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Abstract 
The aim of this study was to assess the welfare of the laying hens in two different housing systems (conventional 
batteries and furnished colony cages), evaluating the housing conditions and management practices and some 
animal-linked parameters (feather condition, diseases, production and mortality). 
Between 2009 and 2011 a large laying hen farm was assessed, before and after the modification of the housing 
system from conventional batteries to furnished colony cages. The housing conditions were significantly better after 
the housing system was changed. The mean score of the feather condition was slightly higher in the furnished cages, 
comparing with the conventional batteries, but the difference was not statistically significant (P>0.05). The 
frequency of the lice infestation and the mortality of the birds were higher in the conventional housing than in the 
improved one. The egg production was not influenced by the housing system. Even if factors altering the laying 
hens’ welfare were identified in both housing systems, yet, based on the obtained results we can state that the welfare 
of the laying hens kept in furnished colony cages is better than that of the birds housed in conventional battery cages. 
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1. Introduction 
 
Regarding the issue of animal welfare, essential 
changes occurred in the last decades which had 
the aim to improve the conditions of animal 
housing and microclimate and the development of 
a more efficient feeding and watering system. 
Despite of all the efforts to provide a better system 
for poultry which ensure the highest level of 
welfare, certain important aspects were neglected, 
such as aggression and cannibalism. There are 
many different characteristics of the housing 
systems which affect directly or indirectly the 
welfare of laying hens. When we analyze the 
cause and effect relations between the housing 
systems and welfare, it becomes obvious that none 
of these systems are ideal. According to Appleby 
et al. [1], conventional cages do not give birds the 
possibility to experience all five freedoms, which 
are the basis of animal welfare, and their main 
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disadvantage is that they prevent birds from 
performing their natural behaviour. The literature 
reports that furnished cages improve hen welfare 
by reducing stress, aggression and feather eating, 
and by improving bone mineralization [2, 3]. 
However, Guesdon et al. [4] did not show a 
beneficial effect of furnished cages on welfare 
compared to traditional cages. When comparing 
conventional and enriched cages, Barnett et al. [5] 
found that group size and living space has little 
effect on layer welfare, whereas cage equipment 
(perch, sand bath, nest) has no influence on bird 
welfare as measured by physiological parameters, 
although it has a positive effect on bone strength. 
The presence of leg deformations in layers kept in 
furnished cages is probably due to excessive perch 
use, which may pose a problem in this type of 
cages [6]. Exactly due to their deficiencies, the 
conventional cages (CC) are prohibited in the EU 
since 1 January 2012 [7]. The available methods 
to assess the welfare of animals in agrarian 
facilities are based on a series of welfare 
parameters which can be classified in two 
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categories: environmental and animal-linked 
indicators. The first category describes the 
characteristics of the environment and the 
management and the second focuses on the 
responses of the animals to their artificial 
environment and its management by the animals. 
The disadvantages of assessing animal-linked 
parameters are represented by the difficulty of 
their recording and the need of considerable 
resources as time and money, comparing with the 
quantification of the environmental parameters, 
which is done quite easily, needing fewer 
resources. 
The aim of this study was to assess the welfare of 
the laying hens in two different housing systems 
(conventional and furnished cages), based on the 
housing conditions and some animal-linked 
parameters. 
 
 
2. Materials and methods 
 
The study was realized between 2009 and 2011, in 
a laying hen farm which operated initially with 
conventional cage housing system, which was 
then replaced with furnished cage (M.E.C. type, 
Zucami, Spain). The house is populated with 
hybrid chicks of Lohman Brown breed at the age 
of 16 weeks and the culling is made at the age of 
78 weeks, by slaughtering.  
The welfare assessment of the laying hens in each 
farm was made based on the assessment card 
regarding the protection and welfare of layers, 
integrative part of the Sanitary-Veterinary Norm, 
approved by the Order of the NSVFSA no. 
136/2006 [8], which is based especially on the 
housing conditions of the birds and the 
management practices in the farm. Additionally, a 
series of welfare indicators were evaluated, 
namely: feather condition, diseases, production 
and mortality. The measurements required by the 
assessment system were performed and the details 
regarding the diseases, mortality and productivity 
were provided by the farmer. The air quality was 
appreciated by the determination of the physical 
parameters (temperature, humidity, air current 
speed, lighting intensity), chemical parameters 
(ammonia, carbon dioxide, hydrogen sulphide) 
and biological parameters (TNG, staphylococci, 
streptococci, gram negative bacteria, fungi) of the 
microclimate. The measurements and sample 
collection were made in six different places, in 

two consecutive days, calculating at the end the 
mean value for each parameter.  
The ammonia and hydrogen sulphide 
concentration was measured using the Dräger 
analyzer and it was expressed in ppm. The carbon 
dioxide from the air was determined using gas 
indicator tubes.  
The air temperature and relative humidity were 
determined with a thermo-hygrometer and the air 
currents’ velocity with the catathermometer. The 
illumination intensity was appreciated with a 
luxmeter.  
The air samples were collected using a MAS-100 
air sampler (Merck, Germany) based on the 
principle of the Andersen air sampler. Bacteria 
and fungi were collected and grown in Petri dishes 
on different standard culture mediums: Columbia 
agar for mesophilic bacteria, Chapmann agar for 
staphylococci, Endo agar for Gram negative 
bacteria, blood agar for haemolytic bacteria and 
Sabouraud agar for fungi.  Air was sampled in a 
volume of 1 L because preliminary studies showed 
it to be optimal for the subsequent plate analysis 
and type of agar. Plates with the usual bacterial 
nutrient Columbia agar and with selective culture 
mediums were then incubated for 24 h in an 
incubator at a working temperature of 37°C. The 
material sampled on Sabouraud agar was 
incubated for 5 days at 22°C. The grown colonies 
were calculated by a mechanical optic colony 
counter, and results were corrected by using the 
conversion formula devised by Feller [9]. The 
mean number of bacteria and fungi was calculated 
for each barn and the mean number for all of the 
60 barns, both for the morning and for the evening 
samples. The number of bacteria and fungi was 
calculated as colony-forming units in one cubic 
meter (cfu/m3).  
Plumage condition was scored using a 4-point 
scoring system [10] for 6 different areas of the 
body (neck, breast, back, wings, tail, and vent). A 
score of 4 indicated very good feathering with few 
worn or otherwise deformed feathers. Score 3 was 
used when feathers showed deterioration but when 
complete feather coverage was observed. Score 2 
indicated areas of the body that showed marked 
deterioration with some part being denuded. Score 
1 indicated area with little or no feather coverage 
and when feathers were present they were severely 
damaged. The average plumage condition for each 
bird was calculated by adding over all 6 areas, to 
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yield a total score ranging from 6 to 24 points. A 
total number of 150 birds were assessed per 
housing (conventional, furnished) at the age of 56 
weeks.  
The obtained data were statistically processed 
using the SPSS version 17 software. The 
descriptive statistical indicators (mean, standard 
deviation, median, minimum, maximum) were 
calculated for the determined parameters. The 
comparison of the values obtained was made with 

the Kruskal-Wallis (ANOVA nonparametric) and 
Mann-Whitney test. 
 
3. Results and discussion 
 
The values of the descriptive statistical indicators 
(mean, standard deviation, minimum, maximum 
and median) for the microclimate parameters 
(physical, chemical and microbiological) 
determined in each housing system are presented 
in table 1. 
 

Table 1. Descriptive statistical indicators for the physical, chemical and biological indicators of the microclimate in 
the housing system with conventional cages (CC) and in the system with furnished cages (FC) 

Parameter Mean 
Standard 
deviation 

Minimum Maximum Median 

 CC FC CC FC CC FC CC FC CC FC 
T (°C) 20.77 23.00 1.01 0.84 19.20 21.40 22.20 24.00 20.90 23.10 

RH (%) 63.69 53.98 3.50 3.05 58.30 48.40 69.80 58.00 64.90 55.10 
v (m/s) 0.26 0.45 0.10 0.17 0.12 0.26 0.42 0.74 0.265 0.41 
I (lx) 47.17 35.50 25.33 23.03 3.00 3.00 68.00 73.00 62.00 38.50 

NH3(ppm) 15.58 4.75 2.27 1.05 12.00 3.00 19.00 7.00 15.50 5.00 
H2H (ppm) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
CO2 (ppm) <100 <100 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
Mesophilic 

bacteria 
(cfu/m3) 

5.07x105* 8.47x104* 8.72  x 104 7.80 x103 3.84 x105 7.30 x 104 6.45 x 105 9.95x104 5.27x 105 8.50x104 

Staphylococc
i (ufc/m3) 

2.11x1 05* 2.82x104* 8.24 x 104 1.01x104 7.40 x104 1.64 x 104 3.42 x 105 4.70 x104 2.09x105 2.56 x104 

Streptococci 
(cfu/m3) 

1.51x105* 1.50x104* 3.96  x 104 3.69 x103 8.84 x104 1.03 x 104 2.09 x 105 2.15x104 1.51x105 1.5x104 

Gram-
negatives 
(cfu/m3) 

3.67x103 1.81x103 1.18 x 103 6.60 x102 1.42 x103 8.72 x102 4.90 x 103 2.7 x103 4.12x 103 1.8x103 

Fungi 
(cfu/m3) 

4.45x103 3.32x103 1.64 x103 9.97 x102 7.86 x102 9.80 x102 6.20 x1 03 4.70 x103 4.91x103 3.2x103 

CC = conventional cages; FC = furnished cages; T= air temperature; RH= relative humidity; v = air current velocity; 
I= lighting intensity; *= p <0.001 statistically significant 
 
Among the physical microclimate parameters, the 
temperature and the air currents’ speed recorded 
higher values in the system with furnished cages 
than in the conventional cages, while the relative 
humidity and the lighting intensity were lower. 
The differences observed between the two housing 
systems where not statistically significant 
(P>0.05). 
Within the chemical parameters of the 
microclimate, the concentrations of the carbon 
dioxide and of the hydrogen sulphide were not 
influenced by the housing system. Even if the 
ammonia concentration was higher in the CC than 
in FC, the differences were statistically 
insignificant (P>0.05). The ammonia 

concentration was approximately three times 
higher in the CC than the maximal admitted value 
for the air of the laying hen houses (maximum 5 
ppm). Both the bacteria and the fungi had higher 
numbers in the CC than in the FC, the differences 
being statistically significant (P<0.001) only for 
the TNG, staphylococci and streptococci. The 
explanation for the better air quality in the FC is 
the more efficient ventilation of this system. The 
air quality problems are encountered more 
frequently in the systems keeping hens on the soil 
than in cages, and especially in the houses with 
reduced ventilation rates, but this type of problems 
can be significant also in the case of the cages, due 
the birds faeces  
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[11]. The ammonia level can be very high during 
the winter in northern climates even in the case of 
the cages, because the houses’ heat is conserved 
by decreasing the ventilation rates [12]. A study 
performed in a Croatian farm with laying hens 
kept in conventional cages showed that the 
numbers of bacteria ranged from 7.90 x 103 and 
1.23 x 104 cfu/m3, while the fungi ranged from 
6.80 x 103 up to 1.01 x 104 cfu/m3. The ammonia 
had concentrations between 4 and 7 ppm. The 
major bacteria were members of the 
Staphylococcus, Streptococcus and Bacillus genus 
and the fungi were of the Aspergilus, Penicillium 
and Fusarium genes [13]. The values obtained in 
our study were higher in the conventional cages 
(table 1), but the TNG  (mesophilic bacteria count) 
was lower than that recorded in a study performed 
in Sweden in different raising systems (1-2.2 x 107 
cfu/m3) in houses with furnished cages [14]. The 
absence or the deterioration of the feathers was 
observed especially in the layers raised in 

conventional battery cages (Tables 2 and 3) 
similar to other studies [15]. The most affected 
body regions were the neck and the chest, 
statistically significant differences between the 
two systems being recoded only for the cervical 
area (p<0.001). In the conventional system (CC), 
due to the construction pattern of the cages, 
deplumation was observed in the cervical area (in 
81.34% of the birds) and in the ventral thoraco-
abdominal region (in 64.66% of the birds) 
associated with the abrasive action of the cages 
(Table 3). In the furnished cage system the 
percentage of the affected birds was lower. The 
plumage condition assessment may prove to be an 
additional behavioural parameter in order to 
evaluate the welfare of laying hens. The plumage 
peaking is one of the major causes of the 
deterioration and loss of the feathers and it is 
influenced by the extent of the group [16] and the 
stocking density [17]. 

 
Table 2. The plumage condition score (mean ± standard deviation) in six body regions of the  

laying hens housed in conventional cages (CC) and in furnished cages (FC) at 56 weeks of age 

  * = P<0.001 statistically significant 
 
The cannibalism is favoured by the following 
conditions: excessive heat, too intense lighting, 
the lack of the sufficient feeding and drinking 
space, the frequent changes in the living 

environment or in the managerial practices, the 
lack of the nests, the maintenance in the 
production stock of the birds with wounds or 
damaged plumage etc. [18]. 

 
Table 3. The percentage of the birds with different scores (plumage condition) in the six assessed body regions 

 
Score  

Body 
region 

 
Conventional cages 

 
Furnished cages 

 
1 2 3 4 1 2 3 4 

Cervical area 20.67 32 28.67 18.66 14 16.67 16.67 52.66 
Ventral thoraco-
abdominal area 

18.66 22 24 35.34 14.66  18.67 22 44.67 

Dorsal area 0 2 6.66 91.34     0  0 2 98 
Wing area 0.66 4 4.67 90.67 0 0 0.66 99.34 
Tail area 0 2 4 94 0 0 0.66 99.34 
Pericloacal area 2.67 6.66 12 78.67 0 0 4 96 

Body region Conventional cages Furnished cages 

Cervical area    2.45 ± 1.02*   3.08 ± 1.12* 
Ventral thoraco-abdominal area 2.76 ± 1.12 2.96 ± 1.10 
Dorsal area 3.89 ±  0.37 3.98 ± 0.14 
Wing area 3.85 ± 0.49 3.99 ± 0.81 
Tail area 3.92 ± 0.33 3.99 ± 0.81 
Pericloacal area 3.66 ± 0.72 3.96 ± 0.19 
Total 3.41± 0.66 3.66 ± 0.50 
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The lice invasion represents one of the problems 
of the investigated farm, being more frequent in 
the conventional cage system (Table 4). 

 
Table 4. Welfare indicators 

Indicator (%) Conventional 
cages 

Furnished 
cages 

Mortality 16 5.4 
Egg production 85 86 

Parasitic diseases 
(lice infection) 

68 50 

 
The parasitic diseases include a large variety of 
internal and external parasites. The internal 
parasites are usually dependent on the housing 
system. Parasitic infections with a lower number 
of parasites tend to establish equilibrium between 
the parasites and their host and usually dose not 
create a health problem for the host. If this 
equilibrium is modified in the favour of the 
parasite, the infection will produce clinical signs. 
Many factors influence this process, especially the 
health status of the host, the immunologic capacity 
and the pathogenity of the host. The general 
hygiene inside the housing, including the 
possibilities for disinfection and cleaning are 
factors that should be managed in order to 
maintain the equilibrium between the parasite and 
its host.  
The mortality was almost three times higher in the 
conventional cages than in the furnished ones; this 
is in accordance with the results of other studies. 
Data collected on commercial farms also found 
that mortality differed significantly between non-
cage, outdoor, conventional cages, and furnished 
cages, with mortality in furnished cages being 
numerically lower than any other system [19]. The 
percentage of the mortality observed in our study 
in the furnished cages was comparable with the 
values reported by Weitzenbürger et al. [20], when 
they compared two layer breeds kept in three 
different furnished cage models and found 
mortality rates between 4.0 and 5.2%. Other 
studies reported a higher mortality percentage in 
the furnished cages than in the conventional ones 
[21] or comparable percentages between the two 
systems [22]. However, it is difficult to classify 
different housing systems for laying hens based on 
mortality because mortality is influenced by 
several factors including condition during the 
early rearing period, management during the 
laying period, and the type of laying hen strains 
used for production. 

In our study the housing system did not influenced 
the egg production, in the same manner as 
reported in several countries [21, 22]. Pohle and 
Cheng [23] reported that layers maintained in 
furnished cages laid more eggs at 40 weeks 
compared to conventionally caged birds (P≤0.05) 
because of considerable improvements in welfare 
levels. Some studies, however, have reported that 
egg production of laying hens was higher in 
conventional cages than those housed in 
alternative systems such as aviaries, floor pens, or 
free range [24]. The low productivity can be used 
as an indicator of poor welfare in farm animals. 
The recording of the productions represents an 
information source for the egg producers. The 
increasing of the morbidity, mortality and stress 
level in a layer group, leading obviously to 
production decrease, can be used as an indicator of 
compromised welfare [25]. Yet, this welfare 
measure should be interpreted carefully. The 
connection between the welfare and the 
production is reduced and uncertain. The 
productivity is often measured in economical 
profitability for entire laying hen populations, 
where the individual birds do have a good welfare 
[12, 26]. The productivity of the layers will not 
decrease necessarily when the conditions are sub-
optimal, and the acute physical or transitory 
mental suffering will not decrease necessarily the 
production level [27]. More than that, a high 
productivity stays at the base of the majority of the 
metabolic disturbances [28] affecting the welfare 
of laying hens. 
 
Conclusions 
 
Even if factors altering the laying hens’ welfare 
were identified in both housing systems, yet, 
based on the obtained results we can state that the 
welfare of the laying hens kept in furnished 
colony cages is better than that of the birds housed 
in conventional battery cages. 
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