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Abstract

Rapid analysis of animal welfare is a crucial component of the assessment of the meat quality supply chain, ensuring management 
procedures confer optimum standards of welfare. Further, there is increasing interest in monitoring the welfare state of each individual 
animal. This study looked at transport and pre-slaughter management in terms of meat quality evaluated in two breeds (Biellese and 
Sambucana) across two different farming systems. Precision Livestock Farming (PLF) technologies were implemented, including 
accelerometer and rumination activity ear-tag sensors, as potential welfare indicators during transportation and pre-slaughter. 
Significant correlations were found between sensors’ parameters, such as total activity and rumination and physical and chemical meat 
quality characteristics such as drip loss. Lambs with lower rumination and/or lower total activity were found to have lower drip loss 
indicating reduced meat quality. Sensors have the potential to help detect those animals particularly sensitive to stressors during 
transport and pre-slaughter handling and may allow real-time measurement of the impact of transport and handling in abattoirs, 
enabling better animal management via specific customised strategies. 
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Introduction 
There is increasing demand from consumers of products of 
animal origin for the animals in question to not only be 
healthy and sustained organically but also to be produced, 
transported and slaughtered to a high standard of welfare. In 
lambs, stress during growth has been shown to have an 
effect both on the palatability and cooking characteristics of 
the resultant meat (Bramblet et al 1963). Livestock trans-
portation is an integral step in the meat production process 
and all forms of mechanical transport are potentially 
hazardous, irrespective of distances travelled, putting 
animals at risk of stress responses due to fasting, exercise or 
emotional trauma (Knowles et al 1995). However, more 
careful consideration for animals’ transport conditions has 
been shown to reduce such responses (Broom 2005). 
Transport to slaughter includes the rounding-up of animals 
and their loading onto approved vehicles, followed by 
careful carriage and lairage for recuperation, in accordance 
with international welfare regulation (EC Council 
Regulation No 1/2005 2005b) prior to slaughter. It is 
important to handle animals carefully, with the welfare of 
the animals taken into account throughout the entire chain 
of events (Cockram 2019). 

Knowles (1998) formulated a review of the factors affecting 
the welfare of sheep during transport and recommended 
best practice techniques to minimise the effect. While more 
recently, Messouri et al (2015) developed an assessment 
tool using animal-, resource- and management-based 
measures for sheep welfare at transport and the European 
Union (Consortium of Animal Transport Guides Project 
2017) produced a good practice guide devoted to the 
transport of sheep. Llonch et al (2015) carried out a review 
of the animal-based indicators of sheep welfare and, despite 
noting many valid indicators of disease and injury and sick 
animals, stressed the need for novel indicators to assess the 
onset of short-term hunger and thirst. In recent years, many 
studies have examined the potential for Precision Livestock 
Farming (PLF) to both monitor and improve the welfare 
assessment of animals on-farm (Schillings et al 2021). PLF 
uses sensors which can provide real-time information to aid 
the evaluation of supply chain procedures and possible 
impacts on the quality of the meat (Caja et al 2020). 
Advances in engineering, along with decreased costs of new 
technologies have enabled many sensor-based systems to be 
developed for the livestock industry (Caja et al 2016; 
Halachmi et al 2019). These sensors are capable of automat-
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