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ABSTRACT

Litter quality is one of the main parameters in lpguproduction. High moisture content of litter yna
lead to poor welfare conditions by increasing lesiand reducing broiler productive performanceteL.it
aeration arises as an alternative to reduce hti@isture during the productive cycle of broileradtns.
The objective of this study was to evaluate litsmration during a broiler rearing cycle, from the
perspective of health, welfare and performanceéhefanimals. For this purpose, an experimental droil
farm with three identical rooms was used in thegturwo rooms were assigned to the litter aeration
treatment, while the other one served as contrminroDuring the rearing cycle, physical and chemical
properties of bedding material were analysed. Bmvirental concentrations of ammonia and particulate
matter were also measured. In addition, produgigmameters as well as the condition of the pagsdby
hocks and conjunctive lesions were assessed. litiagdat the end of the cycle, other indicators of
welfare such as tonic immobility and injuries irethespiratory tract, heart weight, status of thyhtri
atrium, hidropericardium, ascites, corneal ulced #éibial dyschondroplasia were also evaluated. The
results showed a reduced effect of litter aeratiobedding material properties. Environmental ammon
concentrations were higher for the group whererligieration was performed but below the threshwtl t
has been proven to be harmful for animals. Howewencentrations of particulate matter in the air
exceeded the limits recommended for human and arfweath in both groups. Finally, as regards
animals, chickens subjected to litter aeration sltbwoorer growth rate and, worse feed conversitan ra
than animals from control rooms. There were noveeié differences in the number of chickens with
lesions in the skin of breasts, hocks and pads. sidmificant differences in the prevalence of
conjunctivitis were found either. Regarding anirhahlth indicators, there was observed only a higher
prevalence of tibial dyschondroplasia in broilaubjected to litter aeration, although lesions weustly
mild.

RESUMEN

La calidad de la cama es uno de los principaledmetros en la produccién de pollo de engorde. Altos
niveles de humedad en la cama, pueden empeoraptakciones de bienestar animal, incrementando
algunas lesiones y reduciendo la productividad adepollos. El volteo de la cama surge como una
alternativa para reducir la humedad de la camantiurel ciclo productivo de los pollos de engord.
objetivo de este estudio fue evaluar el efectovditeo de la cama durante un ciclo productivo déopo

de engorde desde el punto de vista de la saludedtir y productividad de los animales. Para sHo,
utilizé una granja experimental con tres salas tidas, de las cuales dos se destinaron para el
tratamiento mientras que la otra se destiné cor@cemtrol. Durante el ciclo productivo se analizar

las propiedades fisico-quimicas del material de acaffambién se midieron las concentraciones
ambientales de amoniaco y material particulado.rdée se valoraron los parametros productivos y el
estado de las almohadillas, pechugas, corvejoresignes conjuntivas de los animales. Asimismo, al
final del ciclo se valoraron otros indicadores éebstar como inmovilidad tonica, lesiones en eraio
respiratorio, peso del corazén, estado de la dariderecha, hidropericardio, ascitis, Ulcera cdriyea
discondroplasia tibial. Los resultados mostrarorefatto reducido del volteo sobre las propiedaas d
material de la cama. Las concentraciones ambientddeamoniaco resultaron ser mas altas para los
animales del grupo sometido al volteo de la cama e todo momento estuvieron por debajo del umbral
gue se ha demostrado nocivo para los animale®r8iirargo, las concentraciones de material partioulad
en el aire si que superaron los limites recomepdaidra la salud humana y animal en ambos grupos.
Finalmente, en relacion con los animales, las salasetidas al tratamiento presentaron un consumo de
alimento similar pero inferior crecimiento y, coosentemente, un peor indice de conversion. No se
observaron diferencias relevantes en el ndmero niimates con lesiones en pechugas, corvejones,
almohadillas, ni en los afectados por conjuntivit relacion con los indicadores de salud de los
animales, solamente se observd una mayor incideleciiscondroplasia tibial en los pollos sometidios
volteo de la cama aunque las lesiones fueron namerdk leves.
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1. INTRODUCTION

Poultry farming has experienced a strong developrserte the second half of the
twentieth century. This development led to the netfcation of animal production
systems, maximizing the productivity of farms aneducing production costs.
Consequently, market prices for poultry productsrélased, resulting in an economic

benefit for consumers.

A good example is the case of Spain: In 1961, sitenrearing poultry facilities in this
country accounted for 34 million of places, 79.8lions of animals slaughtered and a
production of 79,100 tons of poultry meat. In 20€8se figures were considerably
higher: 138 million places, 658 millions of animalaughtered and 1,179,470 tons of
meat production (FAOSTAT, 2011). The economic birfef the consumer can be
demonstrated with the percentage of an averageisdpsalary spent on food: in 1958,
it was 55.3%, while in 2002 it had decreased t8%/(INE, 2004).

This intensification was based on genetic seleciimprovement of feed strategies and
modernization of poultry houses which incorporateslv automatized systems for
lighting, feeding, environmental control and mamagat (Havensteiet al., 2003a,b).
Broilers chickens have been submitted to an intengenetic selection that increased
their growing rate and made them the fastest grgféammed species (Meluzzi and Sirri,
2008). For example, slaughter age in broilers e lveduced by about 1 day per year
in the latest 30 years of the"26entury (Schultz and Jensen, 2001) and comparitsl to
wild ancestor, the red junglefowGallus gallug, adult broilers grow to more than four

times the body mass of their wild predecessor glatiknd Diamond 1996).

However, during this intensification of productisgstems, little attention was paid to
the impact on health and welfare of the animaladiley to the increase of several
metabolic, locomotive or behavioural disorders @es2006) and, therefore, to a
worsening of the welfare status of the birds (SCAMA2000). Nowadays, society
places new demands on farmers, asking to improwd &afety and quality of final

livestock products, ensuring animal welfare and lemwvironmental impact (Meluzzi

and Sirri, 2008).
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There is not a universal definition for animal veetf because it is difficult to set this
concept and many people have their own opinion. fidlewing are some of the
definitions more generally accepted by the inteomal scientific community:

- The Farm Animal Welfare Council (2009) defines aalinvelfare as five freedoms:
1. Freedom from thirst, hunger and malnutrition; Appropriate comfort and
shelter; 3. Prevention or rapid diagnosis and treant of injury and disease; 4.
Freedom to display most normal patterns of behayiand 5. Freedom from fear.

- In accordance with this, the scientific communigems to agree that animals
should be housed in comfortable places, with acteg®od feeding, being able to
express an appropriate behaviour and enjoy godthh@telfare Quality, 2009).

- Broom (1986) and Manteca (2001) approached the issm the point of view that
welfare of an individual is its state as regards dttempts to cope with its

environment.

As there can be found different definitions for raal welfare, there are different
indicators which can be used to assess it, sucheath, mortality or productivity
measures (Broom, 1991; Torres, 2001). Althoughetiela direct relationship between
productivity and animal welfare, it is well knowmat animals are also able to have high
productions under severely restricted welfare doorts. Therefore, despite a decrease
in productivity may be indicative of poor welfarejaximum productivity is not
indicative of maximum welfare (Garcia-BelenguerQ20

One of the main contributors to welfare of broilgnickens, in commercial farm
conditions, is the quality and status of litter dnege they usually spend their entire life
on it. Besides, litter affects the environmentahditions of the building by influencing
dust and ammonia levels in the air which, in tumay affect health of the birds leading
mainly to respiratory problems. Furthermore, littdso has a direct influence on the
skin condition of the birds, being wet litter a wrajisk factor for contact dermatitis
(SCAHAW, 2000).

Litter consists, essentially, of the material u$ed bedding mixed with excrements,

feathers, remnants of feed, skin and moisture (RQ94).

The main component is the bedding material. Acewydo the Cobb management guide
(Cobb Vantress Inc., 2008), it should be absorb®m;dusty, lightweight, inexpensive,

non-toxic and useful as fertilizer. Bedding matehas several important functions as
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absorbing moisture, absorbing and diluting faecatemal and isolating birds from the
cooling effect of soil. Typical Spanish intensiveoiter farms use different bedding
materials according to the availability and margates. In Spain, litter is generally
removed at the end of each cycle before cleaningdssinfecting the building; On the
contrary, in some other countries as the UnitedeStditter is generally reused in

consecutive flocks (Calvett al, 2011).

Excrements of birds are other important componérhe litter. The accumulation of
excrements leads to an increase of pH, moisturengrajen content of the litter (Ritz,
2004).

Litter moisture content should not exceed 35% (CWhbtress Inc., 2008); however,
around the drinkers it is common to find humidiyéls up to 70% which may produce
wet crusty litter or caked litter (Meluzzi and $ir2008). High litter moisture has an
undesirable effect on health and welfare of theladms since positive correlations have
been reported between litter moisture and foot gexahatitis (FPD), hock burns (HB)
or breast blisters (BB) (Harnet al, 1977; Algers and Svedberg, 1989; Ekstrandl,
1997). FPD, HB and BB may be summarized under yhdreme “contact dermatitis”,
characterized by pain, inflammation, hyperkeratasid necrosis of the affected tissues.
Additionally, growth rates may be also affected doepain-induced inappetance
(Martland, 1984, 1985; Ekstraret al., 1997.) and secondary infections may further
worsen the condition of the birds (Meluzzi, 2008).

Litter characteristics are also related to the qaiality within the farm due to the
production and volatilization of ammonia as welklas emission of particulate matter to

the environment.

Environmental ammonia inside broiler houses aris@® the microbial breakdown of
uric acid of the excrements (Carlile, 1984). Thigcefncy of this conversion is affected
by different factors as temperature, PH and masstidirthe litter, properties of bedding
material or ventilation flow and management techagy (Elliott and Collins, 1982;
Patterson and Adrizal, 2005). Increased moistukelde promote proliferation of
microorganisms in the litter, increasing the prddauc and volatilization of ammonia
(Groot Koerkampet al.,1999; Al Homidaret al.,2003; Oviedo, 2005).

Due to the volatile and water-soluble nature of amm, it can be dissolved into the
mucous membranes of the respiratory epitheliumesed of animals, being responsible
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for the onset of sneezing, dyspnoea, inflammatibthe air sacs, respiratory diseases
and keratoconjunctivitis (Carlile, 1984). Furthewestigations suggested that lung
diseases, as well as inhalation of airborne irt#auch as ammonia, result in reduced
pulmonary gas exchange causing also an exacerbaftiaacites (Charles and Payne,
1966). Indeed, Scheekt al., (1991) reported that broilers with respiratoryeictions
are more susceptible to ascites and have decreapadities for @consumption when
compared with their disease-free counterparts. Setndies even reported higher
mortality and lower feed consumption (Carlile, 198iles, 2004), lower vaccine
response (Caveny, 1981) or increased disease siridgp(Beker et al, 2004).
Therefore, high levels of ammonia in farm inner ismvment may have a negative
effect on animal health, reducing also, the pertorae of broilers (Kristensen and
Wathes2000; Mileset al., 2002, 2004; Bekest al,2004).

Because of the negative effects of ammonia, thenahWelfare Commission of the
European Union settled, on the EU Directive 2007E3 a maximum ammonia
concentration of 20 ppm at the head of the chickelosvever, Carlile (1984) showed
that in conventional farms, commonly, chickenslarased in facilities with 50 ppm of
ammonia and are challenged occasionally by peaks @b 200 ppm under conditions
of poor ventilation. In 1998, Groot Koerkamp de¢ectseveral poultry houses with
average ammonia concentrations between 20 and rBOapih instant variations levels
far above of the 20 ppm threshold.

Another known air pollutant from the litter is tparticulate matter (PM). It is defined

as a complex mixture of suspended particles witferdint physical, chemical, and

biological characteristics, which determine botls ibehaviour, as well as its

environmental and health effects (EPA, 2004). Pdinfrpoultry houses largely comes
from the litter (Aarninket al, 1999; Cambra Lépeert al., 2010). Some bedding

materials or the status of the litter, among ofletors, may increase the PM levels on
the environment (Shanawany, 1992; Kalstal., 2004).

Different conventions are used to classify PM. Qetional health sizes are defined by
the International Standards Organization, in ISO8/{1ISO, 1995), and the European
Standardization Committee, in EN 481 (EN, 1993)cupational health sizes are based
on the behaviour of particles in the human respiyatract, and are derived from the
depth of entrance into it. Human health-relateésaccording to these conventions are:
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1. Inhalable particles which can be inhaled through the nos®raouth;2. Thoracic:
particles inhaled which can penetrate into thengyynd3. Respirableparticles which
can go beyond the larynx and penetrate into theliated respiratory system (EN,
1993). On a similar way, the US EPA Code of Fedeetjulations (US EPA, 2001) and
the Council Directive 1999/30/EC defined PM as tdifierent fractions:PM10 and
PM2.5 according their pass through a size-selectivet with 50 % efficiency. Based
on these classifications, occupational health fiaetions can be compared with US
EPA fractions: PM10 is comparable to the thoraciction, although with differences
in the range of particle. The PM2.5 fraction cancbesidered equivalent to the high
risk respirable defined by the ISO 7708 (ISO, 199bhe respirable fraction is
comparable to PM4.

PM traditionally has been regarded as a pollutaosing detrimental effects on animal
performance and efficiency (Donham and LeiningéB84t Al Homidan and Robertson,
2003). It can cause respiratory problems in hunaats animals (Zuskiet al, 1995;
Donham, 2000; Radoet al.,2001). PM can adsorb gases and odorous compounds o
transport air-borne potential pathogens, enhanitgngiological effect (Cambra-Lépez

et al, 2009). Likewise, emission outdoors of PM cannpote the spread of the
pathogen attached to particles and, consequehtyfransmission of diseases among
farms. Furthermore, PM has an increased importanceroiler production since
chickens have not diaphragm and consequently arealsle to expulse any inhaled

particle by coughing.

Therefore, is no difficult to notice that compamitiand status of litter is a factor with
direct influence on air quality within farms and air pollution, mainly caused by
emissions of harmful gases and PM (Weaver and kheife 1991; Patterson and
Adrizal, 2005; Bessei, 2006).

Consequently, it can be said that litter has actieéfect on animal welfare and health
(Al Homidan et al., 2003), performance of broilers and carcass qu&Msrtland,

1985). Thus, the implementation of new managemexstirtics, aimed to maintain the
optimal conditions in bedding material as long asgible during the broilers rearing
cycle, is needed. These techniques should helpetept the onset of other health and

welfare problems
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Litter aeration (LA) is a manure management methimded to reduce litter moisture
content and anaerobic decomposition (ASABE, 200 Hherefore, it has also been
studied for its capacity to reduce the concentmatibammonia in poultry facilities and
to increase productivity, improving litter charaidécs (Van Middelkoop, 1994, Allen
et al.,1998). During the production cycle of broilers, Ipfocedures can be used as an
alternative to prevent cake formation and, consetiyemitigate contact dermatitis on
pads and hocks. These potential benefits must birmed, as well as the impact that
this practice can have on the concentration ofoam® harmful compounds and

emissions (gases, PM and microorganisms).

The main aim of this study was to evaluate theceftdé LA in the course of a broiler

production cycle on:

. Litter physic-chemical characteristics, considermgisture, ash content, nitrogen
content and pH.

- Environmental conditions affecting animal welfatels as ammonia and particulate
matter concentrations.

- Animal welfare, considering different approachesidoictive parameters, mortality
and lesions prevalence and severity.
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2. MATERIALS AND METHODS

2.1. Animals and housing

This experiment was carried out from Octobel’ 8December,®2010 in the poultry
meat facilities of the Animal Technology Centre T&HVIA) located in Segorbe
(Castellon, Spain). Three identical experimentaime (Room 1, 2 and 3; 13.22 x 5.9

m.) were used for this purpose (Figure 1).

The concrete floor of the rooms was covered witDam depth wood shavings litter.
Two of the rooms were subjected to LA (1 and 3) #rel other one (2) was used as
control (C) room. The first day of the experimehg three rooms were filled with 800

one-day-old Cobb 538 male chicks. The animals were reared during aaj2egcle.

<

& NH3 sensor
* T/RH sensors
@Pipeexhaust

Figure 1: Premises and equipment used during the perimental period

Housing conditions simulated those found in moshmm@rcial farms. Each room was

equipped with 22 feeders and 111 drinkers (distethun 2 and 3 lines, respectively).

An automatic environmental control system (COPILOfance) was used for the
environmental control. Temperature and relative iditsn (RH) were maintained
according to breeder's recommendations (Cobb Vssitiac., 2008) and lighting

10
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regime varied gradually from a 23:1 scheme (23 si@filight and 1 hour of darkness)

during the first three days to a 16:8 scheme.

Feed and water were provided libitum throughout the experiment. Two different
types of feed were used: starter feed, used froym0da day 21 and grower feed, from
day 21 to day 42.

LA was carried out weekly from the third week oé ttearing cycle by using a machine
designed for this purpose (Benza, ER73AV, Spaiojwhin figure 2.

Figure 2: Machine used for litter aeration and detd of the rotative parts

2.2.Litter characteristics

Samples of the litter were taken weekly from easbnr, according to the protocol
proposed by Tasistret al, (2004) and were analysed for total Kjeldahl rgen (TKN),
pH, dry matter (DM) and ash content.

On the other hand, in order to assess the stetdit of moisture content and depth of
the caked litter, compound samples were taken wdekin each room. These samples
were collected from 18 points around the feedei$ @dnkers and from the central
corridors between feeding and drinking lines. Samgpilvas separately performed for

the highest and lowest centimetres of litter.

2.3. Environmental conditions

The management of ventilation and heating was amtd that used on conventional
farms. Ventilation rate was monitored continuouslyhe three rooms by installing fan
wheel anemometers (EXACTFAN 56, Exafan, Spain) ne of the exhaust pipes of
each room. Temperature and RH were also recordedskslling three sensors (Onset

11
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HOBO U12, Pocasset, USA) inside of each room asthling other sensors outside,

both at the entrance of air into the rooms andbtite facilities (Figure 1).

Throughout the experiment, ammonia concentratiom®wneasured every two hours in
eight different points: two in the air exhaustst@fieach room, and two on the outside
using a photoacoustic measurer (INNOVA-1412, Lumase Denmark). The gas
sample was transported from into the room to the asmeer using

polytetrafluoroethylene (PTFE) conductions.

Concentrations of PM in each room were recordedh Wwito systems: a continuous,
Tapered Element Oscillating Microbalance (TE®WM05-D model, Thermo Fisher
Scientific, USA) that simultaneously measured twactions of particles (PM10 and
PM2.5) and a gravimetric point registration systeunsing a cascade impactor
(RespiCoff, HundWetzlar, Germany) which separated the tadiges (TSP) and the
earlier fractions (PM10 and PM2.5) in filters thatre weighed before and after
sampling with a resolution of 10 mg, under condisiaof controlled temperature and

humidity.

2.4. Animal welfare and lesions assessment

Feed and water consumption were measured weekbydiag feed supplied and the
remaining feed in the hopper and feeders. Wateswoption was monitored by water
flow counters fitted on the water supply of eacbmo In addition, the same day when
the feed was weighed, 50 animals randomly seleste@ taken from each room in
order to be weighed to monitor their growth. Fooohwersion rate (FCR) was
calculated by dividing the average accumulated femasumption at day 42 by the
average body weight of the birds at that same &gmilarly, the water:food rate,

resulted of dividing the accumulated water consumnpty the accumulated feed
consumption, both values at the"48ay of life of the birds. The mortality rate ofeth

animals was recorded daily.

FPD, HB, BB and conjunctivitis (CJ) were also ewdd in those animals. FPD, HB
and BB were assessed using the score proposed Har@/Quality (2009 CJ was
evaluated in live animals according to the protquaposed by Bekeet al, (2004).
However, since the majority of the affected animakye scored as 1, the data were

summarized as presence/absence of the lesion.

12
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Tonic immobility (TI) is defined as an unlearnedpense characterized by a catatonic-
like state of reduced responsiveness to extermalubtinduced by a brief period of
physical restraint (Jones, 1990). It has been ieduc a wide variety of species,
including fishes, reptiles, amphibians, birds angimmals. Tl is a reliable measure of
fearfulness in chickens, extensively used in tleats (Jones, 1986). In this experiment,
Tl was assessed on day 41 in forty animals fronm @@om. As soon as the broiler was
caught, Tl was induced in a nearby room by invegrtime bird on its back with its head

hanging over the edge of a U-shaped wooden cr&diere 3).

Figure 3: U-shaped wooden cradle and details of thenic immobility induction procedure

The bird was restrained for 15 seconds by placing band on the sternum while
covering the head with the other hand, accordindpegprocedure described by Jones &
Faure (1981) with the observer sat in full viewtlod chicken and at a distance of about
2 meters from the bird. If the chicken remained white for a period of 10 seconds
after the experimenter removed his/her hands,ithe until the bird showed a righting
response was recorded. If the bird showed no nghtesponse over a 15 minutes
period, the session was ended and a maximum s€dre minutes (900 seconds) was
assigned (Stub & Vestergaard, 2001). On the contifathe bird righted itself in fewer
than 10 seconds, then it was considered that Tbkees not induced and the restraint
procedure was repeated. The number of attemptsedeedinduce TI for at least 10
seconds was recorded and if TI was not induced #fte attempts, the bird was

deemed not to be susceptible and its Tl sa@® 0 seconds (Bizeray al, 2002).

The following day (day 42), the same animals werkected again, humanely culled,
weighed and examined in search of respiratory adtthoracic air sacs lesions, heart
abnormalities, hidropericardium and ascites acogrdo the protocol proposed by
Terzich et al. (1998). The heart of culled birds was weightedonder to detect

13
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hypertrophic changes and other alterations. Likewtise birds were inspected to assess

corneal ulcer and tibial dyschondroplasia (TD).

Corneal ulcer is a lesion usually caused by arctide or by a wound; it has been used
as welfare indicator (Olanrewagt al., 2007). In this investigation, it was assessed

staining the corneal epithelium with fluorescein.

TD is another health parameter that is commonljuaed in investigations related to
the welfare of broilers as it can lead to impain@ovement compromising reaching feed
and water (SCAHAW, 2000). The chickens were chedked D when slaughtered at
42 days of age in accordance with the procedurpgzed by Stub & Vestergaard,
(2001). However, as in the case of BB, HB, FPD @ddthe results were summarized

as presence/absence due to the low incidenceiohgescored higher than 1.

2.5. Statistical analysis

Since no significant differences were found betwemyms of the same treatment for
any factor, therefore the factor room was not idelliin any model. All these analysis,
were performed per weeks, in order to detect mocarrately the differences between
treatments, minimizing the effect of the age ofdhenals.

Data of litter characteristics (DM content, ash,N'Br pH) was subjected to analysis of
variance using the GLM procedure of Statgraphi€enturion XV software (Statpoint,
2006). Treatment was the only factor included i $hatistical model which is the same
for all the different dependent variables, as foo

Xi=pu+T;+err
Where: X dependent variable (DM content, ash; TKN or pH);mean of the studied

variable; T;: treatment i (LA or C); err: random error.

Stratification of moisture in the litter was anagsusing the GLM procedure of the
same statistical package. The model used in thse dacluded the factor “type of

sample”, as follows:
DM’] =M+Tl+Tp]+T,*Tp]+err

Where: DM: dependent variable (DM content); p: mean of thedged variable; T.

treatment i (LA or C); Tptype of sample j (deep or surface); err: randomoe

14
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Body weight, feed consumption, TI, difference ainperature after Tl induction and
heart weight were analysed using the GLM proced@ithe previously cited software.
Additionally, in order to be allowed to use the Glgvbcedure, data Tl duration had to
be converted into a normal distribution using aurdt log transformation. The

following model was applied for all those variables
Yij :I,l+Ti+err

Where: Y: dependent variable (Body weight, feed consumptidn difference of
temperature after Tl induction and heart weight); tfeatment i (LA or C); Rroom |

(1, 2 or 3); err: random error.

Finally, categorical data as the presence/absehdesimns, number of attempts for
inducing TI and mortality were studied using a €tilare test, again with Statgrapfics
Centurion XV.

Mean values were reported as mean + standard @) and they were separated
using Fisher's Least Significant Difference (LSDyngparisons. Differences were

considered significant at p< 0.05.
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3. RESULTS AND DISCUSSION

3.1. Litter Characteristics

The accumulation of excrements increased pH levasd$, moisture and nitrogen
content of the litter, as stated by Ritz (2004).

DM content did not present statistical differendetween treatments at any week.
However, observed values were constantly highertier C group, contradicting the
expected hypothesis that LA would decrease litteistare content in the litter (Fig. 4).
At the end of the cycle, DM values were superiothiose recorded by Meluzet al
(2008) and Martland (1985), although the lattemeple was an experiment carried out

with broilers reared during 9 weeks to a comparéibb body weight.

H Control

O Litter aeration

82
80
78

Initial Week 1 Week 2 Week 3 Week 4 Week 5 Week 6

Figure 4: Evolution of dry matter content in the litter during the rearing cycle, in both treatments

Regarding the stratification of litter moisture,the beginning of the experiment, no
significant variation was observed between treatsyar DM content neither in surface

samples (92.3% and 92.1% for C and LA groups, as@by) nor in deep samples

(93.4% for C group and 92.7% for LA group). Likewjighere were no differences in
the last week of the cycle neither in surface sasplith 73.9% for both treatments, nor
deep samples (87.3% and 81% for C and LA grouppestively). On the other hand,

when considering differences between types of sasnfgurface or deep), similar values
were measured for both types in the first week ha&f experiment but statistically

significant differences arisen at weeks 3 (p= 0112 (p= 0.0493) and 6 (p= 0.0325),
as reflects the figure 5.
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These results indicate that moisture tends to beildited into the superficial parts of

the litter, but no effect of the treatment is obser

C/Deep ‘oo,
e | A/Deep T

eeesee C/Surface

74 ® e e oo [A/Surface

Week 1 Week 2 Week 3 Week 4 Week 5

Week 6

Figure 5: Dry matter content (%) in surface and dege samples in both treatments

The average total Kjeldahl nitrogen (TKN) conterasuslightly higher in rooms where

the LA was performed, which could lead to a highermonia formation, as dicussed

later. However, this parameter showed no cleadteerd no statistical significance was

found except in the fourth week (p=0.0157), as sedigure 6.

35

30

H Control

25
O Litter Aereation

20

15

TKN (%DM)

10

' —

Initial Week 1 Week 2 Week 3 Week 4 Week 5

Week 6

Figure 6: Evolution of TKN content (as % of DM) in the litter during the cycle for both treatments.
(Asterisks indicate that the referred pair of mearsatistically significant at the 95.0% confidejhc

The PH level increased throughout the rearing ciycleoth treatments, probably due to

the accumulation of poultry excrements, which pHyigically between 7.5 and 8.5

(Ritz, 2004). At the beginning of the experimergrth appeared significant differences

between groups (p= 0,0269) but from there on, sdiedil significance is presented no
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more (figure 8). Despite this fact, since week iffetences are bigger than 0.5 points;
this could have implications in the process of amimadormation, which is negligible
when litter pH is lower than 7 and high when a gH s reached (Reecs al., 1980;
Elliot and Collins, 1982; Caet al.,1990).

9,0
8,5
H Control
8,0
O Litter aereation
< 7,5
o
o 7,0
k=
-1 6,5
6,0 -
5'5 :|.=
5,0
Initial Week 1 Week 2 Week 3 Week 4 Week 5 Week 6

Figure 7: Evolution of litter pH during the rearing cycle for both treatments. Asterisks indicate that
the difference between the referred pair of mesussatistically significant at the 95.0% confidence

With regard to ash content (figure 6), was alsghsgly higher in C room although no

statistical differences were found except for we€gp=0.0302).

10
9 |
8 Xk
H Control
7
g 6 O Litter aereation
(=)
] 5
§ 4
3
2
i
o I
Initial Week 1 Week 2 Week 3 Week 4 Week 5 Week 6

Figure 8: Evolution of ash content of the litter (& % of DM) during the rearing cycle for both
treatments. (Asterisks indicate that the pair of means is dia#ily significant at 95.0% confidence)

3.2. Environmental conditions

The recorded values were very similar for bothttreats and laid within the range

recommended by the breeding company (Cobb Vaniness2008).
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The average daily temperatures (mean + s.e.) ezgdstinside C and LA group were
26.5+0.5 °C and 26.5%£0.3 °C, respectively. The ayerdaily HR (mean * s.e.)
registered for C and LA groups respectively, were280.3 % and 39.3+0.2 %. The
following figure shows the average daily valuesterhperature and relative humidity

(RH) for each group registered during the experialgreriod.

34 65
Control Litter aeration Control == Litter aeration
32 60
55
30
& 50
g 28 x
g z 4 \
g -3
g % 40
2
22 30 Vv
25
20
o 7 14 21 28 35 42 0 7 14 21 28 35 42
Day Day

Figure 9: Daily average temperature and RH for eachreatment during the rearing cycle.

In comparison with the data obtained by Calkeal. (2011) in winter conditions on a
commercial farm in the southeast of Spain, indo@rage (mean + s.e.) temperature
and RH values were lower (temperature: 26.9+0.1 RE; 57.1+0.4 %). Indoor
temperature average values did not differ considgrfiiom those reported by Seedorf
et al. (1998), who found an average temperature of 26.8h°summer and 24.5 °C in
winter on several farms in Europe. This uniformigyprobably due to the standard

conditions in which these animals are generallyega

The average daily concentration of ammonia (meaned) in the C room (1.15+0.05
mg/nt) was lower than in the rooms where LA was perfatni220+0.10 mg/r).

Taking into account that ventilation rates wereilsimfor both groups, this might be
explained by an increased ammonia emission, highieA group throughout the cycle
perhaps due to a higher pH and TKN content in ither,| plus the oxygenation of the
litter induced by LA procedures. Figure 10 show® thmmonia concentrations

registered during the experimental period in then@ LA groups.
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Figure 10: Average daily ammonia concentrations foeach treatment during the rearing cycle

Ammonia levels were lower than those found by Gadteal (2011) in a commercial

farm in winter conditions. These might be due tmsdlifferences found between the
experiments, as a lower stocking density, a highdrcontent of the litter or a higher
ventilation rate in the present investigation.

These concentrations were below the threshold wimai affect human wellbeing and
welfare and productive parameters in broilers, lesbtat 17 mg/mh (25 ppm) of
ammonia by Al-Homidaret al. (2003), Carlile (1984) and the CIGR (1992). Howeve
ammonia levels exceeded 10 ppm (6.95 mg/m3), tiperulmit recommended by the
Cobb management guide (Cobb-Vantress Inc., 2008ditianally, at the end of the
cycle, ammonia concentrations in LA group occadlgrexceeded 14 mg/f(20 ppm)
which is the maximum value settled by the Spanésjulation RD 692/2010 of Juné?3
2010 (at peaks times of days 39 and 42, reachd® Hhd 16.12 mg/fnrespectively).

A distinctive feature of ammonia concentrationstgrat was that it started to increase
sharply at the end of the cycle. This could be bseaof an increment in ammonia
production as litter pH approaches 7.0 (Reetal., 1980; Elliot and Collins, 1982;
Carr et al, 1990). Besides, as environmental RH rises, amantgvels may also
increase (Weaver and Meijerhof, 1999). In accordawith these facts, during this
experiment, TKN content, moisture and pH in theetitand environmental RH
continuously augmented, reaching optimal valuesrfmrobial ammonigroduction at

the end of the cycle and taking place, consequertly peak of environmental
ammonia.
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On the other hand, this harsh increase of enviromsh@mmonia did not take place at
the very same moment in both groups: it was ardhads" and &' week in LA and C
groups, respectively. The earlier onset of thiskpglaammonia in the LA group could
be explained by a constant higher litter pH (whictteeded 7.0 at"sand 6" week in
LA and C groups, respectively), a higher TKN contgrius the weekly oxygenation
induced by the LA procedures performed in this grou

In relation to the particulate matter (PM), averagacentrations of PM throughout the
cycle were higher in LA group for all different étions: 4.36 mg/fh(LA group) and
3.79 mg/ni (C group) for TSP; 2.05 mgA{LA group) and 1.53 mg/in(C group) for
PM10; and 0.28 mg/f(LA group) and 0.17 mg/f(C group) for PM2.5. Additionally,
the most characteristic features of PM concentnatattern were the peaks occurred in

LA group after LA procedures, as shown in figure 11

Control Litter aeration
18
16
14 —
£
)
E 10 — —
5 s = s —
®
E 6 — — —
c
g 4 - - ||
c
S 2 — & —— 3k E
0__—_~_ _____ n_—_l__nl—-l_h_!—
11 13 15 17 19 21 23 25 27 29 31 33 35
Day

Figure 11: Evolution of the hourly concentration ofparticulate matter (PM10) from day 11 to 35

The average concentrations of PM obtained in tiidyswere in accordance with most
of the results recorded by other authors in sinplaumltry rearing conditions (Table 1).
However, as can be seen in figure 11, most thene wadely exceeded at peak times,
especially during the LA procedures, when PM10 eotr@tions were occasionally
higher than 16 mg/fn
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Concentration (mg/m°)

Country Source
Mean Range
10.1 - England Wathes et al. (1997)
- 9.2-11.1 Scotland Al Homidan et al. (1998)

- 1-14 Germany Hinz and Linke (1998)

7.15 Sepngy || ki e Retsilk, Takai et al. (1998)

Denmark and Germany

Inhalable PM 3.21 - The Netherlands Aarnik et al. (1999)

- 8.2-9.0 The Netherlands Ellen et al. (1999)
- .73-11.39 u.S. Redwine et al. (1987)

- 1.77-4.41 Scotland Al Homidan (2004)
4.32 2.27-8.58 Australia Benhazi et al. (2008)
- 2.0-4.9 Croatia Vucemilo et al. (2008)

5.43 (28" day)
— - u.s. Willis et al. (1987)
9.71 (49" day)
0.10 - England Wathes et al. (1997)
Respirable
PM 0.81 0.42-1.14 Eilie), W Netnsikieks, Takai et al. (1998)
Denmark and Germany

- 1.4-1.9 The Netherlands Ellen et al. (1999)

0.84 0.30-1.80 Australia Benhazi et al. (2008)

Table 1: Review of measured inhalable and respirablPM in broiler houses with litter in
chronological order of publication (Cambra Lopezet al., 2009).

[Note: inhalable PM is considered equivalent to T&®RI respirable PM in these cases is used equotvale
to TSP, and respirable PM in these cases is usadadgnt to PM4 (EN 481:1993; ISO 7708:1995)]

The concentrations of PM also overpassed many odtcemmendations as:

- The Cobb management guide (Cobb Vantress Inc.,)2@@®mmends do not

exceed 3.4 mg/frof respirable PM.

. Legally binding workplace exposure limits in theitéd Kingdom are: 10 mg/n
for inhalable PM and 4 mgfhior respirable PM, for an 8-h average. For shemnt

exposure (15 min), exposure limit is 20 mgfior inhalable PM (HSE, 2007).

- German Ordinance on Hazardous Substances (Gef$teHftablished the short
term (15 min) workplace exposure limits in 10 mg/far inhalable PM, and 3

mg/nt for respirable PM (BGIA, 2009).

. The CIGR, (1992), established recommended limitsafomals in 3.4 mg/ffor

inhalable PM, and 1.7 mgffor respirable PM.
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- European Directives Council Directive 1999/30/EQI dr996/62/EC, settled the
daily limit value for PM10 in 50 mg/fanot to be exceeded more than 35 days per
year, and the annual average limit in 40 nig/m

- The Air Quality Directive (2008/50/EC), in order pootect human health and the
environment, has set an annual average limit fo2 BMf 25 mg/ml It has also
settled an annual exposure concentration obligatib®0 mg/ni, based on an

average exposure indicator measured on three astinsegears.

Moreover, it has been described a positive relahgnbetween the concentration of this
pollutant and mortality in chickens (Guaried al, 1999). Workers of poultry farms
exposed to average concentrations of PM abovertfits lof 2.4 mg/m of TSP and 0.16
mg/nt of respirable PM (PM4, particulate matter with 4rons in diameter or less)
have been associated with lung problems (Donétal., 2000). Juset al. (2009), also
identified a higher prevalence of respiratory peoi$ in workers of poultry farms in

comparison with other production systems due tbdrigoncentrations of PM.

3.3.Animal welfare: production parameters, mortality and health indicators

The animals started the experiment with a simil@rage body weight (mean * s.e.):
84.49+0.35 g. for the C group and 84.18+0.25 gO(#9). for the LA group; However,

they finished the cycle with 3,192.8+25.9 g. antil®,6+18.1 g. for the C group and the
LA group, respectively, existing statistical sigcéince between treatments (p=0.0107).

Final body weight was higher than the results olegbby Meluzziet al. (2008) in 43-
days-old male broilers; Calvedt al. (2009) in 49-days-old, both male and female
broilers; and Sirret al. (2010) with male broilers of the same age. Howgfieal body
weight was lower than the results published by M=alet al. (2008) in 49-days-old

male broilers.

According to the proposed model, statistical sigatice arises from the third week for
the factor “Treatment” as seen in table 2. Fromrélan, poultry chickens of C group
appear to be heavier than chickens from LA groupcotding to these results, LA
seems to have an unfavourable effect on the boayhivef the broilers.
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Week Treatment
C LA
84.5:0.3 84.2+0.2
0 0.4893
) 141.5¢1.7 | 140.0+1.2
0.485
) 387.244.1 | 378.6+2.9
0.094
3 805.3+9.3 | 774.146.5
0.007*
1459.2+15.1 | 1418.2+11.1
4 0.0308*
2255.6+21.9 | 2190+15.7
> 0.0165*
3192.8425.9 | 3110.6+18.1
6 0.0107*

Table 2: Evolution of weekly average weight: meanste. (in grams) and p-values for the different
factors of the proposed model.Asterisks indicate statistical significance at #e0% confidence)
With regard to average daily feed intake, it waghbr in LA group since week 3,
although no statistical significance was foundwéts 84.9+24.86 g. and 97.57+20.55
g/bird for C and LA groups, respectively (mean e.)s.Figure 13 shows the evolution
of daily feed intake depending on the treatmeninduthe experiment.

Consequently, accumulated feed consumption atritleoéthe cycle was higher for LA
group: 3,568 g/bird and 4,098 g/bird for C and Lbuyps, respectively. These values
were lower for the C group and higher for the LA than those reported by Sieti

al. in 2010; they were lower than the total feed imtadbserved by Meluzzet al.
(2008). Additionally, these values were lower tlh@ expected values of accumulated

feed consumption recommended by the breeder confpady-days-old male broilers.
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Figure 12: Evolution of average daily feed intake er bird, during the cycle for both treatments
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At the end of the experiment, as consequence afleehfeed consumption and lower
growth, the food conversion rate (FCR) was highahe animals from LA group (1.15
and 1.35 for C and LA groups, respectively). Theakies were lower than those
recorded for male broilers of similar genetics (kiasteinet al., 2003). These data is
also lower than the FCR observed by Cabtedl. (2004), Meluzziet al. (2008) or Sirri
et al. (2010) in similar conditions. The expected FCR of indicated in the Cobb
management guide (Cobb Vantress Inc., 2008) is etstsiderably higher.

Water consumption can be considered as an impowaifare indicator (Manning,
2007). The average weekly water consumption (meanwas 1.14+0.30 firoomfor

LA group and 0.94+0.26 Hfroomfor C group. Therefore, total water consumption at
the end of the cycle was higher in the LA groug (6t/room; 8,500 ml/bird) than in
the C group (5.7 Aroom; 7,120 ml/bird), which could be in accordaméth the higher
feed consumption of this group. However, water:foateg was also higher in LA group
(1.96 and 2.26 for C and LA groups, respectiveljjese values could be considered
within the normal ranges recommended by Cobb Vast{@008) and by the poultry
farming guide of best available techniques (MARM)1Q). Weekly evolution of

average daily water consumption can be observédure 13.
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Figure 13: Evolution of average daily water consumipon per bird, during the rearing cycle for
both treatments

As can be observed in figure 14, at the end otylwde, mortality rate was higher in LA
group (4.5% and 5.0% for C and LA groups, respebtjv However, no significant

differences in mortality between treatments weretbin this experiment.
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These values were higher than those proposed b¥tinepean Commission in the
Directive 2007/43 EC which recommends that cumeadiaily mortality rate should be
lower than 1% +0.06% multiplied by the slaughtee a the flock in days. These
results also showed higher percentages, than thioserved by Calvegt al. (2004),

Meluzziet al. (2008) or Sirriet al.(2010) in similar rearing conditions.
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Figure 14: Cumulative mortality rate during the rearing cycle for each treatment.

Regarding the prevalence of injuries of animals,lesions were found in chicken
breasts in any of the rooms throughout the experintfePD CJ and HB prevalence is

shown in the graphs of figure 15

Foot pads lesions were minor (most of them classifis type 1), appearing only in the
last week of the study, with a prevalence of 2% d8d for C and LA group,
respectively. These results are much lower thasetippesented by Pagazaurtundua and
Warris (2006, 2008) and Meluzzi et al. (2008). Thseults could be compared with
those obtained by Martland (1985) under dry littenditions. For wet litter conditions

—in the same experiment—a much higher prevalenseolserved.

As it can be observed in figure 15, the percentafganimals with HB lesions was
similar in both treatments but significant diffeceis between them were found at week
4 (p=0.029). Lesions were mild in both treatmewithh the vast majority of the animals
classified as score 1. As in the case of FPD, #selts obtained for HB could be
compared with those of Martland (1985) under ditgdiconditions or with the different

results obtained by Meluzzi et al. (2008) with dseebedding materials.

26



LITTER AERATION DURING THE REARING CYCLE OF BROILER S: PRODUCTIVE AND WELFARE IMPLICATIONS

In the case of CJ, the percentage of affected dsimias constantly higher in the C

group but no statistical significance was reveéte@any week.

HB c FPD
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Figure 15: Prevalence of HB, FPD and CJ for each ¢éatment, in weeks 4, 5 and 6 of the cycle

According to Berg (2004), contact dermatitis isiagicator of litter quality. Martland
(1985) and Meluzzet al (2008) also reported a positive relationship leemvmoisture
of the litter and breast and feet lesions on breil&hese afirmations might agree with
the results of this experiment since little difieces, both in the prevalence of these
pathologies and in litter characteristics, wereeobsd.

In addition, it can be noted that the percentagarofmals affected by these lesions
increased with time regardless of the treatmentt seems reasonable to assign this

increment to the age of the animals as proposdgekgret al (2004).

As regards TI, it was necessary to apply a natlogl transformation in order to
transform the data into a normal distribution. Meggs.e.) showed no statistical
differences in Tl duration between treatments (Gupr 224+1 sec. and LA group:
228+1 sec; p=0.9017).

The average amount (mean s.e) of attempts needaduce Tl was 1.33+0.10 for the
C group and 1.78+0.05. The Chi-square test, did deiect significant differences
between groups (p=0.1453).

There was not statistical significance either ie thfference of body temperature after
the TI induction. LA group increased body tempematun 0.024+0.020 °C whereas C
group increased the temperature 0.081+0.025 °Crnmaee.).
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With regard to the different parameters assessatieat?® day, on the 40 culled birds
(results shown in figure 16), ascites was not detkm any culled bird. No pathologies
neither statistical differences between treatmevdse detected for heart weight (LA
group=17.79+0.33 g.; C group=18.21+0.44 g.; meared).

Finally, no differences were either observed in phmevalence of other pathologies,
except in the case of TD where LA group seems ésgt a higher prevalence of birds
affected by this problem (p=0.0421) although mdsthese animals presented minor
injuries, classified as type 1 in the majority loé tcases. So, it is difficult to assign these

results to a matter of welfare.
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Nasal secrection Lung lesions
15% 60%
10% 40%
5% 20%
0% 0%
W Control M Litter aeration H Control M Litter aeration
Tracheal lesions Toracic air sac lesions
100% 12%
80% 10%
0,
60% 8%
6%
40% 4%
20% 2%
0% 0%
H Control [ Litter aeration W Control [ Litter aeration
D Corneal ulcer
15% 3%
10% 2%
5% 1%
0% 0%
H Control M Litter aeration H Control M Litter aeration
Hidropericard. RAD Heart weight
60% 40% 20
30% 15 -
40%
20% 10 -
20%
10% 5 -
0% 0% 0 -
H Control M Litter aeration H Control M Litter aeration W Control M Litter aeration

Figure 16: Prevalence of nasal secretions, lungathea and air sacs lesions; corneal ulcer, TD,
hidropericardium and hypertrophy or dilatation of t he right atrium of the heart (RAD).
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4. CONCLUSIONS

According to the results observed in this experitngican be said that:

1. Litter aeration presented a slight effect on littharacteristics. Although pH, ash
and TKN content presented higher values in littemgles from LA rooms, no
statistically significant differences between treahts were found. Moreover, this

technique showed little effect on its main objeetikeducing litter moisture.

2. Environmental ammonia and PM concentrations, ptedewlifferent patterns
between treatments. Average ammonia levels weteehig the LA rooms, mainly
at the end of the cycle, but they were below tHaesthat have been proven harmful
to the animals. PM concentrations were also higbet A group and exceeded the

limits recommended for human and animal healthe@sfly after LA procedures.

3. Animal welfare seems to be affected when produgmeameters are considered.
Despite differences were not statistically diffdrdmrds from LA group showed a
lower growth rate and a higher feed consumptioneobd procedures started.

Moreover, mortality rate was 0.5 percentage pdirgber in LA group.

4. Regarding to animal health, little differences weseealed in welfare indicators
but in the prevalence of TD. The severity of thaghmlogy was mild and the lesions
were normally scored lesser than 1. No signifiadifferences were found for other

lesions prevalence neither their severity.

Consequently, in general terms, it still cannotdfermed that LA compromises
broilers performance and welfare or affects litgesality. It is needed to develop
deeper analyses to broaden our understandingofdtihnique, both in experimental
and commercial farm conditions. It is also neededvaluate the specific effects of

this technique on animals during the time of LA.
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