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RIASSUNTO

Nel corso degli ultimi 30 anni sia I'opinione puldal che la comunita scientifica hanno
dimostrato un crescente interesse verso il bereessgimale, che si é tradotto in un
aumento delle pubblicazioni scientifiche su questma, nonché nella emanazione di
svariate leggi e linee guida da parte dei legislagml una maggiore attenzione da parte
del consumatore nella scelta dei propri alimengi.léggi emanate dal’UE hanno mirato
alla massimizzazione della produzione degli allesaim assicurando al contempo
appropriati standard di benessere agli animalistquprogresso permettera di ottenere un
miglioramento nella qualita dei prodotti finali (esarne). All'interno della comunita
europea l'allevamento del vitello da carne e mestersivo rispetto all’allevamento di
suini ed avicoli, tuttavia molte fasi nel procegzoduttivo potrebbero potenzialmente
incidere sul benessere animale, come per esemponidizioni climatiche estreme, la
castrazione, la decornazione, il trasporto, la paarione e I'abbattimento. Inoltre alti
livelli di stress possono ridurre l'efficacia delldsposta del sistema immunitario,
favorendo l'insorgenza di patologie. Queste maafhossono poi causare perdite
economiche, legate alle spese veterinarie, scarsermances di crescita, abbattimenti e
riforma anticipata. La fase di ingrasso, speciatmearelle aziende di tipo intensivo ed
industriale, predispone ulteriormente gli animali atre potenziali fonti di stress, quali
uno scarsa disponibilita di spazio/capo, un rigirétonte mangiatoia, pavimentazioni
innaturali e non confortevoli, microclima e relaziaiomo-animale non ottimali. Sulla
base di questo background lo scopo generale diajtes é stato quello di approfondire
il tema del sistema di ingrasso del vitellone deneaper comprendere quali siano i
metodi di allevamento che maggiormente incidono lsethessere di questi animali,
provando ad identificare i sistemi di allevamento grado di garantire un maggior

benessere agli animali e una migliore sostenibéit@nomica agli allevatori.



L'obiettivo dei primi 3 contributi di questa tesiséato il valutare come la pavimentazione
e la fase del ciclo di ingrasso potessero inflginle performances di crescita, livello di
pulizia, comportamento e parametri clinici in vid@li ingrassati intensivamente. Il primo
ed il secondo lavoro sono stati basati sulla coampane tra lettiera permanente e
pavimentazione in grigliato; questi due tipi di pagntazione sono i piu frequentemente
utilizzati nell'allevamento del vitellone da caradivello europeo. Il terzo contributo ha
avuto come scopo quello di approfondire le conaseesull’'utilizzo di potenziali
soluzioni alternative al grigliato semplice a stezcvalutando gli effetti di tre tipi di
pavimentazione discontinua: grigliato a stecchaligto a fori e grigliato a fori coperto
da un tappetino in gomma. Lo stato sanitario dagimali € stato valutato attraverso la
registrazione della presenza di alcuni indicatguiali lesioni tegumentali, scolo nasale e
oculare, tosse, zoppia e bursiti e altri segnii@lidi patologie. E’ stata inoltre effettuata
una dettagliata osservazione comportamentale, andotla posizione di ruminazione,
'atteggiamento di decubito, il comportamento skci@ la distanza di fuga alla
mangiatoia. Sono poi state considerate alcuni ingioduttivi, quali I'ingestione
alimentare, l'incremento giornaliero medio, il tasdi riforma e la mortalitd. Ad ogni
animale é stato inoltre attribuito un punteggio @sprimesse il grado di pulizia del
mantello.

| risultati hanno dimostrato come il grigliato inéinzi negativamente sia i parametri
clinici che comportamentali. | bovini allevati suigliato sono risultati maggiormente
soggetti a riforma anticipata a causa di affezilmmomotorie, mentre per la lettiera
permanente la riforma sembra per lo piu legatatalggie respiratorie. Il confronto tra
tipi di pavimentazioni discontinue ha mostrano cdm@erformances di accrescimento
dei vitelloni stabulati su tappetino siano piu elevrispetto a quelle degli animali allevati
su grigliato semplice, sia esso a stecche o fothtmontatto diretto con una superficie

dura e discontinua ha causato un aumento di inzadeh bursiti, di lesioni cutanee
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zoppie. Gli animali allevati su lettiera hanno nnai una minor frequenza di lesioni
tegumentali, ma dal lato opposto il loro grado dilipia € risultato inadeguato,
probabilmente a causa di una cattiva gestione detteera. Gli animali stabulati su
tappetino hanno evidenziato un sovraccrescimentmmalo degli unghioni, legato
all'insufficiente consumo e usura dello zoccolo tcoria superficie troppo liscia della
gomma,; nel caso ipotetico di un allungamento delocdi ingrasso questa alterazione
potrebbe predisporre all'insorgenza di zoppie. &limali stabulati su grigliato hanno
mostrato una alterazione comportamentale, speaméee carico di quei comportamenti
che richiedano un buon equilibrio ed una adegueatata del piede sul pavimento, come
monte e transizioni dal decubito alla stazione @ wiersa. La copertura in gomma ha
notevolmente ridotto la frequenza di alcuni coma@menti anomali, come scivolamenti,
coricamenti infruttuosi o anormali, permettendoi aglimali di manifestare in maniera
piu naturale i comportamenti del proprio etogramma.

Per quanto riguarda gli effetti esercitati dallagfali ingrasso sugli indicatori di benessere
presi in esame, gli animali piu giovani e leggesna risultati essere maggiormente
suscettibili alle patologie respiratorie e aree patiiche, verosimilmente perché
maggiormente stressati dall’adattamento al nuovbiamte di allevamento; tali animali
hanno inoltre dimostrato una maggiore distanzaigafall’avvicinamento da parte di un
essere umano. Gli animali valutati alla fine deleidi ingrasso, quindi piu pesanti, sono
risultati essere piu attivi e maggiormente soggettesioni cutanee e ad un grado di
pulizia minore.

| risultati di questi primi tre contributi hannondostrato come ['utilizzo di materassini in
gomma comportino un significativo miglioramento dednessere dei vitelloni allevati
intensivamente, sebbene il consumo dello zoccotangi#go da questo rivestimento non
sia risultato sufficiente. La lettiera permanergsta la scelta piu rispettosa del benessere

degli animali su di essa stabulati, ma solo a coode che sia efficacemente gestita, il
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che comporta l'utilizzo di una quantita adeguatantiteriale da lettiera ed un suo
frequente rinnovo.

L'ultimo contributo si discosta nettamente dai geenti: in questo caso il modello di
allevamento é stato il sistema intensivo nord-acaen, basato sull’ingrasso di manzi
all'aperto, in grandi box privi di pavimentazionetedto (feedlots). L'obiettivo di tale
lavoro é stato quello di ottenere un quadro geaesall’entita del problema “zoppia” a
livello di box infermeria, confrontando poi i risati con quelli di altri problemi sanitari
che comunemente affliggono i bovini in questa eeploduttiva. Un ulteriore obiettivo e
stato quello di valutare come la zoppia incidassploduttivita di questi bovini da carne.
L'importanza della zoppia nel sistema nord-amecanstata confermata dai risultati
della nostra ricerca, dove la prevalenza mediad®lppia nell’ambito dei box infermeria
e stata stimata pari al 37%, interessando piu &etgmente gli arti posteriori. Gli animali
zoppi tendono a trascorrere un maggior tempo dbockermi in stazione, a cui consegue
una diminuzione dell'ingestione di alimenti e de#isunzione di acqua; le performances
di crescita risultano quindi diminuite. Quando contati con gli animali ricoverati in
box infermeria per problemi di salute di altra mafwli animali affetti da zoppia hanno
fatto infatti registrare un calo significativo daiopri incrementi ponderali. Uno stato di
lieve disidratazione puo inoltre giustificare iseontro di valori di RBC; HTC e HGB
ematici piu elevati negli animali zoppi. | bovimattati per zoppia hanno pero evidenziato
valori piu bassi di alcune componenti ematiche gppenti alla serie bianca (WBCM
MONO e GRAN), risultati elevati nei soggetti trditgper patologie respiratorie,
normalmente piu generalizzate. Gli animali tratfsr patologie respiratorie semplici o
associate a zoppie hanno ricevuto un maggior numigi@attamenti rispetto agli animali
affetti da altre categorie di patologie. Gli animaffetti da malattie respiratorie e zoppia
concomitanti sono stati generalmente trattati achummero di giorni dopo il loro arrivo

inferiore rispetto alle altre categorie, mentre per altre patologie il momento
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dell'insorgenza e risultato essere piu tardivo fasedia e finale del ciclo di ingrasso).
Gli animali affetti da patologie respiratorie o dappie in forma semplice sono stati
generalmente trattati la prima volta nella fasenmiedia del loro ciclo di ingrasso.
Questo ultimo studio ha permesso di ottenere urdrqugenerale del problema delle
zoppie nei feedlots nord-americani, problema cipeobabilmente sottostimato da parte
degli allevatori e delle industrie, mentre l'opin® pubblica ne & fortemente
sensibilizzata. L'interesse degli allevatori andrbcomunque convogliato verso la
riduzione dellincidenza di zoppie in allevamentajosso dalle ingenti perdite
economiche legate alle ridotte performance prodeittal maggiore riforma e ai costi
addizionali per le cure mediche. L’introduzioneudi piano d’azione per ridurre le zoppie
ed altri fattori di rischio per il benessere devino da carne potrebbe essere inoltre un
modo per promuovere futuri accordi commerciali, pb&rebbero consentire all’industria
canadese I'esportazione delle proprie carni vetngr internazionali come I'Unione

Europea, da tempo indirizzata verso sistemi produtthe sostengano il benessere

animale.
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SUMMARY

Over the past 30 years the interest on animal weeifincreased significantly among
both public opinion and scientific community. Tlgiowing interest entailed to numerous
scientific publications concerning this topic, @aer consumer’s attention in food choice
and many community laws and guidelines enactmdre.HU, with these laws, aims to
maximize livestock production, ensuring at the sdime appropriate welfare standards
to animals; this progress will allow to obtain amprovement in final product quality (e.g.
meat). Within the European Community, the beefleddéirming is less intensive than pig
and fowl rearing system, but many phases during pinocess could potentially affect
animal welfare, such as extreme climate, castratitehorning, transport, handling and
slaughter. In addition high stress levels are dbleeduce immune system response
efficiency, then promoting diseases onset. Diseasedd obviously entail economic
losses due to veterinary costs, poor growth perdmga, culling and early deaths. Many
other potential sources of stress could affect alimduring the fattening period,
especially within the intensive and industrial farmpace allowance, space at the manger,
flooring, micro-climate and human-animal relatioipshepresent some of these welfare
risk factors.

Based on this background, the general aim of tesis was to delve into beef cattle
fattening system argument, understanding how diffemtensive housing methods could
affect animal welfare, trying to identify the bestring solution, that would be able to
guarantee both animal welfare and farmer’s econaiv@antage and sustainability.

The aim of the first 3 studies of this thesis wasvaluate how pen floor and phase of the
fattening cycle may affect growth performance, cleess, behaviour and clinical
parameters of young bulls fattened under intenseaging conditions. The first and
second works were based on Deep Litter and Fullit&l floor comparison; this two pen
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floors are the most frequently used in beef cditieshing. The third study aimed at
improving the knowledge on potential alternativéusons to the concrete fully slatted
floor, evaluating instead the effects of three etéht types of discontinuous pen floor:
Fully-slatted, Fully-perforated and Fully-perfadtfloor covered by rubber mattress.
The occurrence of integumental lesions, nasal autho discharge, coughing, lameness
and bursitis and other clinical signs of patholegieas recorded as measure of animal
health status. A detailed behavioural observatias werformed in order to investigate
cattle rumination, resting and social behaviour woang bulls avoidance distance at the
feeding rack. As performance measurements weredsyes feed intake, average daily
gain, culling and mortality. Lastly a cleanlinessoi® was assigned to each assessed
animal.

The results highlighted how the slats affect negégi both pathological and behavioural
parameters. Cattle reared on slatted floor resutiede likely to be culled during the
finishing because of locomotory syndromes, whiledaep litter the risk of culling is
lower and it is mainly due to respiratory diseas€saitle growth performance result to be
affected by the type of floor when rubber coatedoffl is compared with other
discontinuous flooring:  bulls kept on rubber sfgraintly increased their growth
performance, despite being more active. The direahtact with an hard and
discontinuous surface increased the incidence o$itig) hair and skin lesions and
lameness. Bulls kept on straw were exposed to arlowk of skin alterations, but their
cleanliness was more likely to be impaired, becaisa inadequate litter management.
Beef cattle housed on rubberized floor are moréned to suffer because of overgrown
claws, due to an insufficient wearing of the hoofdahis might increase the risk of
lameness when they're kept on this type of floarddong fattening period. As regards to
cattle behaviour, young bulls raised on slats wetectant to perform mounting and

other behaviours that required a good balance anddaquate foot grip on the floor.
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Lying down sequences duration were prolonged tbe. ribber covering greatly reduced
some abnormalities such as slipping and unsucdesgsé&mpts to lying down, allowing
bulls to perform their social ethogram and makaditgons in a more confident way.
Regarding the fattening phase, younger animals wene likely to suffer of respiratory
disease and hairless patches, probably causedebgttbss of adaptation to the new
rearing environment and they appeared less cortftddre approached by humans. At the
end of the fattening cycle, bulls were more acawel aggressive, and skin lesions and
reduced cleanliness were more frequently observed.

Results of the present study have shown that arattempatives to the fully slatted floor
the covering of a concrete discontinuous pen flwdh a rubber mattress allowed a
significant improvement of the welfare of finishibgef cattle, even if the hoof wearing
on this surface is not optimal. When using the déégr, a proper management of the
litter is required and it should imply the provisiof an adequate amount of bedding
material along with its frequent renewal.

The last study was a different approach to reasysgem effect on beef cattle welfare. In
this case the rearing model was the North Amerfeadlot system, in which cattle are
intensively fattened in no shelter and no floor efhe objective of this work was to
gather descriptive information about the occurren€dameness in chronic pens by
comparing it with the other health problem that coonly affect feedlot beef cattle. A
further goal was to better figure out how lamenefisences beef cattle productivity. The
importance of lameness in feedlot was confirmedoby research findings, where the
average lameness prevalence in hospital pens wiasatsd as 37% and the rear limbs
were the more frequently affected. Lame animalssweore likely to spend time lying or
standing still, reducing their feed and water ietaknd indirectly their growth
performances: lame animals had a significant dnojfhé inter observation weight gain as

compared with cattle recovered in the sick pendibrer health problems. The higher
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RBC, HTC and HGB values recorded in the blood ofdacattle were a consequence of a
slight dehydration. Lameness treated cattle reduttehave lower values for white cell
components (WBC, MONO and GRAN) than animals tidte respiratory diseases
likely because these pathologies more frequentty toto a generalized disease that
stimulate an immune response. Animal treated beceespiratory disease and lameness
and respiratory disease associated received meagntents in comparison with cattle
affected by the other categories of disease. Amraiected by both respiratory disease
and lameness were generally treated earlier thamttier classes, while the occurrence
of other pathologies was more frequent in a midalle-stage of the fattening cycle.
Animals affected by single respiratory diseaseaondness were generally treated during
the middle stage.

This last study provides a general snapshot almuehess issue in Southern Alberta
commercial feedlots system, which is probably uesimated by beef farmers and
livestock industry, while public opinion is payimguch more attention to this problem.
However farmers’ interest towards lameness redancimuld be driven by the economic
losses due to impaired growth performances, ineckasrly culling and additional costs
for medical treatment. The introduction of an actman to reduce lameness as well as
other risk factors for beef cattle welfare might @evay to promote the Canadian beef
industry in future trade agreements with internaiopartners such the European Union

particularly addressed towards welfare friendlyduction system.
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1.INTRODUCTION
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1. ANIMAL WELFARE

The term "animal welfare” was used the first tinoeeixpress ethical concerns about
animals’ quality of life, especially of those rearer food production. Is not easy to give
it a precise and scientific definition, but we cassume that animal welfare description
should include the concept of full health and adigh to human-induced artificial
environment without suffering (Duncan, 2005). Hugli#976) defined animal welfare as
“a state of complete mental and physical healtrerertihe animal is in harmony with its
environment”, while Broom (1986) defined the we#fanf an individual “its state as
regards its attempts to cope with its environmehéstly Broom and Johnson in 1993
described Animal Welfare as a characteristic oinglividual at a certain time that can be
assessed and can vary on a range from very gopddo This assessment should be
carried out in an objective way, taking no accoahtany ethical questions about the
systems, practices or conditions for individualsicwhare being compared. Once the
scientific evidence about welfare has been obtaiethical decisions can be taken. We
need to identify and quantify indicators of goodfare as well as those of poor welfare.
The best scientific method to assess animal weiareo measure the response of
animals on the basis of certain functional indicgtavhich have been grouped by Smidt
(1983) into 4 criteria groups: behavioural, physgital, pathological and performance.
The most plausible birth date of Animal Welfareatetl issues is "Animal Machines"
book publication in 1964; in his book Harrison p@siphasis on animals suffering,
criticizing livestock industry. In 1965 UK governmtecommissioned to the zoologist
Roger Brambell and his technical committee, to eleinto welfare status of animals
intensively reared. In its final report, the Brarhli&&mmittee declares that “Welfare is a
wide term that embraces both the physical and rhevel-being of the animal. Any

attempt to evaluate welfare, therefore, must take account the scientific evidence
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available concerning the feelings of animals taat be derived from their structure and
function and also from their behaviour” (Brambé&®e5).
The concept that “feelings” are an important cormgyan of Animal Welfare is
scientifically accredited in 1980 by Dawkins, irr ok entitled "Animal suffering".
In 1976 in Strasbourg the Council of Europe sigtieel European Convention for the
Protection of Animals Kept for Farming Purposesp tyears later at the headquarters of
UNESCO in Paris, The Universal Declaration of AniiiRaghts was proclaimed.
In 1993 the UK Farm Animal Welfare Council (FAW®gsed on the Brambell
Committee work, set out the Five Freedoms, a kéreace point in efforts to improve
the protection of animals:
1. Freedom from Hunger and Thirstby ready access to fresh water and a diet to
maintain full health and vigour.
2. Freedom from Discomfort by providing an appropriate environment inclglin
shelter and a comfortable resting area.
3. Freedom from Pain, Injury or Diseaseby prevention or rapid diagnosis and
treatment.
4. Freedom to Express Normal Behaviouby providing sufficient space, proper
facilities and company of the animal's own kind.
5. Freedom from Fear and Distresdy ensuring conditions and treatment which

avoid mental suffering.

The paper “Animal welfare and veterinary servicesas included in the World
Organisation for Animal Health (OIE) scientific aridchnical review series in 1994,
providing an overview on the role of veterinary vsegs in ensuring the welfare within

community countries.
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New rules on animal welfare were established in71B9 the Treaty of Amsterdam,
which came in a special ‘Protocol on the Protectasrd Welfare of Animals’. The
protocol recognises that animals are sentient Beamgl obliges European institutions to
pay full regard to the welfare requirements of asnwhen formulating and
implementing EU legislation.

In 2000 Animal welfare is accepted as an integaat pf the Community’s “farm to fork”
policies and is one of the strategic prioritiesatetl to the development of more
sustainable farming policies included in the Wikeper on Food Safety.

In 2001, the Scientific Committee on Animal Hea#thd Animal Welfare (SCAHAW)
published a document where animal welfare topichiwitbeef cattle production is
examined. It represents the only reference docuomerieef cattle rearing system we
have at our disposal.

Animal welfare was identified as a priority withilne 2001-2005 OIE Strategic Plan; for
this purpose in 2002 was founded the permanent Wgi&roup on Animal Welfare, for
the purpose of overseeingthe creation of OIE stadsd and guidelines,
providing consulting services and supporting reseand education (Petrini and Wilson,
2005). The future creation of guidelines will bepontant for the standardization
of animal welfare in international trade.

Within a Eurobarometer survey performed in 2005,d#lzens have expressed a growing
appreciation towards high animal welfare standatdghlighting the importance of
animal protection to European consumers.

To ensure that animal welfare policies were reggkon long term in the strategies of the
EU, a Community Action Plan on the Protection anelfdfe of Animals was adopted in
2006. This plan describes the measures the Conunissiopted between 2006 and 2010
in order to develop and ensure protection and welfa animals reared the European

Union and the rest of the world. In addition thiarpaimed to clarify the legislation and
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to make proposals in those areas where it was fiosut. The Action Plan sets
out five main areas of inter-action with a viewaithieving the above objectives:

» raising the level of minimum standards;

* promoting research and alternative methods in drtesting;

» the introduction of indicators on the well-being;

» better information to professionals and generalipub

* supporting international initiatives for the prdiea of animals.
This plan also hopes to promote the recognitiothefimportance of basal animal welfare
standards at the World Trade Organization, allovaogess of third country producers to
voluntary certification systems. In November 20@Be Commission mandated an
external consultant to evaluate the EU policy om#eal Welfare.
The evaluation was completed in December 2010 afidow used as a basis for the
future EU action plan: from January 2011 the Corsiois is preparing the second EU
strategy for the protection and welfare of anin{2@11-2015) foreseen to be adopted in

December 2011.

2. BEEF CATTLE PRODUCTION

The world’s cattle population is approximately dndion, and these cattle are distributed
in every continent except Antarctica (Phillips, @D1Excluding India, where these
animals are mostly considered sacred, cattle amallysconcentrated into parts of the
world in which grass abounds: African savannah,tralis, North American prairies,

South American pampas and Central and Eastern Ewteppes. An exception is central

Europe where a landless system predominate (FiQure
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Figure 1 Global cattle density (FAO 2008
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Global keef production tends to be concentr. within the top five produce (the U.S.,
Brazil, the EU, Chinaanc India), accounting for more than 50 percent of glc

production (Table 1).

Table 1: Global beef production expressed inl,000 Metric Tons (Carcass Weight Equivalen (USDA
2010)

Production | 2007|2008 2009|2010 2011 |
USA

12,980 12,163 11,891 11,828 11,556

Brazil 9,303 9,024 8,935 9,145 9,410
EU-27 8,188 8,090 7,900 7,870 7,850
China 6,134 6,132 5,764 5,550 5,450
India 2,413 2,650 2,750 2,850 2,920

Argentina 3,300 3,150 3,375 2,600 2,550
Australia 2,172 2,159 2,129 2,080 2,050
Mexico 1,600 1,667 1,700 1,731 1,775
Pakistan 1,344 1,388 1,457 1,486 1,450
Canada 1,278 1,288 1,255 1,285 1,275
Russia 1,370 1,315 1,290 1,300 1,270
Others 9,359 9,496 8,985 9,038 9,107
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Within EU, France results to be the first bmeat producerproviding more than 20% «
the European beef meat, divided amr thesethree main classes: cow, veal calf
young bull meat(FranceAgriMer, 200¢ Other European countriemain production
appear to be more specialized: Netherlandon veal calf, Ireland and the UK on ste
Italy on young bull (Graphl)

Graph 1 European beef production amongcattle categories(1,000 Metric Tons Carcass Weigh
Equivalent) (France AgriMer, 2009.

European Beef Production

* Cows
/ Young bulls

/ Calves

Italy is the main young bulls producer within the),Eeven ifmost of these animals &
originally imported fran foreign countries (mainly France, then Poland lagldnd) to be
fattened and finished in itavn farms (Federici and Rama, 2007).

A large proportion of the offsprings of beef suckt®ws in the EU is destined for t
beef fattening unitsThese calvs are used to remain with their mother f-9 months
period before they are weaned. At weaningcalf undergoes a change of diet from n
to a forage diet and chan¢ its environmentThe final fattening syste, feeding and
finishing methods are diffentiated by animegenetics, production zones, climate fac
and consumers demaridr meat characteristi (SCAHAW, 2001).Within EU, male

cattle are usually intensivelyfattened as young bulls anfd witr corn silage
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supplemented with concentrates; the duration ofdtiening period could vary from 120
to 250 days, depending on breed and market demaryivay dairy breed bulls are
frequently slaughtered younger than beef onesrdfarid, in the UK and in western
France males beef cattle are usually castrated gamkrally reared grazing up 5
months before slaughter; they are then fed witsggslage and concentrates.

In Italy the beef cattle production is concentnathin the Po Valley, the most productive
arable cropping area of Europe. Most of the sfiset fattening units located in this
region has a capacity bigger than 200 heads far @attle are housed indoors and
slaughtered when 18 months old with a mean caraesght of 350 kg (SCAHAW,
2001). In Italy young bull intensive fattening takeormally place adopting two different
housing systems:

* SLATTED FLOOR SYSTEM: Floor in this system is afly made from concrete
beams placed parallel to each other, with a snaglay slot between each pair. Optimum
slats width is about 150 mm and 40 mm maximum gdpéen the slats; beneath a tank
stores slurry and manure. This system is frequerttpted because it allow to reduce the
space allowance required per bull, liquid manuceasie, to overcome the unavailability
of straw in many areas and decrease operationd chee to reduced labour and no
requirement for bedding material. In the other h&nekquires a relatively high initial
capital cost associated with such structures. Adrigdocking density is required to
ensure sufficient animal treading action to pusk thaste through the slats, but
recommendations have been published for the minirspate allowance for beef cattle
in slatted pens (Table 2). This housing solutiensirongly criticized by scientific
community it doesn’t fully respect cattle welfardowever, in the last years modification
to slats surfaces is developing, especially onydeattle herds. Slatted floor could be

covered fitting soft or rubberised materials onnitorder to improve animal welfare,
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providing more comfort and reducing slipping, frequently né@od on concrete floc

(SCAHAW, 2001).

Table 2 Recommended minimum space allowance per animal ?) excluding troughs on fully slatted
floors (SCAHAW, 2001).

Animal liveweight (kg) Hardy and Dodd
Meadowecroft (1985)
(1986)
200 1.1 1.1
300 1.5 1.4 1.5
400 1.8 1.8
500 2.1 2.0 2.1
600 2.3 2.2

* LITTERED LOOSE HOUE&: in this system a continuous concrét®r is bedded with
straw or other litter materialThe deep litter systemequires approximately 4 to 6 kg
straw per animal per day (Daeleman and Manton, 19#ie et al., 199¢€ and its lying
area is generigl cleaned out on once at the end of the fattening peritdfdan adequate
allowance of straw is not provided theimals become dirty as a result of the wet lyi
conditions especially if animal density is too higBedded pen managem obviously
requre higher labour and material co A way to reduce the amount of litter needed i
slope the pen floor (80 %) (Compere and Tillie, 1981; Zeeb, 1986) this wayjust a
small amount of straw (1 to 2 kg/animal/dihas to belistributed daily on theigh side
of the floor, often next to the trougThe animals gradually thread the straw and ma
downwards along the slope and manure has to bevesiraaily at the lowest poil The
surface recommended for littered loose house israr® m2 for 600 kbulls, more thai

twice of the slatted suggested one (SCAHAW, 2(

In the Americas and Australia, the main systemiwikhing cattle is though feedlo
which are confined areas in which cattle are intehg fed over a -6 month perioctill

slaughter for meatCattle, mostly heifers and steers, are kept in eérgroups of abot
24



400, which are usually sloped to allow the liquidsrun off into an evaporation pond.
Having no shelter as animal protection, the devalam of muddy conditions in the pen
could be common; this condition affects animal waedf and promotes disease
transmission. Twice a year the pens are cleared amgt the manure spread on
neighbouring land. The use of ionophores, cocctdtssand growth promoters here is
allowed. The high stocking density, the use of afiabagents, large group size and
mixing of cattle encourages buller steer syndromdsch affect about 2-4% of animals

in feedlots, reducing their Welfare (Phillips, 20.10

3. EFFECT OF HOUSING SYSTEM ON BEEF CATTLE WELFARE

3.1. EFFECTS ON BEHAVIOUR

A behavioural change isthe most obvious indictdtat animals have difficulties
to interact with their environment (Broom, 2000).

Obviously intensive farming conditions are not abdeallow animals to fully perform
their own ethogram, and these restrictions couigcatheir welfare. Housing system, as
well pen flooring, are able to affect many behavabutraits of fattening animals
(Ladewig, 1987; SCAHAW, 2001). Slatted floor is kwioto become slippery, especially
when wet and dirty. When animals walk on this unfwtable surface, they modify their
gait, slowing down and reducing stride length (Zbknko and Bergsten 2005); however
slats rubber coating leds to an increase in stagtheand number (Telezhenko and
Bergsten 2005; Platz et al. 2008). Rubber and Igtesence reduces the percentage of
slips occurring (SCAHAW, 2001; Gygax et al. 200TatP et al. 2008; Absmanner et al.
2009).

Bulls reared on soft flooring show more active betiars than bulls on concrete slatted

floor, while displacement of lying bulls resultslie more frequent on rubber coated slats

25



than on fully slatted floor and deep litteSCAHAW, 2001;Gygax et al. 2007). |

addition, on straw the proportion of animal at saene time at the marr appess higher

(Gottardo et al, 2003). duntin¢ behaviour occurrence in cattle Ised in deep litter ¢

on rubber flooringresulted anyway highethan slats (Lidfors 1992SCAHAW, 2001

Platz et al. 2008; Absmanner et al. 2(. Lying is important for céle and they show

strong motivation tgperfornm it (Metz, 1984. It usually occurs in sternal recumben

although occasionally cattle can lie down in ldtemecumbency. Prolonged late

recumbency is howeveormally prevented by the need to eructgéses from the rume

Compared withcattle housed ¢ slats or rubber coated floors, &mgher number o
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animals housed on straw resul
to adopt this position durir
resting (Absmanner et al., 200
even if thesefindings were no
confirmed by subseque works
(Haley, 2000; Rushen, 200
Steers and bulls kept on str:
show a higher number of lyin
periods and spenahore time lying
than ores housed oslatted floors
(SCAHAW, 2001) In the other
hand,animals on slats result to re
without changing bodyosition for
longer periods (Ladewig, 198

Cattle have an innate movem

pattern when lying down ar



getting up (Figure 2). When lying down cattle mglegpendicular movements with the
head over the surface, searching for a suitableeptla lie down on. Then they bend one
foreleg and place the knee on the surface; atdheegime they bend the other leg and
place this second knee close to the first one. Timay stop shortly, right before
descending the hind part of the body slowly downisaland lastly the front legs are
moved forward a bit so that the animal is lyingaicomfortable position. When getting
up cattle move to an upright lying position, andaal the front legs under the breast
region. Then they make a swinging movement forwahich helps in raising the hind
part of the body. From the kneeling position, estilst stretch one front leg and then the
other. They may also get up through a sitting pmsilike a horse or dog; this is however
quite unlikely to occur in younger fattening caifi¢hey are healthy (SCAHAW, 2001).
Animals may have problems in performing the noriyialg down pattern on inadequate,
hard and slippery surface, as such as slatted {86GHAW, 2001). The incidence of
abnormal transitions (Figure 3; 1-2) is higher attle kept on slatted floors than on straw
or on rubber-covered slats, as confirmed by sewsoaks (Lidfors, 1992; Fraser and
Broom, 1996; SCAHAW, 2001; Gygax et al., 2007; Alasmer et al., 2009).

A lower frequency of lying down and getting up saions and a reduced number of
lying bouts has been reported on slats in comparisgh straw (Sambraus, 1980;
Andreae and Smidt, 1982; Lidfors, 1989 and 199Zja%yet al., 2007; Absmanner et al.,
2009), while Haley et al. reported the same trendslats when compared with rubber
mattress floor (2001). At the same time, lying Isoduration on straw and rubber
appeared to be shorter if compared with slats andrete (Haley et al, 2001; Hickey et al
2002 and 2003; Gygax et al., 2007; Absmanner £2@09). The duration of both lying
down and getting up transitions appears to be t&ifieby housing system, resulting both
shorter on straw than rubber coated slats, thaplsisiats (Platz et al., 2007; Absmanner

et al., 2009). Cattle on slatted floor are moreeljikto show interrupted lying down
27



sequencegAndreae and Smidt 19; Lidfors 1992; Gygax et al 20073pendingalso
more time investigating the lying area (Lade, 1987; Lidfors, 1989(Figure 3 d).

Figure 3 Interrupted lying down sequence (a-d) and abnormal lying down (1) and getting up (2
sequencesAndreae e Smidt, 198)
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For cattle rumination is essent within grazing conditionsthis activity take mostly
place when animals arlying; obviously if they’re unable to lie down and rela
rumination efficiency couldbe affected and reduced (Phillips, 20025 well as resting
self-grooming is anothephysiological behavioucattle are used tspend significant
amount of timeperforming i. This activity allows animals to keep theoat clean and
free from ectoparasitebut in a stressful situation its performance tegducec For that
reason cleanliness could hmsed as poor welfare indicatoPHillips, 200:; Platz et al
2008). Many works investigateccattle cleanliness, comparingousing systems, b
obtaining differentresults: O’Hagan Steen (2000), Lowe et aR0Q1) and Schulze-
Westerath et al. (200fgported cattle reareon straw to be cleané¢hanon slats. The

opposite findings are describby Hickey et al. (2002) and Gottardo et(@003).
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3.2. EFFECTS ON HEALTH STATUS

Good health is necessary for good welfare. Mangadiss could be associated with
intensive rearing systems and inadequate welfateisstLameness is one of the most
common disease affecting dairy cows; in approxilged8% of lameness cases, the hind
limb is the involved one. Lame cows tries to reddbe pain by minimizing the
propulsion of affected limb, reducing gait speaghang its back and lowering both neck
and head (Phillips, 2002).

Lameness is one of most important diseases ofda¢#é intensively housed (Hanan and
Murphy, 1983; Murphy et al.,, 1987). Lesions vargni tendon and muscle injuries
(Sturén, 1985), to hoof and foot diseases (Jenseal.,e1981; Murphy et al., 1987;
Davies, 1996).

Slatted floor appears not to be the able to guaeaatlow lameness incidence: both joint
and claw lesions result to be more frequent onesldtoor than on rubber coated slats or
deep litter (Murphy et al., 1987; Wierenga, 198Unizlow, 1993; Smits et al., 1995;
Vokey, 2001; Somers et al., 2003; Bergsten, 2008stad et al., 2005; Shulze Westerath
et al., 2007). In the other hand bulls reared apdgter or rubber coated slats have fewer
hoofs wear and require more frequent hoof trimn{iwgdersen et al., 1991; Platz et al.,
2007; Telezhenco et al., 2009). Further, lamewessirrence appears higher for cattle

housed on sloped littered floor, and lower on deegwv bedding (ITEB, 1983) (Table 3).

Table 3 Influence of the housing system on the nurab of fattening beef bulls treated for leg
problems (ITEB, 1983)

Type of housin Number of animals Lameness occurrences during
yp 9 the fattening period (%)

Cubicle house 160 23

Sloped floor 120 36

Slatted floor 510 26

Straw bedding 230 14
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Tall tip necrosis is a multifactorial disease asgarticularly related to the quality of the
pen floor, to high stocking density and high enmireental temperature (Madsen, 1987;
SCAHAW, 2001). It's due in most cases to traumaticries (tail tramping) which
subsequently become infected. The lesion usual@ynbeat the tip of the tail with a
typical inflammatory reaction that gradually extengpwards. Economic losses are due to
reduced weight gain, death and veterinary costss phathology is more frequently
reported in young bulls housed on slatted flooradbtn, 1987; Ingvartsen and Andersen,

1993; Schrader et al., 2001; SCAHAW, 2001)

3.3. EFFECT ON PERFORMANCES

When welfare status is not optimal, animals showeloproductivity and performances;
this phenomenon is well known in dairy cattle, veh#re milk yield could suddenly fall
(Napolitano et al., 2005); the same happen in pesfuction, even if not equally evident.
In addition poor welfare and stress can induce imosuppression, favoring diseases
outbreaks and affecting culling and mortality re@segory, 1998).

In comparison with slats, fattening bulls rearedrahber coated floor or littered pen
show better productive performances (Irps 1987; &hsgn et al., 1997; SCAHAW,
2001; Dunne et al., 2008). Lastly, mortality andling rates were reported to be higher
on bulls housed on slatted floor than on straw beddITEB, 1983; Cerchiaro et al.,

2005).
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1.INTRODUCTION

In the last years the welfare issue has becomeobtiee main research topics in beef
cattle product, particularly after the publicatiohthe EU report on beef cattle welfare
(SCAHAW, 2001) and the Community Action Plan on feotection and Welfare of
Animals (EC, 2006). In this context many scientifooups addressed their research
activity to find reliable measures that can be udieectly on-farm to evaluate the welfare
level of beef cattle. When a good welfare leveprisvided, cattle has to ideally show a
good health status and optimal performances asbatlld be able to perform a natural
behaviour. It is common opinion that rearing systewith a high stocking rate are
negatively related to the animal well being, sifmethe large majority of the urbanized
people the perception of farm animal welfare isated to a ‘natural’ behaviour in a
‘natural’ environment (Webster, 2001). Among farmnaals, beef cattle are particularly
at risk of poor welfare due their intensive rearsygtems adopted in many EU Countries
and Italy in particular. In 2008 Italy resulted ttmain young bull producer within the 27
EU Countries (633,5 million of bulls over 2.967,8lion of the whole EU) and the most
important feeders importer (ONIEP, 2007; Cozzilet2009). Beef cattle are imported
from other EU countries (France mainly) to be tid in specialized fattening units.
Right after the arrival, animals undergo to a setdling procedures, such as prophylaxis

and regrouping. Animals are then housed in multggdas having as floor deep litter or
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slats (Cozzi, 2007) and they are fed a high comatntdiet until they reach a proper
finishing. All these events, as well the changdhe&f rearing environment and the new
feeding and housing conditions have shown to bentiat stressors for cattle, impairing
their welfare status and promoting diseases outl{@alyean et al., 1999). Some of these
pathologies and health problems (as shipping felaeneness and mycosis) are more
frequent in the first period of the fattening cychhen cattle are stressed and more likely
to contract disease, sometimes severe and lethab€lMd et al., 2000). These diseases, if
not adequately treated, may affect growing perforeea and increase early culling and
mortality, involving economic losses. Older animaile instead more likely to suffer from
lameness and joint problems in the last phase af thttening cycle, when they reach
heavy live weights. Deep litter and slatted flooe ghe two types of pen floor more
frequently adopted by the European intensive faamd they could potentially hardly
affect beef cattle welfare. Slats in particular eomsidered not completely respectful of
cattle needs and have been severely criticized doyeswelfare experts (SCAHAW,
2001).

A bull that live in a constant stressful situatidike under intensive housing condition,
will probably show sub maximal productive perforroanimpairing parameters such as
daily intake, daily gain and feed conversion ratiowe et al. in his work (2001a)
reported that unsuitable housing facilities canatiggly affect besides performance, also
carcass composition and meat quality. In additiamtality and early culling appear more
likely to happen when beef cattle are exposedresstul conditions (SCAHAW, 2001)
.These indexes as well as the animal cleanlines® $@n be used as valid parameters to
evaluate farm management efficiency and indireafiyanimal welfare indicators (Cozzi
et al., 2006). Cattle reared in a natural enviramnaee used to keep their fur clean and
free from parasites performing self and allo-gramgniWhen stressed or raised under a

not appropriate hygienic management, the time speynd in such behaviour gets shorter
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(Phillips, 2002). The cleanliness level on diffardmmusing systems was considered in
several studies but the results appear contrastiogre et al. (2001a) found a higher
dirtiness value on cattle housed on slats thaneap ditter, while Cozzi et al. (2005) and
Gottardo et al. (2003) reported the opposite resultoat severe dirtiness should be
avoided both for economic and for welfare reasdmsvé et al., 2001a). Other factors
that may influence animal cleanliness are therlitemewal and management, animal
space allowance and diet. Deep litter appearsltavad more suitable resting comfort
(Phillips and Schofield, 1994; Tuyettens 2005), levlain hard floor surface can affect the
resting and standing behaviour of cattle, as whk#rahe duration and the normal
sequence of lying down and getting up transitigiierenga 1987; Ruis-Heutinck et al.,
2000; Absmanner et al., 2009). Wierenga (1987) i;n work described that animals
housed on concrete are more careful when lying dawehstanding up to avoid accidents.
This could lead to a less than optimal load onjthets and consequently to injuries.
These injuries can also occur when animals slifiryoto avoid slipping, if the floor has
insufficient grip. Schulze Westerath et al. (208Fpwed that severity and incidence of
leg lesions and lameness seems to increase witlartimeal live weight when they're
housed on fully slatted floor, while on deep littieis incidence results lower and its trend
appears constant during the whole fattening cyklsimilar result was found by Cozzi et
al. 2005 and Platz et al., 2007. Lame bulls rdesk motivated to walk and eat, and they
are likely confined to a lower hierarchy class,nthmore frequently attacked by pen-
mates. Recumbency on concrete slats and slippinggltransitions seems to increase
the incidence of integumental lesions and wountfecting especially the carpal-tarsal
area (Schulze Westerath et al.,, 2007). Claw hosiohs are another major cause of
lameness for cows housed on hard concrete floasg@8en and Frank, 1996; Faull et al.,
1996). Finally tail tip necrosis incidence appetrde higher on slatted floors than on

other types of floors (SCAHAW, 2001). Type of floand fattening phase could affect
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some behaviours as mounting and chasing that were seldom performed by cattle
housed on slats than on straw, probably becausssaslure foot grip on the floor surface
(Platz et al. 2007).

The aim of this study was then to compare the tefipors (Deep Litter, DL, and Fully

Slatted, FS) more frequently used in beef cattieshiing taking into account their effect
on behaviour, health, cleanliness and productivéopeance at two different phases of

the fattening cycle (Initial and Final).

2. MATERIALS AND METHODS

2.1. ANIMALS, HOUSING AND MANAGEMENT

The study was carried out in a commercial beef favoated in the Eastern Po Valley
during the period from October 2008 to January 2008s farm has a total of 5500
fattening places divided among 29 barns. A largpntg of fattening places (3500) is on
fully slatted floor while just one third of themeaon wheat straw and sawdust deep
bedding. The farm adopts an open cycle rearingesysh which newly received bulls are
weekly introduced. Animals, Charolais and Frenassbreed young bulls, are imported
from France at approximately 400 kg of live weight are housed in multiple pens till
slaughter. As soon newly received bulls come inféin they are all immunized against
respiratory diseases (IBR, Syncytial Respiratorgease, Parainfluenza viruses) and
treated using antiparasitics. Bulls are daily cleecky the farmer in order to verify their
health status and they are feed once a day (imthraing) with a TMR, formulated to
allow a satisfactory finishing. Each pen has ondway automatic bowls for the water
supply. The research considered a total of 27 leatoi bulls housed on deep litter (DL)
or fully slatted floor (FS) pens. The proportiorntvieeen the two types of floor reflected
the real farm situation and within each floor typaiches were subdivided according to

two phases of the fattening cycle (Initial and Birgdable 1).
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Table 1 Partition of the batches of beef cattle caidered in the study according type of pen floor ash
phase of the fattening cycle (mean * SD).

Deep Litter (DL) Fully Slatted (FS)

Batches Animals Batches. Animals
Eszzgin mean SD Total n mean SD Total
Intial 4 83.67 30.00 251 11 22481 4419 2473
Final 3 80.00 84.89 540 9 237.56 63.18 2138

Fifteen batches of young bulls (4 housed on detg knd 11 on slats) were observed one
month after the receiving day of the animals (&hiphase), while 12 batches (3 housed
on deep litter, 9 on slats) were observed the wesdkre slaughter day of the animals
(Final phase). Pen size and the number of bullsésbper pen were different between the
two housing systems. Deep litter pens housed omageel5 bulls with 3.49 +0.58
m?/head of space allowance and 36.2+8.4 cm spabe ananger. A mixture of 50 kg of
straw and 30 kg of sawdust was added twice a weekedding material and it was
completely renewed every 3 week. Slatted floor pemssed on average 9 bulls, with
2.93+0.1 nMYhead of space allowance and 64.4+3.3 cm/headanfespt the manger. The
pen floor was made by concrete slats 14 cm widihgitudinal gap width 3.2 cm and 90

cm length.

2.2. ASSESSMENT PROTOCOL AND MEASUREMENTS

The assessment protocol was carried out by the sexmed assessor right after feed
distribution in the morning and it considered thect observation of the animals housed
in 8 pens per batch. The protocol consisted diracal visit, an evaluation of animal
dirtiness assessment and a behavioural observaibthe considered measures were
carried out according to the Welfare Quality® puoautl for cattle (Welfare Quality®,
2009). The productive performance of the obsenatdhes of cattle were recorded from

farm sheets. The duration of the finishing cyahel the live weight of the young bulls at
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the end of it were recorded for the 12 batchessasseat end of the fattening. The
percentage of dead animals and the cases of esthagad emergency slaughter were
also recorded, as well the cause of early culliggubing three categories: respiratory
syndromes, musculoskeletal system pathologies/lasseand other causes. Other causes
category included parasites, heart failure, infetidiseases, urolithiasis, and other minor
causes.

Body Condition Scoring was used to assess the attisning and finishing level at the
end of the fattening cycle and the scoring scaleed from “1” (very thin) to “5”
(optimal finishing level). Individual bulls’ dirtiess was assessed by observing one side of
the body including in the scored area as much efuhderbelly as it was visible but
excluding head, neck and legs below the carpat gma hock. When an area of manure
of at least the size of two hands of the area gstjon or more was covered with plaques

of dirt, the animal was recorded as dirty.

2.2.1. Clinical observations

Clinical scoring included the assessment of thersd\measures. The presence of hairless
patches (with no skin damage) or lesions /swelli@®sence of skin damage) was
recorded only if the affected area size was of mimum diameter of 2 cm at the largest
extent. From a distance not exceeding 2 m, one ¢fidee assessed animal have to be
examined ensuring a random side selection (lefightt). To prevent biased results, the
side selection has to be done before the exammdtianost cases, the side which is seen
first when approaching the animal can be choseersd@body regions are scanned from
the rear to the front, excluding the bottom sidéhef belly and the inner side of the front
legs, but including the inner side of the oppohitad leg. When a swelling was due to
bursitis, its occurrence were recorded. For théodohg health parameters, only the

presence/absence was recorded assessing the whilal gnot just one side): nasal
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discharge, ocular discharge, dyspnoea, diarrimeated rumen and clinical lameness. In
order to complete the clinical picture the numbecaughs were recorded at pen level,

during the 10 minutes long continuous behavioueolzion.

2.2.2.Behavioural parameters

In order to assess bulls behaviour, 8 pens for éatth were randomly selected across
the barn and they were evaluated according to pobforoposed by Welfare Quality®
(2009). The first test was performed just afterdfelestribution, when most of the bulls
were at the manger. To measure the human-aninadiae$hip, avoidance distance at the
feeding rack test (ADF) was applied to 60 bulls pach batch in order to evaluate the
fear that animals feel when approached by a huneamgl(Windschnurer et al., 2009).
The assessor moved towards the animals whose loeapletely past the feeding rack
from a distance of 3 meters at a speed of one mtepsecond and a step length of
approximately 60 cm. He approached the animal wigharm held overhand at an angle
of approximately 45° from the body, until the muezavas touched or withdrawal
occurred. The avoidance distance was expressedawiéisolution of 10 cm and it was
estimated as the distance between the hand anduhge at the moment of withdrawal.
The measurement ranged from 300 cm to 10 cm and Weeanimal could be touched an
avoidance distance of zero cm was recorded.

A continuous behaviour observations was then peddrin each pen to quantify bulls’
social and resting behaviour (Martin and Bates@®72. Before the start and at the end
of such observations, a segment scan was perfoamegthe number of feeding, lying and
standing animals of each observed pen was recofiderloccurrences of some specific
behaviours listed below were assessed for 10 tesnioiet observation time each pens,
classifying as agonistic, cohesive and neutral Wiebha The behaviour patterns are
described in Table 2. Head butts, displacemehtssing, chasing up and fighting were
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classified as agonistic behaviours, and can beeé@fas social behaviour related to social
hierarchy and includes aggressive as well as s@reidehaviours. Social licking and

horning are scored as cohesive behaviours, whosasapromoting group cohesion and

socializing.

Table 2 Description of behaviour patterns recordedn during the Continuous behaviour observation

Behaviours Description

Agonistic Behaviours

The actor is butting, hitting, thrusting, striking pushing the receiver
Head butt with forehead, horns or horn base with a forcefavement; the
receiver does not give up its present position

Displacement As Head butt but as a result the vecgives up its position
Chasing The actor makes an animal flee by followasg or running behind it

Two contestants vigorously pushing their headsffeads, horn bases
Fighting and/or horns) against each other while planting fieet on the ground
in ‘sawbuck’ position and both exerting force agaieach other

The actor uses forceful physical contact agaitging animal which

Chasing-u ) .
g-up makes the receiver rise.

Cohesive Behaviours

The actor licks any part of the body (head, nemisd, legs, and tail) of
another group mate except for the anal region@ptkpuce

Horning Head play with physical contact of two aalm

Social Licking

Neutral behaviours

A bull lifts itself up on its hind legs and jumpstivits forelegs onto a

Mounting group mate either from behind, the side or front

Lying down behaviours

A bull lowers the head and sniffs the ground, pavesground,
repeatedly bends the carpal joint or shifts weagrgwings the head
and no lying down afterwards

Intentions to lie
down

Atypical lying

A bull lie down with hind legs first
down sequence

Mounting was considered a neutral behaviour. Sd&hhviours were recorded taking the
animal carrying out the action (actor) into accouwvttile interactions between animals in
different pens are recorded if the actor animaldhesalocated in the focus pen. To

limiting interferences with the observed animale bbserver was placed outside of the
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animal area on an elevated platform within the feadk, that further allowed a better
view of the whole assessed pen. Intentions todigdand atypical lying down sequences
occurrences were included within assessment tarobtare complete information about
resting comfort. During these behavioural obseovatand every time a lying down
transition occurred, the observer recorded usisippwatch the time needed to the bull to
perform this movement. The sequence starts whercarpal joint of the animal is bent
and lowered and it ends when the animal pulledfiitvet leg out from underneath the
body after the hind quarter falling down.

A herd scan was finally carried out approximatelyairs after feeding in order to detect
both the number of the animals that are “lying aochinating” and the number of
animals that are “standing and ruminating” in threvpusly evaluated 8 pens. Every
animal had to be observed at least for 3 secormdsidas of ruminating. These measures
would be a better indicator of resting comfort amdwas hypothesized that with
decreasing resting comfort the proportion of bstisnding during rumination would be

higher.

2.3. STATISTICAL ANALYSIS

Batch was set as statistical unit for bulls liveigie and culling, while pen was
considered for behavioural analysis. Each singlenainwas considered as statistic unit
within ADF, clinical and lying down durations measments. All behaviour traits and
coughing were analyzed by General Linear Model gdaoce PROC GLM (SAS/STAT,
1990) including type of floor and phase of fattenims fixed effects and the batch as
random effect nested within type of floor. The saprecedure was performed for
investigating herd conditions and productive perfances too, whereas the live weight

(LW) at the beginning of the cycle was added torttuelel as covariate when the average
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daily gain (ADG) was taken as dependent variable fost completed model including

all mentioned factors was as follows:

y=F+B(F)+LW +e,

where y is the trait for the i-th individual (i.bghaviour, herd conditions, productive
performances or ADG) and e as residual random ivegia

Clinical traits, recorded as dichotomous variablesre analysed by Logistic Regression
procedure (SAS/STAT, 1990) including the effecttlné thesis in the statistical model.
For these variables, the two floor types were carygbay Wald Chi Square Test setting a

minimum threshold of significance P <0.05.

3. RESULTS

3.1 HOUSING SYSTEM, PRODUCTIVE PERFORMANCES AND DOIRESS

The newly received young bulls housed on DL redudtavier than the FS ones, but this
difference didn’t affect average daily gain, aslvasl final live weight and cycle duration

(Table 3).

Table 3: Growth performance of young bulls housedn pens with different type of floor during the
finishing period

Type of Floor DL FS P RMSE
Animal per pen, n 15+1.5 9+1.9

Initial live weight, Kg 437 + 26 412 +9 * 14.18
Final live weight, Kg 727 + 28 728 + 28 n.s. 27.92
Average Daily Gain, Kg/head/d 1033 6i 104(;3 4i n.s. 0.04
Cycle duration, d 216 + 22 218+ 6 n.s. 20.02

*=P<0.05; *=P<0.01; **=P<0.001; n.s.= P>0.05

The outcomes of the logistic analysis performedimtiness score are reported in Table

4. Bulls housed on FS were more likely to be cligeam DL bulls. Considering the phase
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of fattening, bulls at the end of the finishing ipdr were likely cleaner than newly
received animals.

Table 4 Estimation of the odds ratios for the sigtiicant (P<0.05) dirtiness score

Clinical Wald test Confidence limits at 95% Wald test Confidence limits at 95%

traits Type of floor (DL vs FS) Fattening phase (Final vs Initial)
Odgls Minimum Maximum Od(‘:ls Minimum Maximum
Ratios Ratios

Dirtiness 133.69 60.251 296.665 0.094 0.057 0.156

Body condition score resulted fully satisfactoryC®=5) for all the animals assessed at
the end of the finishing. However, during the dgrthe project 77 bulls were culled due
to mortality or early slaughtering. The percentafeculled animals was higher for FS

than DL due to a greater incidence of emergenaygsbiizrs (Table 5).

Table 5 Culling animals during the study period

Type of floor

DL FS P RMSE

Culling (%) 1.14 3.41 * 1.42
Mortality (%) 0.74 0.88 n.s. 0.78
Early slaughtered (%) 0.38 2.53 o 1.08

*=P<0.01; *=P<0.05; n.s.= P>0.05.

Musculoskeletal system pathologies/lameness wasthe cause of early culling in FS
pens (71%), whereas respiratory syndromes and o#uses were just 11% and 18% of
culling causes, respectively. In DL pens, 49% oflimy was due to respiratory

syndromes, 38% to locomotory system failure and¢hgaining 13% to other causes.

3.2. CLINICAL OBSERVATIONS

The presence of integumental alterations, suchaatess patches and lesions/swellings,

resulted affected by both type of pen floor andsghaf fattening (Table 6).
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Table 6 Estimation of the odds ratios for the sigtiicant clinical parameters (P<0.05).

Wald test confidence limits at Wald test confidence limits at

95% 95%
Type of floor (DL vs FS) Fattening phase (Final vs Initial)
Odds Odds
Clinical traits: Ratios Min Max Ratios Min Max
Bursitis 0.387 0.179 0.838 8.008 3.898 16.452
Nasal discharge 2.258 1.228 4.153 0.016 0.002 0.117

Hairless patches 0.073 0.033 0.162 7.862 5.168 11.962
Lesions/swellings 0.405 0.200 0.817 10.073 4,941  20.537

*=P<0.05; *=P<0.01; **=P<0.001; n.s.= P>0.05

There was a higher likelihood to find these skieraltions on animals housed on FS and
the same trend was observed for bursitis. Regardiethe type of floor, the same lesions
were more likely to be detected at the end of #ieehing period. Estimated odds ratios
for nasal discharge were significantly higher fdr than FS bulls and for newly received

animals than finished ones.

The low frequency observed for ocular dischargespdgea, diarrhoea, bloated rumen
and lameness didn’'t allow to perform their statatianalysis. Coughing occurrence,
recorded as number of events/bull/lhour, was noécedtl by type of floor, but its

frequency appear higher during the initial phaséatiening than at the end of it (Table

7).
Table 7 Least square means of bulls coughing
Type of floor Fattening phase
DL FS P Initial Final P RMSE
Coughing} 0.74 0.94 n.s. 1.50 0.17 el 1.32

L events/bull/h. **=P<0.001; n.s.= P>0.05
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3.3. BEHAVIOURAL PARAMETERS

The avoidance distance at the feeding rack restiggter for the animals reared on DL
pens and the same parameter was higher when ats¢gbe beginning of the fattening

cycle (Table 8).

Table 8 Least square means for the significant (P<@5) behavioural parameters

Type of floor Fattening phase
DL FS P Initial Final P RMSE

Behavioural Traits

Avoidance distance, 50.07 4848  *** 64.37 4318  ** 33.60

cm
Total Interaction$ 1.54  2.74  ** 0.88 341 e 234
;Ar\l?;r;:ttilgné 0.83 1.21 ns. 017 1.87 1.77
hest
E?eriilt\ilgné 0.48 1.25 * 0.34 1.39 1.24
% Agonistic

. ) 57.69 40.75 ** 41.31 57.14 ** 34.36
interactiond

! |
% Cohesive 3899 5856 ** 5649 4106 **  33.69

interactiond

% Mountin@ 3.31 0.69 * 2.14 2.22 n.s. 5.97
Standing bulls 74.75  59.23 *x 57.68 76.31 25.16
Feeding bulls 1281 19.20 n.s. 1814 1359 ns. 19.29
Lying bulls' 12.44 2156 n.s. 2391 10.10 *** 25.00
Ruminating totdl 6.43 10.23 ns.  13.25 5.87 Frx 11.77
:ﬁirr;%gr?,"‘;” 576 700 * 580 696 ns. 131

Y04 of bulls/tot bulls Z events/bull/h® % events/tot interactions; *** = P<0.001; ** = <€IL; *= P<0.05; ns
= P>0.05.

Bulls housed on FS appeared to socially interaatentiman those on DL, especially for

cohesive behaviours recorded either as eventshmad/ or as percentage over the total
interactions. Bulls on DL on the other hand showedhigher proportion of agonistic

interactions and mounting.

The occurrence of both cohesive and agonistic betes; measured as number of

events/bull/hour, appeared to be more frequenteavinbulls at the end of the fattening
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(final phase) than in newly received ones. The grgage of agonistic behaviours over
total behaviours was increased at end of the fagewhen this type of behaviours
prevailed over the cohesive ones (Table 8). Onctrgrary, newly received beef cattle
seem to perform more cohesive than agonistic bebewviat the onset of the fattening
cycle.

The proportion of standing animals appeared sigguifily higher on DL than on FS,
while the type of floor did not affect the proportiof feeding, lying and ruminating bulls
(Table 8). Lying down transitions duration appeapedionged for animals housed on
slats than on DL (5.7&s 7.00 sec). Compared to the observation perforntethea
beginning of the fattening, the final phase scdrev@d an increased proportion of bulls
standing (76.31%s 57.68%) and a reduction of the lying ones (10.1¥@23.91%).
Even the percentage of animals ruminating 2 hoftes geed distribution was reduced at
the end of the fattening cycle. There was no diffiee between the two fattening phases
for the duration of the lying down transitions (T@). The occurrences of intentions to
lie down and atypical lying down events resulted tow to allow to perform their

statistical analysis.

4. DISCUSSION

4.1 PRODUCTIVE PERFORMANCES, DIRTINESS AND CLINICAL
MEASUREMENTS

Confirming previous findings of Hickey et al. (200&nd Gottardo et al. (2003), even in
the present study, DL resulted not to be an adegsgstem to guarantee beef cattle
cleanliness. Deep litter system requires approxeipat to 6 kg of straw per animal per
day (Daeleman and Manton, 1987), but the amounviged in this farm (1.52
kg/head/day) was far below this requirement. Whevided with insufficient bedding

material, animals become dirty as result of thelyiagy conditions. Newly received bulls
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are more likely to be dirty since they are morgfrently lying than animals at the end of
the fattening. Newly received bulls are also manscsptible to suffer for infectious
disease, such as diarrhoea, that can impair ceanlahess (Salak-Johnson and McGlone,
2007).

The higher culling incidence observed for FS biglsconsistent with previous studies
trend (ITEB, 1983; Cerchiaro et al., 2005; Cozzakt 2005; Schulze Westerath et al.,
2007), supporting once again the negative effecthidf type of floor on beef cattle
welfare. Overall morbidity was twice as high in Isukept on FS than in those kept on
straw yards, confirming the findings of Hannan avdrphy (1983). According to the
same authors also mortality rate, as result ofrahttauses, should have been higher in
FS pens, but this result was not observed in thegmt study. As reported by SCAHAW
(2001), Vokey et al. (2001), Bergsten (2003), Sane al. (2003), Sogstad et al. (2005)
and Shulze Westerath et al. (2007), bulls kept 8naRd or at the end of the fattening
cycle are more susceptible to musculoskeletal sygtathologies and bursitis and this
result was observed also in the present study.ifitidence of clinical lameness was
instead too low to allow its statistical analysis.

The higher of incidence of respiratory syndromesasse of culling and the more likely
occurrence of nasal discharge observed for DL luals be explained by the use dusty
litter, that can be easily inhalated, promoting thutbreak of respiratory diseases (Cozzi
et al. 2005). Moreover, according to Biet et a(q2), an organic substrate as the bedding
material, could allow an easy multiplication of mwiorganism, even pathogens,
increasing the risk of diseases. Newly receivednats are more sensitive than older
cattle to stressful situations which can suppré&sr immune system, promoting the
outbreak of pathologies (Salak-Johnson and McGIl20@7).

Estimated odds ratios for hair and skin damageg wignificantly higher for FS than DL

bulls, confirming the results of previous compans@¢Gottardo et al., 2003; Somers et al.,
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2005; Schulze Westerath et al., 2007; Tessitoral.et2009). In this work, bulls skin
integrity was more likely to be impaired at the eidhe fattening cycle and this may be
due to the higher occurrence of agonistic behasidinat might cause skin damages and

wounds .

4.2 BEHAVIOURAL PARAMETERS

The outcomes of the ADF test showed newly recelwdts being more fearful than the
finished ones. French bulls are weaned and kemptasture almost until the time of their
export to the Italian fattening units (Federici éRdma, 2007), therefore they are likely
less used to humans at the onset of the finishemp@. At the end of the fattening cycle
they are more used to be approached by the stocknatheir flight distances decreases
(Hemsworth et al., 2000). Bulls housed on beddedrflshowed a higher avoidance
distance than the FS ones. At this regard thoughust be pointed out that DL pens were
twice as much deeper than FS ones and thereforanidhals could have been less used
to be closely approached by humans. Waiblinget. €2@03) found that social licking is
increased in cattle groups with minimum avoidaresctions and this is consistent with
our results for FS bulls, that showed more cohesnteractions (social liking and
horning) than DL ones. Agonistic interactions andumting were more frequently
performed by bulls housed on DL, probably becawsdded floor offers a secure foot
grip and animals feel more confident to interactreby force. Moreover, in DL pens
agonistic competition could have been promotedeeithy higher number of animals
housed per pen or by the narrower space at theenaftigwed per head. Bulls housed on
FS performed more interactions and cohesive bebevithan on DL, likely as an attempt
to cope with a housing systems known to be moratwmal and stressful (Phillips, 2002;

Platz et al., 2007).
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Cattle observed in the final phase of their fatignicycle appeared more active,
performing more agonistic and less cohesive interag than the newly received bulls.
This trend could be explained by the progressiicgon of the space allowance, that
leads disputes (SCAHAW, 2001). The decreasing spho@ance could also justify the
higher proportion of standing bulls observed in #ssessment carried out at the end of
the fattening. The proportion of animal standingpegred higher on DL, probably
because bulls were unmotivated to lie down ontarlitygienically too poor. A higher
proportion of ruminating bulls observed in the gddttening could have been promoted
by the fact that space allowance wasn’'t constrgingget and the relative mutual
disturbance among pen-mates with the occurrenegahistic interactions was still low.
Consistently with what reported by Wechsler (20@°1tz et al. (2007), Absmanner et al.
(2009) and Tessitore et al. (2009), lying down seges duration resulted longer for FS
than DL bulls as the consequence of a less conblertzousing system. Previous studies
reported also a higher frequency of abnormal ouceessful lying down sequences for
bulls housed in FS pens (Ruis-Heutink et al., 2608tz et al., 2007; Gygax et al., 2007).
These findings were not confirmed in the presesseaech since the occurrence of
abnormal lying down sequences or lying down attempas too low to allow their

statistical analysis.

5. CONCLUSIONS:

This experiment aimed to evaluate the effects eftfipe of floor on the clinical status,
behaviour and performance of beef cattle intengiveglished. The results highlighted
how the slats affect negatively both pathologicatl ehavioural parameters. Cattle
reared on slatted floor are more likely to be ailduring the finishing because of
locomotory syndromes. The direct contact with amdhand discontinuous surface

increases the incidence of bursitis and skin lesidfoung bulls raised on slats were
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reluctant to perform mounting and other behavidbet required a good balance and an
adequate foot grip on the floor. Lying down seg@snduration were prolonged to,
indicating the loss of confidence that a hard sigfean cause to these animals. Bulls kept
on straw are exposed to a lower risk of skin aliena, but they can suffer of an
unsatisfactory cleanliness when the litter is imp@gely managed. On deep litter, the risk
of culling is lower than on slats, and it is mainlye to respiratory diseases. In order to
further reduce the culling rate, it is thereforeviadble to avoid to use of dusty bedding
material. Cattle growth performance were not aéddiy the type of floor and this could
explain why many beef producers are still adoptiegfully slatted floor in their fattening
units.

Regarding the phase of the fattening cycle, yourg@mals, observed one month after
arrival to the fattening unit were more likely taffer of respiratory disease, probably
caused by the stress of adaptation to the newngeanvironment. Newly received
animals appeared less confident to be approachetiunyans and performed more
cohesive behaviour than finished bulls. At the ehthe fattening cycle bulls were more
active and aggressive and skin lesions were mequéntly observed. This increase in
agonistic interactions could be the result of #g@uction of space allowance at the end of
the fattening.

In conclusion, aiming at improving the welfare ofansive fattened beef cattle, farmers
should pay particular attention to pen floor. Whesing the deep litter, a proper
management of the litter is required and it shaalgly the provision of an adequate
amount of bedding material along with its frequesriewal. The use of dusty material
should be avoided to lower the risk of respiratprgblems. Cattle kept on slats are at
higher risk of poor welfare and their discomfortgimi be reduced by covering the floor
with rubber mattresses. Observations carried otheaend of the fattening have shown

that space allowance should be increased accotdiogttle frame and weight. If space
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becomes a limiting factor, aggressions and negatiteractions among pen-mates.are

likely to be increased with a negative impact ofrfgproductivity.
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1.INTRODUCTION

Nowadays, the farm animal welfare issue is earmingide importance for the public
opinion, as well as for the scientific communityn this context, the European
Commission has adopted from 2006 a Community Aciten on the Protection and
Welfare of Animals, that aims at promoting high mal welfare standards in every
rearing system of all Member States. Currently mssigntific groups are working to find
reliable welfare indicators to be used for the maestock species. Most of young bulls
fattened in Italy are imported from foreign Couesi;i and they arrive to the Italian farms
at a wide range of live weights (80-400 kg) (Fedeand Rama, 2007). Almost all the
Italian beef farms located in the Po Valley adapirdgensive rearing system, with cattle
housed in multiple pens on deep litter (DL) or yufllatted (FS) floor (Cozzi, 2007).
However, this latter type of pen floor has beerdlyacriticized by some cattle welfare
experts, because it is considered not completegpewful of bulls needs. (EU-
SCAHAW, 2001). The aim of this study was to evatulabw pen floor (TF) and class of
cattle live weight (WC) may affect behavioural atlohical parameters of young bulls

fattened under intensive rearing conditions.

2.MATERIAL AND METHODS

Twenty intensive beef cattle farms were selectedtlios research, according to the
experimental design presented in Table 1. All themals were imported from foreign
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Countries, mainly France and Austria. Every farmswasited once during the first
quarter of 2008, in order to assess cattle behawaad clinical parameters. Each visit
considered 2 h of direct observation of the aninmalssed up to 12 pens to assess the
following behavioural parameters: avoidance distaaicthe feeding rack (Waiblinget

al., 2003), percentage of animals lying, standingeading/drinking and the duration of

the lying down sequence.

Table 1: Experimental design and average space allance (mean + sd).

Fully slatted (FS) Deep litter (DL)
Class of live weight <350kg >350kg <350kg >350kg
Number of farms 4 6 6 4

Average space allowance?/fmead 19+04 38+10 27%x12 44+15

The type of interactions between pen-mates and fhejuencies were also recorded.
Displacement, chasing, head-butt and fighting wenesidered as negative interactions,
whereas horning and social licking were considet@sl positive. The clinical
measurements consisted on the evaluation of treepce/absence of some pathological
and less healthy conditions, such as skin haipesshes and lesions, overgrown claws,
thinness, coughing, nasal and ocular dischargénelss and lameness. All behavioural
and clinical measurements were carried out inhalfarms in the same order by the same
assessor. Statistical analyses were performed tisengeneral Linear Model procedure
(SAS, 1990) for behavioural traits and coughinge Timodel included the effects of type
of floor and class of live weight and their interan. For lying down duration, the model
considered only the effect of the floor type, sinbis parameter was recorded only in
heavier class of animals. All the remaining clihitaits were recorded as dichotomous
variables and they were analysed by Logistic Regrasorocedure (SAS, 1990). Factors
were compared using the Wald Chi-Square Test. fitestold of statistical significance

was set at P<0.05 for all the variables.
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3.RESULTS AND CONCLUSIONS

Type of floor did not affect all behavioural traiesxcept for lying down duration, which
was longer for FS than DL bulls (Table 2). Thisutesvas consistent with what reported
by Wechsler (2007). Considering the effect of tlesg of live weight, the frequency of
feeding/drinking was reduced in heavier bulls amd trend confirmed previous results
reported by Gottardet al., (2004). The percentage of lying was higher forvierabulls

and this behaviour could be a consequence of ttreased space allowance (Table 1).

Table 2: Least square means of bulls behavioural pameters and coughing.

Type of floor Live weight class Significance
FS DL <350 kg > 350 kg TF  WC RMSE
Behavioural traits:
Feeding/Drinking 15.5 14.20 19.05 10.67 ns % 15.25
Lying® 42.2 44.48 39.09 47.59 ns * 26.57
Displacemert 0.09 0.05 0.13 0.01 ns e 0.19
Chasing 0.05 0.02 0.07 <0.01 ns  ** 0.16
Horningf 0.60 0.82 0.44 0.98 ns  * 1.34
Avoidance distance 41.0 44.8 30.4 55.3 ns o 56.53
Duration lying dowfi 5.71 4.31 - - ok - 1.70
Clinical traits:
Coughing 1.48 1.66 2.07 1.07 ns % 1.40

194 of bulls;%events/bull/h*cm: *sec;*** = P<0.001; ** = <0.01; *= P<0.05; ns = P>0.05.

Space allowance could also justify the reduceduieegy of negative interactions and the
increasing of horning behaviour (Table 2). Typdlodr and class of live weight did not
affect the occurrence of head-butt, fighting andadicking (0.57+1.49; 0.02+0.18; and
0.59+1.04 events/bull/h, respectively). The avomadistance test showed heavier bulls
being more fearful than lighter ones (Table 2). Mokthe light animals raised in the
Italian fattening units are weaned artificially aiherefore they are used to be approached
by humans. French bulls, which represented a lpoggon of the animals included in the

heavy weight class, are instead weaned and kepasture almost until the time of their
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export (Federici and Rama, 2007). Clinical signgesipiratory diseases (coughing and
nose discharge) were not affected by the type offlp®r, whereas they were increased
significantly for light bulls (Tables 2 and 3). Weeanimals are more sensitive than older
cattle to stressful situations like transport, cegring, thermal stress, change of housing
system, which can suppress their immune systenakSlhnson and McGlone, 2007);
under these circumstances, the outbreak of respyrdisorders and mycosis is increased.
Consistent with these findings, the likelihood afcorrence of hairless patches was
increased in light bulls (Table 3). Estimated odaisos for hair and skin damages and
lameness were significantly higher for FS than Dulld) confirming the results of
previous comparisons (Gottareb al., 2003; Somerst al., 2005). On the other hand, in
accordance with Gottardet al, (2003), bulls cleanliness was more likely to impaired

on bedded floor. Heavy bulls spent more time lyilagvn (Table 2) and this may have
increased their likelihood of being dirtier. Thewldrequency observed for the other
clinical traits (overgrown claws, ocular dischardmrrhoea, thinness, bloated rumen) did

not allow to perform their statistical analysis.

Table 3: Estimation of the odds ratios for the clifcal parameters assessed (P<0.05).

Wald test Confidence limits at 95%

Type of floor (DLvs.FS) Live weight class_(850vs.> 350
Effects Odds  Minimum Maximum Odds  Minimum Maximum
Nasal ns ns ns 1.63 1.04 2.53
Hairless 0.48 0.37 0.62 1.58 1.21 2.05
Skin lesions 0.14 0.09 0.22 0.55 0.37 0.82
Dirtiness 4.39 2.92 6.61 0.33 0.22 0.51
Lameness 0.22 0.06 0.79 ns ns ns

Results of the present study showed that in comparwith DL, FS floor has a limited
effect on beef cattle behaviour, while it is expectto increase the incidence of
integument alterations and lameness. However, Dibhatabe considered the best solution

for intensive housing of beef cattle unless itseresl is a routine practice of the farm
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management. Regarding bulls live weight, negatiteractions among pen-mates are
more frequent in lighter and younger animals, wlaoh also more sensitive to respiratory
disorders. In heavier bulls, regardless of the tgbepen floor, an adequate space
allowance can be an effective strategy to lowenagic interactions as well as the risk of

disease occurrence.
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housing of finishing beef cattle. Effects on growtlperformance,
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1.INTRODUCTION

The adoption of the slatted floor housing systerbegrf cattle farms has become popular
since 1980. Despite the higher initial cost whempared with the conventional littered
barn, this system allows to reduce the cost fordlmed material and related labour.
Moreover, the slatted floor system allows to inseeatocking density reducing the
production cost per animal unit. However cattleegymot to be physically and mentally
comfortable when housed on slats, because the fload surface makes them feel a
natural aversion and fear to walk and rise on &.aAresult, cattle do not perform some
extreme behaviours as often as they would in adomutsituation. Concrete slats that are
too roughened to prevent slippage can wear hooxesssively. When instead slats
surface is too smooth, it becomes slippery inengathe incidence of legs and claws
injuries incidence (Dumelow and Albutt, 1988).

Most of the studies on pen floorings delve intargl@ows herds, where the result of the
housing discomfort are well noticeable becausénefdrop in milk yield (Kremer et al.,
2007), hence in an economic loss. The adoptiomddleernative floor, easy to manage
and comfortable for animals at the same time, ®mng a need, and perforated floor
and rubber covering have been proposed and testedlass substitutes. Research
concerning the use of rubber coated slatted flganmbeef finishing facilities is however
still limited. This is mainly due to economical seas related to the cost of this type of

floor as well as to the short life span spent bgfbmttle in the finishing units. Cattle
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behavioural benefits related to the use of a patéar rubber mats were reported by many
authors (Lowe et al., 2001b; Mayer et al., 2008héer study, Benz (2002) considered the
effect of yielding rubber floors on slatted passeags on claw health and behaviour of
dairy cows: it resulted that steps on rubber flwere longer and more similar to those on
pasture and cows appeared to express more naahaviours. Telezhenko and Bergsten
(2005) confirmed the same result in their work, eniding how a rubber floor can
improve dairy cows locomotion and gait, irrespesiynof the presence of lameness.
Aiming at improving the knowledge on potential ati@#ive solutions to the concrete
fully slatted floor to be adopted in beef cattlétdaing units, the study evaluated the
effect of three different types of pen floor (FSulli~slatted floor; FP, Fully-perforated
floor; RM, Fully-perforated floor covered by rubberattress) on growth performance,

behaviour and health status of young bulls fattameter intensive rearing conditions.

2.MATERIAL AND METHODS

2.1 ANIMALS, HOUSING AND MANAGEMENT

The study was carried out in a medium-large sipe faith a availability of about 1,600
fattening places, located in the Po valley (ltal®)l bulls fattened in this farm are
purchased and imported from foreign countries (Eearreland, Belgium mainly) and
their live weights and ages at arrival may varyateing on the genetic type (on average
350-400 kg and 10-12 months of age). Bulls are fagened till 18 months of age and
the ideal slaughter weight of about 650-750 kgl8growth performance, health and
behaviour were investigated during a 7 months pefiom September 2009 to March
2010, comparing 3 different pens floor solutionsilly=slatted floor (FS); Fully-

perforated floor (FP); Fully-perforated floor cogdr by rubber mattress (RM). Two
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batches of 24 young bulls each were consideredptheer was made of Irish crossbreed,
the latter of French Limousine. Prior to the hogsmto the finishing pens, the animals of
each batch were weighted and equally allotted aetlgroup of 8 bulls each according
their live weight. The three groups of each bataresthen housed in three pens with
different floor, for a total of 6 boxes. The expeental pens had a size of 5.50 x 4.45 m,
two of them had a traditional slatted floor, madéhwoncrete slats 100 cm long and 12.5
cm thick, split by a 3 cm gap. The second pair efigphad a perforated floor, made by
drilled concrete panels that have 70 holéshith a diameter of 6.5 cm. In the third pair

of pens, the previously described perforated flsas covered by a rubber mattress, 2 cm
thick, designed to match the gap profile of thecarete slatted floor elements below.

These rubber mats (Type Apollo 20/0) manufacturgdEbrosteinit S.r.l.- Italy have a

hammerblow profile surface to enhance grip, theewside profile is rubber studded and
the edges are profiled to allow for a groovelessase. The 6 experimental pens were
located in the same closed barn and they were pedipvith two pressure bowls for

water provision. Each pen had a space allowan8engfand a space at the manger of 70
cm. The young bulls were feald libitum once daily in the morning a corn based total

mixed ration (Table 1).
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Table 1: Feed ingredients and chemical composition.

Ingredients % DM
Corn silage 44.9

High moisture corn 16.9
Corn meal 15.2
Soybean meal 44 13.0
Beat pulps 3.5
Wheat brans 4.7
Vitamin-mineral premi% 1.9
Chemical composition meant SD
Dry matter (%) 50.6+ 2.9
Crude Protein (% DM) 13.3+ 0.8
Diethyl ether extract (% DM) 3.1+ 0.2
Ash (% DM) 6.8+ 0.3
NDF (% DM) 31.6£1.9
NSC (% DM) 452+ 1.9
UFV (/kg DM)*** 0.94

4ngredients (per kg): Ca, 180 g; Na, 104 g; P, 7Blg, 35 g; Zn, 3400 mg; Mn, 1500 mg; Fe, 200 mg; C
200 mg; I, 60 mg; Co, 20 mg ; Se, 10 mg; Mb, 10 mitggmin A, 1,000,000 IU; vitamin D, 120,000 1U;
vitamin E, 100 mg; vitamin K, 20 mg; choline, 5,06@); vitamin PP, 4,000 mg; vitamin B1, 100 mg;
vitamin B2, 50 mg; vitamin B12, 0.4 mgNISC = Non-structural carbohydrates; ***Unité Foregy¥iande

= 76.1852MJ.

2.2 GROWTH PERFORMANCES AND FEED INTAKE

Each animal was weighed twice, at the time ofvalrio the farm and at the end of
fattening cycle to measure tAererage Daily GainThis was calculated as the difference
between final and initial live weight, dividing thiesult by the number of days on feed.
The Feed Intakeper pen was calculated as the difference betweeramount of feed

distributed in the morning and the residual amquesent in the manger 24 hours later,
just before the following feeding. This record wesried out on two consecutive days
per week during 6 months of animal fattening. Tée weight of the feed eaten by each
box has been transformed into Dry Matter on thdasbak analysis done on a weekly
sample of the food distributeBeed Conversion Ratwas calculated as the ratio between

the consumption of dry matter and the average dgéy of each box. All the feed
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samples collected during the study were analyzethatchemical laboratory of the
Animal Sciences Department, University of Padua @&halysis considered the content of
dry matter, crude protein, ash, lipid accordingA®AC methods (2000). Diet fiber
content was instead determined by the method of Magst et al. (1991). The net energy
content of the experimental diet was calculatetaiseé Forager Viande, on the basis of

values proposed by INRA (1988) for the various feodstituents.

2.3 BEHAVIOURAL PARAMETERS

In order to assess the behaviour of bulls duriregdkperimental period, each batch of
animals was observed twice. The first evaluatioitiél Phase) was carry out one month
after the restocking, when all the animals had strmated weight lighter than 500 kg.
The second observation was performed near the ®gataughter time (Final Phase),
when the estimated live weight exceeded 600 kgh B&these behavioural observations
had a duration of 8 hours and began immediatelgr dfte morning feed distribution
(9:30-10 am). During each observation session lireetexperimental pens belonging to
the same batch were assessed by three differeatvaos. In order to avoid a bias effect,
after each hour of observation on the same boxpbservers proceeded to shift their
position, assessing then a different pen. The ssseposition during this observation
was always on top of an elevated platform placethen middle of the feeding allay,
allowing a whole view of the cattle housed in thgpaxrimental pen. To allow an easy
identification of animals and an easier distinctimtween pen-mates, the day before an
observation, bulls housed in the three pens ofstme batches were tagged, painting a
sequential number (1-8) on both the hindquarteesach animal, using a livestock colour
spray. Behavioural assessments were performed iagoibte scan-sampling technique
(Martin and Bateson, 1993) with a 5-minute interbatween one scan to the following

one. The scan turns out to be a snapshot of theHaxstates the individual activities of
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each individual who is supposed to be made formsre duration (Maekawa et al.,
2002). The sum of the number of scan the animal ngasrded to perform a certain
activity allows to describe the incidence of thidivaty over 8 hours. The behaviours
observed were related to the position the animapted (station, recumbency), and the
activity that each animal performed at the time schn (eat / drink, ruminating,
resting). The resting position was recorded, ciasg) it as sternal recumbency with all
four legs folded above the body, sternal recumbevitty one or both front legs stretched
out, and lateral recumbency, with all four limbsesthed. During the whole period of
observation, the occurrence of some other actsyitigat could be not recordable as scan
sampling data because performed just for shortogedf time, were recorded not
individually, but in a pen level. These behaviowsre detected, by the method of
behaviour sampling (Martin and Bateson, 1993) amd alo-grooming, slipping, fights,
and unsuccessful attempts to lying down. In ordeolitain more info about the resting
comfort and animal confidence to move, the duratbmoth lying down and rising up

transitions were recorded using a stopwatch, etmery they were performed.

2.4 HEALTH STATUS AND CLEANLINESS SCORE

After both the behavioural observations, each alsimas then assess for signs of low
health status, as such as the presence of lamehka@s$gsions, carpal bursitis, overgrown

claws and nose discharge. These parameters weryeleeicas presence/absence by the
same person during the whole project. A coat cleag$ score was then detect taking
into account just one side of the animals, androiaog it dirty when more than 25% of

the side was covered by thick manure. Cleanlinesk lameness, and nose discharge
evaluation was based on Welfare Quélipyotocol for beef cattle (2009). The occurrence
of skin lesions were recorded when the animal ¢w@at wounds, hairless patches or

abrasions, regardless of the etiologic causeslyLasgtollen carpal joint findings were
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considered as macroscopic sign of bursitis angrésence was then in that way recorded.
Claws abnormalities were recorded as a binary bkrjavhen at least one claw was

overgrown or deformed, the status = overgrown \eaended.

2.5 STATISTICAL ANALYSIS OF DATA

The production performances of animals were andlymeng SAS (1990) linear model

PROC GLM, setting the effect of type of floor (FS ¥P vs RM) and the effect

of assessment (Initial and Final). Feed intake faadl conversion rate were analyzed
using a linear model and considering as effectgltioe type, pen within floor, week, and

testing the interaction between the type of flogrand the week of fattening. In these
analysis pen was considered the experimental unit.

The behaviour records collected during both theeolaions were processed using a
linear model that considering as effects the flegpe and assessment and their
interaction. In all the analysis a minimum threshof statistical significance of P <0.05

was adopted. Clinical parameters as well as cleesdi were analyzed using SAS logistic

regression procedure.

3.RESULTS

3.1 GROWTH PERFORMANCES

The mean live weight at the beginning of the expent was 426 + 54 kg: this large
standard deviation was due to high heterogeneoasitgng animals and batches too,
being bulls imported from Ireland heavier. The dioraof the fattening cycle results to
be about six months (175 + 7 d), with no differenbetween the three thesis. Types of
floor resulted to significantly affect the growtlerformance of animals: bulls reared on
rubber mattress appear to have almost 0.2 kg higherage daily gain compared with

bulls on slats, while perforated floor effects desul intermediate between FS and RM
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(Table 2). Live weights, feed intake and feed cosiom rate did not differ significantly
among the three animal groups (Table 2). The statismodel for feed consumption
during the whole trail report a significant effexftweek of testing (P <0.001), probably

due to climate variability.

Table 2: Live weight, feed intakes, daily gain andeed convertion ratio of young bulls housed in
multiple pens with different type of floor

Type of pen floot

ltem FS FP RM RSME P
Live weight, kg:
- Initial 409.5 450.4 417.8 13.0 ns
- final 623.1 678.6 663.6 35.0 ns
Feed intake, g DM/d/bull 7.96 9.16 9.17 0.38 ns
Average daily gain, kg 1.19b 1.27ab 1.37a 0.18 *
Feed Convertion Ratio 6.65 7.53 7.23 0.92 ns

1FS = fully-slatted floor; FP = fully-perforatedofir; RM = fully-perforated floor covered by rubber
mattress; * P< 0.05; ns: not significaR % 0.05)

3.2 BEHAVIOURAL PARAMETERS
The statistical results concerning the behaviowonm#s collected by scan sampling

method are summarized in Table 3.

Table 3. Effect of floor type and weight of animalson least square means for time (min) spent by
bulls performing the listed behaviours during the 8hours scan sampling observation

Type of floor Assessment
FS FP RM P Initial Final P RMSE

Feeding/drinking (min) 51.9b 51.9b 63.0a * 54.0 A57. ns 15.4
Ruminating (min) 61.6 58.3 63.3 ns 69.5a 52.6b * .825
Position
Standing (min) 252.4b  245.2b 306.5a  *** 266.4 269.7ns 45.8
Standing (% time/8 hours) 52.58b 53.81lb 63.85a *** 59.83a 53.66b  * 10.31
Recumbency (min) 227.60b 221.70b 173.51a  *** 19B.79222.41a * 49.49

Sternal (% time/time in

recumbency) 54.01b 56.84b 73.84a ** 72.84a 50.28* *18.51

Legs extende(Po

time/time in

recumbency) 34.66a 34.57a 19.11b ** 20.48b 38.424* *15.24

Lateral(% time/time in

recumbency) 85.61 89.49 20.15 ns 54.92 75.25 ns .8227

FS: Fully slatted floor; FP: Fully perforated flpd®M: Rubber mattresg**= P<0.001; **= P<0.01; *=
P<0.05; ns: no significanc® ¢ 0.05)
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There was a significant effect of the type of fl@or the activity and resting behaviour of
bulls observed during this trial, but FS and FRofforesulted not to be so different.
Animals housed on rubber mattress flooring showednareased activity, inferable by
the longer time that these animals are used todsptamding (both expressed as minutes
than percentage of time over the whole observaaod) feeding and drinking too. These
animals spent consequently a shorter time resbuog,they appear to prefer to lie in
sternal position with all the legs bent below theady compared with bulls housed on
both concrete floors. When housed on FP and FS $afdces, bulls besides appear to
spend more time resting with one or both the frtags extended. No significant
differences between the three types of floor weoenfl concerning the lateral
recumbency, scarcely performed, as well as for tspent ruminating. Significant
difference were observed also comparing the reselterded at Initial phase of the
fattening cycle with the Final one (Table 3). Jiesteived animals appeared to spend
more time ruminating and standing, while at the ehtthe fattening period the same bulls
resulted to prefer resting with forelegs extendederrequently than in the initial phase.
The results of the statistical analysis on frequenof the short duration behaviours

detected by the behaviour sampling observatiorsiaog/n in Table 4.

Table 4: Least square means for behavioural paramets recorded as frequencies and duration
during behaviour sampling observation

Type of floor Assessment

FS FP RM P Inital Final P RMSE
Lying down attempfs ~ 17.3a  10.3ab 1.0b * 102 88 ns 46
Slipping' 52.0a 16.5b 73b * 275 230 ns 11.8
Mounting' 40b 88b 270a ** 188a 7.7b * 6.9
Fighting' 8.5 9.0 193 ns 70 175 ns 88
Social licking 950 848 635 ns 760 862 ns 358
Lying down duratiof 5.85a 5.36ab 4.67b ** 4.99b 5.60a * 1.90
Rising up duratioh 331 328 341 ns 3.17b 350a * 0.89

= number of events/8 hours observation;sec; FS: Fully slatted floor; FP: Fully perfortioor; RM:
Rubber mattresg*= P<0.001; **= P<0.01; *= P<0.05; ns: no sigrifince P > 0.05)
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Animals housed on FS resulted to perform more eaty unsuccessful lying down
attempts compares to RM; in addition they were npome to incur in slipping events
than bulls housed either on perforated floor orusber covered floor. Mounting events
resulted to be more frequent on RM pens compareBPRoand FS. The mean time
required to perform the lying down transition waader for FS than for RM bulls while
it was intermediate for RM one. Type of floor apygeanot to affect fighting and social
licking frequencies neither the duration of thengsup sequence. Regarding the time of
the assessment (Table 4), mounting appeared tesseffequently performed by bulls at
the end of the finishing compares to the initiaéowhile both lying down and rising up
transitions duration resulted longer in the secassessment. The number of transitions
performed by a single bull during the 8 hours adetvation was affected just by the type

of floor (Table 5).

Table 5: Estimation of the odds ratios for the sigificant (p<0.05) frequently performed transitions.

Wald test confidence limits at  Wald test confidence limits at
95% 95%
Type of floor (FS vs RM) Type of floor (FP vs RM)
Odds Ratios Min Max Odds Ratios Min Max

Frequence of

" 0.245 0.081 0.738 0.168 0.056  0.506
transitions

FS: Fully slatted floor; FP: Fully perforated floé*M: Rubber mattress.

The likelihood to performs frequent transitions (mthan 4 bouts) resulted to be higher
for bulls housed on rubber mattress floor than ath bhe hard concrete floors. No effects
of the assessment phase were found on frequen€igsrsitions and on the other

behavioural parameters recorded during the behageampling observation.

3.3 HEALTH STATUS AND CLEANLINESS SCORE

The low occurrence of most of the health problemsorded during the trial (nasal
discharge, lameness, bursitis, skin lesions) didtlow to perform their statistical

analysis. Just overgrown claws occurrence resutidae affected by both type of floor
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and assessment timing (Table 6). The likelihoodadurrence of overgrown claws was
increased in bulls housed on rubber mattress floan on fully slatted and on fully
perforated (2.8 and 16 times respectively). Oddso réor overgrown claws were

significantly higher when bulls when assessed @ffitial phase of their fattening period.

Table 6: Estimation of the odds ratios for the sigificant (p<0.05) overgrown claws occurrence

Wald test confidence Wald test confidence Wald test confidence

limits at 95% limits at 95% limits at 95%
Type of floor (FSvs  Type of floor (FP vs  Assessment (Final vs
RM) RM) Initial)
Odds Odds Odds
Ratios Min Max Ratios Min Max Ratios Min Max
gzjvfmw” 0354 0.106 0.983 0.062 0.007 0.513 4.085 1.2246383.

FS: Fully slatted floor; FP: Fully perforated flo&M: Rubber mattress

4. DISCUSSION

4.1 GROWTH PERFORMANCE

Bulls reared on Rubber Mattress resulted to havkigimer Average Daily Gain, even if
they resulted to be more active and therefore moree to spend energy for standing and
locomotion. This result disagreed with Lowe et(2D01a) findings, where no differences
were found due to type of flooring. This improvewwth performance were not due to
the Feed Intake that was similar among types obrfloHowever comfortable
environmental and housing conditions are knownretaltie to improve cattle welfare, and
indirectly could boost their production performan@tillips, 1993). Feed Conversion
Ratio resulted similar among the thesis, confirmiimyve et al. (2001a) finding<On
average, FCR was higher than the values (6.14uledéxl by Cozzi and Gottardo for
French bulls slaughtered at average lighter livegite(612 kg) in a previous study

(2005).
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4.2 BEHAVIOURAL PARAMETERS

The type of floor was found not to affect the tisgent ruminating by the bulls over the
whole period of observation. This activity was penfied for about 61 min and this value
was lower than that observed by Cozzi and Gotté2865) on Limousine in 8 hours after
feed distribution observation (83 min). The obstora was carried out during the
daylight hours and during this time of the day su#sulted to prefer a standing position
confirming the findings of Cozzi and Gottardo (2Dp08ubber mattress covered floor
seemed to improve bulls comfort when they were dtayy since they appeared more
active increasing feeding/drinking and mounting rese In theory, this increased time
spend standing and socially interacting should heagatively affected cattle growth and
productive performance, because of extra use ofggnéMounting is an important
behaviour and is often performed by bulls in orideestablish the inner hierarchy among
pen-mates. Previous studies showed that cattleceedunounting and active social
interactions when the floor surface doesn’'t guaarmn adequate grip to the foot (Gygaz
et al., 2007; Mayer et al., 2007; Absmanner et28(Q9). The positive effect of RM as
alternative solution to concrete floors had begored in recent studies (Ruis-Heutinck
et al., 2000Lowe et al., 2001byayer et al., 2005Gygax et al., 2007; Absmanner et al.,
2009 and could be attributed to the reduction of th& o§ falls and consequently the
increased confidence of the animal to perform @toehaviours and social interactions,
especially with regard to the range of activitiesalving extreme movements. Bulls
appear to individually prefer rubber mattress tmarete slatted floor (Lowe et al.,
2001b), even though the straw bedding appears tthéie prime choice, as long as
properly managed. As reported by Absmanner eR@DY), the soft rubber surface seems
to allow a great confidence and comfort to walknglavith a good foot grip that can

justify the increased transition frequency as veslithe reduction of unsuccessful lying
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down transitions and slipping frequencies. The éigimumber of transition bouts
observed on RM largely corresponds to what is desdras typical for cattle (Absmanner
et al., 2009). Fully slatted floor is considereduartomfortable type of floor for cattle by
many authors (Mayer et al., 2007; Platz et al.,72@®bsmanner et al., 2009). The results
of this trail are consistent with these previouslings, cattle on FS had a higher risk slip
and preferred to adopt lying position for a longere. Even the duration of the lying
down sequences appeared longer, being the trarsita a slippery floor potentially
traumatic and painful and more energy expensivelialder et al., 2000; Lowe et al.,
2000; Mayer et al., 2005, 2007; Platz et al., 208k¥%smanner et al., 2009). Bulls housed
on FS and FP resulted to spend more time lying emetp to RM, and the most
performed recumbency position were the sternal améls a single or both forelegs
stretched out, strategy that can allow some rétighe carpal joints (Absmanner et al.,
2009). This assumption is supported by observatioade on dairy cows that have shown
an increasing trend of animals lying with limbs gweom the body when housed in
cubicles with mattresses or hard concrete floor gamed to alternative solutions more
soft and comfortable (Haley, 2000). Bulls housedRdh preferred a sternal recumbency
position with all legs banded below their body hkd&decause the soft rubber surface
guarantees an higher resting comfort. By adopting) lying position, bulls also limit the
risk for their legs to be trampled and stamped prpén-mates. As expected, the fully
lateral recumbency position resulted rarely pertinsince adult ruminants adopt this
lying position only for a few minutes because oiman activity and eructation
impediment (Bell, 1972). Both observation sessiwese carried out in wintertime and
the thermal discomfort of the bulls exposed the Emwironmental temperatures could
further promoted the rare adoption of the laterasifpon during resting. Gonzalez-

Jimenez and Blaxter (1962) and Brunsvold et al.8%)9reported that in a cold
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environment calves prefer resting with their legsled under the body to save energy
losses.

Bulls assessed at the beginning of the fatteningecgpent more time standing and
performed mounting behaviours more frequently tinathe final phase, probably because
of the need to establish a defined hierarchy stattsn the pen (Mohan Raj et al., 1991).
Consistent with Absmanner et al. (2009), as contpéoethe initial observation, at the
end of the fattening bulls preferred resting inrsik position with forelegs extended. This
behaviour could have been promoted by the heavghwaf the bulls since it allows a
wider distribution of animals’ body weight duringg with a consequent relief the limbs
joints. The large body frame could even explainltrger duration of both lying down
and rising up transition sequences compared tanitial phase. Despite the prolonged
lying observed at end of the fattening, bulls lose¢ethe time spent ruminating probably
as consequence of a reduction of the space alleveaugsed by their large body frame.
Under a limiting space, mutual disturbance amongrpates is supposed to be increased

and the synchronization of their feeding activibwld likely be reduced.

4.3 HEALTH STATUS AND CLEANLINESS SCORE

The low frequency observed for the most clinicaitsr did not allow to perform their
statistical analysis. However, according to theréiture, lameness as well as skin lesions
localized in the legs are supposed to be more é&m=igm FS bulls (Gottardo et al., 2003;
Somers et al. 2005; Platz et al. 2007 and Schulest&ath et al., 2007). Poor floor
quality is considered a main risk factor for lam&hand traumatic injuries in cattle (Cook
et al., 2004; Telezhenko et al., 2009). The sysitoleanliness evaluation adopted in this
trail was probably not enough sensitive to recogmsinimal differences. However,
according toLowe et al. (2001a)rubber coating and perforated floors are usually

involved in a poor manure draining trough the sletling to dirtier cattle than the fully
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slatted floor. Regarding claw health, in the préstady beef cattle kept on rubberised
floorings during the whole finishing period showedbe at greater risk of overgrown
claw. This is consistent with Platz et al. (200@Jl & elezhenko et al. (2009) who found
that cows housed on rubber are more likely to megutrimming after some months,
because of insufficient hoof wearing. As in theser@ study, Italian young bulls are
typically slaughtered at 18 months of age, aftér@months of intensive finishing. This
period is too short to suffer of clinical lamendss if the cycle were longer, probably the
overgrown claws would cause a limb axis alteratind joint overloading, increasing the

risk of lameness (Manson and Leaver, 1989; Manskeé,&£2002; Dembele et al., 2006).
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1.INTRODUCTION

In 2008, in Canada there were 13.18 million ca#ttel calves, on 86,520 farms and
ranches with beef cattle (Agriculture and Agri-Fd@dnada, 2011). Alberta accounts for
approximately 41% of this inventory and togethethwSaskatchewan raised 70% of
Canada’s finished cattle production (Canfax, 201h). order to remain globally
competitive, Canadian beef industry should imprpractices and recommendations for
the care and handling of cattle based on scientificciples. This not only to improve
animal health and well-being (Mitchell and Kettlélw@008) but also for the economic
and political implications. Furthermore the publiterest in the welfare of farmed
animals and cattle lameness in particular is irgingg within both the dairy and beef
industries. In this context, lameness is not omlyssue because of the negative effect on
public perception of the industry, but also for thegative impact on the cost of
production through the increased use of antibidtgatments, the decreased feedlot
performance, the increased cattle mortality anddibeounted prices at auctions (Tibbett
et al.,, 2006; DBQA, 2009). Lameness is considemetba one of the most important

welfare issues for dairy cows (Flower and Weary08)0 likely because of the high
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prevalence and association with pain. However, aoaf few scientific studies have
assessed the incidence of lameness within the @anbdef industry and feedlots rearing
system and/or the potential causative factors &sgacwith it. A study performed at the
Saskatchewan Feed Test Station by Townsend et989] identified fever (12.9%) and
lameness (17.2%) as the most common pathologiebesf bulls. Lameness was
associated with higher live weights at arrival he station and its higher incidence was
associated with specific breeds. More recentlyprspfrom Roeber et al. (2001) and the
NMCBBQA (2007) indicate that there is evidence ahkness in approximately 30% of
cattle at slaughter. In US feedlots, Griffin et @993) reported that lameness accounted
for 16% of health problems and 5% of deaths. Apmpnaxely 70% of all the cases of
lameness were due to feet problems, with othermrieguto upper skeleton or major
muscles accounting for 15%, swelling of joints astuing for 12% and injection site
lesions accounting for only 3% (Griffin et al., 39 Hypotheses exist regarding the
causation of lameness in beef cattle, especiallytten role of nutrition and the
development of laminitis in feedlot cattle on highergy diets, however some research
suggests a role for mechanical influences in theremment (Fjeldaas et al., 2007). It is
likely that some mechanical factors could interaith biological processes in the limbs
of cattle to increase the likelihood of lamenes® &n increased standing time (Galindo
and Broom, 2000) or an hard, slipping and/or roflgbring surface as for dairy cattle
(Telezhenko and Bergsten, 2005; Epejo and En@@87). All these environmental
conditions are more likely to affect animals durisgme phases of beef cattle life, as
during auction sales and transport. However, tladsdies are mainly focused on cattle
ready for slaughter while no works examined théed#nt categories of cattle neither the
different points of the rearing process. Deterngniine process phase during which beef
cattle are more likely to be lame should addressreviand when interventions should be

made in order to smooth over the negative effectlasheness on profitability.
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Determining the association between environmengatofs and increased risk of
lameness, as well as what groups are most atwislkindicate what pragmatic solutions
would have the greatest likelihood of successti#dse efforts should increase the public
confidence in beef industry's actions aimed to goi@e cattle welfare. The objective of
the proposed study are to gather descriptive inddion about the occurrence of lameness
in chronic pens by comparing it with the other tegroblem that commonly affect
feedlot beef cattle. A further goal was to bettgufe out how lameness influences beef

cattle productivity.

2.MATERIALS AND METHODS

Between May and August 2010 lameness issue wagedtad 3 different commercial
feedlots, all located in Southern Alberta regionCainada. These three feedlots, defined
in this work as A, B and C have a different catti@pacity and hospital facilities,
summarized in Table 1.

Table 1 Feedlots and hospital pens features

Feedlots  Capacity, n heads  Hospital pens, n Hospital pen size (mean + SD)

A 25.000 4 255.3+82.4 M
B 10.000 4 854.3 +284.0 M
C 10.000 2 440.4 +1.0

Cattle suffering of a given health problem or deseare usually moved from the original
pen to the hospital one, where they are treatethéyeedlot for that diagnosed clinical
problem. The ear tag number of processed animalsraatments performed are recorded
in the feedlot database, as well as the cause gpfitatization. These animals will be
housed in the sick pen till recovery, when they wibved back to the original pen. The
number of animals housed in hospital pens at theesame is different, depending on
many factors, as season, feedlot crowding statdshaanagement, climate and outbreak

of epidemic diseases. For the purpose of this stiadg were collected from each feedlot
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every two weeks, for a period of 3 months (7 obsgons) processing both lame and
non-lame cattle housed within the chronic penshat time of the observation. The
collection was performed between 08.00 and 12.00, Abpending on the number of

animals.
2.1 BEHAVIOURAL DATA
Gait Scoring

All the animals housed in the chronic pens werd geored using the 5 point scale
reported by Desrochers et al. (2001). Animals vessessed according to the description
outlined in Table 2, recording in addition the limkaffected (fore or hind). The gait
evaluation was carried out by a trained assessongleattle handling, while animals
were moved to the working chute, evaluating thenilemvalking in small groups (3-4
heads). Lameness was defined as deviation inggultmg from pain or discomfort from
hoof or leg injuries and disease (Flower and We&Q@08) and animals having a

locomotion score 2 were here defined clinically lame.

Table 9 Scoring method for lameness taken from Descher et al. 2001

Gait

Score abnormality

Description

0 None Normal gait

Walks easily and readily, bears full weight on faat limb
1 Mild but has an observable gait alteration, stand dioatllimbs,
line of backbone normal

Reluctant to walk and bear weight but does usdirtiieto
ambulate, short weight-bearing phase of stride,thes
affected limb when standing, increased periodgeofimbecy.
May see arching to backbone

2 Moderate

Reluctant to stand, refuse to walk without stimuNen-
weight bearing on affected limb, “hoops” over limgther than

3 Severe weight bear, does not use limb when standing asddown
most of the time, backbone arched with caudovetiprab
pelvis

4 Nonambulatory Recumbent, unable to rise, euthiamndien indicated
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2.2 PHYSIOLOGICAL DATA

Cell Blood Count and Body Temperature

Individual blood samples were collected by squegzattle into a pneumatic headgate.
Approximately 5 ml of blood were taken into vacooéas tubes via venipuncture from
the jugular vein. The samples were then transpdddtie laboratory, stored at ambient
temperature and processed within 5 h for haematabgnalysis (Reese, 2009).
Erythrocytes (RBC), Hematocrit (HCT), Hemoglobin r€entration (HGB), Total
Leukocytes Concentration (WBC), Monocytes (MONO)adulocytes (GRAN) and
Lymphocytes (LYM) were determined fromyEBDTA anti-coagulated blood (6 mL) using
an automated haematology analyzer (Veterinary &leskmatrue Hematology Analyzer)
equipped with software for bovine blood. Body tenapere was taken via rectal

thermometer in order to establish the health stwftesich animal.
Live weight variation

Animals were individually weighed on a chute sdaléetect shrink or rise of live weight
between observations. Their individual weight difece (kg) between two or more
assessments has been compared taking into acémunatisation of hospitalization and

the occurrence of lameness.

2.3 ANIMAL FACTORS

Animal factors were obtained from feedlots manadedatabase, including category
(steers vs heifers), real or estimate weight aiveng, days on feed, health issue relate to
hospitalization and number of treatments. The neagloy each animal was treated and
hospitalized was classified and recorded in thealtkte by the feedlot employers.
Animals that in the feedlot database resulted eécedbr BRD (Bovine Respiratory

Disease), Interstitial Pneumonia and Tracheal Sienwere considered as generically
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affected by “Respiratory Disease”. Treatments f@ootrot”, limb injuries and joint
infections were besides classified as “Locomotigsteam issue”, whereas ruminal
meteorism, rectal prolapses, abscesses, buller sgadrome, nervous disease, pinkeye,

vaginal prolapses and urolithiasis were categor&etDther pathologies”.

2.4 STATISTICAL ANALYSIS

All statistical analysis was performed using SASAS Tfor Windows (1999). Data were
tested for normality using PROC UNIVARIATE and datare then analyzed using the
PROC GLM procedure to assess the effects of lanseares other health issues on weight
gain, days in feedlot from arrival to the time bktfirst treatment for a given health
problem (DOF), body temperature, n of treatmentd blmod parameters. Descriptive
statistics will be carried out on all data to obtahe relative prevalence of clinical

lameness in cattle housed in chronic pens. P-val@85 were considered significant.

3.RESULTS

A total of 275 animals were processed and locomdatimred during the 3 months period
of study and the 7 assessments that were perfor8mde animals were processed and
gait scored more than once, sometimes up to sawes,tsince they were kept in the sick
pen for a long time. Table 3 shows the basic dgsee statistics for lameness within
feedlot hospital pen. The number of cattle evalliatried greatly across the 3 farms in
the study, probably because of managerial differeramn the way sick cattle are treated.
On average, most of these animals were steersewhdt 12.7 % were heifers.
Considering the three feedlots together the meavapence of clinical lameness
(proportion of cows with locomotion scor®) was 37%, and for most of these lame

animals the rear limb was the affected one (77.45%)
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Table 10Descriptive statistics for lamenes

; Animals Prevalence Rear
Animal  Animal categor Lame - limb Prevalence
processed per : lameness in .
Feedlots processed, . animals, ; lame rear limb
n observation, n hospital animals, lameness, %
) mean+SD pen, % ' '
steer Heifers n
A 116 106 10 43.57 £ 12.37 38 32.76 31 81.58
B 123 116 7 45.57 +10.72 45 36.59 35 77.78
C 36 18 18 20 +£1.63 19 52.78 13 68.42
Total 275 240 35 36.14 £ 14.92 102 37.09 79 77.45

Feedlot database records allowed us to obtain iohgiV information as arrival dat

treatment/s date/ddays on feed anreason of treatmentlassifying itin 4 classes:

Respiratory Diseas€RESP), Locomotion system issu€éLOC), Other pathologie

(OTHER) and Locomotor and Respiratory I< associated (LOC+RESP). In Graph

showed that most of the processed animals weréettdsecause of respiratory dise

(RESP)and locomotion system (LOC) (35.65 and 37.39% mtspy). The associatio

of both respiratory and locomotion disease (LOC+RE®as reported in the 10.88%

the animals. The remaining 16.08% of processedecattre treated because of ot

pathologis (OTHER), not ascribable to any previous clas

Graph 1 Distribution of class of treatment across processechttle

Respir + Locomotory
issue; 10,88
Other pathologies;
16,08

Respiratory disease;
35,65
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Compared to animals with gait score 0 or 1, cliihyceame animals resulted to have a
lower weight gain between two subsequent obsemaitit4 days period), but this trend
was not confirmed by the comparison among treatnoeatégories (Table 4). No
differences in DOF were found comparing clinicalgme and not lame animals. It
resulted that animals affected by an associatiorbaih respiratory and locomotory
problems (LOC+RESP) were the earliest to be treatedverage after 17.28 d. Animals
affected by respiratory diseases (RESP) were ysuiatited for the first time more than 2
months after their arrival to the feedlot. The ddyfirst treatment was extended of a
further month when OTHER pathologies occurred (ne&7.70 d) while DOF for LOC
category resulted intermediate (mean = 74.17 dyvdémt RESP and OTHER. Rectal
temperature did not differ between lame and notlamimals, neither among treatment
categories. Lame animals were treated more frebuiean not lame ones (4.01 vs 2.95
times). Animals affected by respiratory diseas@@l(RESP) or associated (LOC+RESP)
appeared to receive more treatments than thostedrdscause of simple locomotion
issue (LOC) or other pathologies (OTHER).

Table 411 Effect of gait score and treatment categpon least square means for weight gain, days on
feed at first treatment (DOF), body temperature andnumber of treatments.

Gait score Treatment category
Not

RMSE P Lame lame P RESP LOC OTHERLOC+RESP
Weight gain
inter 1527 * 11.06 1858 ns 1639 14.18  17.65 15.25
observation,
kg
DOF , d 58.42 ns 69.33 62.62** 66.81b 74.17ab 97.70° 17.28c
Body
temperature, 0.45 ns 3955 3951ns 39.56 39.64 39.54 39.53
°C
Treatments, n 2.33 *»* 295 401 *** 437a 2.28b 1.82b 5.44a

*=P<0.05; **=P<0.01; **=P<0.001; n.s.= P>0.05
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Weight gain inter subsequent observations and ledhperature were not affected by
feedlot effect as well as by the cattle categorgb{& 5). There was a significant feedlot
effect on DOF and number of treatment substantally to feedlot B that had the lowest
DOF and the highest number of treatments. The seamables were not affected by any

cattle category effect.

Table 5: Effect of feedlot and cattle category orelast square means for weight gain, days on feed at
first treatment (DOF), body temperature and numberof treatments.

Feedlots Cattle category
RMSE P A B C P SteersHeifers

Weight gain inter

: 1527 ns 37.13 2895 30.38 n87.50 32.33
observation, kg

DOF, d 58.42 ** 75.27a43.57b 79.10a ns 67.53 60.46
Body temperature, C 045 ns 3956 3945 39.58 3654 39.52
Treatments, n 233 ** 1.36c 5.12a 3.96b ns3.139 2.94

*=P<0.05; **=P<0.01; **=P<0.001; n.s.= P>0.05

Compared to not lame cattle, clinically lame ansrtzd an higher RBC and lower WBC
and LYM values in the blood, whereas HCT, HGB, MOGRAN did not differ
according to the gait score (Table 6). Animalstadaor locomotory problems (LOC)
showed higher RBC, HCT and HBG values than anirmatsted for respiratory diseases
(RESP) while the other two treatment categories GERESP and OTHER) were
intermediate. A significant treatment effect waseaed also for WBC, MONO and
GRAN due to the highest values recorded in the R&&&gory. As shown in Table 7, the
considered blood parameters were not affected hili Beedlot and animal category

effects.
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Table 6 Effect of gait score and Treatment categogs on least square means for blood parameters.

Gait score Treatment categories Ref. Range
Units RMSE P  Lame Igrc:e P RESP LOC OTHER LOC+RESPLow High
RBC 1041 11.52 * 9.18 8.87 **  8.85b 9.34a 8.77b 9.05ab 5 10

HCT L/L 0.04 ns 0.37 037 ** 0.35b 0.38a 0.36ab 63 0.24 0.46
HGB g/L 13.51 ns 127.64 126.23 ** 122.62b 130.13#24.I3ab  125.03ab 80 150

WBC 10/L 4.20 * 9.72 11.02 ** 12.33a  9.74b 9.58b 9.27b 4 12
LYM 10%L 1.68 * 4.51 5.04 ns 5.12 4.74 4.69 4.35 25 75
MONO 10/L 0.34 ns 0.86 092 ** 1.02a 0.85b 0.79b 0.82b 00.8
GRAN 10/ 3.60 ns 4.15 4.96 * 6.15a 4.15b 4.10b 4.10b 0.64

*=P<0.05; *=P<0.01; ***=P<0.001; n.s.= P>0.05; RBCErythrocytes; HTC: hematocryt; HGB:
Hemoglobin; WBC: White blood cells; LYM: Lymphocyt®ION: Monocyte; GRAN: Granulocytes.

Table 7 Effect of feedlot and cattle category on #&st square means for blood parameters:

Units RMSE Feedlots Cattle category Ref. Range
P A B C P steer heifers Low High

RBC 109L 1152 ns 9.22 8.92 894 ns 910 8.90 5 10
HCT L/L 004 ns 037 0.38 036 ns 0.37 0.37 0.24460.
HGB g/L 1351 ns 127.34 127.75 12570 ns 126.52 127.80 150
WBC 10°9L 420 ns 9.64 10.24 10.53 ns 10.50 9.77 4 12
LYM 10°L 168 ns 489 4.55 461 ns 4.86 45025 75
MONO 10°%L 034 ns 0.88 0.94 085 ns 0091 0.86 0 0.8
GRAN 10°L 360 ns 3.88 4.75 504 ns 472 4.39 0.6 4

*=P<0.05; *=P<0.01; ***=P<0.001; n.s.= P>0.05; RBCErythrocytes; HTC: hematocryt; HGB:
Hemoglobin; WBC: White blood cells; LYM: Lymphocyt®ON: Monocyte; GRAN: Granulocytes.

4. DISCUSSION

This work represents the first attempt to providgeaeral snapshot about lameness issue
in Southern Alberta commercial feedlots system. éa@ss is probably underestimated
by beef farmers and livestock industry, while pabdipinion is paying much more
attention to this problem. Some studies (Wellslgt1®93; Whay et al., 2003) showed
that farmers tend to estimate lameness prevaleveds|only at about one-quarter of that
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estimated by using locomotion scoring. Van Amstal &hearer (2006) blamed lameness
for up to 16 percent of feedlot health problems &n8 percent of deaths of feedlot cattle,
while Stokka et al. (2001) reported lameness tcab&ed second in terms of total disease
occurrences in feedlot after respiratory disea3é® importance of these two main
classes of pathologies is confirmed by our resefintlings. Considering the 3 feedlots
together, the average lameness prevalence in hbppits was estimated as 37% and this
value is consistent with those recorded from tleglli®’s databases, where the percentage
of animals treated for locomotory problems was 3Eame animals are more likely to
spend time lying or standing still, being often tpainful for them even the simple
walking to and from the feed bunk and water tro(lgassall et al., 1993; Bergsten, 2001;
Juarez et al., 2003; Van Amstel and Shearer, 200®xefore, feed and water intake are
likely to be reduced in lame cattle as well as dhowerformances (Van Amstel and
Shearer, 2006). A report from Nebraska Universityameness in feedlot cattle indicated
that in lame animals the gain over their in-weigftéer 85 days on feed was less than 5 kg
(Griffin et al., 1993). A similar but not so sevdrend was observed in the present study,
where lame animals had a significant drop in theerirobservation weight gain as
compared with cattle recovered in the sick penottier health problems. Moreover, an
insufficient water and feed intake could also ekplhe higher RBC, HTC and HGB
values recorded in the blood of LOC cattle as asequnence of a slight dehydration
(Weiss and Wardrop, 2010). Conversely, LOC treatdte resulted to have lower values
for white cell components (WBC, MONO and GRAN) thamimals treated for
respiratory diseases likely because these patledognore frequently turn into a
generalized disease that stimulate an immune respdn agreement with a previous
study by Van Amstel and Shearer (2006), the realndiwere more frequently affected by
lameness. Rear limbs are involved in propulsionjciwvhcauses stress and friction.

Lameness is a multifactorial problem and it magteelto feeding and nutrition, housing
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conditions, environmental factors as well as to ag@ment practices (Van Amstel and
Shearer, 2006). In addition, the feedlot systentduyfining cattle in a restricted space,
increases the exposure of feet to manure slurryd amd moisture, especially during
periods of frequent rainfalls. This increases pi&rior the development of infectious
skin disorders of the foot (digital and interdigjiteermatitis) and heel horn erosion (Van
Amstel and Shearer, 2006). The more frequent pagies involving lameness in feedlot
cattle are footrot, laminitis, injuries and sometgiMycoplasma bovignfection (Stokka
et al., 2001). This bacteria could be involved linical cases when both respiratory and
lameness signs are reported. Mycobacterium bowsas/n to develop 7 to 14 days after
an initial stressor such as transport and arrivdhe feedlot. This time is comparable to
the mean time at first treatment (17 d) recordedttie animals hospitalized because of
LOC+RESP association. In addition, this pathogeweasy difficult to be treated and
requiring repeated treatments (Currin et al., 2089}his regard, the results of our study
showed RESP and LOC+RESP animals received moramigags in comparison with
cattle affected by the other categories of diseAsémals classified within RESP and
LOC treatment categories had similar DOF but défefor the number of treatments
required being lower for LOC ones. Respiratory aéseis known to be the main health
issue in feedlot cattle (Stokka et al., 2001), beeahigh infectivity and related economic
losses since it normally requires a prolonged therdn this work, the occurrence of
other pathologies like waterbelly, prolapses armhtadld rumen was more frequent in a
middle-late stage of the fattening cycle, when leattere on farm for more than 3
months. The related number of treatments was tivedblikely because most of these

health problems are considered of minor importdncthe stockmen.
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5.CONCLUSIONS

This study underlined the high prevalence of larssna feedlot cattle housed in sick
pens. In several commercial farms the high incideat lameness could be lowered
through the adoption of low stress cattle handlprgctices and/or by building and
maintaining properly designed facilities. To reddice use of electric prods, to minimize
whistling and shouting, to identify and repair gmgtruding objects in handling facilities
likely cause injury, to provide good footing leagliwithin the processing and to place
rubber mats at squeeze chute exit are all simpletieso capable to low lameness
prevalence in feedlot cattle. Along with the growvipublic concern, farmers’ interest
towards the reduction of lameness problem in faed#dtle should be driven by the
economic losses due to impaired growth performanceseased early culling and
additional costs for medical treatment. Last but least, the introduction of an action
plan to reduce lameness as well as other risk adto beef cattle welfare might be a
way to promote the Canadian beef industry in futtmde agreements with international
partners such the European Union particularly asfd@ towards welfare friendly

production system.
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3.CONCLUSIONS
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This thesis aimed at evaluating the effects oftyipe of pen floor on the clinical status,
behaviour and performance of beef cattle intengivielished. The results highlighted
how the use of the fully slatted floor affects nigey both pathological and behavioural
parameters. Cattle reared on slatted floor resutiede likely to be culled during the
finishing because of locomotory syndromes, whiledaep litter the risk of culling is
lower and it is mainly due to respiratory diseaddse direct contact with an hard and
discontinuous surface increased the incidence o$itig) hair and skin lesions and
lameness. Bulls kept on straw were exposed to arlowk of skin alterations, but their
cleanliness has likely shown to be impaired wheposgd to an inadequate litter
management.

Among potential alternatives to the slats, cattteagh performance result to be improved
when rubber coated floor was compared with othecattinuous flooring. Bulls kept on
rubber significantly increased their growth perfamoe, despite being more active. On
the other hand, beef cattle housed on rubberizeor flvere more inclined to suffer
because of overgrown claws, due to an insufficregdring of the hoof when they're kept
for a long fattening period. As regards to cattéhdviour, young bulls raised on slats
were reluctant to perform mounting and other betag and movement that require a
good balance and an adequate foot grip on the.fldoe rubber covering greatly reduced
some abnormalities such as slipping and unsucdesgsé&mpts to lying down, allowing
bulls to perform their social ethogram and makeditions in a more confident way. Data
obtained during this study, showed a slight advgastaf perforated floor over the
traditional fully slatted floor but these benfitem@ not comparable with those obtained
with rubber mattress.

Regarding the fattening phase, younger animals wene likely to suffer of respiratory
disease and hairless patches, probably causedebgttbss of adaptation to the new

rearing environment of the fattening unit and theypeared less confident to be
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approached by humans. At the end of the fattenyetecbulls were more active and skin
lesions and reduced cleanliness were more frequebslerved.

A last study performed in Southern Alberta was g&zlion the importance of lameness in
feedlot cattle. The average lameness prevalent®spital pens was estimated as 37%
and the rear limbs were the more frequently afteckeame animals were more likely to
spend time lying or standing still, reducing tHeked and water intake and indirectly their
growth performances. Lame animals had a signifidaop in the inter observation weight
gain as compared with cattle recovered in the pmk for other health problems. The
higher RBC, HTC and HGB values recorded in the tlad lame cattle were a
consequence of a slight dehydration. Lamenessetteadttle resulted to have lower
values for white cell components (WBC, MONO and GRAhan animals treated for
respiratory diseases because the latter pathologes frequently turn into a generalized
disease that stimulate an immune response. Anireated because respiratory disease
and lameness and respiratory disease associatga@enore treatments in comparison
with cattle affected by the other categories ofedse. Animals affected by both
respiratory disease and lameness were generalljettecarlier than the other classes,
while the occurrence of other pathologies like \Wad#y, prolapses and bloated rumen
was more frequent at a middle-late stage of therfatg, when cattle were on farm for

more than 3 months.

In conclusion, aiming at improving the welfare ofansive fattened beef cattle, farmers
should pay particular attention to pen floor. Whesing the deep litter, a proper
management of the litter is required and it shaalgly the provision of an adequate
amount of bedding material along with its frequestiewal. The use of dusty material
should be avoided to lower the risk of respiratprgblems. Cattle kept on slats are at

higher risk of poor welfare and their discomfortgimi be reduced by covering the floor
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with rubber mattresses. Certainly, rubber flooriegiot comparable to a well managed
litter system or to the golden standard of the ypastjrazing however it could entail the
return of investment by lowering the risk of lameseand by promoting growth

performance through an increased animal welfarel.I&evertheless, since discontinuous
flooring allows to save labour managing manure,basbcovering could represents a
compromise between beef cattle environmental reqents and the economic needs of

intensive fattening units.

Observations carried out at the end of the fatgeiiave shown that space allowance
should be increased according to cattle growthramé and weight. In heavier bulls,
regardless of the type of pen floor, an adequatees@llowance can be an effective
strategy to lower agonistic interactions as well the risk of disease occurrence,

improving farm productivity.

As regard to the last study, it represents the &tseempt to provide a general snapshot
about lameness issue in Southern Alberta commefeadlots system. Lameness in
feedlots is probably underestimated by beef farmars livestock industry, while public
opinion is paying much more attention to this peobl However farmers’ interest
towards lameness reduction should be driven byettomic losses due to impaired
growth performances, increased early culling arditemhal costs for medical treatment.
The introduction of an action plan to reduce lanssres well as other risk factors for beef
cattle welfare might be a way to promote the Camadeef industry in future trade
agreements with international partners such the@aan Union particularly addressed

towards welfare friendly production system.
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