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Introduzione e obiettivi

L’Enteropatia Epizootica del Coniglidepizootic Rabbit EntropathyERE) e diventata,
negli ultimi decenni, la principale causa di pexditlivello economico negli allevamenti cunicoli
europei, con aumento della morbilita e della maéaiaducibili in un importante peggioramento
della conversione alimentare a livello aziendaleurfa patologia caratteristica del periodo di
post-svezzamento e pu0 essere descritta come ume dorma di enteropatia mucoide,
complicata da affezioni batteriche secondarie spesso, ne rendono difficile I'interpretazione
dei sintomi e I'attribuzione sicura della malaftiarlier e coll, 2003; Rosell, 2003).

Non essendo stato ancora identificato I'agentel@gico della malattia cui piuttosto si
riconosce un carattere multifattoriale, le printipsoluzioni adottate fino ad oggi hanno
riguardato l'utilizzo di antibiotici in profilasse meta filassi orientati al controllo di clostrigli
coli, ma la vigente normativa comunitaria ne limitgilizzo a fini preventivi. Inoltre, a causa
della rapida evoluzione della malattia, una votia EERE € stata diagnosticata, l'intervento con
antibiotici a scopo terapeutico non sempre e safftemente tempestivo da limitare le perdite
economiche (Xiccato e cqll2008). A cio si aggiunga il costo della terapidil@otica, che
risulta avere un considerevole impatto sui costipabduzione degli allevamenti cunicoli e
I'elevata frequenza di scarsa efficacia del tragata antibiotico dovuta a ceppi di clostridi e coli
resistenti.

A tal proposito, gli studi effettuati negli ultindiecenni hanno puntato a definire al meglio i
fabbisogni nutrizionali degli animali e a sviluppanuove strategie alimentari soprattutto nelle
fasi di svezzamento e post-svezzamento in relazatlagossibilita di ridurre le perdite causate
dal’lERE. Infatti, la nutrizione gioca un ruolo fdamentale nello sviluppo delle popolazioni
microbiche intestinali e nella possibilita che bsdttenteropatogeni possano prevalere sulle
popolazioni simbionti.

In particolare, parlando dei nutrienti della diétaisaputo come il contenuto ottimale di
amido in mangimi per conigli nella fase di svezzatuesi attesti attorno al 10-15%, mentre puo
superare il 15% nelle ultime fasi di ingrasso ésBaggio (De Blas e Mateos, 2010). L'utilizzo di
diete ad alto tenore in amido viene spesso assaailat comparsa di disturbi digestivi durante le
fasi di svezzamento e post-svezzamento (Blas enB&le2010). Quanto detto trova riscontro
nella teoria di Cheeke (1987), secondo la qualeéedreche in amido e povere di fibra
aumenterebbero il flusso di amido a livello ciecateprattutto negli animali giovani che

presentano una scarsa attivita delle amilasi imistA livello ciecale, 'amido viene fermentato
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dai batteri amilolitici, aumenta la produzione diidh grassi volatili (AGV) provocando un
importante riduzione del pH. Queste condizioni ltexebbero favorevoli alla proliferazione di
Clostridium spiroformeche, utilizzando il glucosio in eccesso, produpeebuna tossina
iota-simile, principale causa di enteriti e diarree

| fabbisogni proteici si attestano attorno al 184lGli proteina grezza (PG) o al
corrispondente 10,5-11% di proteina digeribile (PMer quanto riguarda le relazioni
intercorrenti tra il livello proteico della dietala salute degli animali, la carenza (<12%) o
I'eccesso (>18%) di PG possono favorire la preseinpaoblemi digestivi e quindi aumentare la
mortalita modificando [I'attivita fermentativa cideae la composizione della microflora
intestinale (Maertens e De Groote, 1988; Lebas91@&rabaio e coll., 2008, 2009). Tutte le
popolazioni microbiche beneficiano della disporii&ilproteica a livello ciecale per il loro
sviluppo e la loro proliferazione, ma alcune spe(ie particolare E. coli e Clostridia)
sembrerebbero maggiormente avvantaggiate da squiilbapporto proteico.

Per quanto concerne i fabbisogni delle diverseidrazfibrose, vengono consigliati
quantitativi minimi pari al 5% di ADL e 16-17% diD¥ (Gidenne e Garcia, 2006). Bassi livelli
di fibra insolubile diminuirebbero la velocita drahsito, prolungando la permanenza
dell'alimento nel tratto intestinale; questo auneeebbe la fermentazione delle proteine, con
conseguente aumento dell’azoto ammoniacale e daligtdle favorendo le disbiosi intestinali
(Gidenne, 1996;. Bennegadi e coll., 2000). Ancheegnesso di fibra insolubile, tuttavia,
associato ad una carenza di sostanze fermentdhiél ciecale, promuove lo sviluppo di una
microflora patogena nel cieco, in particol&scherichia coli come descritto dalla nota teoria di
Morisse e coll. (1985).

D’altra parte € stato evidenziato un effetto puesitilella fibra solubile sullo stato di salute
dei conigli soprattutto quando il suo incrementoviene a spese delllamido in diete con un
contenuto di ADF costante (Jehl e Gidenne, 1996e2e coll, 2000; Soler e call 2004;
Xiccato e coll, 2008). In questo caso risultano migliorate ledinioni a livello ciecale con pH
piu bassi, conseguenza di una maggior produzion®GYl e di una minore concentrazione di
azoto ammoniacale. Inoltre, non € modificata leediglita della sostanza secca e il contenuto
energetico delle diete, pur migliorando considelente la digeribilita delle frazioni fibrose
delle diete stesse (Gidenne e Jehl, 1996; GidenBelleer, 2000; Gidenne e Perez, 2000;
Xiccato e coll., 2008, 2010; Trocino e coll., 2011)

Al fine di controllare i disturbi digestivi si posso utilizzare anche programmi di
restrizione alimentare. In particolare essi poss@ssere utilizzati al fine di migliorare

I'efficienza globale dell’allevamento, aumentandatilizzazione digestiva della dieta fornita,
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modificare la composizione corporea in termini gedci, favorendo la deposizione di proteina
a scapito di quella di grasso, ed infine ridurrenlartalita e la morbilita in allevamento causate
da disturbi digestivi. Mediante I'applicazione dogrammi di restrizione alimentare nella prima
fase di allevamento, lI'accrescimento viene cordtolle quindi limitato durante la fase di
restrizione ma, l'accrescimento compensativo derdat successiva fase di re-alimentazione
permette agli animali di recuperare le performampeeduttive durante la fase finale di
allevamento.

| primi studi effettuati sui piani di restrizionéraentare nel coniglio valutavano l'effetto di
tali piani sulle performance produttive degli aniimaulle caratteristiche della carcassa e sulla
qualita della carne. In seguito, il razionamengiato utilizzato al fine di migliorare I'efficienza
alimentare e standardizzare le curve di crescitgli n@nimali con differenti capacita di
ingestione. (Ouhayoun e cgll1986; Ouhayoun, 1989; Cavani e ¢oll991). Dalla fine degli
anni '90, la restrizione alimentare e stata utdizzsoprattutto nel periodo di post-svezzamento al
fine di controllare i disturbi digestivi. Gli effetpositivi di queste strategie alimentari sono
risultati evidenti sull’insorgenza e la diffusiodel’ERE, in quanto hanno un’azione positiva in
termini di contenimento della patologia e di migddndice di conversione globale (Maertens,
1992; Gidenne e c0JI2003; Tudela, 2009).

Fatte queste premesse, obiettivo generale dellsepte Tesi di dottorato e stato lo
sviluppo e la messa a punto di strategie nutriziopar il miglioramento dell’efficienza
alimentare e dello stato di salute di conigli ircr@scimento. Tale obiettivo e stato perseguito
mediante quattro attivita sperimentali, in cui sirBcolata la presente Tesi di Dottorato, orientat
ai seguenti specifici obiettivi: i) definizione dé&abbisogni di fibra solubile in rapporto al
contenuto di fibra insolubile, di amido e di proiiin conigli in post-svezzamento e ingrasso
(contributi sperimentali 1 e 2); ii) valutazione lltdfetto del livello e della durata della
restrizione alimentare rispetto ad un’alimentaziaddibitum nell’ottica della massimizzazione
delle prestazioni produttive e qualitative e dehteollo dei problemi digestivi (contributi
sperimentali 3 e 4).

Contributo sperimentale 1

Effetto del’aumento della fibra solubile e dell’ao e della riduzione del contenuto di
proteina in diete per conigli in accrescimento.

All'eta di 36 giorni, 282 conigli (951+31 g) ibridli entrambi i sessi sono stati suddivisi in
sei gruppi sperimentali di 47 animali e alimengatilibitumcon sei diete sperimentali formulate

secondo un disegno bi-fattoriale 3 x 2, con trepoag (amido+fibra solubile)/ADF (0,6, 1,2 e
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2,0) e due livelli di proteina grezza (15% e 17%g.digeribilita apparente dei nutrienti della
dieta e la concentrazione dell’energia digeridd®) sono stati determinan vivo (Pereze coll,
1995). A 45 giorni di eta sono stati prelevati cémpdi contenuto ciecale e mucosa intestinale
al fine di misurarne l'altezza dei villi e la profdita delle cripte. Le feci e i mangimi sono stati
analizzati secondo i metodi AOAC (2000) e le praredarmonizzate EGRAN (2001). Il
contenuto di fibra totale dietetica (TDF) e statetedminato attraverso una procedura
gravimetrico-enzimatica (Megazyme Int. Ireland Lt&icklow, Ireland) (Metodo AOAC
991.43). Il contenuto di fibra solubile é statocoddto sottraendo il contenuto di aNDF (senza
sodio solfito) da quello di TDF (Van Soest e coll991). L'energia lorda e stata misurata
mediante bomba calorimetrica adiabatica.

L’'azoto ammoniacale € stato determinato su un camepdi contenuto ciecale mediante
pHmetro munito di elettrodo specifico. La concentrae di AGV € stata misurata attraverso
analisi gas-cromatografica secondo il metodo di(D$88).

All'eta di 79 giorni, i conigli sono stati avviatilla macellazione presso un macello
commerciale e le carcasse degli animali sono sw@itoposte a dissezione secondo protocolli
internazionali armonizzati (Blasco e coll., 1993. misurazioni del pH (Xiccato e coll., 1994) e
del colore della carne (CIE, 1976) sono state teff@¢ sui muscoliongissimus lumborune
biceps femoris

| dati raccolti sono stati analizzati mediante AN®on tre fattori principali (rapporto
amido+fibra solubile/ADF, livello proteico e sesse) rispettive interazioni, utilizzando la
procedura GLM del SAS (SAS, 1991). | contrasti goimali sono stati utilizzati per valutare la
probabilita della componente lineare e quadratieladvarianza in relazione al rapporto
amido+fibra solubile/ADF. La mortalita, la morbdited il rischio sanitario sono stati analizzati
tramite la procedura CATMODE del SAS.

La digeribilita apparente della sostanze secca meatata linearmente (P<0,001)
all'aumentare del rapporto (amido+fibra solubildpA dal 50,8% al 60,5% e 71,5%. Tale
rapporto non ha influenzato la digeribilita dell@fgina grezza né dell’'estratto etereo, mentre la
digeribilita delle frazioni fibrose e aumentatarsfggativamente in maniera lineare (P<0,001). La
digeribilita del’ADF & cambiata in modo quadratif®<0,01), mentre le emicellulose e la fibra
solubile mostrano un miglioramento dell’efficienatigestiva allaumentare del rapporto
(amido+fibra solubile)/ADF.

L'effetto del livello proteico € risultato meno imgante e limitato alla maggiore
digeribilita della sostanza secca, dell’energialdoe della proteina grezza (P<0,01). Anche la

digeribilita della TDF e della fibra solubile e ulsata maggiore nelle diete contenenti il 17% di
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proteina rispetto a quelle contenenti il 15% (PSP,@i0 potrebbe essere dovuto alla minore
inclusione di erba medica a favore della farinasirazione di soia e a quella di girasole.

Durante la prova, la mortalita si & attestata atiall’8,5% ed e diminuita al’aumentare
del rapporto (amido+fibra solubile)/ADF (15,8%.4,5% e 4,9%; P=0,02). In maniera simile, &
stata osservata una tendenziale riduzione delioisemitario (mortalita+morbilita).

Nonostante non si siano stati rilevati effetti dioval livello proteico delle diete sullo stato
di salute, bisogna evidenziare come la somministngzdi una dieta ad alto contenuto di amido
e fibra solubile ed un basso contenuto in ADF hadeéezialmente aumentato la morbilita
(interazione P=0,08) nei conigli alimentati conteiad alto tenore proteico.

La somministrazione di diete contenenti rappomtiscenti di (amido+fibra solubile)/ADF,
ha aumentato linearmente l'incidenza del cieco (90e dell'intestino (P<0,001) pieni. La
maggior disponibilita di carboidrati fermentabik kliminuito linearmente il pH ciecale (da 6,02
a 5,75; P=0,06) e aumentato la produzione totakedii grassi volatili (AGV) (da 63,0 a 78,5
mmol/L; P=0,02), riducendo la proporzione di acptopionico (da 4,0 a 3,5 mol/100 mol AGV;
P=0,04). Anche in questo caso, il livello proteramn ha modificato le fermentazioni ciecali, se
non per un tendenziale aumento (P=0,07) del liveikoale di azoto ammoniacale negli animali
alimentati con diete al 17% di PG.

La mucosa dell'ileo non é stata influenzata ddtaraento alimentare, mentre 'altezza dei
villi intestinali del digiuno (P=0,06) e il rapportilli/cripte (P=0,03) sono linearmente diminuiti
all’'aumentare del rapporto (amido+fibra solubildfA L'aumento del contenuto proteico della
dieta ha indotto un tendenziale aumento (P=0,0Faldezza dei villi del digiuno.

Durante l'intero periodo di prova, I'escrezione t&a giornaliera negli animali alimentati
con elevati rapporti di (amido+fibra solubile)/ARE,2 e 2,0) e risultata pari all'80% e al 60% di
quelli misurati nei conigli alimentati con un rapfmpari a 0,6. Tenendo in considerazione il
contenuto proteico della dieta, I'escrezione azoéatiminuita del 15% al ridursi del contenuto
proteico della dieta dal 17% al 15%.

Contributo sperimentale 2

Effetto dell’'ulteriore aumento del rapporto (amididra solubile)/ADF e della
diminuzione del livello proteico in diete per cahig accrescimento.

A 33 giorni, 306 conigli (975£97 g) sono stati @bmati in un allevamento commerciale.
Gli animali sono stati divisi in sei gruppi da Sdiraali assegnati a sei diete fornéd libitume
formulate secondo un disegno bi-fattoriale corivli di rapporto (amido+fibra solubile)/ADF
(1,2, 1,8 e 2,8) e due livelli di proteina (14% ¥d). La digeribilita in vivo, le analisi di feci,
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mangimi e contenuto ciecale, le analisi morfombgidella mucosa intestinale e I'elaborazione
statistica sono state compiute con le metodologidicate per il precedente contributo
sperimentale.

La digeribilita della sostanza secca, dell’enetgida e di tutti gli altri nutrienti della dieta
sono aumentate significativamente con I'aumentoragborto (amido+fibra solubile)/ADF. La
digeribilita delle frazioni insolubili della fibréADF e lignina) non & stata modificata, mentre la
digeribilita delle emicellulose é diminuita e qaetiella fibra solubile &€ aumentata.

| primi sintomi di problemi digestivi riferibili &insorgenza e alla presenza di enteropatia
sono stati osservati una settimana dopo linizitbaderova. In media la mortalita si &€ attestata
attorno al 22.6% senza variazioni in funzione @glporto (amido+fibra solubile)/ADF, mentre
morbilita e rischio sanitario hanno mostrato urdenziale aumento con I'aumento del rapporto
indicato.

L’aumento del rapporto (amido+fibra solubile)/ADR humentato il valore nutritivo delle
diete e diminuito il consumo di alimento (P<0,00d8gnza effetti su velocita di accrescimento e
peso degli animali. Di conseguenza, la conversalimeentare € migliorata linearmente (da 3,65
a 3,22 e 2,76; P<0,001). Alla macellazione comparata somministrazione di diete con un piu
alto rapporto (amido+fibra solubile)/ADF ha mod#io in modo quadratico l'incidenza dello
stomaco pieno (P=0,02) e dellintestino pieno (P¥]D, A livello ciecale, ha aumentato
linearmente (P<0,05) la produzione di AGV (da 5&,61,9 mmol/L), ridotto il pH (da 5,90 a
6,67) e la concentrazione di azoto ammoniacale4(8a a 1,93 mmol/L); inoltre ha ridotto in
modo non lineare l'altezza dei villi della mucosal digiuno (839vs. 733 e 751um) e come
conseguenza il rapporto villi/cripte (4,42.3,81 e 3,95).

L’aumento del livello proteico dal 14% al 15% haetminato un aumento significativo
della mortalita (16,3%vs. 28,9%, P=0,01), accompagnata da un moderato dficagivo
aumento della digeribilita della proteina grezzagntme non ha modificato le prestazioni
nell’intero periodo di allevamento né le caratticlse del contenuto ciecale alla macellazione
comparativa o le condizioni della mucosa intesénal

| trattamenti alimentari non hanno modificato iuitati di macellazione, fatta eccezione
per il rapporto muscolo/ossa dell’'arto posterioRe={,04) che é risultato piu elevato con il

rapporto (amido+fibra solubile)/ADF intermedio.
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Contributo sperimentale 3

Effetto del livello e della durata del periodo destrizione alimentare in conigli in
accrescimento.

All’eta di 32 giorni, 264 conigli (912+99 g) sontat suddivisi in sei gruppi sperimentali
di 47 unita ciascuno, omogenei per peso medio @hilita, e trattati secondo un disegno
bi-fattoriale, con tre livelli di razionamentad libitum 90% e 80% deldd libitum) per due
periodi (2 settimanes. 3 settimane) dopo lo svezzamento.

La prova ha avuto una durata di 6 settimane eata suddivisa in 2 periodi in funzione
del mangime somministrato:

a) periodo di post-svezzamento durante il quatmigti sono stati alimentati con una dieta
da svezzamento (@ libitum(R2100) o razionati al 90% (R90) oppure all’'80% QRBurante un
periodo di 2 settimane (T2) o 3 settimane (T3);

b) periodo di ingrasso e finissaggio, durante élgqu conigli sono stati alimentati con una
dieta da ingrasso (I) somministratd libitumper 4 settimane (nei gruppi T2) o 3 settimane (nei
gruppi T3).

La digeribilita in vivo, le analisi di feci, mangira contenuto ciecale e le analisi statistiche
sono state compiute con le metodologie indicate ib@recedente contributo sperimentale.
All'inizio (33 d) e alla fine (74 d) della sperim&zione, un numero rappresentativo di animali e
stato sottoposto a macellazione comparativa peaurams la composizione chimica dei corpi netti
e stimare il bilancio corporeo in tutti gli animagiunti alla fine della prova.

La digeribilita della sostanza secca, dell’energialei nutrienti della dieta e risultata
diversa a seconda delle diete (dieta S: 9,8 MJ gDdieta I: 10,6 MJ ED/kg) e del livello di
restrizione alimentare adottato. La digeribilitdlalsostanza secca (56,6%. 58,6%vs. 60,3%,
P<0,001), dell’energia lorda (56,6%s. 58,4% vs. 60,0%, P<0,001), della proteina grezza e
dell’estratto etereo sono aumentate all’aumentatéello di razionamento.

Lo stato di salute degli animali & peggiorato dteaa seconda e la terza settimana di
prova con il manifestarsi di diarrea e muco, sintagsociabili a ERE, negli animali sottoposti ai
diversi trattamenti, rendendo necessario un tratdmantibiotico supplementare, oltre a quello
incluso nel mangime S. Durante lintero periodopdiva, la mortalita si e attestata attorno al
9,8%, mentre la morbilita ha raggiunto livelli pati41,9%. L'analisi dell’evoluzione dello stato
di salute nelle diverse settimane ha evidenziatichinori problemi osservati durante il primo
periodo di restrizione alimentare é stato seguéoud peggioramento dello stato di salute nel
periodo di ingrasso e re-alimentazione, e quesideteza € stata tanto piu accentuata quanto piu

spinto e stato il livello e piu lungo il periodo distrizione alimentare. In tutto il periodo della
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prova, nel suo complesso, e stato evidenziato gmfgiativo aumento della mortalita (dal 5,7%
al 13,8%; P=0,03) nei conigli razionati per un pdd piu lungo (&s.3 settimane), senza effetti
significativi del livello di restrizione alimentare

Il peso vivo degli animali e risultato significaéimente piu basso nei conigli razionati piu
severamente, sia dopo due settimane (a 47 gioetadil646 g e 1592\. 1507 g per i gruppi
R100, R90 e R8O, rispettivamente; P<0,001) sia ddpettimane (a 54 giorni di eta, 2002 g e
1979 gvs. 1883 g, P<0,001). Alla fine del periodo di spen@zione, a 75 giorni di eta degli
animali, dopo la fase di re-alimentazione, le défeze di peso vivo tra i tre gruppi si sono ridotte
cosi da non risultare piu significative.

Nei conigli sottoposti ad una restrizione alimeatpiu severa, il peso del corpo netto alla
fine del periodo sperimentale e risultato inferi¢fPe0,03) rispetto agli altri gruppi sperimentali,
cosi come il contenuto di acqua, proteine e ceBé&rersamente, il valore minore (220-240 g) di
contenuto lipidico & stato misurato nei conigliventati con la dieta S a volonta per 2 settimane
(R100-T2) ed in quelli razionati per 3 settiman®@R'3 e R80-T3) (P<0,001). Questo risultato
dipenderebbe principalmente dall'interazione frdivkllo di restrizione e la sua durata che
penalizzerebbe da un lato i conigli alimentatilibitumcon una dieta da svezzamento per sole 2
settimane, e dall’altro gli animali razionati (80800%) per un periodo piu lungo (3 settimane)
rispetto a tutti gli altri. Inoltre, I'applicaziondi un razionamento piu severo riduce in modo
significativo la quantita di azoto ingerito, ritdnwed escreto rispetto agli animali non razionati o
razionati al 90%. Negli animali sottoposti allatrzsone piu severa, la quantita di azoto ingerito
diminuisce del 6% (P<0,01), quella ritenuta del @40,10) e quella escreta dell'8% (P<0,001).
Aumentando da 2 a 3 settimane la durata del ramiento, il bilancio azotato peggiora con un
incremento dell’escrezione azotata (+6% nei grdi@confrontati con i gruppi T2, P<0,01).

| trattamenti sperimentali hanno scarsamente inflat i risultati di macellazione, le

caratteristiche della carcassa e la qualita dellaec

Contributo sperimentale 4

Effetto del piano alimentare e del programma ditnie®one alimentare in conigli in
accrescimento.

A 33 giorni di eta, 300 conigli ibridi (953£110 gpono stati suddivisi in sei gruppi
sperimentali ciascuno composto da 50 animali. pgruomogenei per peso medio e variabilita,
sono stati sottoposti a un disegno sperimental@attoriale 3 x 2, con tre piani alimentari
combinati a due livelli di razionamento. Sono stateparate due diete (dieta A e dieta B) con

differente concentrazione energetica e uguale rapparoteina digeribile/energia digeribile
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(rapporto teorico: 11 g PD/MJ ED). | programmi admbari si sono differenziati in relazione alle
diete somministrate durante il primo ed il secopdaodo di accrescimento: per il piano A-A, i
conigli sono stati alimentati con la dieta A pettdul periodo della prova (5 settimane); per il
piano B-A, i conigli hanno ricevuto la dieta B dota le prime tre settimane e quella A durante
le ultime due settimane di prova; il piano B-B haysto la somministrazione della dieta B
durante l'intero periodo di prova (5 settimane).

Entro piano alimentare i conigli sono stati alinanad libitum per tutto il periodo di
prova oppure soggetti ad una restrizione alimentaszlia del 90% durante le prime tre
settimane. L’intero periodo di prova, durato 5iggdne, e stato diviso in due periodi:

a) periodo di post-svezzamento (prime tre settimame), quale due gruppi sono stati
alimentati con la dieta A e i rimanenti quattro dandieta B. In ciascun trattamento
alimentare meta degli animali sono stati razioedtaltra meta alimentatd libitun

b) periodo di ingrasso (ultime 2 settimane), nel quglattro dei sei gruppi sperimentali
hanno ricevuto la dieta A e gli altri due la diBtaTutti gli animali sono stati alimentadd
libitum durante tutto questo periodo.

La digeribilita dei principi nutritivi € stata sc@mente influenzata dal programma di
restrizione alimentare, mentre e stata influendata dieta: la digeribilita della sostanza secca,
dell'energia lorda, della proteina e delle frazifibrose é stata significativamente superiore per
la dieta A rispetto alla dieta B.

Sia il razionamento che il piano alimentare nonnmamfluenzato la mortalita e il rischio
sanitario, mentre la morbilita e risultata sigrativamente influenzata da entrambi i fattori. In
particolare la percentuale di animali malati e Iteta superiore nei conigli sottoposti a
razionamento alimentare rispetto e quelli alimextilibitum e nei conigli sottoposti al piano
alimentare B-A rispetto ai conigli dei gruppi A-A-B-B.

Durante la prima settimana, gli accrescimenti sotati penalizzati dalla restrizione
alimentare (53,6 e 46,8 g/d nei conigli alimengati libitum e razionati, P<0,001). Durante la
seconda settimana di prova, la comparsa di distdidestivi associabili a ERE ha ridotto
'assunzione di alimento negli animali alimentai libitum di modo che le differenze di
ingestione con i gruppi razionati si sono ridot84vs129 g/d, P=0,05, corrispondente ad una
restrizione alimentare reale del 4%). Per questgome&, durante la seconda settimana dli
accrescimenti degli animali sono stati simili tradiversi gruppi, mentre durante la terza
settimana i conigli alimenta#id libitumhanno evidenziato ingestioni (184.149 g/d, P>0,10) e
accrescimenti (48,8s. 51,0 g/d, P=0,05) simili a quelli degli animalzianati. In seguito, le

prestazioni sono state simili fra i due gruppi,icdsé anche le prestazioni nell’intero periodo
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sperimentale non sono risultate significativamediteerse. In modo analogo, anche il piano
alimentare non ha modificato le prestazioni pradett

| conigli sottoposti a restrizione hanno mostratominor peso del corpo netto a 55 giorni
di eta (dopo 3 settimane di prova) e la composei@rporea durante il primo periodo € risultata
caratterizzata da incrementi inferiori in termimipdoteine, lipidi, ceneri e, quindi, energia lorda
Nel secondo periodo, quando tutti gli animali spassati a un’alimentazione a volonta, I'effetto
del razionamento alimentare é risultato ancoraesni& ma a favore dei conigli precedentemente
razionati. Tra i 55 e i 69 giorni di eta, i conigirecedentemente sottoposti a restrizione
alimentare hanno deposto piu proteine (121 con2® d), lipidi (91 contro 97 g), ceneri (18
contro 19) ed energia lorda (6,7 contro 7,2 MJpeio a quelli alimentatad libitum
confermando il verificarsi dell'accrescimento comga&tivo nei conigli precedentemente
razionati. La restrizione alimentare, inoltre, dotto significativamente I'azoto corporeo a 55
giorni di eta, senza mostrare effetti residui ag&®ni. Durante il primo periodo, la restrizione
alimentare ha ridotto la quantita di azoto ingerittenuto ed escreto. Durante il secondo
periodo, invece si e registrato un aumento solbedeko ritenuto. Considerando I'intero periodo
di prova, le variazioni di azoto ritenuto non sarsultate significative. Il piano alimentare non
ha modificato il contenuto di azoto del corpo adb69 giorni di eta, ma I'escrezione azotata e

risultata inferiore nei conigli sottoposti al piaBeB.

Conclusioni

Effetto della variazione di alcuni principi nutniinelle diete per conigli

| primi due contributi sperimentali della tesi sostati dedicati alla definizione dei
fabbisogni di fibra solubile e amido in rapportocaintenuto di fibra insolubile delle diete in
conigli in post-svezzamento e ingrasso. Allo stessopo sono stati considerati anche il ruolo
della proteina alimentare e le sue interazioni gtinaltri nutrienti in considerazione delle
relazioni fra il livello di proteina alimentare &fficienza aziendale oltre che I'escrezione di
azoto. L'uso di diete con livelli crescenti di fébisolubile e amido in sostituzione della fibra
insolubile ha migliorato lo stato di salute dei ign aumentato I'utilizzazione digestiva delle
diete, soprattutto delle frazioni fibrose, e ildovalore nutritivo. Le prestazioni produttive, in
termini di peso vivo e accrescimento ponderale, smmo state influenzate, mentre il consumo
alimentare & diminuito e la conversione alimentagmentata notevolmente. Grazie ai minori
livelli di ingestione, I'escrezione di azoto é famiente diminuita con 'aumento del rapporto
(amido+fibra solubile)/ADF. Le fermentazioni ciecabno state piu intense e la digeribilita

dell'alimento € migliorata a seguito del contempe@ aumento di amido e della riduzione di
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fibra insolubile, come pure della variazione dedtauttura della fibra, in quanto la fibra e
risultata meno lignificata e piu disponibile pattacco enzimatico e batterico. Alla macellazione
commerciale finale, 'aumento del rapporto (amidbre solubile)/ADF ha determinato un
aumento del peso vivo, ma ha ridotto la resa diettemione a causa della maggiore incidenza
dell'apparato intestinale pieno. Quest'ultimo riatd, tuttavia, e stato bilanciato da un
significativo aumento della muscolosita della caseacome provato dal maggiore rapporto
carne/ossa misurato sull’arto posteriore.

Sulla base dei risultati delle due sperimentazéodella discussione di cui sopra, si evince
che é possibile formulare diete per conigli in ppstzzamento e ingrasso in grado di migliorare
notevolmente la conversione alimentare rispetto aglali standard, mantenendo le prestazioni
di crescita e i risultati di macellazione. Possiagquandi concludere che il contemporaneo
aumento del contenuto di amido (fino al 20%) eibliaf solubile (fino al 12%) ha un effetto
positivo su fisiologia digestiva, stato di salutkedficienza alimentare dei conigli, senza effetti
negativi su risultati di macellazione e qualitilaelarcassa e della carne. Tuttavia, in presenza di
enteropatia epizootica, la contemporanea riduzi@tADF al di sotto del 12% puo influenzare
negativamente la salute digestiva dei conigli inrescimento. Variazioni nel livello proteico
della dieta hanno effetti meno rilevanti, ancheabeolta significativi, rispetto alle variazioni de
contenuto di amido e delle diverse frazioni fibroka riduzione del contenuto proteico della
dieta dal 17% al 14% ha permesso di contenereréegme di azoto dell’azienda, senza
modificare le prestazioni o lo stato di salute.tdwt, conigli alimentati con diete a maggior
contenuto proteico e basso rapporto (amido+fibtabsle)/ADF hanno mostrato una maggiore
suscettibilita ai disturbi digestivi. Questo rist merita di essere approfondito anche perché é
stato ottenuto con livelli proteici delle diete fpasto bassi rispetto a quelli correntemente

utilizzati in campo.

Effetto delle modalita di alimentazione

Il terzo e il quarto contributo sperimentale deksi sono stati dedicati allo sviluppo di
strategie di alimentazione che permettano un chotexleguato del livello di ingestione nel
periodo post-svezzamento, con [I'obiettivo generale aumentare [lefficienza globale
dell'azienda. In entrambi i contributi, la restdre alimentare non ha prodotto gli effetti attesi i
termini di miglioramento dell’efficienza aziendale, nemmeno in termini di salute o di
prestazioni produttive. Nel terzo contributo, dueanl post-svezzamento, la restrizione
alimentare ha consentito di ridurre il numero dnaali malati e morti, ma durante il successivo

periodo di re-alimentazione le condizioni di salsteno peggiorate nei conigli in precedenza

11



Riassunto

sottoposti a restrizione alimentare, e questotasulé risultato tanto evidente quanto piu severa
era stata la restrizione alimentare e, soprattuigt@nto maggiore era stata la durata della
restrizione alimentare. In effetti, durante i prignorni di re-alimentazione sono stati osservati un
notevole aumento ed una forte variabilita nel lvetli ingestione alimentare che hanno
contribuito a destabilizzare I'equilibrio a livelldell’'apparato digerente dei conigli. Nel quarto
contributo, la restrizione alimentare € stata affdh sulla base di una curva teorica e progressiva
di ingestione alimentare che e risultata relativat@dacile da realizzare in pratica Inoltre, il
graduale ritorno all’alimentazionad libitum nella terza settimana ha evitato il verificarsi di
sbalzi nei livelli di ingestione e le possibile seguenze negative sullo stato di salute dei conigli
In entrambe le prove, grazie all’accrescimento cemsptivo nel periodo di re-alimentazione,
I'effetto negativo sulle prestazioni osservato adlise di restrizione é stato diluito nell'intero
periodo sperimentale, di modo che alla macellaziertifferenze di peso vivo finale fra i gruppi
non sono risultate statisticamente significativele§o risultato deve essere considerato tipico
del sistema di produzione italiano, il cui mercathiede che i conigli siano macellati a eta e
pesi maggiori rispetto agli altri mercati europei.
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Summary

Introduction and objectives

Epizootic Rabbit Enteropathy (ERE) has become tlannsause of losses in intensive
rabbit farms: it is typical of post-weaning periadd can be described as a severe form of
mucoid enteropathy, complicated by secondary ajiolagents. The main solution to ERE are
antibiotics, but the European rules limit the pbsisy of using them in preventive treatments.
Moreover, due to the fast evolution of the diseas®&e ERE occurs and is recognized, the
therapeutic use of antibiotics may often not beliagpon time to control economic losses. In
addition, the cost of the therapy has an impoitapact in rabbit production costs.

In the last decade, the studies intended to spédugfynutritional requirements and feeding
strategies in rabbits during weaning and post-weaniith special emphasis on the possibility of
reducing the damages caused by ERE.

With regards to nutrients, both experimental stsichad field results push towards the
reduction of the use of high-insoluble fibre dietsgrowing rabbits, because they greatly limit
growth performance, impair feed conversion anddgase nitrogen excretion while sometimes do
not avoid the need of using prophylactic and theuéip drugs. The negative role of starch on the
occurrence of digestive diseases has been somgwhatnder discussion, whereas a positive
effect of the most soluble fibre fractions has beetlines on both health and performance of
growing rabbits when used in substitution of ingbtdufibre or starch. Finally, both lack and
excess of crude protein are critically consideredalise of their negative effects on caecal
fermentative activity, microflora composition arasily on rabbit health.

With regards to feeding management, feed restricimgrams may be used also with
some advantages on global farm efficiency as thegease diet utilization, modify the partition
of body energy retention as protein instead oféat] may redee mortality and morbidity due to
digestive problems. With these programs, especiallhe early period of breeding, growth is
controlled and limited during the restriction peribut the compensatory growth during the
following period of re-alimentation allows animdls recovery productive performance at the
end of the rearing period. From the end of the ,'8sd restriction has been widely used in some
European Countries (especially France) during thet-weaning period to control the mortality
due to digestive disorders. Positive effects of ttechnique have been outlined since the
spread-out of ERE in terms both of a better cordfdhe disease and improvement of the global

feed conversion.
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The general objective of the present thesis wadéhelopment of nutritional strategies for
improving feed efficiency and health status of graywabbits. This goal was pursued by means
of experimental activities with the specific objget of:i) defining requirements of soluble fibre
in relation to dietary insoluble fibre, starch aptbtein in rabbits during post-weaning and
fattening (experiments 1 and 2)) measuring the effect of the rate and durationfesd
restriction compared to aad libitum feeding, in order to define the most effectivetneson
technique capable of maximizing performance androtimg digestive problems in growing
and fattening rabbits (experiments 3 and 4).

The specific objectives have been pursued throlnghrésearch activities in the four

experiments of the doctoral thesis as summarizknhbe

Experiment 1. Effect of increasing soluble fibre and starch aeducing protein in diets
for growing rabbits.

The effect increasing the (soluble fibre+starch)FA@tio by rising soluble fibre (18%,
20% and 22%) and starch (10%, 14% and 18%) at xpenses of insoluble fibre and of
reducing dietary crude protein (17% to 15%) waslwatad on health, performance, caecal
fermentative activity, gut mucosa traits, nitrogexcretion and carcass and meat quality of
growing rabbits. At 36 d, 282 rabbits (951+31 g LWf)both genders from a hybrid line were
divided into six experimental groups of 47 unitsldad ad libitum with six diets formulated
according to a 2 x 3 factorial arrangement, witte¢h(soluble fibre+starch)/ADF ratio (0.6, 1.2
and 2.0) and two protein levels (17% and 15%).iiAkivo digestibility trial was carried out on
72 animals (12 animals of both sexes per diet) #@&to 52 days of age to evaluate the nutritive
values of diets. At 79 days, the rabbits were ditergd to evaluate carcass traits and meat
quality.

The apparent digestibility of dry matter greatlydaimearly increased from 50.8% to
60.5% and 71.5% (significant linear component ofiarece, L<0.001) with the raising of
(starch+soluble fibre)/ADF ratio. The increase sth{ch+soluble fibre)/ADF ratio did not affect
the digestibility of crude protein and ether extraghile the digestibility of fibre and fibre
fractions linearly and significantly increased (L8@1). The digestibility of ADF increased
quadratically (Q<0.01), that is by reducing ligo#tion degree, cellulose is more and more
sensible to digestive and fermentative processkse Wemicelluloses and soluble fibre showed
a linear improvement in their digestive utilizatias (starch+soluble fibre)/ADF ratio increased.
The differences in formulation of diets, with tregluction in the inclusion rate of alfalfa meal in

favour of energy concentrates containing starchldigpand high-soluble fibre raw materials
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(dried beet pulp) accounted for the increase in digestibility of dry matter and fibrous
fractions, even if differences between treatmerggeviarger than what expected.

The effect of the protein level was less importamd limited to the higher digestibility of
DM, gross energy and crude protein (P<0.01) indie¢s with a higher protein content. Also
digestibility of TDF and soluble fibre was higher diets at 17% CP compared to diets at 15%
(P<0.05): this result may be ascribed to the lowelusion rate of alfalfa meal in favour of
soybean and sunflower meal.

During the trial, mortality reached an average gatd 8.5% and changed significantly
with experimental factors. In fact it was signifitly higher (15.8%vs 4.5% and 4.9%; P=0.02)
when the (starch+soluble fibre)/ADF ratio was Odnpared to diets with 1.2 and 2.0 ratios.
Similarly, even if at a lower level of significand®=0.09), the increase of (starch+soluble
fibre)/ADF ratio reduced the sanitary risk (motgtimorbidity). Even if no significant effect of
the protein level was measured, it is worthy tcenibiat the administration of the diet highest in
starch and soluble fibre and lowest in ADF contemnbined with the high level of protein
produced the highest morbidity value (probabilifytioe interaction = 0.08) due to digestive
disorders of brief duration which occurred espégiah the last 10 days of rearing before
slaughter.

The administration of diets at increasing rati@fsh+soluble fibre)/ADF significantly and
linearly increased the proportion of full (with itontent) caecum (L<0.01) and of full gut
(L<0.001) on live weight and, therefore, the ratefiting of the digestive tract. The higher
availability of fermentable carbohydrates lineadgcreased caecal pH (from 6.02 to 5.75,
L=0.06) and increased total volatile fatty acid=A) content at caecum (from 63.0 to 78.5
mmol/L; L=0.02), with a contemporary reduction dfetmolar proportion of propionic acid
(from 4.0% to 3.5% mol VFA; L=0.04). No significaeffect of the protein level was measured.
Only the level of N-ammonia was higher (P=0.07)rabbits fed the diets with the highest
protein level, which could be due to a higher ilibak of protein to caecum. lleal mucosa did not
change with experimental factors, while at jejundhe increase of the (starch+soluble
fibre)/ADF ratio reduced villi height (L=0.06) artkde villi/crypth ratio (L=0.03). The increase of
dietary protein increased villi height (P=0.07).

During the whole trial, daily nitrogen excretion irabbits fed diets with high
(starch+soluble fibre)/ADF ratio (1.2 and 2.0) v&@80 and 60% of that measured in rabbits fed
with 0.6 ratio. During the first period, nitrogeroeetion tended to be lower when rabbits were
fed diets with (starch+soluble fibre)/ADF ratio edj@o 2.0. Nitrogen excretion diminished by
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about 15% when decreasing dietary protein from 1@%5% and without differences between

the first and the second period of growth.

Experiment 2. Effect of a further increase of (starch+solublerédADF ratio and
decrease of protein level on diets for growing riédb

The effect of the administration of diets with ieasing (starch+soluble fibre)/ADF ratio
(from 1.2 to 1.8 to 2.8) obtained by rising statfom 14% to 20%) and soluble fibre (21% to
25%) levels and by decreasing ADF supply (21% t&).3combined with two protein levels
(14% and 15%) was assessed on health, growth peafame, caecal fermentative activity, gut
mucosa traits, nitrogen excretion and carcass agat guality in growing rabbits. At 33 d, 306
rabbits (975+97 g LW) of both genders from a hylie with homogeneous weight were
selected from healthy litters in a commercial fafrhe animals were divided into six groups of
51 units each. The six experimental groups wers tlieen six diets formulated according to a
bi-factorial arrangement [3 (starch+soluble fibA®)F ratios x 2 protein levels] and fead
libitum all over the trial The in vivo digestibility trial was carried out on 72 animéidsm 54 to
58 days of age to evaluate the nutritive valuediets. The animals were slaughtered at 76 days
of age to evaluate carcass traits and meat quality.

The digestibility of dry matter, energy and all @tmutrients significantly and linearly
increased with the increase of the (starch+soltibte)/ADF ratio and as a consequence of the
higher inclusion rate of dried beet pulp and baded the lower presence of alfalfa meal. The
digestibility of insoluble fibre fractions (hemidgloses and ADF) also increased. Only the
digestibility of soluble fibre, which was alwaygher than 80%, was not affected.

The effect of the protein level, even if signifitamwas less important and resulted in a
moderate increase of crude protein digestibilithjolr could be explained by the higher rate of
protein coming from soybean meal rather than afadfthe diets with the higher protein content.

First symptoms of digestive disorders appearedvoeek after the start of the trial (low
feed intake, diarrhoea, mucus) which could be ble@ferred to ERE. On average, mortality
stood around 22.6% without significant variatiomea@ding to the (starch+soluble fibre)/ADF
ratio. On the contrary, mortality was significantigher (16.3%vs 28.9%, P=0.01) in rabbits
fed the diets with the highest protein content. wisat concerns the effect of the changes in
soluble and insoluble fibre and starch, the trevdards an increased morbidity (P=0.09) and, at
similar mortality rates, the increase of the samitask (P=0.10), may be explained by the
reduction of ADF below 12% in the diets with thgtest ratio (starch+soluble fibre)/ADF
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rather than with changes in soluble fibre fractjomgich content slightly changes from 9-10% to
11-12%.

When the (starch+soluble fibre)/ADF ratio and thdritive value of diets increased,
growth rate and live weight did not change, whertsesl intake significantly and linearly
decreased (P<0.001) both in the first and secomwg®f the trial. As a consequence, feed
conversion linearly improved (from 3.65 to 3.22 a@hd6; P<0.001) until values which were
particularly favourable, especially for the (starsbluble fibre)/ADF ratio equal to 2.8. The
improvement of feed conversion was rather expectethe base of diets characteristics and the
higher level of starch and soluble fibre in reptaeat of insoluble fibre.

The increase of CP level from 14% to 15% did n&afproductive performance on the
whole, whereas improved feed conversion durinditseperiod (P=0.07) and increased growth
and feed intake during the second period. The aotem between the two main experimental
factors was never significant and, similarly, nfeef of sex was recorded.

The administration of diets with a higher (starabitible fibre)/ADF ratio changed in a
guadratic mode the incidence of the full stomaakafjatic component of variance, P=0.02) and
the full gut (P=0.07) expressed on the base ofligeght without effect on the filling of caecum.
At caecum, the increase of (starch+soluble fibrBffAatio significantly and linearly stimulated
VFA production (52.1 to 61.9 mmol/L) which went silly side a reduction of pH value (5.90 to
5.67) and a strong decrease in N-ammonia leveb (#8..93 mmol/L). Even if a lower rate of
significance (P<0.10), the production of acetiadagising) and of propionic acid (decreasing)
also changed.

The effect of the protein level was less importamd represented by a reduction of the full
stomach incidence (P=0.03) and a trend to an iseck&ull caecum incidence (P=0.09), besides
a reduction of caecal pH (5.87 to 5.70) when tlogégan level increased from 14% to 15%.

As what concerns the effect of the feeding treatsy@m intestinal mucosa traits, the
administration of diets with increasing (starch-ubdé fibre)/ADF ratio decreased in a non-linear
way the villi height at jejunum (83®s.733 and 751um) and, as a consequence, the villi/crypths
ratio (4.42vs. 3.81 and 3.95). The effect of the experimentaldiacwas hardly perceivable on
growth performance and absent on slaughter resatart from a significant and quadratic
change of the muscle to bone ratio (P=0.04), whiels higher in rabbits fed diets with high
(starch+soluble fibre)/ADF ratio.

Experiment 3. Effect of the level and duration of feed restrintio growing rabbits.

The effect of the level and duration of feed resitvth was measured on health, growth
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performance, caecal fermentative activity, bodgues balance and carcass and meat quality of
growing rabbits.

At 32 d, 264 rabbits (912+99 g LW) of both gendeosn a hybrid line were selected from
multiparous does (3-6 kindling) with healthy liseand homogeneous kit weight. The rabbits
were divided in six experimental groups of 47 unit®mogeneous in average weight and
variability, and submitted to different feeding tregion levels according to a bi-factorial
arrangement, with three restriction levedsl (ibitum 90% and 80% o&d libitum) during two
different periods (2 weekss. 3 weeks after weaning).

The trial lasted 6 weeks and was divided into twoquls:

a) post-weaning period during which rabbits were fadeaning diet (Sad libitum (R100) or

at a restricted level at 90% (R90) or 80% (R80)ru2 weeks (T2) or 3 weeks (T3);

b) fattening period, during which rabbits were fedatteéning diet (I) alwayad libitum and
during 4 weeks (groups T2) or 3 weeks (groups T3).

Two in vivo digestibility trials were carried ouh@l2 restricted animals (14 per restriction
level) from 49 to 53 days of age for diet S and36ranimals (12 per restriction level) from 56 to
60 days of age for diet | when all rabbits were deldibitum The rabbits were slaughtered at 75
days of age to evaluate carcass traits and mehbtyqua

The digestibility of dry matter, energy and nutteeohanged in the different experimental
groups according the restriction level and the (fteor I, 9.8vs. 10.6 MJ/kg respectively). In
details, the digestibility of dry matter (56.696. 58.6%vs. 60.3%, P<0.001) and gross energy
(56.6%vs.58.4%yvs.60.0%, P<0.001) significantly increased with tastriction level, in rabbits
fed ad libitum vs. 90% vs. 80%. Also digestibility of protein and ether extrachanged
accordingly. Only the digestibility of starch, eviémn very narrow interval, decreased when the
restriction level increased (P<0.001).

Health of rabbits impaired during the second anditiveek of trial, with diarrhoea and
mucus in several rabbits of all treatments. Thebantics included in the diet S were therefore
considered insufficient to control ERE and an adddl antibiotic treatment in water was
offered during the third week of trial to maintaire sanitary status under control, with morbidity
and mortality within acceptable values. During #dire trial, mortality averaged 9.8% and
morbidity 41.9%. The analysis of the effect of m&otor (level and duration of feed restriction)
on health evidenced a significant increase of nigrtéirom 5.7% to 13.8%; P=0.03) in rabbits
restricted for the longer period {8.3 weeks), while the restriction level did not atfeesults.

Live weight of rabbits, similar at the beginning thie trial, was significantly lower in

rabbits submitted to the most severe restrictioBOjRboth after two weeks of restriction (at 47
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days, 1646 and 1592vp. 1507 g, P<0.001) and after three weeks (at 54, @8@2 and 1979 g
vs. 1883 g, P<0.001; in this case the average valt&l00, R90 and R80 groups include all
animals, both those half still restricted and thosdf free of feeding). At the end of the
experimental period, at 75 days of age, howevdferdnces in live weights among the three
groups were reduced and not statistically significa

In rabbits submitted to the most intensive resarctievel, empty body weight gain was
lower (P=0.03) than in the others rabbits group$ as a consequence, the empty body gains in
water, protein and ash were lower. The gain ofllipas unexpected: the lowest values (220-240
g) were recorded both in the rabbits fed the diat 8bitumfor 2 weeks (R100-T2) and in those
restricted for 3 weeks (R90-T3 and R80-T3) (siguaifit interaction P<0.001).

The most severe feed restriction significantly xlithe amount of ingested, retained and
excreted nitrogen compared to not restricted rabdnitrabbits restricted at 90%. The amount of
ingested nitrogen decreased by 6% (P<0.01), thattaiined nitrogen by 4% (P<0.10) and
nitrogen excretion diminished by 8% (P<0.001) insingevere feed restriction comparedatb
libitum rabbits.

As what concerns the effect of the restriction gerian increase from 2 to 3 weeks
impaired nitrogen balance with a significant ineeaf nitrogen ingestion (+4% in rabbits T3
compared to rabbits T2, P=0.02) and nitrogen exurgt-6% in rabbits T3 compared to rabbits
T2, P<0.01), in front of a not significant changdahe amount of retained nitrogen.

As for performance, also slaughter results werecetaaffected by the level or period of

feed restriction.

Experiment 4. Effect of feeding plan and feed restriction prograingrowing rabbits.

The use of feeding plans based on diets at higkstilge energy concentration (DE diet A:
11.1 MJ/kg) or moderate digestible energy concéntra DE diet B: 10.7 MJ/kg) during the
whole productive cycle (A-A; B-B) or in a sequer(@A) was tested together with the use or
not of a progressive feed restriction program wihitdrted from 80% o&d libitumand linearly
reached the voluntary feed intake level after 3ksaa order to avoid sudden changes in feed
intake level during re-alimentation period. Theeetfof the above mentioned feeding systems
were evaluated on health, growth performance, tdecaentative activity, body tissue balance
and carcass and meat quality of growing rabbits.

At 34 d, 300 rabbits (953£110 g LW) of both gendimsn a hybrid line were selected
from multiparous does (3-6 kindling) with healthjtdrs and homogeneous kit weight. The

rabbits were divided in six experimental groupg®funits, homogeneous in average weight and
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variability, and submitted to three feeding pla®es fwo restriction levels. The six rabbits from
the same litter were assigned one per group taluist the maternal effect over the treatments.
Two diets (diet A and diet B) at a different enepncentration and with the same digestible
protein (DP)/DE ratio (theoretical ratio: 11 g DRINDE) were used. The feeding plans changed
according to the diets administered during thet farsd second period of growth: plan A-A,
rabbits were fed diet A during the whole trial (8eks); plan B-A, rabbits were fed diet B during
the first three weeks and diet A during the lash tmeeks; plan B-B, rabbits were fed diet B
during the whole trial.

Within the three feeding plans, rabbits were &t libitum during the whole trial; or
restricted on average at 90% during the first thveeks of trial.

The trial lasted 5 weeks and was divided into twoqals:

a) first post-weaning, period (3 weeks), during ahhiwo groups of animals were fed with
diets A and the remaining four groups with dietViithin each feeding treatment, half
of animals was restricted (R) and half wasdedibitum(L);

b) second fattening period (2 weeks), during whazlr out of the six experimental groups
received diet A and the remaining two groups werkdiet B. All rabbits were fedd
libitum during this period (L).

The in vivo digestibility trial was carried out @8 animals (12 rabbits fead libitumwith
diet A, 12 rabbits restricted fed with diet A, 1&bbits fedad libitumwith diet B and 12 rabbits
restricted fed with diet B) from 47 to 51 days geao evaluate the nutritive values of diets. The
rabbits were slaughtered at 70 days of age to sflsecarcass traits and meat quality.

Digestibility of nutrients was scarcely affected bged restriction program, whereas
digestibility and nutritive value changed greatljthwthe diet: digestibility of dry matter and
energy, protein and fibre was significantly highfardiet A than diet B.

As what concerns the effect of experimental treatsyanortality and sanitary risk did not
change either with the feeding system or with #exling plan, while morbidity was significantly
affected by both factors, with the lowest valuesrabbits submitted to the restriction program
and the B-B feeding plan.

During the first week, growth rate was significgnithpaired by feeding restriction (53.6
and 46.8 g/d in rabbits fead libitumand restricted, P<0.001) which depended on a If%erl
feed intake (10#ss. 93 g/d). During the second week of trial, the appace of digestive
disorders reduced feed intake in rabbitsdddibitumso that differences in feed intake with the
restricted groups decreased (M34129 g/d, P=0.05, which corresponded to a reatictish of

4%). For this reason, during the second week groaftid was similar among the two groups,
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while during the third week rabbits fed libitumshowed a similar feed intake (184. 149 g/d,
P>0.10) and even a lower growth rate comparedsiniceed rabbits (48.8s.51.0 g/d, P=0.05).
During the fourth and fifth week, nor growth ratesr feed intake differed between the two
groups. As a consequence, growth performance invtiide period did not change with the
experimental treatments. Neither the feed resbricprogram,ad libitum or restricted, nor the
feeding plan affected slaughter results.

At 55 days of age, the protein content of emptyyaiffered significantly according to the
feed restriction program and was higher in rabfatsad libitum compared to those restricted
(19.2%vs. 18.9%, respectively; P<0.05). At 69 days of adrawo weeks of re-alimentation
of previously restricted rabbits, no significanteets of the treatments were observed on empty
body composition. Restricted rabbits showed a logrmapty body weight at 55 days, and the
composition of the empty body gain during the fpstiod was characterized by lower gains of
protein, lipid, ash and gross energy. In the sapreg, the different diets only affected empty
body gain of ash. In the second period, when &lbita were fedad libitum the effect of the
feed restriction program was still evident, but tlestricted rabbits were favoured. In details,
between 55 and 69 days of age, the EB of previaesiiyicted rabbits gained more protein (121
vs. 126 @), lipid (91vs. 97 g), ash (1&s. 19 g) and energy (6Vs. 72 MJ) than those fedd
libitum, confirming the existence of a compensative growth

Feed restriction significantly reduced body N atdafys of age, without residual effects at
69 days of age. During the first period, feed restm significantly reduced feed intake, ingested
N as well as retained and excreted N. During theorsé period, a residual effect of feed
restriction was measured only on retained nitrogdarch was higher in previously restricted
rabbits. During the whole trial, changes in retditNewere not significant. The feeding plan did
not affect body N at 55 or 69 days of age, but Kretxon was lower in rabbits submitted to the

restriction program and the B-B feeding plan.

Conclusions

Modulating nutrients in the diets for growing ratsi

The use of diets with increasing levels of bothrcdtaand soluble fibre in replacement of
insoluble fibre, tested in the experiments 1 anmh&@gased diet utilization, especially of fibrous
fractions, and nutritive value. Growth performanas, live weight and weight gain, was not
influenced, whereas feed intake decreased anddemekrsion greatly improved. Health status
was improved only in one of the two experiments duod to the change of several constituents

of the diets, further studies will need to confitme positive effect of the substitution of insokbl
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fibre by starch and soluble fibre. Thanks to thedoingestion levels, nitrogen excretion deeply
decreased with increasing dietary (starch+solulbieefADF ratio. Caecal fermentations were
more intense and feed digestibility improved bo#cduse of the starch increase and the
insoluble fibre reduction, and because fibre hadifeerent structure, that is, fibore was less
lignified and more available for the enzymatic dwatterial attack. At the final commercial
slaughtering, the increase of the above ratio sétad live weight, but contemporary reduced
dressing percentage because of the higher guteimcgd This last result, however, was
counterbalanced by a significant increase of caroasscularity as proved by the higher meat to
bone ratio of hind leg.

On the base of the results of the two experimemdstiae discussion above, it is possible to
formulate diets for post-weaning and fattening rblzapable of greatly improving feed
conversion compared to actual standards, maintpignowth and slaughter results. We can
conclude that the contemporary increase of starohil 20%) and soluble fibre (until 12%) has
positive effects on digestive physiology, healtil deed efficiency of rabbits without impairing
slaughter results and carcass or meat quality. Mexyvein presence of epizootic rabbit
enteropathy, the contemporary decrease of ADF bdl@a® may negatively affect digestive
health of growing rabbits.

Changes in protein level had less important effeetgen if sometimes significant,
compared to changes in dietary starch and fibroadibns concentration. The reduction of CP
from 17% to 14% permitted to reduce farm nitrogewretion, while did not affect rabbit
performance or health. However, rabbits fed withv Idietary (starch+soluble fibre)/ADF
presented a higher susceptibility to digestive disss when CP increased from 14% to 15%.
This result deserves to be further investigated bécause it takes into account rather low levels

of dietary protein compared to those currently usdield practice.

Modulating feeding strategies in growing rabbits

In the conditions of both experiments 3 and 4, fiessdiriction did not produce the expected
results on improved farm feed efficiency, in tereither of health or performance of growing
rabbits. In the experiment 3, during post-weaniagqal, feed restriction permitted to reduce the
number of ill and dead rabbits, but during re-alwagion phase the health condition worsened in
previously restricted rabbits, and this result wase evident as more severe the restriction was
and, especially, as longer the period of restnctwas. In fact, during the first days of
re-alimentation a great increase and variabilitjesed intake was recorded which contributed to

challenge digestive equilibrium of rabbits.
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In the experiment 4, feed restriction realised lv& base of a theoretical progressive feed
intake curve was easy to be applied and the gradualto a voluntary intake during the third
week of trial prevented the occurrence of greatatians in feed intake levels and possible
negative consequences on health.

In both trials, thanks to the compensatory growthirdy the re-alimentation period, the
negative effect on performance occurred duringréstériction phase was diluted and the end of
the rearing period the differences in final liveiglg and body composition among experimental
groups were not significant. This result is to mwmsidered typical of the Italian production
system, which market requires that rabbits aregsimred at age and weights higher than the

other European markets.
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Introduction

Rabbit physiology and feeding

The rabbit is an herbivore monogastric which sslaxncentrates; in wildness, its diet
consists of those plant parts low in fibre, highdigestible protein and carbohydrates, such as
young leaves, shoots and tubers (Xiccato and Top@008; Carabanet al, 2010).

Like other herbivores, in its digestive tract, trabbit holds a microbial population of
symbionts bacteria, which ferment the substancegéstible to the animal, and protozoa
localized especially at caecum, the main site ohéatation in rabbits. The real composition of
this symbiotic population is almost unknown (Gideehal.,, 2010).

The digestive physiology of the rabbit is very damito the other monogastrics, but is
characterized by changes in anatomy and by behalicadaptations which permits the
mechanism of "caecotrophy”. It consists in thengestion of caecal content, excreted as "soft
faeces" or caecotrophes. This mechanism permitgptinize the utilization of food nutrients
since less digestible constituents of the dietcarekly excreted through the hard faeces; soft
faeces, enriched with vitamins and proteins of ob@l origin, are re-ingested and subsequently
digested; through caecal mucosa, volatile fattydadVFAs) produced by microbial caecal
fermentation may be absorbed.

The products of fermentation of the caecal micrafloconsist of VFAs and ammonia,
derived from the fermentation of carbohydrates prateins, respectively. The composition of
the VFAs produced in rabbit caecum is characterigtithe species, with a predominance of
acetic acid (C2) (70-85% VFAs), followed by buty(€4) (8-20%), propionic (C3) (3-10%) and
caprylic acids (C5) (0.5-1%). The proportions o ttfferent fatty acids and the total level of
VFAs change with animal age and during the day mieg to caecotrophy occurrence.
Moreover, the diet, depending on its compositioaymodify the fermentation patterns and the
composition of the caecal microflora.

To guarantee the caecotrophy and the normal digegthysiology, the rabbit needs a
specific dietary supply of fibre to ensure an addgufood transit and efficient intestinal

peristalsis (Gidennet al,, 2010).

General criteria for feeding of growing in commercal farms

The energy system, expression of nutritional validiets and raw materials and energy
requirements, adopted in rabbits is based on djesenergy (DE) (Xiccato and Trocino,
2010a). Food ingestion is conditioned by the dietarergy concentration. The threshold below
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which feed intake is regulated by a physical medmanthat is the repletion of the digestive
tract, is approximately 9.5 MJ DE/kg. Above thiseshold, on the contrary, appetite in rabbits is
mostly regulated by a chemiostatic mechanism: teell of glucose in blood acts on
hypothalamic receptors (satiety centre) and redtessd intake above certain concentrations. In
other words, when increasing dietary energy comagoh above 9.5 MJ DE/kg of diet, feed
intake of rabbits decreases accordingly to theem®ed energy intake and consistently with the
energy requirements. The energy requirements chaitigdoody weight (depending on age, sex,
breed), vital and productive functions (maintenangewth, lactation and pregnancy,) and
environment (temperature, humidity, air speed).

In rabbit farms, animals are usually fad libitumand different diets are fed according to
the age and corresponding nutrient requirementnimhals. At least two different diets are fed
for the post-weaning and the fattening period. uest-weaning period begins with the
separation of litter from the mother at about 30e3fs of age and ends around 45-50 days of
age, depending on the reproductive rhythm and thanization of the farm. This period is the
most critical period for the breeding success amdtlie health of animals, which are more
susceptible to the digestive diseases at thisHygerapid development of the digestive tract, the
colonization and development of a new caecal miatotbora, the start of the caecotrophy
mechanism and, finally, the stress caused by tharagon from the mother are the main causes
of this susceptibility.

Diets used during post-weaning are poor in enefy®2-9.6 MJ DE/kg), high in fibre
(ADF>18-19%, ADL>4.5-5%) and contain less starchq%) (Table 1). Raw materials rich in
soluble and more digestible fibre fractions, sustbaet pulp, may be included in post-weaning
diets, whereas low inclusion rates of high-staml materials, like cereals, are preferably used
(Table 1). To ensure an optimal amino acids balapiaein sources like soybean meal and/or
sunflower are included at rates of 10-15% of thet d order to reach a dietary crude protein
around 15.0-16.0%. During post-weaning, feed intakeges from 80 to 140 g/d depending on
DE concentration, age of animals, genetic typeandronmental conditions.

At about 45-55 days of age, growing and fatteniiggsdmay be fed with increased energy
content (10-10.5 MJ/kg) and decreased protein ooiffiet.5-15.5%) compared to post-weaning
diets (Table 1). These diets are formulated to taairthe feed conversion index at acceptable
values and to permit a sufficient deposition ofifatarcasses. The inclusion rates of cereals and
wheat bran increases at the expenses of alfalfgpeotdin concentrates. During fattening, feed
intake ranges from 130 to 200 g/d.
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Table 1. Formulation and chemical composition of diets §owing rabbits (Xiccato and
Trocino, 2008).

Weaning and Growing and N .
post-weaning diets fattening diets Finishing diets
Raw materials, %
Alfalfa meal (15-16% CP) 33.0 30.0 26.0
Barley meal 10.0 20.0 28.0
Wheat straw 4.0 0.0 0.0
Dried beet pulp 10.0 14.0 10.0
Citrus pulp 5.0 0.0 0.0
Wheat bran 18.0 20.0 22.0
Soybean meal (44% CP) 9.0 6.0 5.0
Sunflower meal (30% CP) 6.0 6.0 5.0
Soybean oil 15 1.0 1.0
Molasses 15 15 15
Calcium carbonate 0.0 0.0 0.3
Dicalcium phosphate 1.0 0.5 0.2
Vitamin and mineral premix 1.0 1.0 1.0
Chemical composition

Dry matter, % 88.5 88.7 88.5
Crude protein, % 16.0 155 14.9
Ether extract, % 3.9 3.4 3.4
Crude fibre, % 16.9 15.0 13.5
NDF, % 35.0 33.4 31.7
ADF, % 20.7 18.4 16.6
ADL,% 4.3 3.9 3.6
Starch, % 8.5 14.0 18.5
Lysine, % 0.74 0.7 0.66
Methionine+cystine, % 0.51 0.51 0.50
Calcium, % 0.99 0.76 0.72
Phosphorus, % 0.63 0.57 0.53
Digestible energy (DE), MJ/kg 9.8 10.2 10.5
Digestible protein/DE ratio, g/MJ 11.4 10.6 9.9

During the last week of rearing before slaughterthiad type of diet, a high-energy
finishing diet, is often used, which does not contaoccidiostatic drug and presents increased
levels of starch and low digestible protein/didastienergy ratio.

Rearing efficiency and feed conversion
Feeding plays an important role in modern and giten rearing systems because
formulation of diets must ensure the correct fuoatig of digestive physiology; it must fully

satisfy nutrients requirements and provide a goodlity product at a convenient economic
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price. In fact, the costs of feeding representntiagor part of farm budget, about 60-65% of total
costs (Maertens, 2010).

Farm efficiency may be measured by the global femaversion index (FRC), which is
calculated as the ratio between the total quamtitgonsumed feed and the total weight of
produced rabbits in the farm. Feed efficiency deljgseon the results of both reproduction and
fattening sectors. A global FCR around 3 is expkatean efficient commercial intensive farm
when rabbits are slaughtered within 2.3-2.5 kg Wixeght (Maertens, 2009). At higher slaughter
live weights (2.5-2.8 kg), FCR are likely around@-3.8 (Xiccato and Trocino, 2007, 2010b;
Xiccatoet al, 2007).

In Europe, the average FCR in French farms, Spamdhtalian is equal to 3.60, 3.63 and
3.82 respectively (Lebas, 2007; Xiccatioal, 2007, Rosell and Gonzéalez, 2007) and the greatest
value measured in Italian farms is a consequencehefhigher slaughter weights of rabbits
compared to the other Countries. In fact, the femaversion from weaning to slaughter, at the
same dietary energy supply, impairs with age witledect trend (=0.99) described by a cubic
equation and with an increment in FCR that is np@ounced in the last period of fattening
(Xiccato and Trocino, 2010b). Therefore, when thlebits are slaughtered later and at heavier
weights, the conversion of the whole fattening @eis negatively affected.

The dietary DE concentration directly influenceedentake and, consequently, FCR. In
fact, dietary DE explains a great part of the \@liy of feed intake (R=0.75) and feed
conversion (B=0.74) in growing rabbits from weaning to 75-79 slayf age fed with diets
ranging in DE from 8.0 to 12.0 MJ/kg (Figure 1) ¢&ato and Trocino, 2010b).

According to equations in Figure 1, increasing DEtent by 1 MJ/kg of feed reduces feed
consumption by 12 g/d and feed conversion by 0&@8tp. These results agree with those of
Maertens (2009), according to whom increasing defaE by 1 MJ/kg impairs FRC by
0.30-0.40 points. Similar correlations’é®.65) between dietary DE and feed intake weredoun
by Gidenne and Lebas (2005).

To evaluate farm global conversion, mortality aedroduction results must be taken into
account, which depend on farm sanitary status anad@anagement and reproductive
performances (e.g., reproductive rate, fertiliggpnoductive career, etc.) (Xiccaéd al, 2007;
Rebollaret al, 2009).
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Figure 1. Relationship between DE concentration of dietsl &ed intake (a) and feed
conversion ratio (b) in growing rabbits: data frémar studies on rabbits caged individually and
reared from weaning (32-34 d) until slaughter (B5dy (Xiccato and Trocino, 2010b).

Maertens (2009) also showed that to reduce FCRalmut 3.0 in a commercial farm with
10% of mortality in the fattening sector, the numbéweaned young/doe/year must reach 62
units (Table 2).

Table 2 Farm feed conversion according to post-weaningatity and reproduction efficiency
(Maertens, 2009).

Mortality (%) N° of weaned young/doe/year

fattening period 52 57 62
0 3.31 3.03 2.79
5 3.59 3.27 2.93
10 3.79 3.45 3.09
15 4.01 3.66 3.27

Digestive disorders in commercial farm

Epizootic Rabbit Enteropathy (ERE) and digestisodiers

In the current commercial intensive systems, sévsaaitary problems which were
previously affecting rabbit farms, like salmoneifys listeriosis, pseudotuberculosis and
coccidiosis, have been overcome thanks to the mepnent of hygienic conditions and the
optimized pharmacological prophylaxis.

The mortality around weaning (20 to 35 days of ag&) during post-weaning period (until
40-45 days of age), however, is often high dueigesiive disorders, that can be favoured by
immaturity of the gastrointestinal tract of thebbalespecially in presence of an unbalanced diet.

Peeteret al. (1992) classified the enteric diseases of ralbitsur classes:

» multifactorial enteritis: provoked by agents witloderate pathogenicity (some strains

of Escherichia colandBacillus piliformi); they cause 5% to 20% mortality;
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» specific enteritis: due to high pathogenic ageetsidropathogenic strains & col,
Eimeria piriformis Eimeria intestinalisEimeria flavescens They appear suddenly and
may cause more than 30% of mortality;

* iota-enterotoxaemia: induced by an over-proliferatof Clostridium spiroformeas a
result of caecal dismicrobism with different aetigy;

» sub-clinic enteritis: they begin with a worseningfeed conversion and, occasionally,
with diarrhoea-related events.

Stress events during rearing, handling, age andghwebf animals at weaning,

environmental conditions may predispose rabbitfigestive disorders and enteropathies.

The classification made by Peetetsal (1992) has been overcome by the appearance of
Epizootic Rabbit Enteropathy (ERE). This disease hacome the main cause of losses in
intensive rabbit farms: it is characteristic of pa®ganing period and can be described as a
severe form of mucoid enteropathy, complicateddnordary etiologic agents that, often, make
difficult to interpret the symptoms (Marliet al, 2003; Rosell, 2003). ERE first appeared in
1997 (Licois, 2004) and spread all over Europe engkly.

In acute cases, mortality occurs within the fivgb tdays, but diarrhoea and mucus are not
present. In this case, animals present caecal tiopaand, sometimes, abdominal bloating.
When the disease prolongs during more days, usliglyeeks, the animals may experience a
remission of symptoms, but remain weak and sudadept> new infections. The first symptoms
are a drastic reduction of food and water intakading to fast dehydration. Then, very liquid
diarrhoea and fluid mucus may appear, flowing aewegally transparent. Stomach and caecum
appear distended and tp#orus blocked. The stomach content may be liquid or cachpnd its
pH, in presence of ERE, very acid (Pérez de Retas, 2005). Generally, at necropsy, typical
lesions and inflammation process are not obserndd far this reason, it is better to refer to an
enteropathy rather than enteritis or enteroco{ltisois et al, 2005). Histological observations
also show major villus destruction and loss oflegliall cells both at ileum and jejunum (Licois
et al, 2005; Dewréet al, 2007; Chamorret al, 2010).

No etiological agent responsible for ERE is yetoggized and a multifactorial pattern is
generally considered the cause for its occurreiibe. agents identified as concurrent to the
disease are recognized among infectious causesalamuied diets, improper antibiotics
treatments and environmental conditions. The ingmae ofClostridium perfringendas been
demonstrated in the manifestation of ERE (Liceisal, 2003; Pérez de Rozas al, 2005;
Marlier et al, 2006; Szalet al, 2007; Carabafiet al, 2008, 2009; Romeret al, 2009), even

though the ERE occurrence and expression are uliffic be explained only by the presence of
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this pathogen. Basically, when ERE occurs, a dysbiois present and pathogens
over-proliferate. Over-proliferation of. perfringensresults in the production of nefro- and
epato-toxins that could explain the characterisiimptoms of ERE (Peréz de Rozetsal,
2005).

The main solution to ERE is the use of antibiotibsf the European rules limit the
possibility of using them in preventive treatmeriforeover, due to the fast evolution of the
disease, once ERE occurs and is recognized, tihaptgic use of antibiotics may often not be
applied on time to control economic losses (Xicagit@l, 2008). In addition, the cost of the
therapy has an important impact in rabbit produrctosts.

Rearing conditions may favour digestive diseasH#scting the stress level of the animal
for management (e.g., early weaning, intensivehmgt of breeding, high rearing density) and
environmental conditions (e.g., temperature, hutpidjas concentration, air speed). On the
other hand, also nutrition plays an important rioléhe development and activity of microbial
flora, offering a different substrate to bactenahe terminal ileum and caecum (Gidemtel,
2003).

The intestinal barrier

The saprophyte intestinal bacteria and the defensmechanisms of the animal may
prevent or reduce the development of pathogengtendppearance of digestive diseases. Such
defensive mechanisms are present in the rabbiaf@éoet al, 2005, 2006) like in other species
(swine and poultry) including humans. Feeding stjes may favour mechanisms of
competitive exclusion among the bacteria as welp@asnote the development of intestinal
barrier mechanisms.

The competitive exclusion permits a non pathogestisg to predominate over pathogens
and may be achieved by different ways. In facttdré develop differently according to the type
of substrate; they have a different capacity oboaing the mucosa; some substances of the
bacteria metabolism (short chain fatty acids, sufighacid, non-conjugated biliary acids and
bacteriostatics) may inhibit the development okotbathogenic species (Hampsairal, 2001).

The intestinal barrier plays a fundamental role nvttee pathogen is already present at a
gut level. The defensive mechanism of the barrgdies on limiting the colonization of the
mucosa and the translocation of bacteria and tiogins through the mucosa, whereas most
pathogens of gut must come into contact with theasa to express their activity.

The intestinal barrier starts to work at level bé tumen by means of acidification and

protecting the epithelium thanks to a mucus layedpced by the Goblet cells.
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Once the protection of mucus is overhauled by mghse and the pathogens reach the
intestinal mucosa, then the gut associated lymplisglie (GALT) is activated. Firstly, a
non-specific activation provokes transitory inflaamory processes; then, specific
immunoglobulin is synthesized.

The conditions of the intestinal mucosa bias bboth pathogen bacteria attacks both the
digestive functions that is nutrient digestion, @bance, and metabolism. In young animals,
including rabbits, the immaturity of the intestimalicosa and the damages to mucosa provoked
by the change of diet (from liquid to solid oneg dhe reasons for which animals are more
sensible to digestive diseases. Presently, feestiagegies are recognized to play an important
role in preventing damages to mucosa as well asufavg mechanisms to repair the mucosa, by
supplying the necessary nutrients.

How diet composition may control digestive disordes in rabbit

Role of starch

Starch is largely used in rabbit feeding to prowetergy to both growing and reproducing
rabbits. The optimal content of starch in dietsvi@aning rabbits ranges from 10% to 15% while
may overpass 15% in the last phases of fatteniegBlas and Mateos, 2010).

The use of high-starch diets is associated withafipearance of digestive disorders during
weaning and post-weaning since long time (Blas @renne, 2010). This opinion is based on
the theory of Cheeke (1987), according to whichhstarch low-fibre diets may provoke an
excessive flux of starch at caecum. In young arspthle low gut amylase activity favours this
trend. At caecum, starch is fermented by amiloligacteria, VFAs production quickly increases
and pH (5.0-5.5) decreases. These conditions stiawtdir Clostridium spiroformeproliferation
and the excess of glucose is used to produce ariket toxin, which causes enteritis and
diarrhoea.

In the last decades, the spread of epizootic rabtigropathy (ERE) and the remarkable
impact on mortality have highlighted the negatigkerof starch on the health status of rabbits,
not only in the post-weaning, but also in the perad fattening and finishing (Gidenne and
Licois, 2005). As consequence of the reductiontafchk level in feed and the decreased of
energy concentration in diets, the total efficiemogex of production in rabbit farms impaired
(Maertens, 2009).

There is a wide bibliography relative to the effeof starch on the performance of young
rabbits and their health status even if the retstigp between starch level and mortality is not

fully demonstrated. Rather it was highlighted tleg kole of the relationship between the starch
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and insoluble fibre level (Blas and Gidenne, 2010h the same time, the study of this
relationship is often complex due to the difficultyseparate the effect of main nutrients (starch,
soluble and insoluble fibre fractions) that chasmeultaneously in the experimental diets.

According to Gutiérrezt al. (2002), performance improved and mortality decezdais
young rabbits weaned at 25 days feed with dieth @#.6% DM of starch and 33.6% DM of
NDF compared to rabbits fed diets with 16.8% DMstairch and 40.6% DM of NDF. Debray
al. (2002) observed higher feed intake (+13%) ardrliveight at weaning (+6%) and lower
mortality (0.8%vs. 5.2%) in young rabbits from 25 to 32 days fed at dvith 17% starch
compared to rabbits fed a diet with 14% starch.

In presence of ERE, an increasing of mortality odwjng rabbits was observed when
starch levels (12%, 15% and 18%) and starch to A&tf® (0.71, 0.88 and 1.16) increased
(Carraroet al.,2007). On the contrary, in the absence of EREvaitid similar diets, the health
status was not influenced (Xiccawt al, 2002). Also Trocinoet al (2011) did not find
significant effects on health of animals fed witietd characterized by a starch to ADF ratio
varying from 0.26 to 0.76.

At caecum, high-starch low-fibre diets increasettaie and valerate production rather
than acetate (Parigi Biet al, 1990; Gidenne and Bellier, 2000; Nicodenetigl, 2003 e 2004,
Blas and Gidenne, 2010). The studies about thetsfigf starch and its ratio with other fibre
fractions on gut mucosa traits are limited andawotsistent among them (Gutiérreizal, 2002,
Carraroet al, 2007; Alvarezt al, 2007).

Role of fibre
Definition of fibre and analytical methods for determination

The term “dietary fibre” derived from human nuwiti and extended to all mammals.
Initially the definition of dietary fibre only refeed to hemicelluloses, cellulose and lignin; later
it was extended to the structural framework of phent cell walls that resists to hydrolysis by
human digestive enzymes (Trowell, 1972, 1978). d-iisr indigestible in all animals, because
their enzymes are not able to break the bonds lggaocharides of cell wall. Only the intestinal
microorganisms can degrade the fibre to a diffeexént depending on the chemical structure
of fibre fractions and make it available to theamigm.

Chemically, fibre is the structural part of vegetable cells (celllsyaand is formed of
cellulose micro fibrils (the backbone) embeddedaimatrix composed of a lignin network
(phenyl propane units) which cements other matakygaccharides (plus some glycoprotein),

such as hemicelluloses (arabinoxylans, xyloglucams) pectins (Gidenne, 2003). Therefore,
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fibre includes many different chemical constituesitsegetal origin which have different effects

and roles on digestive physiology and differentitive values (Figure 2).

Resistant starch

Oligosaccharides
Cell content
Fructans

Mannans-Galactomannans

Dietary fibre Pectic substances NDSFP?
Glucomannans-Galactoglucomannans
B-glucans

NSH

Hemicelluloses

Cell wall Arabinoxylans
Arabinogalactans
Xyloglucans

NDF
Cellulose

ADF4

Lignin ‘ADL
5

INon-starch polysaccaridedleutral detergent soluble fibre.
3Neutral detergent fibréAcid detergent fibre®Acid detergent lignin.

Figure 2. Major constituents of dietary fibre (Hall, 2003;Giaet al, 2009).

Lignin is the only non-saccharidic polymer of the cellllwvand is made up of three
monolignol monomers, methoxylated to various degreecoumaryl alcohol, coniferyl alcohol,
and sinapyl alcohol. Lignin networks tend to fixetbther polymers in place, exclude water and
make the cell wall more rigid and resistant agau@sious agents, such as bacterial enzymes.
Cellulose is the most abundant structural polysaccharidehef plant cell walls and is a
homopolymer formed from linear chainsfji-4] linked D-glucose units. Cellulose is soluble in
strong acid solutions (i.e., 72% sulphuric acit§emicellulosesare a group of several
polysaccharides with a lower degree of polymermathan cellulose. They haveB|-4] linked
backbone of xylose, mannose or glucose residu¢xéimform extensive hydrogen bonds with
cellulose. Pectic substancesorrespond to several classes of polymers, incgidpectins
(rhamnogalacturonan backbone and side chains diinmse and galactose) and neutral
polysaccharides (arabinans, galactans, arabindgakc Pectins of the middle lamellae serve as
an adhesive in plant tissue, cementing plant ¢tefisther. Beet pulp and citrus pulp are among
the richest sources of pectins (until 25% in bedp$).

Several methods are available for analyzing theeoination of fibre and fibre fractions,
but the chemicals effectively separated by eachatemay include constituents with different

roles in digestive physiology (Mertens, 2003; UdZ005).
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The Weende method (AOAC, 1980) measures the “cfibde’ gravimetrically by means
of acid and basic sequential alkaline hydrolysestsmicelluloses and pectins are not included.
It measures a variable quote of structural compswidglant cells (30-100% cellulose, 16-90%
lignin and 14-20% pentosanes, depending on thematerials).

The Van Soest method (Robertson and Van Soest,) 19¥8farates different insoluble
fibrous fractions. The samples are firstly treatgth a solution at neutral pH that solubilises the
cell contents, thus resulting in a residue namedrakdetergent fiber (NDF). The NDF residue
consists of hemicelluloses, cellulose, lignin amdoluble ash, but it includes also pectins
insoluble in water. The sample or the NDF residodhe sequential method) is treated with an
acid solution. The ADF residue includes celluldggnin and insoluble ash. The ADF residue
thus obtained is treated with a strong acid satufsulphuric acid 72%), which dissolves the
cellulose and leaves the residue which is repredemtainly by lignin (acid detergent lignin,
ADL, and insoluble ash, AIA). The hemicellulosesntamt is calculated by the difference
between NDF and ADF, whereas the cellulose conteobtained by the difference between
ADF and ADL.

The enzymatic-gravimetric analysis developed byr&and Brillouet (1989) allows
extracting the water-insoluble cell walls (WICW)hieh includes NDF and insoluble pectins.

On the base of their role in physiology of rumirsaaind monogastric herbivores, the
different fibre fractions may be measured in aaitght way and classified as insoluble or soluble
dietary fibre (Mertens, 2003; Hall, 2003). Accomgliio Mertens (2003) “the appropriate
physiological definition for selecting insolubleethry fibre methods may be as follows: the
organic fraction of the diet that is indigestible slowly digesting and occupies space in the
gastrointestinal tract”. The indigestible part ddré is constituted mainly by lignin and slowly
digesting organic matter (especially cellulose &edicelluloses), whereas rapidly fermenting
polysaccharides of plant cell walls (such as psgtiand soluble polysaccharides (such as
fructans and gums) are excluded.

There is a wide agreement that insoluble fibre sasured by NDF residue (Mertens,
2003), whereas there is still some uncertainty abimei best method to measure soluble dietary
fibre (Hall, 2003), especially when speaking abmainbits (Gidennet al, 2010).

In the last years, new procedures have been prdgosgeterminate the total dietary fibre
(TDF) and the insoluble dietary fibre (IDF), by dtment with a-amylase, protease and
aminoglucosidase (Methods AOAC 991.43, 32-07, 32985.29, 32-05). The TDF corresponds
to the sum of soluble and insoluble non-starch geatgharides (pectins afiehlucans included)

and lignin. The soluble dietary fibre (SDF), compd®f soluble pectins, pentosafisylucans
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and other hydrocolloids, is obtained as the difieeebetween TDF and IDF. On the other hand,
soluble dietary fibre may be measured as the éiffez between total dietary fibre and NDF after
correction for protein and ash residues (Van Seesal, 1991). This soluble fibre residue

includes fructans, galactans, pectins, pagiucans.

Fibre in rabbit nutrition

With specific reference to the rabbit, this anirhak a specific requirement for dietary
fibre which regulates its digestive physiology mtkthan supplying nutrients or energy (Gidenne
et al, 2010). A well balanced fibre supply should stiate intestinal peristalsis, maintain
digestive transit, ensure caecotrophy and reguiééstinal microflora composition with the final
effect of reducing the incidence of digestive tdegband diseases (Lebas, 1989; Blas and
Gidenne, 1998; De Blas and Mateos, 1998).

During the post-weaning period, minimum supplies5& ADL and 16-17% ADF are
recommended (Gidenne and Garcia, 2006) (Table @jeL levels of insoluble fibre would
increase the transit time of digesta and the feethpnence in the intestinal tract, thus favouring
the protein fermentation, increasing caecakHd pH and favouring dysbiosis (Gidenne, 1996;
Bennegadet al, 2000).

On the other hand, already Morissé al. (1985) evidenced that an excess of fibre
associated with a lack of fermentable substancesldvpromote the development of a
pathogenic microflora in caecum, especi&bcherichia coli In these conditions, the utilization
of protein as an energy source increases caecall®lidls and pH (>7), thus favouring the
proliferation of enteropathogeniEscherichia coli Moreover, high levels of insoluble fibre
over-stimulate peristalsis and digesta transitiefoee reducing the time available for digestion
and thus the apparent faecal digestibility.

More recent studies outlined that, young rabbit&iad weaning have a limited capacity of
digesting high-fibrous diets rich in insoluble fiaos (Gidenneet al, 2004a, 2004b; Gidenne
and Licois, 2005). In rabbits weaned at 25 dayags, mortality due to ERE was lower with an
intermediate NDF supply (30%) rather than high (3&¥olow (25%) levels (Nicodemuet al,
2004). Besides improving health, the reduction ietady NDF (36-38% to 30-32%) improved
performance and feed efficiency (Gutiérmizal, 2002; Feugieet al, 2006). In fact, soluble
fibrous carbohydrates (fructans, galactafisglucans, pectic substances) are more easily
fermentable (Marounegt al, 1995; Lavrencic, 2007) and could favour the i@ health even
in young rabbits by promoting the proliferation loéneficial microbiota and improving the

competitive exclusion with pathogens (Carabafial, 2008).
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Table 3. Fibre and starch requirements (as fed correcteddxy matter content of 90%) for the

young rabbit after weaning to prevent digestivelittes (Gidenne and Garcia, 2006).

INRA® upm*

Unit’ Post weaning Growing Post weaning Growing

(28-42 d old) (42-70 d old) (25-39 d old) (39-70d old)
NDF >31.0 >27.0 30.@NDF<36.0 32.8NDF<35.0
ADF >19.0 =17.0 - 16.cNDF<18.5
ADL =255 =5.0 - =55
ADF-ADL (cellulose) >13.0 >11.0 - -
Lignin/cellulose >0.40 >0.40 - -
NDF-ADF (hemicelluloses) >12.0 >10.0 - -
DF'/ADF <1.3 <1.3 - -
Soluble fibre (NDSB - - 12.0 -
Particles > 0.3 mm - - - >21.0
Starch - - <20.0 14 .5<starch<17.5

!Digestible fibre fraction = [hemicelluloses (NEADF)+waterinsoluble pectins]?According to Hallet al. (1997).

*INRA, Institut National Recherche AgronomiqdelPM, Universidad Politécnica de Madrid.

The relationships between the levels of solubleefilnd other nutrients (insoluble fibre
and starch) are not yet clear and the effects aftthand performance are not fully elucidated.

Gidenne (2003) used the concept of digestible fikaetion (DF) that corresponds to the
sums of hemicelluloses (NDF-ADF) and water insaubéctins. This author stated that a DF to
ADF ratio higher than 1.3 with ADF>15% should b@@ed in order to reduce risks of digestive
pathologies and mortality in the fattening peridélifle 3). However later studies showed that
mortality and morbidity, for ERE or other digestidiseases, may be reduced with a decrease of
insoluble fibre content and the increase of soldibious fractions (Gomez-Cond al, 2007,
Xiccatoet al, 2007). Gomez-Condet al. (2007) found also a reduction in cae€alperfringens
and other opportunistic pathogens as well as aedserin mortality by ERE when increasing the
level of soluble fibre in starter diets. The in@eaf soluble fibre at the expenses of insoluble
fibre in diets for growing rabbits also improvececal environment, increasing VFA production
and decreasing caecal pH (Garefal, 2002; Trocincet al, 2011). Some authors also found a
positive effect of soluble fibre on gut mucosa (ddezet al, 2007; Gémez-Condet al, 2007),
which however was not confirmed in other studieg¢Xtoet al, 2008; Trocincet al, 2010 and
2011; Xiccatcet al, 2010).

Increasing soluble fibre in replacement of insadubbre is associated with higher diet
digestibility and energy value (Trociret al, 1999, 2010, 2011; Falcado-e-Curdtaal, 2004),
both depending on the higher amount of more digiegtermentable fibre fractions, as well as
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on the increased digestibility of all fibre fragi® (Carabafcet al, 1997). In terms of
performance, daily weight gain during the post-wegrperiod may be stimulated (Trocimb
al., 2011), due to the high digestive utilization iiré fractions in the young rabbits (Marounek
et al, 1995).

The positive effect of soluble fibre on health abbits is even more pronounced when its
increase is obtained at the expenses of starchnaisd-fibrous diets (Jehl and Gidenne, 1996;
Perezet al, 2000; Soleet al, 2004; Xiccatcet al, 2008). In this case, also caecal environment
improves with lower pH, higher VFA and lower N-ammie production (Jehl and Gidenne,
1996; Gidenne and Bellier, 2000; Xiccatal, 2008).

In iso-ADF diets, the substitution of starch wittluble fibre does not usually change DM
and energy digestibility of diets, despite the theit it often improves the digestive utilizatioh o
fibre fractions (Gidenne and Jehl, 1996; Gidenng Ballier, 2000; Gidenne and Perez, 2000;
Xiccatoet al, 2010; Trocincet al, 2011). As a consequence, diets have similartiugtrvalues
and insoluble fibre (NDF and/or ADF) concentratiamsich explains the absence of effects of
the soluble fibre to starch ratio on feed intakd growth rate (Xiccato and Trocino, 2010b).

At slaughtering, rabbits fed with a higher solubtee level display heavier slaughter and
therefore carcass weights. Rabbits also have ahiglit proportion if they are fed with diets
containing high levels of soluble fibre and withdeivariations in levels of insoluble fibre (NDF,
ADF) and starch (Garciet al, 1993; Carabafiet al, 1997; Falcdo-e-Cunkhat al, 2004).

Role of protein

Proteins are essential quaternary constituentdi ahamal and plant cells. They are made
up of amino acids linked together by peptide botmd$orm polypeptide chains and carry out
various functions in the organism, mainly as muscuissue, but also as intracellular and
circulating bioactive molecules, e.g., biologicatalysts, transporters (intracellular, extracefula
and membrane), receptors, regulators of gene esipreas well as polypeptide hormones.

Unlike microorganism and plants, where the synthesfi amino acids occurs from
inorganic nitrogen and carbohydrates, animals ateable to synthesize all amino acids and
therefore necessarily obtain them with diet.

In rabbit the dietary requirements in proteins amaino acids change with the age and
physiological status of animal; they are highetha first period of growth and lower in later
periods, and they are higher in reproducing tharreroducing adults. In addition, the protein
level necessary to satisfy the needs of the raiblsihges with the amino acid profile of diet, the

digestibility of the protein and the level of ingjes.
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Protein and amino acids supply through caecotraphonly 15-20% of the total need in
rabbits reared in intensive systems (De Blas anted4a 2010) and the diet must provide the
majority of protein and amino acids. Moreover, coancral diets must be supplemented with
synthetic amino acids taking into account the déifiees in digestibility of synthetic amino acids
and those provided by raw materials. In genera, digestibility of synthetic amino acids is
about 30% higher than the amino acids made frouisteés (De Blas and Mateos, 2010).

The protein requirements correspond to about 15-&6%sude protein (CP) or 10.5-11%
of digestible protein (DP). In growing rabbits thetimum DP to DE ratio is between 10.5-11.0
g/MJ (De Blas and Mateos, 2010; Xiccato and Trock@ii0a), which corresponds to 19-20 g of
CP intake or 12-14 g of DP per day. This quantftprotein intake per day permits to maximize
the growth of animal.

De Blas and Mateos (2010) recommended levels ahdysf 0.76—0.80% total lysine
(0.60-0.64% digestible lysine) and a minimum leafed.54% of total sulphur-containing amino
acids (0.40% of digestible aminoacids) to obtaiecagte productivity in growing rabbits, feed
efficiency and carcass traits.

When the requirements of the main limiting amindadsc(lysine, methionine and
threonine) are satisfied, the protein level of thets could decrease until 14-15% without
negative effects on animal performance (Troahal, 2000 and 2011, Garcia-Palomaetsl,
2006a, 2006b). Only when food consumption is Ibas 113.8%, daily growth is penalized (-9%)
for the whole fattening period (Maerteesal, 1997). In the post-weaning period, however, the
growth performance of rabbits weaned at 25 daysdieeet al, 2006) or 35 days (Trocinet
al., 2000) is reduced when the dietary protein leeerdases to 15.0% and 14.4%, respectively.

The protein that reaches caecum is partially ofadyeorigin and partially of endogenous
origin (digestive enzymes, mucoproteins, desquamatells, urea). The contribution of the
endogenous N at the total ileal flux is variabtenay reach 64%, depending on the intake of dry
matter, the content and characteristics of diefiang and the presence of anti-nutritional factors
that may damage the intestinal mucosa and incteasiéeal flux of endogenous protein (Garcia
et al., 1995; Gutiérrezet al., 2000, 2003; Garcia-Ruiet al., 2005; Llorenteet al., 2006;
Carabaricet al., 2008, 2009). The protein fermented by microflasaconverted to ammonia,
which represents the major N source for the symhaeddacterial protein.

As what concerns the relationships between proéx@l and rabbit health status, the lack
(<12%) or excess of CP (>18%) may favour the presesf digestive troubles and increase
mortality, by modifying the caecal fermentativeiaty and the composition of the microflora
(Maertens and De Groote, 1988; Lebas, 1989; Cacabarfal, 2008, 2009). All microbial
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populations benefit from the protein availability eaecal level for their development and
proliferation, but some species. (coli andClostridia) seem to be particularly advantaged under
conditions of protein disequilibrium, in particulmom the excesses. In fact, reducing dietary CP
from 18% to 16% significantly decreased the presaiclostridium perfringengand mortality
due to ERE (Xiccatet al, 2006; Chamorret al, 2007), whereas further reduction from 16% to
14% CP was not effective on mortality but reducedalt anaerobic bacteria at ileum
(Garcia-Palomarest al.,2006a; Carabafet al.,2009). On the other hand, Feugitral. (2006)

did not observe any significant effect of decregdgiiretary CP from 21% to 15% on digestive
status of early weaned rabbits.

Few data exist on the effect of the protein level aource on intestinal mucosa in rabbit.
Neither the level of dietary protein (Chamoeatoal, 2007), nor the integration of specific amino
acid (arginine and glutammic acid) (Chamorev al, 2010) were able to promote the
gastro-intestinal integrity or influence positivethe intestinal mucosa in weaned rabbits.
Trocinoet al. (2011) observed a reduction in the crypts deptralobits fed with higher protein
levels, which could be related to a reduced regeiver capability of mucosa and, therefore, a

higher susceptibility to enteric disease.

Feeding system to control digestive disorders in gwing rabbit: ad libitum vs. feed
restriction

Monogastrics reared for productive purposes, ligalgpy, pigs and including rabbits, are
fed with diets and systems aimed at maximising leaohy mass and optimizing feed conversion
ratio. Continuous genetic selection and remarkgdknological innovations largely contributes
to these goals so that animals have been seleateal fery fast growth especially in the first
period, which however have brought about numbeproblems, namely increased body fat
deposition, high incidence of metabolic disordersl askeletal diseases and high mortality
(Tamovaet al, 2002; Dazat al, 2003; Cerolini, 2008).

To control and prevent some of these problems, festtiction programs are used in
different species, especially in the early periddoeeding. With these programs, growth is
controlled and limited during the restriction peribut the compensatory growth during the
following period of re-alimentation allow animals tecovery productive performance at the end
of the rearing period.

In commercial rabbit farms, feed restriction iggkelly used for reproducing bucks and not
pregnant and not lactating does to avoid an exgegattening and a consequent impairment of

reproductive performance. Differently, pregnant dadtating does and growing rabbits are
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usually fedad libitum Growing rabbits for meat production should be &t libitum from
weaning to slaughter in order to maximize live vrtigain and final weight (Maertens, 1992,
2009; Villamide and Maertens, 2010). In these comal, the voluntary DE intake is utilized for
maintenance (45%) and growth (55%) and the overatgy efficiency (retained body energy to
DE intake ratio) is maximized (Xiccato and Trocirag®10a). When DE intake decreases, body
energy retention and overall energy efficiency dases, because of the reduction of energy
available for growth. However, in field conditiorssmoderate feed restriction may be used with
some advantages on global farm efficiency because:

* itincreases diet utilization;

* it modifies the partition of body energy retentesprotein instead of fat;

it could reduce mortality and morbidity due to ditiee problems.

In fact, recently, feed restriction has become mroon technique also in growing rabbits.
First studies on feed restriction were conducteeMaluate the effect on productive performance,
carcass and meat quality. Then, feed restrictios wsed to improve feed efficiency and
standardise growth curve in animals with differeoluntary feed intake (Ouhayow al, 1986;
Ouhayoun, 1989; Cavasat al, 1991). From the end of the ‘90s, feed restrichias been used in
the post-weaning period to control the mortalitg da digestive disorders. Positive effects were
outlined since the occurrence and diffusion of EBdEh in terms of a better control of the
disease and improvement of the global feed cormer@aertens, 1992; Gidenme al, 2003;
Tudela, 2008).

When restricting feed, however, the lower energgka modifies the body composition,
since both energy and fat retention decreasesgiF&iri and Xiccato (1986, 1998) calculated
that the rabbit that does not eat is losing 12diagkg LW, whereas an intake of 273 kJ
DE/day/kg LW "°is necessary to maintain its weight. At this egéngake levels, the body loses
energy since body fat is replaced by water. Wheergn intake reaches the maintenance
requirements (425 kJ/day/kg L%P), the body energy balance is in equilibrium sitiee gain of
energy, as retained protein, is equivalent to dlss bf energy as body fat (Xiccato, 1999).

In the field, rabbits may be restricted accordingdifferent feeding plans and with
different systems, directly (by reducing the supplydiets) or indirectly (by reducing the
availability of water), depending on the type oétdilistribution (manual or mechanical) and on
the personnel availability.

Rather complex feed restriction plans were propdsgdPerrier and Ouhayoun (1996)
which compared three methods to restrict rabbi80&b (on average) of the voluntary intake and

with different feeding plans: 80% during the wheperimental period (35-77 days of age)
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(group 80-80); restriction at 70% from 35 to 56 sland restriction at 90% thereafter until

slaughtering (group 70-90); restriction at 90% fr8Bto 56 days and at 70% in the following
period (group 90-70). The best daily growth ratd teed efficiency were recorded for the group
70-90. The higher energy availability during thecas®l period reduced slaughter dressing
percentage, increased muscle to bone ratio andadidffect the fattening condition of carcasses
compared to the 90-70. Also final pH of meat chahgéh the restriction method, which could

imply also changes in technological and sensorigbgrties of meat.

To evaluate the effect of the re-alimentation gystBerrier (1998) restricted at two levels
(70% or 50% of voluntary intake) during the firsripd of growth (from weaning at 35 days
until 56 days of age) and left all rabb#d libitum during the fattening period. Notwithstanding
the compensatory growth of the last period, featriction during post-weaning decreased final
live weight, dressing percentage and carcass fa2by and 25% in the groups restricted at the
two levels compared to rabbits fad libitum

In other studies, feed restriction was achievedifojting the access to the diet during
some hours a day or some days a week (Cataali, 1991; Castell6 and Gurri, 1992; Jérbate
al., 1998). Generally speaking, reducing the total amh@f ingested feed significantly affects
weight gain and carcass traits, whereas limitirggabcess to feeders during some hours per day
or administering the quantity of feed correspondmghe voluntary feed intake in two or more
times have no significant effect (Cavaeti al, 1991). A latter study, however, observed a
reduced fattening state when limiting the accesfe#unlers during 16 hours per day, even if
neither daily growth nor slaughter dressing pemgatchanged (Jéroreeal, 1998).

During the last 10 years, the appearance and thesidin of epizootic rabbit enteropathy
increased the use of feed restriction in commefalahs in view of controlling the economical
impact of the illness. Among most significant segdto this regards, Gideneeal. (2003) must
be mentioned: restricting feed distribution (90%%8 70% and 60% of voluntary feed intake)
during the first period of growth from weaning urd#4 days of age significantly reduced live
weight of rabbits at the end of the trial, dailyigig gain and feed intake in all experimental
groups. During the second period of re-alimentatiod until commercial slaughter (70 days of
age), rabbits previously restricted at 90% recaveveight and performance, while other groups
showed significantly lower live weight and weighdig compared to rabbits fead libitum
(Table 4).
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Table 4. Effect of feed restriction from weaning (54 d) amguctive performance in re-feeding
period (from 54 d to slaughter) (Gideneteal, 2003).

ad libitum 90% 80% 70% 60%
Weight at 54 days, g 1799 1692 1624 1540 143F
Weight at slaughter, g 24%8 242" 2373° 2340 2279
Weight gain, g/d 462 49.7 51.1¢ 54.6° 58.4
Feed intake, g/d 136 135 130 131 128
Feed conversion 2.93 2.60° 2.43 2.32¢ 2.02

abedMeans having a common superscript are both diffeaethe level P=0.05

During the period of feed restriction, daily weiglsin decreased by 0.5 g/d per each
percentage point of rationing (% RL) in comparistan the ad libitum group. Thanks to
compensatory growth, final weight and daily weiglain from weaning to slaughter were less
affected (-0.13 g/d per each % RL), but always hegly correlated with the restriction level
(Gidenneet al, 2003; Tudela, 2008).

According to Tudela (2008), the most interestingute however, was the significant
improvement of feed conversion ratio. This lattesult may be irrelevant from an economic
point of view especially when rabbits are slaugtdeat heavy weights. In fact, feed conversion
ratio improved only by 0.08 and 0.15 with feed mietbn of 90% and 80% of voluntary intake
and the advantage is likely annulled by the longgniod of growth needed to reach a similar
final weight.

According to Gidennest al. (2003), in the first period of rearing feed redidn at and
below 80% of voluntary intake significantly reducéte mortality during the same period
(10.2% and 14.2% in control and 90% groups, an#5%54% and 2.8% in 80%, 70% and 60%
groups, P<0.001), whereas morbidity decreased atréynd below 70% of voluntary feed intake.
A residual, even if less relevant, effect is siflserved when the mortality during the whole trial
is considered (15.9%, 19.2%, 12.4%, 15.0% and 1,1F326.05).

The results of a further study in which rabbits evexperimentally infected for ERE
support the findings of the French researchersoarithe a positive effect of feed restriction on
the diffusion of digestive diseases (Boigttal, 2003). To make easy the management of feed
restriction, the same French authors proposed aessful restriction of water to restrict
indirectly also feed (Boisadt al, 2005; Foubergt al, 2008).

More recent studies proved that feed restricti@spite impairing performance, (Gidenne
and Feugier, 2009; Gideneg al, 2009), reduced mortality during the period otnieson from
10.2% to 5.5% (P>0.001) at 80% of voluntary intakel morbidity from 12.4% to 5.4% from
70% of voluntary intake and compared to rabbits dddlibitum (Gidenneet al, 2009). The
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positive effect of health was maintained also wtienwhole experimental period was taken into
account.

Therefore, the feeding level should be reducedeastl by 20% and 30% compared to
voluntary intake to obtain a significant reductioh mortality and morbidity, respectively
(Gidenneet al, 2009). However, especially below certain le\gl80% of voluntary intake),
feed restriction may stress rabbits and reduce Wedfare and, as a consequence, should be used
with prudence, especially when overlapping witheotstressful events (Boveeh al, 2008). On
the other hand, other authors did not measure iiygosffect of feed restriction (direct on diet
or indirect on water) on animal health (Gualtezical, 2008; Maticset al, 2008), but rather a
negative effect (Boverat al, 2008). Differences in the restriction levelsthe type of nutrients
which intake was restricted, in the type of farmswhich trials were performed (commercial or
experimental) and in the environmental conditioresymartly explain the differences in results
obtained by the different authors.

Some authors (Szeridet al, 2008; Metzgeet al, 2009) restricted only the amount of
ingested DE at the same levels of ingestion forotiher nutrients and found a positive effect of
feed restriction on mortality which decreased 5% to 28.1% to 4.8% (P<0.05) in rabbits
fed ad libitumor restricted at 90% and 80% of voluntary DE ietakowever, final live weight
and daily growth rates significantly decreased &hied conversion improved. Slaughter
dressing percentage did not change, whereas hinddeelopment was reduced, water content
and final pH of meat increased, and cooking loseeseased; colour indexes (lightness, red and
yellow indexes) changed as well as the fatty apirddile of the meat fat, in terms of decreasing
amount of saturated and monounsaturated fatty atidsncreased incidence of polyunsaturated
fatty acids (Metzgeet al, 2009).

Moreover, feed restriction implies notable chanigefeeding behaviour of rabbits (also of
caecotrophy) both in the restriction period andtloa re-alimentation period. During this latter
one, the rabbit has now at its disposal the didtitimcreases sharply the ingestion level before
reaching stable and lower values. Besides, aftdilsting, feeding levels during re-alimentation
are lower than what may be expected on the basengpensatory growth (Gideneeal, 2011),
which maintain a favourable conversion index atsthe same period of re-alimentation.

The changes in feeding behaviour during restrictimy affect digestive physiology, with
consequences on gastric traits and, especiallyaecal content fermentations and microbiota
composition. The studies available until now howelvave not yet evidenced changes in the
caecal fermentative activity in terms of pH, N-ammao total production of volatile fatty acids

and their proportion or fibrolytic bacterial actii(Gidenne and Feugier, 2009). Besides, despite
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feed restriction immediately weaning could impairt gnaturation, no effect was recorded on
villi height and crypth depths or digestive enzymsecretion of rabbits restricted (75% of
voluntary intake) during post-weaning (28-53 daysage) (Martignonet al, 2010). As a last
point, feed restriction reduces the transit spefedigesta in the gut and may improve faecal
digestibility both during the restriction and the-alimentation period (Gidenne and Feugier,
2009; Gidennet al, 2011).

According to Gidenneet al (2011), feeding systems based on restriction nduri
post-weaning are largely applied in France (95%anhmercial intensive systems) with positive
results on the reduction of digestive troubles andeed efficiency. In Spain, the recent results
published by Romeret al (2010) point out a sharp impairment of growth &eld conversion
after 2 weeks (35-49 days of age) of feed resbnc{B0% of voluntary intake), which arise the
question whether this strategy is economically emment in the Spanish system, in which the
slaughter weight is the lowest (2.0-2.3 kg) and tagening period the shortest (60-65 d)
compared to the other main producers. In Italyadat feed restriction in growing rabbits are
rather outdated, referred to genetic types witlwstogrowth rates compared to the current
commercial hybrids and to a sanitary situation Mo ERE was not yet present and digestive

diseases easily controlled.
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Objectives

Objectives

The general objective of the present thesis wadéhelopment of nutritional strategies for
improving feed efficiency and health status of graywabbits. This goal was pursued by means
of experimental activities with the specific objees ofi) defining requirements of soluble fibre
in relation to dietary insoluble fibre and starchrabbits during post-weaning and fattening
(experiments 1 and 2j)i) measuring the effect of the rate and duratiorfegfd restriction
compared to aad libitumfeeding, in order to outline the most effectivetrietion technique to
maximize performance and control digestive probleimsgrowing and fattening rabbits
(experiments 3 and 4).

The specific objectives have been pursued throlghrésearch activities in the four
experiments of the doctoral thesis as summarizknhbe

Experiment 1. Effect of increasing soluble fibre and starch aeducing protein in diets
for growing rabbits. The effect increasing soluble fibre (18%-20%-22%hd starch
(10%-14%-18%) at the expenses of insoluble fibiek @reducing dietary crude protein (17% to
15%) was evaluated on health, performance, caecalehtative activity, gut mucosa traits,
nitrogen excretion and carcass and meat qualigy@#&ing rabbits.

Experiment 2. Effect of dietary energy supply and protein levehealth and efficiency of
growing rabbits.The effect of the administration of diets with neasing starch (from 14% to
20%) and soluble fibre (21% to 25%) levels and easing ADF supply (21% to 13%) at two
protein levels (14% and 15%) was assessed on heealttormance, caecal fermentative activity,
gut mucosa traits, nitrogen excretion and carcadsr@eat quality in growing rabbits.

Experiment 3. Effect of the level and duration of feed restriotia growing rabbitsThe
effect of the level (90% and 80%. ad libitum) and duration (2 or 3 weeks after weaning) of
feed restriction was measured on health, performacaecal fermentative activity, body tissue
balance and carcass and meat quality of growinigitsab

Experiment 4. Effect of feeding plan and feed restriction prograingrowing rabbits.The
use of feeding plans based on diets at moderasstitip energy concentration (10.7 MJ/kg) or
high digestible energy concentration (11.1 MJ/kgpinty the whole productive cycle (A-A; B-B)
or in a sequence (B-A) was tested together withude or not of a progressive feed restriction
program which started from 80% afl libitum and linearly reachedd libitum level after 3
weeks in order to avoid sudden changes in fee@tantvel during re-alimentation. The effect of
the above mentioned feeding systems were evaluatedhealth, performance, caecal

fermentative activity, body tissue balance and asscand meat quality of growing rabbits.
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Research groups and international collaborations

The present doctoral thesis was developed at thpaireent of Animal Science of the
University of Padova, under the supervision of P@drolamo Xiccato.

Part of the thesis was realised in collaboratioti \®irof. Rosa Carabafio, Departamento de
Produccion Animal of the Politechnical University Madrid, where a three-month stage was
held.

The experimental activity was developed in fourdsts performed at the facilities of the
Farm of the University of Padova.

The analyses of samples collected during the tnedse performed at the laboratories of

the Italian and Spanish Departments.
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Experiment 1.
Effect of increasing soluble fibre and starch and

reducing protein in diets for growing rabbits

Introduction

Following the results of other groups in the wonkddely presented in the introduction
section, previous studies of the Padova team haga Hevoted to individuate dietary fibre and
protein levels in post-weaning and fattening rablwapable of reducing the occurrence and
severity of digestive problems and of limiting ogen excretion, guaranteeing however
guantitative and qualitative performance (Troogt@l, 2010 and 2011; Xiccatet al, 2011). To
this aim, different experimental diets charactatiz®y divergent ratios in soluble fibre (SF)
(pectins and hemicelluloses) and insoluble fibr®FAand NDF), as well as different starch and
protein concentrations have been tested. Maintsesbhbwed that:

* increasing the soluble to insoluble fibre ratiouvees sanitary risk at farm;

» soluble fibore may replace starch in view of preusntdigestive disorders and
allows to maintain a suitable dietary energy cotragion;

* reducing dietary protein, and as a consequencegeitr excretion, may be pursued
when suitable amino acidic supply is guaranteed @nodein to energy ratio is
maintained within a correct range;

» sunflower meal is a rather good protein sourcebbit feeding and may replace in
part or fully soybean meal, supplying at the same thigh insoluble fibre level,

* dehydrated alfalfa meal may be largely or totadlglaced in diets without negative
effects on performance of growing rabbits;

» dried beet pulps are an excellent source of soliilme, especially pectins, capable
of providing high energy supply and replacing ttadial fibrous raw materials,
besides starch sources.

When considering technical and economical aspddtsedifferent trials, the main factors
that can affect the farmer income, at fixed pri@s, mortality, morbidity and feed conversion.
On the contrary, the slaughterhouse holder paye mbention to the animal weight and dressing
out percentage. In this case, slaughtering at okgr and higher live weights could be
preferable. The early slaughtering of rabbits woaltbw improving feed conversion and

reducing nitrogen excretion.
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The present trial aimed to evaluate the effecihofaasing starch and soluble fibre at the
expenses of insoluble fibre and of reducing dietprgtein on health, performance, feed

conversion, nitrogen excretion, carcass and mealitgu

Materials and methods

Rearing conditions

The trial was realized in the experimental farnthe University of Padova in the period
October-November 2008. Extraction fans and autanedating system were used to control air

circulation, temperature and humidity in the buitgl{Figure 3).

Figure 3. Experimental facilities and equipments for aicalation and extraction fans.

Maximum temperature did not overcome 23°C and nmummiemperature averaged 14°C
(Figure 4). On average, minimum and maximum tentpegameasured 17° and 20°C,
respectively. The maximum relative humidity avexh@®&%, with a minimum value of 45% and
a peak of 90% (Figure 4). The minimum relative hditgiaveraged 65% and moved in the range

from 40% to 83%.
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Figure 4. Daily values of minimum and maximum temperaturel amnimum and maximum
relative humidity (RH) throughout the trial.

In the farm, both commercial cages for fattening arperimental cages for digestibility
(25 x 44 x 28 cm) in galvanized iron net (Figurevigre available. Both cages had movable
feeders for manual distribution of feeds, placetsioe of the cage and designed to avoid feed
waste, and drinkers. Digestibility cages had al dteéfle to separate urine from faeces and a
galvanized box with 3-mm net below the cage focésecollection (Figure 5).

Before the arrival of rabbits, the building was kepnpty for a long period (sanitary
period) and then submitted to a disinfectant andgitide treatment with enilconazole

(Clinafarm, Janssen—Cilag Animal Health, ColognonliZkese, Italy).

. i r \F'.lFF""H
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Figure 5. Experimental cages fam vivo digestibility trials and details of digestibilipages with
removable feeders and baskets for the faeces tioliec

Animals and experimental groups

The research was performed outside of the apphicadf D.L. 116/92 and was approved
by the Ethical Committee of the University of Padovihe animals were selected in a
commercial farm. At 36 days of age, 282 weaneditaldd both genders from a hybrid line
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(Grimaud Freéres, France) were selected from mutiygadoes (3-6 kindling) with healthy litters
and homogeneous kit weight.

The animals were transported to the experimentai fa an air-conditioned truck, inside
collective cages at low density (10 rabbits peregag reduce the transport stress at minimum
and they presented an optimal health status at #Hreival. The rabbits were immediately
weighted (951+31 g LW), put in individual cages adedntified by ear tags. The animals were
divided into six experimental groups of 47 unitsptogeneous in average weight and variability,
and fedad libitum with six diets formulated according to a 2 x 3tés@l arrangement, with
three (starch+soluble fibre) to ADF ratios (0.62 &nd 2.0) and two protein levels (15% and
17%), as shown in the following scheme:

Protein 15% Protein 17%
A = 0.6: (Starch10%+SF5%)/ADF22% Diet A15 Diet A17
B = 1.2: (Starch14%+SF7%)/ADF18% Diet B15 Diet B17
C = 2.0: (Starch18%+SF9%)/ADF14% Diet C15 Diet C17

Four diets (Al15, C15, A17 and C17) were formulaged produced at the feed industry.
Dilution technique was used to obtain two moredi&15 (0.5 of A15+0.5 of C15) and B17
(0.5 of A17+0.5 of C17). No antibiotic or drugs wegiven in feed or water, apart from
coccidiostat (Cycostat, Robenidine 66%).

The trial started the day after the arrival of #remals (at 37 days of age). Rabbits were
controlled for 42 days and until commercial slaegtdat 79 days of age. Rabbits were fed the
experimental diets from 36 days of age until slaeigh

Experimental diets

The formulation of the diets is presented in TableDiets were supplemented with
synthetic amino acids, micro- and macro-minerats\atamins to satisfy the nutritional needs of
growing rabbits (De Blas and Mateos, 2010). Alltslieere in pellets with 3.5 mm of diameter
and 1.0-1.1 cm of length.

The diets were formulated to present two protewele (15% and 17%). The dietary
protein level was increased by a higher inclusiate of soybean meal 48% CP and sunflower
meal 35% CP (+7/8 points) and barley (+4/5 poimatisjhe expenses of wheat bran inclusion
(-12/15 points). Within protein level, the dietepented increasing starch from 10% to 18% and
soluble fibre from 5% to 9%, with a correspondimgluction in ADF concentration (22% to
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14%). The contemporary increase of starch and bolilire at the expenses of ADF has been
obtained by the inclusion rate of beet pulp (+3{®), barley (+26/28 points) and protein meals
(+13/15 points) at the expenses of dehydratedfalfakal (-5/8 points) and wheat bran (-13/14

points).
Table 5.Ingredient composition (%) of experimental diets.
Diet A15 Diet C15 Diet A17 Diet C17
CP 15% CP 15% CP 17% CP 17%
Starch 10% Starch 18% Starch 10% Starch 18%
Soluble fibre 5% Soluble fibre 9% Soluble fibre 5% Soluble fibre 9%

ADF 22% ADF 14% ADF 22% ADF 14%
Dehydrated alfalfa meal 16% CP 63.30 5.00 60.00 05.5
Wheat bran 32.00 18.00 18.00 5.00
Barley meal 0.00 27.00 8.00 33.50
Dried beet pulp 0.00 30.00 0.00 30.00
Soybean meal 48% CP 0.00 10.00 4.60 15.50
Sunflower meal 35% CP 0.00 5.00 5.00 6.00
Soybean oil 1.50 1.00 1.00 0.50
Cane molasses 1.50 1.50 1.50 1.50
Calcium carbonate 0.00 0.63 0.00 0.38
Dicalcium phosphate 0.28 0.70 0.73 1.15
Sodium chloride 0.40 0.40 0.40 0.40
|_-|ysine HCI 0.30 0.10 0.10 0.00
DL-methionine 0.15 0.10 0.10 0.00
Vitamin-mineral premix* 0.47 0.47 0.47 0.47
Coccidiostat 0.10 0.10 0.10 0.10

“Supplementation per kg of feed: vit. A, 12.000 Ut; D3, 1.000 UI; vit. E acetate, 50 mg; vit. K8 mg; Biotin,
0.1 mg; Thiamine, 2 mg; Riboflavin, 4 mg; vit. BBmg; vit. B12, 0.1 mg; Niacin, 40 mg; Pantothesid, 12 mg;
Folic acid, 1 mg; Fe, 100 mg; Cu, 20 mg; Mn, 50 &g; 2 mg; I, 1 mg; Zn, 100 mg; Se, 0.1 mg.

The diets were largely different with aNDF from 276640% and ADL from a minimum
of 1.5% to a maximum of 5%. Soluble fibre rangessl&om 4.4% to 10.0% and hemicelluloses
from 13.9% to 16.6%. Starch level varied from 8.894.8.0%. As previewed when formulating
the diets, the diet B15 resulted to be suitableedwer nutritional requirements of fattening
rabbits and sufficiently safe, at least theorelycab control digestive problems: crude protein
level was in fact moderate in comparison with ussapplies around 16-16.5%, fibre was
intermediate and consistent with requirements Ifigr age of rabbits with ADF at 18%. The
starch level (13.4%) guaranteed a sufficient enstgply to growing rabbits. The diet A15 was
poorer from an energetic point of view, while di&t5 could be considered a challenge towards
digestive pathologies because of the limited suppipsoluble fibre (ADF, 13.8%; ADL, 1.8%)
and the relatively high level of starch (17.7%) lfaeet al, 1998; Gidenne and Garcia, 2006;
Blas and Gidenne, 2010). The higher protein conitemtiets A17, B17 and C17 should have
represented a further risk for the occurrence geslive disorders (Carabai@ al, 2008;
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Xiccatoet al, 2011). All diets showed DP/DE ratio equal orifagthan minimum recommended
values (10 g DP/MJ DE) for growing rabbits, whiletd A15 and B17, and especially diet A17
showed a high DP/DE ratio (>12 g PD/MJ ED) whiclswlaeoretically at risk for the occurrence

of enteric diseases in post-weaning and growingitslfTable 6).

Table 6.Chemical composition (as fed) of experimental diets

Diets

Al15 B15 Ci15 Al17 B17 C17
Dry matter, % 90.3 89.5 89.0 90.0 89.6 89.1
Crude protein, % 14.9 15.3 15.2 16.9 17.0 16.7
Ether extract, % 4.0 34 3.2 3.2 2.8 24
Crude fibre, % 19.7 15.6 10.3 18.8 14.9 9.8
Ash, % 7.7 6.8 5.9 8.0 7.1 5.9
TDF, % 44.2 41.7 37.9 42.7 39.4 37.1
aNDF, % 39.9 34.8 29.1 37.5 32.1 27.1
ADF, % 23.3 18.0 13.8 22.6 17.9 13.2
Hemicelluloses (aNDFADF), % 16.6 15.5 15.3 14.9 14.2 13.9
Lignin (sa), % 5.1 3.2 1.8 4.8 3.1 15
Soluble fibre (TDFaNDF), % 4.3 6.8 8.8 5.2 7.3 10.0
Starch, % 8.3 134 17.7 9.9 13.9 18.0
Gross energy, MJ/kg 17.00 16.64 16.33 16.73 16.46 6.131
Soluble fibre/ADF 0.19 0.38 0.64 0.23 0.41 0.76
Starch/ADF 0.36 0.75 1.29 0.44 0.78 1.36
(starch+soluble fibre)/ADF 0.54 1.13 1.93 0.67 1.18 2.12
Digestible energy, MJ/kg 8.33 9-85 11.47 8.64 9.93 11.48
Digestible protein/digestible energy 13.0 11.4 99 14.9 13.1 10.8

Controls on live animals

Individual live weight and feed intake were recatdieree times a week. Health status was
controlled daily to promptly detect the occurrerafedisease, especially digestive problems.
Rabbits were considered ill in case of diarrhoeadent and lasting reduction of feed
consumption (30% lower than the previous recording)eduction in live weight (weight loss
for two or more consecutive days). To calculatebithty, each sick animal was considered only
once even in case of new symptoms of illness afeovering, while dead animals were
included only in the calculation of mortality. Stamy risk was calculated as the sum of

morbidity and mortality (Bennegadt al, 2000).

Digestibility trial
The coefficients of total tract apparent digesitipi{CTTAD) of dry matter and nutrients
and the digestible energy (DE) concentration ofdkperimental diets were measured byiran

vivo digestibility assay carried out on 72 rabbits aghtrmse on trial (12 animals of both sexes
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per diet) according to the European standardizetthade(Perezt al, 1995). The animals were
kept in individual digestibility cages and givad libitum access to the experimental diets. The
digestibility trial started at the first day (49ydaof age) with a 4-day collection period. Faeces

were collected daily and stored in plastic bagd8tC until analysis.

Sampling of caecal content and intestinal mucosa

Thirty-six rabbits out of the 282 initial rabbiteve slaughtered at 45 days of age (6 rabbits
per experimental diet) to sample caecal contentiatedtinal mucosa. The slaughtered animals
were representative of the corresponding experiahgnoup in terms of average live weight and
variability. The rabbits were slaughtered betwe&00 to 12:00 a.m. They were weighed
immediately before slaughter and slaughtered byicardislocation. Thereafter, the full gut and
then the stomach and the caecum were separatedledgited. The caecum was removed and the
pH of the caecal content was immediately measuried.caecal content was then diluted with a
15% HPQ solution (25% wt/wt), and stored at -20°C up uttigir chemical analyses (Trocino
et al, 2011).

Two samples of mucosa were taken from the interatedract of jejunum and the distal
tract of ileum, fixed in para-formaldehyde at 4% RBS, then dehydrated and included in
paraffin. Sections of 4m were obtained by microtome and used for morphometaluations
on preparations coloured with haematoxylin/eositii Mngth and the depth of the crypts were
measured with an image-analysis software (DP-s@fiympus Optical, Co., Hamburg,
Germany), according to the procedure described amp$on (1986), with an average of 30
measurements taken from five independent crosgeattmucosa sections (on which at least

six measurements were done) for each animal.

Chemical analyses

All samples were ground at 1 mm of diameter witfrinder (mod. ZM 100, Retsch, Haan,
Germany). Diets and faeces were analyzed to daterrthe concentrations of dry matter
(934.01), ash (967.05), crude protein (2001.11)d atarch (amyloglucosidaseamylase
method, 996.11), with AOAC (2000) methods followihgrmonized procedures (EGRAN,
2001). Ether extract was determined after acid-dlydis treatment (EC, 1998). Fibre fractions,
that is aNDF (without sodium sulphite), ADF, andniin (sa), were analyzed according to
Mertens (2002), AOAC (2000, procedure 973.187), "¥ad Soeset al (1991), respectively,
using the sequential procedure and the filter lyatesn (Ankom Technology, New York).

57



Experiment 1: Effect of increasing soluble fibrelastarch and reducing protein in diets for growiadpbits

The total dietary fibre (TDF) was determined witQravimetric-enzymatic procedure with
a-amylase protease andamyloglucosidaséreatments (Megazyme Int. Ireland Ltd., Wicklow,
Ireland) (Method AOAC 991.43). The soluble fibresamealculated by subtracting aNDF from
TDF (Van Soestet al, 1991). The gross energy was measured with aabatic bomb
calorimeter.

The thawed samples of caecal content were cengdfied 9000 rpm for 10 min. Caecal
N-ammonia was determined on the supernatant witH-aneter (PHM 84, Research pH-meter,
Radiometer, Copenhagen, Denmark) equipped with anaygpecific electrode (mod. 9512,
Orion Research Incorporated, Boston, USA). Volafd¢ty acid (VFA) concentration was
measured on the supernatant with gas-chromatogr@tiR¢C 5300 Carlo Erba, Milano, Italy)
on a cross-bond capillary column (25 m x 0.32 min, 13.5 um film thickness) (JRX, Mega,
Milano, Italy) using the Osl method (1988).

Commercial slaughter, carcass dissection and maeality analyses

At 79 days of age, 120 rabbits were selected (20efach experimental group and
representative in terms of average weight and baitig for slaughtering and dissection. Feed
and water were available until loading (from 5:806t30 a.m.). The animals were transported
inside cages (50 x 100 x 30 cm) with 6 rabbits gege (one rabbit per diet) in a conditioned
truck for about 60 minutes to a commercial slauditese.

Slaughtering began at 09:30 and ended at 10:30 approximately. Rabbits were
individually weighed, then stunned by electro-attaesia and killed by jugulating. Carcasses
were chilled at 4° C for 2 hours and then trangmbtb the laboratories of the Department of
Animal Science of Padova for dissection. Slaugtgeordings were performed according to the
international scientific protocols (Blasebal, 1993).

Twenty-four hours after slaughter, the pH was mestson two closed points of both the
muscledongissimus lumborurandbiceps femorisusing a pH-meter equipped with a combined
Ingold electrode (406 M3) and with a thermal prdleéccato et al, 1994) (Figure 6). The
lightness (L*), redness (a*) and yellowness (b*)reveneasured on the same muscles using a
colorimeter Minolta Spectrophotometer CM-508 C (blta, Milano) (Figure 7), according to
the method CIE L* a* b*(CIE, 1976). The chroma (Gi)d hue indexes (H*) where calculated
as[C*= (a**+b*?)°?] and[H*=arc tang (b*/a*}, respectively.

The carcasses were then weighted and dissecteddangrdo the method of Blascet al
(1993). The head, liver, lungs, thymus, tracheapopbkagus, heart and kidneys were removed

from commercial carcasses so obtaining the “refeearcass”. The dissectible fat (scapular and
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perirenal fat) was separated as fatness indexeotiole carcass. The right hind leg meat was
separated by bones to determinate meat to boree katwwn as muscularity index of the whole
carcass (Parigi Biret al, 1992).

Figure 7. Measurement of color on the musdiesgissimus dorsandbiceps femoris.

Nitrogen balance

Nitrogen balance was calculated on data recorddvidually estimating the body N
content at the various ages using the formula megdy Szendret al (1998):

Body N (g/kg LW) = (28.3+0.93 x kg live weight)

Ingested nitrogen was calculated on the base ofithahl feed intake and dietary nitrogen
(CP = N x 6.25). The amount of digested nitrogers whtained by multiplying the amount of
ingested nitrogen by crude protein digestibility thie corresponding diet. The amount of
excreted nitrogen was obtained by subtracting tegesitrogen to retained nitrogen, according
to ERM (1999). The coefficients of protein retentwere expressed both as retained N/ingested
N (%) and retained N/digested N (%) (Parigi Bahial., 1988).
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Statistical analyses

The data recorded was analyzed with a three-way YAMNQXstarch+soluble fibre)/ADF
ratio], protein level, sex with interactions. Thels procedure of SAS (SAS, 1991) was used for
all analyses. Orthogonal contrasts were used totleslinear and quadratic response to the
increase of the (starch+soluble fibre)/ADF ratiaff@ences among means with P<0.05 were
accepted as representative of statistically sigaii differences. Differences among means with
0.05<P<0.10 were accepted as representative ofderey to differences. Mortality, morbidity
and sanitary risk were analysed by the CATMOD SA&edure.

Results

Diet digestibility

In Table 7, digestibility coefficients are reportéd function of the main factors of
variability. The apparent digestibility of dry metttgreatly and linearly changed (significant
linear component of variance, L<0.001) and incrdageth the raise of (starch+soluble
fibre)/ADF ratio by about 10 points from diets wifh6 ratio to diets with 1.2 ratio and from
diets with 1.2 ratio to diets with 2.0 ratio, tliefrom 50.8% to 60.5% and 71.5%, respectively.

Table 7. Digestibility coefficients (%): effect of (starchelsible fibre)/ADF ratio and protein
level.

(starch+soluble fibre)/ADF ratio Protein level RSD
0.6 1.2 2.0 i Q 15%  17% Prob.

Rabbits, n. 20 23 22 32 33
Dry matter 50.8 605 715 <0.001 0.21 60.3 61.6 .0%0 2.0
Crude proteih 74.1 732 742 0.88 0.26 73.2 74.5 <0.01 1.9
Ether extract 76.7 765 76.3 0.47 0.96 77.8 75.1 <0.001 1.7
Crude fibre 7.2 19.0 323 <0.001 0.49 194 19.6 870. 4.7
TDF 224 383 56.9 <0.001 0.11 38.4 40.0 0.05 3.1
aNDF 16.1 29.0 48.1 <0.001 <0.01 30.6 31.6 030 7 3.
ADF 8.9 182 34.8 <0.001 <0.01 19.9 21.4 0.17 4.3
Hemicellulose$ 26.6 421 60.5 <0.001 0.09 42.7 43.5 0.34 3.3
Soluble fibre 731 775 829 <0.001 0.91 77.5 78.2 0.59 55
Starch 97.2 978 98.6 <0.001 0.42 97.8 97.9 0.13 0.4
Gross energy 50.3 59.7 70.7 <0.001 0.12 59.4 61.2<0.01 2.1

3: linear component of variand¥): quadratic component of variance.

'Probability of the interaction <0.01; crude protdigestibility: 72.3, 72.8, 74.8, 75.9, 74.4 and9P8 in diets A15,
B15, C15, A17, B17, and C17Probability of the interaction <0.001; ether extreigestibility: 76.3, 78.1, 79.0,
77.0, 74.8 and 73.5% in diets A15, B15, C15, A117Band C17.3Probability of the interaction <0.001;
hemicelluloses digestibility: 28.2, 41.8, 58.0,2442.3 and 63.0% in diets A15, B15, C15, A17, Baiid C17.
“Probability of the interaction <0.001; starch diijsility: 96.8, 98.0, 98.6, 97.6, 97.6 and 98.6%dists A15, B15,
C15, A17, B17, and C17.

The increase of (starch+soluble fibre)/ADF ratia diot affect digestibility of crude
protein and ether extract, while digestibility dire and fibre fractions linearly and significantly
increased (L<0.001). Digestibility of ADF and aNDi€reased quadratically (Q<0.01), that is by
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reducing lignification degree, cellulose is morel anore sensible to digestive and fermentative
processes, while hemicelluloses and soluble fibosved a linear improvement in their digestive
utilization as (starch+soluble fibre)/ADF ratio reased.

The differences in formulation of diets with (stafsoluble fibre)/ADF ratios of 0.6, 1.2
and 2.0, with the reduction in the inclusion rataléalfa meal in favour of energy raw materials
containing starch (barley) and high-soluble fibme materials (dried beet pulp) account for the
increase in the digestibility of DM and fibrous dtimns, even if differences between treatments
were larger than what expected.

The effect of the protein level was less importamd limited to the higher digestibility of
DM, gross energy and crude protein (P<0.01) indis¢s with a higher protein content. Also
digestibility of TDF and soluble fibre was higher diets at 17% CP compared to diets at 15%
(P<0.05): this result may be ascribed to the loimelusion rate of alfalfa meal in favour of
soybean and sunflower meal. The apparent digestilmf ether extract decreased with the
increase of the protein level, which could be exyad by the lower inclusion of soybean oll
(-0.5 points) in the more proteic diets, whereagesiibility of oils is notoriously higher
(85-90%) compared to other types of fats (i.eidgpf alfalfa meal with an average digestibility
of 60%).

Health and productive performance
Mortality during the trial reached an average valti8.5% and changed significantly with
experimental factors (Table 8).

Table 8 Mortality, morbidity and sanitary risk: effect @tarch+soluble fibre)/ADF ratio and
protein level.

(starch+soluble fibre)/ADF ratio (R) Protein l&y@) Prob.
0.6 1.2 2.0 Prob. 15% 17% Prob. RxP
Mortality, % 15.8 4.5 4.9 0.02 106 6.5 0.16 0.64
Morbidity, %" 13.1 10.9 15.8 0.79 122 146 0.73 0.08
Sanitary risk, % 292 15.4 20.7" 0.09 228 211 0.66 0.13

"Morbidity 14.6%, 14.6%, 7.3%, 12.2%, 7.3% and 24fé¥diets A15, B15, C15, A17, B17 and C17.

Mortality was significantly higher (15.8%vs 4.5% vs 4.9%; P=0.02) when the
(starch+soluble fibre)/ADF ratio was 0.6 comparediitets with the same ratio at 1.2 and 2.0.
Similarly, even if at a lower level of significand¢®=0.09), the increase of (starch+soluble
fibre)/ADF ratio reduced the sanitary risk (mortgtmorbidity).

Even if no significant effect of the protein lewehs measured, it is worthy to note that the
administration of diet C17 produced the highestbithty value due to digestive disorders of

brief duration which occurred especially in thet [B8 days of rearing before slaughter in rabbits
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fed with diets at high protein level and high rabetween soluble carbohydrates and ADF
(probability of the interaction = 0.08).

Productive results during the trial are describedable 9 according to the experimental
factors. Regardless of the experimental treatméinésaverage live weight (2953 g) reached at
79 days of age, the average daily weight gain (dbwith a feed conversion on individual data
during the trial (from 37 to 79 days) on averageado 3.40 may be considered a highly
satisfying result which is consistent with the bespression of the genetic type used and in a

favourable environmental condition.

Table 9. Performance from weaning to commercial slaughgerin

(starch+soluble Protein level (P) Sex (S) Probability RSD
fibre)/ADF ratio (R)
06 12 2.0 15% 17% Female Male R P S RxP
La aﬁ
Rabbits, n, 69 78 78 111 114 113 112
Live weight, g
At37d 1002 1010 1009 1006 1008 1012 1003 0.24 0.37 0.65 0.060.88 34
At58d 2083 2111 2126 2106 2108 2104 2110 0.22 0.82 0.94 0.830.12 211
At79d 2911 2953 2995 2943 2963 2945 2961 0.03 0.99 0.53 0.600.23 237

First period (37-58 d)
Daily growth, g/d 51.4 52.4 53.2 524 524 52.0 52.7 0.28 0.93 0.99 0.590.09 9.8
Feed intake, g/d 163 141 121 144 140 142 141 <0.0010.79 0.15 0.600.30 20
Feed conversion 3.21 2.46 2.30 281 250 2.83 2.48 <0.0010.19 0.13 0.100.14 1.56
Second period (59-79 d)
Daily growth, g/d 39.5 40.1 41.4 39.9 407 40.1 40.5 0.09 0.74 0.36 0.590.65 6.9
Feed intake, g/d 198 172 150 174 173 173 174 <0.0010.44 0.60 0.720.24 19
Feed conversion 5.11 4.37 3.66 443 4.32 4.39 4.37 <0.0010.81 0.12 0.740.38 0.56
Whole period
Daily growth, g/d 46.4 46.3 47.3 46.1  46.5 46.0 46.6 0.05 0.90 0.56 0.420.19 5.5
Feed intake, g/d 181 157 135 159 156 158 157 <0.0010.54 0.25 0.920.21 17
Feed conversion 3.98 3.40 2.87 3.47 3.37 3.45 3.39 <0.0010.49<0.0010.05 0.74 0.23

3_: linear component of variand¥): quadratic component of variance.

The increase of the ratio (starch+soluble fibre)FAGf the diet and, consequently, of the
nutritive value modified significantly growth raté rabbits during the whole trial (L=0.05) and
rabbits fed the diets with the highest ratio showtsd (L=0.03) the highest live weight at the
end of the trial. However, the most evident effeets the linear reduction (L<0.001) of feed
intake both during the first period (-26% in ralslfied diets with 2.0 ratio compared to those fed
diets with 0.6 ratio, with intermediate values fabbits fed diets with 1.2 ratio) and the second
period of growth (-24%), which resulted in a sigeaht reduction of feed conversion in the two
periods and in the whole trial: from 3.98 for rablfed diets A, to 3.40 for rabbits fed diets B,
and until 2.87 for diets with 2.0 ratio (L<0.00Which corresponded to a 28% improvement in
rabbits fed diets with 2.0 ratio compared to thi@skdiets with 0.6 ratio.
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The increase in the dietary protein level did nodify productive results during the trial.
Both in the first and in the second period, growdles and feed intake were similar and the
higher nutritive value of diets at 17% CP signifitg improved feed conversion in the whole
trial (from 3.47 to 3.37; P<0.001). The protein glypwas therefore compatible with the
expression of the potentiality of the genetic tysed and protein ad amino acids requirements
were satisfied even if at the lowest protein levetd (15% CP) with a DP/DE ratio equal to 10
g/MJ. As a last point, no significant effect on lieatatus was observed which could be due to
the interaction of the dietary protein level witietratio between soluble (starch and soluble
fibre) carbohydrates and structural ones. The efédhe gender was weak and limited to a
worse feed conversion in the whole trial of femalesipared to males (3.45 3.39, P=0.05).

The graphical representation of productive perforoceaalong the weeks of trials (Figures
8 and 9) confirms the above-described resultsy dmdwth rate decreased from 60-65 g/d during
the first week to 50-55 g/d in the second weeketch a plateau around 40-45 g/d which was
maintained in the following 3 weeks and fell doven35-40 g/d in the last week of trial. Feed
intake showed an opposite trend and increasing@itdl0 g/d per each week of trial, with two
stationary phases during the third and the laskwééhe trial.

Diets with 2.0 ratio gave the lowest daily growthbridg the first week of trial, while
permitted the best performance thereafter (Figuje Buring the last week, however,
performance was similar among groups. Diets withdhd 1.2 ratios produced similar growth
rate during the whole trial. Differently, feed iktawas clearly different since the first week of
the trial according to the ratio (starch+solubled)/ADF (Figure 8).

Daily weight gain (g/d) Daily feed intake (g/d)

70 250

65
60 -
55 1
50 1
45 A

40 A
35 -

"y

——A
=B

—+C

30

Weeks of trial

230 A
210 A
190 -
170 A
150 -
130
110 A

90 -

70 A

50

Weeks of trial

Figure 8. Weekly performance: effect of (starch+solublerd)pADF ratio (diets A=0.6, diets
B=1.2, diets C=2.0).

The protein level of the diets did not affect theme of growth and feed intake curves
during the different weeks of the trial (Figure 9).
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Daily weight gain (g/d)
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Figure 9. Weekly performance: effect of dietary proteindev

Caecal content and intestinal tissue charactersstic
Table 10 reports data measured at 45 days of agaldnts used for sampling caecal

content and intestinal mucosa at jejunum and iledsrdiscussed for performance, live weight at

45 days was similar among animals.

Table 10.Caecal content and intestinal mucosa charact=istirabbits at 45 d of age.

(starch+soluble fibre)/ Protein level (P) Probability RSD
ADF ratio (R)
0.6 1.2 2.0 15% 17% R P RxP
L? Q°

Rabbits, n 12 12 12 18 18
Live weight (LW), g 1495 1511 1489 1494 1502 0.84 0.480.75 095 77
Full stomach, % LW 8.0 7.7 8.1 8.1 7.8 0.76 0.120.12 0.76 0.6
Full caecum, % LW 7.3 7.4 8.5 8.0 7.6 <0.01 0.100.61 0.79 0.9
Full gut, % LW 23.4 23.9 25.5 24.6 23.9 <0.001 0.26 0.17 082 14
Caecal content:

pH 6.02 5.81 5.75 5.87 5.85 0.06 0.56 0.84 059 0.33
N-NHs, mmol/L 7.45 5.28 5.59 5.27 6.95 0.10 0.210.07 034 272
Total VFA, mmol/L 63.0 79.2 78.5 71.8 75.5 0.02 0.13047 0.78 15
C,, % mol, VFA 84.9 84.1 85.7 84.4 85.5 0.36 0.130.14 080 2.2
Cs, % mol, VFA 4.0 4.2 3.5 3.9 3.9 0.04 0.12098 0.27 0.7
C4, % mol, VFA 104 11.2 104 11.2 10.1 093 029014 049 21
Cs, % mol, VFA 0.54 0.48 0.41 0.50 0.45 0.08 0.95040 0.80 0.18
Ci/Cy 0.41 0.39 0.35 0.36 0.40 0.23 0.730.33 0.17 0.12
Jeujunum mucosa

Villi height, pm 565 531 485 496 557 0.06 0.87 0.07 0.44 98
Crypth depthum 136 137 136 134 138 099 0.88055 029 20
Villi/crypth 4.18 3.89 3.57 3.72 4.04 0.03 0.96 0.16 0.88 0.66
lleum mucosa

Villi height, um 390 400 375 382 395 0.72 0.630.71 091 98
Crypth depthum 165 112 121 148 117 0.24 0.330.29 0.38 86
Villi/crypth 3.08 3.60 3.13 3.13 3.41 0.89 0.11 033 097 0.81

3_: linear component of varianc¥: quadratic component of variance.
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The administration of diets at increasing rati@ansh+soluble fibre)/ADF significantly and
linearly increased the proportion of full (with ¢ent) caecum (L<0.01) and of ful gut (L<0.001)
on live weight and, therefore, the rate of fillin§the digestive tract. The higher availability of
fermentable carbohydrates linearly decreased caedal(from 6.02 to 5.75, L=0.06) and
increased total volatile fatty acids (VFA) contahitaecum (from 63.0 to 78.5 mmol/L; L=0.02),
with a contemporary reduction of the molar promortof propionic acid (from 4.0% to 3.5%
mol VFA; L=0.04).

No significant effect of the protein level was maasl at the comparative slaughter. Only
the level of N-ammonia tended (P=0.07) to be higherabbits fed the diets with the highest
protein level, which could be due to a higher il of protein to caecum.

lleal mucosa did not change with experimental fisstavhile at jeujunum the increase of
the (starch+soluble fibre)/ADF ratio reduced vitieight (L=0.06) and the villi/crypth ratio
(L=0.03). The increase of dietary protein tendedd(B7) to increase villi height.

Slaughter results and meat quality
Live weight of rabbits at the final slaughteringdarly increased with the increase of the
(starch+soluble fibre)/ADF ratio (L=0.03) (Table)11

Table 11.Results at commercial slaughter and carcass gualit

(starch+soluble fibre)/  Protein Sex (S) Probability RSD
ADF ratio (R) level (P)
0.6 1.2 20 15% 17% Female Male R P G RxP
L Q

Rabbits, n 40 40 40 60 60 55 65
Slaughter weight (SW),%g 2821 2881 2911 28632878 2847 2895 0.03 0.670.66 0.16 0.27 182
Transport losses, % LW 2.9 2.7 2.7 27 27 2.7 2.8 0.29 0.870.73 0.50 0.93 0.9
Gut incidence, % SW 184 185 19.2 186 186 19.0 185 0.02 0.240.41 0.06 0.97 1.4
Cold carcass (CC), g 1712 1732 17461724 1736 1703 1757 0.22 0.900.60 0.02 0.17 123
Cold dressing, % CC 60.7 60.1 59.9 60.2 60.3 59.8 60.7 0.02 0.420.71<0.01 0.38 1.4
Cold carcass dissection (% CC):
Head 7.8 7.7 78 78 7.8 7.7 7.9 0.83 0.490.81<0.01 0.07 0.4
Liver 5.3 5.2 5.1 52 5.2 5.2 5.2 0.20 0.930.81 0.89 0.78 0.8
Thoracic organs and kidneys 3.0 3.0 3.0 3.0 3.0 3.0 3.0 0.27 0.910.54 0.74 0.51 0.3
Reference carcass (RC), g 1432 1454 1466446 1456 1433 1469 0.16 0.800.61 0.07 0.13 107
Dissection of reference carcass:
Dissectible fat, % RC 3.3 3.2 3.7 36 32 3.7 3.1 0.14 0.070.02<0.01 0.36 1.0
Hind legs, % RC 33.0 328 32.4 32.7 328 328 327 0.15 0.650.62 0.84 0.66 1.0
Hind leg muscle/bone ratio 6.18 6.46 6.71 6.43 6.47 6.37 6.53 <0.010.900.80 0.27 0.42 0.53

3_: probability of the linear component of varianB®: probability of the quadratic component of variarftive
weight at the slaughterhouse immediately beforeghiter;*>LW: live weight at the experimental fardncidence of

the full gastro-intestinal tract.
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However, because of the contemporary increase efgtht incidence (from 18.4% to
19.2% LW, L=0.02), dressing percentage linearlyréased (from 60.7% to 59.9%, L=0.02) and,
therefore, carcass weight was similar in the tlyeeips (1730 g on average). The composition
of the cold commercial carcass was similar in tired¢ groups, while the muscle to bone ratio of
the hind leg linearly increased (6.18 to 6.P¥0.01) with the diets higher in (starch+soluble
fibre)/ADF ratio.

The protein level of diets administered during iegrdid not affect slaughter results of
carcass characteristics, apart from the lower fattgstatus detected in rabbits fed the diets at
17% CP (P=0.02). This result is quite frequent:ighhenergy to protein ratio stimulates
adipogenesis since it cannot fully satisfy the @rotrequirements for maximum muscular
growth.

Differences detected according to sexes confirmripus observations: females showed a
higher incidence of the full gut, which implied somse slaughter dressing out percentage, a
lower cold and reference carcass weight comparadaies at the same age. The incidence of
head is higher in males and the fattening stageeiater in females.

Meat quality, in terms of pH and colour indexeshef musclesongissimus lumborurand
biceps femoriswas not modified at a significant or at a perckigdevel by feeding treatments
or gender (Table 12).

Table 12.Meat quality: pH and colour adbngissimus lumborurandbiceps femoris.

(starch+soluble fibre)/

ADF ratio (R) Protein (P) Sex (S) Probability RSD
0.6 1.2 2.0 15 17 Females Males R P S RxP
L Q

Rabbits, n 40 40 40 60 60 55 65

Longissimus lumborum
pH 5.63 5.64 5.66 5.64 5.65 5.64 5.65 0.440.840.590.71 0.78 0.11
L* 49.6 50.0 50.4 50.4 49.6 50.1 49.8 0.220.950.120.49 0.46 2.69
a* -1.80 -1.59 -1.82 +1.71 -1.76 -1.83 -1.65 0.910.220.740.30 0.13 0.92
b* 0.58 1.10 -0.05 0.36 0.73 0.29 0.79 0.150.030.290.16 0.56 1.90
C* 261 281 2.59 270 2.64 2.65 2.69 0.920.240.680.79 0.48 0.90
T* -0.12 -0.12 -0.11 0.01 -0.10 0.01 -0.10 0.180.47 0.40 0.40 0.32 0.76

Biceps femoris
pH 5.83 5.86 5.88 5.83 5.88 5.86 586 0.350.810.150.95 0.53 0.14
L* 478 479 48.2 47.7 483 47.7 48.2 0.400.700.130.18 0.27 1.94
a* -2.56 -2.58 -2.70 -2.57 -2.66 -2.73 -2.49 0.280.630.430.03 0.17 0.59
b* 3.80 3.71 3.62 3.89 3.53 3.72 3.70 0.490.990.090.90 0.18 3.71
C* 466 4.63 4.58 475 4.49 4.68 456 0.720.960.150.49 0.11 0.96
T* -0.89 -0.92 -0.91 -0.91 -0.90 -0.92 -0.90 0.690.700.920.76 0.04 0.29

3_: linear component of varianc¥: quadratic component of variance.
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Nitrogen excretion and efficiency of protein ualinn

To evaluate the effect of nitrogen excretion in émyironment, individual data recorded
for measuring performance were used to calculaeniinogen balance in function of the dietary
treatment (Table 13). In both periods of trialsigngicant reduction of the nitrogen excretion
was measured when the (starch+soluble fibre)/ADiI6 racreased and the dietary protein level
decreased. This reduction was mainly due to thaectezh of the amount of ingested N, which
depended on the lower feed ingestion in diets witheasing (starch+soluble fibre)/ADF ratio
and the lower N concentration of less proteic dietkile the amount of retained N did not
change (P>0.10).

Table 13. Nitrogen balance in rabbits fed diets at differpritein level from 37 days of age
until slaughter (79 days): effect of (starch+sotufibre)/ADF ratio and protein level.

(starch+soluble fibre) Protein level Inter. RSD
/ADF ratio (R) (P)
0.6 1.2 2.0 Prob. 15% 17%  Prob. RxP

Rabbits, n 69 78 78 111 114
Body Nat37 4 g 293 295 295 0.35 29.4 29.5 0.65 0.88 1.03
Body Nat58 § g 63.0 640 64.4 0.44 63.8 63.8 0.93 0.12 6.72
Body Nat79 4 g 90.3 91.8 93.1 0.10 91.4 92.1 0.52 0.23 7.97
First period (37-58 d):
Feed intake, g/d 163 141 121 <0.001 144 140 0.15 0.30 20
Ingested N, g 872 76.7 64.7 <0.001 73.1 79.3 <0.001 0.05 10.6
Retained N, g 33.7 344 349 0.54 34.3 34.3 0.99 0.09 6.56
Excreted N, g 535 423 298 <0.001 38.8 45.0 <0.001 0.05 5.58
Excreted N, g/d 255 201 142 <0.001 1.85 2.14 <0.001 0.05 0.27
Second period (58-79 d):
Feed intake, g/d 198 173 150 <0.001 174 173 0.60 0.24 19
Ingested N, g 106.2 93.3 80.2 <0.001 88.5 97.9 <0.001<0.01 10.6
Retained N, g 273 278 287 0.18 27.6 28.3 0.34 0.68 4.79
Excreted N, g 789 655 514 <0.001 60.9 69.2 <0.001<0.001 8.12
Excreted N, g/d 3.76 312 245 <0.001 2.90 3.32 <0.001<0.001 0.39
Whole trial (37-79 d):
Feed intake, g/d 181 157 135 <0.001 159 156 0.25 0.21 16
Ingested N, g 193.4 1699 1449 <0.001 1616 177.2 <0.001<0.01 18.1
Retained N, g 61.0 622 63.6 0.12 61.97 62.6 0.55 0.20 7.79
Excreted N, g 132.4 107.7 812 <0.001 99.6 114.6 <0.001<0.001 12.1
Excreted N, g/d 3.15 256 1.93 <0.001 2.37 2.73 <0.001<0.001 0.29

T Body N (g/kg)= 28.3+0.93xLive weight (kg) (Szendtoal,, 1998).

The effect of the reduction of the (starch+solubbre)/ADF ratio was more evident
compared to the effect of the dietary protein leffi@gure 10), as a direct consequence of the

great reduction in feed intake when increasingatijestarch and soluble fibre fractions.
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During the whole trial, daily nitrogen excretion irabbits fed diets with high
(starch+soluble fibre)/ADF ratio (1.2 and 2.0) v&96 and 60% of that measured in rabbits fed
diets A (ratio = 0.60) (Figure 10a and 11a). Durihg first period, nitrogen excretion tended to
be lower when rabbits were fed diets with (starciuisle fibre)/ADF ratio equal to 2.0.

Nitrogen excretion diminished by about 15% wherrel@sing dietary protein from 17% to
15% and without differences between the first dreddecond period of growth (Figure 10b and
11b). In other words, a clear improvement of feedversion, like that provoked by a more
energetic diet, permits to control nitrogen exanetin a more efficient way than 1-2 points

reduction in crude protein of diets.

a) b)
Excreted nitrogen (g/d) Excreted nitrogen (g/d)
120 120
BA oB ac OCP:15%  WCP:17%
100 - 100
80 A 80 +—
% 60 - % 60 +—
40 - 40 +—
20 + 20 +—
0 T T 0 T :
37-58d 58-79d 37-79d 37-58d 58-79d 37-79d

Figure 10. Nitrogen excretion during the trial: a) effect @ftarch+soluble fibre)/ADF ratio
(Diets A=100); b) effect of dietary protein lev€lR 17%=100).

a) b)

120 120
@ N escreto —+— N ritenuto = N escreto —— N ritenuto

100+

80+

60+

20+

20+

A=0,6 B=1,2 C=2,0 PG: 15% PG: 17%

Figure 11 Excreted and retained N during the trial: a) @ffif (starch+soluble fibre)/ADF ratio
(Diets A=100); b) effect of dietary protein lev€lR 17%=100).
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Experiment 2.
Effect of a further increase of (starch+soluble filbe)/ADF ratio and decrease

of protein level on diets for growing rabbits

Introduction

Both experimental studies and field results pushatds the reduction of the use of
high-insoluble fibre diets in growing rabbits, seihey greatly limit growth performance, impair
feed conversion and increase nitrogen excretiorlewdo not control digestive disorders at an
acceptable degree and do not prevent the use plylectic and therapeutic drugs.

Therefore, basing on the results of the previoygeament of this thesis (Experiment 1),
the present trial aimed to evaluate the effect ofuher increase of the (starch+soluble
fibre)/ADF until 2.8 and a further reduction of tdestary protein until 14% on health, growth
performance, feed conversion, nitrogen excretioth slaughter results of growing rabbits. To
this aim, diets were formulated according to a dutérial design with (starch+soluble
fibre)/ADF ratio increasing from about 1 to 3 andtdry protein decreasing from about 15% to
14%. Specific objectives were to reduce mortalitg anorbidity, to improve feed conversion, to
reduce as much as possible the digestible pratesingestible energy ratio in view of optimizing
protein efficiency and controlling nitrogen excogtj to obtain high dressing out percentage and

meat to bone ratio. The effect of the weaning wedggdhkits was also taken into account.

Materials and methods

Rearing conditions

The trial was realized in the experimental farnthe University of Padova in the period
March-April 2009. The characteristics of experinarfacilities and cages have been detailed
previously in the materials and methods of Expeninie

During the trial, the maximum temperature nevereexied 24°C and the minimum
temperature remained within 17°C (Figure 12). Mimimand maximum temperature averaged
19°C and 21°C. The maximum relative humidity wasamerage 62%, ranging from 46% to
78% (Figure 12). Minimum relative humidity averadet?o and changed from 37% to 70%.
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Figure 12. Daily values of minimum and maximum temperaturd annimum and maximum
relative humidity (RH) throughout the trial.

Animals, experimental groups and recordings

The research was approved by the Ethical Commifethe University of Padova for
animal experimentation.

At 33 days, 306 rabbits (Grimaud Fréres, Franc#) Wdmogeneous weight were selected
from healthy litters in a commercial farm and irclswa way to be representative of the farm in
terms of frequency of parity order and distributmfweaning weight. To this aim, rabbits used
for the trial came from the full litters (of 9 kitsach) of 34 rabbit does, previously selected and
which did not present clinical signs of illness afgbcoccosis, pasteurellosis, mycosis,
diarrhoea), according to the following scheme:

* 54 kits weaned from 6 does at their first partantk 9 kits (P1);

» 54 kits weaned from 6 does at their second paidark 9 kits (P2);

» 54 kits weaned from 6 does at their third partonitk 9 kits (P3);

» 54 kits weaned from 6 does at their fourth andh fifarturition x 9 kits (P4+5);

» 54 kits weaned from 6 does at their sixth and sivparturition x 9 kits (P6+7);

* 36 kits weaned from 4 does with more than eightupiions x 9 kits (P8).

Rabbits were transferred to the experimental tasliin collective cages and at their
arrival, animals were healthy and weighed 975+9Rabbits were controlled by sex, put into
individual cages and marked using ear tags.

The animals were put in individual cages and didigleo six groups of 51 units each. The
first 6 rabbits of each doe were assigned to tfferdint six experimental groups and alternating
does of each parity order (that is first doe Ptpsed doe P2, etc.) and until 204 rabbits were
assigned. Then, kits were assigned to the six arpatal groups taking into account the parity
order, but alternating the does (3 remaining kiés pach doe). This way, a homogeneous
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distribution of rabbits according to the parity erdand the litter origin was guaranteed within
experimental group.

The six experimental groups were then given sixtsdimrmulated according to a
bi-factorial arrangement [3 (starch+soluble fibAE)F ratio x 2 protein levels], as detailed in the

scheme below:

Protein 14% Protein 15%
D = 0.6: (Starch14%+SF10%)/ADF20% Diet D14 Diet D15
E =1.2: (Starch17%+SF11%)/ADF16% Diet E14 Diet E15
F =2.0: (Starch20%+SF12%)/ADF129 Diet F14 Diet F15

The diets were givead libitumfrom the beginning of the trial until commerci#usghter
(76 d). The trial started the day after rabbitsival at the experimental farm (at the age of 34 d)
rabbits were reared during 42 days until commestaighter at 76 days of age.

Individual live weight and feed intake were recatdieree times a week. Health status was
controlled daily to detect promptly the occurrenéaliseases, especially digestive problems, as
described in the Experiment 1. At 42 d, 36 rabbiese slaughtered to sample caecal contents
and mucosa of jejunum (intermediate tract). Theivo digestibility trial was carried out on 72
animals from 54 to 58 days of age to evaluate theitive value of diets. Digestibility trial,
histological analysis and chemical analyses of expntal diets, faeces and caecal contents
were performed according to the methodologies presly detailed.

Experimental diets

All diets were pelleted with 3.5 mm of diameter @n@-1.1 cm of length. The diets D14,
F14, D15 and F15 were produced, while E14 and B4t dvere obtained at the experimental
farm by mixing diets D14 and F14 (0.5+0.5) and diets D15 and F15 (0.5+0.5), respectively.
Diets were formulated in such a way to presentpvatein levels, 14% and 15% CP. The protein
level was increased thanks to a higher incluside o soybean meal 49% CP (+2-2.5 points)
(Table 14). The increase of soluble fibre and stdrom diets with 1.2 ratio to diets with 2.8
ratio was obtained at the expenses of insoluble f{BDF) and through the higher inclusion of
dried beet pulp (about +16 points), barley (+17f@ints) which replaced dehydrated alfalfa
meal (-36/37 points). The protein level of dietshwR.8 ratio and with 1.2 ratio remained
constant thanks to the increase of the soybean leesl(about +8 points in diets with 2.8 ratio
compared to diets with 1.2 ratio).
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Diets were supplemented with synthetic amino acrdgro- and macro-minerals and
vitamins to satisfy the nutritional needs of youwagbits (De Blas and Mateos, 2010) and did not
contain any antibiotic or coccidiostatic drugs. Tkeeults of chemical analyses on composition

of diets are reported in Table 15.

Table 14.Ingredient composition (%) of experimental diets.

Diet D14 Diet F14 Diet D15 Diet F15
Dehydrated alfalfa meal 16% CP 37.00 0.00 36.00 0.00
Wheat bran 21.00 16.00 30.00 20.00
Barley 16.00 33.00 10.50 30.00
Dried beet pulp 17.48 33.30 13.50 30.00
Soybean meal 49% 4.00 11.50 6.00 14.00
Sunflower oil 1.00 2.00 1.00 2.00
Molasses 1.50 1.50 1.50 1.50
Calcium carbonate 0.00 0.74 0.17 0.98
Dicalcium phosphate 0.70 0.80 0.20 0.55
Sodium chloride 0.40 0.40 0.40 0.40
L-lysine 0.25 0.10 0.14 0.00
DL-methionine 0.13 0.10 0.09 0.06
DL-threonine 0.07 0.09 0.03 0.04
Vitamin-mineral premix* 0.47 0.47 0.47 0.47

"Supplementation per kg of feed: vit. A, 12.000 t; D3, 1.000 UI; vit. E acetate, 50 mg; vit. K3 mg; Biotin,
0.1 mg; Thiamine, 2 mg; Riboflavin, 4 mg; vit. BEmg; vit. B12, 0.1 mg; Niacin, 40 mg; Pantothesitd, 12 mg;
Folic acid, 1 mg; Fe, 100 mg; Cu, 20 mg; Mn, 50 &g; 2 mg; I, 1 mg; Zn, 100 mg; Se, 0.1 mg.

Table 15.Chemical composition (as fed) of experimental diets

Diet D14 El4 F14 D15 E15 F15
Dry matter, % 89.3 89.1 88.9 89.6 88.9 88.4
Crude protein, % 14.3 14.3 14.2 14.8 15.2 15.1
Ether extract, % 3.39 3.65 4.01 3.81 3.74 4.17
Crude fibre, % 155 13.1 9.35 15.6 12.5 8.94
Ash, % 6.86 6.04 5.27 6.95 6.69 5.27
TDF, % 42.7 40.2 37.3 43.7 40.3 35.9
aNDF, % 34.7 30.5 26.4 36.3 31.3 26.2
ADF, % 18.4 14.9 11.4 18.9 15.0 11.2
Hemicelluloses (NDF-ADF), % 16.3 15.6 15.0 174 316 15.0
Lignin (sa), % 2.7 1.7 0.8 2.9 1.8 0.8
Soluble fibré, % 10.0 11.1 12.0 9.1 10.0 11.2
Starch, % 14.0 17.8 21.2 12.4 16.2 19.6
Gross energy, MJ/kg 16.3 16.3 16.3 16.5 16.4 16.4
Starch/ADF ratio 0.8 1.2 1.9 0.7 1.1 1.8
Soluble fibre/ADF ratio 0.54 0.74 1.05 0.48 0.67 8D.
(Starch+soluble fibre)/ADF ratio 1.30 1.94 2.91 4.1 1.75 2.75
Digestible energy, MJ/kg 9.8 11.2 12.2 9.6 10.8 312.
DP/DE, g/MJ 10.5 9.1 8.6 11.4 10.5 9.4

'TDF-aNDF after correction for protein and ash contsftatn( Soeset al, 2001).
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As previewed during formulation, two groups of digtith a different protein level, 14.3%
and 15.0% on average, resulted. Within proteinl]eVBF, aNDF and, especially, ADF and
ADL decreased due to the decreasing inclusionl(ahtence) of alfalfa meal and the increasing
rate of dried beet pulp (containing pectins) andeya(with a low content in insoluble fibre
fractions). The (starch+soluble fibre)/ADF raticieased from diets with 1.2 ratio (on average)
to diets with 1.8 ratio to diets with 2.8 ratio. éfbontent of digestible energy of diets strictly
depended on changes in starch+soluble fibre/ADB eattd increased from about 9.7 to 11.0 and
12.3 MJ/kg in diets with 1.2, 1.8 and 2.8 ratiespectively. Differently, the nutritive value did
not change with the protein level. The contentigestible protein (DP) was on average higher
in diets at 15% CP than in those at 14% CP (#0313 g/kg) and the DP/DE ratio increased by
about 1 g/MJ. When the (starch+soluble fibre)/AREa increased, DP/DE ratio decreased by
about 2.0 g/MJ from diets with 1.2 ratio to dietgahw2.8 ratio (from 10.5 to 8.6 g/MJ within
diets CP14 and from 11.4 to 9.4 g/MJ within dieBl6).

Health status

Rabbits were considered ill in presence of diarahaed mucus as well as when showing a
clear and lasting reduction of feed intake (apprately -30% of the previous recordings) and of
growth (weight loss during 2-3 consecutive dayspriddity, mortality and sanitary risk were
calculated according to Bennegadlial (2000). Moreover, the daily instantaneous mdytalias
calculated as the percentage of ill animals ineespo live animals in a fixed day. Finally, a
“sanitary index” was calculated with the aim of gleing the degree of illness and or death. To
calculate this index, each animal was scored acupid the health condition as follows:

* noillness=0

* Dbriefiliness (animal ill during 1 to 5 days) = 1

* long illness (animal ill for more than 5 days) = 2

» losses (loss of the animal because dead or distam¢he base of final live weight <2.0
kg) = 3.

About one week after their transfer to the expentak facilities, first symptoms of
digestive diseases appeared: growth rate and feakkei decreased, and soon after diarrhoea and
mucus in faeces appeared as well as first animeats Morbidity and mortality were attributed
to epizootic rabbit enteropathy, characterized iayrdoea, mucoid enteritis, abdominal bloating
and other pathognomic signs.

Due to the severity of the illness and to avoideanessively high mortality which could

have compromised also zootechnical performance) #8 to 57 days of age, all rabbits were
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treated with an antibiotic in water (100 mL/100 iafuline 10%, Vetem, Centralvet, Agrate
Brianza, Milano, Italy, corresponding to 10 g tidme/100 L water, and 150 mL/100 L
Colistine solphute 12% liquid, Dox-Al Italia S.p,ACorrezzana, Milano, Italy, corresponding to
18 g colistine/100 L). The first dead animals wdsdivered to the Istituto Zooprofilattico of
Padova for the anatomic-pathological examinatiod #re determination of the antibiogram
which confirmed the veterinarian diagnosis for firesence ofColi and Clostridia and the

“sensibility” of bacteria to the antibiotics used.

Final slaughter, carcass dissection and meat qualitalyses

At 76 days of age, all rabbits were weighed. Oualbfabbits, 120 animals were selected
(20 for each experimental group and representativterms of average weight and variability)
for commercial slaughter and dissection. Rabbitk Vive weight less than 2,0 kg were excluded
from this set. Feed and water were available loiting. The animals were transported inside
cages (50 x 100 x 30 cm) with 6 rabbits per cagee (mbbit per diet, 12 rabbits/min a
conditioned truck for about 60 minutes to a comna¢taughterhouse.

At slaughterhouse rabbits were individually weightttbn stunned by electro-anaesthesia
and killed by jugulating. Carcasses were chilleddd for 2 h and then transported to the
laboratories of the Department of Animal Scienc®aflova for dissection. Slaughter procedure,
carcass dissection and meat quality analyses wer®rmed by using the procedures and

methodologies detailed in the first experiment.

Statistical analysis

The data of performance were analyzed using ANOMAI awith (starch+soluble
fibre)/ADF ratio, protein level, parity order, send the interaction protein level x (soluble
fibre+starch)/ADF ratio as main factors. Weightvataning was included in the model as a
covariate. Data of digestibility coefficients, iatmal mucosa and caecal fermentative activity
were submitted to analysis of variance with (saulbre+starch)/ADF ratio, protein level and
their interaction as main factors. The GLM procedof SAS (SAS, 1991) was used for all
analyses. Orthogonal contrasts were used to tedintbar and quadratic response to the increase
of the ratio (starch+soluble fibre)/ADF. Differescamong means with P<0.05 were accepted as
representative of statistically significant diffeces. Differences among means with
0.05<P<0.10 were accepted as representative oideney to differences. Mortality, morbidity,
and sanitary risk were analysed by the CATMOD SAS8cedure. The sanitary index was
analysed using the GLM procedure of SAS.
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Results

Digestibility and nutritive value of experimentaets

The digestibility coefficients of diets are repakia table 16 according to the experimental
factor, ratio (starch+soluble fibre)/ADF and proté&vel.

Table 16.Digestibility coefficients (%): effect of (starcheisible fibre)/ADF ratio and protein
level.

(starch+soluble fibre)/ADF ratio Protein level RSD
1.2 1.8 2.8 £ Q 14%  15% Prob.

Rabbits, n 23 21 22 33 33
Dry matter 58.2 66.4 75.6 <0.001 0.37 67.1 66.4 0.13 1.86
Crude protein 72.5 73.0 75.4 <0.001 0.08 725 74.8 <0.001 2.05
Ether extract 79.2 81.2 85.4 <0.001 <0.01 814 82.4 <0.01 232
TDF 37.4 49.6 61.6 <0.001 0.92 50.2 50.0 0.14 3.21
aNDF 27.0 37.6 51.0 <0.001 0.14 39.4 37.7 0.07 3.68
ADF 17.8 27.1 40.4 <0.001 0.09 28.3 28.6 0.83 441
Hemicelluloses 37.3 47.5 59.1 <0.001 0.46 49.9 46.0 <0.001 3.46
Soluble fibré 85.5 89.4 88.7 0.12 0.20 85.0 90.8 <0.001 6.61
Starch 97.5 98.0 98.6 <0.001 0.47 98.1 98.0 0.03 0.23
Gross energy 59.0 66.6 71.1 <0.001 0.33 675 66.4 0.02 1.99

3_: linear component of varianc&: quadratic component of varian¢8ignificant interaction P=0.01, ether extract
digestibility: 78.3%, 80.0%, 85.8%, 80.1%, 82.3%da84.9% in diets D14, E14, F14, D15, E15 and F15.
“Significant interaction P=0.01, soluble fibre ditjeity: 79.3%, 89.2%, 86.4%, 91.7%, 89.6%, and90 in diets
D14, E14, F14, D15, E15 and F15.

The digestibility of dry matter, energy and all @tmutrients significantly and linearly
increased with the increase of the ratio (starchutde fibre)/ADF and as a consequence of the
higher inclusion rate of dried beet pulp and badey the lower presence of alfalfa meal. Only
digestibility of soluble fibre, which was alwaygher than 80%, was not affected.

The increase of structural carbohydrates with aeloiignification degree and a lower
complexity of cell walls, characterized therefogeabhigher susceptibility to the action of animal
and bacterial enzymes, explain the increase ofapigarent faecal digestibility of the fibrous
fractions and dry matter. The effect of the protiewel, even if significant, was less important
and resulted in a moderate increase of crude praligestibility, which could be explained by
the higher rate of protein coming from soybean ma#lier than alfalfa in the diets with the
higher protein content. The digestibility of insble fibre fractions (ADF and lignin) did not
change, whereas that of hemicelluloses and soliitlle changed in a different way: lower
coefficients were measured for hemicelluloses, evhigher values were recorded for soluble
fibre (pectins ang-glucans) without effects on the digestibility otdl dietary fibre (TDF). The
presence of significant interactions was limitedttie digestibility of ether extract and soluble
fibre.
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Growth performance and health status

One week only after housing rabbits in the expenit@efarms, first symptoms of digestive
disorders appeared (low feed intake, diarrhoea,usjugvhich could be clearly referred to
epizootic rabbit enteropathy.

The number of ill rabbits increased during the selcaveek of trial, especially in rabbits
fed diets with a (starch+soluble fibre)/ADF ratib 28, with instantaneous morbidity equal to
15-18% of present and live rabbits, in front of maxm peaks at 12% for rabbits submitted to
1.2 and 1.8 ratios (Figure 13). Similarly, morbyddf rabbits fed diets with 15% CP reached
daily peaks (13-15%) higher compared to rabbitsdiets at 14% CP (9-11%).
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Figure 13. Morbidity (percentage of ill rabbits in respecttofal live rabbits per day) according
to the main experimental factors.

The first animals died during the second week @i, twhen the number of ill rabbits
increased rapidly (Figure 14). Daily mortality read a peak during the third week and slowed

down only after the antibiotic treatment which veasninistered from 48 until 57 days of age.
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Figurel4. Cumulative mortality (number of dead rabbits) eperimental diet.
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In the whole trial, mortality averaged 22.6% cop@sding to 61 dead animals of which 5,
9, 8, 14, 12 and 13 fed the diets D14, E14, F14,[FL5 and F15, respectively. Mortality was
mainly related to digestive problems due to ERE1 Tabbits showed symptoms of respiratory
diseases or other problems (cists, wounds of varigpe) (1, 3, 1, 2, 3 and 0 rabbits fed diets
D14, E14, F14, D15, E15 and F15 respectively). Moee, at the end of the trial, seven rabbits
were excluded since they weighed less than 2.@kgsh is the minimum commercial weight (2,
3 and 2 rabbits fed the diets E14, F14 and El%entsgly). The performance of these rabbits
was not included in the data set of the trial tetadistically analysed.

Mortality did not vary according to the (starch+gak fibre)/ADF ratio (Table 17). On the
contrary, mortality was significantly higher (16.3% 28.9%, P=0.01) in rabbits fed the diets
with the highest protein content.

Table 17. Mortality, morbidity and sanitary risk: effect ¢starch+soluble fibre)/ADF and
protein level of diets.

(starch+soluble fibre)/ADF ratio (R) Protein level (CP) Prob.

1.2 1.8 2.8 Prob. 14% 15% Prob. RxCP
Mortality”, % 21.1(19) 23.3(21) 23.3(21) 0.79 16.3(22) 289(39) 0.01 0.48
Morbidity", % 17.8(16) 20.0(18) 31.1(28) 0.09 259(35) 20.0(27) 0.32 0.12
Sanitary ris®, % 38.9(35) 43.3(39) 54.4(49) 0.10 42.2(57) 48.9(66) 0.26 0.28
Sanitary inde 0.82 1.04 1.18 0.16 0.87 1.16 0.07 0.49

'Between parenthesis the number of dead and/atibits.

As what concerns the effect of the changes in &tracand non structural carbohydrates
(soluble and insoluble fibre and starch), the treawdards an increased morbidity (P=0.09) and,
at similar mortality rates, the increase of theitsay risk (P=0.10), when increasing the ratio
(starch+soluble fibre)/ADF may be explained by itherease of starch and the reduction of ADF
in diets with 1.2 ratio compared to diets with aBio rather than with changes in soluble fibre
fractions, which content slightly increased from®% in diets with 1.2 ratio to 11-12% in diets
with 2.8 ratio (see Table 17).

To find new indices of rabbit health a “sanitarglex” was calculated with the aim of
assessing also the severity of the illness andakihg into account the economic weight of
discarded animals (slaughter live weight less th&nkg). The value of this index ranged from
0.58 with the administration of diet D14 to 1.20 reobits fed diets E15 and F15. Even if
differences among groups were not statisticallpificant, this index could express synthetically
the average health status of animals belongingffereint experimental groups, with a better
economical value compared to the sanitary risk gsed by French researchers (Bennegadi
al., 2000).
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As largely discussed, the diffusion of ERE not anlgreased rabbit mortality in farms, but
also impaired growth performance of several illaiéd (on average 23% of rabbits) which, even
when recovered health thanks to the antibiotictineat, did not reach the final requested
commercial weight. Table 18 reports the frequenicgead+discarded rabbits that did not reach
the end of the trial, rabbits below commercial viti(R.0-2.4 kg) and rabbits at the commercial
weight (>2.4 kg), and how these latter animals veis&ibuted in class of live weights (standard,
heavy and very heavy). Within rabbits fed dietsld% CP, a clear, even if not significant,
reduction of rabbits with live weight within comne&l standards (>2.4 kg), from 80% to 67%,
was found when the (starch+soluble fibre)/ADF ratioreased (Table 18). When considering
the effect of the main factors, the number of amsmaith a suitable commercial weight
decreased significantly (74.198 62.2%; P=0.03) when the dietary protein leveteased, as a
consequence of both a higher number of dead adrdisd animals (<2.0 kg) and light rabbits
(2.0-2.4 kg) (Table 18). Among the different weigldsses, the loss of animals was especially at

the expenses of the most numerous classes, thaawy rabbits with live weight from 2.7 to 3.0
kg.

Table 18. Distribution of rabbits according to live weiglaffect of (starch+soluble fibre)/ADF
and protein level of diets.

(starch+soluble fibre)/ADF ratio (R) Protein I€(EP) Prob.
1.2 1.8 2.8 Prob. 14% 15% Prob. RxCP

Dead+discarded rabbits, % 21.1 27.8 26.7 0.40 20.30.4 0.04 0.32
Low weight (2.0-2.4 kg), % 6.7 3.3 10.0 0.22 59 47 0.62 !
Commercial weight (>2.4 kg), % 72.2 68.9 63.3 0.39 74.1 62.2 0.03 0.73
- Standard (2.4-2.7 kg), % 16.7 14.4 15.6 0.90 615. 15.6 0.96 0.55
- Heavy (2.7-3.0 kg), % 33.3 34.4 28.9 0.70 37.0 742 0.10 0.89
- Very heavy (>3.0 kg), % 22.2 20.0 18.9 0.86 21.519.3 0.66 0.94

Data not analysed statistically.

Despite the presence of a pathology which sevetégcted rabbit performance during a
quite large period of the trial, as described by teekly variations of weight gain and feed
intake (Figure 15), and with a morbidity rate whigached in the worse case (diet F14) the
value of 40%, the antibiotic treatment permittect@rcome the illness and to reach the end of
the trial with satisfying performance for the gea¢ype used and regardless of the experimental
treatment (Table 19). In details, at 76 days of eEbits weighed on average 2825 g, which
corresponded to a daily weight gain of 43.9 g/feal intake of 141 g/d and a feed conversion of
3.21 in the whole period of growth.

When the (starch+soluble fibre)/ADF ratio and thdritive value of diets increased,
growth rate and live weight did not change, whertsesl intake significantly and linearly

decreased (P<0.001) both in the first and secomdgef the trial. As a consequence, feed
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conversion linearly improved (from 3.65 to 3.22 a@hd6; P<0.001) until values which were
particularly favourable, especially for treatmenithw2.8 ratio. The improvement of feed
conversion was rather expected on the base of clietscteristics and the higher level of starch
and soluble fibre in replacement of insoluble fidk@wever, the composition with 2.8 ratio diets
can be considered extreme and the recorded valtideed conversion (2.76) are hardly

measurable not only in commercial rabbit farm lu@rein experimental conditions.
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Figure 15. Weekly performance during the trial: effect of tfstarch+soluble fibre)/ADF ratio
and protein level of the experimental diets.

The increase of the protein level from 14% to 15% @id not affect productive
performance on the whole, whereas improved feedarsion during the first period (P=0.07)
and increased growth and feed intake during thergkeperiod. The interaction between the two
main experimental factors was never significant, @imdilarly, no effect of sex was recorded.

The effect of the parity order (K) was slightly apgiable at the start of the trial, with
lighter rabbits from older does (P=0.11), and at(B50.07) and 76 (P=0.10) days: rabbits
coming from does at their first kindling and frorned with more than 8 kindling were lighter,
showed lower growth rates during the first peridédhe trial (from 34 to 55 days of age). When
the whole experimental period was considered, heweahese differences were not detectable

anymore.
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From a statistical point of view, the effect of theeaning weight was more important
(P<0.001) and affected live weight at 55 days antie@end of the trial, besides feed intake and
feed conversion (Table 19). However, the graphrepresentations of the same regressions
(Figure 16) show a weak correlation (0405<0.26) between the initial weight (weaning weight)
and the weight a 56 or 76 days, daily gain, fe¢ake and feed conversion.
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Experiment 2: Effect of a further increase of (starsoluble fibre)/ADF ratio and decrease of proté&mel on diets for growing rabbits

Table 19.Performance from weaning until commercial slaughte

(starch+soluble fibre)/ADF ratio (R) Protein |&(€P) Sex (S) Probability RSD
1.2 1.8 2.8 14%  15% Females  Males LR Ry P S V\\/’Vee?”'”g RXCP
ght
Rabbits, n. 71 65 66 108 94 103 99
Live weight, g
At 34d 974 987 972 986 970 982 974 0.92 0.34 270. 0.57 - 0.85 99
At55d 2041 2034 1985 2036 2004 2029 2011 0.13 0.53 0.28 0.56 <0.001 0.37 212
At76d 2826 2862 2804 2829 2832 2833 2828 0.63 0.23 0.93 0.90 <0.001 0.38 255
First period (34-55 d)
Daily growth, g/d 50.5 50.2 47.9 50.3 48.7 49.9 9.14 0.13 0.53 0.28 0.56 0.22 0.37 10.1
Feed intake, g/d 145 128 107 127 126 129 125 0040. 0.54 0.76 0.18 <0.001 0.47 19
Feed conversion 2.89 2.69 2.38 2.56 2.75 2.59 127 <0.001 0.60 0.07 0.26 <0.001 0.38 0.72
Second period (56-76 d)
Daily growth, g/d 37.4 39.4 39.0 37.8 395 38.3 8.93 0.19 0.26 0.10 0.55 0.36 0.78 7.2
Feed intake, g/d 175 159 132 152 158 155 155 0040. 0.04 0.05 0.76 <0.001 0.86 20
Feed conversion 4.82 4.12 3.44 4.16 4.09 4.12 341 <0.001 0.90 0.51 0.91 0.06 0.42 0.79
Whole trial
Daily growth, g/d 44.0 44.8 43.4 44.0 44.1 44.1 4.04 0.63 0.23 0.93 0.90 0.12 0.38 6.1
Feed intake, g/d 160 144 120 140 142 142 140 0040. 0.12 0.33 0.56 <0.001 0.60 17
Feed conversion 3.65 3.22 2.76 3.19 3.23 3.22 032 <0.001 0.65 0.28 0.53 <0.001 0.40 0.25

R_ and Ry: probability of the linear and quadratic componeinariance for the effect of the (starch+soluliee)/ADF ratio.
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Figure 16. Correlation between weaning weight and live weight5 d, live weight at 76 d,
daily weight gain, feed intake and feed conversiotine whole experimental period.

Caecal content and intestinal tissue charactersstic

The administration of diets with a higher (starabitible fibre)/ADF ratio changed in a
quadratic mode the incidence of the full stomaakafijatic component of variance, P=0.02) and
the full gut (P=0.07) expressed on the base ofviiegght without effect on the filling of caecum
(Table 20). At caecum, the increase of (starch+delfibre)/ADF ratio significantly and linearly
stimulated VFA production which went side by sideeauction of pH value and a strong
decrease in N-ammonia level (Table 20). Even ibaek rate of significance (P<0.10), the

production of acetic acid (raising) and of propmacid (decreasing) also changed.
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Table 20.Caecal content and intestinal mucosa traits.

(Starch+soluble Protein level

fibre)/ADF (R) (CP) Probability DSR

1.2 1.8 2.8 14% 15% R Ro CP RxCP

Rabbits, n. 12 12 12 18 18
Live weight (LW), g 1444 1446 1466 1454 1450 0.58 0.770.88 0.61 94.9
Full stomach, % LW 798 726 7.74* 793 739 041 002003 037 071
Full caecum, % LW 821  7.79 884 7.85 847 052 0.140.09 054 1.05
Full gut, % LW 24.7 2338 248 243 254 095 0.07061 016 1.41
Caecal content
pH 590 5.78 567 587 570 0.03 0930.05 077 0.24
N-NH;, mmol/L 4.8% 2598 193 267 358 <0.010.32024 033 223
Total VFA, mmol/L 52.1 614 619 56.3 60.6 0.03 0.240.23 0.84 105
C2, % mol. 81.8 823 846 829 828 007 045099 091 3.63
C3, % mol. 519  4.52 436 495 444 0.09 054020 0.08 1.15
C4, % mol. 125 127 105 116 122 0.18 0.320.65 0.87 3.51
C5, % mol. 057 055 056 057 055 0.87 085081 091 0.21
C3/C4 0.45  0.37 049 044 043 066 0.20085 0.28 0.21
Jejunum mucosa
Villi height?, um 839 733 751 780 768 <0.01 0.01 0.58 0.03 64
Cripths depthum 192 194 192 188 197 0.99 0.690.14 0.31 19
Villi/crypths® 442 381 395 419 392 0.02 0.030.10 0.01 0.47
lleum mucosa
Villi height*, um 601 617 660 639 612 0.26 0.760.51 0.81 125
Cripths depthum 148 159 155 152 155  0.33 0.230.58 0.56 17
Villi/crypths® 409 397 427 424 397 063 052038 097 0.91

R. and Ry probability of the linear and quadratic componehtvariance for the effect of the (starch+soluble
fibre)/ADF ratio. Villi height: 867, 758, 715, 811, 706 and 786 in rabbits fed diets D14, E14, F14, D15, E15,
F15; interaction R x P =0.03.

The effect of the protein level was less importamd represented by a reduction of the full
stomach incidence (P=0.03) and a trend to an iseck&ull caecum incidence (P=0.09), besides
a reduction of caecal pH (5.87 to 5.70) when thetgin level increased from 14% to 15% CP.
Moreover, total VFA production increased (56.3 th6mmol/L), even if at a non significant
level. The interaction between the main experimdatdaors was never significant.

As what concerns the effect of the feeding treatmem intestinal mucosa traits, the
administration of diets with increasing (starch-tubdé fibre)/ADF ratio decreased in a non-linear
way the villi height at jejunum (83&. 733 and 751um) and, as a consequence, the villi/crypths
ratio (4.42vs. 3.81 and 3.95).

Slaughter results and carcass and meat quality
The effect of the experimental factors was haraiycpivable on growth performance and

absent on slaughter results, apart from a sigmfiead quadratic change of the muscle to bone
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Experiment 2: Effect of a further increase of (starsoluble fibre)/ADF ratio and decrease of proté&mel on diets for growing rabbits

ratio (P=0.01) which was higher in rabbits fed slieith 2.8 ratio (Table 21). As what concerns
colour and pH, only the yellow index diceps femorissignificantly and linearly increased
(P=0.04) when the ratio (starch+soluble fibre)/ABdsed (Table 22). Mean values of the two
muscles lpngissimus lumborumand biceps femorjswithin animals showed even less evident
differences due to feeding treatments.

The gut incidence was higher in females rather thanales (P<001). As a consequence,
dressing percentage in the same animals was [06@e8% vs 61.7%, P<0.01) (Table 21).
Among the other variables, only the incidence @cen cold carcass was significantly higher in
males than in females (P<0.01). On meat, a sigmficncrease of pH diengissimus lumborum
even if in a strict range (from 5.51 to 5.56), iales compared to females; on the same muscle
lower values of L* and higher tint were measuredhigdes compared to females (Table 22).

At slaughter, the effect of the parity order was detectable on carcass (Table 21) and
hardly appreciable on meat (Table 22). On the otteerd, the weaning weight significantly
affected weight of the rabbits at slaughter, of ¢bkl and reference carcasses (P<0.01), besides
the incidence of hind legs (P=0.03) (Table 21)ofiner words, lighter animals at weaning also
weighed less and developed less at the end ofetvéng period. The different development of
rabbits according to the weaning weight also sigaiftly changed colour ofongissimus

lumborum(a*) and, especially, obiceps femorigL*, b*, C*, T*) (Table 22).
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Table 21.Results at commercial slaughter and carcass gualit

(starch+soluble fibre)/ADF ratio (R) Protein I&(EP) Sex (S) Probability RSD
1.2 1.8 2.8 14%  15% Females  Males L R Ro P V\\/’V‘Zﬁ‘”'”g RXCP
ght

Rabbits, n 40 40 40 60 60 62 58
Slaughter weight (SW),Zg 2756 2788 2748 2765 2763 2759 2769 0.87 0.39 96 0. 0.80 <0.01 0.81 213
Transport losses, % LW 2.12 2.34 2.38 2.30 2.25 2.29 2.27 0.28 0.65 810. 0.94 0.77 0.52 1.05
Gut incidence, % Stv 18.4 18.5 18.6 18.6 184 18.9 18.1 0.59 0.87 670. <0.01 0.62 0.40 1.53
Cold carcass (CC), g 1695 1703 1682 1691 1694 6167 1710 0.68 0.60 0.90 0.21 <0.01 0.85 142
Cold dressing, %SW 61.5 61.1 61.2 61.2 61.3 60.8 61.7 0.37 0.45 0.58 <0.01 0.33 0.98 1.63
CC dissection, %CC:

Head 7.61 7.53 7.74 7.59 7.66 7.49 7.76 0.29 6 0.1 0.48 <0.01 0.12 0.73 0.53

Liver 5.09 5.19 4.99 5.08 5.10 5.09 5.09 0.55 270. 0.85 0.94 0.42 0.76 0.70

Thoracic organs + kidneys 2.90 2.93 2.85 2.90 2.87 2.93 2.85 0.54 0.42 0.84 0.20 0.48 0.40 0.34

Reference carcass (RC), g 1429 1435 1417 1426 1428 1416 1438 0.69 0.64 0.92 0.36 <0.01 0.89 127
RC dissection, %RC:

Dissectible fat 3.16 3.35 3.33 3.27 3.29 3.42 43.1 0.44 0.61 0.94 0.14 0.08 0.17 1.01

Hind legs 33.0 32.7 32.7 32.9 32.6 32.8 32.8 404 055 0.31 0.92 0.03 0.67 1.00

Hind leg muscle/bone ratio 6.07 6.60 6.13 6.15 66.3 6.26 6.25 0.76 0.01 0.25 0.97 0.83 0.95 0.61

R. and R,: probability of the linear and quadratic componeinariance for the effect of the (starch+soluliiee)/ADF ratio.

?ive weight at the slaughterhouse immediately lefdaughter’LW: live weight at the experimental farfincidence of the full gastro-intestinal tract.
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Table 22.Meat quality: pH and colour ddngissimus lumborurandbiceps femoris.

(starch+soluble fibre)/ADF ratio (R) Protein I&(EP) Sex (S) Probability RSD
1.2 1.8 2.8 14%  15% Females  Males LR R, P S V\\/’Vee?”'”g RXCP
ght

Rabbits, n. 40 40 40 60 60 62 58

Longissimus

lumborum
pH 5.55 5.52 5.54 5.54 5.54 5.51 5.56 0.66 0.300.97 0.01 0.22 0.65 0.09
L* 53.3 54.1 53.7 53.5 54.0 54.4 53.0 0.50 0.230.37 <0.01 0.51 0.63 2.53
a* -1.04 -1.41 -1.38 -1.21 -1.34 -1.42 -1.14 10.1  0.29 0.51 0.12 0.03 0.77 0.94
b* 1.65 1.58 1.78 1.37 1.96 1.76 1.58 0.77 0.740.12 0.65 0.86 0.32 2.01
C* 2.87 2.82 2.69 2.75 2.84 291 2.68 0.50 0.870.68 0.34 0.52 0.91 1.22
T -0.30 -0.56 -0.58 -0.34 -0.62 -0.64 -0.32 D.1 0.46 0.08 0.04 0.23 0.33 0.84

Biceps femoris
pH 5.75 5.73 5.76 5.74 5.75 5.74 5.75 0.84 0.280.43 0.50 0.13 0.86 0.13
L* 50.3 51.1 50.8 50.9 50.6 51.0 50.5 0.26 0.14 0.56 0.16 0.05 0.94 2.09
a* -2.40 -2.20 -2.36 -2.31 -2.32 -2.39 -2.24 0.7 0.20 0.92 0.25 0.35 0.94 0.67
b* 2.96 3.60 3.60 3.43 3.35 3.28 3.50 0.04 0.230.74 0.40 0.02 0.49 1.34
(O 3.99 4.36 4.42 4.27 4.25 4.26 4.25 0.06 0.450.90 0.95 0.03 0.51 1.01
T* -0.84 -0.98 -0.95 -0.93 -0.92 -0.88 -0.97 ®.1 0.14 0.76 0.08 0.04 0.60 0.29

Average of the two muscles
pH 5.65 5.63 5.65 5.63 5.65 5.63 5.66 0.95 0.260.63 0.13 0.13 0.76 0.10
L* 51.8 52.6 52.2 52.2 52.3 52.7 51.7 0.27 0.100.78 <0.01 0.12 0.83 1.85
a* -1.72 -1.81 -1.87 -1.77 -1.83 -1.90 -1.69 2.3 0.93 0.61 0.10 0.05 0.83 0.69
b* 2.30 2.59 2.69 2.40 2.66 2.52 2.54 0.21 0.720.33 0.94 0.19 0.23 1.36
C* 3.43 3.59 3.56 3.51 3.54 3.58 3.47 0.49 0.540.81 0.43 0.36 0.88 0.78
T -0.57 -0.77 -0.76 -0.64 -0.77 -0.76 -0.65 0.0 0.26 0.14 0.20 0.64 0.38 0.47

R. and R,: probability of the linear and quadratic componeinariance for the effect of the (starch+soluliiee)/ADF ratio.
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Discussion of experiments 1 and 2
Modulating nutrients in the diets for growing rabbits
The first and second experiments of the thesis wihdicated to the definition of
requirements of soluble fibre and starch in refatio dietary insoluble fibre in rabbits during
post-weaning and fattening. At the same time tle ob dietary protein and its interaction with
other nutrients was taken into account also in viéwhe relationships between dietary protein

level and farm nitrogen efficiency and excretion.

Starch and soluble fibre to ADF ratio

The specific objectives above were pursued thrdbglresearch activities of the first two
experiments of the doctoral thesis. In details,the first trial the effect of increasing the
(starch+soluble fibre) to ADF ratio (from 0.6 to21to 2.0) was tested by using diets with
increasing starch (9.1%, 13.7% and 17.9%) and bolfibre (4.8%, 7.1% and 9.4%) at the
expenses of insoluble fibre (ADF 23.0%, 18.0%, 48&%). In the second trial, the effect of the
same ratio was tested at more extreme nutritiométsl (from 1.2 to 1.8 to 2.8), by using diets in
which soluble fibre was higher and less variabl®%lto 12%), starch reached higher
concentrations (13.2%, 17.0% and 20.4%) and ADFedesed at lower rates (18.7% to 14.9% to
11.3%) than in the Experiment n.1. In both triadsjuble fibre and starch increased at the
expenses of insoluble fibre by replacing alfalfaai@nd wheat bran with dried beet pulp and
barley. The main goal of the two studies was to aestrate the possibility of increasing the
nutritive value of the diet for growing rabbits amaproving rabbit digestive efficiency and feed
conversion, without favouring the appearance anckrgg of digestive diseases. This result
should have been obtained thanks to the positile absoluble fibre that counterbalances the
risk due to increased starch and reduced insofiliyke levels.

In both trials, increasing the ratio between (dtasoluble fibre) and ADF content of the
diet increased the digestive utilization of fee@®d their nutritive value until figures rather
unusual in diets for growing rabbits (apparent siigpdity of dry matter reached 75.6% with the
diet at the highest ratio). In fact, in Figure 1fe variability in DM digestibility is largely
explained by the changes in (starch+soluble fidi@} ratio from 0.6 to 2.8 (R0.96).
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Figure 17. Correlation between (starch+soluble fibre)/ADFaand dry matter digestibility
(average data of experiment#1-and 2<).

The improvement in the nutrient apparent digestybénd the nutritive value of diets with
increasing starch and decreasing insoluble fibre guate obvious (Gidenne and Bellier, 2000).
Similarly, increasing the levels of beet pulp antuble fibre in replacement of alfalfa meal and
insoluble fibre, as in the two experiments, hasnbedten associated to increased diet
digestibility and energy value (Trociret al, 1999, 2010, 2011; Falcdo-e-Curdtaal, 2004),
which both depend on the higher amount of moredtigie/fermentable fibre fractions, as well
as on the increased digestibility of all fibre frans (Carabafiet al, 1997). In fact, digestibility
of most soluble fractions (like those containedliied beet pulp) may reach 60-70%, while that
of insoluble fibre fractions (NDF), major constitueof alfalfa meal fibre, stands around 15-30%
(Carabariet al, 2001; Garciat al, 2009).

Productive performance was affected in a similay wa the two trials: feed intake
decreased and feed conversion improved when sédtsoluble fibre replaced insoluble fibre
fractions of the diet. In Figure 18, the strictatednship between the level of feed intake and the
changes in (starch+soluble fibre)/ADF ratio is digaepresented (0.98).
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Figure 18. Correlation between (starch+soluble fibre)/ADHaand feed intake (average data
of experiments 1, and 2<).
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In Figure 19, the variability of feed conversiortalaccording to the (starch+soluble fibre)/ADF
ratio is drawn, showing once again a high corretatietween the two set of dat#£R.90).

4,5

y =-0.573x + 4.2301

4.0 R2=0.90
o0 .

>0 ¢ —
25
20
1,5
0,0 1,0 2,0 3,0

(starch+soluble fibre)/ADF ratio

Figure 19. Correlation between (starch+soluble fibre)/ADFiaaand feed conversion index
(average data of experiment#1-and 2<).

During the first trial, also daily growth was pasdly affected by the increase of the
(starch+soluble fibre)/ADF ratio, especially duritige last period of fattening, while this trend
was not observed in the second trial. In fact, wiverput together the data of the experiments n.
1 and n. 2, the relationships between daily weggih and dietary changes in (starch+soluble
fibre)/ADF ratio was weak (0.19) (Figure 20).
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Figure 20. Correlation between (starch+soluble fibre)/ADRaand daily weight gain (average
data of experiments #, and 2<).

Previously, Trocincet al (2011) described that the replacement of inselwath soluble
fibre stimulated daily weight gain in the first pmt of growth, thanks to the high digestive
utilization of fibre fractions in the young rabbit@arounek et al, 1995). Differently,
Martinez-Vallespiret al (2011) found a depression of feed intake, anthis case, of milk
production in rabbit does fed diets in which nelutfatergent soluble fibre replaced insoluble
fibre, and a reduction of litter feed intake artteli live weight gain during post-weaning. Other

authors found that, at low levels of dried beetppuclusion (15%) in replacement of alfalfa
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meal, no differences were observed in daily weggih or feed intake (Trocinet al, 1999),
while with higher inclusion rates (>30%), feed kd#aand daily growth rates were greatly
depressed (Carababal, 1997; Falcdo-e-Cunted al, 2004).

During the experiment n.1, health status was faydpd; mortality averaged 8.5% and
decreased from 15.8% to 4.5% and 4.9% with (stawluble fibre)/ADF ratios from 0.6 to 1.2
and 2.0. Differently, during the second trial, tleatondition of animals was worse, epizootic
rabbit enteropathy occurred and mortality avereg2@%. In these conditions, no positive effect
of increasing (starch+soluble fibre)/ADF ratio waescorded and, on the opposite, morbidity
tended (P<0.10) to be higher in rabbits fed théndmg ratio. Previous studies showed that when
only starch increased at the expenses of insolfibie, health condition of growing rabbits
worsened (Carraret al, 2007; Blas and Gidenne, 2010). In young aninfalgjever, some data
showed a lower mortality when increasing the sta@hADF ratio (Debrayet al, 2002;
Gutiérrezet al, 2002; Feugieet al, 2006). On the other hand, when using solublefin
substitution of insoluble fibre (Gomez-Condet al, 2007; Xiccato et al, 2006;
Martinez-Vallespiret al, 2011) or of starch in iso-ADF diets (Jehl andi€ine, 1996; Perest
al., 2000; Soleet al, 2004; Xiccatcet al, 2008) other authors found a positive effect ealtin
especially in presence of ERE.

In both our trials, the higher availability of feemtable carbohydrates (either structural or
not) decreased caecal pH, increased total volfsitg acids (VFA) content, and decreased the
molar proportion of propionate at caecum. When iciemgg the data of the two trials, caecal pH
linearly decreased with the increasing value of(tarch+soluble fibre)/ADF #&0.88) (Figure
21), while the total concentration of caecal vidafatty acids stand at different average values in
the two trial and, therefore, changed differentlyhim the two trials (Figure 22).
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Figure 21. Correlation between (starch+soluble fibre)/ADRaand caecal pH (average data of
experiments 1, and 2<).
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Figure 22. Correlation between (starch+soluble fibre)/ADRa&nd total volatile fatty acids in
the caecal content (average data of experimedts dnd 2<).

When speaking about starch supply, high dietargl$eare usually expected to stimulate
VFA production and, as a consequence of the enldaaxerity of amylolitic bacteria, to reduce
acetate production and favour butyrate and valeedes (Parigi Binet al, 1990; Gidenne and
Bellier, 2000; Blas and Gidenne, 2010). We obsevguopionate reduction, that is considered
favourable for the gut health of the rabbit, agadly found by Trocinet al. (2011). Previous
studies also showed a favourable and significarrease of caecal fermentative activity when
the soluble fibre of diets increased at the experafeinsoluble fibre (Garciat al, 2000;
Falcdo-e-Cunhat al, 2004). On the other hand, the administratiodiefs with a raising rate of
dried beet pulp, and therefore of soluble fibre,ibyresence of a high quantity of raw materials
rich in insoluble fibre (15-20%), did not change fiermentative caecal pattern (Carabafial,
1997; Trocincet al, 1999).

The variations in the ingredient composition oftgliesed in the present thesis, besides
increasing dietary starch and soluble fibre andeBesing insoluble fibre, also affected the nature
of insoluble fibre fractions (in terms of a lowegrification and complexity of the cell walls or
different hemicellulosic constituents) and likelyade fibre more susceptible to both digestive
enzymes in the ileum and microflora fermentatiorthe caecum (Gidenne, 1992; Carabatio
al., 2001; Garciaet al, 2002), and more oriented towards acetate rath&n foropionate
production. In both the two trials, the major aahility of fermentable carbohydrates also
stimulated the synthesis of bacterial protein,afae reducing the amount of caecal N-ammonia
when the (starch+soluble fibre)/ADF ratio increadiéigure 23).
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Figure 23. Correlation between (starch+soluble fibre)/ADRaand N-ammonia production at
caecum (average data of experimen#,land 2<>).

In both trials of the thesis, ileum mucosa was aib¢cted, while the increase of the
(starch+soluble fibre)/ADF ratio reduced villi hketgand villi/crypth ratio of jejunum mucosa.
This result is usually considered negatively ankhteel to an impaired functionality of the
intestinal barrier and its capability of preventiagd reacting to pathogens attacks as well as of
contrasting the passages of toxins produced atntestinal level (Van Dijket al, 2002).
However, among previous studies in rabbits, thecefbf the feeding treatment of intestinal
mucosa traits are not conclusive: some authorsidlicobserve any effect of increasing starch or
starch to ADF ratio on mucosa morphology of youaghits (Gutiérrezt al, 2002), whereas
other studies measured a significant reductionlbfrveight at ileum (Carraret al, 2007) or on
the contrary an increase of villi height at jejun(fvarezet al, 2007). With regards to the role
of soluble fibre, various studies of Padova teadhdit find any effect on gut mucosa of growing
rabbits (Xiccatcet al, 2008; Trocineet al, 2010, 2011). Differently, other authors reportieatt
the increase of most soluble fibre fractions (fré# to 12%) at the expenses of insoluble fibre
may favour the barrier function of the intestinalcosa (Alvarezt al, 2007; Gomez-Condet
al., 2007).

At commercial slaughtering, gut weight and proporton live weight increased with the
(starch+soluble fibre)/ADF ratio in the first trjal/hile slaughter results or carcass traits did not
vary in the second trial. Previous studies shovird tabbits fed with high-soluble fibre diets
displayed higher gut proportion when contemporargewariations in insoluble fibre (NDF,
ADF) and starch levels were used (Gaetial, 1993; Carabafet al, 1997; Falcdo-e-Cunret
al., 2004; Trocincet al, 2011). On the contrary, when iso-ADF diets weoenpared, no real
impact of soluble fibre level (or beet pulp inclus) on the filling of digestive organs was found
(Jehl and Gidenne, 1996; Gidenne and Perez, 2000inbet al, 2010).
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The scarce influence of the chemical compositiothefexperimental diets on carcass and
meat traits confirms a limited effect of feeding thie qualitative characteristics of rabbits when
balanced diets are fead libitum (Xiccato, 1999; Hernandez and Gondret, 2006; Hetaa,
2008). On the other hand the variability degrephhand colour of rabbit meat would require a
higher number of measurements to reach statistisgjhificant differences.

On the basis of the results of the two trials, vem conclude that the contemporary
increase of starch (until 20%) and soluble fibrati{ul2%) has positive effects on digestive
physiology, health, weight gain and feed efficieotyabbits without impairing slaughter results
and carcass or meat quality. However, in presenfceepizootic rabbit enteropathy, the
contemporary decrease of ADF below 13% may nedgtiaéect digestive health of growing
rabbits.

Dietary protein

It is largely recognized that reducing dietary @ymotein for fattening rabbits below the
reference values of 16-16.5% as-fed would be beiaéfto reduce the feeding costs and to
control nitrogen excretion without affecting growglerformance and meat quality (Maertens
al., 1997; Xiccato and Trocino, 2010b).

In the conditions of the two first experiments loé fpresent thesis, the reduction of dietary
protein from 17% until 14% had no effect on growérformance and slaughter traits, while
improved nitrogen utilization and reduced nitrogewretion in the environment. Similarly, also
Xiccatoet al (2011) did not observe any effect of reducingadie CP from 16.2% to 15.2% on
performance of growing rabbits. In fact, while ab@6% of dietary CP may be considered to
cover protein requirements for growing rabbits @as and Mateos, 2010; Xiccato and Trocino,
2010b), a further reduction, until or below 14%wyays requires that main limiting amino acids
(lysine, methionine and threonine) are largely $iedp(Trocinoet al, 2000; Garcia-Palomares
et al, 2006b). With CP levels below 13.8%, daily weigfain was impaired (Maerteret al,
1997), especially in the first post-weaning pendien protein requirements for growth are still
high (Trocinoet al, 2000; Feugieet al, 2006).

At caecal level, dietary CP contributes to gut tiealquilibrium and its lack (<12%) or
excess (>18%) may modify caecal fermentation agtiand microflora composition (Carabafio
et al, 2009). All microbial populations benefit from theotein available at caecal level for their
development and proliferation, but some pathogstains ofE. coliandClostridia spp. seem to
gain an advantage from protein unbalance and iticplr from its excess. In fact, previous

studies showed a significant reduction of mortalilye to ERE when the dietary protein
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decreased (Xiccatet al, 2006, 2011) and ileal protein digestibility inased (Chamorret al,
2007) as well as a reduction @f. perfringens(Chamorroet al, 2007) and total anaerobic
bacteria at the ileum of growing rabbits (GarciioRereset al, 2006b). On the contrary,
Feugieret al (2006) did not find differences in the health dition of rabbits when dietary
protein decreased from 21% to 15%.

On the other hand, Xicca®t al (2011) found that the highest mortality was asged
with the diet with high protein concentration ang tlowest soluble fibre to starch ratio in
comparison with all other diets. In fact, MartinéaHespinet al. (2011) found that reducing
dietary protein from 17.5% to 14.5% had a positgffect on mortality (-19.9 percentage points)
of rabbits affected by ERE during post-weaning @#(28-49 days of age); also the replacement
of starch by ADF and of insoluble fibre by solublae had positive effects on rabbit health and
these effects seemed to be additive with thateféduction of dietary crude protein.

In the conditions of our trial, the dietary protdevel did not clearly interact with the
(starch+soluble fibre)/ADF ratio in modifying dige®e health of rabbits, but the reduction of
dietary protein improved health condition of rabdity reducing morbidity during the first trial
and mortality during the second trial, when EREuwced.

In fact, at caecal level, the administration oftgli&ith higher protein content increased the
production of N-ammonia, which could be considanedatively for the rabbit digestive health.
On the other hand, protein concentration did né¢cafthe level and characteristics of VFA
production at caecum. The effects on gut mucos& wather weak and poorly correlated with
the health status of rabbits. Also previous studép®rted contradictory data about the effect of
the protein level on the intestinal mucosa traitgabbits. Neither the changes in dietary CP
concentration (Chamorret al, 2007; Xiccatcet al, 2011) nor the dietary supplementation with
specific amino acids (glutamine and arginine) (Chamet al, 2010), which may directly
promote gastrointestinal integrity, modified muddsatology of early-weaned rabbits.

As what concerns slaughter results, these triatfiroo that the protein level has almost no
effect on carcass characteristics or meat traitereas possible effects may be expected only
with extreme CP concentrations (<130 g/kg or >18@)y(Xiccato and Trocino, 2010b).

Sex

As already described by other authors (Lambegtnal, 1990; Parigi Biniet al, 1992;
Petracciet al, 1999; Trocincet al, 2003: Lazzaronet al, 2009), the gender of rabbit did not
influence growth performance, while the gut inciderwas higher in females rather than in

males. As a consequence, dressing percentage sathe animals was lower. Among the other

94



Discussion of experiment 1 and 2

variables, only the incidence of head on cold mamas significantly higher in males than in
females. On meat, a significant increase of pHomigissimus lumborumn males compared to
females and some differences in colour (lower L# dmgher tint were measured in males
compared to females. Other authors observed a lbgigness (Trocineet al, 2003) and less
coloured meat (Carrilhet al, 2009) in meat of females compared to meat oemadh rabbits
slaughtered later than current slaughter age (ce3®), Lazzaronet al (2009) measured a
lower lightness but higher red and yellow indexetemales than in males. Differently, Petracci
et al (1999) did not find any significant differencedalour or technological traits of meat (drip

and cooking losses) depending on sex.

Conclusions

On the base of the results of the two experimemdistiae discussion above, it is possible to
formulate diets for post-weaning and fattening rablzapable of greatly improving feed
conversion compared to actual standards, maintagrowth and slaughter results.

The use of diets with increasing levels of bothrcdtaand soluble fibre in replacement of
insoluble fibre improved health condition of ralshiincreased diet utilization, especially of
fibrous fractions, and nutritive value. Productperformance in term of live weight and weight
gain were not influenced whereas feed intake @se and feed conversion greatly improved.
Thanks to the lower ingestion levels, nitrogen ekon deeply decreased with increasing dietary
(starch+soluble fibre)/ratio. Caecal fermentatiomsre more active and feed conversion
improved both because of the starch increase anhsoluble fibre reduction, and because fibre
had a different structure, that is, fibre was legsfied and more available for the enzymatic and
bacterial attack.

At the final commercial slaughtering, the increa$eghe above ratio slightly stimulated
live weight, but contemporary reduced dressing gqe@age because of the higher gut incidence.
This last result, however, was counterbalanced sigraficant increase of carcass muscularity as
proved by the higher meat to bone ratio of hind leg

Changes in protein level had less important effeetgeen if sometimes significant,
compared to changes in dietary starch and fibroartibns concentration. The reduction of CP
from 17% to 14% permitted to reduce farm nitrogewretion, while did not affect rabbit
performance or health. However, rabbits fed withv Idietary (starch+soluble fibre)/ADF
showed a higher susceptibility to digestive disosdehen CP increased from 14% to 15%. This
result deserves to be further investigated als@aumex it takes into account rather low levels of

dietary protein compared to those currently usefteld practice.
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Experiment 3.

Effect of the level and duration of feed restrictio in growing rabbits

Introduction

In commercial farms, growing rabbits are usually &&d libitum (Maertens, 2009).
However, feed distribution can be restricted dunoogt-weaning period in order to avoid the
risks of an excessive and not homogeneous feekleirgad the possible negative consequences
on intestinal health. Studies on feed restrictitawrted long time ago and aimed firstly at
evaluating growth performance and carcass and tnadéd with the aim of improving feed
efficiency and standardizing growth curves in rébhwith a different feed ingestion level
(Ouhayounet al, 1986; Ouhayoun, 1989; Cavaeti al, 1991). During the last 10 years, the
appearance and diffusion of epizootic rabbit emgatioy (ERE) pushed towards the use of feed
restriction in commercial farms as a method to k@rthe impact of the illness (Gidenee al.,
2003 and 2011). The present trial aimed to evalfiated to what extent the level (90% and 80%
vs ad libitum) and the duration of feed restriction (2 or 3 weelter weaning) might affect
health status, growth performance, feed digedigbitiody energy and protein balance, slaughter

results and carcass and meat traits.

Materials and methods

Rearing conditions

The trial was realized in the experimental farnthe University of Padova in the period
October-November 2009. The characteristics of empmrtal facilities and cages have been
detailed previously in the Experiment 1.

Since the trial was held in autumn, the maximumperature never overcame 21°C and
the minimum temperature dropped until 13°C (Fig@d and then was maintained at least
around 15°C thanks to forced heating. The averagaes of the minimum and maximum
temperature stood at 17°C and 19°C, respectivdhg maximum relative humidity averaged
74%, with a minimum value equal to 56% and a maximmalue of 86% (Figure 24). The

minimum relative humidity averaged 65% and rangethf36% to 76%.
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Figure 24. Daily values of minimum and maximum temperaturd arminimum and maximum
relative humidity (RH) throughout the trial.

Animals, experimental groups and recordings

The research was approved by the Ethical Commifethe University of Padova for
animal experimentation.

In a commercial farm, at 32 days of age, 264 rabbitboth genders from a hybrid line
(Grimaud Freéres, France) were selected from mutiygadoes (3-6 kindling) with healthy litters
and homogeneous kit weight. The animals were t@ategp to the experimental farm and, at
their arrival, rabbits presented an optimal heatttus. The rabbits were immediately weighed
(912199 g LW), put into individual cages and id&ad using ear tags.

The day after, at 33 days of age, 18 rabbits wiengghtered according to the comparative
slaughter techniques. The remaining 246 rabbit®wlerided in six experimental groups of 47
units, homogeneous in average weight and varigpiand submitted to different feeding
restriction levels according to a bi-factorial agament, with three restriction levetd(libitum
90% and 80% o&d libitum) during two different periods (2 weeks 3 weeks after weaning), as

shown in the following scheme:

Feed restriction period (T)

Feeding restriction level (R)

2 weeks
(35-49 d of age) (T2)

3 weeks
(35-56 d of age) (T3)

100%ad libitum (R100)
90%ad libitum (R90)
80%ad libitum(R80)

Group R100-T2
Group R90-T2
Group R80-T2

Group R100-T3
Group R90-T3
Group R80-T3
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The trial lasted 6 weeks and was divided into twoqus (Figure 25):
a) post-weaning periodduring which rabbits were fed a weaning dietg8 )ibitum (R100)
or were restricted at 90% (R90) or 80% (R80) dullrgeeks (T2) or 3 weeks (T3);
b) fattening period, during which rabbits were fed alwagd libitumwith a fattening diet

() during 4 weeks (groups T2) or 3 weeks (grotis

ODietS ®@Dietl

Group R80-T3

Group R80-T2

Group R90-T3

Group R90-T2

Group R100-T3

Group R100-T2

3 4 5 6

o
= A
N

Weeks of trial

Figure 25. Duration of post-weaning period and fatteningiqubiin the different experimental
groups.

The trial started the day after the arrival (33dafyage) of rabbits and lasted 42 days until
commercial slaughter at 75 days of age.

Individual live weight was recorded three times aek Individual feed intake was
recorded daily from the arrival of rabbits until ays of age (that is some days after the end of
the restriction period for the group T3, which vea$4 d). Thereafter, individual feed intake was
recorded three times a week. Health status wag daritrolled to detect promptly the occurrence

of diseases, especially digestive problems, agitbestcin the Experiment 1.

Experimental diets

All diets were pelleted with 3.5 mm of diameter ah@-1.1 cm of length. Diet S was
supplemented with antibiotics (oxitetraciclin angramicine, 1450 and 80 mg a.p./kg,
respectively) and with coccidiostatic (diclazufilimg a.p./kg), at the rates currently used in the

origin farm during post-weaning, where a severe oisthe presence of ERE have been detected.
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The fattening diet (1), administered libitumduring the second period, was characterized by a
lower protein supply, a lower digestible proteindigestible energy ratio, and did not contain
antibiotic or coccidiostatic drugs.

Diets were formulated consistently with commer@ndards and supplemented with
synthetic amino acids, micro- and macro-mineralseriter to satisfy nutritional requirements of
growing and fattening rabbits (De Blas and Mat@@4,0) (Table 23). As previewed, diet S had a
higher protein content (16.8%) compared to diet3.6%) as well as a higher crude fibre and
fibre fractions content, consistently with the raghprotein and fibre requirements of young

rabbits during post-weaning (Xiccato and Trocin@)&, De Blas and Mateos, 2010) (Table 24).

Table 23.Ingredient composition (%) of experimental diets.

Diet S Diet |
Dehydrated alfalfa meal 16-17% CP 30.90 23.50
Wheat bran 24.00 24.00
Barley 12.00 22.00
Dried beet pulp 15.00 15.00
Soybean meal 49% 7.00 5.50
Sunflower meal 30% 7.00 5.50
Sunflower oil 1.00 1.50
Molasses 1.50 1.50
Calcium carbonate 0.25 0.28
Dicalcium phosphate 0.33 0.20
Sodium chloride 0.40 0.40
L-lysine HCI 0.05 0.10
DL-methionine 0.05 0.05
Vitamin-mineral premix* 0.47 0.47
Coccidiostat (Diclazuril) 0.05 --

"Supplementation per kg of feed: vit. A, 12.000 Wt; D3, 1.000 Ul; vit. E acetate, 50 mg; vit. KB mg; Biotin,
0.1 mg; Thiamine, 2 mg; Riboflavin, 4 mg; vit. BBmg; vit. B12, 0.1 mg; Niacin, 40 mg; Pantothesitd, 12 mg;
Folic acid, 1 mg; Fe, 100 mg; Cu, 20 mg; Mn, 50 &g; 2 mg; I, 1 mg; Zn, 100 mg; Se, 0.1 mg.

Table 24.Chemical composition (as fed) of experimental diets

Diet S Diet |
Dry matter, % 92.7 92.3
Crude protein, % 16.8 15.6
Ether extract, % 4.0 4.4
Crude fibre, % 15.9 14.3
Ash, % 7.4 6.8
TDF, % 42.1 41.3
aNDF, % 38.7 36.1
ADF, % 19.8 18.1
Lignin (sa), % 3.6 3.4
Starch, % 11.6 155
Gross energy, MJ/kg 16.8 17.0

Restriction procedure

100



Experiment 3: Effect of the level and durationesd restriction in growing rabbits

The first day of trial, diet S was fead libitum to all rabbits. On the morning of the
following day, feeders were weighed to establisb #verage feed intake of rabbits fad
libitum. Restricted rabbits thus received in feeder anuatnof diet equal to 90% (groups R90)
and 80% (groups R80) of the average feed intakbeoprevious day. The same procedure was
adopted during the following days, by weighing feesdand calculating the amount of diet to be
fed to the different groups depending on the fedriction level. By this method, however, the
average feed intake of restricted groups duringfitise week of trial was systematically lower
than expected 90% and 80% of the voluntary intdigraups R100. Both the rapidly increase of
feed intake measured day by day in #t libitum group, and the presence of rabbits in the
restricted groups which consumed less than the rast|ared quantity may account for this
result. Therefore, in the second and third weetheftrial, the quantity of diet to be fed to the
restricted groups was raised to 95% (groups R90)3&96 (groups R80) of the intake measured
the day before in rabbits of the group R100. Thigel was continuously corrected taking into
account the average and real feed intake of restrigroups. At the end of the restriction period
lasting 2 weeks (groups T2) or 3 weeks (groups ®),diet S was changed by the diet | and

animals were fedd libitumuntil the end of the trial.

Health status

Health status was controlled as described for Exyart n.1 and mortality, morbidity and
sanitary risk were calculated accordingly. Durihg trial, 24 rabbits died of which one rabbit of
the group R100-T2, three rabbits submitted to RQQ¥€atment, three belonging to the group
R80-T2, six in the group R100-T3, 6 in the grouDR® and 5 submitted to R80-T3 treatment.
In most cases, ill and dead rabbits were hit bystige troubles, characterized by the presence
of diarrhoea and/or mucus, prostration and symptehish may be ascribed to ERE.

Due to the quick impairment of health and the exgtial increase in the number of ill and
dead rabbits, notwithstanding the antibiotic in@uasn the diet, from 41 days of age and during
9 days, antibiotics were administered in water ifiudne 12,5%, 100 mL/100 L, Tiamvet,
CEVA Santé Animale, France, and Colistine 12%, #0100 L, Colistine-solphate, Doxal,
Sulbiate, Italy) to control the disease and maimtaortality within acceptable values in view of
the aims of the trial.
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Digestibility trials
Faecal apparent digestibility and nutritive valdedeets were measured by two vivo
digestibility trials performed according to Perdzal (1995), as detailed in Experiment n. 1, and
according to the following scheme:
» diet S: 42 rabbits of T3 group (14 per restrictlenel) from 49 to 53 days of age (with
rabbits submitted to the different experimentahtingents, R100-T3, R90-T3 e R80-T3);
» diet I: 36 rabbits of T2 group (12 per restricti@vel) from 56 to 60 days of age (with
rabbits fedad libitumand belonging to groups R100-T2, R90-T2 and R8D-T2

Comparative slaughters

At 33 d, 18 rabbits, homogeneous in average livighteand variability and representative
of all other rabbits, were submitted to an initalmparative slaughter to determine empty body
weight (live weight minus gut content) and the eyrimidy chemical composition (Xiccas al.,
2003). Moreover, at the end of the trial, the dajolke the commercial slaughter, at 74 days of
age, 36 rabbits, homogeneous in average live weigthtvariability and representative of the six
experimental groups (six rabbits per group) wesaightered to determine their empty body
weight as well as their body chemical compositRabbits were killed from 08:00 to 12:00 a.m.
They were weighed immediately before slaughterlalhed by cervical dislocation. The gut and
the bladder were removed and emptied. Then, ttsh feenpty organs were joined to the whole
body and weighed to determine the empty body wegigB\W). Gut content was calculated by
difference (LW — EBW).

Final slaughter, carcass dissection and meat quaitalyses

At 75 days of age, the remaining rabbits were ditargd in a commercial slaughterhouse.
Feed and water were available until loading (frof130 to 07.30 a.m.). The animals were
transported inside cages (50 x 100 x 30 cm) withalfbits per cage (12 rabbits)min a
conditioned truck for about 60 minutes to a comna¢taughterhouse.

Slaughter began at 09:30 and ended at 11:00 a.proxamately. Rabbits were
individually weighed, then stunned by electro-atfaesia and killed by jugulating. At
evisceration, the weight of full gut and bladdeiswecorded. Carcasses were chilled at 4°C for 2
hours and then transported to the laboratorieh@fepartment of Animal Science of Padova
for dissection. Slaughter procedure, carcass disseand meat quality analyses were performed

by using the procedures and methodologies detailegperiment n. 1.
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The texture profile analysis (TPA) was performed rapat of hind leg by a TA.HDI
dynamometer (Stable Micro System Ldt, United KingdloOn the intact hind leg a constant
compression was performed by a 2-cm diameter pmaingng down at a speed rate of 2 mm/sec
and along 5 mm since the contact with the surfadeetanalysed. Then, the force was stopped
and the probe regained the initial position of eehtvith the surface. After 10 seconds, a second
compression was exercised with the same conditbtie first one. The analysis was performed
in the external medial area of theeeps femorisnuscle.

The software Texture Export was used to acquira dat to treat them and the result was
expressed as hardness (maximum force) which mehdine peak of force at the first
compression of the sample.

Chemical analyses

Chemical analyses of experimental diets, faeces Ga®tal contents were performed
according to the methodologies previously detaibeBxperiment n. 1. The empty bodies of the
rabbits from comparative slaughters were frozenthad ground. The freeze-dried samples were
analysed by AOAC (2000) methods for moisture, crpdetein and ether extract. Energy
concentration of empty bodies was measured by atiabomb calorimeter

Statistical analysis

The data were analyzed using ANOVA and with theeleand the duration of the feed
restriction, as well as their interaction, and ssxmain factors. The GLM procedure of SAS
(SAS, 1991) was used for all analyses. Differeramasng means with P<0.05 were accepted as
representative of statistically significant diffeces. Differences among means with
0.05<P<0.10 were accepted as representative ofderey to differences. Mortality, morbidity
and sanitary risk were analysed by the CATMOD pdoce of SAS.

Results

Digestibility and nutritive value of experimentaéts

The digestibility of dry matter, gross energy andgtrients changed in the different
experimental groups according to diets and regindevel (Table 25 and 26).

Due to the higher content of crude fibre and filsrdtactions, diet S showed a lower
digestibility and nutritive value compared to dlefon average 9.&s. 10.6 MJ DE/kg). The
digestibility of diet S was measured during postmiag when rabbits of groups R90 and R80
were restricted. In that case, a significant effettfeed restriction level was measured on

digestibility of dry matter, energy and variousnmrtts.
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In details, the digestibility of dry matter (56.6%%. 58.6%vs. 60.3%, P<0.001) and gross
energy (56.6%s.58.4%vs.60.0%, P<0.001) significantly increased with testriction level, in
rabbits fedad libitum vs. 90% vs. 80% respectively. Also digestibility of protein carether
extract changed accordingly. As what concerns cfime and fibre fractions, digestibility in
rabbits of R90 group was intermediate between RI@DR80.

Digestibility of starch, even if in very narrow ewal, decreased when the level of
restriction increased (P<0.001).

During the re-alimentation period, when the didabty of diet | fed adlibitum was
observed, no important residual effect of the retsbn treatment during post-weaning was
measured. Only digestibility of ether extract, aN&#d ADF was higher in rabbits of groups
R90 and R80 compared to R100 (Table 25).

The ratio digestible protein to digestible energgged from 12.9 g/MJ of diet S to 10.6
g/MJ of diet I. Even if protein requirements wendlyff satisfied during post-weaning and
fattening, the ratio DP to DE was unbalanced anfhwour of the protein supply, especially in
the period soon after weaning. Recommendationdgadh give optimal DP to DE ratio for
growing rabbits at 11.0-11.5 g/MJ (De Blas and Mat€010).

Table 25.Digestibility coefficients (%) and nutritive valwé diets S.

Diet S

Treatment R100 R90 R80 Prob. RSD
Rabbits, n. 13 14 13

Dry matter 56.6 58.6 60.3 <0.001 1.4
Crude protein 7321 75.2 77.8 <0.001 1.3
Ether extract 7890 82.2 83.3 <0.001 2.2
Crude fibre 143 16.8" 19.3¢ <0.001 3.1
TDF 32.7 33.3" 35.7 <0.01 2.3
aNDF 26.6 28.0" 30.7 <0.001 2.5
ADF 16.7 18.3" 21.¢ <0.001 2.7
Starch 08.8 97.7 97.8 <0.001 0.2
Gross energy 56°6 58.4 60.0 <0.001 1.5
Digestible energy (ED), MJ/kg 9.55 9.84 10.10

Digestible protein (PD), g/kg 123 126 131

DP to DE ratio, g/MJ 12.9 12.8 13.0
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Table 26.Digestibility coefficients (%) and nutritive valwé diets |.

Diet I

Treatment R100 R90 R80 Prob. RSD
Rabbits, n. 9 10 11

Dry matter 62.6 62.4 63.1 0.74 2.2
Crude protein 72.6 72.5 72.0 0.68 1.7
Ether extract 773 82.7 83.9 <0.001 1.9
Crude fibre 18.3 19.0 21.7 0.17 4.3
TDF 40.7 40.9 41.3 0.89 2.6
aNDF 33.7 34.7 37.6 0.02 3.2
ADF 22.7 24.G" 26.9 0.03 3.7
Starch 98.8 08.¢ 97.9 <0.001 0.4
Gross energy 62.2 62.1 62.3 0.97 1.8
Digestible energy (DE), MJ/kg 10.58 10.56 10.60

Digestible protein (DP), g/kg 114 113 112

DP to DE ratio, g/MJ 10.7 10.7 10.6

Growth performance and health status

As mentioned above, health of rabbits impairedrduthe second and third week of trial,
with diarrhoeas and mucus in several rabbits otralitments. The antibiotics included in the
diet S were therefore considered insufficient towtcd ERE and an additional antibiotic
treatment in water was offered during the third kvektrial to maintain the sanitary status under
control, with morbidity and mortality within acceyiiie values.

During the entire trial, mortality averaged 9.8%a anorbidity 41.9%. The analysis of the
effect of main factor (level and duration of feegbtriction) on health evidenced a significant
increase of mortality (from 5.7% to 13.8%; P=0.08)abbits restricted for the longer period (2
vs.3 weeks) (Table 27), while the restriction leviel dot affect results.

Table 27. Mortality, morbidity and sanitary risk: effect ohe level and the period of feed
restriction.

Restriction level (R) Restriction period (T) Padiility
R100 R90 R80 T2 T3 R T RxT
Mortality, % 8.5(7) 11.0 (9) 9.8 (8) 5.7 (7) 1387) 0.68 0.03 0.58
Morbidity, % 47.6 (39) 415(34) 43.9(36) 43.91)5 44.7 (55) 0.73 090 0.22
Sanitary risk, % 56.1 (46) 53.4(43) 53.7 (44) 05®1) 58.5 (72) 0.88 0.16 0.11

When looking at the evolution of mortality duringettrial (Figure 26), rabbits started to
die the third week of trial, from 47 days of ageddhe number of dead rabbits clearly peaked
during the fourth and fifth week of trial, afteretichange of diet (from S to I) and the end of feed

restriction. The trend of mortality was, therefocempletely different from what usual under
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field conditions, where mortality reaches a peakinduthe first 2-3 weeks after weaning and

decreases in the final fattening period.

REEEmEE —¢—R100-T2

—#—R90-T2

—#—R80-T2
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R80-T3

Days of age

Figure 26. Cumulative mortality of rabbits within experimahgroups.
On the other hand, the symptoms of the diseas& éveot yet associated to mortality,
were evident since the second week of the trigh wipeak in daily morbidity which hit 20-30%

of present rabbits, depending on the experimemtalgs (Figure 27).
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Figure 27. Instantaneous morbidity (percentage of illraliprssent rabbits)within experimental
groups.

The situation was rather stable during the thirékyealso because the antibiotic treatment
in water was added, while a new peak of morbidigswecorded between the third and fourth
week of the trial, when the group T3 started tddabad libitum This peak was particularly high
in rabbits of R80-T3 group which had showed a lowmrbidity in the post-weaning period
during which they were restricted at the maximuwele

The graphical representation of the same resulthirwimain factors simplifies the
interpretation of results and data (Figures 28 29 During the second week of trial, rabbits
submitted to the most severe restriction level (R8Dill less compared to rabbits of R100 and
R90 groups and also recovered better during tiné Week of trial (Figure 28). During the fourth

106



Experiment 3: Effect of the level and durationesd restriction in growing rabbits

week, all rabbits showed a peak of instantaneoudpidity, which was however more evident
(almost 20%) in rabbits previously submitted to thest severe feed restriction level (R80).
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Figure 28 Instantaneous morbidity (percentage of ill/présabbits): effect of the restriction
level.

As what concerns the effect of the length of restm period, the first peak of morbidity
obviously affected in a similar way the rabbitsboth T2 and T3 group (Figure 29). During the
third week (47-54 days of age), the percentagdl oalbbits was higher in rabbits which were
receiving diet lad libitum (group T2), while during the fourth week the grawstricted for a
longer period (T3) showed more problems once tett bf eating.

The differences observed in health and accordinbde@xperimental treatments during the
various weeks of the trial show that the lower peois recorded during the first period of feed
restriction were followed by a worsening of heattring the fattening and re-alimentation
period, and this negative trend was worse as strotige restriction level and as longer the

restriction period.
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Figure 29. Instantaneous morbidity (percentage of ill/présabbits): effect of the restriction
period.
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The trend in mortality and morbidity in our triakith a worse health status in restricted
rabbits, may be explained be the changes in ded#y fintake (Figure 30). Firstly, we have to
point out how difficult was to calculate the feex$triction curves basing on the amount of feed
effectively ingested the day before by rabbitsdedibitum This fact was especially true during
the second week of trial, when digestive problepyseared which reduced average feed intake
of R100 rabbits. As a consequence, rabbits of REDRB0 groups received an amount of diet
higher than the theoretical 90% and 80%adflibitum group. The correction in calculation used
from 40 days of age to adjust average feed intakeslenly decreased the amount of the diet
administered at 41-43 days of age. Only at the @nthe second week, intakes of restricted
groups were in line with those previewed compacedd libitum groups. A further factor must
be taken into account, which is more correlatedhwie trend in mortality that paid the restricted
groups, especially those of T3 group. This factdhe sudden increased in feed intake the day of
transition from a restricted to a voluntary feed{pg 14" day of trial for T2 rabbits and on $1
day of trial for T3 rabbits). The sudden changengkested feed corresponded to an increase of
20-25 g than the previous day on rabbits R90-T2dmubled to 45-50 g on rabbits R80-T2, and
further increased to 35 g on rabbits R90-T3 to ea€l g on rabbits R80-T3, which were
previously restricted at 80% during the first 2yslaf trial. This sudden variations of ingestion
level, as much higher as stronger the restrictewell and longer the restriction period, which
besides were contemporary to the change to a ndieated and high-energy diet (with a higher
starch/ADF ratio), may explain why animals wereiagausceptible to digestive diseases and
mortality, especially in those animals previousljpmitted to a more severe restriction (80%)
during a longer period (3 weeks).

Daily feed intake (g/d)
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Figure 30. Evolution of daily feed intake in experimentabgps.

Regardless of health and mortality (dead animads raot included in the analyses of

zootechnical performance), the effect of the restm system on productive results was clear
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and significant during the same period of reswittibut tended to decrease during the week in
which they were free of feeding and even disappésen rabbits reached the end of the trial
(Table 28). Live weight of rabbits, similar at theginning of the trial, was significantly lower in
rabbits submitted to the most severe restrictioBOjRboth after two weeks of restriction (at 47
days, 1646 g and 1592vg. 1507 g, P<0.001) and after three weeks (at 54, Z&@32 g and 1979

g vs. 1883 g, P<0.001; in this case the average valul®4100, R90 and R80 groups include all
animals, both those half still restricted and thosdf free of feeding). At the end of the
experimental period, at 75 days of age, howevdferdnces in live weights among the three
groups were reduced and not statistically signific&Vhen the whole experimental period was
taken into account, therefore, daily weight gainyaiended to be impaired with a stronger
restriction level (P=0.08), feed intake was loweanimals submitted to the 80% restriction level
(145 and 143s.136 g/d; P<0.01), whereas feed conversion dicchahge significantly among
restriction treatments (3.21, 3.14 and 3.14, P50.13

109



Experiment 3: Effect of the level and duratione&d restriction in growing rabbits

Table 28.Performance from weaning until commercial slaughte

Restriction level (R) Restriction period (T) Sex (S) Probability RSD
R100 R90 R80 T2 T3 Females Males R T S RxT
Rabbits, no. 75 73 74 116 106 94 128
Live weight, g
at33d 915 912 911 911 914 906 919 0.98 0.81 0.38 0.99 100
at47d 1648 1592 1507 1579 1584 1585 1578 <0.001 0.84 0.75 095 165
at 54 d 2002 1979 1883 1977 1932 1942 1967 <0.001 0.09 0.37 <0.01 196
at75d 2817 2829 2742 2782 2809 2756 2835 0.12 0.48 <0.05 0.05 277
Performance from 33 to 75 d
Daily growth, g/d 45.3 45.6 43.6 44.6 45.1 44.0 45.6 0.08 0.49 0.06 <0.05 5.99
Feed intake, g/d 145 143 136 139 143 139 143 <0.01 0.11 0.11 0.01 17.2

Feed conversion 3.21 3.14 3.14 3.14 3.19 3.18 3.14 0.13 0.28 0.28 0.74 0.27
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When data were analysed week by week, the restmidteatment clearly reduced feed
intake during the first two weeks of treatment (P¥Q), whereas since the third week (when all
groups T2 were free of feediragl libitum) this effect was weaker and attenuated by thegdan
to a more energetic diet and did not affect fe¢aki® until the end of the trial (Figure 31).
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Figure 31 Daily feed intake: effect of restriction level.

During the third week, the probability of the irdetion between the level and the period of
feed restriction was significant (Figure 32; P<@)6n feed intake which increased from rabbits
of groups R100 to those of groups R80 (144, 1661&tdg/d) for rabbits T2 now feat libitum
with diet I. Clearly an opposite trend was recorftadthe same restriction levels (174, 159 and
142 g/d) of T3 groups which were still restrictedided diet S.

BR100-T2 ®R90-T2 ®@R80-T2 ®R100-T3 OR90-T3 ®@R80-T3
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Figure 32 Dalily feed intake: effect of the restriction tire@nt.

The level of feed restriction significantly reducedily growth rate only during the first

week of trial (Figure 33).
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Figure 33. Daily growth rate: effect of restriction level.

The positive trend (P=0.10) of daily weight gairthwihe increase of feed restriction level
which was recorded during the third week of tralrelated to the increase in live weight of
groups R90 and R80 during re-alimentation (groups The same trend was measured during
the fourth week, but was not significant at a stetal level. During the third week, the
probability of the interaction between level andige of restriction was significant (P<0.001),
and daily growth rate measured 45.8, 61.6 and ¢@8l2n rabbits R100, R90 and R80 of group
T2 (which were free of feedingd libitum) and 56.0, 49.0 and 44.1 g/d for rabbits of the
corresponding restriction levels but belongingtoup T3 (still restricted) (Figure 34).

@R100-T2 ®@R90-T2 ®@R80-T2 ®R100-T3 ©OR90-T3 &ER80-T3

Weeks of trial

Figure 34. Daily growth rate: effect of interaction.

As what concerns the effect of the restriction getength on weekly performance, during

the first two weeks ingestion of diets was obvigusinilar (Figure 35).
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Figure 35. Daily feed intake: effect of the restriction peti

The similarity in feed intake of groups T1 and T&ridg the third week of trial, when
groups T2 were fedd libitum while groups T3 were still restricted, could belaned by the
different energy value of the diets that were ushket | for T2 rabbits and diet S for T3 rabbits)
and the chemiostatic regulation of appetite in rgbblrhis hypothesis was supported by the
different average feed intake measured in rabhiR1®0-T2 (144 g/d) and R100-T3 (174 g/d)
treatments, all fedd libitum during the third week (see Figure 35). For thressons, groups T1
and T2 showed similar results in the same periatlaagertain effect of restriction only in the

week immediately after the end of the restricti@atment (Figure 36).
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Figure 36. Daily growth rate: effect of the restriction puti

In details, during the third week of trial, dailyogvth rate significantly decreased in rabbits
T3, still restricted, compared to rabbits T2, aatttmoment fedad libitum (P<0.001), as

evidenced also by the above-mentioned signifiaateraction “level x period”. During the fourth
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week of trial, when rabbits T2 and T3 were fed shene diet I, the already discussed peak in
ingestion of rabbits T3 was measured due to thé mgestion level of groups R90-T3 and
R80-T3. Therefore, daily growth rate during thertbuveek was significantly higher in rabbits
T3 than in rabbits T2.

As a last point, the effect of sex was rather waall evident at the end of the rearing
period with a higher final live weight in males thia females (2835s.2756 g, P<0.05) due to a
rather higher growth rate during the whole tridd.@vs.44.0 g/d, P=0.06) (see Table 28).

Body composition and nitrogen balance

The changes in body composition during the tria #re composition of rabbits at the end
of the trial were estimated on the base of the datarded on animals slaughtered at the
beginning and at the end of the trial by the corafpae slaughter technique. By using the data of
empty body weight and composition of reference itabdlaughtered at 33 and 74 days of age,
changes in composition of empty body were estiméiedll rabbits that reached the end of the
trial (75 days of age) and in function of the nesiton treatments (Table 29).

In rabbits submitted to the most intensive resoictievel (group R80), EBW gain was
lower (P=0.03) than in R100 and R90 rabbits an@ esnsequence, body gains in water, protein
and ash were lower (Table 29). The gain of lipidwaexpected: the lowest values (220-240 g)
were recorded in rabbits R100-T2, R90-T3 and R8&i@8 the highest values in other groups
(significant interaction P<0.001). This result mginlepended on the significant interaction
between level and period of restriction which pexeal on one side rabbits fad libitumwith a
weaning diet during 2 weeks and on the other sadits submitted to restriction (80% and
90%) for a longer period (3 weeks) compared to dtier animals, as already discussed for
growth performance.

Data of body chemical composition were also useti¢asure the effect of the restriction
level and period on nitrogen balance. The most reefeed restriction, 80% aodd libitum
significantly reduced the amount of ingested, regdiand excreted nitrogen compared to not
restricted rabbits or rabbits restricted at 90%b{@a30). The amount of ingested nitrogen
decreased by 6% (P<0.01), that of retained nitrdge®% (P<0.10) and nitrogen excretion
diminished by 8% (P<0.001) in R80 rabbits compdoeat libitumrabbits.

As what concerns the effect of the restriction garian increase from 2 to 3 weeks
impaired nitrogen balance with a significant ineeaf nitrogen ingestion (+4% in rabbits T3
compared to rabbits T2, P=0.02) and nitrogen exurdt-6% in rabbits T3 compared to rabbits

T2, P<0.01), in front of a not significant changdahe amount of retained nitrogen.
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These results may be easily explained by the highaein content of the diets fed during
the restriction period and during re-alimentati@6.8% of diet S/s.15.6% of diet I), especially
in rabbits of groups R100-T3 and R90-T3, for whihle increase of protein ingestion did not
correspond to an increase of growth rate and, fibvere of nitrogen retention (significant
interaction, P<0.001) (Table 30).

In other words, the administration of a diet witlgher protein content and for a longer
period impaired nitrogen balance, notwithstandiegdf restriction. The lower energy value of
diet S even accentuated this negative result, simgestion level of diet S remained higher
compared to diet I, especially during the third kes trial, as widely commented in the
paragraph on growth performance.

Table 29.Variation of empty body weight (EBW) and compasitiof EBW gain from at 33 to
75 days of age: effect of the restriction level aedod.

Restriction level (R) Restriction period (T) Probability RSD
R100 R90 R80 T2 T3 R T RxT
Rabbits, n. 75 73 74 116 106
EBW at 33 d*, g 774 771 771 772 773 097 091 099 84
EBWat75d, g 2491 2490 2406 2449 2476  0.06 0.40 0.14 245
EBW gain, g 1716 1719 1636 1677 1703  0.03 0.38 0.10 223
Composition of EBW gain
Water, g 1058  107Ff 1004 1037 1052 0.01 0.44 0.60 145
Protein, g 35% 354 334 342 351 0.02 0.13 052 44
Ether extract g 258 246 250 249 244 0.03 0.13 <0.001 27
Ast, g 49 49" 46 50 46 0.01 <0.001 0.05 7
Energy, MJ 18.7 18.5 18.4 18.6 19.1 020 004 030 22

*Data of the initial comparative slaughter of 1®&bé#s at 33 d of age: EBW = 84% LW; EB compositiorater,
73.7%; protein, 18.0%, ether extract, 4.6%; asI/3 gross energy, 6.57 MJ/kg.

Ynteraction (P<0.001): 224, 261, 261, 292, 231 24@ g in groups R100-T2, R90-T2, R80-T2, R100-T80HR3
and R80-T32ZInteraction (P=0.05): 52, 51, 46, 46, 47 and 46 groups R100-T2, R90-T2, R80-T2, R100-T3,
R90-T3 and R80-T3.

Table 30.Nitrogen excretion: effect of the restriction leaed period.

Restriction level (R) Restriction period (T) Probability RSD
R100 R90 R80 T2 T3 R T RxT

Rabbits, n. 75 73 74 116 106

Live weight at 33 d, g 915 912 911 911 914 0.97 0.81 0.99 100
Live weight at 75 d, g 2817 2829 2741 2782 2809 0.12 0.47 0.05 277
Body Nat33d, g 26.7 26.6 26.6 26.6 267 098 081 099 3.0
BodyNat75d, g 87.2 87.6 84.6 86.0 869 0.12 047 005 93
Feed intake, g/d 145 143 136 139 143 <0.01 0.11 0.01 17.2
Ingested N, g 186 154 146 149 155 <0.01 0.02 001 183
Retained N, g 605 610 58.F 59.4 60.3 0.08 048 0.03 84
Excreted N, g 95%5 927 875 89.3 94.5 <0.001 <0.01 0.02 12.1

Daily excreted N, g/d 227 22 208 2.13 2.25 <0.001 <0.01 0.02 0.3
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Slaughter results, carcass and meat quality

The feeding treatment scarcely affected slaugle®ults, carcass and meat quality (Tables

31 and 32). As for performance, also slaughterlt®suere scarcely affected by the level or

period of feed restriction. In fact, it is notor®that when rabbits are fedl libitum balanced

diets, the feeding treatment cannot modify slaugtgsults if the live weight is not affected at an

appreciable rate (Xiccato, 1999; Hernandez, 2008B}he present trial, only the incidence of

liver was significantly higher in rabbits submittexmithe most severe restriction level (R80) and

transport losses were higher in rabbits restridtada longer period (T3). The amount of
dissectible fat tended to be higher (P=0.09) ibitstR90 than in R100 and R80 ones.

Table 31.Slaughter results and carcass quality.

Restriction level Restriction Sex .
R) period (T) S) Probability RSD

R100 R90 R80 T2 T3 Females Males R T S R_I_X
Rabbits, n 63 61 62 98 88 73 113
Slaughter weight (SW),%g 2767 27822695 2741 2754 2717 2779 0.7®.17 0.14 0.07 272
Transport losses, % LW 1.7 1.7 17 15 1.9 1.7 1.7 0.98.04 0.90 0.09 1.2
Full gut incidence, % SW 19.8 195199 195 19.9 20.2 19.3 0.57.17 <0.01 0.14 2.2
Cold carcass (CC), g 1637 165894 1621 1637 1594 1664 0.2®.62 <0.05 0.24 170
Cold dressing, % 59.3 59.759.3 594 594 59.0 59.8 0.68).98 <0.05 0.66 2.0
Head, %CC 8.0 80 82 81 81 8.0 8.1 0.43.94 0.62 0.57 0.6
Liver, %CC 5.0 50 55 51 53 5.2 5.1 0.09.24 0.68 0.97 0.9
Reference carcass (RC), g 1368 138321 1352 1362 1329 1386 0.10.72 0.06 0.28 152
Dissectible fat, % RC 3.1 36 32 33 33 3.4 3.2 0.09.74 0.23 0.12 1.0
Hind legs, % RC 323 32.833.3 330 326 32.5 33.1 0.10.36 0.24 0.30 1.7
Hind leg muscle/bone ratio 6.53 6.76.56 6.66 6.54 6.48 6.72 0.70.54 0.27 0.65 0.7
Hind leg meat hardness, N 115 12123 127 116 13.3 11.0 0.80.47 0.17 0.25 5.6

As what concerns the effect of sex, females shosvéifgher incidence (P<0.01) of gut

which impaired dressing out percentage (P<0.04)deweased cold carcass weight (P<0.05)

compared to males. Some changes due to sex wesadedcfor meat coloutbiceps femoris

showed a lower red index and a higher T index inafies rather than in males.

Hardness of meat, measured as resistance to caigmresdid not change with feeding

treatments or sex. From a methodological point iefvy this type of measurement, that is

resistance to compression of fresh meat of hind &gdenced some critical points of its

application due to the composition of a producttes hind leg of rabbits for which also the

classical measurement of share force is critichletoealized.
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Table 32.Meat quality: pH and colour dbngissimus lumborurandbiceps femoris.

Restn((:;c))n level Restnc(t_llf;n period ?Se)x Probability RSD
R100 R90 R80 T2 T3 FemalesMales R T S RxT
Longissimus lumborum
pH 553 554 553 5.54 5.53 5.54 553 0.73 0.89 0.71 0.81 0.08
L* 499 50.2 495 49.6 50.2 49.7 50.1 0.46 0.15 0.37 0.15 2.48
a* -2.12 -2.29 -2.23 -2.16 -2.26 -2.34 -2.08 0.62 052 0.09 0.99 0.78
b* 0.76 0.13 0.20 0.71 0.02 0.19 0.54 0.36 0.09 040 0.19 2.16
C* 3.00 293 299 2.88 3.06 2.80 3.15 0.96 0.41 0.11 059 1.13
T* -0.23 -0.10 -0.06 -0.24 -0.02 -0.09 -0.17 0.53 0.09 0.56 0.14 0.67
Biceps femoris
pH 5.72 570 5.70 5.71 5.70 5.71 571 0.85 0.52 0.87 0.32 0.12
L* 48.3 48.6 484 48.3 48.5 485 48.4 0.80 0.50 0.83 0.11 2.15
a* -2.61 -259 -2.81 -2.67 -2.67 -2.78 -256 0.11 0.99 0.03 0.48 0.53
b* 3.03 285 3.07 3.01 2.96 2.85 3.13 0.63 0.82 0.21 0.70 1.13
C* 409 3.97 4.27 411 4.11 408 4.13 0.30 0.99 0.74 0.55 0.85

T -0.83 -0.81 -0.79 -0.82 -0.80 -0.77 -0.86 0.69 0.64 0.05 0.86 0.24
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Experiment 4.

Effect of feeding plan and feed restriction programn growing rabbits

Introduction

Results obtained during the first trial on feedtnieson highlighted some problems and
arose questions about the correct management df resstriction in terms of restriction rate,
times and modes of re-alimentation: reduction dintary intake during the second phase of
growth with lower growth rates; impairment of héattondition as a consequence of the great
change in daily feed intake after re-alimentatidifficulty to calculate the daily feed restriction
level on the base of feed intake of animalsdddibitum

As a consequence, the second study of the pressiy sn feed restriction aimed at
evaluating different combination of feeding plamsl deed restriction programs: feeding plans
were based on the administration of high digestdnlergy (DE diet A:11.1 MJ/kg) or moderate
digestible energy (DE diet B: 10.7 MJ/kg)during tiwbole growing period (A-A; B-B) or in
succession (B-A); feed restriction program starfemn 85-90% of voluntary intake and
gradually increased until voluntary intake to av@rkat changes in ingestion level during
re-alimentation. The effects of the above descrifemting programs were tested on health
status, growth performance, digestive utilizatibliets, and carcass and meat quality as well as

body composition and nitrogen balance of rabbits.

Materials and methods

Rearing conditions

The trial was realized in the experimental farnthed University of Padova in the period
April-June 2010. The characteristics of experimefdailities and cages have been detailed
previously in the Experiment 1.

During the trial, the maximum temperature reachétiC2and the minimum temperature
was 12°C (Figure 37). Average values of minimum amkimum temperature measured 18°
and 23°C, respectively. The maximum relative hutyidveraged 77%, with a minimum value
of 55% and a maximum 89% (Figure 37). The minimehative humidity averaged 52% and
ranged from 31% to 76%. These environmental cantstimay be tolerated without any

problems by growing rabbits.
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Figure 37. Daily values of minimum and maximum temperaturd annimum and maximum
relative humidity (RH) throughout the trial.

Animals, experimental groups and recordings

The research was approved by the Ethical Commidtethe University of Padova for
animal experimentation.

In a commercial farm, at 33 days of age, 300 rabbitboth genders from a hybrid line
(Grimaud Freres, France) were selected (six ralpeitditter) from 50 multiparous does at their
3-6th kindling with healthy litters and homogeneditsnveight. The animals were transported to
the experimental farm and at their arrival theyspreed an optimal health status. The rabbits
were put in individual cages and identified usiag &gs. The following day, 34 days of age, the
trial started and the animals were weighed (95343 10V). The same day, 12 rabbits were
selected, representative of all animals for avelageweight and variability according to the
comparative slaughter technique (Xiccatoal, 2003) as described in Experiment n. 3. The
remaining 288 rabbits were divided in six experitaémgroups of 48 units, homogeneous in
average weight and variability, and submitted teee¢hfeeding plans per two restriction levels.
The six rabbits from the same litter were assigmael per group to distribute the maternal effect
over the treatments.

Two diets (diet A and diet B) with a different eggrconcentration and with the same
DP/DE ratio (theoretical ratio: 11 g DP/MJ DE) wersed for feeding rabbits. The feeding plans
changed according to the diets administered dutiegfirst and second period of growth: plan
A-A, rabbits were fed diet A during the whole tr{&l weeks); plan B-A, rabbits were fed diet B
during the first three weeks and diet A during ldst two weeks; plan B-B, rabbits were fed diet
B during the whole trial (5 weeks).

Within the three feeding plans, rabbits were &t libitum during the whole trial; or
restricted on average at 90% during the first thveeks of trial.

The trial lasted five weeks and was divided into periods:
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a) first period (3 weeks), post-weaning, , during whitao groups of animals were fed with
diets A and the remaining four groups with diet\VBithin each feeding treatment, half of
animals was restricted (R) and half was d&edibitum (L);

b) second period (2 weeks) fattening, during whichr fout of the six experimental groups
received diet A and the remaining two groups we diet B. All rabbits were fedd
libitum during this period (L) (Figure 38).

The trial started the day after the arrival of rigblt the experimental farm (at the age of
34 d) and lasted 36 days until commercial slaughit&0 days of age. Individual live weight and
feed intake were recorded three times a week. kietdtus was checked daily to detect promptly
the occurrence of diseases, especially digestwkl@ms, as described in the Experiment 1.

An in vivo digestibility trial was carried out on 48 animél® rabbits fedad libitumwith
diet A, 12 rabbits restricted fed with diet A, l&bbits fedad libitumwith diet B and 12 rabbits
restricted fed with diet B) from 47 to 51 days gfeafollowing the procedure of Peret al.
(1995).

Groug L-AA Diet A — 100%ad libitum Diet A ad libitum
Grour R-AA | Diet A—90%ad libitum Diet Aad libitum
Grouf L-BA Diet B - 100%ad libitum Diet A ad libitum
Grour R-BA | Diet B —90%ad libitum Diet A ad libitum
Grour L-BB Diet B - 100%ad libitum Diet B ad libitum
Grouf R-BB Diet B — 90%ad libitum Diet Bad libitum
Firsi perioc (a) Second peric (b)
1%' week | 2"weel | 3%eek | 4" weel | 5" weel |
Age 34 c 55¢ 70 c

Figure 38.Scheme of experimental treatments.
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Experimental diets

The diets were pelleted with 3.5 mm of diameter &iid1.1 cm of length. The diets were
similar to those used in commercial farms duringtpeeaning (diet B) and fattening (diet A)
periods. Diets were supplemented with syntheticnanacids, micro- and macro-minerals and
vitamins to satisfy the nutritional needs of youwagbits (De Blas and Mateos, 2010) and did not
contain any antibiotic or coccidiostatic drugs. Malifferences among diets were due to the
inclusion rate of alfalfa (Table 33), higher in di® and barley, higher in diet A, whereas the
other main raw materials changes in a restrictadea

Table 33.Ingredient composition (%) of experimental diets.

Diet A Diet B
Dehydrated alfalfa meal 16% CP 24.55 34.00
Wheat bran 20.00 24.00
Barley 20.00 12.00
Dried beet pulp 14.50 16.00
Soybean meal 47% CP 8.00 5.00
Sunflower meal 29% CP 8.00 5.00
Soybean oil 1.50 1.00
Molasses 1.50 1.50
Calcium carbonate 0.48 0.25
Dicalcium phosphate 0.50 0.28
Sodium chloride 0.40 0.40
L-lysine 0.05 0.05
DL-methionine 0.05 0.05
Vitamin - mineral premix* 0.47 0.47

"Supplementation per kg of feed: vit. A, 12.000 Wt; D3, 1.000 Ul; vit. E acetate, 50 mg; vit. KB mg; Biotin,
0.1 mg; Thiamine, 2 mg; Riboflavin, 4 mg; vit. BBmg; vit. B12, 0.1 mg; Niacin, 40 mg; Pantothesid, 12 mg;
Folic acid, 1 mg; Fe, 100 mg; Cu, 20 mg; Mn, 50 &g; 2 mg; I, 1 mg; Zn, 100 mg; Se, 0.1 mg.

Table 34 reports the chemical composition of diesasured in laboratory and their
nutritive value determined in vivo. Differences ween diets were lower than expected,
especially for the starch content (13.8-13.6%) filme and fibrous fractions. Consistently with
formulation criteria, diet A showed higher protemntent compared to diet B (16.8%. 15.5%)
due to the higher inclusion rate of soybean (+3n{3diand sunflower (+3 points) meals.
Therefore, diets had a different DP to DE ratiorfr®1.9 g/MJ in diet A to 11.0 g/MJ in diet B.
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Table 34.Chemical composition (as fed) of experimental diet.

Diet A Diet B
Dry matter, % 88.9 89.4
Crude protein, % 16.8 155
Ether extract, % 4.3 3.5
Crude fibre, % 145 15.1
Ash, % 6.6 6.9
aNDF, % 32.0 34.4
ADF, % 17.3 185
Lignin (sa), % 4.1 4.3
Starch, % 13.8 13.6
Digestible protein (DP), g/kg 131.6 117.9
Digestible energy (DE), MJ/kg 111 10.7
DP to DE ratio, g/MJ 11.9 11.0

Restriction procedure

The amount of diet to administer daily to restrctabbits was established on the base of a
theoretical restriction curve according to 85% twédretical voluntary intake was fed to rabbits
on the first day of trial. The quantity of diet reased daily by 1% and reached 100% of
theoretical voluntary intake on the™8ay of trial. Then, the amount of diet daily irased by a
further 1% until the 28 day of the trial, when the administration of thetdvas about 20 g
higher than the theoretical voluntary feed intdkeour purpose, this restriction procedure would
have restricted ingestion of 10% on average infitse 3 weeks of trial and, week by week, by
10-15% during the first week, 5-10% during the secweek, and 0-5% during the third week
thus permitting a progressive re-alimentation withgreat changes in feed intake levels since
the 4" week of trial. The administration of diets was wotrected on the base of the real feed
intake of not-restricted groups. The theoreticatkle curves of voluntary and restricted feed
intake are reported in Table 35. The amount of tedake offered during the first 28 days of trial
was calculated as above described on the baseeofh#oretical voluntary feed intake and

reported in Table 36 and Figure 39.

Table 35 Weekly theoretical curves afl libitumand restricted feeding.

Group DE1-3 DE4-5 Week1l Week2 Week3 Week4 Week5 Weeks1-3  Weéks

L-AA 10,0 11,0 110 140 155 160 160 135 158
L-BA 10,0 11,0 110 153 171 164 164 145 163
L-BB 10,0 10,0 110 153 171 178 185 145 184
R-AA 11,0 11,0 97 133 158 168 168 129 166
R-BA 10,0 11,0 97 146 174 171 172 139 170

R-BB 10,0 10,0 97 146 174 186 199 139 195
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Table 36 Daily theoretical curves @fd libitumand restricted feeding.

Day 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 22 23 24 25 26 27 28
Group
L-AA 92 100 105 110 115 121 125 129 133 137 140 144 146 148 150 152 154 155 156 157 158 159 160 160 161 161 161 161
L-BA 90 98 104 110 116 123 129 136 143 149 155 159 163 166 168 169 170 171 172 173 174 169 165 163 162 162 162 162
L-eg 90 98 104 110 116 123 129 136 143 149 155 159 163 166 168 169 170 171 172 173 174 175 176 177 178 179 180 181
R-AA 78 86 91 97 102109 114 119 124 129 133 138 142 145 149 152 156 158 161 163 166 169 171 173 175 177 179 180
R-BA 77 84 91 97 103111 117 125 133 140 147 153 158 163 166 169 172 174 177 180 183 179 177 176 177 178 180 181
R-BB /7 84 91 97 103111 117 125 133 140 147 153 158 163 166 169 172 174 177 180 183 186 188 191 194 197 200 203
210
190 —
170
150
o
3, 130
110
90 N A//,’(‘/
C/" ——L-AA —=—|-BA L-BB R-AA ——R-BA R-BB
70
50 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35
days on trial

Figure 39. Theoretical voluntary intake and restriction @sv

Health status

During the trial, nine rabbits dead of which twoldmging to the group L-AA, two
submitted to the plan L-BA, two of the group L-B&hd three of the plan R-AA. In most cases,
rabbits showed digestive problems, with symptomsclviwere ascribed to epizootic rabbit
enteropathy. Moreover, at the end of the trialthfeir 11 rabbits were excluded from the dataset
used in the statistical analyses because they eeitgss than the minimum commercial live
weight (2.0 kg): three out of 11 were from the grduAA, one to L-BA, two to L-BB, two to
R-AA, one to R-BA and two to R-BB.

Because of the quick impairment in health statumes40 days of age and during 9 days,

an antibiotic treatment in water was administegedabbits with Tiamuline 12.5% (150 mL/100
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L, Tiamvet, CEVA Santé Animale, France) and Calisti 12% (200 mL/100 L,
Colistine-sulphate, Doxal, Sulbiate, Italy) to awhtillness and maintain mortality within
acceptable rates in view of the scientific aimshef trial. The present study, in fact, intended to
evaluate the effect of feed restriction on growérfgrmance and body balance rather than on

animal health.

Comparative and commercial slaughters, carcassedissn and meat quality analyses

As reported above, at the beginning of the trid, rhbbits were slaughtered (initial
slaughter) according to the comparative slaughgehrtique, to determine the EBW and EB
composition at the beginning of the trial. At 55yslaof age, an intermediate slaughter was
performed on 36 rabbits (6 per group) to evaluhgedomposition of rabbits at the end of the
post-weaning period. Similarly, a final comparatstaughter was realized at 69 days of age on
further 36 rabbits to evaluate EB composition atend of the experiment. A total of 84 rabbits
were slaughtered and analysed with the procedw@itded for the experiment 3.

At 70 days of age, 120 rabbits were selected (20efach experimental group and
representative in terms of average live weight aadability) for commercial slaughter and
dissection. Feed and water were available untditga (from 06:30 to 07:30 a.m.). The animals
were transported inside cages (50 x 100 x 30 cnth Wi rabbits per cage (one rabbit per
experimental group, 12 rabbits/min an air-conditioned truck for about 60 minutes a
commercial slaughterhouse.

Slaughter began at 08:50 and ended at 10:30 a.proxamately. Rabbits were
individually weighed, then stunned by electro-atiaesia and killed by jugulating. Carcasses
were chilled at 4°C for 2 hours and then transpbttethe laboratories of the Department of
Animal Science of Padova for dissection. Slaugiptercedure, carcass dissection and meat
guality analyses were performed by using the pro@siand methodologies detailed in the first

experiment.

Chemical and statistical analyses

Chemical analyses of experimental diets, faecesralioit empty bodies were performed
according to the methodologies previously detailed.

The data were analyzed using ANOVA and with feeditan, feed restriction program,
their interaction and sex as main factors. The Girbcedure of SAS (SAS, 1991) was used for
all analyses. The Bonferrotitest was used to compare means. Differences amaags with
P<0.05 were accepted as representative of statlgtgignificant differences. Differences among
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means with 0.05<P<0.10 were accepted as representdia tendency to differences. Mortality,
morbidity and sanitary risk were analysed by thefTG¥OD procedure of SAS.

Results

Digestibility and nutritive value of the diets

Digestibility of nutrients was scarcely affected f®ed restriction program: in fact, the
digestibility trial was performed during thé? 3veek of trial, when the restricted rabbits were
consuming their diet almost aid libitum level. Differently, digestibility and nutritive Wae
changed greatly with the diet: digestibility of dnyatter and energy, protein and fibre was
significantly higher for diet A than diet B, cleartlepending on inclusion in the diet A of a
higher percentage of soybean and sunflower mealbanéy in replacement of alfalfa (Table
37). The significant reduction of ether extract edigpility from diet A to diet B may be
explained by the lower fat inclusion rate in dietvihereas added fat have a higher digestibility
compared to lipids contained in vegetable feeds., (ialfalfa meal) (Xiccato, 2010). The
reduction of ether extract digestibility in resteid rabbits compared to those fad libitum is
more difficult to be explained and depended esfigaim the lower digestibility of the diet in
restricted rabbits fed diet A.

Table 37. Digestibility coefficients (%) and nutritive valu@s fed): effect of diet and feed
restriction.

Diet (D) A A B B Probability RSD
Feed restriction (R) ad libitum Restricted ad libitum Restricted

Group LA RA LB RB D R DxR

Rabbits, n 12 12 12 12

Dry matter 64.9 65.4 62.8 63.0 <0.001 056 0.739 1.
Crude protein 78.2 78.6 76.1 75.9 <0.001 0.84 0.513
Ether extract 83.9 81.9 79.0 78.9 <0.001 <0.01 20.01.3
Crude fibre 22.8 243 19.7 194 <0.01 0.65 0474 4.
aNDF 311 32.1 30.3 311 0.38 043 092 37
ADF 18.7 20.0 17.6 17.8 0.20 056 0.68 45
Gross energy 66.3 66.9 64.3 64.3 <0.001 0.60 0.399

Health and productive performance

The evaluation of the effect of experimental treatits on health of rabbits was not among
the main objectives of the present trial. Sincens@after one week, rabbits started to show signs
of digestive diseases, an antibiotic treatment atew was administered to all rabbits. This
treatment permitted to control the number of ibbbas (Figure 40) and limiting dead rabbits to

only 9 animals, even if further 8 rabbits were exeld at the end of the trial since they did not
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a)

reach the minimum commercial weight (2.2 kg), s tbtal losses stayed at 6.8% (3.6% of dead
rabbits and 3.2% of discarded rabbits).

8 8
7 7
—ad libitum —AA  —BA BB
%] 6 §2] 6
IS -Restricted S
8 5 g 5
5 4 5 4 \
g 3 2 3
£ : |
z SR LY i
1 / 1 LA
0 0 - |
30 40 50 60 70 30 40 50 60 70
Age of rabbits Age of rabbits

Figure 40. Number of ill rabbits per day during the trial if@als later dead or discarded are
included) according to the feeding system (a) &edeeding plan (b).

The effect of experimental treatments, mortalityl aanitary risk did not change either
with the feeding system or with the feeding plaal{lé 38), while morbidity was significantly
affected by both factors. In details, the perceamtafjill rabbits was higher in rabbits fextl
libitum rather than in those restricted.

Table 38. Effect of feeding system and feeding plan on heafthabbits from weaning until
slaughter.

Feeding (R) Feeding plan (P) Probability
ad libitum  Restricted AA BA BB R P RxP
Mortality?, % (n) 7.9 (10) 5.6 (7) 9.5 (8) 48@4) 6.0(5) 0.35 0.39 0.70
Morbidity, % (n) 5.6 (7) 2.4 (3) 3.6 (3) 6.0 (5) .422) <0.001 <0.001 3-
Sanitary risk, % (n) 13.5(17) 7.9 (10) 13.1(1110.7 (9) 8.3(7) 0.18 0.65 0.91

Ynitial number of rabbits per group: 126 per Fegdinoup and 84 per Feeding plan grodpead and discarded
rabbits.’Data not available because one group did not shoxbidity.

This trend is easy to be highlighted when lookihtha graphical representation of animals
which fell ill daily in Figure 40a: during the ped of feed restriction, more rabbits were ill in
thead libitumgroup already 4-5 days after the beginning otiad

The effect of the feeding plan on ill rabbits isdeclear (Figure 40b) and more difficult to
be explained, since it depended on the higher nuwitié rabbits in animals submitted to the B-
A feeding plan.

The daily changes in health status also explaierdifces in growth rates and feed intake

during the different weeks of the trial (Table 39).
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Table 39. Effect of feeding system and feeding plan on penéoice from weaning until
slaughter: weekly data.

Feeding (R) Feeding plan (P) Probability RSD
ad libitum  Restricted AA BA BB R P RxP  Sex

Rabbits, n 116 119 76 80 79

Growth rate, g/d
Week 1 53.5 47.0 51.2 499 49.7 <0.001 0.35 0.7@¢57 6.9
Week 2 54.6 55.3 543 56.6 53.9 0.63 0.30 0.76100. 12.0
Week 3 48.3 51.0 49.2 49.7 50.1 0.05 0.84 0.53990.10.1
Week 4 41.9 43.5 422 432 427 0.19 0.77 0.63310. 9.3
Week 5 37.5 371 375 370 375 0.77 0.90 0.48570. 8.7

Feed intake, g/d
Week 1 108 93 101 100 101 <0.001 0.94 081 0.702 1
Week 2 134 129 128 135 131 0.05 0.16 095 0.92 20
Week 3 151 148 145 152 152 0.41 0.07 0.60 0.46 21
Week 4 149 149 145 150 152 0.87 0.11 090 0.21 21
Week 5 150 150 148 149 152 0.96 047 079 0.38 24

During the first week, growth rate was significgntihpaired by feeding restriction (53.5
and 47.0 g/d in rabbits fead libitumand restricted, P<0.001) which depended on a 13%érlo
feed intake (108/s 93 g/d). During the second week of trial, the eggpance of digestive
disorders reduced feed intake in rabbitsdddibitumso that differences in feed intake with the
restricted groups decreased (M4129 g/d, P=0.05, which corresponded to a reaticésn of
4%). For this reason, during the second week groatdhwas similar between the groups, while
during the third week rabbits fead libitum showed a similar feed intake (1%% 148 g/d,
P>0.10) and even a lower growth rate comparedsiniceed rabbits (48.8s 51.0 g/d, P=0.05).
During the fourth and fifth week, neither growthes nor feed intake differed between the two
groups. As a consequence, productive performanteeinvhole period did not change with the
experimental treatments.

Live weights of rabbits at the end of the first asetond period were similar (Table 40),
whereas feed intake was significantly higher irbresfedad libitumduring the first period (131
vs 123 g/d, P<0.01), especially depending on feddke of the first week of trial. This
difference explains the worse conversion indexh& same animals and in the same period
(P<0.05). Feed intake and feed conversion measaréte first period explain the significant
differences for the same traits in the whole tbetween rabbits fe@d libitum and those
restricted.

As what concerns the effect of the feeding plariy d@ed conversion tended to impair
from rabbits submitted to the plan A-A to thoselad plan B-A until plan B-B in the first period
(P<0.10). The differences in feed conversion amoagtments reached a more significant level
during the whole trial (2.89s 2.93vs 2.97, P<0.05) (Table 40).
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Table 40.Effect of feeding system and feeding plan on pentoice.

Feeding (R) Feeding plan (P) Probability RSD
ad libitum  Restricted AA BA BB R P RxP  Sex
Rabbits, n 116 119 76 80 79
Live weight, g
34d 950 942 953 942 943 061 0.79 0.85 0.12 107
55d 2044 2016 2036 2036 2019 0.27 0.83 0.78 0.901
70d 2638 2618 2631 2634 2618 055 091 0.76 0.6%8
First period (34-55 d)
Growth rate, g/d 52.1 51.1 51.6 521 51.2 0.28770.0.87 028 7.2
Feed intake, g/d 131 123 125 129 128 <0.01 0.290 0 0.63 16
Feed conversion 2.52 2.45 243 248 253 0.04 6 0@57 <0.01 0.2
Second period (55-70 d)
Growth rate, g/d 39.6 40.1 39.7 399 39.9 0.57970.0.45 037 7.7
Feed intake, g/d 150 149 147 149 152 0.92 0.2B850.0.28 22
Feed conversion 3.85 3.79 3.75 3.80 3.90 03500231 079 0.5
Whole trial (34-70 d)
Growth rate, g/d 46.9 46.5 46.6 47.0 46.5 0.63860.0.73 0.77 5.8
Feed intake, g/d 139 134 139 137 138 0.04 0.299 0.0.39 16
Feed conversion 2.96 2.89 289 293 297 <0.0D3 00.36 0.05 0.2

Slaughter results and meat quality

Neither the feed restriction prograad libitumor restricted, nor the feeding plan affected

results (Tables 41 and 42). Rabbits showed an ge®eséaughter weight of 2574 g, with a

dressing percentage of 61.6%; the reference cafg¥Sy weighed 1324 g on average, with
dissectible fat at 2.9% RC, hind legs at 33.0% RE& meat to bone ratio of hind leg at 6.26. This

performance was consistent with the genetic tyjeel asd the slaughter age of animals.

Table 41.Results at commercial slaughter and carcass quality

Feeding (R) Feeding plan (P) Probability RSD

ad libitum Restricted AA BA BB R P RxP Sex
Rabbits, n 98 101 64 68 67
Slaughter weight (SW), g 2585 2564 2579 2579 25640.55 0.92 0.86 0.54 247
Transport losses, % LW 1.96 2.06 193 2.08 201 .470 0.67 0.02 0.29 0.9
Gut incidence, % SW 17.6 17.7 175 178 17.6 0.7853 0.18 <0.001 1.3
Cold carcass (CC), g 1591 1582 1596 1582 1581 9 0.6.84 0.58 0.96 163
Cold dressing, %CC 61.5 61.7 619 61.3 61.6 0.%107 0.09 0.01 15
Cold carcass dissection:
Head, %CC 7.82 7.76 7.67 790 7.80 0.61 0.27 0.580.01 0.6
Liver, %CC 5.33 5.19 532 522 524 0.35 0.85 20.6 0.10 0.8
Thor. org., kidneys, %CC 3.18 3.17 3.26 312 315099 0.14 0.46 0.53 0.3
Reference carcass (RC), g 1328 1320 1325 1320 1328).77 0.98 0.54 0.17 142
Dissection of reference carcass:
Dissectible fat, %RC 3.03 2.80 3.09 287 279 30.10.22 0.92 <0.01 0.8
Hind legs, %RC 32.8 33.2 32.7 333 331 0.52 0.6753 0.23 2.2
Muscle/bone hind leg 6.24 6.29 6.46 6.22 6.11 70.0.16 0.14 0.77 0.6
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Only sex affected data to some extents: gut incidemas higher in females than males
(P<0.001) and dressing percentage lower in the dotiman in the latter rabbits (61.4 vs. 61.9,
P=0.01). Also head incidence and dissectible fahefreference carcass were affected by sex
(P<0.01).

Table 42.Meat quality: pH and colour dbngissimus lumborurandbiceps femoris.

Feeding (R) Feeding plan (P) Probability RSD
ad libitum  Restricted AA BA BB R P RxP  Sex
Rabbits, n 60 60 40 40 40
Longissimus lumborum
pH 5.53 5.53 553 552 555 093 025 079 0.46080
L* 53.5 53.7 53.2 53.6 54.1 059 028 024 0.26.52
a* -1.53 -1.79 -1.74  -152 -1.72 0.09 041 0.07.240 0.1
b* 2.33 2.30 236 2.60 2.00 0.93 0.44 <0.01 0.58.07
C* 3.37 3.50 346 355 3.30 0.57 0.65 <0.01 0.06.22
T* -0.53 -0.60 -0.60 -0.58 -0.52 066 0.90 0.74 540 0.81
Biceps femoris
pH 5.75 5.74 575 574 575 096 093 076 0.16120
L* 51.3 51.8 51.4 516 51.7 020 072 091 04791
a* -2.38 -2.44 -2.37 -2.37 -2.48 0.46 043 0.20.020 0.45
b* 3.40 2.97 3.36 318 3.01 0.07 049 0.26 0.88.281
C* 4.25 3.99 424 411 4.02 0.11 055 0.26 0.67.900
T* -0.92 -0.83 -0.91 -0.87 -0.84 0.07 055 0.21.860 0.28

Body balance and nitrogen excretion

At intermediate slaughter (55 days of age), the &Bde protein content differed
significantly according to the feed restriction gram and was higher in rabbits fad libitum
compared to those restricted (19.2%018.9%, respectively; P=0.05) (Table 43). A termyeto a
significant interaction (P=0.06) was measured betwthe feed restriction program and the
feeding plan, that is the EB protein content waghér in rabbits fe@d libitumduring the whole
trial with diet A, characterized by a higher DPD& ratio, rather thamad libitum with diet B,
whereas in restricted rabbits EB protein was simigardless from the diet. At final slaughter
(69 days of age) after two weeks of re-alimentatibpreviously restricted rabbits, no significant
effects of the treatments were observed.

Restricted rabbits showed a lower EBW at 55 d,theccomposition of the EB gain during
the first period was characterized by lower gaihgrotein, lipid, ash and gross energy. In the
same period, the different diets only affected E&ngof ash (Table 44). The significant
interactions between the feed restriction prograunh the feeding plan to rabbits during the first
period for EB gain of lipid and gross energy are tii the lowest value measured in restricted
rabbits of plans R-BB and R-AA.
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During the second period, when all rabbits were dddlibitum the effect of the feed
restriction program was still evident, but rese@ttrabbits were favoured (Table 45). In details,
between 55 and 69 days of age, the EB of previaesiyicted rabbits gained more protein (120
vs 126 g), lipid (91vs 97 g), ash (18&s 19 g) and energy (6Xs 7.1 MJ) than those fead
libitum, confirming theexistence of a compensative growth. In rabbitsdddibitum the EB
gain of protein was lower in rabbits of plan L-BBL({ g) than those of plan L-BA (130 g), with
intermediate values in rabbits of plan L-AA (121 djfferently, rabbits previously restricted
showed a higher EB gain of protein in group R-AB{lg) than in group R-BB (125 g), while
those submitted to plan R-BA showed an intermeddatdein gain (122 g). As what concerns
the EB gain of lipid and energy, rabbits submitteglan L-BB showed the most unfavourable
results and those rabbits submitted to plan R-BBevirethe most favourable condition, whereas
rabbits always fedad libitum or previously restricted and submitted to plan#\ A&and B-A
showed similar and intermediate conditions.

On the base of results above described, rabbitseojroup R-BB, previously submitted to
the major constraint in energy intake, since thegrewrestricted and were fed with the
low-energy diet, utilized diet B during the secquetiod with higher efficiency (higher gain in
protein, lipid and energy) compared to rabbits sittieshto the same plan (BB) but fad libitum
during post-weaning. Rabbits fed diet A during seeond period had an intermediate behaviour
between the two groups L-BB and R-BB and regardbesis from the feeding system (restricted
or ad libitum) and the diet (A or B) received during the firstipd. As a consequence, when the
whole trial is considered, differences among expental groups decrease until disappearing
and neither the composition of the empty body,therbody balance were significantly different
among groups, with the exception of the ash emptlylgain (Table 46).
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Table 43.Body composition of slaughtered rabbits at 55 &d 6f age: effect of feeding system and feediag pl

Feeding (R) Feeding plan (P) Probability RSD
ad libitum Restricted AA BA BB R P RxP

Rabbits*, n 18 18 12 12 12

EB composition at 55 d
Water, % 67.9 68.6 68.3 68.2 68.3 0.31 0.99 0.81 1.9
Protein, % 19.2 18.9 19.1 19.1 19.0 0.05 0.94 0.06 0.50
Lipid, % 9.6 9.5 9.6 9.5 9.5 0.88 0.98 0.86 2.07
Ash, % 3.2 3.0 3.0 3.2 3.2 0.02 0.13 0.47 0.25
Gross energy, MJ/kg 8.52 8.35 8.51 8.45 8.36 - - - -

EB composition at 69 d
Water, % 65.9 66.2 65.8 66.3 66.0 0.65 0.75 0.92 1.6
Protein, % 19.7 19.5 19.8 19.5 19.5 0.31 0.33 0.80 0.6
Lipid, % 11.2 11.3 11.3 11.1 11.3 0.86 0.94 0.96 1.9
Ash, % 3.2 3.1 3.1 3.1 3.2 0.11 0.53 0.75 0.3
Gross energy, MJ/kg 9.35 9.24 9.40 9.32 9.27 - - - -

*Number of rabbits slaughtered at each age

Table 44.EB weight gain composition of the EB gain betweéraAd 55 days of age.

Feeding (R) Feeding plan (P) Probability RSD
ad libitum Restricted AA BA BB R P RxP Sex
Rabbits, n 116 119 76 80 79
EBWat34d,g 802 797 805 797 797 0.61 0.79 0.85 0.11 90
EBW at55d, g 1738 1693 1725 1707 1713 0.05 0.80 0.76 0.98 170
EBW gain, g 936 897 920 911 916 0.02 0.91 0.82 28 0. 128
EB gain composition
Water, g 600 586 596 589 595 0.20 0.88 0.89 0.25 87
Protein, g 193 180 188 186 186 <0.001 0.77 0.15 .320 25
Lipid, g 111 105 110 108 107 <0.001 0.24 <0.001 0.50 13
Ash, g 30 25 26 29 28 <0.001 <0.001 <0.001 0.29 4
Gross energy, MJ 9.1 8.5 9.0 8.8 8.7 <0.001 0.27<0.01 0.40 1.1

*Data of the initial comparative slaughter on 1Bbiss at 34 days of age: Empty body weight = 8418% weight; EBW composition: water, 72.3%; protelrY.6%, lipid, 6.9%;
ash, 3.2%; gross energy 7.09 MJ/Kkg.
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Table 45.EB weight gain composition of the EB gain betweBrabd 69 days of age.

Feeding (R) Feeding plan (P) Probability RSD
ad libitum Restricted AA BA BB R P RxP Sex
Rabbits, n 116 119 76 80 79
EBW at55d, g 1738 1693 1725 1707 1713 0.05 0.80 0.76 0.98 170
EBW at69d, g 2307 2286 2297 2312 2280 0.47 0.67 0.86 0.69 227
EBW gain, g 570 592 572 605 567 0.09 0.04 0.14 390. 102
EB gain composition
Water, g 340 350 334 368 334 0.24 <0.01 0.38 0.38 66
Protein, g 120 126 125 126 118 0.04 0.04 <0.01 400. 20
Lipid, g 91 97 94 93 96 <0.001 0.46 <0.001 0.46 13
Ash, g 18 19 19 18 19 0.03 0.11 <0.001 0.41 3.2
Gross energy, MJ 6.8 7.1 6.9 7.1 6.8 <0.01 0.12 0.0k 0.45 1.0
Table 46.EB weight gain composition of the EB gain betwedraBd 69 days of age.
Feeding (R) Feeding plan (P) Probability RSD
ad libitum Restricted AA BA BB R P RxP Sex
Rabbits, n 116 119 76 80 79
EBW gain, g 1504 1489 1491 1516 1483 0.53 0.52 770. 0.79 187
EB gain composition
Water, g 941 936 929 957 929 0.78 0.26 0.83 0.73 122
Protein, g 314 306 314 311 305 0.11 0.29 0.47 50.8 37
Lipid, g 202 203 204 201 203 0.81 0.65 0.19 0.97 22
Ash, g 48 44 44 47 47 <0.001 <0.01 0.14 0.78 5.8
Gross energy, MJ 15.9 15.6 15.9 15.9 15.5 0.30 270. 0.15 0.93 1.8
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Experiment 4: Effect of feeding plan and feed retstn program in growing rabbits

Table 47 reports the effect of the feeding treatsy@m the body nitrogen balance of
rabbits during post-weaning and fattening periodd @ the whole trial. Feed restriction
significantly reduced body N at 55 days of agehaitt residual effects at 69 days of age. During
the first period, feed restriction significantlydreced feed intake, ingested N as well as retained
and excreted N. During the second period, a rekeftect of feed restriction was measured only
on retained nitrogen which was higher in previougstricted rabbits. During the whole trial,
changes in retained N were not significant, asresequence of the opposite trends in the first
and second period, but significantly lower feed &hohgestion and N excretion were measured
in restricted rabbits compared to those dedibitum

The feeding plan did not affect body N at 55 ord@¥ys of age, but significantly affected
the N balance. In details, N intake and excretionngj the first period were significantly higher
in rabbits fed diet A than in those fed diet B. iDgrthe second period, rabbits fed diet A showed
on average higher N ingestion, retention and exxrahan those fed diet B. As what concerns
retained N, the lowest value was recorded for tabbf group L-BB (significant interaction
feeding system x feeding plan). During the wholpezimental period, the effect of the feeding
plan resulted in a reduction of N ingestion andrettan when comparing rabbits of plan A-A to

those of plan B-A and the ones fed according ta BleB.
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Experiment 4: Effect of feeding plan and feed retitn program in growing rabbits

Table 47.Effect of feeding system and feeding plan on batlpgen balance from weaning to 69 d of age.

Feeding (R) Feeding plan (P) Probability RSD
ad libitum Restricted AA BA BB R P RxP Sex
Rabbits, n 116 119 76 80 79
Body Nat34d,g 22.6 22.4 22.6 22.4 22.4 0.61 .790 0.85 0.12 2.5
Body Nat55d, g 535 51.2 52.8 52.1 52.2 <0.0010.68 0.42 0.98 5.2
Body Nat69d, g 72.8 71.4 72.8 72.2 71.1 0.13 .330 0.64 0.73 7.1
Balance from 34 to 55 d
N ingested, g 69.9 66.1 70.4 67.1 66.5 <0.001 O0k0. 0.88 0.63 8.3
N retained, g 30.9 28.8 30.1 29.7 29.8 <0.001 70.7 0.15 0.32 4.0
N excreted, g 39.0 37.3 40.3 37.4 36.7 0.01 <0.00 0.68 0.13 5.2
N excreted, g/d 1.86 1.77 1.92 1.78 1.75 0.01 0GD. 0.68 0.13 0.25
Balance from 55to0 69 d
N ingested, g 55.3 55.2 55.7 56.8 53.4 0.93 0.02 0.76 0.28 8.0
N retained, g 19.3 20.2 20.1 20.1 18.9 0.04 0.04 <0.01 0.40 3.3
N excreted, g 36.1 35.1 35.6 36.7 345 0.18 0.04 0.49 0.30 5.6
N excreted, g/d 2.58 2.51 2.54 2.62 2.46 0.18 40.0 0.49 0.30 0.40
Balance from 34 to 69 d
N ingested, g 125 121 126 124 120 0.04 0.03 0.99 0.39 4.8
N retained, g 50.2 49.0 50.2 49.8 48.7 0.11 0.29 0.47 0.85 6.0
N excreted, g 75.7 72.3 75.9 74.1 71.1 0.04 0.01 0.74 0.17 9.9
N excreted, g/d 2.15 2.07 2.17 2.12 2.03 0,04 10,0 0,74 0,17 0,28
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Discussion of experiments 3 and 4

Modulating feeding strategies in growing rabbits

The third and fourth experiments of the thesis weeelicated to the development of
feeding strategies which would permit a suitableted of rabbit feed intake during the
post-weaning period, with the general aim of insheg global farm feed efficiency.

The third experiment was specifically devoted taleate the effect of the level (90 and
80% vs. ad libitum) and duration (2 or 3 weeks after weaning) of feestriction. The fourth
experiment comparead libitumvs. restricted feeding which started from 80%adflibitumand
progressively reached voluntary intake level aBaveeks. Both feeding levels were associated
to feeding plans based on diets at moderate dojestinergy concentration (10.7 MJ/kg) or high
digestible energy concentration (11.1 MJ/KQ).

In the condition of our trials, when the nutritivalue of diets was tested during the
restriction period, apparent digestibility of dietas higher in rabbits under restriction rather
than in rabbits fedad libitum (like in experiment 3). However, no residual effef the
restriction treatment during post-weaning was reedrwhen digestibility of diets was measured
in the re-alimentation period (both in experimerdaril 4). In their wide review on the effect of
feed restriction in growing rabbits, also Gidereteal. (2011) outlined a clear improvement of
diet apparent digestibility during the restrictipariod, while during the following period, when
rabbits are free of feeding, the residual effeatestriction are unclear and contradictory among
studies. Theoretically, a better digestive efficenwould have been expected, since
previously-restricted rabbits often grow at a highate compared to rabbits always fad
libitum, but ingest a comparable amount of feed.

In both the two experiments of the thesis on feedriction, the possibility of controlling
the diffusion and severity of digestive diseasesnipdulating feed intake was considered a
secondary objective and therefore antibiotics werduded in the diets and/or water to
adequately maintain under control digestive disedbkés choice was oriented to avoid that a
high incidence of ill and dead animals could dracadly alter growth performance, and energy
and protein body balance. In the condition of tkeegiment 3, however, ERE occurred (average
mortality at 9.8%; average morbidity at 41.9%) aadcertain effect of the experimental
treatments on health status was recorded. In deteehlth problems were lower during the first
period of feed restriction, but a worsening of ktiealas observed during the re-alimentation
period, and this negative trend was worse as strotige restriction level and as longer the

restriction period were. The sudden raising of stige level accounted for the higher
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susceptibility to digestive diseases and mortaditthose animals previously submitted to the
most severe restriction (80%) and for the longesiop (3 weeks). In the experiment 4, health
conditions were more favourable, with mortality mgng 3.6%, even if some animals
recovered from illness were discarded at the endalfbecause they did not reach the minimum
commercial weight (for a total of 6.5% of dead atidcarded rabbits). In these conditions,
mortality did not differ among groups whereas tieecpntage of ill rabbits was higher in rabbits
fed ad libitumthan in those restricted.

Since 10 year, French researchers have been téstirgficacy of feed restriction as a tool
to control digestive disorders, and ERE in pardculin growing rabbits. Following the
“promising” results of some studies, almost 95%Foénch rabbit farmers are now adopting
feeding restriction programs (Gidenatal, 2011). Already in 2003, Gidenm al reported a
reduction of post-weaning mortality and morbiditiiem restriction level reached 70% (or better
60%) of voluntary feed intake. At these restrictiewvels, the effect of feed restriction was
evident and significant not only in the restrictipariod, but even in the whole experimental
period, even if health condition in the second gektended to be worse in the rabbits previously
submitted to restriction. The same authors, howest not find significant differences in
mortality and morbidity of animals in the wholealriwhen restriction during post-weaning was
less severe, ranging within 80% to 90% of voluniatsike.

Other French authors described a positive effe@¢@d restriction on the control digestive
diseases in young rabbits (Boistal, 2003, 2005; Foubest al, 2008). On the other hand,
neither under an experimental infection of entetiopgenicE. coli (Martignonet al. 2010) nor
in presence of a spontaneous colibacillosis (Madiget al, 2009), feed restriction had a
positive effect of health of growing rabbits. Siamlly, other studies did not find the
above-mentioned positive effect (Bovertaal,, 2008; Gualteri@t al, 2008; Maticst al, 2008).
Differences in feed restriction levels and in famggiene conditions as well as in the duration of
the rearing period may partly explain differenaeseasults among studies.

When considering the effect of feed restriction growth performance, a reduction of
growth rate during the restriction period is aniobg consequence of feed restriction and the
decrease in daily weight gain is estimated at gddbper each percentage point of restriction in
comparison to thad libitum group (Gidennest al, 2003; Tudela, 2008). However, during the
subsequent re-alimentation period and thanks te@dhgpensatory growth, restricted rabbits are
capable of growing more than rabbits always &flibitum. In fact, final weight and daily
weight gain from weaning to slaughter are lesscédfi (-0.13 g/d per each point of restriction)
(Gidenneet al, 2003; Tudela, 2008). For this reason, at theddrfdttening, differences in live
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weight may be still evident, but at a lower ratpelaing on the restriction rate and the length of
the restriction period as well as the length ofrir@limentation period.

Moreover, according to the review of Gidereteal. (2011), during restriction, the rate of
reduction in growth is lower than the applied ratdéeed restriction, that is when reducing daily
feed intake by 20% a reduction of about 15% is Ihswdoserved in daily growth rate. On the
other hand, some authors (Rometaal, 2010) rather observed that the decrease inrihetly
rate was almost the double of the reduction in fieéake and, therefore, restricted animals still
showed a significantly lower live weight at the esfdhe fattening trial compared to rabbits fed
ad libitum

In the conditions of the present thesis and duboth the two experiments of feed
restriction, the scarce effect of the level andqaepf feed restriction on performance of rabbits
during the whole trial may be attributed to the m@de restriction level tested (80% and 90%)
and the longer period of re-alimentation (3 to 4k& compared to the French studies. In fact,
by using more severe restriction rates (70% or 80%oluntary intake) during the first period of
growth (3 weeks, from weaning at 35 days until 5®ysd of age) followed by shorter
re-alimentation periods (2 weeks), until slaugtaelower age (70 days) and live weight (about
2.4 kg) than in the present trial, Perrier (1998)fd a significant reduction of live weight and
slaughter results. Also Gidenm¢ al (2003), in restricted rabbits (90%, 80%, 70% &0do
compared tad libitum feeding) from weaning (34-38 d) to 54 days of &mgend a significant
reduction of final live weight, growth rate and demtake in all restricted rabbits. During the
second period of re-alimentation and until comnarsiaughter (68-72 days of age), rabbits
restricted at 90% during the first period recovensight and performance, as found also in our
trial, whereas live weight and growth rate werengigantly lower in all other groups compared
to the control one.

The reduction of feed conversion index, which Tadé€008) recognizes as the most
interesting result of feed restriction, was hardppreciable in our studies (especially in the
experiment 3). In fact, restriction rates by 90%d 80% are expected to reduce conversion index
by 0.08 and 0.15, respectively (Giderateal, 2003; Tudela, 2008). Gidene¢ al. (2011) state
that the overall feed conversion is improved by 120% and the margin of the feed cost
improves by 2% to 10% when a feed restriction sgwtis applied during post-weaning.
However, this latter result may be irrelevant fram economic point of view when rabbits are
slaughtered at heavy weights, when the advantageaise due the longer period of growth. In
the present thesis, feed conversion during the eviwdlex was not affected at all in the

experiment 3, while some advantages were evideircéte experiment 4. Also other authors
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(Romeroet al, 2010) did not observe the claimed improvementfegfd conversion when
applying feed restriction and stated that this mégple is not a useful strategy for improving farm
efficiency in the condition of Spanish farms.

On the other hand, feed restriction favourably@éd nitrogen excretion, by reducing it in
both experiments. The effect was clearly and sicgmit evident during the first period of growth
(during which rabbits were restricted) and was ificantly affected by the feed restriction level
and by the feeding plan (rather than by the lengiththe restriction period itself). As a
consequence, when the whole period from weanirgjaioghter was considered, differences in
nitrogen excretion were still significantly in fawoof restricted rabbits.

As what concerns slaughter results and carcassnaatl quality, the restriction treatment
had a scarce effect on these traits during botleraxgents. In fact, it is widely known that when
rabbits are fe@d libitumbalanced diets, the feeding treatment cannot mathiughter results if
the live weight is not affected at an apprecialle (Xiccato, 1999; Hernandez, 2008). On the
other hand, the feed restriction should bring alsnrhe differences in the growth of some
organs and tissues compared to rabbitsafdibitum which however did not appear at the end
of fattening in the conditions of out trials. Thederate restriction used and the somewhat long
period of re-alimentation could have accounted tfa@se results. On the other hand, several
studies failed in finding a relationship betweenamquality traits and feed restriction during
post-weaning, as reviewed by Gidenne et al. (2011).

Conclusions

In the conditions of both experiments 3 and 4, fiesdriction did not produce the expected
results either on improved farm feed efficiencyjroterms of health or performance of growing
rabbits. In the experiment 3, during post-weaneegdfrestriction permitted to reduce the number
of ill and dead rabbits, but during re-alimentatibie health condition worsened in previously
restricted rabbits, and this result was more eviden more severe the restriction was and,
especially, as longer the period of restriction wadact, during the first days of re-alimentation
a great raising and variability in feed intake wasorded, which contributed to challenge
digestive equilibrium of rabbits.

In the experiment 4, restricting rabbits on theebaka theoretical feed intake curve was
rather easy to be applied and the progressivettuanvoluntary intake during the third week of
trial prevented the occurrence of great variationgeed intake levels and possible negative

consequences on health.
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In both trials, thanks to the compensatory growthirdy the re-alimentation period, the
negative effect of feed restriction on performadceing post-weaning was diluted in animals
reaching the end of the rearing period and diffeesnin final live weight and body composition
among experimental groups were not significantsTiesult is to be considered typical of the
Italian production system, which market requireat ttabbits are slaughtered at age and weights

higher than the other European markets.
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Main conclusions

The general objective of the present thesis wadéhelopment of nutritional strategies for
improving feed efficiency and health status of graywabbits. This goal was pursued by means
of four experiments with the specific objectivesiptlefining requirements of soluble fibre in
relation to dietary insoluble fibre and starch @bbits during post-weaning and fattening
(experiments 1 and 2)i) measuring the effect of the rate and duratiorfegfd restriction
compared to feeding voluntary feed intake, in ortkerdefine the most effective restriction
technique capable of maximizing growth performaaice control digestive problems in growing
and fattening rabbits (experiments 3 and 4).

Basing on the results obtained in the differemtigrithe following main conclusions can be

drawn:

it is possible to formulate diets for post-weanargl fattening rabbits capable of greatly

improving feed conversion compared to actual statgjamaintaining growth and

slaughter results;

» the contemporary increase of starch (until 20%) aaotlible fibre (until 12%) has
positive effects on digestive physiology, weighingand feed efficiency of rabbits
without impairing slaughter results and carcassieat quality;

» the increase of both starch and soluble fibre plagement to insoluble fibre seems to
improve the health status of rabbits, but furtheidies need to confirm this positive
effect;

» in presence of epizootic rabbit enteropathy, thetermporary decrease of ADF below
13% may negatively affect digestive health of gmywabbits;

» dietary crude protein may be reduced from 17% ddi®lo, if balanced supplementation
in essential amino acids is provided, without coagmces on growth and slaughter
performance, but with a reduction of farm nitrogseretion;

* high-protein diets associated to low (starch+s@uiire)/ADF ratio tend to increase
susceptibility of rabbits to digestive diseases;

* in the conditions of our trials (environment, getetestriction conditions, use of

antimicrobials, previous sanitary period, high nedrkarcass weight), feed restriction

until 80% of the voluntary feed intake does notdwute the expected results on
improved farm feed efficiency, in terms of eitheralih or performance of growing

rabbits when the whole productive cycle is congder
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» feed restriction usually improves health during thstriction period itself, but health
condition worsens in previously restricted rabbiising the re-alimentation phase to an
extent which is more pronounced as more severeetaction was and, especially, as
longer the period of restriction was;

» when adopting feed restriction technique, a sugtabbnagement strategy has to be
applied with two main aims, i) avoiding sudden aesin feed intake level of growing
rabbits at the beginning of the re-alimentationqakrii) reducing labour at the farm. To
these aims, a theoretical progressive feed intakesds easy to be applied for restricted
rabbits which permits a controlled turn to a voargtintake during the re-alimentation
period. In this way great variations in feed intalevels and possible negative

conseqguences on health are prevented.
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