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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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ically collecting data in real-time, allowing the early 
detection of specific problems (eg production losses, poor 
health, and threats to well-being) at group or individual 
level (Caja et al 2016; Krueger et al 2020; Maltz 2020). 
Sensor-based solutions are implemented in PLF systems at 
the level of the smallest manageable production unit, ie the 
‘sensor-based individual animal’ approach (Halachmi et al 
2019). Animal well-being increases the added value for all 
stakeholders of the animal production supply chain (in 
particular for consumers and farmers) (Alonso et al 2020). 
Further, there is a desire for sensor technologies to elevate 
welfare assessment and management on livestock farms 
from the level of the farm (Krueger et al 2020) to automated 
or semi-automated continuous monitoring at the level of the 
individual animal (Maroto-Molina et al 2019). PLF systems 
are generally seen as a clear opportunity to improve the 
profitability and sustainability of livestock farms, including 
those of small ruminants under extensive conditions (Rutter 
2017; Morgan-Davies et al 2018). 
An analysis of certain parameters allows rapid identification 
of an altered state in the well-being of sheep, ie a sudden 
cessation or reduction in rumination over a period of time 
may be an indication that welfare has been compromised. 
Immobilisation can occur in response to stressors but may 
indicate docility and absence or fear or it may be reflecting 
a high degree of disturbance and nervousness (Romyer & 
Boissou 1992). Studies in sheep have shown that exposure 
to several aversive stimuli (eg such as social isolation, sepa-
ration of a lamb from ewe, hot temperatures) can lead to a 
reduction in rumination (Cockram 2004). In recent years, 
biosensors and various biochemical parameter indicators 
have been developed, especially in beef and pork meat 
assessment (Sionek et al 2020). 
Drip loss is deemed significant in terms of pork meat’s 
overall palatability and has thus been a problem for the meat 
industry for many years (Forrest et al 2000). Excessive drip 
loss from fresh meat not only sees financial losses but also 
losses in valuable vitamins, minerals, flavour compounds, 
and water (Walshe et al 2006). 
In the ovine pre-slaughter supply chain, lambs may be 
exposed to a number of stressors, such as feed and water 
deprivation while poor handling and transport procedures 
can negatively impact welfare which may increase ultimate 
pH reducing meat product quality and consistency 
(Sutherland et al 2016). Another study (Hemsworth et al 
2019) highlighted the potential benefits of training-dedicated 
personnel to reduce fear and stress in sheep at abattoirs. 
Animals may show differing responses to the same environ-
mental conditions even when these are routine and regulated. 
The use of biosensors can quickly monitor the animal’s 
reaction to potential aversive factors, enabling effective 
management action to be taken to improve welfare and 
product quality during supply chain processes. Here, the aim 
was to determine whether alterations in transportation and 
lairage would be reflected by significant changes in lambs’ 
rumination and motion activity prior to slaughter and whether 
these stress indicators had any impact on meat quality. 

Materials and methods 

Breeding systems 
Two breeding systems were monitored: 12 Biellese lambs 
(four females and eight males) were raised in the Teaching 
Animal Farm of the Veterinary Science Department, 
University of Turin, and ten Sambucana lambs (three 
females and seven males) bred in pasture at 1,800–2,000 m 
above sea level in Val Maira (CN), Cuneo, Italy. The Biellese 
lambs were reared semi-extensively, ie they consumed 
approximately 500 g of milk per day, after weaning (day 60), 
they were fed ~120 g of concentrate per day and hay 
ad libitum until slaughter and flocks were permitted to 
partake in supplementary grazing in the autumn-winter 
season (period of investigation). Sambucana lambs, on the 
other hand, were reared extensively, leaving at dawn and 
grazing until evening, relying solely on suckling and grazing 
natural pasture. In both systems animal health and behaviour 
were monitored monthly as described previously (Bodas et 
al 2021). Briefly, welfare assessment was applied as per the 
AWIN protocol for sheep (AWIN 2015): (i) qualitative 
behaviour assessment (QBA), social withdrawal, stereotypy, 
excessive itching, panting; (ii) fleece cleanliness, fleece 
quality, tail length, faecal soiling, lameness; (iii) familiar 
human approach; (iv) stocking density, access to 
shade/shelter, water availability; (v) lamb mortality. These 
indicators were deemed appropriate (Bodas et al 2021), 
addressing the main welfare concerns. 
The study procedures were authorised by the Ethics and 
Animal Welfare Commission (n 1865/2017) of the 
University of Turin. 

Wool sample collection 
Cortisol levels of study animals were checked every 30 days 
via collection of wool samples from lambs’ first month of 
life to the age of four months. The procedures were autho-
rised by the Ethics and Animal Welfare Commission of the 
University of Turin. 
Wool samples were collected using a shave and re-shave 
technique as previously reported (Geß et al 2020) from the 
posterior vertex region of the neck between the cisterna magna 
and scapular bones. Approximately 10 cm2 was shaved in 
order to obtain sufficient wool for laboratory analysis.  

Hormone analysis 
Cortisol was extracted as per Geß et al (2020) and extracted 
samples were reconstituted in duplicate with 250 μL of 
ImmunoAssay Buffer (IAB) before the quantification of 
cortisol in the wool. Wool cortisol levels were determined 
using a commercial AlphaLISA Assay Kit (Cortisol 
AlphaLISA Kit-PerkinElmer, USA) according to the manu-
facturer’s specifications. The intra- and inter-assay coeffi-
cients of variation were 3 and 4%, respectively. The 
analytical sensitivity (Lower Detection Limit; LDL) of the 
method was 177 pg ml–1 and showed the following cross-
reactivity: 21-deoxycortisol 9%, prednisolone 5%, 
cortisone, and corticosterone 1%. 
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Sensor monitoring 
The commercial ear-tag sensor (eSense Flex, Allflex, 
Dallas, USA) had been previously tested for use in sheep 
(Caja et al 2020) and were active PLF devices containing 
a 3-axial accelerometer designed for measuring rumina-
tion and motion activity in cattle (calves and adult). Data 
were calculated according to manufacturer’s instructions. 
The sensors were powered by a small battery with an 
expected lifespan of three years and communicated with 
a reading unit via UHF over an area of approximately 
200 Å~ 500 m. Their material (waterproof plastic case), 
shape (keychain medal) and dimensions (68 Å~ 38 Å~ 
15-mm; weight, 28 g), meant it was possible for eSense 
devices to be readily inserted into the ears of large-sized 
sheep. Lambs from both breeds were tagged at two 
months of age and monitored every 15 min for rumina-
tion and motion activities right up until slaughter. After 
becoming adapted to the sensors, the lambs were 
recorded every day for a period of approximately 
2 months, including the critical 48-h period pre-
slaughter, ie during transportation and lairage. No ear or 
sensor issues (loss of tag, tearing of ear, breakage, 
failure) were reported during the experimental period. 
The eSense accelerometer showed base line and maximum 
comparable values for rumination and motion. Moreover, 
standard errors were low (mean variation coefficients 
ranged between 35 and 48% for rumination, and between 22 
and 33% for motion activity). We used this analysis to 
detect real-time changes within these parameters as induced 
by potential stressful events related to transport, such as the 
containment space linked to the transport time and sudden 
unexpected movements during transport. 

Animal transportation 
The Biellese lambs were picked up from the stable at 0600h 
and transported (transport truck area: 3.12 × 2 m 
[length × width] = 6.24 m2) for 2 h, before being unloaded 
at the slaughterhouse and slaughtered within 30 min. The 
Sambucana lambs were loaded onto the same size van the 
day prior to slaughter and transported for 5 h before being 
unloaded and left to rest for 6 h in a pre-slaughter barn 
(sheep stable area: 3 × 2.5 m [length × width] = 7.5 m2) and 
subsequently slaughtered. 

Lamb meat analysis  
All lambs were aged four and a half months at slaughter. 
The analyses were carried out blindly and different 
researchers managed the results of the analyses on the 
animal and on the animal product via numerical codes. 
Slaughter took place in the Department of Veterinary 
Science slaughterhouse in accordance with EU Council 
Regulation No 1009/2005 (2005a) on the Protection of 
Animals at Time of Killing. Carcases were processed as 
previously reported (Gonzales-Barron et al 2021). 

Water-holding capacity 
Water-holding capacity was measured by drip loss (DL) and 
cooking loss (CL) according to the methods described by 

Honikel (1998). For DL determination, meat samples stored 
in a plastic box provided with a double bottom at 4°C for 
24 h were weighed before and after storage. DL was defined 
as % losses during storage, calculated as 100 × (1 – weight 
after storage/weight before storage). To determine CL, meat 
samples were weighed, vacuum-sealed in a polyethylene 
bag and cooked in a water-bath, set at 75°C until an internal 
core temperature of 70°C was attained (monitored with a 
thermocouple). After cooking, samples were cooled using 
cold water, while still in bags before being removed, blotted 
and re-weighed. WBL was defined as % losses during 
cooking, calculated as 100 × (1 – weight after 
cooking/weight before cooking). 
Physicochemical analyses elucidated pH, moisture and dry 
matter, fat content, protein content ash content, drip loss, 
cooking loss — which were carried out on day 1 after 
slaughter. The intrinsic properties of meat were assayed at 
the beginning of the cold maturation.  

Statistical analysis 
In accordance with ARRIVE guidelines (Percie du Sert 
et al 2020), sample size estimation was carried out and 
obtained using a retrospective study (Caja et al 2020). 
From that study, with an alpha = 0.05 and a statistical 
power = 0.80, the sample size estimate was between nine 
and twelve subjects. 
Statistical analysis for hormone evaluation was carried 
out using SPSS® for Windows, version 23.0. The 
Kolmogorov-Smirnov test for normality was employed to 
check whether the data followed a Gaussian distribution. 
As the normality was not verified for all results, different 
sets of parametric and non-parametric tests were used. To 
compare mean wool cortisol concentrations in the two 
different productive systems, the parametric unpaired and 
paired t-test and the non-parametric Mann-Whitney U test 
were performed. Statistical differences were considered 
significant at P < 0.05. 
The sensor parameters were analysed separately: 
‘Activity’, which indicates the amount of motion made 
by the animal, ‘Rumination’, which evaluates the 
number of minutes of rumination of the subject. These 
indicators were correlated with data relating to certain 
carcase characteristics, in particular: Drip Loss at 3, 7 
and 14 days (DL d3%, DL d7%, DL d14%) and pH 24 h 
post-slaughter (pH 24 h). Data from the sensors, 
recorded within the time-frame of the ‘transport’ event, 
calculated from the time of loading and unloading in the 
pre-slaughter area, were processed according to the 
median for each animal and group. The correlation 
between these parameters and the characteristics of the 
meat was analysed using the two-tailed Pearson correla-
tion test. The P-value and the correlation coefficient 
obtained were evaluated. RCommander software (a 
platform-independent basic-statistics GUI [graphical 
user interface] for R, based on the tcltk package, see 
https://www.r-project.org) was used for the execution of 
the two-tailed Pearson correlation test. 
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Results 

Assessment of lambs’ welfare 
The results of the first level welfare assessment on farms 
showed, in general, a high degree of compliance with the 
needs of the animals (Tables 1 and 2) for Biellese and 
Sambucana lambs, respectively. In terms of productivity, 
both farms showed average offspring survival values of 
greater than one lamb per ewe. Neither stereotypy nor 
excessive itching were observed in any of the animals 
assessed in the farms — these indicators being character-
istic in closely confined animals (EFSA Panel on Animal 
Health and Welfare [AHAW] 2014). Social withdrawal 
was also not observed in any of the farms. No panting 
behaviour was observed and very few animals had dirt in 
their fleeces. In fact, following the AWIN protocol recom-
mendations, the second level welfare analysis was not 
considered necessary in any of the animals or farms. 
Laminitis, which is a common problem in dairy herds or 
adult animals, was not a problem in the farms evaluated. 
Likewise, water was always available in quantity and 
quality. The familiar human approach test yielded a flight 
distance of approximately 2 m, the highest score corre-
sponding to the shepherded farm. It is worth mentioning 
that most of the animals eventually approached the 
assessing person. It should also be noted that almost half 
of the sheep were ruminating during the observation 
period, an activity that tends to be associated with animals 
feeling relaxed and free from anxiety). QBA relies on the 
ability of humans to integrate perceived details of 
behaviour into descriptors with emotional connotation that 
can be scaled and added to other quantitative indicators 
(Figure 1). The two breeding systems can be considered 
well-organised in terms of management of animal 
breeding. The data reported are specifically those indi-
vidual animals monitored prior to slaughter however they 
are generally representative of the entire flock as a whole. 
QBA relies on the ability of humans to integrate perceived 
details of behaviour into descriptors with emotional conno-
tation that can be scaled and added to other quantitative 
indicators. Following the AWIN protocol (AWIN 2015), we 
assessed the emotional state of animals by observing and 
scoring a series of 17 descriptors on a scale (see Tables 1 
and 2 for Biellese and Sambucana breeds, respectively), 
which may have negative (aggressive, agitated, apathetic, 
defensive, fearful, frustrated, listless, physically uncomfort-
able, subdued, tense, wary) or positive (active, alert, 
assertive, bright, calm, content, inquisitive, relaxed, 
sociable, vigorous) connotations. We observed a convergent 
validity between QBA, behaviour and physiology has been 
previously demonstrated (Mialon et al 2021). Animals from 
both rearing systems seemed to express differing degrees of 
positive emotional state. 

Chronic cortisol detection 
The mean wool cortisol concentration in both breeding 
systems ranged from 10.2 (± 3.5) to 6.5 (± 2.3) and from 
9.2 (± 4.0) to 5.9 (± 2.4) pg mg–1, respectively, for in 

pasture and in semi-extensive systems. Within each 
system the comparison between the four-monthly times of 
the wool collection showed high levels of cortisol in the 
first month of life (T1) with a constant decrease in values 
over successive monthly periods of wool collection (T2, 
T3, and T4) in both systems (Figure 2[c]). These absolute 
levels of cortisol are comparable with previous studies 
(Stubsjøen et al 2015, 2018). Age, in fact, is a factor that 
influences the levels of cortisol in the hair, as at birth it is 
higher and decreases with the passage of time, something 
that is also observed in other farm animals. 

Lamb production in the two systems 
The production profile for the two breeds (Biellese and 
Sambucana) were kept fairly uniform at the slaughterhouse 
(ie birth weight, weight gain, live weight at slaughter, hot 
carcase weight, cold carcase weight, yield at slaughter to 
ensure homogeneity (Table 3). No other correlation was 
detected with the physical and chemical meat characteristic 
analysis carried out on the two breeds (data are summarised 
in Tables S4 and S5 in the Supplementary material online). 

Rumination and total activity monitored by sensors 
The study found no significant impact of production 
system on the motion nor reduction in rumination as 
measured by the sensors (see Figure S3[a]–[d] in 
Supplementary material) and therefore focused on the latter 
part of the experiment, ie transport and lairage stage 
regarding stress factors impacting meat quality as we previ-
ously reported. Results showed the absence of any signifi-
cant correlation between total activity and pH values at 
24 h post-slaughter and similar results were also obtained 
for ruminal activity (data not shown). However, sensors 
recorded a significant correlation between total motor 
activity, ruminal activity and drip loss (DL) seven days 
after slaughter (Figure 4[a] and [b]). The correlation 
analysed according to Pearson two-tailed was P < 0.00009. 
The study also identified a significant correlation between 
the motor and ruminal activity recorded by the sensors and 
the drip loss value after 14 days of slaughter (Figure 2[a], 
[b]). The correlation analysed according to Pearson two-
tailed was P < 0.00009. Analogous result with the drip loss 
values measured seven and 14 days after slaughter 
(P < 0.0002 and P < 0.00001, respectively).  

Discussion 
Bio-sensors may be used to improve meat production 
including testing for safety and quality. In this study we 
found lower levels of rumination and motor activity to be 
associated with increased drip loss at seven and 14 days, 
post slaughter. This not only indicates that meat would be 
of lower quality, incurring significant economic costs but 
also that animals with these lower levels may have lower 
health and fitness levels and/or cope less well with 
stressors experienced during transport, lairage and 
slaughter. Previous articles, such as Caja et al (2020), 
reviewed the potential for sensor technologies to identify 
changes in activity and rumination which may be useful 
in monitoring the welfare of the sheep. 
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Table 1   Welfare assessment of Biellese lambs during the entire breeding period. Indirect welfare indicators of Biellese lambs 
(n = 12) were individually evaluated monthly from 1 month of age to slaughter (parameters expressed as percentages).

Welfare assessment 1 month 2 month 3 month 4 month

Body Condition Score Emaciated 0 0 0 0

Thin 0 20 20 20

Good 80 50 80 70

Fat 20 30 0 10

Lesions to head/neck region Presence 0 0 0 0

Absence 100 100 100 100

Lesions to body and legs Presence 0 0 0 0

Absence 100 100 100 100

Ocular discharge Presence 0 0 0 0

Absence 100 100 100 100

Myiasis Presence 0 0 0 0

Absence 100 100 100 100

Mucosa score Not anaemic 90 80 100 90

Borderline anaemic 10 20 0 10

Anaemic 0 0 0 0

Severely anaemic 0 0 0 0

Respiratory problems Presence 0 0 0 0

Absence 100 100 100 100

Fleece cleanliness Clean and dry 90 80 100 100

Dry or damp, light soiling 10 20 0 0

Wet, soiled with mud or faeces 0 0 0 0

Very wet, heavily soiled 0 0 0 0

Filthy 0 0 0 0

Fleece quality Good 100 100 100 100

Some loss 0 0 0 0

Significant loss 0 0 0 0

Hoof overgrowth Clean and dry 100 100 100 100

Absence 0 0 0 0

Faecal soiling None 90 100 70 60

Very light soiling 10 0 30 40

Light soiling and dags 0 0 0 0

Soiling and dags 0 0 0 0

Extensive soiling and dags 0 0 0 0

Tail length Undocked 100 100 100 100

Docked 0 0 0 0

Short docked 0 0 0 0

Lameness Not lame 100 100 100 100

Minor lameness 0 0 0 0

Lame 0 0 0 0

Severely lame 0 0 0 0
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Table 2   Welfare assessment of Sambucana lambs during the entire breeding period. Indirect welfare indicators of Sambucana 
lambs (n = 12) were individually evaluated monthly from 1 month of age to slaughter (parameters expressed as percentages).

Welfare assessment 1 month 2 month 3 month 4 month

Body Condition Score Emaciated 0 0 0 0

Thin 25 25 16.7 16.7

Good 66.7 66.7 40 25

Fat 16.7 8.3 33.3 58.3

Lesions to head/neck region Presence 16.7 16.7 8.3 8.3

Absence 83.3 83.3 91.7 91.7

Lesions to body and legs Presence 0 8.3 8.3 0

Absence 100 91.7 91.7 100

Ocular discharge Presence 8.3 0 8.3 0

Absence 91.7 100 91.7 100

Myiasis Presence 0 16.7 0 8.3

Absence 100 83.3 100 91.7

Mucosa score Not anaemic 100 100 91.7 100

Borderline anaemic 0 0 8.3 0

Anaemic 0 0 0 0

Severely anaemic 0 0 0 0

Respiratory problems Presence 0 0 0 0

Absence 100 100 100 100

Fleece cleanliness Clean and dry 100 100 100 100

Dry or damp, light soiling 0 0 0 0

Wet, soiled with mud or faeces 0 0 0 0

Very wet, heavily soiled 0 0 0 0

Filthy 0 0 0 0

Fleece quality Good 100 100 100 100

Some loss 0 0 0 0

Significant loss 0 0 0 0

Hoof overgrowth Clean and dry 100 100 100 100

Absence 0 0 0 0

Faecal soiling None 100 83.3 100 100

Very light soiling 0 16.7 0 0

Light soiling and dags 0 0 0 0

Soiling and dags 0 0 0 0

Extensive soiling and dags 0 0 0 0

Tail length Undocked 100 100 100 100

Docked 0 0 0 0

Short docked 0 0 0 0

Lameness Not lame 100 100 100 100

Minor lameness 0 0 0 0

Lame 0 0 0 0

Severely lame 0 0 0 0

https://doi.org/10.7120/09627286.31.4.010 Published online by Cambridge University Press

https://doi.org/10.7120/09627286.31.4.010


Sensor activity and meat quality in lambs   511

As we reported, our observations in the welfare assessment 
of both breeding systems did not report major and persistent 
changes in animal welfare. The assessment of animal 
welfare in these farms supports the notion that lambs were 
reared under conditions that more than fulfil the require-
ments for adequate welfare, providing good feeding, good 
housing, good health and appropriate behaviour. In fact, 
following the AWIN protocol recommendations, the second 
level welfare analysis was not considered necessary during 
the entire rearing period. However, our assessment during 
the final hours of the animals’ lives has improved the 
effective monitoring and identification of systemic welfare 
failures and the active enhancement of opportunities for 
positive welfare experiences. We think that PLF technology 
would also be useful in correctly addressing specific and 
persistent welfare problems, especially those not detectable 
by clinical observation. Rumination and total activity may 

indicate that welfare has perhaps been compromised since 
immobilisation can occur in response to environmental 
stressors as previously shown (Caja et al 2020). That said, it 
may also merely reflect docility and an absence of fear 
(Romyer & Boissou 1992). Since neither supply chain 
showed evidence of stress at a hormonal (cortisol) or clinical 
level during rearing, we propose that animals perceived the 
transport and the pre-slaughter phase differently. Indeed, 
both systems (analysed for four months) showed animals to 
generally be able to adapt to their surroundings, showing a 
progressive reduction in accumulation of cortisol, an indica-
tion that the supply chain in the grazing and semi-extensive 
conditions managed to maintain a positive sense of well-
being (Geß et al 2020). A degree of deterioration in the sense 
of well-being has been associated with the hours immedi-
ately preceding slaughter. As animal responses were 
analysed individually it was possible to distinguish total 

Animal Welfare 2022, 31: 505-516 
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Figure 1

Qualitative Behaviour Assessment (QBA) of (a) Biellese and (b) Sambucana breeds. Behavioural expression patterns of the flocks were 
recorded in accordance with the QBA of AWIN Welfare Assessment Protocol for Sheep. One hundred randomised animals were 
observed for 1 h each session six times during the entire breeding period. All parameters are reported as percentages (± SEM). 
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Figure 2

Mean drip loss levels of 12 Sambucana and ten Biellese lamb carcases 14 days post-slaughter at various levels of (a) total activity and (b) 
ruminal activity recorded by the sensors from during the transport period from farm to point of slaughter until the completed unloading 
period. The vertical red line indicates the median. The correlation analysed according to Pearson’s two-tailed is (a) –0.7862837 with 
P < 0.00009 and (b) 0.7896369 with P < 0.00001 while (c) represents mean levels of wool cortisol concentration (pg mg–1) measured 
in a group of 12 lambs of Sambucana and (d) a group of ten lambs of Biellese breeds sampled monthly from 1 to 4 months of age. 
Sampling: T1 = first month of life; T2 = second month of life; T3 = third month of life; T4 = fourth month. 
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Table 3   Mean (± SD) production profile of animals at the slaughterhouse. 

Figure 2 (cont)

Breed Age of the lambs at slaughter 
(days)

BW (kg) WG (kg) LWS (kg) HCW (kg) CCW (kg) YS (%)

Biellese 123.50 (± 13.4) 4.83 (± 13.4) 0.23 (± 0.02) 33.50 (± 1.41) 17.30 (± 0.42) 16.90 50.47 (± 0.86)

Sambucana 135.50 (± 9.2) 6.10 (± 9.2) 0.16 (± 0.04) 27.55 (± 4.60) 15.25 (± 3.18) 14.75 53.32 (± 2.65)

BW = birth weight;  
WG = weight gain;  
LWS = live weight at slaughter;  
HCW = hot carcase weight;  
CCW = cold carcase weight;  
YS = yield at slaughter. 
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activity and rumination responses according to typology 
quite effectively, which could be useful for further studies. 
Other reports have shown that biosensors can be used effec-
tively for drip loss analysis and glycolytic potential evalua-
tion; by employing glucose and lactate measured in drip loss 
as potential markers of muscle glycolytic potential and meat 
quality traits (Przybylski et al 2016). For pigs, it has been 
shown that there is a link between fast-glycolysing muscles 
or muscles rich in fast-twitch fibres and rapid glycogen 
metabolism, post mortem, as well as a rapid pH fall, 
resulting in higher drip loss from the meat (Mepham 
2000). Whilst our research did not detect any such relation 
with pH, we did however see a significant correlation 
between ruminal activity, total motor activity and drip loss. 
The lack of correlation with pH change could be related to the 
sampling times, having data available at 24 h or possible slight 
variations were not identified by the number of observations 
available. However, these experiences may have been detected 
in real time by accelerometers and then correlated individually 
to quality parameters of the meat. Excessive drip loss linked to 
different handling conditions of animals prior to slaughter 
significantly affects fresh meat parameters that signify not only 
financial losses associated with such meats but losses in 
valuable vitamins, minerals, flavour compounds and water in 
different species (Danso et al 2017; Carrasco-García et al 
2020; Składanowska-Baryza et al 2020; Zheng et al 2020).  

Animal welfare implications 
The use of biosensors measuring activity and rumination 
have the potential to help monitor and improve animal 
welfare. They may be adopted for monitoring the quality of 
transport and handling pre-slaughter and could allow for the 
prediction of certain meat quality parameters.   

Conclusion  
Real-time individual sensors allowed exploration of the 
possible connection between levels of total activity and 
rumination (used as potential indicators of deterioration of 
animal welfare in sheep during transport and pre-slaughter) 
and a wide range of meat quality indicators. Differences in 
two production systems were demonstrated as was a signif-
icant correlation with drip loss. Animals underwent veteri-
nary inspection during the breeding period through until 
slaughter without any health problems being detected; but 
sensors were able to determine varying levels of activity 
and rumination during both transports.  
Statistically significant direct correlations were found between 
both activity and rumination levels and drip loss at days seven 
and 14. Lower activity and rumination levels were associated 
with greater drip loss indicating lower meat quality.  
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Figure 4

Mean drip loss levels of 12 Sambucana and ten Biellese lamb carcases seven days post-slaughter at various levels of the (a) total motor 
activity and (b) ruminal activity recorded by the motion sensors during the transport period from farm to point of slaughter. The vertical 
red line indicates the median. The correlation analysed according to Pearson two-tailed is (a) –0.7361697 with P < 0.00009 and (b) 
0.7517323 with P < 0.00005. 
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