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ABSTRACT 

The conventional production of eggs in cage systems is intense and compromises the laying 

hens welfare. More demanding consumer markets have been pushing to abolish the use of 

cages and thus provide better welfare in poultry laying. This research evaluated the mortality, 

production, and egg quality of two alternative production systems (free-range and organic free 

range free-range) and compared them with the conventional system. The research was carried 

out in two commercial poultry farms and the variables egg weight, shell egg resistance, Haugh 

unit, mortality and production were recorded during eight months. The results showed that the 

conventional system presented better production, lower mortality and better shell egg quality. 

The alternative systems had better internal egg quality. Alternative systems had greater 

variability in outcomes and problems with disease control, which indicate greater difficulty for 

proper management. 

 

INTRODUCTION 

The need to achieve better levels of productivity 

and the increasing demand for food resulted in productive 

systems with high density of animals that cause problems 

related to animal health and well-being (Moura et al., 

2006). 

The questions about birds’ welfare in productive 

systems with cages are frequent and alternative productive 

systems, the cages have been adopted in some properties in 

order to meet more demanding market niches (Tonsor & 

Wolf, 2011). 

Variables such as birds’ age, ambience and 

nutrition affect the quality of eggs (Jones et al, 2012; 

Steenfeldt & Hammershoj, 2015), however the assessment 

of the effects and alternative housing systems on egg 

quality is still not conclusive. These variables can affect 

the egg and disaggregate economic and qualitative value, 

bringing losses to the producers (Alleoni & Antunes, 

2001). 

Considering the hypothesis that alternative systems 

without egg production cages provide better welfare 

conditions for birds and that this gain in welfare should be 

observed in zootechnical performance, the objective of this 

study was to compare mortality, production and the quality 

of eggs produced in conventional system of cages with 

eggs produced in two alternative systems: organic free 

range and free-range. 

MATERIAL AND METHODS 

The research was carried out in two posture farms 

located in the region of Tupã-SP, during the period from 

August 2015 to April 2016. The first one, denominated 

alternative farm, presented two systems of creation: 

organic free range and free-range. At the time of the 

research, there were 49,000 birds in production, a lot of 

7,500 birds created in the organic free range system and 

seven lots, totaling 41,500 birds, raised in the free-range 

system. The second farm, denominated conventional, 

located in the city of Bastos-SP and distant 22 km of the 

alternative farm. On this farm, there were 48 aviaries and 

about 120,000 birds in production. 

According to the Köppen classification, the two 

cities have the same climate and season characteristics, 

classified as Aw and characterized by a tropical climate, 

with a well defined dry season in the winter period and 

average annual temperatures higher than 22ºC. 

The data records were carried out between August 

2015 and December 2015 for eggs from the organic free 

range system, from August 2015 to March 2016, for eggs 

from the free-range system and from August 2015 to April 

2016 for eggs from the conventional system. It was 

initially intended to record the data for 12 months, 

however the time of birds discarding was different in each 

system, resulting in different data records for each 

production system. For the comparisons inherent to the 

quality and production of eggs, we selected sheds in which 

there were birds of the same lineage and close ages. 
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TABLE 1. Description of the free-range, organic free range   and conventional production systems. 

Description Free range Organic Conventional 

Dimensions of the shed 10 x 100m 10 x 100m 3 x 100m 

Roof Asbestos cement without paint Asbestos cement without paint Ceramic roof tile 

Orientation East West East West North South 

Structure Metallic Metallic reinforced concrete 

masonry walls 

Floor Concrete Concrete Concrete 

Cages Do not have Do not have Birds housed in pairs 

(0.45x0.45x0.25 cm)  

Batteries Do not have Do not have 4 batteries of 2 floors 

Beds Maravalha 5cm 

(Pinus) 

Maravalha 5cm 

(Pinus) 

Do not have 

Perch 10 meters (600 birds per meter 13.5 meters (555 birds per 

meter) 

Do not have 

Nest 300 nests - 20 birds per nest 380 nets – 19.7 birds per nest Do not have 

Lighting Mixed (15 hours) Mixed (15 hours) Artificial (16.5 hours) 

Pasture Area 2.000 meters 2.000 meters Do not have 

Grazing Time 3 to 4 hours per day 

(Brachiária decumbens) 

3 to 4 hours per day (Brachiária 

decumbens) 

Do not have 

Feeding Feed produced on the farm Organic Feed produced on the 

farm 

Feed produced on the farm 

Water commuting drinkers commuting drinkers Nipple drinkers 

Number of initial birds 6.000 7.500 20.000 

Lineage Hy-line Brow Hy-line Brow Hy-line Brow 

Age of birds 43 weeks 50 weeks 41 weeks 

Egg Collection Manual twice a day Manual once a day Manual once a day 

Cleaning of the sheds In batch exchange In batch exchange Frequently 

 

Every 30 days, 60 eggs from each shed representing 

the breeding system were randomly collected. From the 

collected eggs, we recorded the variables: egg weight, bark 

resistance and Haugh unit. These analyzes were performed 

at the Bastos Poultry Pathology Laboratory, using the 

model machine DET6000 (NABEL Co. Ltd. Kyoto, 

Japan). 

Mortality and egg production were recorded by the 

producer and the monthly total of these two variables, for 

the sheds that were being evaluated, were available for 

analysis. To investigate possible causes of high mortality, 

unstructured interviews with the producers were 

conducted. 

Due to the age of the birds were not the same and to 

interfere in the analyzed variables (Barbosa et al., 2012), 

the analyzes were performed by means of interval charts 

with confidence of 95% for the observed averages of the 

variables egg weight, bark resistance, Haugh Unit, 

mortality and yield for each of the systems studied, 

comparing with that expected for the lineage at that age 

described in the lineage manual. For better visualization, 

these data were normalized so that the variation observed 

in the experimental data became more evident. 

 

RESULTS AND DISCUSSION 

The variation of the mean egg weight compared to 

that expected is shown in Figure 1. The desired data for the 

egg weight characteristic are presented by a range 

delimited by dashed lines, with the upper and lower lines 

showing the limits of those weight ranges of the expected 

egg and the center line indicates the expected average 

value. 
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FIGURE 1. Average points and observed normalized variations of the variable egg weight for the three production systems 

analyzed, compared to the expected values for the lineage, considering the age of each lot in each recorded observation. 

 

The reference value for egg weight (indicated range 

in the graph on Figure 1) is described in the lineage 

manual (Hy-Line do Brasil, 2015) and varies according to 

the age of the birds. We observed that the eggs of the 

conventional system are better positioned in the range 

expected for the egg weight (Figure 1), showing an 

average difference of 0.97% ± 4.78% above the average 

expected by the lineage manual. On the other hand, the 

eggs of the free range and organic system presented greater 

weight variation (-1.20% ± 5.33% and -1.91% ± 4.81%, 

respectively), even though they were below the expected 

weight range in some months. These results corroborate 

with Jones et al. (2014), who found that eggs from free 

range systems had significantly lower weights than eggs 

from birds raised in enriched cages. Steenfeldt & 

Hammershoj (2015), in experiments with laying hens in 

the organic system, verified that the lineage and age of the 

birds have a greater influence on egg weight than nutrition. 

Thus, the results probably indicate that observed changes 

in egg weight among production systems are more strongly 

associated with the use of cages in production than bird 

nutrition. 

Over time the egg weight of the conventional 

system had a tendency to increase, in a greater proportion 

than expected. Barbosa et al. (2012) point out that egg 

weight increases with the age of the birds. However, eggs 

from alternative systems did not show this trend. 

According to the producer, these results are due to 

pathologies affected in the free range plot in September 

2015 and January 2016. Considering this information, it 

can be associated with these results that the birds of 

alternative systems were more exposed to diseases, 

affecting the quality of the eggs. 

The peel strength observed for the three systems is 

shown in Figure 2, where the dotted center line indicates 

the expected value of the peel strength. 
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FIGURE 2. Average points and normalized variations observed for the variable of the peel strength for the three evaluated 

production systems, compared to the expected value for the lineage, considering the age of each lot in each recorded 

observation. 

  

The three systems presented average peel strength 

always lower than expected. The reference value of peel 

strength used (zero value in the graph of Figure 2) was 

obtained in the lineage manual (Hy-Line do Brasil, 2015) 

and ranged from 4.35 to 3.98 kgf, according to the age of 

47 to 82 weeks. However, in the conventional system the 

peel strength varied less and presented values closer to the 

reference of the lineage, being in average 0.45% ± 0.96% 

smaller. The free range and the conventional systems the 

mean peel strength were respectively 0.94% ± 1.01% and 

1.31% ± 0.82% lower than the reference for the lineage. 

According to information from the producer, the 

emergence of a pathology (not identified) in September in 

the alternative systems also interfered in the results of the 

peel strength. Jones et al. (2014) found that peel strength 

was significantly higher for eggs with enriched cages 

compared to the free range system. Golden et al. (2012) 

indicate that cage confinement may be associated with the 

consumption of a more balanced diet capable of 

partitioning a higher percentage of the nutrient indicated 

for the eggs production. 

In addition to financial losses with losses due to egg 

breaks with low peel strength, there is also a concern for 

food safety. The main function of the peel is to protect the 

contents of the eggs and the eggs produced in the 

alternative systems, because they have less peel strength 

and are placed in nests or on marvalha bed and in contact 

with waste, they are more subject to microbiological 

contamination. 

The Haugh unit index was analyzed for the three 

systems (Figure 3). The center dashed line indicates the 

expected value for this variable. 
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FIGURE 3. Average points and normalized variations observed for the Haugh unit variable for the three systems evaluated, 

compared to the expected value for the lineage, considering the age of each lot in each recorded observation. 

 

All systems had mean Haugh units higher than 

expected (Free range: 4.38% ± 13.31%, Organic: 5.25% ± 

14.31%, Conventional: 1.06% ± 13.41%). According to 

Hy Line do Brasil (2015) the value of HU varies between 

86.5 and 79.7 for the ages of 47 to 82 weeks. Figueiredo et 

al. (2011) and Oliveira (2014) report that the Haugh unit 

indicates the presence of water and carbon dioxide in the 

albumin which renders it more fluid and with altered taste. 

Higher Haugh unit rates point to better egg quality. 

The eggs of the free range and organic systems 

were in all collections with data above that expected for 

the Haugh unit, while the conventional system presented 

below-expected records in the months of September to 

December, i.e. in the months of high temperatures in the 

region. The nutritional factor is directly linked to the 

quality and production of eggs and Steenfeldt & 

Hammersoj (2015) indicate that birds of systems without 

cages can have their nutrition affected, result of insects or 

vegetation that can come to be ingested by the birds. 

High temperatures and heat waves are often 

associated with productive losses in animals (Vale et al., 

2008; Nascimento et al., 2014; Sartori, 2009). According 

to Campos (2000), in tropical climates, birds, even housed 

in indoor environments, are subject to thermal loads of 

radiation greater than their metabolic heat production. 

Thus, confined birds are likely to exhibit greater heat stress 

under hot-air conditions. Golden et al. (2012) and Jones et 

al. (2014) found higher values of Haugh unit in caged 

birds when compared to eggs of free-range system, 

contradicting what was observed in this research. 

Mortality was also observed and the results are 

shown in Figure 4. For this variable, the total number of 

dead birds was considered in the period between the data 

records, that is, 30-day period, in each breeding system, 

with the expected lineage for each age corresponding to 

the lot at the time of collection. 

 

 



Bartira de O. Tavares, Danilo F. Pereira, Douglas D'Alessandro Salgado, et al. 483 

 

 

Engenharia Agrícola, Jaboticabal, v.38, n.4, p.478-485, jul./ago. 2018 

Breeding

Month

O
rg
an
ic

Co
nv
en
tio
na
l

Fr
ee
-R
an
ge

Ap
r

Ma
r

F e
b

Ja
n

De
c

N
ovO

ct
Se
p

A
ugAp

r
Ma
r

F e
b

Ja
n

De
c

N
ovO

ct
Se
p

A
ugAp

r
Ma
r

F e
b

Ja
n

De
c

N
ovO

ct
Se
p

A
ug

15.0%

10.0%

5.0%

0.0%

-5.0%

M
o

rt
a

lit
y

 d
if

fe
re

n
c
e

 (
%

)

0

 

FIGURE 4. Total mortality of birds during the 30 day period, in the three systems evaluated, compared to the expected value 

for the lineage and considering the age of each lot in each recorded observation.  

 

The cumulative mortality for lots of the Hy Line 

Brown range varies from 1.9% to 5.4%, respectively, for 

the 47 and 82 week ages (Hy-Line do Brasil, 2015), which 

were the ages of birds evaluated in this study. The 

conventional system had lower than expected mortality (-

2.5% ± 0.01%), and had little variation between the 

monthly records. Golden et al. (2012) found that cage 

birds had a lower mortality rate when compared to birds 

raised in the free-range system, corroborating with the 

results of this research. 

 

The free range and organic systems had higher 

mortality rates (3.4% ± 0.05% and 2.1% ± 0.04%, 

respectively), influenced mainly by the pathology that 

affected the birds in these systems. According to Azevedo 

et al. (2016), the control of diseases that can lead to death 

in birds is even more difficult in alternative systems, given 

the restriction in the use of antibiotics and other drugs. The 

dispersion of mean points of mortality in other periods and 

in the organic system indicates that the best mortality 

control is in the conventional system. 

The productivity of each production system was 

recorded and analyzed also in periods of 30 days (Figure 5). 
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FIGURE 5. Número total de ovos colocados em cada um dos três sistemas de produção avaliados, normalizados e comparados 

com os valores esperados para a linhagem, considerando a idade de cada lote em cada observação registrada. 

 
The three systems at some moments presented 

production values lower than expected for the age of the 

birds, and in the alternative systems they were much 

lower. These results arise from responses to variations in 

the thermal environment, in the feeding of birds and 

occurrences of pathologies. Lemos et al. (2016) points out 

that achieving high productivity is almost impossible 

without nutritional control and the use of food additives, 

which explains the better results of confined birds, even 

though they have found better welfare conditions in reared 

poultry in alternative systems. Alves (2006) stated that 

birds raised under maravalha bedding in systems with 

better comfort index did not show differences in 

productivity when compared to cage birds, indicating that 

if alternative systems are well managed, they can provide 

similar results to the conventional system. Thus, as the 

alternative systems in this research had problems with 

disease control, including the early disposal of lots, the 

lower results of these systems can result from management 

failures. 

 

CONCLUSIONS 

The production, the egg external quality and 

mortality were better in the conventional cage system. 

Already the internal quality of eggs was better in 

alternative systems. The alternative systems had greater 

variability in results and problems with disease control, 

which indicate greater difficulty for proper management. 
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