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ABSTRACT

Alternative housing systems for hen eggs production represents  clear evidence of the trend in ani-
mal housing and husbandry towards extensive rearing methods. Consumer demand is oriented towards 
healthy foods controlled not only under a safety point of view, but also under a welfare assessment of the 
animals’ living conditions. Among the different alternative systems deep litter and organic production in 
recent years have been improved in Italy. The aim of this study was to evaluate whether different housing 
systems (barn B and organic O) for laying hens may influence productive performance, fear responses and 
egg quality characteristics. A total of 4,745 birds were housed in the B system and 2,016 in the O system, 
both of which were commercial facilities. In each system the same strain (Hy-Line Brown) was housed 
and layer performance, external and internal egg characteristics, mortality and feed consumption were 
recorded weekly. Animal reactivity was recorded monthly with the approaching test. Moreover, the Tonic 
Immobility test was conducted at 70 weeks of age; feather and foot pad conditions were also investigated 
at the same time. The peak of laying was reached in both housing systems at 25 weeks of age and was 
higher in organic hens (94.5%) than in barn hens (93.0%). Feed conversion rate during the overall laying 
period was 2.36 vs 2.20, respectively, in O and B housing systems. There was a significant difference con-
cerning the eggs classified as very dirty, dirty and cracked between the two systems. The dirty eggs were 
higher in O system probably due to laying eggs in a free range area, while the higher number of cracked 
eggs in B system may be due to a significantly less shell thickness in this system. Egg weight increased 
with layer age in both housing systems. Animals reared in O system showed less fearfulness than in B 
emphasised by the approaching and Tonic Immobility test results. Feather scoring did not evidence any 
severe plumage damage; statistical analysis showed some significant differences in comb and back areas 
between O and B systems. The hens reared on litter showed more aggressive pecking than the organic 
hens probably due to difference both in light intensity and in density.

Key words: Alternative housing systems, Welfare, Performance, Reactivity.
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RIASSUNTO

EffETTO di duE diffErEnTi sisTEmi di allEvamEnTO dElla gallina 
OvaiOla (BiOlOgicO E a TErra) su pErfOrmancEs prOduTTivE, 
BEnEssErE animalE E caraTTErisTichE qualiTaTivE dEllE uOva

I sistemi alternativi alla gabbia per l’allevamento di galline per la produzione di uova rappresentano una 
chiara tendenza ad orientarsi verso sistemi estensivi di allevamento. La domanda dei consumatori è oggi 
orientata sempre più verso alimenti sani e controllati non solo dal punto di vista della sicurezza alimen-
tare, ma anche nell’ambito di una valutazione del benessere degli animali. Negli ultimi anni, in Italia, gli 
allevamenti a terra e biologico sono tra i sistemi alternativi quelli maggiormente impiegati per sostituire 
le gabbie.
L’obiettivo di questo studio è stato quello di valutare se il diverso sistema di allevamento (terra e biolo-
gico) per le galline ovaiole potesse influenzare le performance produttive, il benessere delle galline e le 
caratteristiche qualitative delle uova. Nel sistema a terra sono state accasate 4745 galline, 2016 nel biolo-
gico. Entrambi gli allevamenti erano commerciali. Il ceppo genetico utilizzato era il medesimo in entrambe 
le tipologie di allevamento (Hy-Line Brown).
Le variabili considerate sono state la produttività, le caratteristiche interne ed esterne delle uova, la mor-
talità e il consumo settimanale di mangime. Mensilmente è stata testata la reattività degli animali nei due 
sistemi di allevamento, mediante il test di avvicinamento. Il test dell’immobilità tonica è stato effettuato 
a fine ciclo (70 settimane di età) insieme alla valutazione dello stato del piumaggio e delle lesioni alle 
zampe.
Dall’analisi dei dati sono emerse alcune differenze tra i sistemi di allevamento. Il picco di deposizione, 
registrato in entrambi gli allevamenti alla settimana 25, è stato più elevato nel sistema biologico rispetto 
all’allevamento a terra (94,5% vs 93,0%). L’indice di conversione alimentare di tutto il ciclo di allevamen-
to è stato 2,36 vs 2,20, rispettivamente, nel sistema biologico e a terra. Per quanto riguarda le caratteri-
stiche qualitative delle uova è riscontrata una differenza significativa tra le uova classificate come molto 
sporche, sporche e rotte tra i due sistemi. In particolare le uova provenienti dall’allevamento biologico 
sono risultate più sporche a causa di una maggior deposizione di uova nel parchetto esterno, mentre le 
uova provenienti dalle galline allevate a terra su lettiera hanno presentato gusci significativamente più 
sottili e, di conseguenza, un maggior numero di uova rotte. Il peso delle uova è aumentato in entrambi 
i sistemi con l’aumentare delle settimane di età degli animali. Le galline allevate con metodo biologico 
hanno mostrato una minor paura nei confronti dell’uomo, dato confermato sia dal test di avvicinamento 
sia dal test di immobilità tonica. Anche se complessivamente in entrambe le tipologie di allevamento lo 
stato del piumaggio è risultato in buone condizioni, dall’analisi statistica dei dati è emersa una differenza 
significativa per quanto riguarda il punteggio attribuito alla cresta e al dorso degli animali. Infatti nelle 
galline allevate a terra si è notata una maggior aggressività tra gli animali probabilmente da collegare alla 
differente intensità luminosa e densità tra i due sistemi.

Parole chiave: Sistemi alternativi, Benessere degli animali, Performance, Reattività.

Introduction

Continuous selection for egg production 
traits has led to highly performing laying 
hens, selected on the basis of their perform-
ance in a defined environment. The change 
in housing systems which is imposed by 
welfare regulations, 1999/74 EU-directive, 
has created a new challenge for breeders.

Poultry production has a relevant role 

in Italian animal production due to its eco-
nomic impact and to its ability to adapt to 
the market and consumers demands. In re-
cent years food safety and “naturalness” are 
becoming increasingly important consumer 
demands. This has resulted in the develop-
ment of different production methods able to 
satisfy consumer requests regarding prod-
uct quality, while also taking into consid-
eration animal welfare and environmental 
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protection in the whole production chain.
Alternative housing systems for hen egg 

production represent clear evidence of the 
animal housing and husbandry trend to-
wards extensive rearing methods. Consum-
er demand is oriented towards healthy foods 
controlled not only under a safety point of 
view but also under a welfare assessment 
of the animals’ living conditions. In recent 
years in Italy alternative systems for laying 
hens such as barn and organic farming with 
free range management systems have been 
improved.

In the middle of the last century organic 
farming developed as a serious way of keep-
ing animals and growing crops. In 1991 
Council Regulation (EEC) no. 2092/91 was 
implemented thereby setting the outlines for 
organic production of agricultural products as 
well as the means of identifying such agricul-
tural products and foodstuffs. Recently this 
regulation has been supplemented for live-
stock production through Council Regulation 
(EC) no. 1804/1999, implemented in 1999. For 
a long period consumers were not very inter-
ested and organic products had the reputation 
of being less consistent and not so attractive. 
Consequently the market share was small 
(Ficks-van Nierkerk, 2001).

The EU regulation pointed out the im-
portance of animal welfare in organic 
production; nevertheless the production 
system and associated standards do not 
automatically provide for good animal wel-
fare. Consequently, the organic standards 
have often been developed under the in-
fluence of consumer concerns rather than 
being based on animal needs. The welfare 
evaluation of egg layers in organic egg pro-
duction is complex. On one hand the birds 
are offered conditions to fully develop their 
“natural” behaviours, at least when making 
use of the outdoor facilities. Thus, they get 
natural light, are able to use litter, nests, 
perches and have plenty of space. On the 

other hand, the potential for some diseases 
is clearly greater. Hence, the possibility to 
use medication against parasites without 
withdrawal time for eggs can be crucial. 
Several recent studies report on increasing 
problems that were not present in battery 
cages and litter floors before but are now 
turning up at high mortality rates especial-
ly in the free range production (Hafez et al., 
2001; Permin et al., 2002; Eriksson et al., 
2003). Kreienbrock et al. (2004) reported 
average mortality in outdoor keeping to be 
higher compared to conventional cages in 
Germany. Fiks-van Niekerk (2001) report-
ed cannibalism and feather pecking being 
major problems in Dutch organic farming, 
mainly because beak trimming is not al-
lowed in this form of production.

Behavioural problems encountered with 
adaptation of high performing layers to new 
management systems (enriched cages, floor 
systems) have been reviewed by Kjaer and 
Mench (2003). They involved feather peck-
ing and cannibalism, fear and stress, nest-
ing behaviour, feeding behaviour. Genetics 
and management are complementary ap-
proaches to be used in order to decrease 
these problems or to prevent their occur-
rence. The genetic approach offers the pos-
sibility to have cumulative effects, to make 
predictions about the breeding value and 
future performance and to really change 
the potential for adaptability of birds. The 
feasibility of a genetic approach requires a 
good knowledge of the genetic variability of 
behavioural traits. This can be done either 
between or within lines. Many studies have 
been undertaken in this field and have been 
reviewed by Faure et al. (2003) and Muir 
(2003).

The aim of this paper was to describe two 
different housing systems, litter floor and or-
ganic, that could replace conventional cages 
in 2012, and to make suggestions for future 
work. We investigated the effects of these 
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two systems on productive performances, 
reactivity and behaviour of laying hens as 
well as egg quality characteristics.

Material and methods

The study was carried out in one litter 
floor housing system and one organic hous-
ing system located in Northern Italy. In 
each system the same strain of laying hens 
(Hy-Line Brown®) was housed in agree-
ment with Council Directive 1999/74 and 
the Directive 1804/99 regarding organic 
production.

The study involved a total of 6,761 laying 
hens reared using two methods: 2,016 hens 
in organic (O) and 4,745 in barn (B) hous-
ing systems,  both of which were commercial 
facilities. In each system the same strain of 
laying hens (Hy-Line Brown®) was housed 
in agreement with Council Directive 1999/74 
and the Directive CE 1804/99 regarding or-
ganic production. Birds were beak-trimmed 
at one day old and transferred to the lay-
ing systems at 18 weeks old and they were 
slaughtered at 70 weeks of age.

In the organic farm a free-range area 
(9000m2) was accessible through 16 doors 
(35cm x 100cm, in agreement with the Di-
rective CE 1804/99). The indoor poultry 
farm (5m x 75m) was divided in three parts: 
litter (1/3 of whole area), slat with drinking 
and feeding areas, and nests. The stocking 
density was 5.4 birds/m2.

The second farm was a typical barn (12m 
x 42m) with 1/3 of litter and 2/3 of slat. The 
stocking density was 9.4 birds/m2. Sixteen 
hours of light/day was provided through lat-
eral windows located along the two longest 
walls and an artificial lighting program.

In both the organic and barn systems 
water and food were available ad libitum.

Total number of eggs, mortality and 
feed consumption were recorded weekly. 
We analysed the external egg characteris-

tic of downgraded eggs (laid on the floor) 
on a monthly basis. These eggs were clas-
sified as very dirty (the shell surface was 
>1cm2 dirty), dirty (the shell surface was 
<1cm2 dirty), clean, cracked, or giant (dou-
ble yolk).

At 27, 30, 35, 43, and 53 weeks of layers’ 
age, we investigated the internal character-
istic of 30 eggs for each system. The eggs 
were weighed and the yolk colour was de-
termined using the Roche yolk colour fan 
(1979). Thereafter, the yolk was separated 
from the albumen and weighed; then the al-
bumen was removed from the shell and the 
shell plus the membranes were weighed. 
Thickness of the shells (with inner and out-
er shell membranes) was measured at three 
places (top, middle, bottom), using a digital 
micrometer (Mitutoyo, Miyazaki, Japan). 
The weight of albumen was calculated as 
the difference between the egg weight and 
the weight of the shell and yolk.

Animal reactivity was recorded monthly 
with the approaching test or birds’ fear re-
action to the tester or observer according 
to the method described by Hegelund and 
Sørensen (2007) modified. The observer 
walked inside the farm and stood 2 m from 
the door. The reaction of the birds was scored 
for 5 minutes on a scale ranging from 0 to 
3. Zero meant panic among the birds and 3 
indicated that there was no noticeable reac-
tion or change in behaviour.

At the end of the production cycle at 70 
weeks of age, the Tonic Immobility test 
was performed on 50 hens in each system. 
The Tonic Immobility test (TI) was used 
to investigate a fear response to manual 
restraint of the animal, which can be ob-
served when the bird is set on its back in 
a U-shaped cradle, and held down for 10s 
in a quiet environment. Upon release the 
bird will stay more or less time on its back 
until self-righting. The measurement of the 
time needed before self-righting has been 
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used to select divergent hen lines, showing 
either Short or Long TI (Mills and Faure, 
1991). Selection for short TI has been ac-
companied by reductions in fearfulness, 
without changes in growth. In the present 
study TI test duration was 180 seconds and 
the maximum number of inductions was 3 
(Ferrante et al., 2005).

Immediately after the TI test, 5 body 
areas of each animal (comb, neck, wings, 
back, and cloaca) were scored for the 
feather condition; the scale ranged from 1 
(plumage very damaged) to 4 (plumage not 
damaged), in agreement with the “Tauson 
method” (Tauson et al., 2006). The foot pad 
status was classified according to a protocol 
designed by Extrand et al. (1998).

The data related to the characteristics of 
eggs laid on floor at the different ages and 
the TI results were analyzed using the non 
parametric analysis of variance of SPSS 
vers. 14.0 (test Wilcoxon) with housing sys-
tem as the main effects. The data related to 

the internal egg characteristics were ana-
lysed using the GLM procedure with age 
and housing system as main effect and the 
two-way interaction between these factors.

Results and discussion

Several effects due to layer age and hous-
ing system were found. Hens began to lay 
at 20 weeks of age. The peak of laying at-
tained was higher in organic hens (94.5%) 
than in barn hens (93.0%) in week 25 (Fig-
ure 1). From 25 to 58 weeks of age, the lay-
ing rate was always higher in barn hens 
than in the organic ones, while after week 
25 the laying rates were similar. As expect-
ed, however, globally over the laying period, 
the laying rate was identical in organic and 
barn housing systems (86.40% vs 86.35%). 
In comparison to the standard production of 
Hy-Line (Hy-Line, 2007) at the same week 
of deposition, the percentage of deposition 
was generally higher. These findings are 
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Figure 1.  Deposition in relation to layer age and housing system.
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quite different from those of Tauson and 
Holm (2001) who found a 3% lower egg 
mass in barn hens compared to caged hens. 
This difference may be due to the high 
level of management in the two farms of 
this study. The mortality of the whole lay-
ing period was lower in the organic system 
than in the barn housing system (4.24% B 
vs 2.43% O).

Feed conversion rate was 2.36 vs 2.20, re-
spectively, in the organic and barn systems. 
In agreement with Tauson et al. (1999) and 
with Michel and Huonnic (2003) feed con-
version rate increases due to more move-
ment by birds in systems with more activ-
ity (organic), but also due to the degree of 
heat losses in relation to feather cover and 
environmental temperature (Peguri and 
Coon, 1993).

As expected, egg weight increased with 
layer age in both housing systems. B lay-
ers had lower egg weight than O layers at 
the beginning of the experiment, but egg 
weight increased faster and was greater at 
a layer age of 35 (Figure 2). The eggs col-
lected and the albumen weight were signif-

icantly higher in laying hens reared in barn 
systems than layers in the organic system 
(Table 1). Our results do not confirm the 
data of Van den Brand et al. (2004), who 
found an inversely proportional increase 
in eggs and albumen weight with increas-
ing age of layers. Air cell diameter was not 
significant: 2.24mm in organic eggs and 
2.00mm in litter eggs. No differences were 
found in yolk colour.

There was a significant difference be-
tween hen housing systems concerning the 
incidence of very dirty, dirty and cracked 
eggs laid on the floor (Table 2). In the or-
ganic system downgraded eggs were espe-
cially dirty and very dirty, probably due to 
laying eggs in the free range area while 
in litter system eggs were more cracked 
(29.74% B vs 8.57% O), probably due to less 
shell thickness, which was significantly 
higher in the organic system than in the 
litter floor housing system (0.44mm vs 
0.42mm, P<0,001). Also in free range sev-
eral authors found a positive effect of out 
run on shell strength (Pavloski et al., 1981; 
Hughes et al., 1985; Leyendecker, 2001).

Figure 2.  Fresh egg weight in relation to layer age and housing system.
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Test data showed some differences in 
behaviour between the organic and barn 
systems. In every session animals reared 
in the organic system showed less fearful-
ness than those in the barn system, as they 
registered more curiosity (Figure 3). This 
approach to the human was underlined by 
Tonic Immobility test results. Although the 
test did not show significant differences be-
tween rearing methods, organic hens had 
longer immobility (52.82 vs 41.26 sec) and 
higher inductions (2.48 vs 2.40) than hens 
in the barn system. Feather scoring did not 
evidence severe plumage damage; this is 
probably the best indirect selection criteria 
to be used in order to modify feather peck-

ing as it is relatively simple to measure and 
is heritable. Plumage score was found to be 
correlated with the feather pecking behav-
iour in some selection experiments (Kjaer 
et al., 2001; Chapuis et al., 2003). Moreover, 
statistical analysis showed some significant 
differences in comb and back areas between 
organic and litter systems. Comb and back 
area scores were worse in the barn system 
than in the organic system (Table 3). This 
result agrees with the correlation found by 
other authors between fearfulness and ag-
gressive behaviour (Hughes and Duncan, 
1972; Ouart and Adams, 1972). No differ-
ences regarding foot pad conditions between 
systems were found (Table 3).

Table 1. Effects of age, housing systems and their interaction on egg quality cha-
racteristics.

 Egg weight  
(g)

Yolk weight  
(g)

Shell weight 
(g)

Albumen weight 
(g)

Age of layers (weeks):

27 61.87b 13.22d 6.41d 42.24ab

30 62.82b 14.23c 6.92c 41.68ab

35 65.35a 15.34b 7.01c 43.01a

43 66.27a 16.59a 7.85a 41.83ab

53 65.28a 16.74a 7.58b 40.83b

68 65.18a 16.37a 6.86c 41.95ab

sEm 0.63 0.26 0.07 0.58

Housing:

Organic 63.44b 15.49 7.04b 40.91b

Barn 65.49a 15.34 7.17a 42.98a

sEm 0.36 0.15 0.04 0.34

Source of variation:

Age <0.0001 <0.0001 <0.0001 <0.0001

Housing <0.0001 ns <0.05 <0.0001

Age x housing <0.0001 <0.05 <0.05 <0.05
a, b, c: Values within columns with different superscripts are significantly different (P<0.05).
ns: not significant.
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Table 2.  Eggs laid on the floor (mean±standard error).

Parameters Organic Barn P value

Very dirty            % 36.07 ± 2.37  23.91 ± 2.77 <0.05

Dirty                    “ 41.97 ± 5.25  20.81 ± 3.6 <0.05

Cracked                “   8.57 ± 1.58  29.74 ± 2.91 <0.0001

Clean                    “ 21.96 ± 4.53  55.29 ± 3.75 <0.0001

Giant                    “ 15.20 ± 4.51  23.13 ± 3.27 ns

Table 3.  plumage and foot pad conditions (means ±sd).

 Organic Barn sEm P

Comb 3.94 ± 0.24 3.72 ± 0.49 0.055 <0.05

Neck 2.92 ± 0.9 2.92 ± 0.8 0.121 ns

Wings 3.68 ± 0.51 3.72 ± 0.54 0.074 ns

Back 3.64 ± 0.78 3.36 ± 0.59 0.098 <0.05

Cloaca 3.86 ± 0.41 3.76 ± 0.43 0.059 ns

Foot pad 3.9 ± 0.3 3.9 ± 0.3 0.04 ns

Figure 3.  Approaching test in Organic and Barn housing systems.
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