muscle yields of selected muscles

Table 8 shows no significant differences between the housing sys-
tems regarding the weights and yields of the BF, ST, or QF muscles. The
LL and LT muscle weights and yields (as a percentage of the fore part of
the carcass) were influenced by the housing system, with caged rabbits
having higher yields. No further effects were seen for the weights and
yields of the BF, ST, or QF muscles.

3.7. Organoleptic properties of longissimus lumborum muscle

Table 9 displays the results of organoleptic properties of the grilled
LL muscle, as affected by housing system. Housing system had no in-
fluence on the organoleptic properties of the grilled LL muscle.

4, Discussion

The growth performance of rabbits in different housing systems de-
pends on the specifications of the system itself, from the types of ma-
terials utilized to the space available for certain behaviours (i.e.,
moving, resting, feeding), and other unique rearing conditions that the
system provides (i.e., health and/or social stress). For example, a caged
rabbit system typically provides less space for locomotion, and increases
feed intake, resulting in higher weight gains compared to pen systems

Table 8

Effect of housing system on muscle yields of longissimus thoracis, longissimus
lumborum, biceps femoris, semitendinosus, and quadriceps femoris muscles of rab-
bits at the age of 80 days (28 rabbits per treatment group, gender ratio of 1:1).

Parameter Housing system SEM P-value
Pen Cage

Longissimus thoracis

Weight of muscle (g) 20.33 18.20 2.155 0.068

Muscle yields (% of fore part) 6.13° 6.89% 0.202 0.050

Longissimus lumborum

Weight of muscle (g) 65.56 62.79 2.171 0.375

Muscle yields (% of mid part) 48.96° 51.53% 0.494 0.007

Biceps femoris

Weight of muscle (g) 37.27 37.67 0.994 0.777

Muscle yields (% of thigh) 19.62 18.73 0.271 0.112

Muscle yields (% of hind part) 7.31 7.19 0.101 0.533

Semitendinosus

Weight of muscle (g) 10.48 10.34 0.562 0.776

Muscle yields (% of thigh) 5.39 5.28 0.121 0.645

Muscle yields (% of hind part) 2.00 2.03 0.045 0.809

Quadriceps femoris

Weight of muscle (g) 28.74 26.81 1.788 0.061

Muscle yields (% of thigh) 14.00 14.50 0.300 0.412

Muscle yields (% of hind part) 5.22 5.56 0.110 0.141

aMeans in the same row with different superscript letters differ significantly at
0.05.
SEM, standard error of the mean.
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Table 9

Effect of housing system on organoleptic properties of longissimus lumborum
muscle of rabbits at the age of 80 days (28 rabbits per treatment group, gender
ratio of 1:1).

Parameter Housing system SEM P-value
Pen Cage
Aroma intensity 65.9 65.5 4.12 0.872
Rabbit aroma intensity 63.4 60.1 2.78 0.188
Tenderness 60.4 61.2 3.46 0.823
Juiciness 60.0 56.9 2.87 0.329
Fibrosity 48.1 51.7 3.31 0.370
Flavour intensity 66.3 68.2 4.14 0.340
Rabbit flavour intensity 62.0 64.1 3.14 0.425
Chewiness 57.3 59.5 3.64 0.546

SEM, standard error of the mean.

(Maertens & Van Herck, 2000). In addition, placing more rabbits within
one pen can stimulate a higher degree of social interactions, despite
utilizing the same stocking rate as a caged system. As a result of these
social interactions, rabbit movement is likely to be further increased, as
rabbits compete for resources (such as food and space) as well as hier-
archical rank, while simply exhibiting more social interactions than a
housing system with fewer individuals in one cage/pen.

Increased movement (Krunt et al., 2021) and/or competition for feed
(Xiccato et al., 2013) can affect carcass traits and meat quality, through
differences in muscle development and fat deposition. For example, the
present study reports higher cooler carcass shrinkage in pen-housed
rabbits compared to cage-housed, which has been explained by
different growth rates connected to the differing energy expenditures of
the animals as a result of higher movement rates under pen-housing (Dal
Bosco, Castellini, & Bernardini, 2000). Thus, while caged rabbits have
inferior dressing out percentages (DPs) and fatness, their carcases have
less cooler shrinkage as a consequence, which would affect saleable
carcass yields. The higher DP of penned rabbits in the present study
could be associated with greater thigh yields (Table 4) due to muscle
development (size) and/or development of their bones (density) (Matics
et al., 2018; Krunt et al. (2021). The greater development of the hind
part of the carcass - or greater thigh yield (% RC) - of rabbits with more
opportunities for physical activity (such as penned rabbits) has also been
reported by other studies investigated housing systems which allow for
different degrees of physical activity (Combes et al., 2010; Krunt et al.,
2021; Matics et al., 2018). In the present study, the individually exam-
ined muscles did not differ in their percentage yields, with the exception
of the LL (primarily a so-called postural muscle), which had a slightly
higher yield under caged conditions. Combes et al. (2010) reported
higher LL and ST muscles weights in favour of rabbits from cages
compared to pens, likely due to their greater slaughter weights, as caged
rabbits were heavier than penned rabbits, reiterating the need to ac-
count for slaughter weight for yield comparison purposes.

When the effect of housing was examined on the selected individual
muscles, differences were mostly found in colour, with higher value of
redness (a*) in the LT muscle and higher yellowness (b*) in the LL
muscle from rabbits in cages. On the other hand, redness (a*) and yel-
lowness (b*) of the QF muscle were higher in pen-housed rabbit
compared to cage-housed rabbits. When considering the effect of
housing on the colour of the QF muscle in the present study, these results
may be explained by the conclusion of Gondret, Hernandez, Remignon,
and Combes (2009) who found that the increased redness (a*) and
yellowness (b*) of the BF muscle were the consequence of the modified
oxidative metabolism and myofiber types (rich in mitochondria and
myoglobin) of this muscle, linked to higher animal movement in col-
lective rearing systems. According to Ouhayoun (1998), increased
movement affects muscle fibre type (and size), which can increase the
proportion of so-called “red” muscle fibres compared to “white” muscle
fibres, which differ in their mitochondria or myoglobin content, and can
affect the colour of the meat. In addition, Gondret, Ramouz, Fernandez,
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and Combes (2004) also observed a larger number of type I fibres (“red™)
or II A (“white”), and an increased activity of citrate synthase and
B-hydroxyl-Acyl-CoenzymeA dehydrogenase, in the semimembranosus
and biceps femoris muscles of penned rabbits, when compared to
conventionally reared counterparts. Increased meat redness is linked
with a higher oxymyoglobin content, colour stability, and increased
metmyoglobin-reducing activity (Neethling, Sigge, Hoffman, & Suman,
2018), which can prove advantageous for retail.

Based on the initial hypothesis, it was expected that rabbits from
cage systems will have higher IMF content compared to penned rabbits;
however, this result was not observed. Only the ash content of the meat
differed, with a higher ash content in rabbits from pens than cages,
which was similarly reported by Dalle Zotte et al. (2015). These findings
can be further supported by Dalle Zotte et al. (2009), who explained that
the hind leg meat is composed of several muscles with various levels of
energy metabolism, and thus the rearing conditions can indeed affect the
chemical composition of the meat. The amount of physical activity may
indirectly influence the fatty acid profile. The deposition of PUFAs in-
crease slower than that of SFAs and MUFAs, resulting in a decrease in the
relative proportion of PUFAs (De Smet, Raes, & Demeyer, 2004). In
response to physical activity, Sutherland, Woodhouse, and Heyworth
(1981) showed a decrease in 18:1 and increase in 18:2 n-6 fatty acids in
the adipose tissue of humans, likely due to the reduced activity of
stearoyl-CoA desaturase. In animals, chronic exercise is connected to a
decrease in MUFA content (Nikolaidis & Mougios, 2004), which corre-
lates with the results of the present study, where rabbits from pens had
significantly higher MUFA content than rabbits in cages, likely due to
(jumping, running, escaping agonistic social interactions, etc.). Ac-
cording to Dalle Zotte et al. (2015), it can be assumed that differences in
fatty acids between housing systems (pen vs. cage) are connected to the
intramuscular fat content and the corresponding content of phospho-
lipids, which are typical for their n-6 and n-3 content. The authors also
draw attention to contradictions of comparing different muscles (hind
leg vs. loin) due to oxidative energy metabolism of hind leg and more
glycolytic metabolism of the loin muscles.

According to the sensory analysis, the housing systems did not
significantly affect any of the observed organoleptic properties, despite
observed effects on the meat fatty acid profile. As a typical sensory
analysis presents only the cooked meat to the panellist, the fresh meat
colour is not assessed. The major influencers of rabbit meat sensory
properties are usually the breed (Fadare & Arogbo, 2015), age (Gondret,
Juin, Mourot, & Bonneau, 1998), or nutrition (Volek et al., 2018). Thus,
if rabbits are to be reared under penned conditions to higher slaughter
weights/physiological development stages (84 days +) the combined
effects of increasing age (in terms of sexual dimorphism, and the effects
on agonistic behaviours on activity and stress) and differing degrees of
muscle fibre trait development on physiochemical and sensory meat
quality traits should not be ignored.

5. Conclusions

Despite differences in live performance parameters and carcass traits
between rabbits from different housing systems, it appears that the
housing system did not considerably influence the physiochemical and
sensory meat quality of rabbits at studied age; however, these results
should be interpreted with caution should rabbits be reared under
penned conditions to higher slaughter weights/physiological develop-
ment stages (84 days +). Considering the effect of housing system on
meat fatty acid profiles, further research should focus on the oxidative
stability and development of volatile compounds, which may also affect
the point of purchase and repurchase of rabbit meat from different
housing systems.
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Simple Summary: The housing of rabbit does in groups is nowadays a subject of study in the scientific
literature due to the public’s concerns about animals” welfare. Group housing of rabbits brings more
social contacts and more space for manifesting their species—specific behaviours. However, group
living has the potential to be more natural as rabbits live in colonies in nature, but the opposite is true.
Problems with aggression among rabbit does are common in this type of housing. In addition, there
are direct aggressive attacks by does towards kits from other mothers and this leads to economic
losses due to higher kit mortality. There are various efforts to solve aggression among females,
but most of them work with the implications of these procedures in intensive breeding, where the
purchase prices of technology are very expensive. Therefore, this study deals with the solution to the
given issue at the level of small farms, where the attention of the scientific sphere has been minimal.

Abstract: The objective of the study was to investigate the effects of housing (deep litter + concrete
floor vs. deep litter + ground soil with the possibility to dig burrows), and genotype (Mecklenburg
or Hyplus) on aggressive behaviour, social contacts, does” and kits” injuries, and progeny mortality.
Twelve groups of six rabbit does (n = 72) were assigned to four treatments (two housing systems and
two genotypes). Aggressive behaviour of does, number of injuries on does and kits, and postnatal kit
mortality were recorded. The effects of housing and genotype were tested using multivariate GLMM
Models. We found that the housing treatment in interaction with the genotype had a significant effect
on aggressive behaviours in group housed does (F3,15 = 14.34, p = 0.0003), where the lowest incidence
of aggression was in Mecklenburg does housed on ground soil. Reduced aggression was reflected in a
lower number of injuries in does (F3 gg = 10.51, p < 0.0001), number of injuries in kits, and kit mortality
(F31 =4.59,p <0.0001, F354 =43.94, p < 0.0001). The results indicate that the proper combination of
genotype and housing should be carefully considered for breeding to reduce aggression and injury in
group housed does.

Keywords: aggression suppression; behaviour; burrows; injury; kits; smallholders
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females manifests as linear. Females fight for breeding sites and males for territory and
mates [1]. The dominant position among rabbits linearly changes in subsequent years
according to their condition and is achieved by territorial and aggressive behaviour. Fights
between the females are frequent at the beginning of breeding when strange animals are
released together and gradually decrease after the social stabilisation of the group. Fighting
is then rarer than in the beginning [2]. The trend of recent years is to bring the housing of
rabbit does as close as possible to their natural behaviour (e.g., group housing). Regardless
of the efforts of scientists to reduce aggressive behaviour between does kept on the farm,
the aggressiveness of does towards each other is still a problem. Therefore, the females are
usually single housed in a wire cage with their litter until weaning [3]. Aggression among
rabbit does in group housing systems has been recently reported in several studies [4-0].
These studies investigated the influence of the group size, pen characteristics, or pen floor
type on the behaviour and welfare of does. Typically, the aggression mainly took place
during the first hour after grouping [4]. Scientific research has focused on two types of
group housing systems (continuous and part-time) in recent years [7]. The authors sum-
marised that continuous group housing resulted in a high number of aggressive events
and injuries in does, which is incompatible with animal welfare. They see the potential in
part-time group housing; however, the final procedure which could be applied to farms has
not been developed yet. Szendr{ et al. [8] reviewed the use of hiding places, which reduced
the number of does with skin injuries and were shown to be promising in group-housed
systems [9]. Although many studies have looked at the effect of the housing system, there
are very few that take into account the effect of rabbit genotype; however, there were some
indicia (more aggressive Dutch rabbits, compared to New Zealand ones) which revealed
this possibility to be relevant [10].

There are nearly 161,000 registered backyard farms and 4500 commercial farms with
180 million rabbits for meat production in the EU [11]. Backyard farming is divided into
three classes: small, medium, and large farms. The farmers usually follow family traditions
in breeding animals, doing as their parents or grandparents did. Owners of medium and
large backyard farms are usually interested in expanding their knowledge and improving
the quality of animals’ lives as well as farm production. Intensive rabbit production is
typical in the EU, particularly for countries such as Italy, France, Spain, and Hungary. On
the other hand, small and medium farms are spread all around the world, predominating in
South America and Asia. For these farms, scientific knowledge is essential [12]. Moreover,
there are backyard farms, which have limited resources, and farming systems are on the
“low input” level in Africa. The housing systems are composed of local materials, and
rabbit consumption usually takes place in the farmer ‘s house or local market [13]. Typically,
native, or coloured breeds are used in small or medium size farms for meat production.
Rabbit does are bred there naturally when the doe is released into the buck ‘s cage for
mating [12]. Based on the literature research, we designed an alternative housing system
for group-housed does for smallholders. The rearing system was based on the possibility
of making burrows (does are housed on the ground consisting of a layer of soil with deep
littering manifesting their species-specific activities, e.g., digging). We have compared this
housing system with deep litter housing (both with a male presence) with the concrete
ground, where the does could not make burrows. Moreover, we used Hyplus genotype
rabbits that are commercially used, and the original breed Mecklenburg checked rabbits
for comparison.

We hypothesised that rabbit does with the possibility of digging burrows will show
aggressive behaviour towards other females less often, will have fewer skin injuries, fewer
kits with skin injuries, and lower kit mortality than does from deep litter housing. Further-
more, Mecklenburg checked rabbit does with the possibility of making burrows will show
aggressive behaviour towards other females less often, will have fewer skin injuries and
fewer kits with skin injuries, and have lower kit mortality than Hyplus females.
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2. Materials and Methods
2.1. Animals and Housing

The study was piloted at the Czech University of Life Sciences Prague using 72
24-week-old rabbit does: slow-growing does of Mecklenburg rabbits (MC) and commercial
hybrid Hyplus, where all housing conditions were simulated. The observations took place
from May until July 2021. Rabbits were fed a commercial pelleted diet (Sehnoutek a synové,
Czech Republic), water (provided by nipple drinkers), gnawing material (wooden sticks),
and hay were available ad libitum. From 10 weeks of age, female rabbits were housed
individually (deep litter with access to hay) in the open-air system. At 24 weeks of age, does
were randomly assigned to four treatments depending on the floor type—concrete with
deep litter (DEEP) or soil (the depth of the soil was ad libitum for rabbits, so the females
could dig however they wanted) with deep litter (DIG)—and genotype (MC or Hyplus).
The does were divided according to genotype (36 does per genotype) and according to the
floor type (DEEP or DIG). Each treatment consisted of three replications of six rabbit does
according to genotype and housing system. The does were weighed at the beginning and
the end of the experiment (after kindling). The average weight of MC does at the beginning
of the experiment was 4561 g & 169 SE and 4503 g & 180 SE in Hyplus does. The weight
of MC does was 4434 g 4 225 SE and 4208 g 4 165 SE in Hyplus does after kindling on
average. After four days of socialisation, a male of the same genotype was released into
the group. As specified by [14], the male was present for ten days in each group and then
he was removed. After these ten days, all does were detected as gravid by palpation (kits
were born during two days). The housing scheme can be seen in Figure 1. Pens had the
tops open, and the average size was 3.5 x 2.0 m with a minimum surface area of 1.6 m?
per doe. A reverse “U” shape platform (1 x 0.6 m), elevated platform (0.4 m above the
ground), and nest boxes (0.3 x 0.4 x 0.3 m) were counted in. The nest boxes were in two
positions accessible for the does: either on the ground or in elevated areas. The number of
nest boxes was always two more (8 in total) than the number of does in the pen to prevent
unwanted aggressive behaviour during the choosing of the nest. In the DIG group, the
nest boxes were placed 10 cm below the ground for better stability. Elevated platforms and
resting areas were made of wood with no perforation. Moreover, in the central part of the
pen, there was a platform with the reverse “U” shape, which also served as a hiding spot.
Each housing system was equipped with hiding tubes lying on the floor (1 x 0.25 m). The
entire area of the pen (concrete X soil) was completely covered (15 cm depth) with deep
straw litter (chopped straw with an average length of 0.1 m), which was removed every
week. Housing systems were placed outdoors and protected by netting against intruders.

Growing rabbits, after weaning were visually checked every week for control of their
health status until the end of the slaughter (not a part of the present paper).

2.2. Behavioural Observation and Analyses

All pens were video recorded with colour infrared cameras (Sikur systems, Frydek-
Mistek, Czech Republic). The period of observation had five parts: the initial period of the
group formation, when the male was added 1 week before kindling; 14 days after kindling;
and 35 days after kindling (contact with growing kits). Videos were recorded twice in
30-min-long intervals (day and night, from 10:00 to 10:30 and 22:00 to 22:30, resp.) during
each period. Aggressive behaviour against does (does were marked by different colours)
was observed according to [15] in 1-min intervals by the one-zero sampling method (i.e.,
the behaviour being present at any time during the 1-min interval) for 30-min periods. The
sums of values obtained from the reproductive period were counted for each behaviour
and doe (marked by spray paint). The video clips were assessed by one trained researcher.
Aggressive events were evaluated according to [16] as biting (gripping with the teeth);
boxing (hitting with the front paws); chasing (aggressive following of another individual
for at least three jumps); carousel-fights (rapid chasing around in one spot with the rear end
of the opponent gripped between the teeth); attacking (aggressive running towards another
female); and threatening (quick head movement toward another doe). These events were
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counted together, and the sum of them was considered aggressive behaviour. “Sniffing”
was considered as contact between two females who sniff each other without an aggressive
ending to the event.

| Nipple drinkers ]
nest
e
Elevated

Nest
nest
Reverse U shape platform
Nest Elevated
nest

Nest
nest

Elevated platform Elevated platform

Figure 1. Housing system scheme (housing systems differed between groups by floor type).

2.3. Injury Scoring in Does

The does were individually checked for injuries before their release into the new
group (day zero). Then, all does were scored three days after the group formation, three
days after the male was added, three days after the male was removed from the group,
twice (once a week) before kindling, and six times (once a week) after kindling until the
kits were weaned. Each doe was carefully treated by an experienced researcher. Each
female was captured and examined, old and healed injuries were excluded after the visual
examination (fully or almost fully healed ones), and new ones were counted. The scoring
schedule was conducted according to [9], where (0) were no skin injuries; (1) denoted small
(<1 cm) superficial skin injuries (scratches), fewer than 6 in total; (2) denoted superficial
skin injuries > 1 cm, deeper lesions in the connective tissue or more than five lesions
score 1; (3) denoted very deep lesions in the muscle tissue (wounds) or more than five
lesions as in score 2. We estimated the does’ injuries by two variables: as a sum of scores;
and by counting the number of injuries per doe without scoring. However, since these
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two variables were highly correlated (r = 0.94, p < 0.0001), we used the latter variable for
the analysis.

2.4. Injury Scoring in Kits

Kits were examined from 21 days of age until weaning once a week (three times in
total). The sum of injuries in kits was counted for the observed periods. Kits usually did
not receive wounds or deep bites (if they do, they were found dead). On their bodies
were found in most cases little bites or scratches, so we considered counting the number of
injuries on kits as reasonable and did not use the scale.

2.5. Postnatal Kits Mortality

Dead kits were recorded during the whole experimental period. Most bitten kits were
found dead, so doe attacks were assumed to be the cause of death. Moreover, these kits
had visible wounds on their body. In addition, to the total sum of dead kits we also added
kits which were found dead in nests during first days after kindling, as the result of a fight
between two does in the nest (visible on cameras).

2.6. Statistical Analyses

All data were initially tested for normality (Shapiro-Wilk test) and homogeneity of
variances. Data validation was approached by calculating information on the valida-
tion and/or assurance quality procedure and output. Associations between dependent
variables—aggressive behaviour towards other does (aggressive behaviour), does sniff-
ing the other does within the pen (sniffing does), the quantity of skin injuries in does
(doe injuries) and injuries in kits, and postnatal kit mortality (characteristics of the de-
pendent variables in Table 1)—and independent variables (listed in Table 1) were tested
using multivariate General Linear Mixed Models (GLMM, PROC MIXED in SAS 9.4). All
GLMMs were designed for repeated measures (i.e., in SAS, where REPEATED = period; and
SUBJECT = identity of the doe nested within the group) with the random effect (in SAS,
RANDOM = group nested within housing).

Table 1. Countable and categorical variables available of moderating rabbit does aggressiveness by
housing conditions and genotype.

Countable Variables Mean SE1 Min Max Unit
Aggressive behaviour 0.61 0.04 0 7 Number of cases
Sniffing does 1.18 0.07 0 15 Number of events
Doe injuries 112.92 2.59 0 330 Number of injuries
Kit s injuries 46.17 4.01 3 93 Number of injuries
Kit natality 38 3.98 30 45 Number of kits born per group
Postnatal kit mortality 8.08 0.61 1 14 Number of dead kits per group
Doe’s body weight 4531 6.52 4140 4960 g
Categorical variables Levels Description
Housing 2 DEEP 2/DIG 3
Genotype 2 Hyplus/MC *

1 SE. standard error; 2 DEEP, deep litter housing; 3 DIG, digging housing system; * MC, Mecklenburg rabbits.

For the dependent variables, aggressive behaviour, sniffing does, and doe injuries, we
constructed the models by first entering the interaction between housing and genotype,
and then checking the model with the addition of the factors which could also affect the
result (Table 1).

We could only measure the dependent variables, injured kits and postnatal kit mor-
tality, during periods 4 and 5. Therefore, for these dependent variables, we removed the
repeated measures design and analysed the GLMM with the interaction between genotype
and housing and then checked the model with other possible factors from Table 1. Least-
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squares means (LSMEANSs) were computed here and thereafter for each class and, where
appropriate, differences between classes were tested by t-test. We used a Tukey-Kramer
adjustment for multiple comparisons. Associations between the dependent variable and
fixed effects were estimated by fitting a random coefficient model using PROC MIXED
as described by [17]. We calculated the predicted values of the dependent variables and
plotted them against the fixed effects with a regression line. Statistical significance was
based on p < 0.05.

3. Results

In total, we observed 21,600 one-min-long sampling intervals (300 for each doe) during
which we registered 439 aggressive events: 143 in MC does, and 296 in Hyplus does. We
further registered 847 events when a doe was sniffing another doe, 352 in MC does, and
495 sniffing events in Hyplus does. Overall, we had 212 kits from MC does and 244 kits
from Hyplus does. In total, during the experiment, we counted 271 skin injuries on does,
96 on MC does, 175 on Hyplus does, and 554 skin injuries on kits, 177 in MC, and 377 in
Hyplus kits. We found 97 dead kits, 25 MC kits, and 72 Hyplus kits.

3.1. Number of Attacks among Does

In partial agreement with the advanced hypothesis, housing and genotype had a
significant effect on the number of attacks among does (Table 2), where MC does from
DIG housing performed a smaller number of attacks towards other does compared to MC
does from DEEP housing (p = 0.0082), as shown in Figure 2. There were also significant
differences when comparing does from the same housing treatment but different genotypes.
MC does from DIG housing had fewer attacks compared to Hyplus does from DIG housing
(p =0.0002), and MC does from DEEP housing had less attacks compared to Hyplus does
from DEEP housing (p = 0.0128). However, there was no significant difference in the
number of attacks between Hyplus does from DIG and Hyplus does from DEEP housing.

Table 2. GLMM results (fixed effects, degrees of freedom, F-Value, and probability) of moderating
rabbit does aggressiveness by housing conditions, and genotype.

Fixed Effect

Num DF Den DF F-Value p-Value

Dependent variable: aggressive behaviour

Housing*genotype 3 12 14.34 0.0003
Body weight 1 62.6 4.93 0.0301
Dependent variable: sniffing

Housing*genotype 3 12 2.67 0.0946
Dependent variable: injuries in does

Housing*genotype 3 68 20.40 <0.0001
Dependent variable: injuries in kits

Housing*genotype 3 1 4.59 <0.0001

Litter size 1 60 8.71 0.0045

Dependent variable: postnatal kit mortality
Housing*genotype 3 54 43.94 <0.0001
Number of injuries in kits (genotype) 2 54 9.28 0.0003

*, It is a sign for interaction.

In addition, body weight had a significant effect on the number of attacks among
does (Table 2), with heavier females attacking significantly more often than lighter females
(Figure 2).

3.2. Doe Sniffing the Other Does

Differences in housing and genotype did not reach statistical significance for sniffing
among the does within the pen (Table 2).
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Figure 2. Predicted values of the number of attacks on other does according to housing (top) for
Hyplus (left column) and Mecklenburg rabbits (right column); LSMEANs + SE, n = 72 for each
column, plotted against the body weight (bottom).

3.3. Number of Skin Injuries of Does

The number of skin injuries and the severity of injuries were strongly correlated
(r = 0.942). Reduced aggression was reflected in a lower number of injuries in does (Table 2,
Figure 3), where MC does from DIG housing had fewer skin injuries compared to MC does
from DEEP housing (p = 0.0092). There were also significant differences when comparing
does from the DIG housing treatment but different genotypes. MC does from DIG housing
had fewer injuries than Hyplus does from DIG housing (p < 0.0001). However, there
were no significant differences in the number of injuries in MC does from DEEP housing
compared to Hyplus does from DEEP housing and no differences in the number injuries
between Hyplus does from DIG housing and Hyplus does from DEEP housing. Body
weight also had no effect on the number of skin injuries.

3.4. Number of Injuries in Kits

The housing treatment in interaction with the genotype had a significant effect on the
injuries of kits (Table 2, Figure 4), where MC kits from DIG housing had fewer injuries than
MC kits from DEEP housing (p < 0.0001) and Hyplus kits from DIG housing had fewer
injuries than Hyplus kits form DEEP housing (p < 0.0001). Furthermore, the number of
injuries of kits was also significantly affected by the size of the litter (Table 2); the more kits
were in the litter, the more injuries the kits had (Figure 4).
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(left column) and Mecklenburg rabbits (right column); LSMEANSs =+ SE, n = 72 for each column.
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3.5. Postnatal Kit Mortality

Housing and genotype also had a significant effect on postnatal kit mortality (genotype
nested within housing F3 54 = 43.94, p < 0.0001). Kit mortality was lower in MC kits in DIG
housing than in MC kits in DEEP housing (p < 0.0001) as seen in Figure 5. There were
also significant differences when comparing the mortality of kits from the DIG housing
treatment with different genotypes. MC kits from DIG housing had lower mortality than
Hyplus kits from DIG housing (p < 0.0001). However, there were no significant differences
in the mortality of MC kits from DEEP housing compared to Hyplus kits from DEEP
housing. The mortality rate was also no different for Hyplus kits from DIG housing
compared to Hyplus kits from DEEP housing. The number of injuries had a significant
effect on mortality (injuries nested within genotype Fa54 = 9.28, p = 0.0003). In both
genotypes, the higher the number of kits injured, the higher the kit mortality (Figure 5).
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Figure 5. Predicted values of the number of dead kits according to housing (top) for Hyplus (left
column) and Mecklenburg rabbits (right column); LSMEANs =+ SE, n = 30 for each column, plotted
against the number of skin injuries in kits (bottom) for Hyplus (red) and Mecklenburg rabbits (blue).
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4. Discussion

The results of the present study showed that the housing system and genotype had
a significant effect on the aggressive behaviour of rabbit does. Generally, when the does
were housed in groups (continuous or part-time), they manifested a high frequency of
aggressive events before the hierarchy of the group was established [18-20]. This trend was
also observed in the present study, where both genotypes showed a high level of aggressive
behaviour in the first observed period. Several studies tried to solve the problem of
aggression with different regrouping schedules [21] or multiple strategies, when platforms,
plastic pipes, hiding places, straws, dark corridors, or sprayed odours were tested, and
the results were rather unconvincing, as reviewed by [7]. These findings were used in our
study, where the deep litter systems were equipped with appropriate (previously tested)
elements (such as hiding pipes, gnawing sticks, and shelters), and the digging systems
were enriched with the same elements and the possibility of creating a rabbits” warrens
under the ground and doing related activities.

In our study, the commercial Hyplus was more aggressive in general than the MC
genotype. However, their inter-individual social behaviour, reflected in sniffing, did not
differ. It is likely that Hyplus does are more aggressive than MC does because they are
selected primarily for productive parameters [22], regardless of behaviour. Contrarily,
on small farms or at breeders (these breeders typically use the original or local breeds
on their farms), it is very common to eliminate aggressive rabbits from breeding, as the
rabbits are frequently used as pets [23]. Another possible explanation for our results
could be hidden in the hypothesis which postulates that some individuals possess genetic
variants enhancing their vulnerability to environmental adversity. This was reported
by [24] in humans, where the longitudinal data of several hundred people were used,
resulting in relatively common variants of the dopamine receptor gene and the serotonin
transporter gene interacting with social conditions to predict aggression in a manner
consonant with the differential susceptibility perspective. The authors reported that in case
of adverse environmental conditions, the individuals with these genetic variants manifested
more aggression than other genotypes. Additionally, the effect of genotype on aggressive
behaviour was previously confirmed by [25], who observed differences in expressing this
behaviour among various mouse strains. This is also well-known in chickens, where white-
feathered birds are more aggressive than red ones [26], which is generally correlated with
some candidate genes [27]. However, these studies considered that genetics could be the
key determinant of aggressive behaviour; studies related to humans are in this way more
detailed. Moreover, we found a higher number of attacks directed from heavier to lighter
does. The information about the effect of body weight on aggressive behaviour is lacking
in the scientific literature. Only [28] reported no correlation between body weight and rank
order in growing rabbits from 4 to 12 weeks of age.

Aggression is not reflected just in hurting other does, but also in injured or even
killed kits. Ref. [29] reported that wild rabbit does tolerate their kits but demonstrate
aggression against other offspring. In addition, aggression can exceed into infanticide due
to the limited number of burrows. These events naturally lead to increased kit mortality
and therefore economic losses. In the present paper, a higher incidence of mortality was
observed in the Hyplus genotype, which was more aggressive compared to MC does, as
was previously mentioned.

The housing system influenced aggression in the less aggressive MC genotype only.
Hyplus does maintain aggression at a high level during the whole reproductive period. It
has to be emphasised, however, that the does’ injuries had never been severe enough to
lead to inflammatory conditions. Still, we recorded more injured does and kits in DEEP
systems compared to DIG systems. Surprisingly, the injuries led to mortality only among
the MC genotype. The greater part of dead kits among the Hyplus genotype occurred
during the first days after leaving of the nest. The aggression is mostly noted at the start
of the reproductive season and after parturition, when rabbit does are intolerant of each
other [30]. Problems with aggression are therefore reported with respect to both strategies
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of housing rabbit does. Ref. [6] tested four individual modules and a common area, where
the rabbit does were mixed after 18 days after kindling, resulting in 50% injured does.
Furthermore, [31] observed groups of five does in a part-time system with results showing
34% injured does four days after group formation and 53% injured does at litter weaning.
In addition, during lactation, kits were the subject of aggressive attacks from other does.
These attacks can be then the cause of death as assumed in [32], who observed a significant
effect of grouping rabbit does at different times post-partum. In our study, the MC genotype
housed in DIG systems seemed to be more compatible than Hyplus. Hyplus may manifest
more aggressive behaviour and related injuries, or deaths could occur due to their “higher
distance” from wild rabbits as these lines are bred specifically for high production. These
findings could be explained by the study of [33], who compared domestic and wild rabbits
and found a higher number of aggressive attacks among wild rabbits than their domestic
counterparts. Based on the results, it seems that the genetic selection of reproductive traits
could also affect the maternal behaviour of rabbit does, which, in selected strain, could
increase aggressive behaviour in protecting the nest and the litter. In the present study, the
MC does are calmer; they do not look for fights. On the contrary, Hyplus fights more for
hierarchy and may need a bigger space for their nests to eliminate attacks from other does
or kits.

5. Conclusions

The results show that the choice of genotype and housing system is crucial with respect
to aggressive interactions among rabbit does. Aggression results in injuries among rabbit
does and their kits. Fights among does can sometimes occur in the nest and new-born kits
will subsequently die. Kits that are seriously injured by other rabbit does later die. The
MC genotype, as the original medium-heavy breed, is less aggressive than the commercial
hybrid we tested and can be recommended for smallholder breeding conditions. For these
farmers, it is also important to choose a suitable housing system; according to our results,
the possibility of digging should not be missing, and housing systems should accommodate
the building of nests of greater complexity. In addition, although we did not observe any
health problems in does or their kits, the potential risk of coccidiosis infection is present
when using deep litter instead of a slatted or wire floor. It would be interesting to test the
genotypes of rabbits typically used for meat production on small farms in future research.
Moreover, other studies should focus on the effect of genetic selection on the maternal
behaviour of rabbit does.
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The objective of the present paper was to evaluate the health status reflected in haematological and biochemical traits of the
blood, reproductive performance and bone quality of rabbit does on first parturition housed in several housing systems with or
without mirrors. The animals were randomly allocated into 6 experimental groups: pens with soil covered by deep litter with the
possibility of digging burrows (A), pens with soil covered by deep litter with the possibility of digging burrows enriched with a
mirror (B), pens with plastic slatted floor with elevated resting area (C), pens with plastic slatted floor with elevated resting area
enriched with a mirror (D), combi-park system (E) and combi-park system enriched with a mirror (F). Litter size after birth and the
number of weaned kits was found to be highest in group C, D, E and F compared to other groups. However, the biochemistry
analyses showed every investigated trait as significantly affected by housing conditions except the UREA and CHOL, it has to be
stated that values of the blood traits were in accordance with the reference values of rabbits. The effect of housing system on tibia
and femur characteristics was found to be significant in fracture toughness, where the lowest value of this trait was detected in
group E and F compared to other groups in both investigated bones. According to these findings, it is possible to recommend
every tested housing system from a health point of view for farmers dealing with alternative housing systems.

Keywords: biochemistry, bones, haematology, housing system, reproductive performance

1 Introduction performance in collectively housed females is reflected
in the number of pseudo-pregnancies or sharing the
same nest box by more animals, which is usually followed
by injuries in does and dead kits (Szendr6 et al., 2019). To
avoid these problems, part-time collective housing seems
to be perspective (Zomeno et al., 2018). Several types of
housing systems with different enriching elements were
investigated ((e.g., hiding places; Rommers et al. (2014)
or combi systems with removable walls; Dal Bosco et al.
(2019)). Furthermore, the use of mirrors was investigated
during the fattening period of growing rabbits resulting in
a decreased incidence of stereotypical behaviour (Piller et
al., 1999). When rabbits have the opportunity to choose,
they always chose the part of the housing system, where
the mirror was present (Dalle Zotte et al,, 2009a). Another

Breeding rabbit does is now the subject of scientific
research (Szendré et al., 2019; Huang et al.,, 2021) due
to welfare consequences of their housing. In farming
systems, individual wire cages are mostly used, where
the does are housed with their kits until weaning (Huang
et al, 2021). During the last few years, the continuous
and part-time collective housing of rabbit does was
exposed to research resulting in non-acceptable
conditions of rabbit does and their offspring (injuries in
does or injured and dead kits) (Szendr6 et al,, 2019) or
the health of the animals in general. For the description
of the health status or for the prediction of disease or
infection, the serum analysis is standardly used (Rehman
et al, 2017). In addition, the decline in reproductive
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benefit of alternative housing usage is that rabbits have
more space for movement and thus they have a higher
fracture toughness of their bones compared to their
counterparts from cages (Krunt et al,, 2021).

The objective of the present paper was to evaluate
the health status reflected in haematological and
biochemical traits of the blood, bone quality and
reproductive performance of rabbit does housed in
several housing systems with or without mirrors. The
overarching hypothesis was that the rabbit does housed
in different housing conditions will show different blood
profiles and different reproductive performances.

2 Material and methods

The present study was approved by the ethics committee
of the Czech University of Life Sciences Prague. The whole
study was carried out in harmony with the guidelines of
Act No. 246/1992, which focuses on the protection of
animals against cruelty.

2.1 Animals and husbandry

The study was conducted using 72 20-week-old rabbit
does (Hyplus genotype) on first parturition. The animals
were randomly allocated into 6 experimental groups
according to housing system. The entire observation
took place under natural conditions from June until
September 2021. The rabbits were fed ad libitum by
a hopper feeder with a standard fattening pelleted diet
(17.80% CP, 9.9 Mjkg™' of digestible energy). Water was
available ad libitum from nipple drinkers. The litter was
supplemented ad libitum (groups A and B). Young rabbit
does (11 weeks of age) were from weaning until the
star of the experiment housed individually on plastic
slatted floor, and at 20 weeks of age were divided into
experimental groups (A, B, C, D, E, F) depending on
the floor type. Every group consists of 6 animals. After
one week, artificial insemination was performed. Each
treatment consisted of 2 replications/6 rabbits.

Regarding the housing systems, pens with soil covered
by deep litter with the possibility of digging burrows (A),
pens with soil covered by deep litter with the possibility
of digging burrows enriched with a mirror (B), pens
with plastic slatted floor with elevated resting area (C),
pens with plastic slatted floor with elevated resting area
enriched with a mirror (D), combi-park system (E) and
combi-park system enriched with a mirror (F) were used.
The mirrors (50 x 120 cm) were installed permanently for
the experimental period. Pens (A, B, C, D) had the top open
and the average size was 2.5 X 3.0 m with a minimum
surface area of 1.4 m? per doe after resting platforms and
other enriching elements were counted in. Pens C and D
were designed to have the same parameters as previously

mentioned systems with two floors The floors were
connected by an elevated step, which was used by rabbits
to jump onto and then jump to the second floor. Under the
second floor was a space divided into individual sections,
which looked like a corridor. At the end of each corridor
was a nest box. Each section was separated from the next
one by a wire net wall to keep the rabbits in contact. The
E and F systems were classic combi-park systems with
removable walls designed for six rabbit does and their kits.
All housing systems with rabbits were exposed to natural
lighting and temperature, which was 16 : 8 L/D and 16
°C in average. Rabbit does were weighed at the start (21
weeks of age) and at the end of the experiment (31 weeks
of age). Rabbit kits were weighed at birth and every
week until weaning (35 days of age). At the end of the
experiment, rabbit does were slaughtered (mechanically
stunned) to obtain tibia and femur bones for analysing.

2.2 Haematological and biochemical blood sampling

Haematocrit (HCT), haemoglobin (HGB), erythrocytes
(ERY), leukocytes (LEU), neutrophiles (NEU), lymphocytes
(LYM), neutrophiles (NEU), monocytes (MO), eosinophiles
(EQOS), basophiles (BAS), mean corpuscular volume
(MCV), mean corpuscular haemoglobin (MCH), mean
corpuscular haemoglobin concentration (MCHC), plasma
albumin (ALB), total protein (TP), urea (UREA), glucose
(GLU), creatinine (CREA), globulin (GLOB), ALB/GLOB,
alanine aminotransferase (ALT), alkaline phosphatase
(ALP) and cholesterol (CHOL) contents were measured
to indicate health status and body fitness of examined
rabbits.

In the end of the experiment, blood samples from
4 animals (randomly selected) from each group and
replication (48 samples) were taken from the ear vein.
Collected samples were centrifuged at 700 x g for 20 min
at 4 °C to obtain blood serum. Then the blood films were
made using the slide method, previously described in
Schalmetal.(1975). Determination of blood haemoglobin
and haematocrit was done according to Dukes and
Schwarte (1931). MCV, MCH and MCHC were calculated
as described in Al-Daraji et al. (2008). Pappenheim May-
Grunwald Giemsa stain was used for staining the blood
films. ERY were determined by hemacytometer as well
as NEU, MO, EOS and BAS. Three horizontal edge fields
followed by two fields towards the centre were done
to obtain a differential amount of LEU. Two more fields
were lead in a horizontal direction and another two fields
in a vertical direction to get the edge and obtain the
crisscross shape with right angles. The rest of the blood
serum was stored until the biochemical analysis, which
was done using commercial kits (Erba Lachema, s. r. o,
Czech Repubilic) on the automatic analyzer XL - 200 (Erba
Lachema s. r. 0., Czech Repubilic).
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2.3 Bone quality analyses

Thetibia and femur were frozen (-20 °C) after slaughter, for
future analysing, in individual plastic bags. A day before
the analyses, the bones were taken from the freezer and
thawed overnight. Next, they were boiled for 15 min in
95 °C water, further stripped of flesh and dried at 25 °C
for 24 h. Subsequently, the maximum shear force until
initial structural failure (i.e., the breaking of the bone) was
determined by a three-point flexure test using a Instron®
Model 3342 (Instron, Norwood, Massachusetts, US) and
the load rate was 12 mm.min™.The distance between the
two fulcra points maintaining the bones was 45 and 38
mm. The bones were constantly oriented for testing with
their natural convex shape downwards.

2.4 Statistical analyses

The statistical analyses were processed using the
computer application SAS 9.4 (SAS Institute Inc. Cary. NC.
USA). All the data were analysed using the General Linear
Model:

Y,_j_=p+HS,_+e,.j

where: Vi~ value of trait; u — general mean; HS, - effect
of housing system (i = A-F); e~ random residual

error

Housing system was considered as a fixed effect.
Differences between means were determined by the
Duncan’s test. The value of P <0.05 was considered
significant for all measurements. All the data are
expressed in tables as means.

3 Results and discussion

During the reproductive period no females died. In two
females (one from group D and one from group E) were
detected footpads. The initial weight of live females was
between 4,413 and 4,613 g. The final live weight after
weaning was between 4 643 and 4 986 g. The weights
did not statistically differ among the groups in these two

observation periods. Litter size after birth was found to
be the highest in group C, D, E and F. The highest number
of weaned kits was observed in the same groups as live
born kits. Weaning weight of kits was found to be the
highest in A, B, E and F groups. It has to be stated that
does from group A and B had the lowest number of kits
and their weaning weight was probably influenced by this
factor. Typically, scientific literature compares group and
individual housing with the conclusion of a decreased
productive performance in group housed rabbit does
compared to individually housed does (Maertens & Buijs,
2016; Dal Bosco et al., 2019). Maertens & Buijs (2016)
reported a decline in the number of weaned kits and in
their weaning weight in groups of females. Dal Bosco et
al. (2019) found decreased litter sizes after birth and after
weaning in group housed does compared to these from
individual cages. In addition, the decline in reproductive
performance in collectively housed females is reflected
in the number of pseudo-pregnancies or sharing the
same nest box by more animals, which is usually followed
by injuries in does and dead kits (Szendré et al., 2019).
Sharing of the same nest box was observed also in the
present study once in group D. We solved that problem
by dividing little kits into two nest boxes, where females
were separately housed with them for three days.
Separated females still had contact with other members
of the group through the wire walls. Then they were
released and incorporated back into the group.

In general, the haematological and biochemical blood
traits are used to indicate disease, infection or health
condition (Rehman et al., 2017). The results of the effect
of the housing system on haematological parameters
of the rabbit does blood are displayed in Table 2. The
investigated traits did not significantly differ among the
groups. In a study by (Musco et al., 2019) it was found that
rabbits, who were exposed to mirrors had higher values
of RBC, MCV and MCH compared to their counterparts,
who did not have mirrors in their housing system. The
authors see a link between feed intake and growth rate,

Table 1 The effect of housing system on reproductive performance of rabbit does on first parturition
Trait Housing system P-value SEM
A B C D E F
LW of does 21 wks (g) 4,445 4,501 4,543 4,613 4,413 4,535 0.2634 45.486
LW of does 31 wks (g) 4,643 4,797 4,812 4,986 4,792 4,825 0.0561 41.553
Live born kits (n) 7.50° 8.00° 10.00° 9.50° 9.50° 9.00° 0.0001 0.1781
Weaned kits (n) 7.00° 7.00° 9.00° 9.00° 8.50° 9.00° 0.0001 0.1639
Weaning weight of kits (g) 972° 9852 872° 866° 967° 960° 0.0001 8.6247

A - pens with soil covered by deep litter with possibility of digging burrows; B — pens with soil covered by deep litter with possibility of digging
burrows enriched by a mirror; C - pens with plastic slatted floor with elevated resting area; D - pens with plastic slatted floor with elevated resting
area enriched by a mirror; E - combi-park system; F - combi-park system enriched by a mirror; LW - live weight; SEM - standard error of mean;
values with significance of P <0.05 were considered as significant
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which is (when the growth rate declines) connected with
feed utilization and reduced absorption of iron.

Furthermore, the biochemistry analyses showed (Table
3) every investigated trait as significantly affected by
housing conditions except the UREA and CHOL. Rabbits
from A and B group had the highest values of GLU, while
the lowest values were found in Cand D group. GLU is the
main energy source (Gallenberger et al., 2012). Musco et
al. (2019) observed the lowest values of GLU in rabbits,
who were the most active. Unsurprisingly, our data
indicates that rabbits from C and D had a high energy
output thus they could jump from lower to upper floor,
meanwhile the rabbits from digging systems obviously
did not spend energy on movement as the previously
mentioned rabbits. Additionally, according to measured
values, we can state that rabbits were not exposed to
stress, because values elevated above the optimum range
indicate stress factors in rabbit's environment (Ozkan et
al., 2012). Moreover, CREA was significantly highest in B,
D and F group, which are the groups with mirrors, and
the lowest in A group. Musco et al. (2019) also found the
highest values of CREA in mirrored groups compared to
the rest of the groups. According to Bush (1991), the pre-
renal failure is manifested by elevated in CREA Our results
do not indicate any problems with rabbit does’ kidneys.
Also, measured TP was in the optimum range when the
highest values were in A and C and the lowest values in
B and E groups. It is well known that total protein and
albumin are protein utilization indicators (Pavlik et al.,
2007) and reflect the health condition of the animal

(Marono et al., 2017). ALB values of group C, D and F were
a bit above the optimum range, declared by Ozkan et al.
(2012). Significantly higher levels of GLB were observed
in B, C, D and F groups than in other groups. The level of
globulinin blood serum serves as an indeximmune reply.
The higher globulin values or the higher ALB/GLB (in
optimum range) the higher disease resistance and better
immune response occurs in animals (Griminger, 1986).
In the present paper, the highest value of ALB/GLB was
detected for groups A and F and the lowest was in group
B.The difference could be explained by some non-specific
immune response initiated by environmental causes
(El-Shafaei et al., 2016) thus the animals from group B had
contact with the soil. Other studied parameters were ALT
and ALP. These indicators are considered to reflect liver
function similar to aspartate aminotransferase (Musco et
al., 2019). Specifically, ALP serum levels come from the
liver and bones and thus differamong the ages of animals
and changes could be caused by bone growth (Kaneko et
al., 1997). The obtained values in this study were found
in the reference range, when ALT values were highest in
groups A, B, D and F compared to the rest of the groups
and ALP was detected as being higher in groups A and
C compared to other groups. In addition, CHOL content
did not significantly differ among the groups. However,
in our study the presence of mirrors did not affect the
CHOL content, Musco et al. (2019) referred to the highest
amount of CHOL in mirrored groups of rabbits compared
to these without mirrors.

Table 2 The effect of housing system on some haematological blood traits of rabbit does on first parturition
Trait Housing system P-value SEM
A B C E F

HCT (%) 39.7 38.9 393 404 40.5 409 0.4242 0.580
HGB (g.I") 126 120 119 122 123 125 0.6041 2451
ERY (10'21") 6.60 6.30 6.40 6.5 6.54 6.42 0.4782 0.064
LEU (10°.I"") 7.30 7.10 7.34 7.73 7.51 7.54 0.6410 0.324
NEU (10°.I'") 3.69 3.23 3.34 333 341 3.32 0.7641 0.201
LYM (10°.1") 3.1 2.89 3.13 3.02 2.90 3.14 0.3678 0.086
MO (10°.17) 0.730 0.840 0.738 0.748 0.761 0.745 0.6458 0.064
EOS (10°.") 0.312 0.291 0.300 0.333 0.294 0.289 0.5841 0.005
BAS (10°.17) 0.239 0.211 0.242 0.220 0.232 0.236 0.8342 0.008
MCV (f1) 63.8 63.2 63.2 633 63.1 63.1 0.4132 0.194
MCH (pg) 19.6 19.6 19.3 199 19.6 194 0.6347 0.052
MCHC (g.I") 305 311 307 310 311 310 0.4246 1.102

A - pens with soil covered by deep litter with the possibility of digging burrows; B - pens with soil covered by deep litter with the possibility of
digging burrows enriched by a mirror; C - pens with plastic slatted floor with elevated resting area; D — pens with plastic slatted floor with elevated
resting area enriched by a mirror; E - combi-park system; F - combi-park system enriched by a mirror; HCT - hematocrit; HGB - hemoglobin;
ERY - erythrocytes; LEU - leukocytes; NEU — neutrophiles; LYM - lymphocytes; MO — monocytes; EOS - eosinophiles; BAS - basophiles; MCV - mean
corpuscular volume; MCHC - mean corpuscular hemoglobin concentration; SEM - standard error of mean; values with significance of P <0.05 were

considered as significant
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Table 3 The effect of housing system on selected biochemical traits of rabbit does on first parturition
Trait Housing system P-value SEM
A B C E F

GLU (mmol.I") 7.42° 7.21° 5.79¢ 5.55¢ 6.23° 6.28° 0.0135 0.301
CREA (umol.I") 73.3¢ 95.32 80.0b¢ 94.5° 86.5° 93.24° 0.0225 2421
UREA (mmol.I") 8.38 8.50 8.33 8.43 7.62 7.324 0.2310 0.305
TP (g.I") 83.0° 67.4¢ 85.8° 77.3b 64.4¢ 78.2° 0.0001 1.421
ALB (g.I') 41.2b 35.0¢ 49.0° 47.6* 36.15¢ 47.1° 0.0001 1.234
GLB (g.I") 28.3b¢ 35.3° 37.0° 35.5° 28.4¢ 32.4° 0.0001 0.749
ALB/GLB 1.45° 0.99¢ 1320 1.34% 1.27° 1.46° 0.0002 0.062
ALT (UI) 88.0° 91.0° 76.0° 97.5° 69.7¢ 95.52 0.0001 2.824
ALP (UI) 46.2° 34.6° 43.8° 22.0«d 33.0b¢ 31.4bcd 0.0001 2.159
CHOL (mmol.I") 1.32 1.32 1.25 1.30 1.13 1.29 0.0682 0.002

A - pens with soil covered by deep litter with the possibility of digging burrows; B - pens with soil covered by deep litter with the possibility of
digging burrows enriched by a mirror; C - pens with plastic slatted floor with elevated resting area; D — pens with plastic slatted floor with elevated
resting area enriched by a mirror; E - combi-park system; F - combi-park system enriched by a mirror; GLU - glucose; CREA - creatinine; TP - total
protein; ALB - albumin; GLB - globulin; ALT - alanine transaminase; ALP - alkaline phosphatase; CHOL - cholesterol; SEM - standard error of mean;

values with significance of P <0.05 were considered as significant

Table 4 The effect of housing system on quality of tibia and femur bones in does on first parturition

Trait Housing system P-value SEM
A B C D E F

Tibia
Length (mm) 109 110 108 110 112 110 0.7561 2.124
Width (mm) 8.3 8.42 8.15 8.24 8.16 8.21 0.547 0.214
Fracture toughness (N) 480? 4982 486° 4852 3980 405° 0.036 19.226
Femur
Length (mm) 103 105 104 106 104 105 0.684 2.025
Width (mm) 8.71 8.68 8.59 8.64 8.62 8.67 0.267 0.242
Fracture toughness (N) 348° 3542 361° 348° 290° 295 0.042 17.125

A - pens with soil covered by deep litter with the possibility of digging burrows; B - pens with soil covered by deep litter with the possibility of
digging burrows enriched by a mirror; C - pens with plastic slatted floor with elevated resting area; D — pens with plastic slatted floor with elevated
resting area enriched by a mirror; E - combi-park system; F - combi-park system enriched by a mirror; SEM - standard error of mean; values with

significance of P <0.05 were considered as significant

The effect of housing system on tibia and femur
characteristics (Table 4) was found to be significant in
fracture toughness, where the lowest value of this trait
was detected in groups E and F compared to other
groups in both investigated bones. The bone quality in
rabbit does is marginally studied. Nevertheless, Buijs et
al. (2014) published a paper, where they compared semi-
group wire pen, semi-group plastic pen and individual
cage system with results of significant differences among
the groups in cortex thickness of tibia and femur bones.
Rabbit does from individual cages had lower measured
values than the other groups. They did not differ in the rest
of the parameters (length, width, or breaking strength).
The study of Krunt et al. (2021) compared collective pens
with cages resulting in thinner bones in growing rabbits
from cages compared to their counterparts. Both studies

have common intersection-increased movement. The
authors from the last cited study proved that bones of
rabbits from pens contain more calcium and magnesium
(tibia bone) or just magnesium (femur bone), which
are crucial elements for determining bone quality and
fracture toughness. Moreover, Dalle Zotte et al. (2009b)
found, except the higher fracture toughness in penned
rabbits compared to caged rabbits, that pen housed
rabbits had heavier bones than those from cages.

4 Conclusions

Housing conditions significantly affected the number
of live born and weaned kits and the weight of weaned
young rabbits. Based on haematological and biochemical
blood results, we can state that rabbit does were, during
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the experimental period, healthy, and the obtained values
were in the optimum range of physiological blood values
for rabbits. According to these findings, it is possible to
recommend every tested housing system from a health
point of view. Moreover, fracture toughness was found
to be the lowest in the combi-park system compared to
the rest of the investigated systems, which is not the best
option for dynamical movement of rabbit does. For future
research, we can recommend focussing on stress hormone
levels in similar group housing systems to obtain more
detailed results and implement them into practise.
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4 Souhrnna diskuse

4.1 Produkéni parametry a parametry jatené upraveného téla ve vztahu k systému
ustajeni

Podminky ustajeni ovliviiuji parametry rastu kraliki ve vykrmu (Lambertini a kol.,
2001; Princz a kol., 2009; Xiccato a kol., 2013; Matics a kol., 2018; Krunt a kol., 2021; 2022).
Obecné plati, ze rychlost ristu je nizsi v systémech ustajeni, které maji charakter vybehu, ohrad,
nebo se jedna o rizné modifikace boxt nez u kralikti chovanych v klecich po jednom nebo
v malych skupinach (Lambertini a kol., 2001; Princz a kol., 2009; Xiccato a kol., 2013). Chov
kraliki ve vyb&hu je totitz logicky spojen s vykrmem vétSich skupin zvifat na spole¢ném
prostoru (Krunt a kol., 2021). Parametry produkce, jako porazkova hmotnost, pfirastek
hmotnosti, pfijem krmiva nebo konverze, jsou ovlivnény rtiznymi faktory, mezi které patfi
napfiiklad chovani zvitat, jez se napfic ustdjenimi lisi. Naptiklad kompetice o krmivo (Xiccato
a kol., 2013), vyS$si pfijem krmiva v klecich (Maertens a Van Herck, 2000), nebo zvySena
pohybova aktivita v ohradach (Krunt a kol., 2021) pfispivaji k rozdilnému stupni vyvoje
svalstva, a tedy rozdilné hmotnosti jednotlivych jateCnych partii, pripadné zastoupeni tuku
v jate¢ném téle, a tedy ovlivnéni hmotnosti zvifete.

Zvyseny pohyb (Krunt a kol., 2021) a/nebo konkurence o krmivo (Xiccato a kol., 2013)
mohou ovlivnit charakteristiky masa a kvalitu masa prostfednictvim rozdilt ve vyvoji svali a
ukladani tuku. Obecné lze konstatovat, ze zvySena mira pohybu, ktera je Casto spojena s nizsim
pfijmem krmiva, generuje niz§i jatecnou vytéznost, nizsi zastoupeni tuku v téle a snizuje pomer
masa ke kosti (Combes a kol., 2010). JateCna vytéznost je prevazne€ ovlivnéna praveé piijmem
krmiva. Kralici, kteti maji vyssi spotfebu krmiva, maji vice plny travici trakt a jsou téz§i pfi
porazce (Trocino a kol., 2004). Systém ustajeni ma tedy nejvétsi vliv na jateCnou vytéznost a
rozvoj zadni ¢asti krali¢iho téla/trupu, a to v souvislosti s pohybem zvitat. Kralici, ktefi maji
vice prostoru k pohybu vétsinou vykazuji vy§§i hmotnost zadni Casti, vyssi osvaleni stehen a
vy$$i hmotnost kosti stehen (Matics a kol., 2018; Krunt a kol., 2021). Ne vzdy ale existuji
statistické rozdily pro vyvin zadni ¢asti mezi jednotlivymi systémy (Krunt a kol., 2022). K vySsi
hmotnosti stehen u kraliki z vybéht v porovnani s témi z kleci, pfispiva i hmotnost kosti
stehna. Na zakladé vysledkt studie Krunta a kol. (2021) se ukazalo, Ze je hmotnost kosti
systémem ustajeni prukazné ovlivnéna, a to pravdépodobné opét z divodu vyssiho pohybu ve
vybézich. Pohyb a cviCeni jsou jedny z faktort, které ovliviiuji hmotnost kosti ve spojitosti se

zastoupenim vapniku, fosforu a hoiciku (Clark son a Haymes, 1995). Naptiklad béh na
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bézeckém pasu je jednim z forem cviceni pro krysy. Konkrétné jsou kosti stehenni a holenni
podrobeny vétsimu mechanickému zatizeni nez bederni patet (Iwamoto a kol., 2005). Navic
cvic¢eni podporuje pozitivni vapenatou rovnovahu a zvysuje hmotnost kosti (Yeh a kol., 1989),

a tedy je prokazano, ze ma pohyb vliv na kvalitu kosti.

4.2 Kvalita masa ve vztahu k systému ustajeni

Kvalita masa je charakterizovana mnoha parametry, mezi které patii parametry
chemické, fyzikalni, biochemické, senzorické, nutricni a jiné. Ty jsou pak charakterizovany
dil¢imi parametry jako obsah tuku, bilkovin, pH, barva, obsah glykogenu, kiehkost masa,
vyzivova hodnota a dalsi. S ohledem na vykrm kralikt v riznych systémech, hodnoty pH maji
tendenci klesat s rostouci velikosti skupiny (Combes a kol., 2010). Na hodnotu pH ma vliv
napiiklad agresivni chovani zvirat, které podmiriuje adaptivni stresovou reakci ve svalu pro
kontrolu vétsiho mnozstvi volnych radikaléi vzniklych metabolicky. Cim nizsi je pH, tim je také
maso svétlejsi (Krunt a kol., 2020). To je zptisobeno smrsténim kontraktilnich vlaken, ktera
zvySuji rozptyl svétla (Szendré a Dalle Zotte, 2011). Barva masa je take ovlivnéna pohybem,
ktery zvySuje energii metabolismu oxidativnich svala. Svaly s oxidativnim metabolismem se
nachazeji zpravidla na zadni koncetin€ a je to naptiklad biceps femoris a typicky glykolyticky
metabolismus je u svali hibetu, jimiz je naptiklad longissimus lumborum (Dalle Zotte a kol.,
2015). Hodnota pH téchto svall se zvySuje se snizujici se hustotou osazeni klece nebo vybéhu
(Preziuso a kol., 2009). Naopak pro hodnoty Cervenosti a zlutosti jsou napfi¢ vyzkumy rozdilné
a neni mozné ve vysledcich, které o nich referuji najit jasné schéma s ohledem na velikost
skupiny (Szendr6 a Dalle Zotte, 2011). Navic, jak ukazala nase studie (Krunt a kol., 2022), je
tteba referovat vzdy o hodnotach L*a*b* vztazenych ke konkrétnimu svalu s ohledem na jeho
metabolismus, naptiklad biceps femoris, semitendinosus nebo quadriceps femoris. Z hlediska
chemického slozeni masa, suma fyzické aktivity mize nepfimo ovlivnit profil mastnych
kyselin. Ukladani PUFA probiha pomaleji nez u SFA a MUFA mastnych kyselin, coz vede k
poklesu relativniho podilu PUFA (De Smet a kol.,, 2004). V reakci na fyzickou aktivitu
Sutherland a kol. (1981) objevili snizeni 18:1 a zvySeni 18:2 n-6 mastnych kyselin v tukové
tkani lidi, pravdépodobné v dusledku snizeni aktivity stearoyl-CoA desaturasy. U zvitat je
chronicka fyzicka aktivita spojena s poklesem obsahu MUFA (Nikolaidis a Mougios, 2004),
coz koresponduje s vysledky studie Krunt a kol. (2022), kde méli kralici z vybéhu vyrazné vyssi
obsah MUFA nez kralici v klecich, pravdépodobné kvili aktivitam jako je skakani, béhani a
uniky pfed agresivnimi socialnimi interakcemi jinych zvifat. Podle Dalle Zotte a kol. (2015) 1ze
predpokladat, ze rozdily v zastoupeni obsahu mastnych kyselin mezi systémy chovu (klec vs.
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vybéh) jsou spojeny s obsahem intramuskularniho tuku a pfislusSnym obsahem fosfolipidi, které
jsou typické pro jejich obsah n-6 a n-3 mastnych kyselin. Co se tyce naptiklad hustoty osazeni
ustajovacich prostor, je timto profil mastnych kyselin ovlivnén do urcité miry. Pfi nizsi hustoté
osazeni nez 16 kraliki/m? byl pozorovan obecny pokles obsahu SFA a MUFA, zatimco byl
zaznamenan narast PUFA (Dalle Zotte a kol., 2010). Chemické slozeni masa je definovano
dal§imi parametry, jako je napiiklad zastoupeni tuku ve svalové tkani. Existuji tizké korelace
mezi mnozstvim tuku v téle a obsahem tuku v mase a mezi obsahem vody a obsahem tuku v
mase. Kralici chovani ve velkych skupinach méli signifikantné nizsi tukové kryti nez ti chovani
ve skupinach malych. Stejné tak maso kralika chovanych ve velkych skupinach bylo chudsi na
tuk a obsahovalo vice vody (Dal Bosco a kol., 2002; Combes a kol., 2010). Pro obsah bilkovin
ani obsah popela nebyl zjistén vliv velikosti skupiny (Szendr6 a kol., 2009). Ve studii Krunta a
kol. (2022) také nebyl zji§tén vyznamny rozdil pro chemické slozeni masa z hlediska obsahu
tuku, bilkovin, vody nebo suSiny mezi boxovym a klecovym systémem ustajeni pfi vykrmu
kralikt. LiSil se pouze obsah popelovin, které byly vyssi ve vyb&hovém systému nez
v klecovém.

Podminkami ustéjeni jsou také ovlivnény textura masa a struktura svalovych vlaken. Co
se tyCe slozeni svalu, Lefaucher (2010) uvadi, ze svaly se skladaji ze svalovych vlaken, typu I
(BR) a typu IT (aR, aW). U kralikt jsou nejvice zkoumany dva nejdominantnéjsi svaly (biceps
femoris a longissimus thoracis et lumborum). Svalova vlakna ovliviiuji vyvoj postmortalnich
zmeén, priCemz kvalita masa je také ovlivnéna (Hernandez a kol., 2006). Dvé zakladni
charakteristiky, které definuji svalova vlakna, jsou jejich prumér a obvod. Velikost svalu je
ovlivnéna také t€émito dvéma charakteristikami, pficemz plocha prafezu je tfetim rozhodujicim
faktorem (Chodova a kol., 2014). Vliv hustoty osazeni na charakteristiky svalovych vlaken v
svalu biceps femoris byl hodnocen Volkem a kol. (2014). V této studii byl u kralikii chovanych
pfi hustoté obsazeni 10 kralik(i/m? oproti 4 kralikim/m? podil vlaken typu aW 79,3 % oproti
59,2 %. Pfi srovnani stejnych hustot osazeni byl podil vldken typu aR 24,5 % oproti 14,2 %.
pii vys§i hustoté osazeni byla pouze 6,5 %. Tyto vysledky byly vysvétleny vyssi fyzickou
aktivitou kralikd, jak bylo popsano i ve studii Krunt a kol. (2022). Plocha svalovych vlaken
typu PR byla signifikantné mensi u kralikti chovanych pfi nizsi hustoté osazeni (1 882 oproti 2
744 um?), zatimco plocha vlaken typu aR a aW ziistala téméf nezménéna v zavislosti na hustots

osazeni.
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Co se tyCe senzorického zhodnoceni krali¢iho masa ve vztahu k systému ustajen,
veédecka literatura je konzistentni ve vlivu ustajeni, pies obsah tuku, na profil mastnych kyselin,
ktery je také ovlivnén prostiednictvim vyzivy (Volek a kol., 2018). Jednoznacné se
v senzorickych testech lisi rizna plemena kralika (Fadare a Arogbo, 2015) a jako signifikantni
je povazovan vliv véku zvirat (Gondret a kol., 1998). U kralik starSich nez 84 dna jiz dochazi
ke kombinaci efektt jako je chovani, vliv prostiedi, genetika, pohlavi a jiné z divodu odlisného
napf. agresivniho chovani dle pohlavi, rozdilnému ukladani depotniho tuku dle pohlavi atd.
(Krunt a kol., 2022). Navic u kralikii dochazi vétSinou k hodnoceni masa vafeného, kde jsou

rozdily, naptiklad v barveé, minimalni.

4.3 Vliv genotypu a systému ustajeni na chovani samic a kvalitu zivota jejich mlad’at
Vliv genotypu samic v reprodukci na jejich chovani nebyl ve védecké literatute prakticky
zkouman. Je obecné znamo, zZe v intenzivnich chovech jsou vyuzivani kralici hybridnich
kombinaci, ktefi spliiuji naroky na produkci. Naopak v chovech na malych farmach jsou Casto
vyuzivani kralici pavodnich plemen. Ve studii Krunta a kol. (2023) byl porovnan uzitkovy
hybrid Hyplus s pivodnim plemenem meklenbursky strakac, a to s vysledkem zjisténi vyssi
agresivity u samic Hyplus. Autofi studie se domnivaji, ze vyssi incidence agresivnich udalosti
mezi samicemi Hyplus v porovnani s meklenburskymi strakaci mize byt zdivodnéna selekci
na agresivni chovani na malych farmach, kde se krmi vétSinou rucné a oSetfovatel ma vétsi
kontakt se zvitaty. Naopak, komer¢ni hybridi jsou striktné selektovani pouze na produkéni a
reprodukéni ukazatele, na rozdil tfeba od kraliki v hobby chovech (Rooney a kol., 2014).
Agresivni chovani samic je problematické predevSim pro jejich souziti ve skupinovych
ustajovacich systémech, a to nejen z pohledu snizeného welfare samotnych samic a moznych
uhynt, ¢i nutnosti vyfazeni samice, v dasledku zranéni, ale také kvili zranovani nebo zabijeni
mlad’at cizich samic. To je bézné i u divokych kralikih (Mykytowycz a Dudzinski, 1972), neni
to tedy nijak vyjimecny stav v uméle vytvoreném prostiedi, avSak zde s ekonomickymi
dusledky. Ve studii Krunta a kol. (2023) bylo pak pozorovano, Ze nejvyssi mira thynu mlad’at
byla pozorovana u samic Hyplus v porovnani s meklenburskym strakacem, a to v souvislosti se
zranénimi na téle. Znaény pocet mlad’at uhynul jiz v hnizdé€, a to v disledku kompetitivnich
boju v hnizdech, ¢i pfi ochrané hnizda pred cizi samici. Autofi také zjistili, ze pokud meély
samice k dispozici nory (nepevny podklad k hloubeni nor), nachazelo se v téchto systémech
méné zranénych samic, pfipadné mladat v porovnani se systémy bez nor (na hluboké
podestylce). Zranéné samice se ale vyskytovaly v obou systémech ustijeni a zadna studie
nereportuje takovy systém chovu, ktery by generoval nezranéné samice v ramci chovnych
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skupin. Napfiklad Gerencsér a kol. (2019) testovali nékolik modulti k chovu samic ve skupiné
a jejich slucovani 18 dni po porodu, s vysledkem 50 % zranénych samic. Dale pak Rommers a
de Greef (2018) vytvorili skupiny samic po 5 kusech a zjistili u nich 34 % zranénych kust hned
po hierarchickém formovani skupiny a 53 % zranénych kralik(i po okoceni.

Pokud jde o sledovani krevnich parametrti v ramci vlivu systému ustajeni, Zita a kol.
(2023) nepozorovali mezi zvolenymi systémy (napf. hluboka podestylka, moznost hloubeni
nor, roStova podlaha, modifikace se zrcadly atd.) vramci hematologickych parametra
(hematokrit, hemoglobin, erytrocyty, leukocyty, neutrofily, monocyty, basofily a jiné) zadné
rozdily, pfi¢emz vysledné hodnoty spliiovaly referen¢ni rozmezi hodnot pro dany druh. Autofi
vSak zjistili signifikantni rozdily pro jednotlivé biochemické parametry, jez ustdjenim
ovlivnény byly. Hodnoceny byly napfiklad parametry jako glukéza, kreatinin, mocovina,
celkovy protein, albuminy, globuliny, alkalin-fosfatdza a cholesterol. V této studii byl zjistén
vliv vyuziti zrcadel v systémech ustajeni samic, a to takovy, ze samice ustajené se zrcadly mely
v krvi vice kreatininu nez samice v ustajenich bez zrcadel. Naopak, vliv vyuziti zrcadel nebyl
v této studii zaznamenan na obsah cholesterolu v krvi, ale Musco a kol. (2019) uvedli, ze
v jejich studii méli kralici, se zrcadly v ustdjeni, nejvyssi obsah cholesterolu v krvi. Obé studie
ale nezaznamenaly zadné vykyvy v hodnotach, které by znamenaly nemoc nebo chronicky stav
u studovanych zvifat.

Jak bylo zminéno jiz v kapitole vykrmu, systém ustajeni vyrazné¢ modifikuje kvalitu
kosti. Naptiklad Buijs a kol. (2014) jako jedni z mala autorskych kolektivii hodnotili kvalitu
kosti stehenni a lytkové u samic v reprodukci v zavislosti na systému ustajeni. Dosli k zavéru,
ze samice z kleci mély vyssi lamavost kosti nez samice z riznych skupinovych vybéhovych
systému. Také Zita a kol. (2023) zjistili, ze pravdépodobné ¢im vice fyzické aktivity spojené
s pouzivanim koncetin kralik ma, tim je pevnost kosti vy$si. Proto nejvyssi hodnoty naméfili u
kosti samic ustajenych v riznych formach vybéhu a nejnizsi pak v combi-parkovém systému,
kde byla mensi plocha pro pohyb. Combi-parkovy systém je v soucasné dobé jednim z hojné
uzivanych systémui ustajeni pro samice v reprodukci, pokud jde o alternativy ke klecovému

systému chovu.
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S Zavér

Vysledky této doktorské disertacni prace jsou logicky shrnuty v ramci vysledka, diskusi
a zaveéru jednotlivych publikaci. V ramci této prace byli studovani jak kralici ve vykrmu, tak
samice v reprodukci. Konkrétn€ pak z pohledu vlivu systému ustajeni na produkéni parametry,
kvalitu masa, zdravi a welfare, pfipadn€ u samic z pohledu vlivu ustdjeni a genotypu na
chovani, pocty zranéni a thyny u mlad’at. Déle pak byl zhodnocen jejich welfare a zdravi.

Lze konstatovat, ze pii volbé€ systému ustajeni pro vykrm je tieba brat v potaz predev§im
konkrétni legislativu, moznosti trhu a profil cilového zakaznika. Na zaklade vysledkl je mozné
doporucit skupinové systémy ustajeni pro vykrm kralika. A to jednoznaéné z pohledu welfare,
avsak sidealni délkou vykrmu do 10 tydni véku. Kralici ze skupinovych systéma maji
v porovnani s témi z kleci sice nizs$i porazkovou hmotnost, ale vyssi podil stehen, pevnéjsi kosti
a maji k dispozici vice prostoru pro pohyb. Nutno vSak poznamenat, ze existuji studie, které
reportuji nevyznamné rozdily pro porazkovou hmotnost mezi kraliky z kleci a boxt. Nabizi se
tedy spi§ vysvétleni, ze pokud rozdily existuji. Jedna se pravdépodobné o nezvladnuty
management chovu (malo krmnych mist, velka skupina zvifat atd.) Z hlediska kvality masa,
existuji rozdily mezi jednotlivymi systémy, avSak se nezdaji byt klicové pro budouci vyzkum
v ramci ustajovacich moznosti. Toto tvrzeni 1ze podpofit i neprikaznymi rozdily v senzorické
analyze pii hodnoceni masa kralik( z kleci a boxu. Je tedy ziejmé, ze senzorickymi vlastnostmi
na zaklad¢ ustijeni nelze oslovit spotiebitele, coz se o welfare prvcich chovu fict nedd. Na
druhou stranu, ¢im vyssi welfare v chovech bude, tim vyssi bude cena finalniho produktu. Je
tieba si ale také uvédomit, ze se blizi konec klecovych chovu (viz situace kolem kozeSinovych
zvifat a konec klecovych chovii nosnic v CR od roku 2027) a s tim i naléhavost vysledkd této
a jinych praci s ohledem na pfizpisobeni se novym podminkam.

Co se tyCe ustajeni samic, agresivni chovani nebude do budoucna mozné zcela
eliminovat. Vliv genotypu je sice cennym vysledkem, avsSak pro intenzivni chovy je toto
pravdépodobné neaplikovatelné. Jisty benefit z téchto vysledki mohou mit malé chovy, kde
jsou puvodni plemena pouzivana, ptipadné dalsi studie, které by si daly za cil pivodni tezi
rozvijet dal. Na zakladé vysledki prace je ziejmé, Ze jsou-li samice v reprodukci hodné
zaméstnané svym okolim, které néjakym zptisobem simuluje jejich pivodni podminky Zivota,
jsou agresivni méné, s ¢imz souvisi i agresivita projevovana vuci mlad’atim a tim padem i jejich
uhyny.

Z praktického hlediska se jevi jako nejlepsi alternativou vykrmu kralika v klecich
vykrm kralikti ve skupiné v tzv. combi-parcich. Combi-parky umoziiuji kralikim vyss§i miru
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naplnéni druhové specifickych aktivit, jsou relativné jednoduché na obsluhu a vykrm ve
skuping je realizovan v ramci vrhu sourozencud. V piipad€, Ze je dodrzena délka vykrmu do cca
10 tydnt veku zvifat, nemé€lo by dochazet k vyskytim agonistickych interakci a zranénim.

V ramci pfilozenych ¢lanki byly bud potvrzeny nebo vyvraceny hypotézy jednotlivych
experimentd a tim byly zarover naplnény cile prace.

81



6 Seznam pouzité literatury

Alfonso-Carrillo, C., Martin, E., De Blas, C., Ibafiez, M. A., Garcia-Rebollar, P., & Garcia-
Ruiz, A. 1. (2014). Effect of cage type on the behaviour patterns of rabbit does at different
physiological stages. World Rabbit Science, 22(1), 59-69.

Andrist, C. A., van den Borne, B. H., Bigler, L. M., Buchwalder, T., & Roth, B. A. (2013).
Epidemiologic survey in Swiss group-housed breeding rabbits: Extent of lesions and potential

risk factors. Preventive Veterinary Medicine, 108(2-3), 218-224.

Balikova M. (2005). Hair analysis for drugs of abuse. Plausibility of interpretation. Biomedical
Papers of the Medical Faculty of the University Palacky, 149, 199-207.

Bell, D.J. (1983). Mate choice in the European rabbit. In: Bateson PP, ed. Male Choice.
Cambridge. Cambridge University Press, 211-223.

Bignon, L., Bouchier, M., Coutelet, G., Galliot, P., Souchet, C., & Fortun-Lamothe, L. (2012,
September). Individual housing of young does in different sized cages: impact on welfare,
economic costs and productive data. In Proceeding of the 10th World Rabbit Congress. Sharm

El Sheikh, Egypt, (pp. 3-6).

Blas, J., Bortolotti, G. R., Tella, J. L., Baos, R., & Marchant, T. A. (2007). Stress response
during development predicts fitness in a wild, long lived vertebrate. In Proceedings of the

National Academy of Sciences, 104(21), 8880-8884.

Bozicovich, T. F., Moura, A. S. A., Fernandes, S., Oliveira, A. A., & Siqueira, E. R. S. (2016).
Effect of environmental enrichment and composition of the social group on the behavior,

welfare, and relative brain weight of growing rabbits. Applied Animal Behaviour Science, 182,

72-79.
Broom, D. (1986). Indicators of poor welfare. British Veterinarian Journal, 142, 524-526

Broom, D. (2017). Cortisol: often not the best indicator of stress and poor welfare.

Physiological News, 107, 30-32.

Buijs, S., Keeling, L. J., & Tuyttens, F. A. (2011). Behaviour and use of space in fattening
rabbits as influenced by cage size and enrichment. Applied Animal Behaviour Science, 134(3-

4), 229-238.
82



Buijs, S., Maertens, L., Hermans, K., Vangeyte, J., & Tuyttens, F. A. M. (2015). Behaviour,
wounds, weight loss and adrenal weight of rabbit does as affected by semi-group housing.

Applied Animal Behaviour Science, 172, 44-51.

Chou, J. Y., D'Eath, R. B., Sandercock, D. A., Waran, N., Haigh, A., & O'Driscoll, K. (2018).
Use of different wood types as environmental enrichment to manage tail biting in docked pigs

in a commercial fully-slatted system. Livestock Science, 213, 19-27.

Chu, L. R., Garner, J. P., & Mench, J. A. (2004). A behavioral comparison of New Zealand
White rabbits (Oryctolagus cuniculus) housed individually or in pairs in conventional

laboratory cages. Applied Animal Behaviour Science, 85(1-2), 121-139.

Clarkson, P. M., & Haymes, E. M. (1995). Exercise and mineral status of athletes: calcium,
magnesium, phosphorus, and iron. Medicine and Science in Sports and Exercise, 27(6), 831-

843.

Combes, S., Postollec, G., Cauquil, L., & Gidenne, T. (2010). Influence of cage or pen housing
on carcass traits and meat quality of rabbit. Animal, 4(2), 295-302.

Comin, A., Zufferli, V., Peric, T., Canavese, F., Barbetta, D., & Prandi, A. (2012). Hair cortisol
levels determined at different body sites in the New Zealand White rabbit. World Rabbit
Science, 20(3), 149-150.

Cornale, P., Macchi, E., Renna, M., Prola, L., Perona, G., & Mimosi, A. (2016). Effect of cage
type on fecal corticosterone concentration in buck rabbits during the reproductive cycle.

Journal of Applied Animal Welfare Science, 19(1), 90-96.

Dal Bosco, A., Castellini, C., & Bernardini, M. (2000). Productive performance and carcass
and meat characteristics of cage-or pen-raised rabbits. World Rabbit Science, 8(1), 579-583.

Dal Bosco, A., Castellini, C., & Mugnai, C. (2002). Rearing rabbits on a wire net floor or straw
litter: behaviour, growth and meat qualitative traits. Livestock Production Science, 75(2), 149-

156.

Dal Bosco A., Mugnai C., Martino M., Szendr6 Z., Mattioli S., Cambiotti V., Mancinelli A. C,,
Moscati L., Castellini C. (2019). Housing rabbit does in a combi system with removable walls:
effect on behaviour and reproductive performance. Animals, 9, 1-17.

83



Dal Bosco, A., Szendrd, Z., Matics, Z., Castellini, C., Ruggeri, S., Szendrd, K., Dalle Zotte, A.,
& Gerencsér, Z. (2015). Effect of floor type on carcass and meat quality of pen raised growing
rabbits. World Rabbit Science, 23(1), 19-26.

Dalle Zotte, A., Jekkel, G., & Milisits, G. (2010). Examination of the meat quality of growing
rabbits reared on wire net or combined (wire net/straw) floor at different stocking densities. In
Proceeding of the 56th International Congress of Meat Science and Technologies, Jeju, South

Korea.

Dalle Zotte, A, Princz, Z., Matics, Z., Gerencsér, Z., Metzger, S., & Szendrd, Z. (2009). Rabbit
preference for cages and pens with or without mirrors. Applied Animal Behaviour Science,

116(2-4), 273-278.

Dalle Zotte, A., Szendro, K., Gerencsér, Z., Szendro, Z., Cullere, M., Odermatt, M., & Matics,
Z. (2015). Effect of genotype, housing system and hay supplementation on carcass traits and

meat quality of growing rabbits. Meat Science, 110, 126-134.

De Smet, S., Raes, K., & Demeyer, D. (2004). Meat fatty acid composition as affected by

fatness and genetic factors: a review. Animal Research, 53(2), 81-98.

Drescher, B. (1996). Deformations of vertebral column in breeding rabbits. In Proceedings of

the 6th World Rabbit Congress, Toulouse, France (pp. 9-12).

Edgar J. L., & Seaman S. C. (2010). The effect of mirrors on the behaviour of singly housed
male and female laboratory rabbits. Animal Welfare, 19, 461-471.

EFSA (European Food Safety Authority). (2005). The impact of the current housing and
husbandry systems on the health and welfare of farmed domestic rabbits. EFSA Journal, 267,
1-31.

EFSA (European Food Safety Authority). (2020). Health and welfare of rabbits farmed in
different production systems. EFSA Journal, 18, 20-21.

El-Bayoumi, K. M., Abdel-Hamid, T. M., El-Tarabany, M. S., & Sherief, W. R. (2018).
Influence of stocking density on growth performance traits, blood chemistry and the expression
of HSP70 and IGF-I genes in New Zealand white rabbits. Slovenian Veterinary Research, 55,
201-210.

84



Fadare, A. O., & Arogbo, V. K. (2015). Influence of Breed on the Organoleptic Properties of
Rabbit. Journal of Agriculture and Sustainability, 8(1), 1-13.

Gerencsér, Z., Matics, Z., Szabo, R. T., Kustos, K., Miko, A., Nagy, 1., & Szendr6, Z. (2019).
Aggressiveness, mating behaviour and lifespan of group housed rabbit does. Animals, 9(10),

708.

Gerencsér, Z., Szendrd, K., Szendrd, Z., Odermatt, M., Radnai, 1., Nagy, 1., Dal Bosco, A., &
Matics, Z. (2014). Effect of floor type on behavior and productive performance of growing
rabbits. Livestock Science, 165, 114-119.

Gondret, F., Juin, H., Mourot, J., & Bonneau, M. (1998). Effect of age at slaughter on chemical
traits and sensory quality of Longissimus lumborum muscle in the rabbit. Meat Science, 48(1-

2), 181-187.

Henkel, J., Alfine, E., Sain, J., Johrens, K., Weber, D., Castro, J. P, Kleinridders, A., & Piischel,
G. P. (2018). Soybean oil-derived poly-unsaturated fatty acids enhance liver damage in NAFLD
induced by dietary cholesterol. Nutrients, 10(9), 1326.

Hernandez, P., Arifio, B., Grimal, A., & Blasco, A. (2006). Comparison of carcass and meat
characteristics of three rabbit lines selected for litter size or growth rate. Meat Science, 73(4),

645-650.

Hoy, S., & Matics, Z. (2016). Alternative housing systems for rabbit does. In Proceedings of
the 11th World Rabbit Congress, Qingdao, China, (pp. 637).

Huang, Y., Breda, J., Savietto, D., Debrusse, A. M., Combes, S., & Fortun-Lamothe, L. (2021).
Part-time grouping of rabbit does in enriched housing: effects on performances, injury

occurrence and enrichment use. Animal, 15(12), 100390.

Chodova, D., Timova, E., Martinec, M., Bizkova, Z., Skiivanova, V., Volek, Z., & Zita, L.
(2014). Effect of housing system and genotype on rabbit meat quality. Czech Journal of Animal
Science, 59(4), 190-199.

Iwamoto, J., Takeda, T., & Sato, Y. (2005). Effect of treadmill exercise on bone mass in female

rats. Experimental Animals, 54(1), 1-6.

85



Jones, S. E., & Phillips, C. J. C. (2005). The effects of mirrors on the welfare of caged rabbits.
Animal Welfare, 14(3), 195-202.

Krunt, O., Zita, L., & Kraus, A. (2020). A review of the effects of housing system on production
and welfare in growing rabbits. Animal Science Papers and Reports, 38(4), 321-332.

Krunt, O., Zita, L., Kraus, A., & Volek, Z. (2021). How can housing system affect growth and
carcass traits, meat quality and muscle fiber characteristics in biceps femoris and mineral

content of tibia and femur bones in growing rabbits?. Livestock Science, 249, 104531.

Krunt, O., Zita, L., Kraus, A., Bures, D., Needham, T., & Volek, Z. (2022). The effect of
housing system on rabbit growth performance, carcass traits, and meat quality characteristics

of different muscles. Meat Science, 193, 108953.

Krunt, O., Zita, L., Kraus, A., Moravcsikova, A., Frithauf Kolafova, M., & Bartos, L. (2023).
Effects of Genotype and Housing System on Rabbit Does’ Aggressive Behaviors and Injuries
in Smallholding Conditions. Animals, 13(8), 1357.

Lambertini, L., Vignola, G., & Zaghini, G. (2001). Alternative pen housing system for fattening
rabbits: effects of group density and litter. World Rabbit Science, 9(4), 1-12.

Lapinski, S., Palka, S., Wronska, D., Guja, 1., Zon, A., Nidbala, P., & Sergina, S. N. (2019).
Effect of cage enrichment on the welfare of farmed foxes. Medycyna Weterynaryjna, 75(11),
35-46.

Lazzaroni, C., Biagini, D., & Lussiana, C. (2009). Different rearing systems for fattening

rabbits: Performance and carcass characteristics. Meat Science, 82(2), 200-204.

Lefaucheur, L. (2010). A second look into fibre typing—Relation to meat quality. Meat Science,
84(2), 257-270.

Loponte, R., Secci, G., Mancini, S., Bovera, F., Panettieri, V., Nizza, A., & Parisi, G. (2018).
Effect of the housing system (free-range vs. open air cages) on growth performance, carcass

and meat quality and antioxidant capacity of rabbits. Meat Science, 145, 137-143.

86



Machado, L. C., Santos, A. M., Zeferino, C. P., Bittencourt, M. T., Geraldo, A., Camargos, R.
S., Faria, C. G., & Garcia, V. C. (2019). Influence of pen housing with litter on sanitary status,

performance and carcass traits of growing rabbits. Archives of Veterinaria, 35(1), 33-37.

Maertens, L., Buijs, S., & Davoust, C. (2013). Gnawing blocks as cage enrichment and dietary
supplement for does and fatteners: intake, performance and behaviour. World Rabbit Science,

21(3), 185-192.

Maertens, L., & Van Herck, A. (2000). Performance of weaned rabbits raised in pens or in

classical cages: first results. World Rabbit Science, 8(Suppl 1), 435-440.

Marin, C., Simarro, L., & Villagra, A. (2018). assessment of best location of gnawing sticks in

growing rabbit cages. World Rabbit Science, 26(3), 249-254.

Martrenchar, A., Boilletot, E., Cotte, J. P., & Morisse, J. P. (2001). Wire-floor pens as an
alternative to metallic cages in fattening rabbits: influence on some welfare traits. Animal

Welfare, 10(2), 153-161.

Masthoff, T., & Hoy, S. (2019). Investigations on the influence of floor design on dirtiness and
foot pad lesions in growing rabbits. Animals, 9(6), 354.

Mastellone, V., Bovera, F., Musco, N., Panettieri, V., Piccolo, G., Scandurra, A., Attia, Y., &
Lombardi, P. (2019). Mirrors improve rabbit natural behavior in a free-range breeding system.

Animals, 9(8), 533.

Matics, Z., Cullere, M., Dalle Zotte, A., Szendro, K., Szendro, Z., Odermatt, M., & Gerencsér,
Z. (2019). Effect of cage and pen housing on the live performance, carcase, and meat quality

traits of growing rabbits. Italian Journal of Animal Science, 18(1), 441-449.

Matics, Z., Farkas, T. P., Dal Bosco, A., Szendrd, Z., Filiou, E., Nagy, 1., & Gerencsér, Z.
(2018). Comparison of pens without and with multilevel platforms for growing rabbits. Italian

Journal of Animal Science, 17(2), 469-476.

Matics, Z., Szendrd, Z., Odermatt, M., Gerencsér, Z., Nagy, ., Radnai, 1., & Dalle Zotte, A.
(2014). Effect of housing conditions on production, carcass and meat quality traits of growing

rabbits. Meat Science, 96(1), 41-46.

87



Mattioli, S., Martino, M., Ruggeri, S., Roscini, V., Moscati, L., Dal Bosco, A., & Castellini, C.
(2016). Fattening rabbits in mobile arks: effect of housing system on in vivo oxidative status

and meat quality. World Rabbit Science, 24(4), 303-311.

Metzger, S., Kustos, K., Szendrd, Z., Szabo, A., Eiben, C., & Nagy, 1. (2003). The effect of

housing system on carcass traits and meat quality of rabbit. World Rabbit Science, 11(1), 1-11.

Miko, A., Matics, Z., Gerencsér, Z., Odermatt, M., Radnai, 1., Nagy, L., Szendr6, K., & Szendro,
Z. (2014). Performance and welfare of rabbit does in various caging systems. Animal, 8(7),

1146-1152.

Mohammed, H., & Nasr, M. (2016). Growth performance, carcass traits, behaviour and welfare
of New Zealand White rabbits housed in different enriched cages. Animal Production Science,

57(8), 1759-1766.

Monclus, R., Palomares, F., Tablado, Z., Martinez-Fonturbel, A., & Palme, R. (2009). Testing
the threat-sensitive predator avoidance hypothesis: physiological responses and predator

pressure in wild rabbits. Oecologia, 158(4), 615-623.

Mondin, C., Trestini, S., Trocino, A., & Di Martino, G. (2021). The economics of rabbit
farming: A pilot study on the impact of different housing systems. Animals, 11(11), 3040.

Morisse, J. P., & Maurice, R. (1997). Influence of stocking density or group size on behaviour
of fattening rabbits kept under intensive conditions. Applied Animal Behaviour Science, 54(4),

351-357.

Mousa-Balabel, T. M. (2009). Effect of cage versus pen and stocking density on behavior and
performance in rabbits. Online Journal of Veterinary Research, 13(2), 48-55.

Mugnai, C., Dal Bosco, A., & Castellini, C. (2009). Effect of different rearing systems and pre-
kindling handling on behaviour and performance of rabbit does. Applied Animal Behaviour

Science, 118(1-2), 91-100.

Musco, N., Lombardi, P., Addeo, N. F., Secci, G., Parisi, G., Pero, M. E., Nizza, A., & Bovera,
F. (2019). Mirrors can affect growth rate, blood profile, carcass and meat traits and caecal

microbial activity of rabbits reared in a “Small Group” free-range system. Animals, 9(9), 639.

88



Mykytowycz, R. (1958). Social behaviour of an experimental colony of wild rabbits,
Oryctolagus cuniculus (L.) I. Establishment of the colony. CSIRO Wildlife Research, 3(1), 7-
25.

Mykytowycz, R., & Dudzinski, M. L. (1972). Aggressive and protective behaviour of adult
rabbits Oryctolagus cuniculus (L.) towards juveniles. Behaviour, 8(4), 97-120.

Negretti, P., Bianconi, G., & Finzi, A. (2010). Postura y comportamiento del conejo para
determinar la altura de la jaula en relacion con el bienestar animal. In Proceeding of Symposium

de cunicultura de Asescu, 54-58.

Newberry, R. C. (1995). Environmental enrichment: Increasing the biological relevance of

captive environments. Applied Animal Behaviour Science, 44(2-4), 229-243.

Nikolaidis, M. G., & Mougios, V. (2004). Effects of exercise on the fatty-acid composition of
blood and tissue lipids. Sports Medicine, 34, 1051-1076.

Olivas, L., Rodriguez-Latorre, A, Estellés, F., Calvet, S., & Villagra, A. (2013). Assessment of
activity patterns of growing rabbits in a flux-controlled chamber. World Rabbit Science, 21(2),
107-110.

Paci, G., Preziuso, G., D’Agata, M., Russo, C., & Dalle Zotte, A. (2013). Effect of stocking
density and group size on growth performance, carcass traits and meat quality of outdoor-reared

rabbits. Meat Science, 93(2), 162-166.

Patka, S., Kmiecik, M., Migdal, L., Koziol, K., Otwinowska-Mindur, A., & Bieniek, J. (2018).
Effect of housing system and breed on growth, slaughter traits and meat quality traits in rabbits.

Roczniki Naukowe PTZ, 14, 9-18.

Pla, M. (2008). A comparison of the carcass traits and meat quality of conventionally and

organically produced rabbits. Livestock Science, 115(1), 1-12.

Peric, T., Comin, A., Corazzin, M., Montillo, M., Canavese, F., Stebel, M., & Prandi, A. (2017).
Relocation and hair cortisol concentrations in New Zealand white rabbits. Journal of Applied

Animal Welfare Science, 20(1), 1-8.

89



Preziuso, G., Dalle Zotte, A., & Paci, G. (2009). Meat traits of rabbits housed outdoors: effect
of stocking density. Italian Journal of Animal Science, 8(sup3), 279-281.

Princz, Z., Dalle Zotte, A., Metzger, S., Radnai, 1., Bir6-Németh, E., Orova, Z., & Szendrd, Z.
(2009). Response of fattening rabbits reared under different housing conditions. 1. Live

performance and health status. Livestock Science, 121(1), 86-91.

Princz, Z., Dalle Zotte, A., Radnai, 1., Bir6-Németh, E., Matics, Z., Gerencsér, Z., Nagy, L., &
Szendrd, Z. (2008a). Behaviour of growing rabbits under various housing conditions. Applied

Animal Behaviour Science, 111(3-4), 342-356.

Princz, Z., Orova, Z., Nagy, L., Jordan, D., Stuhec, L., Luzi, F., Verga, F., & Szendr6, Z. (2007).
Application of gnawing sticks in rabbit housing. World Rabbit Science, 15(1), 29-36.

Princz, Z., Radnai, 1., Bir6-Németh, E., Matics, Z., Gerencsér, Z., Nagy, 1., & Szendr6, Z.
(2008b). Effect of cage height on the welfare of growing rabbits. Applied Animal Behaviour
Science, 114(1-2), 284-295.

Prola, L., Cornale, P., Renna, M., Macchi, E., Perona, G., & Mimosi, A. (2013). Effect of breed,
cage type, and reproductive phase on fecal corticosterone levels in doe rabbits. Journal of

Applied Animal Welfare Science, 16(2), 140-149.

Reddi, A. K. G., Gouri, M. D., Raeshwari, Y. B., & Ningaraju, K. (2011). Growth performance
and behaviour changes in rabbits housed in cages with or without mirror. Mysore Journal of

Agricultural Sciences, 45(3), 688-690.

Rommers, J., & de Greef, K. H. (2018). Are combi parks just as useful as regular parks for
fatteners for part-time group housing of rabbit does?. World Rabbit Science, 26(4), 299-305.

Rommers, J., & Meijerhof, R. (1998). Effect of group size on performance, bone strength and
skin lesions of meat rabbits housed under commercial conditions. World Rabbit Science, 6(3-

4), 25-31.

Rommers, J. M., Reuvekamp, B. J., Gunnink, H., & de Jong, 1. C. (2014). Effect of hiding
places, straw and territory on aggression in group-housed rabbit does. Applied Animal

Behaviour Science, 157, 117-126.

90



Rooney, N. J., Blackwell, E. J., Mullan, S. M., Saunders, R., Baker, P. E., Hill, J. M., & Held,
S. D. (2014). The current state of welfare, housing and husbandry of the English pet rabbit
population. BMC Research Notes, 7, 1-13.

Rosell, J. M., & de la Fuente, L. F. (2013). Assessing ulcerative pododermatitis of breeding
rabbits. Animals, 3(2), 318-326.

Ruchti, S., Kratzer, G, Furrer, R., Hartnack, S., Wiirbel, H., & Gebhardt-Henrich, S. G. (2019).
Progression and risk factors of pododermatitis in part-time group housed rabbit does in

Switzerland. Preventive Veterinary Medicine, 166, 56-64.

Ruchti, S., Meier, A. R., Wiirbel, H., Kratzer, G., Gebhardt-Henrich, S. G., & Hartnack, S.
(2018). Pododermatitis in group housed rabbit does in Switzerland-prevalence, severity and risk

factors. Preventive Veterinary Medicine, 158, 114-121.

Schofield, R. (2019). In Solitary Rabbits, Does the Presence or Absence of a Mirror Affect
Stress, Fear and Anxiety?. Veterinary Evidence, 4(2), 1-12.

Sheriff, M. J., Dantzer, B., Delehanty, B., Palme, R., & Boonstra, R. (2011). Measuring stress
in wildlife: techniques for quantifying glucocorticoids. Oecologia, 166(4), 869-887.

Sutherland, W. H. F., Woodhouse, S. P., & Heyworth, M. R. (1981). Physical training and
adipose tissue fatty acid composition in men. Metabolism, 30(9), 839-844.

Szendrd, Z., & Dalle Zotte, A. (2011). Effect of housing conditions on production and
behaviour of growing meat rabbits: A review. Livestock Science, 137(1-3), 296-303.

Szendrd, Z., Matics, Z., Odermatt, M., Gerencsér, Z., Nagy, 1., Szendr6, K., & Dalle Zotte, A.
(2012). Use of different areas of pen by growing rabbits depending on the elevated platforms’
floor-type. Animal, 6(4), 650-655.

Szendrd, Z. S., Trocino, A., Hoy, S. T., Xiccato, G., Villagra, A., & Maertens, L. (2019). A
review of recent research outcomes on the housing of farmed domestic rabbits: reproducing

does. World Rabbit Science, 27(1), 1-14.

91



Trocino, A., Cotozzolo, E., Zomefio, C., Petracci, M., Xiccato, G., & Castellini, C. (2019).
Rabbit production and science: the world and Italian scenarios from 1998 to 2018. Iralian

Journal of Animal Science, 18(1), 1361-1371.

Trocino, A., Filiou, E., Tazzoli, M., Bertotto, D., Negrato, E., & Xiccato, G. (2014). Behaviour

and welfare of growing rabbits housed in cages and pens. Livestock Science, 167, 305-314.

Trocino, A., Filiou, E., Tazzoli, M., Birolo, M., Zuffellato, A., & Xiccato, G. (2015). Effects of
floor type, stocking density, slaughter age and gender on productive and qualitative traits of

rabbits reared in collective pens. Animal, 9(5), 855-861.

Trocino, A., Filiou, E., Zomefio, C., Birolo, M., Bertotto, D., & Xiccato, G. (2018). Behaviour
and reactivity of female and male rabbits housed in collective pens: effects of floor type and

stocking density at different ages. World Rabbit Science, 26(2), 135-147.

Trocino, A., Majolini, D., Tazzoli, M., Filiou, E., & Xiccato, G. (2013). Housing of growing
rabbits in individual, bicellular and collective cages: fear level and behavioural patterns.

Animal, 7(4), 633-639.

Trocino, A., Xiccato, G., Majolini, D., & Fragkiadakis, M. (2008). Effect of cage floor and
stocking density on growth performance and welfare of group-housed rabbits. In Proceedings

of the 9th World Rabbit Congress, Verona, Italy, (pp. 1251-1256).

Trocino, A., Xiccato, G., Queaque, P. L., & Sartori, A. (2004, September). Group housing of
growing rabbits: Effect of stocking density and cage floor on performance, welfare, and meat

quality. In Proceedings of the 8th World Rabbit Congress, Puebla, Mexico (pp. 1277-1282).

Verga M. (2000). Intensive rabbit breeding and welfare: development of research, trends and

applications. In Proceedings of the 7th World Rabbit Congress, Spain, pp. (491-506).

Verga, M., Luzi, F., & Carenzi, C. (2007). Effects of husbandry and management systems on
physiology and behaviour of farmed and laboratory rabbits. Hormones and Behavior, 52(1),
122-129.

Verga, M., Zingarelli, L., Heinzl, E., Ferrante, V., Martino, P. A., & Luzi, F. (2005). Effect of
housing and environmental enrichment on performance and behaviour in fattening rabbits. In
Proceedings of the 8th World Rabbit Congress, Pueblo, Mexico, (pp. 1283-1288).

92



Vervaecke, H., De Bonte, L., Maertens, L., Tuyttens, F., Stevens, J. M. G., & Lips, D. (2010).
Development of hierarchy and rank effects in weaned growing rabbits (Oryctolagus cuniculus).

World Rabbit Science, 18(3), 139-149.

Volek, Z., Bures, D., & Uhlitova, L. (2018). Effect of dietary dehulled white lupine seed
supplementation on the growth, carcass traits and chemical, physical and sensory meat quality

parameters of growing-fattening rabbits. Meat Science, 141, 50-56.

Volek, Z., Chodova, D., Tumova, E., Volkova, L., Kudrnova, E., & Marounek, M. (2014). The
effect of stocking density on carcass traits, muscle fibre properties and meat quality in rabbits.

World Rabbit Science, 22(1), 41-49.

Xiccato, G., Verga, M., Trocino, A., Ferrante, V., Queaque, P. 1., & Sartori, A. (1999). Influence
de I’effectif et de la densité par cage sur les performances productives, la qualité bouchere et le
comportement chez le lapin. In Proceedings of the 8th Journal of Research of Cunicole, ITAVI,
Paris, (pp. 59-62).

Xiccato, G., Trocino, A., Majolini, D., Tazzoli, M., & Zuffellato, A. (2013). Housing of
growing rabbits in individual, bicellular and collective cages: growth performance, carcass

traits and meat quality. Animal, 7(4), 627-632.

Yeh, J. K., Aloia, J. F., & Yasumura, S. (1989). Effect of physical activity on calcium and
phosphorus metabolism in the rat. American Journal of Physiology-Endocrinology and

Metabolism, 256(1), E1-E6.

Zita, L., Kraus, A., Chmelikova, E., Hncar, C., & Krunt, O. (2023). Housing of rabbit does:
reproductive performance, health and bone quality: Rabbit does welfare. Acta Fytotechnica et

Zootechnica, 26(2), 109-114.

Zomefo, C., Birolo, M., Gratta, F., Zuffellato, A., Xiccato, G., & Trocino, A. (2018). Effects
of group housing system, pen floor type, and lactation management on performance and

behaviour in rabbit does. Applied Animal Behaviour Science, 203, 55-63.

Zucca, D., Marelli, S. P., Redaelli, V., Heinzl, E., Cardile, H., Ricci, C., & Luzi, F. (2012).
Effect of environmental enrichment and group size on behaviour and live weight in growing

rabbits. World Rabbit Science, 20(2), 89-95.

93



