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The relationship between man and animal in order to obtain a mutual benefit is relatively recent in 
the history of humanity. The first attempts of livestock production are approximately collocated 
about 11,000 years ago (after the last glacial period) with sheep domestication. In this contest 
animal husbandry (zootechnics) can appear as newborn science. The word zootechnics have been 
introduced around 1835-1845 by the French agronomist, and head of the Institute National 

of Versailles, Adrien De Gasparin (1783-1862). He proposed the first chair of animal 
husbandry, which was given to Eugène Baudement (1816-1863) who can be considered the founder 
of the modern zootechnics. Before then, such teaching has been referred to as pastoralism or animal 
hygiene. These were the first steps of a new science that defined its subject domain in the field of 
interaction between anatomy, physiology and economics in such a way that the farmer would be 
able to obtain maximum production from the animal machine. In less than two hundred years the 
new science has made great strides. However, in Italy, at the time, livestock was not kept in high 
regard. This observation allowed Camillo Cavour (1810-1861), who considered livestock the most 
essential branch of the rural economy, to state that cows in our country presented a singular 
problem: production was far from being proportionate to the expenses that they involved. As 

un male necessario
necessary evil) in fact agricultural production depended largely on manure, which remained the key 
fertilizer. The availability of manure was closely linked to the amount of livestock on the farm, so it 
was necessary to have an adequate amount of forage, which was obtained from extensive grassland 
or by resorting to external purchase. The period between the second half of the 19th century and the 
first half of the 20th century can be considered as the one in which animal husbandry was 
established as an academic discipline. In these hundred years, numerous treatises on animal 
husbandry were published. Particularly in France and Germany, such as those by Sanson, Cornevin, 
Dechambre and Settegast to name a few, many of which were also translated into Italian by teachers 
from our schools. In Italy too, there are renowned zootechnical veterinarians who have written 
various treatises, including Baldassarre, Mascheroni, Marchi, Faelli, Chiari and Fogliata. After the 
First World War, agronomists also began to take an interest in zootechnics, and there was a lengthy 
debate as to whether zootechnics was a veterinary or an agronomic competence. Around 1930, 
artificial insemination received a great boost, along with the fight against bovine sterility, and 
thanks to the work of Prof. Bonadonna, veterinarian and teacher in Agricultural Faculty of Milano, 
a pioneer in this field, it became common practice on our farms after the war. Finally, after the 
Second World War, o longer be 
purely experiential but would also be based on a solid scientific method. The development of 
research also resulted in greater specialization of the areas of interest and with it an explosion of 
disciplinary areas that were formerly included in general and special zootechnics. Research in 
animal nutrition and feeding, feed technology, animal genetics, genetic improvement and 
zootechnical hygiene became more and more necessary and requested training courses. In the same 
moment pig, cattle, sheep and goat breeding emerged from special zootechnics. Avian and rabbit, 

such as fish production, that were once the almost exclusive prerogative of zoologists, are born. 



Around the 1970s-80s, the university was able to adapt its curricula to these changes. Since then, 
animal husbandry has evolved steadily, and with the advent of the Anthropocene like other 
knowledge, development has become exponential, enabling production achievements, in all sectors 
unimaginable until a few years ago. Today the complex world of animal production is worth about 
17 million euros, more than 30 percent of the agricultural production, and the concept of 

reached 150 million euros. Nevertheless, in a urbanized and post-industrial Society that prioritizes 
service aspects over productive ones, the animal husbandry will have to be able to meet the future 
challenges on the horizon. These include the environmental sustainability of intensive livestock and 
animal welfare, food safety and, more recently, the problems posed by the spread of novel foods 
and cultivated meat not forgetting the importance of safeguarding equitable farm income of 
livestock production. 
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It is imperative to comprehend the transformative impact of Artificial Intelligence (AI) on society, 
and, more specifically, its applications within livestock farming. Two contrasting perspectives can 
be identified: one that perceives the rise of AI as potentially disconcerting, and another that regards 
it as a pathway to an improved future. Regardless of these divergent viewpoints, it is contended that 
AI will fundamentally reshape both professional and personal domains. In doing so, it represents an 
evolutionary advancement from the scientific breakthroughs that characterised the industrial era, 
while simultaneously introducing a novel form of intelligence that exceeds conventional human 
capabilities. Initially, attention must be directed towards the progression from advanced data 
analysis to deep learning in livestock farming. Currently, AI applications in this sector primarily 
involve the processing of data acquired from multiple sensors, which is then integrated into 
statistical models to yield actionable insights. However, it is critical to emphasise that deep 
learning an advanced methodology that employs neural networks with numerous hidden layers
is anticipated to assume an increasingly significant role. Unlike traditional neural networks, which 
typically consist of an input layer, one or two hidden layers, and an output layer, deep learning 
architectures may encompass tens or even hundreds of layers, thereby facilitating the capture of 
more complex patterns and subtle nuances in the data. A review of A
farming reveals that the rapid pace of technological advancement means that contemporary cutting-
edge systems may quickly become outdated. This dynamic necessitates continual updates and the 
involvement of specialised professionals. Modern farms are progressively integrating the Internet of 
Things to collect data from both internal and external sources, thereby empowering AI systems to 
make informed decisions regarding a range of issues from selecting replacement animals and 
optimising feeding regimes to managing sales and purchases. The efficacy of these systems is 
contingent upon the quality of the data collected; robust, diverse datasets are essential for effective 
training of AI models, although such datasets remain relatively scarce. Notwithstanding these 
challenges, AI presents substantial opportunities to enhance operational efficiency, promote animal 
welfare, and augment productivity throughout the entire supply chain. AI has the potential to 
ameliorate management inefficiencies that lead to the wastage of resources by utilising real-time 
data to automatically adjust operational practices. For instance, by customising feeding protocols to 
the individual requirements of each animal, AI can reduce waste while enhancing overall efficiency. 
Moreover, through the monitoring of environmental parameters, such as land use, greenhouse gas 
emissions, and energy consumption, AI can contribute to reducing the environmental footprint of 
farming operations and bolster resilience against climatic stress. The capacity for early detection of 
health issues through continuous monitoring further underscores the transformative potential of AI 
in livestock management. Several prospective developments in AI-assisted livestock farming are 
envisaged. These include fully automated farm management systems that coordinate logistics, staff 
administration, and maintenance; advanced predictive analytics designed to pre-empt health and 
behavioural issues in animals; and personalised feed management systems tailored to the unique 
requirements of each animal. Furthermore, there exists the potential for refined genetic selection 
techniques that may accelerate livestock improvement. Nevertheless, these promising innovations 
are tempered by challenges such as data security concerns, issues regarding sensor reliability, the 
necessity for specialised skills, ethical implications, and substantial implementation costs. A 



substantial aspect of the discussion contrasts human decision-making with the computational 
capabilities of AI. Traditional farm management is predicated on human experience, intuition, and 
abstract reasoning, qualities that enable farmers to navigate complex and interrelated factors. In 
contrast, AI utilises exhaustive computational analyses to process vast quantities of data, generating 
extensive decision trees to identify the most advantageous outcomes. This divergence raises the 

-term prediction may eventually surpass human intuition, 
potentially relegating farmers to supervisory roles rather than active decision-makers. 
Although AI may ostensibly simplify certain tasks, its effective integration necessitates continuous 
learning and the acquisition of new skills. It is anticipated that specialised roles will emerge to serve 
as intermediaries between sophisticated AI technologies and day-to-day farm operations, thereby 
reshaping traditional work practices within the livestock sector. Broader societal issues such as 
global disparities in AI adoption warrant consideration. Disparities in economic, technological, 
and infrastructural capacities suggest that advanced nations with greater resources will be better 
positioned to harness AI, whereas less developed regions may encounter difficulties in keeping 
pace. Furthermore, energy availability is identified as a critical factor, reminiscent of past industrial 
revolutions in which resource abundance determined the pace of technological progress. AI 
governance also constitutes a key concern. At present, a limited number of multinational 
corporations primarily based in the United States and China dominate AI development and 
control extensive data storage infrastructures. This concentration of power raises significant issues 
regarding data privacy, geopolitical vulnerabilities, and the potential for market monopolisation. As 
reliance on AI within the farming sector increases, the establishment of stringent regulatory 
frameworks to protect confidential information becomes increasingly imperative. 
Finally, the delicate balance between trust and scepticism in the age of AI must be considered. The 

-making processes compels users either to trust its outcomes 
implicitly or to risk interfering with its performance. Drawing an analogy with the fictional AI HAL 
9000, this discussion cautions against the potential hazards of uncritical reliance on AI and 
questions whether humans will be able to maintain effective control over decision-making processes 
in the future. 
Although AI promises considerable benefits for livestock farming  ranging from improved 
efficiency and sustainability to enhanced animal welfare  it concurrently presents substantial 
challenges. As the computational power of AI continues to expand, there is a risk that human 
intuition and decision-making may gradually be supplanted, ultimately resulting in a future in which 
machines dominate operational processes. Addressing these challenges will necessitate careful 
attention to data quality, robust security measures, ethical considerations, and the development of 
comprehensive regulatory frameworks, thereby ensuring that the benefits of AI are fully realised 
without compromising essential human oversight. 
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Small-scale Black Soldier Fly (BSF) farming systems are becoming known as innovative and 
sustainable solutions for improving food security, managing organic waste, and strengthening 
livelihoods in rural and post-conflict regions of the Global South. This presentation explores the 
multiple sustainability benefits of BSF farming when implemented at the local level, focusing on its 
contributions to social inclusion, economic resilience, and environmental recovery. While the 
Insects for Peace initiative in Colombia serves as a central case study, the broader analysis draws 
from diverse experiences to highlight the transformative potential of decentralized BSF production 
systems. 
Through the bioconversion of food scraps, crop residues, and animal manure into protein-rich 
larvae and nutrient-dense frass, small-scale BSF systems close nutrient loops and improve 
agroecological performance. These systems offer a low-cost, high-impact alternative to imported 
feed and synthetic fertilizers, empowering farmers to reduce input costs and increase productivity 
using locally available resources. 
Socially, smallholder BSF farming fosters empowerment through capacity building, collaboration, 
and local innovation. In Colombia, the Insects for Peace initiative engages families in post-conflict 
territories to produce BSF larvae for feeding poultry and fish, while applying frass as fertilizer for 
crops. The model strengthens food sovereignty, reduces community vulnerability, and promotes 
reconciliation through shared agroecological practices. In Kenya, similar initiatives have shown that 
small-scale BSF systems can be adopted rapidly with minimal infrastructure, creating opportunities 
particularly for women and youth to take on leadership in circular farming. 
Economically, BSF farming allows farmers to diversify income by selling larvae, frass, or value-
added insect-based products. The use of local waste materials not only lowers production costs but 
also creates new markets around sustainable feed and fertilizers. In both Colombia and Kenya, these 
practices have led to increased farm efficiency, new entrepreneurship, and the emergence of micro-
economies rooted in sustainability. From an environmental perspective, BSF farming helps mitigate 
the negative impacts of waste by transforming it into valuable outputs. This process reduces 
methane emissions, decreases pollution, and restores soil health. The use of frass enhances soil 
microbial life, structure, and moisture retention, directly supporting climate-resilient agriculture. 
BSF systems also reduce pressure on ecosystems by offering alternatives to fishmeal and soymeal, 
two major drivers of deforestation and overfishing. 
Despite these benefits, small-scale BSF farming faces challenges related to regulatory gaps, market 
integration, and cultural acceptance. Clearer guidelines, inclusive policy frameworks, and 
awareness-raising initiatives are needed to unlock its full potential. Building alliances among 
governments, researchers, and communities can support its integration into formal agri-food 
strategies. Within the Global South, BSF farming offers a compelling entry point for transitioning 
towards circular, resilient agricultural systems. Its adaptability, simplicity, and synergy with 
existing farming practices make it particularly suited for rural and peri-urban contexts facing 
resource constraints. The Insects for Peace initiative exemplify how BSF can serve not only as a 
livelihood tool but also as a platform for rebuilding trust, cooperation, and ecological balance in 
post-conflict areas. Ultimately, while this presentation centres on BSF farming, it contributes to a 



broader call to recognize the value of insects in building sustainable and regenerative agri-food 
systems. Insect farming is not limited to feed or food, it has the potential to support ecosystem 
services, restore degraded landscapes, strengthen circular economies, and promote new social 
relations around sustainability. By optimizing the socioecological roles of insects, we can unlock 
innovative pathways toward agri-food systems that are more inclusive, equitable, and ecologically 
grounded. 
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future of confinement systems, including the farrowing crate for expectant and lactating sows. In 

would follow an appropriate transition period, after a robust scientific impact assessment as part of 

98/58/EC). Although the debate continues, it is clear that permanent crating of farrowing and 
lactating sows is not sustainable. Legislation already restricts farrowing crate use in Sweden (since 
1987), Switzerland (since 1997 with a 10 year transition period) and Norway (since 2000), while 
New Zealand, Austria and Germany have announced phasing out of farrowing crates by 2025, 2033 
and 2036 respectively. Several other countries in Europe have made pledges to reduce use of 
confinement systems, including preventing any new crates from being built (e.g. Denmark from 
2023, Finland from 2024, France from 2025) and may set national regulations to restrict use. There 
are also several market initiatives as well as national subsidies offering incentives to encourage 
uptake of high welfare systems. However, many EU members may wait to see what the EC propose 
following their initial response to the ECI. Whilst many producers have accepted changes are 
needed, they are concerned about making costly mistakes when installing a system. Decision 
makers need clear guidance on optimum systems, management and costs.  
Lack of clarity stalls progress and perpetuates use of systems with known welfare consequences, 
particularly for the sow, as close confinement prevents full expression of highly motivated nest-
building behaviors, disrupting hormonal modulation of farrowing and increasing stress. The 
physical restriction has been further exacerbated as modern hyperprolific sows and their litters are 
much larger than many crates were designed to accommodate. Reducing confinement has positive 
impacts for sows but also piglets, with improvements in maternal behaviour, colostrum quality, 
udder access and weight gain. To fully realize these benefits, 
pens, people and pigs. Whilst much research has been conducted on optimal pen design of 
alternatives, less attention has been given to optimizing pig selection and developing best practice 
approaches to support staff. These areas should be targeted with an effort to combine fundamental 
research with knowledge that can be gained from early adopters becoming more experienced with 
reduced confinement systems. Despite the extensive research into different systems there remains a 
lack of clarity on what works and what will be compliant in the future. There is also a lack of 
knowledge about the potential for long-term benefits of higher welfare systems for the pigs (e.g. 
sow longevity, piglet growth and health status) and how those translate into benefits for other 
stakeholders, including how this might impact on sustainability and food security goals.  
Transitioning from conventional farrowing crates to any alternative involves making a number of 
important decisions. Many of these decisions will involve trade-offs between the needs of the sow, 
her piglets, the farmer and other stakeholders (e.g. consumers) and various competing externalities 
(e.g. environmental targets). The decision making process is multi-layered. If a farmer chooses to 
transition from farrowing crates to an alternative system they will first decide should I retrofit an 



existing building or new build? The latter is likely to be the optimum choice, as space per sow place 
(square meters) should increase given the mismatch between conventional crates and the minimal 
spatial footprint they occupy and the size of modern hyperprolific sows and litters. In contrast to a 
farrowing crate which is designed for the sow not to be able to turn around, pens for free farrowing 
and for temporary crating must allow space for the sows to turn-around. The area needed depends 
on sow dimensions and how they dynamically move. Retrofitting a barn will require reducing the 
herd size to facilitate these basic requirements and is unlikely to be a long-term cost effective 
strategy.  
There are then specific decisions about the type of system and the fixtures and fittings within it that 
can impact on animal welfare, performance, as well as management routines and overall efficiency. 
Deciding on that minimum space is undoubtedly important but quality of space is equally important 
including details of design that can promote good maternal behaviors, good hygiene and facilitate 
efficient and safe working routines. This presentation has attempted to synthesise the latest evidence 
base with important practical insights from early-adopters of non-crate systems that will help 
farmers, industry stakeholders and policy makers navigate the transition process from crates to 
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Over the years, the request for consistent and widely accepted methods to quantify the 
environmental impact of the different production processes has grown. Several methods, tools and 
approaches were developed; among these, the Life Cycle Assessment (LCA) is the most adopted. 
The LCA approach allows a holistic assessment of the potential environmental impact of products, 
processes and services. Defined by two specific ISO standards (14040 and 14044) as well as by 
specific guidelines (e.g., Product Category Rules and Product Environmental Footprint category 
Rules), LCA is increasingly applied also to the agricultural sector, despite this method was 
originally developed for industrial processes where the quantification of the inputs and outputs 
characterizing the production processes is more straightforward. This poses additional challenges 
considering that in agricultural processes a detailed mapping of the consumed production factors as 
well as of the pollutant emissions into the environment could be problematic, in particular for small 
farms and small producers.  
Among the different agricultural production chains, the livestock ones are the most investigated 
with LCA. This is mainly related to the higher environmental impact of animal products with 
respect to vegetable ones. Despite this wide application to different livestock products (dairy, pig, 
poultry, small ruminants, aquaculture, insects, heliciculture) as well as to different rearing systems 
(e.g., conventional vs organic, intensive vs extensive), the LCA application to the livestock sector 
presents several weaknesses and limits. Some of these are intrinsically related to the LCA approach 
but some others are specifically related to the livestock sector. 
About the weaknesses and limits intrinsically related to the LCA approach the following aspects 
should be considered: 

 having been originally developed to evaluate the environmental performances of industrial 
processes, LCA is well designed and can be easily adopted to assess production systems 
characterized by a clear relationship between the consumption of production factors and 
productivity. This only rarely applies to agricultural production and, in particular, to 
livestock production. 

 LCA relies heavily on the availability of quality data across the entire life cycle. Incomplete, 
outdated, or poorly representative and/or localized data can lead to inaccurate results. The 
availability of representative data is not only a time and money demanding activity but 
sometimes it can turn out to be the immovable obstacle that prevents the execution of the 
study. LCA is based on data and consequently, in case of lack of data some peculiar aspects 
cannot be evaluated. This lack can refer to inventory data (e.g., variation of enteric methane 
emissions due to changes in the diet) or to characterization factors (e.g., for antibiotics) but 
in any case it can be solved only with additional research efforts.  

 Environmental impacts can vary significantly over time and across different geographical 
locations. LCA often struggles to capture adequately the temporal and spatial variability. 
Besides this, historical data may not accurately reflect current practices or technological 
advancements, potentially leading to outdated conclusions. 
 



Regarding the LCA application to the livestock systems the main weaknesses and limits are: 
 Livestock systems often serve multiple functions beyond food production, including nutrient 

cycling, maintenance of soil fertility, and social and cultural roles. Evaluating all these 
functions is crucial for a comprehensive assessment. Nevertheless, solving 
multifunctionality can require additional data and could introduce subjectivity and 
arbitrariness while reducing the comparability of the achieved results. 

 Some environmental impacts related to livestock activities are only roughly evaluated. For 
example, even if the impact of livestock systems on land use change, habitat loss, and 
biodiversity is significant, their assessment is still an unsolved issue in LCA. Other 
environmental effects related to livestock such as olfactory nuisance are not directly 
assessed and the odor impact can only partially be appreciated because some of the 
responsible substances also affect other environmental effects (e.g., NMVOC). 

 Ecosystem services and animal welfare are not directly considered in LCA, they can be 
appreciated only if they directly affect the productive performance of the system. Otherwise, 
their appreciation is related to the adoption of additional tools and assessment 
methodologies. 

 Despite the huge and continuous efforts of the LCA community, most of the LCA studies 
focused on livestock systems select mass-based functional units and, in this way, can only 
sparely evaluate the quality of the produced food.  

 
Despite the above-mentioned limitations, the LCA represents a powerful and irreplaceable approach 
to evaluating the environmental sustainability of the livestock sector. In fact, this approach presents 
also several strengths, among which the most interesting is that with the same dataset it allows the 
quantification of different environmental effects and the identification of trade-off among them. 
Furthermore, in all the agricultural sectors and, consequently, also in the livestock one, the adoption 
of innovative practices and technologies (e.g., precision feeding, manure management systems) can 
greatly affect environmental performance. In particular when the LCA application refers to the 
assessment of technical solutions, the study outcomes can be a reliable and valuable starting point 
for science-based choices that bring towards the realization of sustainable rearing systems. In this 
context, the aim of this contribution is to present concrete examples of the application of LCA to 
various technological mitigation strategies adopted in livestock systems. These case studies are 
intended to highlight not only the methodological challenges and limitations encountered during the 
environmental assessment, but also the strengths and added value that LCA can provide in this 
specific context. The analysis will explore how LCA has been employed to evaluate the 
environmental benefits of a range of innovative solutions  such as emission reduction systems 
during animal rearing and manure management, precision feeding and milking techniques, and 
novel approaches to the design and operation of livestock facilities. By critically discussing these 
examples, the contribution seeks to demonstrate the potential of LCA as a robust tool to guide the 
development of more sustainable livestock systems. Ultimately, it underscores the relevance of 
LCA-based evidence in supporting informed decision-making by both practitioners and 
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It is considerably more than a decade since Daniel Berckmans coined the phrase Precision 
Livestock Farming (PLF) to encapsulate the use of sensors and smart technology to assist livestock 
management. His concept envisaged that uniform management resulted in the majority of animals 

address that. Time has moved on. Have we achieved the goal of personalised and optimised 
precision management?  Sensors are now in widespread use not only for reproductive management 
but also for health and welfare improvement. Feeding is more sophisticted than it was. But to phrase 
the question a different way, is there still considerable variability between animals, with some 
operating more efficiently than others? I would contend that there undoubtedly is! Indeed I would 
go further and say that the goal of precision was at best overstated and at worst counterproductive, 

Computing Assisted Livestock Management, by which I mean the use of the same sensors and 
technologies to identify the individual cow(s) that are in most need of focused husbandry and 
provide the information about them that will allow the stockman or veterinarian to make the 

be known as Artificial Intelligence, AI. Furthermore, the route it takes to improved 
productivity/profitabilty is through imnproved health/wellbeing, so both farmer and animal benefit. 
In my view, we have come a long way towards that goal, and in a research sense most of the 
required capabilities are in place. Sensors are available to monitor many aspects of animal 
behaviour and performance, including numerous health and wellbeing related traits such as 
drinking, eating, ruminating and more. The factors that limit more widespread adoption of 
PLF/CALM are primarily at the commercial level rather than technological: to achieve a holistic 
approach one would need to combine data from several manufacturers, and for obvious reasons that 
is an exercise fraught with difficulty. Meanwhile, back at the research level the technologists are 

primarily barn-level video analytics that dissect the individual from the group, discriminating 
between th
cheaper to implement since one requires only one or a few video cameras per barn versus at least 
one sensor per animal. This may be false economy: a basic accelerometer (the technology at the 
heart of many sensors) costs cents rather than euros to produce, and most of the cost of sensor 
technologies is associated with the software development and data crunching elements (which are 
most probably greater in ambient sensing) rather than the hardware. Whatever the tool, adoption 
requires a business decision by the farmer, and in this regard there is a problem. Farmers have 
invested in reproductive management sensors not because they are convinced by the economic cost 
of culling barren cows (culling is often associated with necessary genetic progress) but because they 
have been indoctrinated into believing in the economic value of a short calving interval. Whether 
that is right or wrong, they have invested. For health, the reverse scenario applies. Consider 
mastitis.  From the farmers perspective, the cost is temporary lost milk and inconvenience, whereas 
the value of good health is an unknown. PLF/CALM developed reasonably quickly, but could have 



done so much more rapidly if animal scientists and computer/electronic engineers had learned to 

reasonably precise management, my hope is that we shall soon also learn to speak the same 
langauge as economists, so that as a tripartite we can get it over the line. 
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Compositional data (e.g. metagenomic data) come from non-negative variables expressed as 
proportions that add up to 1. In compositional data, when a subset of variables is extracted and re-
expressed as proportions that add up to 1, the relationships between the variables change, the 
correlations between them are no longer the same as in the full database; we say that there is no 
sub-compositional coherence. To avoid the aforementioned problems, compositional data is 
analysed as ratios, which do not present these problems. The logarithm of the ratio is used so that 
the data are on the real line, avoiding percentages, and the distributions are also more symmetrical. 
With p p(p 1)/2 log-ratios, 
but as in metagenomics there is an enormous number of variables, subsets of fewer dimensions 
trying to represent the full space are used. The simplest and least recommended, which is the one 
we will use, is the additive log-ratio (ALR), where the variables xi are represented with respect to a 
reference variable: log(xi/xREF). Another alternative (CLR) is to use the geometric mean G of the 
variables within each sample as a reference log(xi/G), thus centring the log(xi), and another 
alternative (ILR) is to use geometric means of subsets of variables log(Gi/Gk

These alternatives use p 1 or p log-ratios, much less than the p(p 1)/2 log-ratios of the full space. 

subcompositional coherence because each subset of variables has a different G. The ILR is 
isometric and has subcompositional coherence, but the balances are very difficult to interpret. The 
ALR has some advantages. If we choose an xREF having very little variability between individuals in 
the sample, comparing two log(xi/xREF) is almost like comparing two log(xi), something easier to 
interpret. The geometric mean G of the CLR is much more variable between individuals and that is 
why the CLR is not as easy to interpret. However, the ALR is not recommended because it is not 

p(p 1)/2 log-ratios and the result 
depends on the xREF selected. However, if we project the reduced space of the ALR created with an 
xREF 
the correlation of the coordinates of the individuals in both spaces is close to 1, therefore the two 
spaces have a similar geometry, and ALR is approximately isometric. In metagenomics, we find 
microorganisms with similar abundances in all individuals, and there are so many microorganisms 
that we are likely to find one that varies little between individuals and that simultaneously gives rise 
to a high Procrustes correlation between the coordinates of individuals in ALR and the full space. 
This is exactly what we have done; we have taken several metagenomic databases from different 
sources and for all of them we have found several possible variables that are candidates for 
reference variables, which allow us to work in a space that has subcompositional coherence and is 
approximately isometric, but with variables that are much easier to interpret. Once we have carried 
out the analysis with ALR, we face a new problem: metagenomic data usually has a large number of 
zeros. This may be due to a sequencing error, but more often than not it is because there are no such 
microorganisms in a particular individual, or in so low abundance that they cannot be detected. In 
any case, we cannot work with log ratios when there are zeros or with quotients when there are 
zeros in the denominator. By trying to solve the problem of compositional data we have created a 
new problem. Fortunately, we can prove that subcompositions expressed in proportions, are not that 
incoherent when the number of parts of the subcomposition is very large, as it happens in omics 



data, and therefore we do not need ratios or log-ratios. We can analyse the proportions in their 
current form, including all the zeroes.  
The problem of subcompositional coherence arises with -omics data, for example in metagenomics, 
where the number of microorganisms quantified in a sample can vary depending on the quality of 
the reference databases used to process the DNA. These databases are in continuous expansion as 
new microbial species are discovered. What we have done is to take a full file F with abundance 
data for many microorganisms and generate another reduced file R containing only 1/3 of the 
microorganisms from the previous one in the same individuals, taken them at random but weighing 
their abundance in the original file. With this we intend to simulate a realistic situation, in which a 
researcher starts his work with a file like R, but due to the improvement of the reference data bases, 
she introduces new bacteria until she arrives at the much larger file F. If we calculate the Pearson 
correlations between the variables in the F and R files, and the coefficient of concordance between 
variables, both are close to 1, indicating that the relative proportions of the variables are barely 
affected and we have approximate subcompositional coherence. Furthermore, projecting the R file 
onto the F file with a Procrustes analysis, the Procrustes correlations between the coordinates of the 
points are close to unity, and the Euclidean distances between variables in the F and R files are also 
preserved.  Finally, a number of common analyses on the microbiome, such as Alpha diversity, 
PLS, PCA, Random Forest, Alpha diversity or M-BLUP give the same results in the F and R files. 
These conclusions only apply to omics data, where a large number of variables are handled, so the 
problem of compositionality is diluted. It does not apply to other cases, such as fatty acid analysis 
or the relative composition of samples with few components. Some technicalities remain, such as 
the problem of having highly asymmetric variables (abundances), but this may be of little relevance 
when comparing means if sufficient data are available (the distribution of the mean is normal even 
if the original data are not), or it can be solved by other transformations that allow working with 
zeros. 
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The global demand for food of animal origin is projected to rise by 20-30% within the next decade, 
primarily driven by population growth and changing dietary preferences. This will likely result in 
the intensification of livestock production systems worldwide. However, the expansion of animal 
agriculture raises major concerns. These include environmental impacts such as greenhouse gas 
emissions, eutrophication, and excessive resource use; ethical issues concerning animal welfare in 
production, transport, and slaughter; and public health risks linked to nutritional meat quality and 
chronic disease incidence. In response, institutions like the FAO and WHO advocate for 
rebalancing protein intake between plant and animal sources (targeting a 50:50 split), whereas 
current Western diets in Europe derive about 65 70% of protein from animal sources. 
European consumption of animal products has plateaued or declined, except for poultry. This shift 

-
based diets and aims to reduce red and processed meat intake. Simultaneously, there is a rising 
consumer demand for ethically produced, environmentally responsible, and higher-quality animal 
products. Livestock production systems vary widely in their environmental footprints, welfare 
standards, and product quality, which influence consumer perception, health outcomes, and market 
value. Consequently, the livestock sector is under increasing pressure to transition towards more 
sustainable and welfare-friendly practices, including the growth of organic farming (with a goal of 
25% of EU farmland under organic management by 2030), reduced use of confinement and 
synthetic inputs, and increased reliance on outdoor access, biodiversity, and natural processes. 
Despite current trends, robust scientific evidence remains lacking on the sustainability and intrinsic 
quality of animal products across different husbandry systems. There is a clear need to better assess 
and communicate the safety, nutritional value, sensory qualities, and ethical attributes of animal-
sourced foods to support consumer choice, reduce food fraud, and inform policy. The INTAQT 
(INTegrity of food of Animal origin through a Quality Transition) project explores how livestock 
husbandry practices influence the intrinsic quality of animal products through a comprehensive, 
multi-criteria, science-
integrates product quality with sustainability and ethical considerations. 
INTAQT investigates beef, chicken, and dairy products from a broad spectrum of European 
husbandry systems, ranging from extensive (e.g., pasture-based) to intensive models. It adopts a 
participatory, multi-actor approach involving stakeholders from across the agri-food chain
including farmers, advisors, breeders, processors, retailers, scientists, certification bodies, and 
consumers. The project pursues four main objectives (1) develop models that quantify the impact of 
husbandry systems on key product quality traits (safety, nutrition, sensory attributes). (2) Co-create 
rapid, cost-effective analytical tools to predict intrinsic product quality and authenticate husbandry 
systems and animal genotypes. (3) Co-develop multi-criteria scoring systems to evaluate and 
compare product quality traits. (4) Promote and validate husbandry practices that consistently 



deliver high-quality, safe, healthy, and appealing animal-sourced foods aligned with both consumer 
expectations and sustainability goals. In addressing these aims, INTAQT contributes to the 
transformation of European livestock production toward systems that are productive, sustainable, 
ethical, and in line with modern societal values. This paper will focus on output from the INTAQT 
project. Specifically, the role of rapid technology in livestock systems in addition to how emerging 
tools and methods can help measure and improve sustainability will be explored. 
INTAQT is investigating cutting edge, rapid technology to assess meat quality (beef and chicken) 
and differentiate parameters such as production system, lipids, sensory quality and Meat Standards 
Australia (MSA) assessment. Rapid Evaporative Ionisation Mass Spectrometry (REIMS) is a very 
sensitive, ambient technique that requires minimal sample preparation. REIMS produces a chemical 
fingerprint if ionized compounds within a sample which is analysed in real time. The output from 
REIMS can be used to develop chemometric models by utilizing calibration and cross-validation 
datasets to predict various production parameters. The use of REIMS to assess and discriminate the 

Beef samples (n= 
518), from five countries (France, Spain, Switzerland, Italy and the United Kingdom) and spanning 
across a gradient of five production systems have been analysed using REIMS and chemometric 
models have been developed from the output. 
Another dimension of the INTAQT project is advancing the ability to measure the sustainability of 
livestock production systems. Sustainability in livestock production systems involves balancing the 
three interconnected pillars: environmental (GHG emissions, land and water use and biodiversity), 
economic, and social (public health, food security). Livestock systems are complex and vary widely 
in their impact across these dimensions, which is why robust, science-based assessment tools for 
measurement are essential. The INTAQT project advances sustainability measurement by 
integrating these pillars into its evaluations. One way in which sustainability is being assessed is 
through the measurement of Nutritional Life Cycle Assessment (nLCA). Synthesizing data from 
farm, pre- and post-slaughter and meat quality, nLCA integrates the nutritional value of food 
products with environmental impact, assessing sustainability through both health outcomes and 
resource use. Unlike traditional Life Cycle Assessment (LCA), which typically uses mass based 
functional units to express carbon footprint (e.g., kg C02e/kg of liveweight/deadweight), nLCA 
focuses on nutritional functional units to express nutritional density, such as omega-3 PUFA, 
protein content, protein quality (e.g., Digestible Indispensable Amino Acid Scores) and Nutrient 
Density Scores (NDS) per unit of product. This allows for a more holistic approach to evaluating 
sustainability in food production. 
As global demand for animal-sourced foods rises, addressing the environmental, social, and 
economic challenges of livestock production is of increasing importance. The INTAQT project 
advances how we assess and improve these systems through rapid technologies like REIMS and 
holistic sustainability measurement tools such as nLCA. These innovations support the shift toward 
transparent, sustainable, and ethically aligned food systems, helping consumers, producers, and 
policymakers make more informed decisions. 
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In recent decades, milk fatty acids have received a great deal of research attention due to their key 
role determining the nutritional quality of milk fat. The search for healthier animal-derived foods 
(i.e., richer in potentially health-promoting compounds for human consumers) has been one of the 
main drivers for the improvement of our knowledge on the fatty acid composition of the milk and of 
the digestive content (ruminal, omasal and duodenal) of dairy ruminants. However, although it is 
now recognized that there is a direct link between milk fat consumption and human health (mainly 
in relation to the presence of bioactive compounds), fatty acids are of great interest for animal 
scientists beyond the quality of final products. Firstly, fatty acids play a fundamental role as energy 
sources for the lactating (and non-lactating) ruminant. Secondly, some fatty acids are known to have 
biological effects not only on human consumers but also on the host animal (e.g., conjugated 
linoleic acids). Third, some milk fatty acids serve as biomarkers with application in research (e.g., 
to advance our knowledge of the ruminal environment and body metabolism) and in the dairy sector 
(e.g., as indicators of traits of interest in breeding programs).  
For this invited talk we will combine results from both the literature and from our research projects 
to summarize the state-of-the-art about the relationship between the fatty acid composition of milk 
and digesta and certain productive traits or metabolic characteristics of dairy ruminants and their 
ruminal microbiota. An example is the relationship between fatty acids and feed efficiency. The 
latter is a complex phenotype with physiological mechanisms that have yet to be unraveled, but data 
suggest that milk and digesta fatty acids might be proxies for discriminating the most efficient 
animals. In this regard, some studies in sheep and cattle suggest that a greater extent of ruminal 
biohydrogenation could be related to a higher efficiency of feed utilization, probably due to the role 
of biohydrogenation as a detoxification mechanism for microbiota. Nevertheless, further research 
would be needed to validate this link between biohydrogenation and feed efficiency under different 
conditions (e.g., basal diet, moment of lactation, etc.), which might contribute to explain the 
inconsistent results found in other studies. In addition, greater biohydrogenation extent would 
decrease the rumen outflow of unsaturated fatty acids and detrimentally affect their content in milk, 
leading to a contradiction between recommendations to improve feed efficiency and milk fat 
quality. To face the challenge posed by this contradiction, the knowledge gained over the last 
decades about biohydrogenation-induced milk fat depression might be useful. This syndrome may 
indeed be considered a valuable model to understand feed (in)efficiency and the relationship 
between this condition and milk fatty acid composition. Furthermore, it should be noted that 
ruminal biohydrogenation represents a rich source of fatty acids with potential implications for 
animal performance or health that are still poorly characterized (e.g., hydroxy- and oxo-fatty acids, 
conjugated linolenic acids, or minor trans fatty acids). Unfortunately, the advances in 
chromatographic techniques for the separation of fatty acids have not always been accompanied by 
the publication of more detailed lipid profiles because the attention is often focused on fatty acids 
with confirmed activity, excluding other fatty acids with unknown or unclear effects at the time. 
Further research would be needed to improve our knowledge of the biological effects of certain 
fatty acids present in milk fat, but uncommon in other foods, or commercially unavailable in pure 
form. 



Among the most characteristic lipids in ruminant milk fat are the odd- and branched-chain fatty 
acids. These fatty acids are largely derived from cell membranes of bacteria leaving the rumen and 
have therefore been examined as non-invasive markers of the rumen bacterial community and, by 
extension, of rumen function. This has encouraged research to characterize milk odd- and branched-
chain fatty acids responses to changes in diet composition, their use as predictors of rumen 
microbial protein synthesis, or the relationship between their content in milk and physiological 
factors of the host animal (e.g., lactation stage and parity), among others. Furthermore, the use of 
milk fatty acids as biomarkers of ruminal methane emissions has also gained interest in the last 
years. A review of the literature about this topic suggests that prediction models could be highly 
dependent on the level of detail of milk fatty acid analysis. Most studies only identify major milk 
fatty acids, without no evident scientific basis to exclude other compounds. In fact, in publications 
where detailed lipid characterization was conducted, equations usually contain minor 
biohydrogenation metabolites (e.g., cis-13 18:1, cis-15 18:1 or trans-11 cis-15 18:2), which 
highlights the relevance of avoiding oversimplified milk fatty acid profiles in scientific 
publications. Even if not all fatty acids seem of interest for the objective of a specific study, 
reporting lipid profiles that are as complete as possible contributes to improve the overall quality of 
the fatty acid-related literature, making it more adequate for future meta-analysis, modeling and 
retrospective studies. Finally, regarding the relationship between fatty acids and resilience, it is 
worth mentioning that to date there are still few studies available. In addition, published results are 
not always promising. In our research team we have investigated the resilience of dairy sheep to 
nutritional challenges, specifically feed restriction. These types of challenges are expected to 
increase in frequency and severity in the coming years (due to climate change and feed supply 
crises), but although we have observed that they induce very dynamic responses in fatty acid 
composition (and in other lipid biomarkers of the rumen microbiota, such as dimethylacetals), it is 
unclear to what extent they may be indicative of individual differences in animal resilience. 
Overall, the relevance of milk fatty acids in animal science goes beyond their role in determining 
the nutritional quality of milk. In some cases, however, their usefulness is not yet clear, as research 
is still at a preliminary stage. Targeted research on these issues could certainly help to advance our 
knowledge faster. In addition, a greater methodological effort to report more detailed fatty acid 
profiles (including compounds that a priori are not necessary for the specific purpose of a given 
study) would also be beneficial to provide information that can be useful in the future (e. g., for 
develope or validate prediction models). 
Acknowledgements: projects PID2023-146979OB-I00 (MCIN/AEI, Spain) and 202340E068 
(CSIC, Spain).  
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Oxidation can damage the nutrient quality of poultry diets, impiar the productivity of the birds, and 
decrease the nutritional, health and organoleptic qualities of poultry products. Biological oxidation 
as it relates to animal feeding and nutrition refers to the damage associated with the generation of 
free radicals  unpaired electrons that are reactive to other molecules. Lipid peroxidation typically 
occurs when a carbon-carbon double bond in a fatty acid degrades to generate a free radical, thus 
damaging the fatty acid.  The free radical molecule is highly unstable, and the damaged fatty acid 
containing the unpaired electron seeks to obtain an electron from another molecule. The radical then 
reacts with a second molecule, leaving a damaged original molecule, and a new, also unstable 
radical molecule, which in turn seeks to react with an additional molecule.  In this way, a chain 
reaction of oxidative damage occurs, until the unpaired electron reacts with an antioxidant, a 
molecule capable of donating an electron or absorbing the unpaired electron while itself remaining 
stable. 
Dietary fats and oils are susceptible to oxidation. The highly unsaturated nature of the fatty acids in 
some oils such as corn oil, soybean oil, canola oil, sunflower oil and fish oil make them particularly 
susceptible to oxidation. The high number of C-C double bonds in the fatty acid chains of highly 
unsaturated oils are prone to the development and propagation of free radicals. In feeds, free 
radicals generated primarily from lipid oxidation can participate in chain reactions that damage 
other lipid molecules, as well as proteins and vitamins, thus reducing the nutritive quality of the 
feed. In the body, free radicals can arise as a byproduct of normal energy metabolism and immune 
cell activity, as well as from consumption of oxidatively damaged lipids. Lipid membranes are 
particularly susceptible to oxidative damage, as are other biological molecules such as DNA, 
proteins and vitamins. Additionally, the free radicals and damaged nutrients can be absorbed from 
the feed and have deleterious effects on the productivity and health of the animal, and on the quality 
of the products. In the body, antioxidant molecules help to mitigate the negative effects of 
oxidation, and optimal health requires a balance of antioxidant function and free radical generation. 
Proper antioxidant protection is necessary to limit the damage caused by pro-oxidant molecules in 
the body.  Therefore, it is critical to minimize oxidative stresses induced by the feed, and provide 
antioxidant protection to the tissues of the animal. Heat stress increases the generation of free 
radicals and increases the demand for antioxidant nutrients. Heat stress causes alterations in 
intestinal barrier function, leading to increased bacterial translocation and inflammation. The 
inflammatory immune response involves the generation of pro-oxidant molecules used by innate 
immune cells to kill invading pathogens. Increased oxidation in muscles increases the incidence of 
myopathies such as woody breast and white striping defects, which reduces meat quality. 
Incorporation of high levels of polyunsaturated fatty acids, as well as oxidatively damaged fatty 
acids into adipose and muscle tissues can decrease shelf life and increase the occurrence of off-
flavours in poultry meat and eggs. Generally, the antioxidants that are most effective for preventing 
in-feed oxidation are different than those most effective at preventing in the vivo oxidation that 
reduces productivity and product quality. In-feed antioxidants tend to be based on compounds 
having one or more phenol groups.  Examples of synthetic in-feed antioxidants include ethoxyquin, 
butylated hydroxyanisole (BHA), butylated hydroxytoluene (BHT), tertiary butylhydroquinone 



(TBHQ) and propyl gallate (PG). Natural antioxidants are also usually based on a phenol group and 
include, but are not limited to, tannins, phenolic acids, chlorogenic acids, flavonoids, lignans and 
stilbenes. Some nutrients contribute to antioxidant function within the body of the animal through 
their roles in antioxidant enzymes and systems, such as copper, zinc, manganese, selenium, vitamin 
A, vitamin E and vitamin C. These antioxidant nutrients are usually ineffective at preventing in-feed 
oxidation, and may in fact have pro-oxidant activity in the feed. Generally, the antioxidant nutrients 
are most effective in vivo, whereas the phenolic-based natural and synthetic antioxidants are more 
effective in feed.  However, although the antioxidants with protective effects in feed, may also be 
active in the digestive tract and in addition may have carry-over effects to the animal itself. Vitamin 
E is a potent phenol-based in vivo antioxidant, that is sometimes used to stabilize feed, although it 
is much less effective than the synthetic antioxidants. There is some redundancy of antioxidant 
function, in that in some cases, low intake of an antioxidant nutrient can be compensated by 
increased intake of another antioxidant nutrient. 
Oxidation is a major concern for the poultry industry. Effective control of oxidation can increase 
poultry performance, health, and the wholesomeness and healthfulness of poultry products. 
Effective control of oxidation involves a knowledge of the susceptibility of feed ingredients to 
oxidation, and strategic selection of products to mitigate both in-feed and in vivo oxidation. It is 
critical to recognize that the products that are most effective in preventing oxidative damage to the 
feed and those effective in preventing oxidative damage in the body of the bird and in poultry 
products will likely be different. Therefore, an integrated approach to control oxidation before and 
after the feed is consumed. 
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Heat stress presents a substantial economic challenge for the agricultural sector, particularly in 
livestock production. As production demands escalate, pigs especially lactating sows become 
increasingly susceptible to heat-related stress. This vulnerability is largely due to elevated metabolic 
heat loads from growth demands, larger litter sizes, and lactation. Notably, the observed individual 
variability in heat stress responses suggests that genetic background may play a critical role in 
determining how sows cope with these challenges. Body temperature, changes in behavior related 
to feed and water intake, the amount of time spent lying or standing, and other coping mechanisms 
such as panting are typically used as phenotypic indicators of heat stress. Biochemical biomarkers 
such as cytokines or heat stress proteins in plasma can also be used to identify stress conditions. In 
several species, research has highlighted how heat stress induces changes in gut microbial 
communities related to structural composition, metabolic function, and metabolites. The 
overarching goal of our research is to understand how pigs' hologenome regulates and responds to 
heat stress, both to select for more tolerant individuals and to identify potential biomarkers for 
selection and management. 
In this study, we investigated the relationship between genetic background and the gut 
microbiome's response to heat stress in lactating sows. We performed metagenomic, 
metatranscriptomic, and metametabolomic analyses of the gastrointestinal tract of 25 multiparous 
lactating sows, genetically divergent for heat tolerance, and divided into two groups: heat-tolerant 
(HT, n=13) and heat-susceptible (HS, n=12). The sows were housed in farrowing crates within 
environmental chambers and exposed to cyclic heat waves. Sampling occurred at three time points: 
(T1) trial beginning, (T2) mid-trial, and (T3) end of trial. Bioinformatics and quality control (QC) 
were performed using ATLAS HUMANN 3.0 for metagenome analysis and XCMS for 
metatranscriptome and metametabolome analysis. Our analysis identified 835 metagenome-
assembled genomes (MAGs) and 7,383,614 genes linked to 399 KEGG-annotated modules. Alpha 
diversity values for HT and HS sows were as follows: 4.93 (HT) and 4.97 (HS) at T1, 5.17 (HT) 
and 4.95 (HS) at T2, and 5.35 (HT) and 5.04 (HS) at T3. PERMANOVA analysis revealed a 
significant effect of time x genetic background (p<0.01). Principal coordinates analysis (PCoA) on 
beta diversity and canonical correspondence analysis (CCA) separated groups according to time and 
genetic background. Differential abundance analysis revealed significant changes in 217 MAGs 
from T1 to T3, with 67 MAGs showing significant contrasts between sampling stages and genetic 
backgrounds: 14 at T1, 7 at T2, and 46 at T3. Significant MAGs belonged to the genera Bacillota, 
Bacteroidota, Spirochetota, Campylobacteriota, and Verrucomicrobiota. Notably, significant MAGs 
that were over-represented in HT individuals were associated with short-chain fatty acid (SCFA) 
production. These compounds are known to have anti-inflammatory effects, improve gut barrier 



function, and serve as stress buffers. Conversely, HS individuals were enriched in MAGs 
responsible for immune modulation (pro-inflammatory). Additional MAGs were associated with 
gut permeability. When considering genes and metabolic pathways, HT pigs showed higher 
metabolic capacity for cysteine and lysine biosynthesis, pathways related to antioxidant capabilities, 
and heat shock protein synthesis. Among the 9,942 detected metabolites, 143 showed significant 
differences, with 105 metabolites upregulated and 38 downregulated in HT pigs. Key findings 
include elevated levels of nitenpyram, all-trans decaprenyl diphosphate, Asp Asp, and N-
pentadecanoyl-L-homoserine lactone in HT pigs, indicating changes in energy metabolism, protein 
turnover, and gut microbiome dynamics. Principal component analysis (PCA) and orthogonal 
partial least squares discriminant analysis (OPLS-DA) revealed distinct clustering between HT and 
HS groups, with heat stress driving significant metabolic divergence. Hierarchical clustering across 
time points demonstrated sustained gut microbiome and metabolomic shifts in HT pigs and adaptive 
metabolic responses (e.g., alpha,alpha'-Trehalose 6-palmitate). Pathway analysis identified 
upregulated processes in HT pigs, including glycerophospholipid metabolism, fatty acid elongation, 
and linoleic acid metabolism, while pathways such as sphingolipid metabolism and insulin 
resistance were downregulated. Heat stress influenced lipid remodeling, emphasizing 
glycerophospholipid metabolism as a critical adaptive mechanism for maintaining membrane 
stability. These findings underscore the potential influence of genetic background on microbiome 
responses to heat stress, highlighting pathways for future research aimed at improving heat 
tolerance in pigs. This work is supported by the foundational and applied science program, project 
awards 2020-67015-315375, 2022-67015-30319 and 2023-67015-39563 from the U.S. Department 
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Precision Livestock Farming (PLF) is a rapidly emerging interdisciplinary field that integrates 
animal science, data analytics, engineering, and information technology to optimize livestock 
management through real-time monitoring and automated decision-making. Initially conceptualized 
in the early 2000s as an extension of Precision Agriculture, PLF aimed to enhance productivity, 
animal health, and welfare while minimizing environmental impact and reducing labor costs. Over 
the last two decades, the theory of PLF has evolved significantly, and its transition to practical 
applications is gaining momentum globally. However, the journey from theory to practice remains 
complex, necessitating a deeper understanding of technological, biological, socio-economic, and 
ethical dimensions. 
At the core of PLF are sensor technologies and data-driven tools designed to capture and analyze 
behavioral, physiological, and environmental parameters of livestock in real-time. Wearable 
sensors, video imaging systems, RFID tags, accelerometers, thermal cameras, and IoT-enabled 
devices allow continuous and non-invasive monitoring of individual animals. Data collected 
through these means is processed using advanced algorithms, artificial intelligence (AI), and 
machine learning (ML) to detect anomalies, predict disease outbreaks, optimize feeding regimens, 
manage reproduction, and support welfare assessments. 
From a theoretical standpoint, PLF is grounded in the concept of the "4Rs" providing the right 
treatment, to the right animal, at the right time, and in the right way. This principle has informed the 
development of dynamic models for precision feeding, automated milking systems, early disease 
detection (e.g., mastitis, lameness), and behavior-based welfare assessment tools. The integration of 
digital twins virtual representations of physical livestock further enhances predictive 
capabilities, allowing farmers to simulate various management scenarios and assess their impact 
before implementation. 
Despite the promising theoretical frameworks, the practical implementation of PLF faces several 
barriers. These include high initial investment costs, limited digital infrastructure in rural areas, data 
ownership and interoperability challenges, and resistance to change among traditional farmers. 
Moreover, the reliability and accuracy of some sensor systems in field conditions vary significantly, 
affecting trust and adoption rates. Ethical concerns related to animal surveillance, data privacy, and 
potential job displacement due to automation also warrant critical reflection. 
In practice, the adoption of PLF is uneven across livestock sectors and geographies. The dairy 
industry has been a frontrunner, particularly in high-income countries, with widespread use of 
automatic milking systems (AMS), estrus detection sensors, and health monitoring collars. In 
contrast, the pig and poultry sectors have seen slower uptake, although innovations like 
environmental control systems, camera-based weight estimation, and sound-based respiratory health 
monitoring are gaining traction. Recent efforts to apply PLF in extensive systems, such as pasture-
based beef and sheep production, are also expanding, supported by GPS tracking and satellite-based 
monitoring tools. 
One of the key success factors in translating PLF theory into practice is stakeholder collaboration. 
Multi-actor innovation platforms, involving farmers, researchers, technology providers, 
veterinarians, and policymakers, are instrumental in co-designing user-friendly and cost-effective 



solutions. Additionally, education and training programs tailored to different user groups can bridge 
knowledge gaps and foster digital literacy in the livestock sector. 
From a research perspective, PLF offers immense potential to generate new insights into animal 
behavior, welfare, and physiology. It enables longitudinal studies at individual animal levels, 
contributing to precision phenotyping and genomics. Furthermore, real-time data analytics supports 
proactive management strategies, shifting the paradigm from reactive to preventive livestock 
farming. 
Looking ahead, the convergence of PLF with other technologies such as blockchain, 5G 
connectivity, robotics, and edge computing is poised to transform livestock systems into smart, 
sustainable, and resilient enterprises. Policymakers and funding agencies are increasingly 
recognizing the role of PLF in achieving food security, climate goals, and animal welfare standards, 
thus encouraging further investment and regulatory frameworks. 
In conclusion, Precision Livestock Farming is not merely a technological advancement but a 
paradigm shift in how livestock are managed, monitored, and understood. While theoretical 
foundations are well-established, scaling PLF from pilot projects to mainstream agricultural practice 
requires integrated strategies that address technical, economic, social, and ethical challenges. By 
fostering collaboration across disciplines and sectors, and by focusing on farmer-centric 
innovations, PLF can fulfill its promise of transforming livestock farming into a more sustainable, 
efficient, and humane system. 
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The first animal welfare laws, dating from the 19 th century, focused on the need to ban cruelty 
against animals. During the second half of 20 th century, the absence of suffering was the main 
driver for animal welfare (see for instance the Brambell report). Measures were taken at European 
level (by the Council of Europe and the European Union) to prevent animal suffering. For instance, 
small individual crates were banned for calves and stunning was made compulsory at slaughter. 
Again, the five freedoms insist on the negative aspects that must be avoided: they state that animals 
must be fed in a way to avoid hunger, that injuries, diseases or distress must be avoided, and that 
animals must be able to express certain behaviours. At that time, some authors indicated that 
welfare is more complex than absence of cruelty and suffering, and that the motivations of animals 
must be taken into account. More recently, it was argued that animals can also enjoy positive 
experiences, such as comfort, pleasure, and joy. The concept of positive animal welfare has been 
recently proposed to capture a state where positive experiences predominate. But is the valence of 
the environment the fact that positive stimuli (e.g. good food, comfortable lying area) predominate 
over negative ones (e.g. painful stimuli, removal of preferred partners)  enough to determine 
welfare? We argue that valence but also complexity of the environment and the possibility to act 
purposefully play also a role in determining welfare. Animals display signs of boredom when 
maintained in unchanging environments, even if they fulfill their basic needs. By contrast, they 
express and develop agency in environments offering possibilities to act efficiently. While valence 
of the environment is essential to ensure good welfare, it may be insufficient if the environment 
does not offer complexity and possibility to act. For the latter two notions, however, there might be 

information and to act on its environment. We will revisit the literature on animal welfare and 
mental states along these lines to propose a new approach to animal welfare. 
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Due to its nutritional characteristics, the horse is adapted to the continuous intake of small amounts 
of forage. During 24-hour pasturing or hay feeding ad libitum, horses show numerous feeding 
periods (10-15) within a day, and periods without feed intake do not last longer than 3-4 h. To cover 
the specific need to chew and to ensure physiological conditions in the gastrointestinal tract, a 
minimum amount of forage of 1.5-2 kg dry matter (DM) per 100 kg body weight (BW) per day is 
recommended in performance horses. However, due to dryness with high ambient temperatures or 
numerous rainfalls already at the beginning of the main vegetation period in spring, a shortage of 
forage is an increasing issue of concern in horse nutrition. In consequence climatic changes demand 
forage alternatives for sport horses. 
Reduce nutrient losses by harvesting! Forage production relies directly on weather conditions, being 
particularly vulnerable to periods of drought or rainfalls, with considerable impacts on production 
i.e., on the length of the growing period, productivity and quality of forage and pasture. To 
overcome the main negative impacts of climate changes, it is necessary to identify and evaluate 
adaptation measures, namely the selection of varieties and cultivars that are better adapted for the 
future.  
All tools that are suitable to harvest forage without significant nutrient losses (i.e. early first cut in 
the beginning of blossom, cutting length > 6 cm) and without further contamination (e.g. soil) 
should be considered on the field. In order to reduce high nutrient losses during meadow hay 
production, i.e. the so-called crumb losses during soil drying by turning and swathing on the field, 
artificial drying processes are an interesting option in which investments should be made in the 
future. For meadow hay, under-roof drying with cool or warm air is recommended. The cuttings are 
first pre-dried to a residual moisture content of 30 % on the field. In the following, the drying 
process to a residual moisture content of 10-14 % should be done by under-roof drying. For the 
post-drying process waste heat from biogas may provide the necessary heat supply of 5-10°C > 
ambient temperature. In this way, the nutrient losses can be significantly reduced.  

-called storage stability is 
achieved. This means that losses due to microbial spoilage i.e. by bacteria, fungi and yeasts can be 
prevented during storage as the growth of microorganisms is suppressed by the withdrawal of 
water. 
In addition to sufficient drying, the storage of feedstuffs also needs special attention. Contamination 
of forage by dirt, rodents and storage pests can lead to spoilage during storage. Clean storage areas 
protected from moisture and rodents protect the dried forage from spoilage. 
Avoid luxury consumption. The daily forage intake in sport horses should be adjusted to a daily 
intake of 1.5-2 kg DM per 100 kg BW. It should be avoided that forage are mixed with the litter and 
thus removed unused when mucking out. Innovative feeding techniques, i.e. time-controlled access 
to forage enable a high meal frequency despite restrictive allocation of forage. If such feeding 
techniques are not available, the meadow hay or haylage can be offered in a hay net. A hay net 
should also be stretched over hayracks on paddocks or pastures in order to minimise both the luxury 
consumption and the forage losses in front of the rack.  



Hay steaming or soaking? The premise is to produce meadow hay with a low microbial 
contamination. Hay steaming can significantly reduce contamination with bacteria, fungi and 
yeasts, so the use of hay steamers should also be taken into account. However, it should be noted 
that nutrients such as sugars are lost through steaming. Additionally, data about hay steaming 
showed that protein availability, especially lysine, is reduced by heat reactions, i.e. the reaction of 
lysine with sugars. The availability of sufficient amount of protein is extremely important in sport 
horses as protein is used as an energetic substance during exercise and sufficient protein is 
necessary for protein synthesis after a strenuous workload.  
Soaking meadow hay for 30 minutes, whereby the hay must be completely soaked in water, also 
leads to a significant reduction in bacteria, moulds and yeasts. However, nutrient losses (sugars, 
proteins and minerals) must also be taken into account during hay soaking. 

Medicago sativa) is a deep-rooted, drought-tolerant 
legume that will gain importance in sport horse nutrition with increasing climate changes.  
Alfalfa is characterised by high protein, calcium and magnesium contents. However, harvesting of 
alfalfa is difficult, as the structure as well as the nutrient contents of the plant create unfavourable 
conditions for forage preservation. On the one hand, soil drying leads to high losses of the valuable 
leaf mass, on the other hand, air drying is energetically expensive. The highly buffering nutrient 
content and the difficult-to-compact structure of alfalfa also result in unfavourable ensiling 
properties which requires special attention to the ensiling process. In future, more attention should 
be drawn on harvesting methods and feeding techniques to achieve optimal conditions using alfalfa 
hay or alfalfa silage as a forage source in equine nutrition. 
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The last century has been characterized by enormous changes that have no parallel in the history of 
humanity. The human population has gone from 1 billion to 7 billion thanks to important scientific 
and technological discoveries and their applications. Dogs and cats, initially often provided a 
contribution to research and subsequently they benefited from the acquired scientific knowledge 
and its practical application. 
The first studies on dog nutrition date back to 1700: Francois Magendie (1783-1855) identified the 
role of nitrogen in dogs; Max Josef Pettenkofer (1818-1901) published one of the first works on dog 
nutrition in 1864. Later, Casimir Funk (1884-
1932 Max Kleiber (1893-1976) identified the first equation for determining energy requirements as 

of misinformation probably higher than that regarding other species, with the result that many 

filled by works such as those of the National Research Council (publications of 1974, 1985, 2006), 

publications. In Europe, FEDIAF has been updating the nutritional requirements of dogs, cats and, 

on pet nutrition were introduced in Italian Faculties of Veterinary Medicine and dedicated scientific 
societies were founded: SCIVAC, AIVPA, SIANA in Italy and ESVCN in Europe. Alongside 
animals specific studies, others, relating to food processing technologies, have emerged and have 
allowed the birth of specialized industries. The most striking examples concern the manufacture of 
wet foods through large-scale sterilization and that of dry foods through extrusion. Both have the 
purpose of preserving perishable products over time; extrusion has also the purpose of making them 
more digestible and chewable. The two technologies share the use of temperature, but with different 
times and quantities: sterilization uses longer times, extrusion very short times and, sometimes, 
higher temperatures. Many studies have investigated their effect on the elimination of pathogenic 
organisms and anti-nutritional factors, as well as the impact on the persistence of vitamins, with 
more than satisfactory, but often unknown, results. Little by little, thanks to new scientific and 
technological discoveries, and the evolution of our society, pre-packaged foods have gained new 
admirers with consequent increases in market shares, which went from 254 million euros in 1985 to 
1000 million in the early 2000s and, in 2022, to 2,419 million foods for dogs and cats plus 12 
million for other animals (birds, fish, small rodents...). There are 12 million Italian families 
interested in shopping (46.9% of the total). The number of pets in the family has also risen, reaching 
a total of 64.8 million, distributed as follows: dogs 8.7 million, cats 10.1, small mammals 1.8, 
reptiles 1.4, birds 12.9 fish 29.9. More than the number, the care for these animals, which have 
become true members of the family, has increased. This complex of phenomena had a strong impact 
on the veterinary professional who, in the meantime, had an increment in the number of graduates. 



Between 1880 and 1980 the number of members of the professional order had grown from 1972 to 
6300, but with a substantially stable relationship with the Italian population (1:10,000). Since then 
there has been an exponential increase in the number of members to 35,350 with a ratio of 6:10,000 
and a progressive increase in women (37.4% in 2008 and 49.17% in 2024). Pets have contributed to 
limiting the crisis in professional practice and increasing the activity in nutritional counselling. The 
recruitment of veterinarians by the feed industry has contributed substantially to the spread of 
scientific knowledge about nutrition, playing a fundamental role in the prevention and treatment of 
many diseases. These are often the work of veterinarians working in the feed and supplement 
industry and find their way into many areas: Research and Development, Registration and 

much has been lost at the professional level, but much has also been gained.  
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In recent years, sustainability has become a key concept in the aquaculture sector, reflecting the 
growing global awareness of the need to protect natural resources while meeting the rising demand 
for aquatic food products. Among the various aspects of aquaculture being re-evaluated through a 
sustainability lens, fish nutrition and feed formulation stand out as critical areas of innovation and 
transformation. Traditionally, fish feed formulations have relied heavily on fishmeal and fish oil, 
both of which are derived from wild-caught fish. These ingredients are valued for their high-quality 
protein content and essential fatty acids, particularly omega-3s like EPA (eicosapentaenoic acid) 
and DHA (docosahexaenoic acid), which are vital for the growth and health of farmed fish. 
However, the overreliance on these marine-based resources has raised serious environmental and 
ethical concerns, such as overfishing, biodiversity loss, and pressure on marine ecosystems. Due to 
these concerns, and in response to the growing demand for certified sustainable aquaculture, the 
industry has been steadily reducing the inclusion of fishmeal and fish oil in feed formulations. 
Instead, the sector is increasingly turning to alternative sources of protein and lipids that are more 
environmentally friendly and economically viable. A notable development in this transition is the 
shift in the source of fishmeal and fish oil. Rather than using whole wild fish, many feed producers 
now rely on by-products from fish processing, such as heads and trimmings, to produce these 
ingredients. This approach not only reduces waste but also helps to relieve fishing pressure on wild 
stocks. However, this change also leads to variability in the nutritional composition of fishmeal and 
fish oil, which must be carefully evaluated to maintain feed quality and meet the nutritional 
requirements of farmed species. In parallel, a wide range of novel and alternative protein sources is 
being introduced into aquaculture feeds. These include: 

- Animal by-products, such as poultry meal, poultry blood meal, hemoglobin powder, and 
hydrolyzed feather meal. These ingredients are derived from slaughterhouse waste and offer 
high protein content with a relatively low environmental impact, especially when produced 
under strict sanitary and quality standards. 

- Single Cell Proteins (SCP), which are produced from microorganisms like bacteria, yeast, or 
fungi. These proteins can be cultivated on various substrates, including agricultural waste or 
industrial gases (e.g., methane), making them highly sustainable. SCPs offer excellent 
nutritional profiles and are free from many of the environmental and ethical issues 
associated with animal- or fish-derived ingredients. 

- Insect meal, especially from species like the black soldier fly (Hermetia illucens), is gaining 
attention as a promising alternative. Insects are natural components of many fish diets in the 
wild, and insect farming can be done using organic waste streams, making it a circular and 
efficient process. Insect protein is rich in essential amino acids, fats, and micronutrients, and 
it has a low carbon footprint. 

As feed formulation evolves, lipid sources are also undergoing significant changes. One of the most 
promising innovations is the use of algal oil. Produced from marine microalgae, algal oil is a plant-
based source of long-chain omega-3 fatty acids, including EPA and DHA. It represents a 
sustainable and scalable alternative to fish oil and can be used to maintain the nutritional quality of 
farmed fish for human consumption. However, the adoption of these innovative raw materials is not 
without challenges. Beyond nutritional adequacy, it is essential to ensure that these ingredients are 



homogeneous, traceable, safe, and available in sufficient quantities to meet the growing global 
demand. Feed manufacturers and aquaculture producers must also consider factors such as 
digestibility, palatability, processing requirements, and potential impacts on fish health and product 
quality. Another crucial aspect is the regulatory framework and consumer acceptance. The use of 
novel ingredients, particularly those derived from insects, animal by-products, or microbial sources, 
may face regulatory restrictions in some regions or hesitancy from consumers. Therefore, 
transparency, proper labeling, and education are essential to facilitate broader adoption. In 
conclusion, the future of sustainable aquaculture will increasingly depend on the innovation and 
diversification of feed ingredients. Moving away from finite marine resources and embracing a 
wide range of alternative proteins and lipids such as fish processing by-products, animal-derived 
proteins, single-cell proteins, insect meal, and algal oil offers a viable path forward. These 
alternatives not only support environmental sustainability but also contribute to the economic 
resilience and nutritional efficiency of aquaculture systems. By investing in research, improving 
feed formulations, and scaling sustainable raw material production, the aquaculture industry can 
continue to grow responsibly, providing healthy and nutritious seafood to a growing global 
population without compromising the health of our oceans. 
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Genotype imputation is a widely used practice in modern genomic research, enhancing the precision 
of both genomic selection and genome-wide association studies. This study evaluates the 
effectiveness of genotype imputation in the Italian Mediterranean Buffalo (IMB) using the Beagle 
v. 5.5 software. The dataset comprised 3,120 individuals and 52,917 SNPs. A series of simulations 
were conducted by introducing missing data at both the SNP and individual levels. To assess the 
impact of missing data, 5%, 10%, 20%, and 30% of animals were randomly selected, and within 
each group, 5%, 10%, 20%, and 30% of SNPs were systematically removed. For each percentage of 
missing data, 20 replicates were performed. The accuracy of the imputation was evaluated by 
comparing imputed genotypes with the original dataset using metrics such as imputation accuracy 
and the --genome command in PLINK v. 1.9. The analysis focused on three key metrics: the 
proportion of loci with completely different genotypes (Z0), loci with one shared allele (Z1), and 
loci with two identical alleles (Z2). For identical samples, Z0 is expected to be 0, and Z2 should 
equal 1. Beagle demonstrated exceptional performance across different levels of missing data, 
achieving an imputation accuracy exceeding 95%. This was corroborated by a Z2 value of 99.82%. 
Z1 indicates that 0.18% of the individuals shared an allele, therefore, out of a total of 52,917 SNPs, 
the discrepancy was 0.12%. In conclusion, this study confirms the feasibility and reliability of 
Beagle for genotype imputation in the IMB population. These findings underscore its potential to 
refine genotype panels and enhance the accuracy of genomic selection in livestock populations. 
Research supported by ITALIAN MINISTRY OF AGRICULTURE (MIPAAF  DISR07). Project: 

Bufaline-  
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Climate change poses a critical global challenge, with the livestock sector contributing significantly 
to greenhouse gas (GHG) emissions, particularly methane (CH ) and carbon dioxide (CO ). Dairy 
cattle, as a major source of enteric methane, play a pivotal role in the environmental footprint of 
agriculture. A potential method to reduce CH  emissions in dairy cattle is through genetic selection. 
Building on previous research indicating that breeding and selection in dairy bulls can influence the 
phenotypic expression of traits in their progeny, this study evaluated CH  and CO  emissions and 
feed intake in 194 growing Holstein bulls, addressing a gap in research that has primarily focused 
on cows. Between March 2018 and November 2024, a Greenfeed system collected a total of 3,578 
valid CH  and CO  records. Feed intake was recorded using five Roughage Intake Control (RIC) 
systems, capturing 8,307 feed intake records from 258 bulls. Additionally, 2,748 live weight records 
were collected from 586 bulls in the same time span. Genotypic data was obtained on various 
medium density chips and then imputed to 70K SNP markers following quality control. Genetic 
analyses were conducted using a ssGBLUP mixed model, with variance components and genetic 
parameters estimated with the BLUPf90 software platform. Heritability for CH , feed intake, and 

was obtained by correcting the GEBV for feed intake with live weight. The moderate heritability 
shown by methane and the growing traits indicates that genetic progress through selection is a 
viable means to reduce the environmental impact of dairy cattle.  
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Genotype-by-environment (GxE) interactions are sometimes of sizeable magnitude and can 
consequently affect significantly the accuracy of genetic and phenotypic predictions. This is 
especially relevant under climate change and for dairy cattle, given the worldwide range of breeding 
populations. Several methods have been proposed to account for GxE interactions in genetic 
models, from multiple-trait models to reaction-norms. In this work, we propose to use the 
enviromics approach, which is based on the measuring of environmental covariables (envirotyping) 
that provide an environmental relatedness matrix: together with the kinship matrix, this approach 
can better capture the covariance between records and GxE interactions compared to the modelling 
of environments as all-encompassing black boxes. As a first preliminary step, we estimated the size 
of GxE interactions in Holstein-Friesian dairy cattle. We took the average milk production records 
of the daughters of 611 sires from three territories in Northern Italy, in the year 2021: Cremona, 
Mantova and Cuneo. The kinship matrix was estimated from pedigree records. Days in milk, the 
average age of cows, the month and day of milk recording and the number of days from the latest 
insemination were used as systematic effects. A linear mixed model that treated milk from each 
environment as a separate trait was fitted to the data. The MCMC method implemented in the 
BGLR R package was used to solve the model. Heritability estimates ranged from 0.43 to 0.49, 
while genetic correlations ranged from 0.367 to 0.414. These results indicate the presence of 
significant GxE interactions that should be accounted for in genetic models. The collating of 
environmental descriptors is currently in progress and, when completed, it will allow us to construct 
the environmental covariance matrix. This enviromics approach will be benchmarked against 
traditional strategies for the modelling of GxE interactions in terms of i) the estimation of breeding 
values and their ranking across environments, and ii) the accuracy of phenotypic predictions across 
environments. 
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Until now, little is known about calf survival during the rearing period. In Italy, over 20% of female 
calves do not reach first calving (ANAFIBJ database, 2024). Reducing calf mortality is crucial for 
ensuring economic stability and enhancing animal welfare on commercial dairy farms. The death of 
calves and young stock during the rearing period leads to revenue losses, fewer replacement heifers, 
increased veterinary expenses, and a decline in animal welfare. The aim of this preliminary study 
was to investigate environmental factors affecting calf mortality as a first step towards including 
calf survival in genetic evaluations of the Italian Holstein population. First, we analysed data stored 
in the national database which includes information of 5,220,084 cows born between 2010 and 
2024. From these we selected data on 1,040,678 females with a recorded death date exceeding 48 
hours (to exclude stillborn calves) and no calving date. Animals with a death date exceeding 36 
months and without calving date were removed (n= 109,175). Using the available data on birth and 
death dates, it was possible to calculate the age at death, expressed in days. This allowed us to 
identify the age ranges in which calf mortality is most frequent (2-90 days, 90 days-12 months, 12-
24 months, and 24-36 months). This analysis was conducted both at national and at farm level. At 
the national level, the analysis revealed that the most critical period is the age range between 2 and 
90 days, with losses reaching 10% in 2023. However, at the farm level, the values varied 
significantly, primarily due to differences in management practices. Hence, we wanted to develop a 
farmer-oriented service to be integrated into ANAFIBJ HerdUp platform. This service will provide 
actionable insights and management tools to improve calf care and survival rates at farm level. 
Moreover, our aim is to establish a genetic evaluation for calf survival, enabling farmers to include 
survival as a selection criterion in their breeding programs. This preliminary study highlights the 
critical need to address calf mortality during the rearing period and serve as a foundation for further 
research and practical applications at farm level. Further investigations are required in order to set 
up a genetic and genomic evaluation for calf survival. 
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Mastitis is currently one of the most impacting issues on the profitability and the sustainability of 
dairy farming. Somatic cell count (SCC) has been used for years as an indicator of udder health to 
support mastitis monitoring in dairy cows. However, despite its wide use on assessing milk quality, 
SCC does not allow to distinguish specifically the different cell populations involved in the 
inflammatory process of the udder. For this reason, differential somatic cell count (DSCC) has been 
introduced as a new trait which can be recorded routinely in dairy herds, just like SCC. Since DSCC 
represents the percentage of polymorphonuclear neutrophils (PMN) combined with lymphocytes on 
the total of somatic cells, it allows alongside SCC a faster and more accurate distinction between 
cows with healthy udders and those affected by either acute or chronic inflammation. So far, DSCC 
has been analyzed in a limited number of studies, mostly conducted in the Holstein breed. 
Therefore, the aim of this study was to investigate the variability of  DSCC and SCC traits in Italian 
Jersey dairy cattle breed to provide a foundation for future studies. Data were collected from a 
population of 5,941 Jersey cows registered in the ANAFIBJ herdbook and reared in 484 Italian 
herds during a period spanning from 2015 to 2023. A linear model was tested to explain the 
variability of DSCC and SCC according to parity. The results show an increasing trend in SCC and 
DSCC as parity rises, aligning with the higher risk of infection associated with increased parity. 
Older cows are generally more vulnerable to inflammation or infection due to a decline in immune 
function and heightened metabolic stresses. Moreover, ROC curves were produced to determine the 
best cut-off values of DSCC for assessing the status of udder health when combined with SCC 
(below and above 200,000 cells/mL). Thus, for each interaction between parity and month of 
lactation an optimal cut-off value of DSCC was determined. One of the best ROC curves was 
estimated for the interaction between parity 2 and month of lactation 1: this showed an optimal cut-
off value of 65.85% DSCC and an AUC of 0.847 (978 healthy and 314 sick animals). ROC curves 
proved to be a valuable tool for enhancing herd management. A robust predictive model based on 
differential cell count helps to avoid unnecessary treatments. This could be further supported by 
comparing the DSCC cut-off values derived from the ROC curves with those obtained using 
mastitis diagnosis as the gold standard. 
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Marchigiana, Chianina, and Romagnola are three Italian autochthonous beef cattle breeds that have 
been historically selected for meat production. Recent advancements suggest that using genomic 
data and multi-breed models to combine information from different populations may help to 
increase the accuracy of genomic predictions, particularly when the available data per breed is 
limited. This study aimed to evaluate and compare the accuracy of genomic predictions for average 
daily gain (ADG) in the three Italian breeds, evaluating if multi-breed models could increase the 
predictability. Different scenarios were validated using a dataset including phenotypes recorded on 
5,303 young bulls of the three breeds during performance test, along with their pedigree containing 
23,793 individuals, 4,593 of them being genotyped. The implemented scenarios were: pedigree Best 
Linear Unbiased Prediction (pBLUP) and single-step Genomic BLUP (ssGBLUP) single-trait 
single-breed evaluations; pBLUP and ssGBLUP single-trait multi-breed evaluations where ADG 
was considered as the same trait across all breeds, and ssGBLUP multi-trait multi-breed evaluations 
where ADG was considered as a different correlated trait across breeds. In addition, single- and 
multi-breed ssGBLUP evaluations were implemented including weight at one year of age and 
muscularity as correlated traits to ADG in a multi-trait approach. Results highlighted that the 
inclusion of genomic data improved the accuracy of prediction models (0.29-0.37 versus 0.27-0.30). 
Moreover, single-trait multi-breed scenarios, where ADG was considered as the same trait, resulted 
the best performing in term of accuracy compared to any other model for those breeds with lower 
heritabilities for ADG (Marchigiana and Chianina, accuracy respectively of 0.35 and 0.33), 
confirming the importance of multi-breed models in leveraging data from populations with higher 
heritabilities. Lastly, adding two correlated traits next to ADG in the single- and multi-breed 
ssGBLUP yielded higher accuracies (0.39-0.42) compared to the single-trait models, apart from 
Chianina breed where genetic correlation between such traits were not observed. The observed 
increases in accuracy when using multi-trait multi-breed models suggest that such models could be 
useful when selecting for novel traits with few records or low heritabilities, and for the genetic 
improvement of local populations where limited availability of data could challenge the genetic 
selection. 
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The conservation of genetic diversity in local poultry breeds is essential for maintaining unique 
genetic resources and ensuring their adaptability to future agricultural and environmental 
challenges. Local breeds like the Oca Padovana (OPD) and the Faraona Camosciata (FAC) 
represent valuable genetic reservoirs that contribute to biodiversity and cultural heritage. This study 
aimed to evaluate the genetic variability of OPD and FAC to assess their conservation status. For 
both breeds 50 animals were sampled: 16 males and 34 females for the OPD, and 26 males and 24 
females for the FAC. Blood samples (2 mL per individual) were collected to extract DNA, followed 
by whole-genome sequencing. The sequencing data were subjected to SNP calling analysis, 
resulting in the identification of more than 200,000 SNP molecular markers for each breed. These 
markers were used to estimate genetic variability indices such as minor allele frequency, expected 
heterozygosity (HE), observed heterozygosity (HO), and inbreeding coefficients based on 
homozygosity (FHOM) and runs of homozygosity (FROH). To further assess the variability within 
OPD and FAC, genetic structure analyses were performed using Admixture, multidimensional 
scaling, and identification of runs of homozygosity. Low levels of HE and HO were observed in both 
breeds (OPD: HE = 0.129±0.071 and HO = 0.143±0.149; FAC: HE = 0.219±0.145 and HO 
0.221±0.280), coupled with high inbreeding coefficients due to an excess of homozygosity (OPD: 
FHOM = 0.473±0.174 and FROH = 0.451±0.376; FAC: FHOM = 0.528±0.098 and FROH = 0.536±0.138). 
Genetic structure analyses revealed low variability within the OPD and highlighted the presence of 
two distinct subpopulations within the FAC. These findings were corroborated by genetic 
background analyses. The runs of homozygosity identification enabled the characterization of 
specific genomic regions with high homozygosity, including genes of potential significance. The 
present study provided the genetic characterization of the OPD and FAC local breeds, contributing 
valuable starting information for optimizing conservation plans for the two breeds.  
Research supported by 
(collective project n. 2015.99.42203.5924 - - -2022, Submeasure 10.2). 
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Chestnut by-products can be used to integrated the diet of local pigs while keeping production costs 
reasonable and improving the quality of meat and meat products. This study aimed to assess the 
effect of the inclusion of chestnut flour (Castanea sativa Mill.) in the finishing diet of Casertana 
pigs on growth performance, carcass characteristics and meat quality. Twenty-four barrows 15 
months old were randomly assigned to two dietary treatments: 12 pigs of an average live weight of 
148.2 ± 18.8 kg fed a diet based on farm feed (composed of cereals and legumes) (Control, CT); 12 
pigs of an average live weight of 156.8 ± 20.4 kg fed a diet supplemented with 10% shelled dried 
chestnut flour (CH). The finishing trial lasted 48 days, preceded by a 2-week adaptation period. The 
animals were divided into eight pens (3 pigs/pen) and housed in a straw-based indoor system. All 
pigs had ad libitum access to feed and water. Individual average daily gain (ADG) and feed 
efficiency of each group were calculated. At slaughter, the carcasses were weighed and the yield 
was determined. The backfat thickness was measured. Semimembranous muscle samples from each 
carcass were removed and vacuum-packed and stored at -20 °C until chemical analysis. Data were 
processed by one-way ANOVA. Pigs from CH group were heavier than CT pigs (p < 0.05) and 
showed a higher ADG (+ 94 g; p < 0.01), probably related to the greater palatability of the diet 
provided to CH pigs. CH pigs had a lower feed efficiency (p < 0.05) and carcass yield (p = 0.082). 
Furthermore, a slightly higher backfat thickness was recorded in the CH group (4.67%; p = 0.073). 
The use of chestnuts in the finishing diet increased (p < 0.05) the pH value and reduced (p < 0.05) 
the water holding capacity and color coordinates (L* and b*) of meat; as well as reduced the dry 
matter and total lipid (p < 0.05). Protein, ash and cholesterol were not affected by the treatment (p > 
0.05). The total saturated fatty acids content, atherogenic and thrombogenic indices were slightly 
lower in CH group compared to CT one. Meat from CH pigs had a higher flavonoid and lower 
vitamin E contents compared to CT (p < 0.05). In conclusion, the use of shelled dried chestnuts in 
the finishing diet influenced in vivo and post mortem performance of Casertana pigs and slightly 
influenced meat quality. Considering its exploratory nature, this study needs further investigation, 
such as the treatment time and/or level of chestnut inclusion in the diet. 
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The lack of information on the Italian autochthonous pig, and the importance of preserving 
biodiversity, encourages research to deepen knowledge about these breeds. In 2020, the Nero di 
Lomellina (NL) pig was recognized by the National Pig Breeders Association (ANAS) as a 
reconstructed Italian pig breed. In literature there are few available data on NL carcass 
characteristics and meat quality parameters A total of 28 pig, half NL and half commercial hybrid 
pig (CH) reared in the same condition, was selected and slaughter at about 170 kg of LW (Ethic 
Committee of the University of Milan n° 89/2021).  Carcass parameters were evaluated and the left 
Longissimus lumborum (LL) muscle was excised from each carcass and transported to the lab for 
the determination of the physical and chemical parameters. No differences between two breeds were 
observed in carcass characteristics (P>0.05). The pH24, cooking losses and shear force of LL 
muscle, revealed no differences between breeds (P>0.05). Drip losses resulted lower in NL muscle 
than in those from CH breed (P<0.05). The LL muscle colour indexes measured at 1, 4 and 8 days 
of refrigerated storage at 4°C showed a higher L* value in CH than in NL breed (P<0.05). The 
colour parameters showed a significant decrease over time (P<0.05). Chemical composition of LL 
muscle showed that ether extract resulted higher in NL (P<0.05) compared to commercial breed. 
Overall, these data showed that the NL carcass characteristics was comparable with those of 
commercial pig. The present results suggest that the lower drip losses and the higher intramuscular 
fat content of LL muscle from NL pig may positively influence meat sensory parameters such as 
tenderness and juiciness. Further studies are needed in order to better evaluate the sensory profile, 
fatty acid composition and oxidative stability of LL muscle from NL pig.  

 Programma di Sviluppo Rurale 2014-2020 
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In Piedmont (Northwest Italy), three poultry breeds are recognised: Bianca di Saluzzo (BS), Bionda 
Piemontese (BP) and Millefiori Piemontese (MP). To characterize these breeds, at 29 d of age (T0), 
344 chicks were divided by breed and sex. Every 14 days, individual live weight (LW), pen-level 
average daily feed intake (ADFI) and feed conversion ratio (FCR) were assessed. At 182 d (T12), 
all males LW was recorded, and 15 males/breed were slaughtered for meat quality analysis, 
including the assessment of colour (CIELAB; L*= lightness, a*= redness, b*= yellowness), pH 
after 24h refrigeration and chemical composition. Breasts (Pectoralis major) were also boiled sous-
vide to evaluate the cooking losses and colour changes. Commercial breasts were purchased from 
the market for comparison, considering fast-growing broilers (BR) and medium-growing Naked 
Neck (NN) chickens. Growth performance data were analysed by generalized linear mixed model 
and data for meat quality by one- -hoc test (p<0.05). At T0, no 
differences were observed in male LW, while at T12 the heaviest breed resulted MP (3225 g), 
followed by BP (3034 g) and BS (2912 g; p<0.001). BP males showed the highest ADFI compared 
to MP and BS (99.4 g, 98.6 g and 87.8 g, respectively; p<0.001). FCR showed no significant 
differences. Regarding meat quality, the highest pH value was recorded in BR (6.01), while the 
lowest in MP (5.63; p=0.029). BR also had the lightest raw meat (L*=58.3), while MP, BP and BS 
were darker (p<0.001). BR had higher a* values (2.70) compared to MP (-0.01; p=0.002). MP, BP 
and BS showed higher b* values than BR and NN (12.8, 12.4, 10.4, 4.70 and 4.73; p<0.001). After 
cooking, NN breasts were lighter (L*=83.53; p<0.001), while BS and BP showed the highest 
redness (a*=3.16 and 3.12; p<0.001). MP, BS and BP exhibited the most intense yellowness 
(b*=16.75, 16.24 and 15.68; p<0.001). Cooking losses were higher in BR (23.9%) than NN 
(17.9%), MP (13.9%), BS (13.5%) and BP (12.8%; p<0.001). BS, MP and BP had higher crude 
protein values (25.0%) than NN (23,6%) and BR (22,9%; p<0.001). Crude fat was highest in BR 
(1,48%; p<0.001), while BP had the highest dry matter content (95.9%; p<0.001). Ash content was 
highest in BP (1,42%; p<0.001). These findings suggest significant differences between commercial 
hybrids and native breeds, emphasizing the need to value the latter to preserve biodiversity and 
develop niche markets for local and authentic products. 
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This study was conducted as part of a comprehensive project focused on the evaluation of novel 
slow-growing chicken genotypes as one of the several policies of the Better Chicken Commitment 
(BCC) that many companies have recently signed up. The main scope of this trial was to evaluate 
carcass cut yields and meat quality traits in chickens belonging to three genotypes differing in 
growth rate and fed either a control or low-protein diet. For this aim, a total of 1,800 one-d-old male 
chickens belonging to fast- (FG, Ross 308), medium- (MG, Ranger Gold) and slow-growing (SG, 
Gray Kabir Naked Neck) genotypes were housed in an environmentally controlled poultry facility 
and randomly allotted in 36 concrete floor pens (6 m2; 50 birds/pen), in compliance with BCC 
requirements. The birds received, throughout the trial, a multi-phase basal diet with two lysine-to-
metabolizable energy ratios (CON: commercial standard; LOW: -10% lysine but the same 
metabolizable energy compared to CON). All birds were slaughtered in a commercial abattoir at the 
same body weight (~2.8 kg), which was reached at different ages (FG=34d, MG=50d, SG=77d). 
Fifteen carcasses per group were randomly selected and used to assess cut yields (breast, thighs, 
drumsticks, wings and back) and quality traits of breast meat (pHu, colour, cooking losses, shear 
force, TBARS and carbonyls). A two-way ANOVA was performed including genotype (FG, MG 
and SG), diet (CON and LOW) and their interaction in the model. As expected, total yield of high-
value cuts (breast, legs and wings) was impaired in both SG and MG carcasses when compared with 
FG group (74.3 and 76.2 vs. 79.4%, P<0.001) basically as a consequence of dramatic decrease of 
breast percentage (29.9 vs. 35.9 vs. 39.6%, P<0.001). As for the dietary treatment, only FG and MG 
birds exhibited lower (P<0.001) percentage of breast meat when fed LOW diet, while SG chickens 
were unaffected. Likewise, meat quality traits strongly differed among genotypes. Breast meat from 
both MG and SG strains exhibited lower pHu, darker and yellower colour, higher cooking losses 
and shear force. In addition, SG evidenced higher TBARS values when compared with both MG 
and FG (0.86 vs. 0.50 and 0.50 mg/kg, P<0.001). Overall, the dietary treatment did not affect meat 
quality traits. These findings evidenced that the adoption of slow-growing genotypes strongly 
affects the profitability at slaughter and allows producers to obtain meat with peculiar quality 
properties (i.e. appearance, texture, etc.). 
Research supported by NextGenerationEU, National Grant PRIN2022 (Prot. 20228ANBKH) 
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This study aimed to evaluate the effects of outdoor enrichments and dietary supplementation with n-
3 PUFA and antioxidants on quality and oxidative status of thigh meat belonging to free-range 
chickens. More in detail, 4 farms were considered: 2 having an outdoor area without pasture (U) 
and 2 equipped with an enriched (E) outdoor space with grass and trees. Birds (Hubbard RedJA57, 
males) belonging to each farm were fed either a control (C) or a supplemented diet with n-3 PUFA 
and antioxidants (S, 5% linseed, vitamin E, and selenium) and slaughtered at 56d of age. Thighs 
were collected to evaluate the main meat quality traits (pHu and colour) (n=120; 15/group) and 
oxidative status (TBARS, carbonyls, and free thiol groups) (n=64; 8/group). Analyses were 
performed at 0, 3, and 7 d of refrigerated storage (4°C) with the aim of assessing potential 
differences in the oxidative stability of thigh meat ascribable to the considered effects. Data were 
analysed by two-way ANOVA including the outdoor enrichments and diet as well as their 
interaction in the model. When significant, means were separated by Tukey-HSD test (p<0.05). A 
significant effect of the outdoor enrichment was found for the main quality parameters at the 
beginning of storage as higher pHu along with lower lightness were observed in E in respect to U 
(6.11 vs. 5.92; p<0.001 and 53.6 vs. 54.8; p<0.001, respectively). On the other hand, the dietary 
enrichment with n-3 PUFA and antioxidants exerted only marginal effects. As for the analyses 
performed during refrigerated storage, overall, supplementation with antioxidants in chicken fed a 
n-3 PUFA diet was not able prevent the development of oxidative reactions affecting the lipid and 
the protein fractions when the outdoor space was enriched. In fact, despite the storage time 

groups, respectively. It is worth noting that enriched diet promoted the occurrence of oxidative 
modifications affecting the proteins in U, as depicted by the significantly lower (p<0.05) free thiol 

when dietary supplementation with n-3 PUFA is adopted as a strategy to improve the nutritional 
profile of chicken meat even if antioxidants are also added, their inclusion should be carefully 
implemented considering the rearing system adopted.  

 Innovative Tools for Assessment and Authentication 
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The present study falls within the research activities to be implemented in the PRIN 2022 
PACHOL4 project, which aims at broadening the knowledge on the molecular basis of Wooden 
Breast (WB) defect. This condition commonly affects the Pectoralis major muscles (PMs) of the 
fast-growing meat-type chickens impairing the quality of the forthcoming meat and resulting in 
high downgrading rates and economic losses at processing. An accurate classification of PMs is 
essential to investigate the factors likely involved in the onset of this abnormality and avoid 
misleading results. For this purpose, a total of 180 PMs belonging to three homogenous flocks 
(Ross 308 males 45-d old, 3.2 kg of live weight; ADWG>85g; n=60/flock) were collected in a 
commercial abattoir 3 h post-mortem and classified according to their macroscopic features as 
normal (NORM, n=30/flock) and abnormal (ABN, severe WB; n=30/flock). Quality traits (pHu and 
color) and technological properties (drip and cooking losses, and shear force) were measured to 
characterize the samples and select those to be considered for further analyses at protein level. The 
effect of WB on the quality traits of chicken PMs (n=180; 30 PMs/group/flock) was tested by 
Student t-test using STATISTICA 10 (StatSoft). Then, Principal Component Analysis (PCA) and 
Hierarchical Cluster Analysis (HCA) were performed in R environment (v.4.3.2) using meat quality 
data to validate the classification performed at sampling. As expected, most of the selected 
parameters were affected by the occurrence of WB. PCA allowed to identify pHu, lightness, 
cooking loss, and shear force as potentially useful parameters for sample classification and HCA 
showed sample clustering partially resembling the macroscopic evaluation implemented at the 
processing plant, thereby mostly validating the initial PM classification. That allowed us to properly 
select a total of 30 PMs (n=15/group) to be considered for extracting the proteins and perform 
western blot analyses (currently in progress) to quantify the expression of collagen type 4 (with 
special reference to the alpha 1 chain), a network-forming collagen which has been recently 
hypothesized to play a role in the onset of this defect. The outcomes of the present study could 
likely provide novel insights on the mechanisms underlying the onset and progression of growth-
related defects in fast-growing broilers. 
Research supported by NextGenerationEU, National Grant PRIN2022 (Prot.n.2022EPWEPW) 
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This study investigated the impact of beetle size on mating preferences (Experiment 1), and larval 
production, average weight, and average daily gain (ADG) of Tenebrio molitor larvae (Experiment 
2). In Experiment 1, 14-day-old beetles were divided into two experimental groups, each with 18 
replicates. Group 1 featured a small male as a primary chooser, while group 2 featured a large male. 
Each male was presented with two potential mates: one small female and one large female. Mate 
selection preferences were evaluated by observing male choices between small and large females 
during the first approach, the first mating, and the second mating. In Experiment 2, beetles were 
divided into three experimental groups, each with 6 replicates and one reserve. Each group included 
20 beetles (10 males and 10 females) of specific weight ranges: Group 1 (80 100 mg), Group 2 
(101 120 mg), and Group 3 (121 140 mg). Beetles were reared for 4 weeks (four oviposition 
cycles), and at each cycle, the number of larvae was counted when they reached 3 weeks of age. 
Average larval weights were recorded at 3 and 8 weeks of age, and ADG was calculated. Mating 
preferences were analyzed using a two-proportion z-test, while data from Experiment 2 were 
evaluated via one-way ANOVA using SAS's GLM procedure with the experimental group as a 
fixed effect. Results showed that small males significantly preferred large females during the first 
approach, and large males mated more frequently with large females during the first mating. Small 
males also preferred large females during the second mating. In Experiment 2, beetle size did not 
significantly affect the number of larvae produced per crate. However, larvae from groups 2 and 3 
exhibited significantly higher weights at 3 weeks of age, and group 3 larvae were the heaviest at 8 
weeks of age, with the highest ADG. This study highlights that males preferentially mate with 
larger females and that selecting for larger beetles can improve larval yield, especially in terms of 
average individual weight. 
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Tenebrio molitor (TM) is among the most widely reared insects in the world for food and feed 
purposes. In this insect species, the academic sector has mostly addressed topics related to larval 

-
industrial by-products. However, adult breeding strategies are a necessary tool for any rearing 
facility. This study investigates the effect of adult age on their fecundity and fertility. A total of 960 
pupae were collected, sexed and divided in 4 age categories (1-4 weeks old [WO]). Sixteen 
treatments were created, each composed of 5 males (M) and 5 females (F) belonging to a specific 
age category. Adults were placed in plastic vials containing 60 g of white flour which served as 
oviposition substrate, while agar was provided 3 times per week as moisture source. Per treatment, 
6 replicates were performed. Egg production and hatchability were recorded every 7 days for a 4-
week period. Based on the statistical analysis conducted using SPSS software (P<0.05), it was 
observed that pairs involving younger females produced significantly higher number of eggs 
compared to pairs with older females. This outcome was consistent regardless of the age of the 
males. In particular the pairs with 1 WO females produces more eggs than the pairs with 4 WO 
females (P<0.05). Similar to egg production, hatching was influenced by the age of the females 
rather than male age. However, the number of hatching larvae showed an opposite trend: a higher 
number of larvae was produced by older females. Particularly, the pairs with 3 WO females 
produced more larvae than pairs with 1 WO females (P<0.01). The results of the experiment 
suggest that female age is the main driver of fertility, and females reach their peak of fertility 3 
weeks after metamorphosis. These findings can support breeding strategies of TM rearing facilities. 
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The use of insects as food has become an exponential interest all over the world. Insects are highly 
nutritious (high in proteins, lipids, essential amino acids, minerals and vitamins) and produce 
valuable antimicrobial peptides (AMPs). In unison, insects can convert low- and high-quality 
organic materials (food industry side streams and agricultural by-products), into high-quality insect 
biomass. The yellow mealworm [Tenebrio molitor (TM)] is one of the four species that received the 
EU approval as Novel Food. It is therefore curious to investigate how to improve its composition by 
modulating the rearing substrate. Four different diets (D) were formulated to have two different 
protein: carbohydrate ratios and lipid levels (D1=1:3 and 7.5%, D2=1:3 and 9.5%, D3=1:2 and 
7.5% and D4=1:2 and 9.5%) by using cheap agricultural and bakery by-products. Wheat bran was 
used as the control diet. Four-week-old TM larvae [L] were fed on the diets (10000 L/replicate, 5 
replicates/D) under 28oC temperature and 60% relative humidity. At least100 L/replicate were 
randomly sampled for performance analyses until the percentage difference between two weeks-
weight measurement was less than 50%. Ten L/replicate were sampled for AMP analyses at the end 
of the growing period. The expression level of genes encoding for two AMPs (Coleoptericin-1 and 
Cecropin-2) were evaluated. Data was analyzed by means of one-way ANOVA (IBM SPSS 
Statistics V20.0.0, P value < 0.05). Gene expression data were subjected to a logarithmic (log10) 
transformation for normality before the statistical analysis. Average final weight (FW) and protein 
biomass (PB) of larvae was higher and Feed conversion ratio (FCR) was lower in D3 and D4 
(p>0.05) with 10 weeks of development, compared to D1 and D2 (p<0.001) which were statistically 
different from each other (p<0.001) and ended their development in 9 weeks. D4 had the best of 
96mg AW, 104.04g PB and 3.01FCR. The highest survival rate (SR) and larval crude protein (CP) 
were in D1 (p<0.05) and no statistical difference between D3 and D4 (p>0.05). D4 had 91.68% SR 
and 37.57 CP. The lowest ether-extract was in D4 (33.03) (p>0.05) and no significant difference 
with D3 and D1 (p>0.01). D2 was statistically different from all others. D4 had the highest 
expression levels of genes encoding for AMPs (fold change= Colepotericin-1: 6.62; Cecropin-2: 
8.92). Whole, TM larvae fed on D4 exhibited maximum performances as well as highest expression 
levels of selected genes. 
Research supported by new RIFF Project (Fondazione Cariplo). 
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Mealworms (MWs) can grow on bakery waste and upgrade them into high-quality biomass to 
produce animal feed. The dough products are sometimes prepared with small quantities of herbs 
that can have a negative effect on MWs growing performances. This trial investigated the effects of 
including four different herbs in the MWs substrate: basil, oregano, rosemary and thyme, in two 
concentrations, 0.125% and 2% on a dry matter basis. All treatments were performed in duplicate. 
Ten thousand 4-week-old larvae were placed on 2.1 kg of substrates and reared for five weeks 
under dark conditions at 27°C with 60% relative humidity. The data, which included growth 
performance, harvested prepupal biomass (wet weight), moisture content, and nutritional profile, 
were analyzed using a one-way ANOVA. P-values below 0.05 were considered statistically 
significant. Samples were taken by each tray during the trial to record growth performance 
parameters and resulted in no differences between groups (P>0.05). The collection of the insects 
was initiated upon the appearance of the first pupae (nine-week-old larvae). The chemical 
composition, the total polyphenolic content (TPC) and the antioxidant activity of the resulting 
larvae were analyzed. The dry matter content showed no differences among groups (P>0.05). The 
protein content was hindered by a greater herb inclusion (P=0.002) and the fat level was slightly 
reduced by the inclusion of oregano (P=0.024). The larval TPC has been worsened by the highest 
herb inclusion (P<0.001) and a negative Spearman correlation (-0.463) was observed between the 

in larval antioxidant activity, as evidenced by measurements of ABTS (P<0.001) and FRAP 
(P<0.001). The inclusion of herbs did not modify larval growth performance; however, a higher 
inclusion level of the tested herbs resulted in modifications to larval chemical composition, with a 
concomitant detriment to larval TPC and an improvement in antioxidant activity. Further researches 
are needed to understand the observed effects.  
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The nutritional composition of insects might be closely related to their diet, and there has been 
growing interest in investigating this aspect, because of their versatility and capacity to use a wide 
range of side streams and by-products. Specifically, the nutritional profile of Tenebrio molitor 
larvae (mealworm) is characterised by a good amount of fatty acids (FA), mostly mono and 
polyunsaturated fatty acids (MUFA and PUFA). This study aimed to investigate the effect of 
dietary saturated fatty acids (SFA) on the fatty acid profile of mealworms. Six substrates were 
formulated by mixing different ratios of wheat bran (used as control, CTRL) and fully hydrogenated 
rapeseed oil (FHRO), rich in stearic acid (C18:0.91%) in the following ratios: 50:1, 25:1, 15:1, 
10:1, 7:1, and 5:1. Larvae near to the last instar were fed for two weeks with the substrates. Larvae 
were sampled at T0-T7-T11-T14 and subjected to a 24-hour fasting. Rearing performances of 
mealworms along with proximate and fatty acids were analysed. Results showed that CTRL larvae's 
final average weight (157.11 mg) and growth rate at T14 (5.28 mg/day) were lower than those fed 
with the intermediate FHRO inclusion diets (respectively 162.51 mg and 5.67 mg/day). The 
mortality rate increased with higher concentrations of FHRO and over the trial period reaching 
14%. Increasing FHRO caused a significant increase in the total lipids (up to 34.34 on a dry matter 
basis) and decreased crude protein content. Furthermore, the levels of PUFA decreased, while 
C18:0 and SFA increased significantly reaching 9.20 g/100g of total FA values in larvae fed the 
highest quantity of FHRO. These results suggest that due to the plasticity of the nutritional 
composition of mealworms, a careful selection of substrates should be made to obtain specific feed 
and food products. 
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The inclusion of molasses-based liquid feeds (LF) in total mixed rations (TMR) has the potential to 
enhance dry matter intake as well as milk yield and its components. Sugars in these feeds promote 
mostly the growth of cellulolytic bacteria, which may influence ruminal methane production. 
Additionally, LF could be a carrier for compounds such as tannins, known for their ability to 
mitigate methane emissions. Moreover, their feeding is feasible in automatic milking systems 
(AMS), offering a potential approach to precision feeding and methane mitigation. This study 
aimed to evaluate the effects of a molasses-based LF supplemented with tannins, delivered via 
AMS, on the productive performance and methane emissions of dairy cows. Twenty multiparous 
lactating Holstein cows (229±66 days in milk) were monitored over a 10-week trial conducted at 
the experimental-teaching dairy farm of the University of Bologna. The cows were housed in a free-
stall barn equipped with a free-flow AMS. The control group (CTR, n=10) received a partial mixed 
ration (PMR) and AMS pelleted concentrate; additionally, the treatment group (TRT, n=10) 
received in the AMS 473 g/cow/day as fed of the molasses-based LF supplemented with tannins (71 
g dry matter/cow/day). Milk yield and composition were recorded individually, while rumination 
time and reticular temperature were measured using a rumination monitoring system and reticular 
boluses, respectively. Fecal samples were collected weekly and analysed for composition. Methane 
emissions were measured using sniffer techniques (Moologger, Tecnosens, Italy) during automatic 
milking. From the second week of the trial, the TRT group showed a higher number of AMS visits 
(3.28 vs. 2.63/cow/day) and milkings (2.95 vs. 2.49/cow/day). Rumination time, reticular 
temperature, fecal composition, individual methane production and intensity were not significantly 
affected by the supplementation of molasses-based LF with tannins. Milk yield and energy 
corrected milk were higher in the TRT group (36.8 vs. 34.8 kg/day and 41.2 vs. 39.1 kg/day, 
respectively), while protein, fat, and lactose contents were not different between groups. These 
preliminary findings suggest that LF delivered via AMS could promote higher number of visits on 
the AMS and higher milk yield. Obtaining these benefits on late lactation cows could make LF a 
valuable tool in enhancing cows productivity and the number of visits in barns equipped with AMS. 
 



 
O501 

 
Evaluation of functional characteristics of whole lemon pulp and depectinized lemon pulp for 

animal feeding 
 
Matteo 1, Cristina Spedale2, Sara Frazzini1, Antonio Di Stefano3, Antonella Baldi1, 
Luciana Rossi1, Vincenzo Chiofalo2 

 
1 Department of Veterinary Medicine and Animal Sciences (DIVAS), University of Milan, Lodi, Italy 
2 Department of Veterinary Sciences, University of Messina, Messina, Italy 
3 Cargill Pectin Italy Srl, Pace del Mela, Italy 
 
Corresponding author: matteo.dellanno@unimi.it  
 
The increasing interest for the reutilization of agro-industrial by-products in animal nutrition is a 
valuable strategy to minimize waste and modulate the quality of diet, animal health and 
performance. Several agricultural by-products contain biologically active constituents with high 
nutritional and nutraceutical value, such as antioxidant compounds and antimicrobial molecules. 
This study investigated the chemical composition, antioxidant, antimicrobial and prebiotic activity 
of whole lemon pulp (WLP) and depectinized lemon pulp (DLP) as a circular by-product for animal 
nutrition. WLP and DLP dried samples (n=2) were analyzed for dry matter content (DM), crude 
protein (CP), ether extract (EE), neutral detergent fiber (NDF) and ash content by using the standard 
procedures from the Association of Official Analytical Chemists. The antioxidant capacity analysis 
was carried out after extraction by using three different solvents (acetone 70% (v/v), methanol 50%, 

-Azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) 
radical cation decolourisation assay. O138 Escherichia coli inhibitory activity was assessed for each 
extract trough the microdilution method at different concentrations (25% v/v, 12.5% v/v, 6.25% 
v/v). Bacterial growth was measured spectrophotometrically at 620 nm over 6 hours at 60 min 
intervals. The growth of L. plantarum and L. reuteri, incubated at 35°C, was determined via 
measurement by measuring the optical density of each culture at 620 nm at specific intervals 
spectrophotometrically. Each test was conducted in technical triplicate and biological triplicate. The 
results of bromatological composition showed higher content of NDF (61.53) and EE (4.77%) in 
DLP compared to WLP on a dry matter basis (27.44% and 1.67, respectively). Both of WLP and 
DLP showed antioxidant activity, particularly in acetone and methanol extracts, which 
demonstrated higher antioxidant ability compared to the water extracts (p < 0.0001). WLP showed 
higher inhibitory effects against verocytotoxic E. coli growth compared to DLP, probably due to the 
retention of functional compounds that may be partially lost during the depectinization process. The 
addition of WLP and DLP extracts did not interfere with the normal growth dynamics of the 
probiotics during binary fission. Despite the lower antioxidant and O138 E. coli inhibitory activity 
of DLP compared to WLP, it represents the final residue of lemon processing. Its residual 
antibacterial activity combined with its cost-effective opportunity, makes DLP an ideal candidate 
for revalorization in animal nutrition. 
This study was supported by AGRIVET (PO FESR 4.1.2A/A)  PROJECT grant 
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The growing concern for the climate change has led to increased attention to agriculture and 
livestock. Sustainable strategies have been developed to increase the sustainability and circular 
economy in this sector, however innovative and valuable solutions are still necessary for the 
enhancement of resource efficiency. Biochar is a recalcitrant carbon-based material obtained by 
pyrolysis or gasification process. This material has gained significant attention due to its potential 
environmental benefits, such as CO2 capture, promoting circular economy with the possibility to 
use it as feed ingredient. The properties of biochar depend on its physical characteristics, which are 
influenced by the biomass used during the production process. This study investigated the chemical 
composition, morphological characteristics and antioxidant activity of biochar obtained by pyrolysis 
of whole lemon pulp (WLP) and depectinized lemon pulp (DLP) as innovative feed ingredients. 
WLP and DLP dried biomasses were pyrolyzed using an auger pyrolyzer at 600°C of inlet 
temperature for a residence time of 60 minutes (average temperature: 410°C). The resulting biochar 
samples were analysed for bromatological composition using the standard procedures from the 
Association of Official Analytical Chemists. Morphological characterization was performed 
through scanning electron microscopy. Antioxidant analysis was carried out after extraction using 
water as solvent through the ABTS radical cation decolourisation assay. The biochar yield was 30% 
for both WLP and DLP, based on the starting biomass (w/w). The results of the bromatological 
composition showed a similar nitrogen content in DLP biochar and the WLP biochar (2.38% and 
2.10%, respectively, on a dry matter basis), and DLP biochar revealed a lower ash content 
compared to the WLP biochar (1.93% and 5.27% respectively, on a dry matter basis). 
Morphological analysis showed nanoporous structures possibly ascribable to the vessels or fibres of 
xylem in DLP. Functional characterization and antioxidant capacity revealed a higher ability of 
WLP compared to DLP biochar (p < 0.05). This study highlights the potential of biochar derived 
from whole lemon pulp and depectinized lemon pulp as innovative and sustainable feed ingredients. 
Furthermore, the results underline the importance of biomass selection in biochar characteristics, 
paving the way for its supplementation into sustainable animal nutrition. 
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The use of some agro-industrial by-
especially in terms of their effects on animal performances and derived products quality. However, 
little information is present in literature concerning the environmental impact of agro-industrial by-

The aims of this work were i) to estimate the European annual production of the by-products 
deriving from winery, olive oil, tomato, and beer industry processing; ii) to estimate the carbon 
footprint of the considered dried by-products; and iii) to evaluate potential reductions in the 
environmental footprint of small ruminant diets through their inclusion. A literature search was 

grains in Europe. The CFP of each by-product was estimated following a Life Cycle Assessment 
approach, taking into account the drying process and by using 1 kg of dried by-product as a 
functional unit. Four diets reporting the typical proportions of components used in sheep and goats 
were considered to estimate the reduction in CFP associated with the use of each by-product, 
calculated as the difference between the CFP of the treatment diet (which includes the by-product) 
and the corresponding control diet (without by-product inclusion). Annual productions resulted in 

respectively. The estimated CFP was equal to 0.26; 0.22; 0.31; and 0.21 kg of CO2 equivalents per 
kg of dried by-
inclusion of the grape pomace in replacement of sugar beet pulp lowered the CFP of the control diet 
by -4.5%. A reduction of -25.0% of the diet CFP was obtained by using olive pomace in 
replacement of sugar beet pulp; while the inclusion of tomato pomace allowed to reduce the CFP of 
the control diet by -34.7%. Finally, a reduction of -28.0% of the CFP of the diet was achieved when 

-industrial by-products 
in animal feeding can effectively represent a valuable alternative to conventional feedstuffs, 
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In Mediterranean regions, dairy sheep farming plays a key role in rural economies. These systems 
often rely on grazing but concentrate feed supplementation is needed when pasture is absent or 
poorly available. Incorporating local agro-industrial by-products into ruminant diets instead of 
purchased feeds based on cereal grains and soybean could reduce the environmental impact of milk 
and feed/food competition without compromising animal performance. The aim of the present on-
farm trial was to assess the effect of replacing commercial concentrate feeds with dried brewers' 
spent grain on ewe milk production and quality, as well as its environmental impact. The feeding 
trial was carried out in a dairy sheep farm located in southern Tuscany (Italy). The brewers' spent 
grains were collected directly from a local microbrewery and then dried on-farm using an electric 
dryer. Two homogeneous groups each consisting of 12 lactating ewes were formed: conventional 
feeding (CON) and dried brewers' spent grain feeding (DBG). The CON group was supplemented 
with 600 g ewe ¹ d ¹ of a commercial concentrate, 100 g ewe ¹ d ¹ of oat grains, and 1000 g ewe ¹ 
d ¹ of alfalfa hay. The DBG group was supplemented with 500 g ewe ¹ d ¹ of brewers' spent grain, 
100 g ewe ¹ d ¹ of oat grains, and 1000 g ewe ¹ d ¹ of alfalfa hay. Additionally, both groups 
received 900 g ewe ¹ d ¹ of oat-clover hay overnight. Individual milk production was measured and 
sampled twice a day at the following time points: start date, end of the adaptation period, (two 
weeks), first week of experiment; and second week of experiment. Furthermore, the carbon 

out. The results of the statistical analysis showed no significant differences between the feeding 
treatments across all analyzed parameters: milk yield, FPCM yield, as well as fat, protein, lactose, 
and urea content. Instead, the environmental impact of the two experimental diets differed, with 
values of 4.93 and 1.35 kg CO2eq for the CON and DBG daily diets, respectively. Similarly, 
emissions per kg of FPCM were 4.97 and 1.98 kg CO2eq for CON and DBG. The trial 
demonstrated that the use of local brewers' spent grains proved to be an excellent substitute for 
concentrate feeds, ensuring a significant reduction in emissions associated with sheep milk 
production. Further studies are needed to demonstrate the scalability of the project at the territorial 
level. 
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This study aimed to evaluate the effects of a Yucca schidigera extract (YSE, 10.8% saponin 
richness) on the performances, nitrogen balance and environmental impact of fattening lean pigs. 
For it, a total of 40 Pietrain x (Landrace x Large White) pigs, with 76.1 ± 5.2 kg of mean body 
weight (BW), 50% boars and 50% gilts, were involved in a trial that lasted 42 days. The parameters 
evaluated were: growth performances, farm nitrogen (N) mass balances, fecal and slurry 
composition and carcass and meat quality. Animals were allocated in 20 pens (two pigs each one). 
There were four treatments in a factorial design 2 x 2, with two sexes (boars and gilts) and two diets 
(0 and 300 mg/kg of YSE). The dietary treatment did not influence the average daily gain (ADG), 
average daily feed intake (ADFI) and feed conversion ratio (FCR) and neither affected the 
characteristics of carcass (yield, lean content, backfat thickness) or meat (color and marbling, 
chemical composition and texture). Also, the administration of YSE produced no impact on the 
estimated N excretion, fecal ammonia (NH3-N) content or total volatile fatty acid (VFA) content 
and VFA profile of the feces. Nevertheless, even not statistically significant, it is worth to note that 

-21.5%) and in the NH3-N (-
27.8%) content in the slurry. In relation to sex, the differences were that gilts tended to grow slower 
(0.96 vs 1.02 ± 0.03 kg/d; P<0.10) and showed paler meat (49.1 vs 50.1 ± 0.47; P<0.05) (lower 
lightness) with higher protein content than boars (23.7 vs 23.1 ± 0.12%; P<0.05). Also, boars 
demonstrated better capacity to retain N (22.4 vs 25.0 ± 0.59 g/d; P<0.05), but a lower fecal 
consistency (31.2 vs 28.9 ± 0.64; P<0.01) and a slightly higher total VFA (304 vs 308 ± 14.4 
µmol/g DM) and butyric acid concentration (9.78 vs 10.69 ± 0.41%) in the feces (P<0.10) than 

without affecting their performances, with promising results on the environmental impact.  
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In next few years, the European chicken meat production could change remarkably due to the 
adoption of the Better Chicken Commitment (BCC) requirements. This study aimed to assess the 
environmental implications of using some BCC-approved genotypes when fed different dietary 
regimens. A total of 1,800 one-d-old male chicks of three genotypes (n=600/genotype), i.e. fast- 
(FG), medium- (MG) and slow-growing (SG) exhibiting an average growth rate of >70, 40-50 and 
30-40 g/d, respectively, were fed 3-phase basal diet (starter, grower, finisher) with two crude 
protein (CP)-to-energy ratios, i.e. conventional (CON; 22.5, 20.5, 18.5%) and 10% lower CP 
content (LOW; 20.3, 18.3, 16.5%). FG, MG and SG were slaughtered at 34, 50 and 77 days, 
respectively, at a similar range of commercial weight for medium-size broilers. Life Cycle 
Assessment (LCA) was conducted from cradle-to-abattoir and the functional unit was 1 kg of 
eviscerated carcass. Primary data on growth performances and slaughtering yields were collected, 
and N excretion was calculated as the difference between N input (i.e., N from feed and day-old 
chick) and N retained in the body at slaughter age. Power energy consumption was based on 
literature sources, while manure CH4, N2O and NH3 emissions were calculated according to FAO 
LEAP guidelines. Data were modelled on OpenLCA 2.0.2 and the considered impact categories 
were global warming (GWP, kg CO2 eq), calculated through the ReCiPe 2016 midpoint (H) 
method, acidification (AP, kg SO2 eq) and eutrophication potentials (EP, kg PO4

3- eq), obtained 
according to the CML-IA baseline method. The effects of genotype under the same feeding 
program and diet in each genotype were investigated. For both feeding programs, the FG 
contributed less to all environmental indicators, while the SG was identified as the most impactful, 
having a GWP 2.5 times higher than FG and presenting a substantial increase of both AP 
(+80/85%) and EP (+80/95%). The MG showed intermediate impact values, with an increase of 
GWP (+40%), AP and EP (+25/30%) compared to FG. When the effect of diet was considered, 
minor differences were observed for all the impact categories. In example, it was estimated that 
GWP can be slightly reduced by adopting LOW program in MG (-0.2%) and SG (-2.4%) compared 
to CON. In conclusion, chicken meat production with MG and SG genotypes had negative effects 
on the selected impact categories, whereas the adoption of feeding programs matching their 
nutritional requirements could enhance sustainability traits. 
Research supported by NextGenerationEU, National Grant PRIN2022 (Prot. 20228ANBKH). 
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The future environmental and ecological challenges are leading to preserving the genetic 
biodiversity and ensuring adaptability of indigenous poultry breeds. The aim of the present study 
was to characterize the genetic diversity and evaluate the conservation status of two Italian local 
duck breeds at risk of extinction: the Germanata Veneta (GER) and the Mignon (MIG). For each 
breed, 50 animals were sampled, consisting of 13 males and 37 females for GER, and 9 males and 
41 females for MIG. The DNA obtained from blood samples was genotyped using whole-genome 
sequencing, and SNPs were identified through SNP calling analysis. More than 200,000 SNPs were 
identified for each breed and they were used to estimate genetic diversity indices, including minor 
allele frequency (MAF), expected heterozygosity (HE), observed heterozygosity (HO), inbreeding 
coefficient based on homozygosity (FHOM), and inbreeding coefficient based on runs of 
homozygosity (FROH). Low levels of genetic variability were observed in both breeds (GER: MAF = 
0.193±0.127, HE = 0.269±0.148, HO = 0.272±0.260; MIG: MAF = 0.190±0.132, HE = 0.238±0.147, 
HO = 0.245±0.172), with high levels of inbreeding (GER: FHOM = 0.305±0.184, FROH = 
0.372±0.222; MIG: FHOM = 0.369±0.163, FROH = 0.313±0.126). Genetic structure analyses revealed 
distinct patterns of variability, with appreciable heterogeneity in GER, while MIG exhibited a clear 
substructure, as further supported by phylogenetic analysis and Admixture results. The genomic 
regions associated with selection pressure were identified through ROH analysis. Significant ROH 
were observed on chromosomes 1, 2, 10, and 11 for the GER breed, and on chromosome 19 for the 
MIG breed. These findings elucidate the genetic diversity of GER and MIG duck breeds, providing 
insights into their genomic variability and the potential adaptive processes influenced by selection 
pressures. Furthermore, this research generates actionable data to inform breeding and conservation 
programs aimed at mitigating the risk of extinction. 
Research supported by 
(collective project n. 2015.99.42203.5924 - - -2022, Submeasure 10.2). 
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The Leccese chicken breed (LEC) is a Mediterranean type of hen, indigenous of the province of 
Lecce. In 1930 some individuals were retrieved and brought to the "Presta Columella" agronomic 
institute. Here the Provincial Chicken Coop of Lecce was established, with the aim of improving 
productivity, and supply breeders and eggs to local farmers. In the post-war period, local chicken 
was replaced by industrial breeds. The historical records about LEC have been lost and the present-
day ownership is limited to a few small-scale breeders. The aim of this study is to provide a 
comprehensive reconstruction of the historical development of the breed, integrating bibliographic 
research and high-density genome analysis. A total number of 83 individuals were genotyped 
through Axiom 600k Chicken Genotyping Array. In addition, samples of some Apulian populations 
not directly attributable to the LEC, the Atriana breed (Abruzzo) and some Spanish and Portuguese 
breeds were added. Breeds from other European countries and some industrial genotypes data were 
also added from the SYNBREED project database. The results showed an inbreeding coefficient of 
-0.087. This level of heterozygosity, that exceeds the expectations of the Hardy-Weinberg 
equilibrium, indicate an effective reproductive management and the absence of recent inbreeding. 
The analysis of runs of homozygosity (ROH) revealed an average segment length of 112.4 kb per 
individual, with a mean of 18 segments. Most ROH segments were less than 500 kb, indicating that 
deep inbreeding events are limited. The distribution of ROH demonstrates the presence of genome 
regions with shared segments, suggesting potential selection signals. The PCA analysis highlighted 
a clear separation of the LEC breed from the other populations. Significantly distant from the 
cosmopolitan commercial breeds and with an intermediate position with the local Portuguese 
breeds. These results confirm that LEC poultry breed presents a distinct genetic structure and a 
unique gene pool, which is compatible with selection for local adaptations. On a global scale, PCA 
and genetic distances analysis show a closeness with Andalusian breeds, that may be linked to the 
era of Spanish domination. Closeness is also observed with Finnish and German breeds. This 
phenomenon may be explained with the notable mobility of the poultry germplasm tied with 
ornamental breeding activities, but also the existence of common genetic lines in the foundation of 
some breeds. 

-
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Preserving local chicken breeds is essential as global poultry demand rises. While commercial 
hybrids dominate, native breeds are declining, reducing genetic diversity. Though less productive, 
local breeds offer cultural, socioeconomic, and environmental value, adapting well to local climates. 
Recognizing their importance beyond economics, conserving endangered breeds supports 
biodiversity, sustainable farming, and future food security. The aim of the present research is to 
describe the Modenese chicken breed, renowned for its distinctive physical characteristics and 
adaptability, from a genetic and phenotypic point of view. In the conservation center of the 
University of Milan, Lodi, a total of 9 roosters (R) and 14 hens (H) of the Modenese breed were 
housed. The birds were reared in floor pens, provided with a 14L:10D photoperiod, and fed ad 
libitum, with water supplied via nipple drinkers. Breeding families (F1: 1R+4H; F2: 1R+3H; F3: 
1R+6H) were established based on the results of molecular DNA analysis (24 microsatellite 
markers; AVIANDIV-FAO) aimed at reducing inbreeding levels and maximizing the flock's genetic 
variability. Breeding performance was recorded from March to June. A phenotypic characterization 
of morphological and reproductive traits was carried out. Birds were measured and weighed 
according to FAO body measurements protocol. Reproductive data focused on oviposition, fertility 
and hatchability. The average live weight was 2.53 kg in roosters and 2.25 kg in hens, the average 
egg weight was 54.2 g. The highest egg production was recorded in March and April. Fertility was 
88.71%, while hatchability on total eggs set and on fertile eggs were 71.51% and 80.61%, 
respectively. For genetic characterization, DNA extracted from feathers was genotyped using 26 
microsatellite markers. Total number (Na), and effective number (Ne) of alleles, observed (Ho) and 

total of 76 alleles were identified and 3 loci were not polymorphic. The average Na was 2.7, and Ne 
was 2.0. Observed and expected heterozygosity were 0.41 and 0.43 respectively, with F=0.03. The 
results support the importance of objective characterization in traditional Italian breeds from both 
genetic and phenotypic perspectives to gather effective data for defining conservation strategies and 
breeding plans aimed at improving genetic variability and productivity in unique populations. 
Research supported by MASAF, PSRN 2014-2020 Measure 10.2 Biodiversity, Poultry sector with 
EAFRD support.  
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This study explores the distinctive phenotypic and genotypic characteristics of Nostrana di Morozzo 
(NM) chicken breed, highlighting its importance for the safeguarding and conservation of local 
genetic resources. Originating from the Morozzo (CN) area in the Piedmont region of northwestern 
Italy, NM is one of the traditional Piedmontese chicken breeds together with Bionda Piemontese, 
Bianca di Saluzzo and Millefiori Piemontese. The study involved 40 chickens from 20 farms (2 
chickens/farm) within the Morozzo area. Data collection focused on key phenotypic traits including 
live weight, plumage coloration, egg production, fertility, and hatchability rates. The findings 
demonstrated that NM is characterized by an aggressive temperament, particularly in roosters, 
reminiscent of wild-type chickens, and a marked sexual dimorphism. Hens exhibited a lighter body 
weight, ranging from 1.9 to 2.2 kg, with an annual egg production of 180-200 per hen. Roosters 
have a variable weight between 2.4 and 2.7 kg. Plumage coloration also differed significantly: 
roosters displayed red to dark blond plumage with blue-black tails and chests, while hens had 
brown-
one male for 15 females. Hatchability rates were notably high, reaching 90%. Phenotypically, the 
breed stands out as a dual-purpose chicken that is comparatively lighter than other Piedmontese 
breeds. On the genotypic level, a panel of 26 microsatellite markers was used to characterize the 
breed. The genetic distance analysis revealed a clear separation of the NM from other Piedmontese 
breeds, with a high significant p-value (<0.001). Similar patterns of genetic distinctiveness were 
observed in a broader context, where comparisons with other Italian local chicken breeds also 
confirmed genetic diversity and uniqueness of the NM.  
In conclusion, both phenotypic and genotypic analyses confirm the distinctiveness of the Nostrana 
di Morozzo breed, underlining its unique identity and value among Piedmontese chicken breeds. 
These findings support the importance of its conservation as a vital local genetic resource. 
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Local chicken breeds, irrespective of their current population size, are likely to provide an important 
reservoir of genetic diversity. Effective genetic management is crucial for their survival and long-
term viability. The implementation of strategies to monitor and preserve genetic variability is 
essential for safeguarding the evolutionary potential and adaptive resilience of these populations to 
changing environmental conditions. The aim of this study was to illustrate how microsatellite 
genetic data can be an excellent tool for preserving genetic variability in small local chicken breeds. 
Under the TUBAVI project, chicken breeders from 17 breeds were characterized by microsatellite 
markers. For each animal the heterozygosity index (H) and the parentage index (P) were calculated. 
The H index is the number of observed heterozygous loci/number of loci analysed. Index P is the 
proportion of shared alleles between breeding animals. These two indices were combined into a 
conservation index (C) calculated as the difference between H and P. The index ranges from 1 (H=1 
and P=0) to -1 (H=0 and P=1). Monitoring both heterozygosity and parentage in the offspring 
allowed to evaluate the results of the mating plans carried out. As a model, in the present study 
reports data from seven generations of the Bionda Piemontese breed under a conservation plan: 660 
breeders were genotyped with 14 microsatellite markers. The number of alleles/locus (Na), the 
effective number of alleles (Nea), H, C, and P for each generation were calculated. The results 
showed a loss of genetic variability of 4%, 2%, and 1% for Na, Nea, and H respectively while P 
increase by2% on average in each generation. The conservation index decreased from 0.28 to 0.15 
across generations. These results showed as the microsatellite markers in small populations are a 
valid tool to contain inbreeding and to monitor the genetic variability. Furthermore, the results of 
this study emphasize the importance of long-term monitoring and proactive management in 
conservation programs. The TUBAVI project serves as a model for the application of molecular 
tools in conservation programs, demonstrating their potential to safeguard the genetic resources of 
local breeds for future generations.  

- TuBAvI-2 -2021-
2024. Sub-measure 10.2, with EAFRD support, project n 0011078. 
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Fibrillar collagen proteins composing the extracellular matrix (ECM) of chicken skeletal muscles 
exert pivotal roles in providing functional and structural support for muscle fibers. Among them, 
collagen type III is known to be predominantly expressed during the embryonic stage of muscle 
development, as well as in cellular response to muscle injury and inflammation. In the past few 
years, alterations in the ECM composition, especially referring to the collagen components, have 
been associated with the occurrence and progression of wooden breast (WB), a quality defect 
affecting the Pectoralis major muscle (PM) of broilers selected for rapid growth-rate and high 
breast-yield. The present study was aimed at assessing the level of expression of the Collagen type 
III alpha 1 chain (COL3A1) gene, encoding the homonymous protein, in PMs affected (WB) and 
not affected (NORM) by the WB defect, to address its potential involvement in the occurrence of 
this condition. To this purpose, ten PMs (n=5/group) from fast-growing broilers (45d-old; 3.0 kg of 
live weight) were collected 3h post-mortem and stored at -80°C until the PMs were used to perform 
Quantitative Real-Time PCR of COL3A1 mRNA using GAPDH as normalizing gene. After testing 
the normality of data distribution by means of the Shapiro-Wilk test, differences between groups 
were assessed by using the non-parametric Mann-Whitney U test. Statistical analyses were 
performed in R environment (v.4.3.2). As the outcome of the study, COL3A1 normalized gene 
expression was significantly higher in WB compared to NORM samples (P<0.05), which is in line 
with the abnormal collagen accumulation characterizing WB-affected breasts. Also, since collagen 
type III expression increases when muscular stress and injury occur, its higher expression at the 
gene level in WB samples might be considered directly related to the fibrosis condition occurring as 
a response to the injury status in myopathic muscles. Since collagen expression varies with age and 
this type of collagen is predominantly expressed during early muscle development, it is also 
possible that an abnormal regulation of its expression may be associated with a status of embryonic-
like tissue in WB samples. Further analyses are warranted to elucidate whether its higher expression 
is directly related to the onset of this condition or a result of the fibrotic process characterizing this 
defect. 
Research supported by NextGenerationEU, National Grant PRIN2022 (Prot.n.2022EPWEPW). 
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The domestication of the European rabbit (Oryctolagus cuniculus) has led to the development of a 
wide variety of breeds mainly distinguished by a few external traits, such as coat colour and body 
size. Rabbit breeds are categorized into four major classes based on body size: dwarf, small, 
medium, and large, with adult body weight ranging from less than 1.0 to more than 3.0 kg. Classical 
genetic studies and subsequent genomic analyses have shown that body size in rabbit has a 
polygenic basis, with a major gene determining a type of dwarfism caused by a semi-lethal 12.1 kb 
deletion in the HMGA2 gene, primarily found in the Netherland Dwarf breed. In this study, our goal 
was to genetically dissect the dwarfism in another rabbit dwarf breed, the Dwarf Lop. Using a 
DNA-pool sequencing approach, we obtained whole genome sequencing data from 25 Dwarf Lop 
rabbits, which was then compared to whole genome sequencing data obtained using the same 
approach from six non-dwarf rabbit breeds. Reads were aligned to the rabbit reference genome and 
single nucleotide with dwarfism in Dwarf Lop rabbits, pairwise FST analyses were used to compare 
Dwarf Lop with all other breeds This analysis identified several candidate regions on rabbit 
chromosomes (OCU) 2, OCU3, OCU7, OCU8, OCU12 OCU14, OCU16, OCU17 and OCU18. 
These regions contain genes that have already been associated with body size in other species. The 
most differentiated region was on OCU2, in the position of the LCORL and NCAPG genes, which 
are well known to affect stature in mammals. The results suggest that the small body size in Dwarf 
Lop is polygenic with a few major genes. Additionally, the HMGA2 12.1 kb allele is not a major 
factor influencing the small size in this other dwarf breed.  
The research was supported by the PSRN (Programma di Sviluppo Rurale Nazionale) Cun-Fu and 
Cun-Fu 2 projects (co-funded by the European Agricultural Fund for Rural Development of the 
European Union and by the Italian Ministry of Agriculture, Food Sovereign and Forestry-MASAF) 
and by the University of Bologna RFO 2024 program. 
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The age at first calving (AFC) is a crucial parameter in dairy herd management, impacting genetic 
progress, feeding costs, and overall profitability. With the rising demand for buffalo milk products 
and improvements in management practices, Italy has made significant advancements in reducing 
AFC. This study investigates the influence of AFC on the productive traits of primiparous 
buffaloes, using 362,703 test-day records from 50,661 Italian Mediterranean buffaloes across 115 
herds collected between 2013 and 2023. Productive traits included milk yield (kg/day), energy-
corrected milk (ECM; kg/day), and fat and protein content (%), while somatic cell score (SCS) was 
calculated as a linear transformation of somatic cell count (SCC). A repeated mixed linear model 
was applied to assess the effects of days in milk, calving year, season, and their interactions on 
productive traits. Results show a significant reduction in AFC, from 36 to 35 months, between 2013 

Whereas somatic cell scores were lowest in buffaloes with an AFC between 32 and 35 months (P < 
0.05), with higher SCS observed in both earlier and later calving groups. Buffaloes that calved 
during winter and spring produced significantly more milk and ECM and lower SCS than those 
calving in summer or autumn, while the highest fat and protein contents were recorded in autumn. 
Buffaloes calving between 34 and 37 months achieved a favorable balance of milk yield, fat 
content, and reproductive efficiency across all seasons. This trend was consistent throughout 
lactation, with buffaloes calving at older AFC producing higher milk, ECM, and fat content at peak 
compared to those calving at younger AFC. This study highlights the potential to promote early 
maturing heifers to improve sustainability and animal welfare while reducing costs. However, 
optimizing heifer management from weaning to the pre-pubertal phase requires further 
investigation. 
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Matching the nutrient demand of the mammary gland with the nutrients available from feed intake 
and rumen fermentation could enhance milk production. Nighttime feeding has been suggested as a 
method to boost efficiency in dairy cows. In this study, we evaluated the impact of this approach on 
milk production, metabolic profile, and various behavioral traits under thermoneutral conditions. 
During winter, 40 lactating multiparous Holstein cows (parity = 2.8 ± 0.9, body weight = 638 ± 
46.0 kg, milk yield = 40.6 ± 6.1 kg/d, days in milk = 127 ± 54.5 d; mean ± SD) were enrolled in a 
2×2 cross-over design with 14-d periods and were either ad libitum fed in morning (0800 h; DF) or 
in the evening (2000 h; EF). Milk production, dry matter and water intakes, rumination and lying 
times, and rumen temperature were automatically recorded throughout the day, and feeding 
behavior was characterized. Blood samples were collected at the end of the periods at 0800 and 
2000 h to determine metabolic profile. Data were analyzed with repeated measures mixed models 
(proc GLIMMIX of SAS). Average daily temperature humidity index was always below 50. Milk 
yield was greater in EF than in DF (39.8 vs 37.9 ± 0.99 kg/d, P < 0.01), because of the lower yield 
recorded in DF in the afternoon milking (P < 0.01). However, fat content was greater in DF, 
resulting in similar fat yields. DMI and eating time were not different between groups (27.4 vs 27.6 
± 0.45 kg/d, P = 0.55; 184 vs 188.9 ± 6.6 min/d, P = 0.23), but EF had more and smaller meals (P < 
0.01). Particularly, DF cows ate more in the morning but less in the overnight period (P < 0.01). DF 
cows were more active during the daytime and the opposite was true overnight, with the major 
difference observed between 0800 and 1000 h. Plasma glucose was greater in DF at 0800 but lower 
at 2000 (P P < 0.01). Urea was 
greater in EF at 2000 (P < 0.01). In the present study, in thermoneutral conditions, feeding cows at 
night increased milk and fat yields compared with morning feeding. This change also impact 
feeding behavior, with a partial shifting of the main activities, and blood markers of energy 
metabolism. 
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Udder health of dairy cows is a major concern in the field of milk production. The characterization 
of biological markers associated with subclinical and clinical mastitis is a strategy to screen for 
udder health status in dairy cattle, to identify animals resistant to udder inflammation, and to 
develop decision supporting tools aimed at reducing the use of antibiotics. In this context, proton 
nuclear magnetic resonance (1H NMR) spectroscopy can be potentially used to characterize milk 
metabolic markers. Therefore, this study aimed to assess the ability of 1H NMR spectroscopy to 
distinguish milk produced by cows with different udder health status based on the milk metabolic 
profile. A total of 420 individual milk samples were repeatedly collected on 62 cows on a single 
farm (264 samples from 39 Simmental, 135 samples from 20 crossbreed, and 21 samples from 3 
Holstein cows). Milks were analyzed through 1H NMR spectroscopy to detect and quantify the 
metabolites. The same samples were analyzed for somatic cell count (SCC, cells/µL) and 
differential somatic cell count (DSCC, %). As regards udder health status, cows were defined as 

-
discriminant analysis was performed to assess the possibility to distinguish milk produced from 
healthy and non-healthy cows based on 1H NMR spectra. Sources of variation of the relative 
abundance of each metabolite were investigated through a mixed linear model that included the 
fixed effects of stage of lactation, parity, breed, and udder health status, and the random effect of 
cow nested within breed.  Healthy and non-healthy cows were correctly identified in 83.3% and 
82.0% of the cases, respectively. The mixed model analysis highlighted that out of the 35 identified 
metabolites, milk from healthy cows had a lower content of 5 compounds (with O-acetyl carnitine 
as the most depressed metabolite) and greater content of 6 compounds (with mannose as the most 
elevated metabolites) compared to milk from non-healthy cows. Results suggest that milk 1H NMR 
spectra are useful to identify milk candidate biomarkers to discriminate healthy and non-healthy 
cows.  
Research supported by Veneto Region (FITOCHE project, DGR n. 376/2018, Misura 16.1.1 and 
16.1.2). 
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In high-yielding dairy cows, during the transition period (TP) the metabolism undergoes drastic 
changes, often inducing a poor calcium homeostasis after calving. A key metabolite for Ca 
absorption from gut and its mobilization from skeletal bones is vitamin D3 (vD3), which also helps 
the organism to counteract negative aspects on Ca metabolism due to inflammation. The liver is 
involved in the conversion of vD3 over its active form, but the liver functions are often impaired in 
dairy cows during TP. Nano-liposome has been proposed as a potential carrier for vD3 for 
ruminants, even supported by results documenting its resistance against rumen fermentation in vitro 
and a good absorption in the human gut. Thus, 26 Holstein dairy cows were divided in 2 
homogeneous groups and fed 40000 UI/d vD3 delivered either as a spray-dried traditional 
supplement (CTR) or by nano-liposome (D3LP  Lipobox® Farmer S.p.A.) starting from -21 days 
before calving till to 28 days after calving. The cows were checked for performance and plasma 
inflammo-metabolic profile. Compared to CTR, D3LP cows had lower rectal temperature at 3 days 
from calving (DFC) (P = 0.06), a tendency toward higher dry matter intake (22.8 vs 21.0, kg/d, P = 
0.09) and milk yield (42.3 vs 39.3 kg/d, P = 0.08) between calving and 28 DFC, while no 
differences were observed for body weight, body condition score, rumination time and average milk 
content of fat, protein, casein, lactose, somatic cells and urea. Compared to CTR, D3LP cows had 
lower level of plasma haptoglobin at 3 DFC (0.34 vs 0.65 g/L, P = 0.02) and higher level of plasma 
zinc at 1 DFC (7.08 vs 4.67 mol/L, P = 0.03), even suggesting a mitigated inflammatory condition 
after calving, while no differences appeared on the plasma concentration of the other analytes 
assessed. The first day after calving D3LP cows had higher plasma calcium (2.06 vs 1.84 mmol/L, 
P = 0.02), and lower inorganic phosphorus concentration (1.07 vs 1.56 mmol/L, P < 0.01), likely 
reflecting a greater gut absorption and a lowered bone mobilization of Ca in D3LP cows, as partly 
justified by the lower levels of alkaline phosphatase always observed in D3LP cows. These results 
support the effectiveness of vitamin D3 delivered by liposome as an effective measure to lower the 
risk of hypocalcemia and the inflammation severity in dairy cows during the TP, which makes them 
more resilient in this critical phase promoting better performance and lower metabolic distress. 
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Fatty acids (FAs) in milk help understanding the metabolic processes of dairy cows but also 
determining its nutritional value, with variations influenced by factors like energy status, diet, and 
physiological conditions. Hence, this study aimed to investigate the pattern of milk FAs of 1,060 
milk samples from Brown Swiss cows (54 farms, North Italy). Dairy cows were sampled once 
during the evening milking (20 cows/herd). A Generalized Additive Mixed Model (GAMM) was 
used to evaluate how the energy status of the cows (based on milk BHB and urea), Temperature 
Humidity Index (THI), milk yield (MY), milk macro-mineral profile (K, Na, and Cl), and days in 
milk (DIM) can influence the FAs profile. This approach combines both linear and non-linear 
relationships between predictors and outcomes, accounting for fixed effects (parametric terms) and 
non-linear effects (smooth terms) to better capture the data complexity. All milk samples were 
analyzed for composition using a Fourier-Transform Infrared spectrophotometer, and for minerals 
via wavelength dispersive x-ray fluorescence. The GAMM model included the effect of herd size, 
feeding management, altitude, resting area types, and milking management and parity as parametric 
terms, and the effect of fat*BHB, urea, Na, K, Cl, DIM, THI, and MY as smooth terms. The 
dependent variables tested were the FAs categorized as de-novo, mixed, pre-formed, trans, UFA, 
MUFA, PUFA, C16, C18, and C18:1 (g/100g of FAs). All the factors included in the model 
influenced the FAs (P<0.05). Interestingly, the smooth effect of THI was achieved only on C18 and 
C18:1, whereas MY only affected de-novo, mixed, pre-formed, C16, C18, and PUFA. Considering 
the effect of energy status of cows, de-novo and pre-formed FAs increased with decreasing values 
of BHB and decreasing values of urea. Similar trend was found for the mixed FAs. MUFA 
(positively associated with urea) increased with the increase of BHB and the decrease of fat. 
Noteworthy, C18 decreased with decreasing values of BHB and increased markedly when THI 
exceeded 50. De-novo, pre-formed, and PUFA increased at increasing levels of Na and K, whereas 
C18, C18:1, UFA, and MUFA decreased at increasing levels of K. This study emphasizes the 
critical role of managing heat stress, energy balance, and adequate mineral supplementation in 
optimizing milk fatty acid composition. Implementing these strategies can enhance milk quality and 
nutritional value, leading to improved dairy product outcomes. 

proteine nel processo di caseificazione - 
11/04/2019 - Fondo per gli investimenti nel settore Lattiero Caseario). 
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The aim of the study was to assess the different adaptative hemogasanalysis patterns responses in 
Brown Swiss (BS) and Holstein Friesian (HF) lactating cows to a natural summer 4-days heat wave. 
Forty multiparous BS (n=20) and HF (n=20) dairy cows were involved, balanced for Days in Milk 
(DIM), Energy Corrected Milk (ECM) Yield and Body Condition Score (BCS). The barn was 
provided with sprinklers and fans that were switched off for 4 consecutive days during the 
occurrence of a natural heat wave. Before the switching off of the cooling system the THI 
conditions were under the threshold provided for both the breeds. Respiration rate (RR) was 
recorded at 4 AM, 3 PM and 8 PM each day. At the same time points, blood samples were collected 
by the jugular vein for the determination of lactate, blood pH, partial pressure of Oxygen (pO2), 
partial pressure of carbon dioxide (pCO2) hydrogen ion activity in blood (pH), base excess in 
extracellular fluid (BE), bicarbonate level (HCO3

-), average Oxygen saturation (total carbon dioxide 
(TCO2), using an Abbott - i-STAT portable Analyser. Hematocrit was also assessed using capillary 
tubes. Vaginal temperature (VT) was recorded continuously (bottom-type temperature logger 
iButton Temperature Loggers, model DS1922L). THI and vaginal temperatures confirmed that 
cows before the switching off of the cooling system were not experiencing heat stress and they 
started to cope with it during the four days of the natural heat wave. Moreover RR, consistently 
with the current knowledge, showed a high correlation with VT. All the hemogasanalysis patterns 
showed to be affected by the environmental temperature in both the breeds, although in BS these 
modifications were less wide than in HF. All the investigated patterns showed to be affected by the 
environmental climate conditions and by the vaginal temperature. As hypothesized, BS and HF 
cows recorded different hemogasanalysis patterns trends, mainly in the early adaptation period 
during the heatwave, confirming the different adaptive response of these two breeds in 
acclimatization to warm environmental conditions. Also correlation between hemogasanalysis 
patterns and THI, RR and vaginal temperature confirmed that these parameters are strongly affected 

with acclimatation challenges activating different physiological responses, as well as 
hemogasanalysis is a feasible way for deepening knowledge on the overall modifications in blood 
biochemistry and acid-base balance. 
Research supported by PRIN-2022 grant from Italian Ministry of University and Research 
(Resiliency to heat stress: a system biology approach, CUP: J53D23010270006) 
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This study evaluated the effect of in-vitro fermented inocula on growth performance and 
metabolism in Holstein calves from 0 to 70 d of age. After receiving 3 L of colostrum, 30 calves 
were allocated to 3 groups (n=10): control (CTR; no inoculum), high fermentability (HI; in-vitro 
rumen inoculum with substrate of corn and barley), and low fermentability (LO; in-vitro rumen 
inoculum with substrate of alfalfa and beet pulp). For fermentation, 0.5 g of ground substrate was 
mixed with 31.4 mL of buffer and 15.7 mL of rumen, and incubated at 37°C for 24 hours. Then, 2.5 
mL of glycerol was added to protect cells during freezing, and samples were stored at -80°C. Calves 
received 15 mL of inoculum from 3-7 d and 50 mL from 8-28 d, mixed with ground feed to prevent 
esophageal groove closure. Calves were housed in individual hutches, fed milk replacer until 
weaning (60 d), and ad libitum starter (5 60 d), then ad libitum concentrate after weaning. Feed 
intake was recorded daily from 0-60 d. Body weight (BW) was recorded, and blood samples were 
collected throughout the study to assess metabolic profiles and volatile fatty acids concentrations 
(VFAs). Rumen fluid was sampled at 60 and 70 d. Data were analyzed using repeated measures 
(PROC GLIMMIX, SAS). The starter intake from 50-59 d was higher in CTR group (P = 0.02). 
BW and average daily gain did not differ among groups. At 28d, CTR calves had lower cholesterol 
(P = 0.06), protein (P = 0.07), and albumin (P = 0.03) than HI and LO. CTR calves tended to have 
lower phosphorus (3.06 vs 3.24 vs 3.24 ± 0.15 mmol/L in CTR, HI, and LO, respectively; P = 0.10) 
and -hydroxybutyrate (0.11 vs 0.12 vs 0.14 ± 0.03 mmol/L in CTR, HI, and LO, respectively; P = 
0.08). Paraoxonase was lower in HI group (58.7 vs 56.5 vs 65.0 ± 5.7 U/mL in CTR, HI, and LO, 
respectively; P = 0.10). Total plasma VFAs were lower in CTR (250.5 vs 260.9 vs 295.5 ± 34.4 

mol/L in CTR, HI, and LO, respectively; P = 0.10), and butyrate trends differed among groups 
(TIME × TRT; P = 0.06). Rumen proportion of isobutyric acid tended to be higher in CTR group 
(CTR vs HI: P = 0.08; CTR vs LO: P = 0.06), and isovalerate proportions changed over time 
(TIME×TRT; P = 0.10). Despite some differences observed in metabolic parameters and rumen 
fermentation profiles, the supplementation of in-vitro fermented inocula did not result in significant 
effects on performance or metabolism in calves during the pre- and post-weaning.Research 

the Agro-Food System (Agrisystem) of the Università Cattolica del Sacro Cuore (Italy). 
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The vegetation of Alpine summer pastures is an essential source of high-quality feed for livestock 
in mountain farming systems. Livestock grazing - through defoliation, trampling, and excreta 
deposition - directly impacts plant species composition by removing biomass, compacting the soil, 
and altering nutrient availability. The effects on grassland vegetation can significantly vary across 
pastures due to the uneven distribution and site-use intensity of grazing animals, a variability which 
increases with the heterogeneity of environmental conditions. Understanding site-use intensity is 
crucial for implementing appropriate management strategies to preserve optimal vegetation 
composition. However, reliable animal distribution data are often difficult to obtain. Direct methods 
such as visual monitoring or GPS collars, are generally costly and labor-intensive, while indirect 
proxies, such as spatial modeling through distribution probability maps, may not account for all 
relevant variables. In a summer pasture in NW Italian Alps (Gran Paradiso National Park, 1800-
2400 m a.s.l.) grazed by 100 Pustertaler-Barà (87 LU), we equipped 10 focal animals with GPS 
collars to monitor livestock distribution over an 83-ha area during the 75-day grazing season. Once 
grazing ended, grazing evidences (defoliation, trampling, dung deposition) were visually assessed 
on 715 ground control points regularly spaced across the pasture, using a five grade scale (1 = 
absence, 5 = extreme). Then we tested which of these evidences best captured site-use intensity as 
measured by GPS fixes in 5-m buffers around each control point. All three indices proficiently 
detected the variations recorded in site-use intensity across the pasture. Defoliation provided the 
most promising results, outlining significant differences along the scale, except for extreme 
intensities. Dung deposition index also performed well, despite high precipitation in the valley 
might have fostered feces degradation. Trampling index was less reliable, being ineffective in 
differentiating among moderate, high, or extreme intensities. These findings highlight the potential 
of easy-to-record grazing evidences (particularly, defoliation and dung deposition) as practical tools 
for assessing grazing site-use intensity in extensive Alpine pastures. This approach can support 
effective pasture management strategies, preventing vegetation degradation and ensuring long-term 
sustainability of mountain farming systems. 
Research supported by Gran Paradiso National Park. 
 


