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This study explores the interactions between bone health, feed efficiency,
and environmental conditions in slow-growing broiler chickens reared
under contrasting production systems, namely indoor housing and
outdoor access. Emphasis is placed on summer production periods
characterized by heat stress, a major challenge for poultry welfare and
productivity under changing climatic conditions. Through an integrated
approach combining morphometric, densitometric, mechanical, and
genetic analyses, the research evaluates how rearing environment
influences skeletal integrity and production performance. The results
reveal significant relationships between bone quality traits, adaptive
responses to environmental stressors, and feed efficiency, highlighting the
complex biological mechanisms linking animal robustness and productive
efficiency. By providing new insights into the effects of production systems
and climatic stress on skeletal development, this work contributes to the
advancement of sustainable and welfare-oriented poultry farming
strategies, while supporting the development of climate-resilient livestock
systems.

1- Introduction

mineralization. Bone quality depends on

Sustainable poultry production faces major
challenges related to animal welfare,
agroecological transition, and climate change.
Feed efficiency has become a central issue in
poultry systems, where production performance
must be balanced with animal robustness and
welfare. In parallel, alternative systems based
on slower-growing genotypes and outdoor
access are expanding in Europe and sub-
Saharan Africa (Alders, 2005; De Jonge and van
Trijp, 2013; Djitie et al., 2015). Free-range
systems may improve skeletal development
through increased activity (Moussa, 2007,
Rodriguez-Navarro et al,, 2018), but
environmental conditions can also affect
growth, nutrient utilization, and bone

mineral composition, structural organization,
and several factors including genotype,
nutrition, and rearing conditions (Boskey and
Mendelsohn, 2005; Han et al., 2015;
Mabelebele et al., 2017; Chaumont et al., 2025).
Heat stress represents an additional challenge
for poultry production, as high temperatures can
reduce feed intake and negatively affect bone
quality (Wiernusz and Teeter, 1996).
Understanding the interactions between rearing
systems, feed efficiency, and bone health is
therefore important for developing sustainable
and climate-resilient poultry farming strategies.
The objective of this study was to investigate
the relationships between feed efficiency and
bone health in slow-growing broiler chickens
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reared under contrasting systems (indoor
housing versus outdoor access). Morphometric,
densitometric, mechanical, and genetic
approaches were used to evaluate how rearing
conditions influence skeletal integrity and
production performance.

This work was conducted during a scientific
residency at the INRAE Centre Val de Loire
within the Biology of Birds and Aviculture Unit
(BOA), supported by Le Studium — Loire
Valley Institute for Advanced Studies.

2- Experimental details

The primary objective of the stay was to study
the relationship between feed efficiency and
bone health in slow-growing broiler chickens
(Label type) reared under two contrasting
systems: indoor confinement and outdoor
access. Attention was given to summer
conditions, which may affect feed intake,
skeletal development, and overall production
performance. This work addresses key issues
related to animal welfare, sustainable poultry
production, and adaptation to climate
variability.

Mobility disorders remain a major welfare
concern in broiler production, as they are
associated with pain, reduced growth, impaired
feed efficiency, and increased mortality
(Leterrier et al., 1998). In this context,
understanding the links between skeletal quality
and feed efficiency is particularly relevant
under outdoor and warm environmental
conditions.

The experiment was conducted during summer
2023 at the PEAT INRAE Poultry Experimental
Facility. Six hundred one-day-old Label Rouge
chickens were reared either in free-range or
confinement systems. Feed intake, feeding
behaviour, and body weight were continuously
recorded using the electronic feeder system
“Bird-E”. At 84 days of age, tibia samples were
collected and stored at —20°C for subsequent
analyses.

The scientific activities carried out during the
stay focused mainly on the analysis of the
previously collected and frozen tibia samples.
These analyses covered bone morphology,
mineral content, and density (CT-scan and
densitometry), mechanical properties (three-
point bending tests using Instron systems), and
physicochemical characterization of bone
quality.

Statistical and genetic analyses included
heritability estimation, genetic and phenotypic
correlations, and principal component analyses
(PCA).  Additional  activities involved
participation in scientific discussions, data
interpretation, and progress presentations
within the Genuts team and the UMR BOA.

Materials and methods

The scientific activities carried out during the
stay included:

* Bone morphometric evaluation;

 Structural and densitometric bone analyses
using computed tomography (CT-scan)
(\Valable et al., 2020);

* Assessment of bone mechanical strength using
Instron testing systems;

* Physicochemical analyses of chicken tibiae to
assess bone mineralization.

Advanced statistical and genetic analyses,
including estimation of heritability, genetic
and phenotypic correlations, and principal
component analyses (PCA).

3- Results and discussion

The work carried out during the stay led to the
preparation of two scientific manuscripts
currently under review prior to submission to
international peer-reviewed journals. It also
resulted in the submission and acceptance of
two abstracts for oral presentation at the
World’s Poultry Congress, scheduled from July
13 to 17, 2026, in Toronto, Canada. These
outputs are expected to contribute to the
advancement of knowledge on poultry
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production efficiency, animal welfare, and
skeletal health.

During the stay, | actively participated in
several scientific events, including three
conferences in the Centre-Val de Loire region,
two of which were organized by Le Studium, as
well as the SPACE International Livestock
Exhibition (SPACE 2025) in Rennes, where |
was invited as a speaker during the AgriPanel
session on “The future of livestock production
in Francophone Aftrica”. I also attended the 24th
European Symposium on Poultry Nutrition in
Maastricht and the FAO Livestock Week 2025
in Rome. Within this framework, | co-organized
a side event entitled “Innovating for Inclusive
and Resilient Livestock Systems” with
international  partners  from  Australia,
Colombia, and the Democratic Republic of
Congo, including Prof. Karol B. Barragan-
Fonseca, a former Le Studium visiting
researcher whom | met during the stay. This
collaboration illustrates the lasting impact of the
Le Studium program through the continuation
of scientific relationships beyond the formal
end of the visiting period.

The stay also significantly strengthened
institutional cooperation through the reception
of an official delegation from the University of
Ngaoundéré (Cameroon), led by its Rector,
Professor Mamoudou Abdoulmoumini, and
composed of five heads of academic
institutions. The delegation visited INRAE
Centre Val de Loire, the Le Studium program,
and the Centre for Molecular Biophysics in
Orléans, with the aim of exploring future
collaboration opportunities. In addition, |
contributed to the Biotech Centre Magazine and
participated in four webinars involving
researchers and students from Cameroon,
INRAE, and Le Studium, supporting
knowledge exchange, mentoring, and the
development of future collaborative initiatives.

4- Conclusion

This scientific stay significantly strengthened
scientific and technical skills and expanded

national and international research networks. It
also laid a solid foundation for the continuation
and formalization of sustainable collaborations
between INRAE, Le Studium, the home
institution, and other partner organizations.

5- Perspectives of future collaborations
with the host laboratory

Based on this experience as a Le Studium
Visiting Researcher, several recommendations
are proposed to enhance engagement and long-
term interaction among fellows and alumni.
First, the creation of a dedicated Le Studium
alumni platform would facilitate
communication, networking, and sustained
scientific exchange among current and former
fellows. Second, a voluntary alumni
coordination office could be established to
organize limited activities under the supervision
of Le Studium. Third, fellows and alumni could
be involved in the vision, editorial
development, and scientific animation of the
multidisciplinary journal supported by Le
Studium. Fourth, alumni who were unable to
organize a scientific conference during their
residency could be allowed to apply for such
opportunities within two years after the end of
their stay in the Centre-Val de Loire region.

6- Articles published in the framework of
the fellowship

Two scientific manuscripts were prepared
during the fellowship and are currently under
review before submission to international peer-
reviewed journals. Two scientific abstracts
were also submitted and accepted for oral
presentation during the World’s Poultry
Congress, Toronto 2026.
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