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ABSTRACT 

IMPACT OF TWO NOVEL TRAILER DESIGNS ON TRAILER MICROCLIMATE, 

ANIMAL WELFARE, AND MEAT QUALITY DURING SHORT DISTANCE 

TRANSPORTATION OF PIGS TO SLAUGHTER UNDER CANADIAN SUMMER AND 

WINTER CONDITIONS 

 

Kyle Alexander Thomas Moak 

University of Guelph, 2021

            Advisor:  

Dr. Renée Bergeron 

Co-Advisors: 

Dr. Luigi Faucitano 

The welfare of pigs during transport depends on many factors, but trailer design plays a 

key role in transport-related stress. Pot-belly trailers are commonly used for swine transportation 

in Canada but are criticized because of steep internal ramps causing difficulties during 

loading/unloading, and poor internal microclimate conditions. This results in a greater proportion 

of dead-on-arrivals and fatigued pigs compared to trailers using flat-deck designs. The objective 

of this study was to compare a standard pot-belly trailer to two novel trailer designs, both featuring 

fan-assisted ventilation and water misting (modified pot-belly and advanced flat-deck trailer) and 

one featuring flat-decks (advanced flat-deck trailer). Only a few modest differences were observed 

between pigs transported with different trailers, suggesting that loading pigs using a trailer with a 

flat deck design compared to trailers with standard ramp designs did not reduce loading stress, and 

trailers featuring fan-assisted ventilation and water misting did not effectively cool pigs during 

summer transits.  
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1 Literature Review: Stress, Welfare, and Meat Quality in Relation to Swine 

Transportation 

1.1 Understanding Animal Welfare 

Animal welfare is difficult to define simply. In respect to animal welfare, a working 

definition should incorporate the animal’s physical and mental health, adaptability to the 

environment without suffering, and, in certain definitions, include feelings (Mason and Mendl 

1993; Broom 1996). The problem with the term welfare is that it has no specific measurement or 

evaluation criteria; rather an individual identifies and measures characteristics related to poor 

welfare or suffering (Fraser 1995). Therefore, welfare is argued to be an intrinsic quality of the 

animal’s being that varies on a spectrum, rather than a physical object or action that can be given 

or removed (Broom 1996; Broom and Johnson 2000). Three conceptions surrounding animal 

welfare have emerged: the biological function idea, the feelings idea, and the natural living idea 

(Hemsworth et al. 2015). 

Starting with the biological functioning viewpoint, animal welfare is related to the 

physiological stress response and how the animal attempts to cope with its environment (Barnett 

and Hemsworth 1990; Broom 1991a, 1996; Broom and Kirkden 2004). Anything that limits the 

animal’s ability to survive, reproduce, and perform reduces the animal’s welfare (Barnett and 

Hemsworth 1990; Broom and Kirkden 2004). Both physical and mental stressors are important in 

this description of animal welfare. For example, if an animal is put on analgesics to alleviate pain 

and suffering from a broken leg or if an animal is experiencing boredom or anxiety despite 

otherwise appearing healthy, its welfare is still considered poor (Broom 1991b). A critique by 

Duncan (2005) highlights the unclear concept of coping as it is defined only in relation to when an 
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animal cannot cope, which leads to poor welfare and eventual death if nothing is done to improve 

the condition, but nothing can be gathered from an animal that is successfully coping. Another 

limitation observed by Duncan (2005) is that just because an animal copes with stress or an injury 

does not mean its welfare has improved. 

Alternatively, the feelings viewpoint, also known as affective states, is based 

predominately on the argument that welfare is centered around how an animal feels, not on primary 

needs (Dawkins 1980; Mason and Mendl 1993; Duncan 2005). This perspective deals primarily 

with positive emotions or states, such as pleasure or enjoyment, and with negative emotions or 

states, such as suffering or pain (Fraser and Duncan 1998). Feelings are an evolutionary system 

designed to protect the animal’s biological fitness; hence an animal’s welfare is only compromised 

if it is experiencing mental distress (Dawkins 1980, 1990; Duncan and Petherick, 1989; Broom 

and Kirkden 2004; Duncan 2005). Consequently, in the same example of an animal given 

analgesics for a broken leg, if the animal cannot feel the pain and has no mental stress concerning 

the leg, no welfare issues exist, even if its health is compromised. A limitation with this idea is 

that feelings are subjective and only the animal itself knows its mental state, thus an animal cannot 

verbally communicate with humans if it is feeling distress, individuals can only infer that it is or 

is not feeling distress (Hemsworth et al. 2015). Researchers can look to human stress studies, since 

humans can communicate feelings as opposed to guessing as in the case of the animal and compare 

similar behaviour and mental changes in humans who feel stress to animals feeling stress (Dawkins 

1990; Mason and Mendl 1993). However, this approach heavily relies on the idea that behavioural 

and physiologic signs of mental suffering in animals is analogous to that of humans and is at risk 

of anthropomorphising the animal’s welfare (Dawkins 1990; Mason and Mendl 1993). 
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Furthermore, if feelings are the only aspect considered in assessing welfare, conditions, such as 

sub-clinical infections, immunosuppression, inability to grow, and decreased life expectancy 

would not be considered as indicators of poor welfare unless suffering or “bad feelings” are 

associated with the conditions (Broom and Kirkden 2004). Broom and Kirkden (2004) raise further 

counter arguments surrounding the use of feelings as a sole measure of welfare by questioning the 

welfare status of animals who are asleep, anaesthetized, drugged, or afflicted with a mental illness 

that impairs awareness since these animals are not able to experience any feelings in their current 

state.  

The final perspective is the natural living viewpoint, which regards the animal’s welfare to 

be optimal when animals can express normal or natural behaviour in normal or natural ways 

(Fraser 2008; Hemsworth et al. 2015). Progress in neuroscientific studies indicate that animals do 

find certain behaviours, such as hunting, exploration, and maternal care, rewarding. Performing 

rewarding behaviours results in a positive emotional state which is a sign of good welfare 

(Panksepp 2005; Mellor 2015). The natural living idea provides the advantage of highlighting 

potential welfare benefits of permitting animals to engage in natural behaviours and may be useful, 

when considering restrictive housing environments for example, in addition to biological and 

affective states (Fraser 2009). This perspective can give researchers insight to understanding 

certain repetitive or strongly motivated behaviours and its relation to a potential loss or suppression 

of natural behaviour and motivation (Green and Mellor 2011). An example is given by Widowski 

and Curtis (1990), who reported that domestic sows housed in commercial farming facilities show 

restless behaviour before farrowing, results from their motivation and instinctual behaviour to 

prepare nesting sites. Natural behaviours can be positive or negative in terms of animal welfare, 
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therefore it is important to define and create criteria for such behaviours (including positive natural 

behaviours and excluding negative behaviours; Barnett and Hemsworth 2009; Hemsworth and 

Coleman 2011).  

To help in the arduous task of providing a comprehensive evaluation of animal welfare, 

the Farm and Animal Welfare Council in 1979 devised a rough framework, known as the five 

freedoms, as a starting point for evaluating welfare. The five freedoms: 1) freedom from thirst, 

hunger, and malnutrition, 2) freedom of discomfort, 3) freedom from pain, injury, and disease, 4) 

to express normal behaviour, and 5) freedom from fear and distress, were created as a simple way 

to provide main ideas about proper welfare (as cited in Green and Mellor 2011). However, as 

correctly pointed out by Green and Mellor (2011), the five freedoms were an appropriate way to 

initially characterize the animal welfare for general lay persons, but they are an idealistic view that 

is simply unattainable. For example, an animal must feel thirsty in order to want to drink or what 

is the normal behaviour to express. Another limitation of the five-freedom perspective is that the 

view focused on trying to resolve negative experiences and remained ignorant to positive 

experiences (Mellor 2016b). The focus of animal welfare evolved from the idealistic five freedoms 

to the five provisions model to better improve quality of life for animals (Mellor 2016b). The five 

provisions model expanded upon the five freedoms by including and differentiating between 

physiological and affective, positive and negative, states encompassed in animal welfare, and is 

continually updated to incorporate new ideas (Mellor 2016a, b). The main argument behind these 

perspectives is that an animal should have a life worth living through a healthy balance between 

positive and negative experiences (Mellor 2016b). To illustrate this point, a short-term intervention 

may initially be detrimental to an animal’s welfare, say recovery from hip surgery, but would result 
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in a greater positive benefit overall, i.e., relief of chronic hip pain (Mellor 2016b). This view can 

further highlight limitations to group welfare assessment that may overlook specific individuals 

experience, whether positive or negative (Mellor 2016b). 

1.2 The Stress Response 

Hans Selye, a Canadian-Hungarian endocrinologist, first coined the term stress as a “non-

specific response of the body to readjust itself following any demand made upon it” (Selye 1936). 

Selye termed this non-specific response the general adaptation system with three progressive 

stages (Selye 1936). The first stage is the alarm reaction to the stressor, analogous to the “fight or 

flight” response, where the adrenal medulla is activated. The second stage is the stage of coping, 

in which the organism attempts to maintain homeostasis via cortisol secretion. Lastly, if 

readjustment fails, the stage of exhaustion (Selye 1936). It should be noted that this final phase is 

not the overall goal of the stress response, rather a consequence of prolonged exposure, in which 

sickness and death are possible outcomes (Selye 1936).  

Biological stress is often viewed as a detrimental physiological response that leads to 

exhaustion and disease states. Although stress can result in disease states, this is typically in 

response to an excessive chronic situation. In acute situations, stress is an essential response to 

intrinsic and extrinsic stressors aimed at handling with the changing environment to maintain 

physiological homeostasis (Charmandari et al. 2005; Romero and Butler 2007; Stratakis and 

Chrousos 1995). Stressors can result from either physical stimulus, such as injuries, physiological 

stimulus, such as starvation, or emotional stimulus, primarily fear (Romero and Butler 2007). 

Stressors activate complicated stress response systems that integrate cognitive, emotional, 

neurosensory, and peripheral somatic signals (O’Connor et al. 2000). Through coordinated activity 
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of both the autonomic and neuroendocrine systems, an organism can activate adaptive responses 

in an attempt to handle the stressor (O’Connor et al. 2000; Charmandari et al. 2005). Consequently, 

whenever an organism detects a stressor, the sympathoadrenal system (autonomic) and the 

hypothalamic-pituitary-adrenal (HPA) axis (neuroendocrine) are signalled to release a dynamic 

interplay of stress hormones. Generally, the HPA axis is adaptive, as it involves long term gene 

transcription to produce new proteins that have direct influence on behaviour, metabolism, 

reproduction, growth, and the immune system to cope with repeated stressors. Conversely, the 

sympathoadrenal response is rapid and uniform, regardless of the strength of the stress stimulus, 

to increase heart rate, blood flow, and energy metabolism (Schommer et al. 2003; Romero and 

Butler 2007). The interplay of stress hormones coordinates energy production and expenditure 

towards the central nervous system (CNS) and muscles, traditionally referred to as the fight or 

flight response, while reducing energy production towards “rest and digest” systems, such as the 

gastrointestinal tract (Charmandari et al. 2005). 

1.2.1 Sympathoadrenal Medullary System    

The sympathoadrenal system is the autonomic branch of the sympathetic nervous system 

that activates when the organism detects a physical, physiological, or emotional stressor 

(Christensen 1991). Ordinarily, the sympathetic nervous system involves both preganglionic 

(cholinergic) and postganglionic (adrenergic) axons. However, the sympathoadrenal system is an 

exception since the adrenal medulla functions as the postganglionic neuron. Acetylcholine, 

released from the preganglionic neuron, binds to nicotinic receptors on specialized chromaffin 

cells of the adrenal medulla (Eiden and Jiang 2018). Once chromaffin cells are activated by 

acetylcholine, the catecholamines, epinephrine and norepinephrine, are biosynthesized from the 



 

 

7 

 

amino acid, tyrosine (Pocotte et al. 1985; Lee and Jhang 2018). Certain animals, swine for 

example, have two divided zones of the medulla where the outer zone contains epinephrine 

producing cells and the inner zone contains polyhedral norepinephrine cells (Hopwood 1967). 

After catecholamine biosynthesis, the adrenal medulla excretes mainly epinephrine (60–80%), 

with the remainder being norepinephrine bound to the carrier protein, albumin. As one might 

expect, the onset of epinephrine and norepinephrine action is rapid, exerting its biological effects 

within seconds of detecting a stressor (Romero and Butler 2007).  

Adrenergic receptors are found in key locations for the fight or flight response (Figure 1.1). 

The heart’s involvement in the fight or flight response is crucial for supplying blood to the CNS 

and skeletal muscle. The heart primarily contains the Beta-1 subtype of adrenergic receptor, which 

epinephrine acts upon to increase heart rate and force of contraction, thereby increasing total 

cardiac output, a useful indicator of stress (Rockman et al. 2002; Wang et al. 2007). In addition to 

the extra cardiac output, there is an increased demand for oxygenated blood by cardiomyocytes, 

skeletal muscle, and the CNS. Therefore, epinephrine also interacts with Beta-2 receptors found 

in the lungs to relax bronchiole smooth muscle and vasodilates blood vessels of skeletal muscle to 

increase oxygenated blood supply (Aviado et al. 1957; Zaid and Beall 1966). Supplying 

oxygenated blood to skeletal muscle and the CNS is only half the battle; energy, in the form of 

glucose, is also required to fuel the muscle and the CNS (Somogyi 1950; Sacca et al. 1983; Sherwin 

and Sacca 1984). Stimulation of beta receptors by epinephrine initiates glucagon production and 

release, which stimulates glycogenolysis in skeletal muscle. In the liver, Alpha-1 and Beta-2 

receptors influence gluconeogenesis, converting amino acids and lipids into glucose, and 

glycogenolysis to secrete glucose into the bloodstream for skeletal muscle and the CNS (Somogyi 
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1950; Day 1975; Sacca et al. 1983; Sherwin and Sacca 1984; Matthews et  al. 1990). To ensure 

that the energy and oxygen are being delivered to the key locations, epinephrine acts upon alpha-

2 receptors found in peripheral blood vessels causing vasoconstriction (Adler-Graschinsky et al. 

1975; Stjarne and Brundin 1976; Majewski et al. 1980; Brown and Dollery 1984; Floras et al. 

1988). Consequently, organs, particularly the stomach and intestine, are influenced by alpha-2 

receptors to constrict sphincters and reduce the passage of food since the process of digestion 

requires a large amount of blood and energy (Stjarne and Brudin 1975).  
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Figure 1: Illustration of the pathway by which a stressor results in epinephrine and norepinephrine release 

from the adrenal medulla, and the effect of the catecholamines on various systems to increase blood 

pressure and perfusion to muscle, decrease blood flow to rest and digestive organs, and increase 

glucose production to supply muscle energy for either a fight-or-flight response.  
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Figure 1.1 Illustration of the pathway by which a stressor results in epinephrine and 

norepinephrine release from the adrenal medulla, and the effect of the catecholamines on various 

systems to increase blood pressure and perfusion to muscle, decrease blood flow to rest and 

digestive organs, and increase glucose production to supply muscles with energy for the necessary 

flight-or-flight response (synthesized from Romero and Butler 2007) 
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1.2.2 Hypothalamus-Pituitary-Adrenal Axis  

The HPA system is activated whenever an organism detects a stressor, which stimulates 

physical and behavioural response mechanisms to cope with the perceived stressor. (Becker et al. 

1985; Makino et al. 2002; Romero and Butler 2007). In this pathway, alpha-1 adrenergic neurons 

stimulate gene expression in the paraventricular nucleus (PVN) of the hypothalamus to produce a 

41 amino acid neuropeptide, cortisol releasing hormone (CRH; Koenig 1989; Makino et al. 2002; 

Subbannayya et al. 2013), which travels from axons in the hypothalamus to the median eminence 

of the hypothalamus (Koenig 1989, Makino et al. 2002). After secretion from the median 

eminence, CRH passes through the hypothalamic-hypophyseal portal vein system, a vascularized 

connection between the hypothalamus and the anterior pituitary, to interact with CRH1 receptor, 

a G family protein, found on corticotrope cells of the anterior pituitary (Koenig 1989; Margioris 

and Tsatsanis 2020). By binding to corticotrope cells, CRH influences the synthesis of 

proopiomelanocortin (POMC) and POMC’s subsequent cleavage into a 39 amino acid protein, 

adrenocorticotropic hormone (ACTH; Koenig 1989; Margioris and Tsatsanis 2020).  

ACTH is released from the anterior pituitary into peripheral circulation and binds to highly 

specific ACTH receptors found on the adrenal cortex (Ball et al.1974; Margioris and Tsatsanis 

2020). More specifically, ACTH receptors are found on the surface of adrenocortical cells located 

in the middle layer of the adrenal cortex, the zona fasciculata (Ball et al.1974; Margioris and 

Tsatsanis 2020). Moreover, the ACTH receptor is a G-protein coupled receptor which 

biosynthesizes glucocorticoids, cortisol and corticosterone, from cholesterol. Cortisol, the main 

stress hormone in this pathway, circulates in the body primarily bound to a carrier protein, 

corticosteroid-binding globulin (75%) and, in a smaller percentage, to albumin (20%). The 
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remaining 5% of free cortisol can freely cross biological membranes, where it binds to intracellular 

glucocorticoid and mineralocorticoid receptors, thereby modifying gene expression (Perreau et al. 

1999; Romero and Butler 2007; Nicolaides et al. 2010). By modifying gene expression, the HPA 

acts more as a long-term coping mechanism in comparison to the sympathoadrenal system. 

Glucocorticoids influence a multitude of systems, including the anterior pituitary, PVN, and 

hippocampus, to exert negative feedback, effectively downregulating the gene expression and 

production of CRH and ACTH (Koenig 1989; Makino et al. 2002; Yehuda et al. 2006).  

Cortisol is essential for life and, given that the glucocorticoid receptor is ubiquitous, is 

estimated to influence 10–20% of all gene expression (Oakley and Cidlowski 2013). Therefore, 

stress can have a major impact on a variety of physiological functions, and glucocorticoid 

expression, related to a stress response, can be useful to evaluate animal welfare. One of the 

primary physiological functions of cortisol is to increase the mobilization of nutrients, mainly 

glucose, to provide cells with the necessary energy to cope with the stressor (Figure 1.2; Baxter 

and Forsham 1972; Brillion et al. 1995; Schommer et al. 2003; Romero and Butler 2007). 

Consequently, this requires elevating circulating glucose levels by utilizing gluconeogenic 

enzymes in the liver to convert amino acids (from muscle, lymphoid, skin, and connective tissue) 

and glycerol and fatty acids (from adipose tissues) into glucose (Baxter and Forsham 1972; 

Thompson and Lippman 1974; Brillion et al. 1995). Outside of a stress response, cortisol secretion 

is highly controlled and organized in a circadian rhythm via the main circadian oscillator found in 

the suprachiasmatic nucleus (Krieger et al. 1971; Weitzman et al. 1971; Debono et al. 2009). 

Generally, cortisol secretion is the lowest at midnight, rises overnight, and peaks during the early 

morning (Krieger et al. 1971), suggesting that cortisol may play a role in the waking processes 
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(Krieger et al. 1971; Weitzman et al. 1971; Debono et al. 2009). After early morning, cortisol 

secretion slowly declines throughout the day and restarts the cycle (Krieger et al. 1971; Weitzman 

et al. 1971; Debono et al. 2009).  
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Figure 1.2 Illustration of the pathway by which a stressor results in glucocorticoid release, the action of 

glucocorticoids on circulating plasma glucose levels, and the negative feedback effect of the glucocorticoids 

on the anterior pituitary and hypothalamus (synthesized from Romero and Butler 2007). 
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1.3 Animal-Based Measures of Transport and Handling Stress 

1.3.1 Blood Stress Indicators 

1.3.1.1 Creatine Kinase 

Creatine kinase (CK) is responsible for maintaining energy homeostasis in skeletal muscle 

(Dieni and Storey 2009). Creatine kinase activity is related to ATP requirements, as CK is required 

to convert ATP into ADP and catalyzes the transfer of phosphorus to create phosphocreatine 

(Walliman et al. 1992; Anderson 2010). Creatine kinase concentration increases after physical 

activity due to a higher utilization of energy and appears in blood plasma due to cell damage 

(Knowles et al. 2014). Serum CK concentration can be useful in measuring physical exertion and 

muscle damage in pigs prior to slaughter (Knowles and Warriss 2000) and is used to measure of 

long-term physical stress as it peaks after 6 h and returns to basal levels after 48 h (Anderson 

2010). Elevated CK levels are associated with higher loading densities (Ritter et al. 2009), summer 

and winter (Correa et al. 2013; Sommavilla et al. 2017) temperatures, navigating steep ramps 

(Weschenfelder et al. 2013), long transports (18 h vs. 6 h; Sommavilla et al. 2017), and stressful 

lairage conditions (Warriss et al. 1994). Given that CK has a long half-life, CK measured in blood 

at exsanguination would be more reliable in situations where lairage times were extended (Warriss 

et al. 1998a, 1998b).  

1.3.1.2 Lactate 

Physical activity requires energy via the utilization of glucose and glycogen stores in 

skeletal muscle (Faucitano and Lambooij 2019). When oxygen is limited, during intense physical 

activity for example, energy is generated through an anaerobic process where pyruvate is 

converted into lactate in striated muscle (Voet and Voet 1995; Nelson and Cox 2008). Therefore, 
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muscle lactate is only produced if the working muscle exceeds its supply of oxygen and lactate is 

then shuttled from the muscle to the liver to be converted into glucose (Knowles and Warriss 

2000). When a pig is frightened or has muscle damage from physical activity, lactate is released 

into the blood stream (Broom 1995). Lactate concentration increase in blood is dependent on how 

fast the tissues can remove it compared to how fast lactate is produced (Broom and Johnson 1993). 

Lactate concentration in blood peaks after 4 min of stress exposure and returns to basal levels 2 h 

later (Anderson 2010), which makes it a useful measure of short-term physical stress.  

Edwards et al. (2010a) observed a strong correlation (r = 0.97) between whole blood and 

plasma lactate concentrations obtained by hand-held lactate scout analyser and enzymatic 

analytical procedure, respectively. Furthermore, whole blood lactate measurements can be taken 

from the distal vein of the ear for real-time determination on-farm or pre-slaughter lactate levels 

and from the jugular vein during exsanguination at the processing facility in order to gather a 

relative change in lactate concentrations (Buzzard et al. 2010; Rocha et al. 2016). However, since 

the stress response is non-specific and is the combination of multiple stress factors such as handling 

methods, transport, and lairage environments, caution should be used when interpreting blood 

physiological results in relation to transport stress (Warriss et al. 1998b). There are limitations 

with cortisol and lactate as stress indicators since cortisol shows diurnal variation and is sensitive 

to changes in lighting, eating, and activity in addition to stress, and lactate shows both postprandial 

variation and diurnal variation (Charmandari et al. 2005; Koopmans et al. 2005). 

During transport, elevated blood lactate concentrations are reported in pigs that are 

excessively prodded (Correa et al. 2010), pigs that have navigated steep ramps (Correa et al. 2010; 

2014), pigs transported during winter for 8 h and transported in the bottom front compartment 
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(Correa et al. 2014), and in pigs transported in the bottom front compartment during summer 

conditions (Pereira et al. 2018).  

1.3.1.3 Osmotic Stress 

Relative haematocrit percentage is a measure to determine relative degree of dehydration 

and is determined from blood collected at exsanguination (Costill and Fink 1974; Costill and Saltin 

1974; Matte et al. 1986; Pereira et al. 2018). Dehydration is measured by examining the ratio of 

haematocrit to serum where a high percentage of haematocrit would suggest a greater amount of 

water loss either from heat stress or physical exertion (Costill and Fink 1974; Costill and Saltin 

1974). Elevated haematocrit percentage, and packed cell volume (PCV), have been linked with 

long transport times (16 vs. 8 h) due to a decrease in plasma volume and splenic contraction that 

results in an increase of red blood cells released from the spleen (Bercerril-Herrera et al. 2010; 

Acevedo-Giraldo et al. 2020). Catecholamine release during sympathetic nervous stimuli results 

in splenic contraction in order to increase physical activity through an infusion of a large amount 

of oxygenated red blood cells (Jain 1993; Bercerril-Herrera et al. 2010). Furthermore, since kidney 

function is affected by water concentration, urine can be a measurement of dehydration as more 

concentrated urine, in terms of urea and uric acid, is more acidic (Blache et al. 2011). Another 

method of determining the degree of hydration in pigs is osmolality (Warriss et al. 2006). 

Osmolality is a measure of the total number of dissolved solute particles in one kilogram of 

solution, where a higher value indicates dehydration. In European trailers, pigs transported in the 

top front compartments tended to have a higher osmolality at exsanguination compared to pigs 

transported in the top rear compartments, though this result was not significant (Warriss et al. 

2006).  
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1.3.2 Heart Rate 

Coping with stress can result in a physiological response that can be used to determine and 

quantify how stressful an event is. Heart rate is a common, non-invasive, measure of stress as 

epinephrine and norepinephrine, released from the SAM pathway when the pig detects a stressor, 

activate beta receptors on cardiomyocytes, increasing heart rate and force of contraction (Dantzer 

et al. 1983; Broom and Kirkden 2004). To measure heart rate, the electrodes of the heart rate 

monitors are inserted under a belt fitted around the pig’s chest, typically 1 to 24 h prior to loading 

to allow the pigs to recover from handling (Goumon et al. 2013b; Correa et al. 2014; Sommavilla 

et al. 2017). However, there are some limitations with interpreting heart rate since it can be 

influenced by emotional stress, physical activity, environmental sound, or feed intake (Ville et al. 

1993; Talling et  al. 1996; Webster and Jones 1998). Although heart rate is influenced by physical 

and emotional stressors, it is useful for determining specific stressors such as electric prodding, 

fast pace during loading (Correa et al., 2010), ascending or descending ramps (Correa et al. 2013; 

2014), exposure to a novel environment (Lewis et al. 2008), thermal discomfort (Correa et al. 

2013), or when pigs are moved in groups larger than 5 pigs (Lewis and McGlone 2007). A study 

conducted by Lewis et al. (2008) examined the heart rate of pigs trained to navigate hallways, 

alleys, and ramps, and found that pigs who were not trained experienced a significantly greater 

heart rate than those who were trained, thus indicating a greater stress response compared to the 

trained group. Therefore, measuring changes in heart rate can be a useful tool to indirectly evaluate 

stress related to catecholamine release. 
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1.3.3 Body Temperature 

Core body temperature represents the thermal balance of the body (Hanneman et al. 2004) 

and relates to cardiovascular and energy metabolism changes under autonomic nervous system 

stimulation, which increases body temperature (Blessing et al. 2003; Campbell 2011; Mitchell 

2013). The two main pathways for controlling body temperature are sweating and shivering 

(Charkoudian 2003). However, pigs lack functional sweat glands and must rely on panting, 

wallowing, conductive heat loss, and peripheral heat dissipation through blood vessels, and 

through behavioural changes such as reducing feed intake, lying down, or increasing water 

consumption (Ingram 1965; Nannoni et al. 2014).  

Gastrointestinal temperature (GIT) sensors serve as a useful measure for determining 

changes in core body temperature associated mainly with heat stress (Davidson et al. 2003; 

Goumon et al. 2013a; Sommavilla et al. 2017; Pereira et al. 2018). A temperature data logger, such 

as an iButton, can be administered orally to pigs the day prior to loading via snaring the pig and 

inserting the iButton with a balling gun (Goumon et al. 2013a; Sommavilla et al. 2017; Pereira et 

al. 2018). With a built-in real-time clock, the iButton takes internal temperature measurements in 

1-min intervals giving real time measurements of true pig core body temperature and is recovered 

later in the viscera after slaughter (Goumon et al. 2013a; Conte et al. 2015; Sommavilla et al. 2017; 

Pereira et al. 2018). However, snaring pigs to administer the iButton is an aversive procedure for 

pigs (Buzzard et al. 2010) and the recovery rate of the logger in the viscera can be low (30-80%). 

Additionally, core body temperature is affected by circadian rhythm (Ingram and Dauncey 1985), 

where body temperature is lowest during the morning and highest late at night (Robertshaw 2004; 

Campbell 2011).  
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Pigs transported during the winter for 18 h had greater GIT than those transported for 6 

and 12 h, an effect not seen during summer transports, suggesting that long exposure to cold 

increases thermogenesis (Goumon et al. 2013a). During short transports of 2 h on a PB and double-

decked hydraulic trailer, the rise in core body temperature compared to resting core body 

temperature (ΔGIT) was found to be greater in pigs transported during summer compared to winter 

only after loading and initial travel, and was higher in pigs transported in the top front and rear 

compartments compared to the middle top and front belly compartments of the PB trailer during 

summer transports (Conte et al. 2015). Similarly, in transports of 8 h on a PB and double-decked 

hydraulic trailer, a greater ΔGIT was seen in pigs transported during summer compared to winter 

only after loading, and was higher in pigs transported in the top front compared to the middle top, 

lower deck, and front belly compartments of the PB trailer during summer transports (Conte et al. 

2015). On stationary trailers, at temperatures above 24°C, trailers that were sprinkled with water 

tended to decrease GIT in pigs compared to non-sprinkled trailers from baseline to arrival at the 

abattoir (-0.71 vs. -0.48°C) suggesting that sprinkling was effective at cooling pigs (Fox et al. 

2014). Pereira et al. (2018) found a greater drop in ΔGIT 1 h after lairage in pigs transported in a 

standard PB that did not receive fan-assisted ventilation and water misting compared to a PB that 

did. This suggests that pigs transported in PB trailers featuring fan-assisted ventilation had a 

decreased need to release core body heat, but this difference was not seen upon arrival at the 

slaughter plant, unlike Fox et al. (2014).  

Rectal temperature is another method used to measure core body temperature (Rocha et al. 

2019). In transported piglets, rectal temperature increases by 0.3°C for every 1°C increase in 

abdominal surface temperature (Chung et al. 2010), suggesting that rectal temperature may be a 
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useful indicator of heat stress (McGlone et al. 2014). Additionally, pigs subjected to aggressive 

handling, restricted floor space during transport (0.39 vs. 0.49 m2/pig), and greater distance moved 

during handling (125 vs. 25 m), compared to a control group of pigs, had increased rectal 

temperature (1.5%; Ritter et al. 2009). However, a recent study by Rocha et al. (2019) found no 

association between handling type, gentle vs. rough, or number of laps on a handling course (1 vs. 

3) on pig rectal temperature variation. Lower rectal temperature assessed during lairage is 

associated with a higher pH30LM, which suggests that a higher rectal temperature is related to 

increased muscular activity and presents a greater risk of developing PSE meat (Vermeulen et al. 

2015). Additionally, temperature of the ham 30 min after slaughter is positively correlated with 

rectal temperature, both prior and after slaughter (r = 0.54 and r = 0.71, respectively; Vermeulen 

et al. 2015).  

An alternative to core body temperature measurements is using infrared imagining (IR), 

providing information related to skin level dissipation of heat regulated by convection through 

surface and deeper blood vessels, which also quickly changes with acute stress and has the 

advantage of being non-invasive (Stewart et al. 2005; Ludwig 2013). Infrared imaging better 

reflects core body temperature when scans are taken on the head region, i.e., eye, behind the ears 

and neck (Rocha et al. 2019). Weschenfelder et al. (2013) reported low correlations between orbital 

IR temperatures and blood lactate levels (r = 0.20), pH1 (r = -0.18) and drip loss (r = 0.20) in the 

LD muscle, and pH1 of the SM muscle (r  = -0.20). However, IR rump, IR orbital, and IR behind 

the ear temperature are correlated with heart rate (r = 0.34, r = 0.56, and r = 0.29, respectively), 

with IR orbital having the greatest correlation to heart rate (Rocha et al. 2019). Infra-red body 

temperature was shown to increase with rough handling interventions, i.e. being pushed using a 
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plastic board and rattle paddle to encourage pigs to walk at a faster pace, and with longer walking 

distance (90 vs. 30 m; Rocha et al. 2019). Pigs transported in the middle deck of a typical three-

deck truck had significantly higher mean IR blood temperature compared to the bottom deck (39.7 

vs. 39.4 °C), regardless of active vs. passive ventilation systems, and there tended to be a gradual 

increase in both IR ear and blood temperatures from the back of the trailer with the lowest IR 

temperatures being in the back and the warmest in the front (Warriss et al 2006).  

The use of internal temperature loggers has the advantage over infrared imaging, as it 

provides an accurate reflection of heat stress through changes in core body temperature, which is 

not influenced by ambient changes, it also provides measurements over a prolonged period of time 

(Stewart et al. 2005; Dallmann et al. 2006). Furthermore, based on low to moderate correlations 

with other physiological indicators, infrared thermography cannot be used as a standalone 

measurement of the physiological condition of pigs in response to stress (Rocha et al. 2019; 

Driessen et al. 2020).   

1.3.4 Behavioural Measures of Stress During Transit and Lairage 

Understanding pig behaviour during transit and lairage can elucidate potential stressors 

pigs face during each process. During loading, the presence of steep internal ramps is both 

physically and psychologically demanding for pigs, as demonstrated by an increase incidence of 

slipping and falling and fear behaviour such as vocalizations, balking, and turn-backs (van Putten 

and Elshof 1978; Grandin 1997; Goumon et al. 2013c). 

During transport, temperature and humidity can vary widely both outside and inside trailer 

compartments and may be far greater or lower than the thermoneutral zone for pigs (Lambooij 

1988; Randall 1993; Kettlewell et al. 2001). When the trailer compartment temperature is greater 
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than the thermoneutral zone, pigs are subjected to heat stress (Lambooij 1988; Randall 1993; 

Kettlewell et al. 2001). To counter the effect of heat stress, pigs tend to prefer lying down to 

standing during transport (Brown et al. 2011; Torrey et al. 2013b; Nannoni et al. 2014; Sommavilla 

et al. 2017; Pereira et al. 2018). The prevailing rational is that, by lying down, pigs decrease 

exposed surface area and increase functional surface area for conductive heat loss via the 

aluminium floor of the trailer (Torrey et al. 2013b; Nannoni et al. 2014 Sommavilla et al. 2016; 

Pereira et al. 2018). Brown et al. (2011) and Pereira et al. (2018) suggested that the increased 

incidence of lying behaviour during warmer conditions could also be to minimize muscular heat 

production from standing. In relation to heat stress, lying reduces physical fatigue from standing 

and maintaining balance during acceleration, deceleration, and turns (Lambooij and Engel 1991; 

Becerril-Herrera et al. 2007; Brown et al. 2011; Rioja-Lang et al. 2019). Furthermore, the effect 

of heat stress during transport can be observed in lairage, as heat stressed pigs have been shown to 

have a higher occurrence of drinking (Torrey et al. 2013a; Sommavilla et al. 2017; Rioja-Lang et 

al. 2019). However, increased drinking behaviour could also be a coping mechanism to feel 

satiated from prolonged periods of feed withdrawal and pigs can be dehydrated from a long 

transport, regardless of temperature (Yang et al. 1981, 1984; Brown et al. 1999; Saucier et  al. 

2007).  

On the opposite end of the spectrum, pigs are challenged with temperatures below their 

thermoneutral zone during winter transport and can experience cold stress. To avoid cold stress 

during the winter, pigs tend to adopt a standing posture, as the aluminium floor of the trailer may 

be too cold and standing reduces functional surface area for conductive heat loss (Monteith and 

Mount 1974; Schmidt-Nielsen 1983; Goumon et al. 2013a). Moreover, pigs may adopt a standing 
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posture to cope with rough transport caused vibrations, which are aversive to pigs, and motion 

sickness (Randall et al. 1995; Bradshaw et al. 1996c; Barton-Gade and Christensen 1998; Becerril-

Herrera et al. 2007; Peeters et al. 2008). However, standing is a very costly exercise for pigs as 

standing requires twice the amount of energy compared to lying down (Noblet et al. 1993). 

Baldock et al. (1988), showed that when pigs are lying down their heart rate is 8 beats/min slower 

compared to when they are standing. While standing during transport, pigs can perform huddling 

behaviour to conserve body heat and avoid cold stress (Dalla Costa et al. 2007; Guàrdia et al. 2009; 

Correa et al. 2014; Faucitano and Velarde 2020). Huddling behaviour is also performed during 

lairage and can be used to mitigate cold stress at temperatures lower than their than lower critical 

value (23ºC for a 100 kg pig; Boon 1981) but has also been suggested to have a social function 

(Fraqueza et al. 1998). At 35ºC, most pigs were seen to lie down, but a small proportion (< 20%) 

were still found huddling together after 3 h of lairage at this temperature (Fraqueza et al. 1998). 

This huddling behaviour may be explained as a social response to fear induced by the noise of 

machinery and human vocalization (Geverink et al. 1998; Rabaste et al. 2007). Similarly to heat 

stress, cold stress also appears to increase drinking behaviour and this increase in drinking 

behaviour in winter is theorized to be a result of dehydration from increased metabolic demands 

of heat generation, as respiratory water loss is increased with greater metabolic demand (Brebbia 

et al. 1957; Freund and Young 1995; Goumon et al. 2013a; Scheeren et al. 2014).  

Fighting behaviour can be also observed during transport and lairage. Broom and Kirkden 

(2004) suggest that heightened aggression or fighting is a result of poor welfare and, specifically 

in the case of mixing during transit and lairage, can be a response to unstable changing social 

dynamics (Guise and Penny 1989; Warriss 1996; Ekkel et al. 1997; Broom and Kirkden 2004). 
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Consequently, if transit is long and lairage conditions are poor, longer lairage times should be 

avoided as the prevalence and duration of fighting increases due to hunger and mixing with 

unfamiliar pigs (Fernandez et al. 1995; Brown et al. 1999). Additionally, ensuring a proper 

stocking density can limit the incidence of fighting as pigs with a lower stocking density have an 

increased space and the freedom to move, and potentially fight, in the trailer (Barton-Gade and 

Christensen 1998; Guàrdia et al. 2005). Another option to reduce fighting is reducing group size 

in lairage as the frequency of aggression decreased with smaller group sizes (Rabaste et al. 2007).   

1.4 Animal Losses 

Transportation is a common practice in pig production that pigs can be subjected to more 

than once in their lives (Faucitano and Goumon 2018) and is considered one of the most stressful 

events pigs experience (Bench et al. 2008). When transportation is exceedingly stressful, animal 

losses, such as dead-on-arrival (DOA), non-ambulatory non-injured (NANI), non-ambulatory, 

injured (NAI), and dead-in-pen (DIP) pigs, can result (Schwartzkopf-Genswein et al. 2012). NANI 

pigs are characterized by presenting visible symptoms of an acute stress response such as difficulty 

moving, open-mouth breathing, skin discolouration, and muscle tremors (Ellis et al. 2003). 

However, these pigs can recover when provided with 2–3 h of resting time (Ritter et al. 2009). 

Dead-in-pen pigs are pigs that die during lairage at the abattoir prior to slaughter (Vitali et al. 2014; 

Ritter et al. 2020). Approximately 0.018% of pigs were found to be DIP in an Italian study ranging 

from 2003-2007 (Vitali et al. 2014), where the greatest risk of death was during the month of July 

(relative risk = 1.27) and March had the lowest risk of death (relative risk = 0.58). Similarly, the 

U.S, industry averages for DIP were 0.05% and was the highest over the summer months (July = 

0.29%, August = 0.32%, and September = 0.30%; Ritter et al. 2020).  
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A major source (25%) of DOA and NANI pig occurrence is related to farm of origin, 

including poor handling during loading (Sunstrum et al. 2006; Dewey et al. 2009). In Eastern 

Canada, the mortality rate during transport to slaughter is approximately 0.08% (approximately 

14,000 deaths) with approximately 0.44% of pigs becoming NANI pigs (Schwartzkopf-Genswein 

et al. 2012; Agriculture and Agri-food Canada 2020). Transport deaths and reduced carcass value 

of NANI pigs translates to approximately a CAD $4 million loss per year (Schwartzkopf-Genswein 

et al. 2012).  

1.5 Carcass Quality 

Bruises or lesions on the carcass can be a result and combination of many factors including 

handling on farm, during loading and unloading processes, mixing and fighting with unfamiliar 

pigs, and during lairage (Abbott et al. 1997; Grandin 1997; Geverink et al. 1998; Warriss 1996; 

Guise and Penny 1989; Fernandez et al. 1995; Brown et al. 1999; Faucitano 1996; Warriss et al. 

1998). Carcass scoring is usually assessed on the day of slaughter and is based on a subjective 5-

point photographic scale (MLC 1985; Faucitano 2001). The Institut Technique du Porc in France 

developed a subjective 3-point photographic scale that is useful for assessing the amount of skin 

damage to different parts of the carcass and determining the amount of bruises as well as the type 

of bruise according to location on the body (ITP 1996; Faucitano 2001). Bruises due to fighting, 

prior to slaughter, tend to have a higher prevalence in areas closer to the head and shoulder and 

are typically bite marks about 5–10 cm long in a comma shape centered around a specific area 

(Faucitano 2001). Bruises found closer to the middle, back, and hind areas of the pigs are indicative 

of excessive rough handling via sticks or electric prods during loading or can be indicative of 

mounting bruises during transport (Faucitano 2001). Sticks leave dark brown rectangular bruises, 
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whereas electric prods only leave a mark if applied in a forceful manner (Faucitano 2001). 

Conversely, mounting bruises are clearly visible, and similar to bite marks, leave a comma shape 

that is 10–15 cm in length and 0.5–1 cm in width (Faucitano 2001). Fortunately, using 

spectrophotometric colour assessment, it is possible to determine and differentiate bruises on pigs 

up to 7 h prior to slaughter (Vitali et al. 2017).  

1.6 Muscle Metabolism and Meat Quality  

Poor meat quality is related to consumer preference, often for meat that is not too pale, soft, 

and exudative, referred to as PSE, or not too dark, firm, and dry, referred to as DFD (Qiao et al. 

2007). However, this preference does vary by country (Ngapo et al. 2007). Korea, Taiwan, France, 

and Germany, for example, prefer meat that is dark red in colour (Dransfield et al. 2004; Ngapo et 

al. 2007). Moreover, individuals from countries such as Argentina, Australia, Estonia, Ireland, 

New Zealand, Poland, and Yugoslavia have a strong preference for light red pork (Ngapo et al. 

2007), and individuals from Denmark and the United Kingdom prefer paler pork (Dransfield et al. 

2004). The cause of meat quality defects is multifactorial in nature where, genetics, gender, 

slaughter weight, nutrition, pre-slaughter and slaughter handling, and post-mortem carcass 

handling, can result in these meat quality defects (Honikel and Fischer 1977; Grandin 1997; 

Warriss 1998; Driessen and Geers 2000; Warris and Brown 2000).  

Acute stress prior to slaughter can result in PSE meat since epinephrine signals the 

conversion of glycogen into glucose for energy production (Sherwin and Sacca 1984; Guàrdia et 

al. 2004; 2005). Under anaerobic conditions, such as after the animal is slaughtered, glucose is 

converted in lactate (Honikel and Fischer 1977; Pearson and Young 1989). This excess of lactate 

accumulates in the muscle, which lowers pH and results in muscle protein denaturation (Honikel 
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and Fischer 1977; Pearson and Young 1989). Protein denaturation impacts the ability of muscle to 

retain water, known as water holding capacity (WHC), where the excessive production of lactate 

diminishes the WHC of the meat and results in purge losses and soft meat texture (Offer and 

Trinick 1983; Offer and Knight 1988; Frisby et al. 2005). Furthermore, the denaturation of specific 

pigment proteins, such as myoglobin, in combination with an increase in free fluid between muscle 

fibres, causes an increase in light scattering and therefore a pale appearance (Offer and Trinick 

1983; Swatland 2002).  

Conversely, DFD meat can be caused by chronic stress that exhausts muscle glycogen 

storage prior to slaughter (Honckel and Fischer 1977; Guàrdia et al. 2004; 2005; Frisby et al. 2005). 

At muscle glycogen concentrations below 53 mmol/kg, the risk DFD pork increases (Henckel et 

al. 1992). Therefore, since there is little to no available glycogen, there is limited lactate 

production, thus reducing or nullifying the denaturation of muscle proteins (Frisby et al. 2005). 

Furthermore, since these proteins are still intact, they preserve their ability to securely retain water, 

thus resulting in a dry and firm texture (Frisby et al. 2005). Furthermore, due to lack of protein 

denaturation and increased WHC, there is a reduction in light scattering leading to the appearance 

of darker meat colour (Swatland 1994; 2002). Therefore, three measures are used to determine 

poor meat quality: pH to determine acidification of muscle caused by lactic acid, drip loss to 

determine the degree of exudation, and meat colour to determine paleness.  

The value of pH is typically measured in the longissimus thoracis et lumborum muscle, 

also referred to as the Longissimus dorsi muscle, between the 3rd and 4th last rib, and the 

semimembranosus and the adductor muscles of the ham and is generally measured either 1 h (pH1) 

or 24 h (pHu) post-slaughter (Fischer 2005). As hinted at previously, pH, specifically pHu, appears 
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to be a significant predictor of WHC (r = -0.33), tenderness (r = 0.20), and colour (r = 0.30) 

associated with pork quality, as measuring pH determines the degree of acidification caused by 

lactate concentration following rigor mortis (Swatland 1989; Boler et al. 2010). Compared to pHu, 

pH1 allows for easier characterization of PSE meat defects as the pH in PSE meat will rapidly fall 

below a pH of 5.5 within the hour, whereas normal meat will gradually transition from a pH of 6.4 

to 5.6 over 24 hours (Bartos et al. 1993; Viljoena et al. 2002; O’Neill et al. 2003; Barbut et al. 

2005; Mounier et al. 2006; Swatland 2008). However, pHu is useful for characterizing DFD meat 

defects as the pH value remains above 6.1 at 24 h post-mortem, whereas normal meat will have a 

pH of approximately 5.6–5.7 (Frisby et al. 2005).  

Consumers prefer juicy pork and measuring the degree of exudation is a functional, 

objective, way of measuring this key attribute. Similar to pH, the degree of exudation typically is 

determined on the longissimus thoracis et lumborum muscle, typically between the 3rd and 4th last 

rib. There are many different techniques designed to determine exudation, although they may not 

correlate well with one another (Kauffman et al. 1986; Trout 1988; Van Oeckel et al. 1999). The 

filter paper press method measures unbound water by placing two filter papers on a small meat 

sample (0.5–2 g) and pressing the meat by applying force, by either a 40 kg weight, hand operated 

screw press, a high-pressure Carver press, or an Instron Universal Testing Machine. The resulting 

water loss is measured by weighing the filter paper or assessing the wetted area (Grau et al. 1953; 

Grau and Hamm et al. 1953; Wierbicki and Deatherage 1958; Lee and Patel 1984). Although this 

method is relatively quick and accurate in terms of juiciness, it relies on the sample being 

homogenous and is subjected to erroneous results due to evaporative loss, especially in low 

humidity environments (Hamm 1986; Trout 1988). Similarly to the filter paper press, the drip loss 
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method utilizes the pressure of gravity and through shrinking during storage, and, despite taking 

48 h, it is a simple test to perform with no special equipment (Grau and Hamm et al. 1952; Honikel 

1987). The bag method for drip loss is another simply gravity method to determine drip loss 

(Honikel 1998). Simply, this method involves cutting meat samples from the carcass and 

immediately weighing them (80–100 g is recommended). The sample is then placed in a netting 

and suspended in an inflated bag (ensure that the sample does not come in contact with the bag) 

for 24 h at temperatures of 1–5°C. After the 24 h period, the sample is taken immediately from the 

container and gently blot/dabbed dried and reweighed, where drip loss percentage is expressed as 

the percentage of the initial weight (Honikel 1998). Similarly, the EZ-drip loss method involves 

cutting meat samples with a fixed blade knife 25 mm in diameter and thickness of 2.5 cm in 

cylindrical cuts after 4 h of approximately 7°C temperatures, where these samples are placed in a 

previous tared EZ-DripLoss container and stored for 24 h at 4°C (Christensen 2003). The sample 

is removed from the EZ-DripLoss container and reweighed, without dab drying, and compared to 

the initial weight (Christensen 2003). This procedure has been modified by Correa et al (2007) to 

involve dabbing and storing the sample for 48 h instead of 24 h as longer storage time gives a more 

reliable drip loss assessment.  

The filter paper wetness method is similar to the filter paper press method and has the 

advantage of being a quick, simple, inexpensive, way to determine the degree of exudation 

(Kauffman et al. 1986; Trout 1988). With this procedure, a filter paper is placed on freshly exposed 

muscle at 10–15 min after the cut during which the exudated water is absorbed by the filter paper 

and evaluated by scoring the filter paper for wetness using a 5-point subjective scale, with 0 being 

dry and 5 being completely wet (Figure 1.3), or objectively measured by weighing the filter paper 
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(Kauffman et al. 1986). There is some controversy surrounding the accuracy and precision of the 

filter paper test. The objective results appear to be precise (R2 = 0.9–1.0) in determining drip loss 

of samples at 48 or 96 h and useful in predicting drip loss of fresh muscle and for determining PSE 

and DFD meat defects (Trout 1988). However, factors such as the amount of intramuscular fat in 

the sample, humidity and temperature of the testing environment, and storage duration of more 

than a day may reduce the accuracy of the test (R2 = 0.76–0.77), in addition to the procedure being 

useful only in determining the degree of exudation of the LD muscle (Kauffman et al. 1986; Trout 

1988). Another useful method to determine the degree of exudation is to measure electrical 

conductivity (EC), based on the principle that the greater the free water content in the meat the 

higher the conductivity. The Pork Meat Quality (PQM) probe is a tool that measures electrical 

conductivity. The advantages of this probe are that it is relatively easy to operate, its measurements 

for both hot and chilled carcass are similar, and its measurements are significantly correlated with 

juiciness (Warris et al. 1991; Van Oeckel et al. 1999). The EC measure is only useful to 

discriminate between PSE and normal pork meat in the LD and SM muscles (Oliver et al. 1993; 

Gispert et al. 2000). However, in other studies this technique failed to indisputably distinguish PSE 

from normal pork meat (Fortin and Raymond 1988; Warriss et al., 1991). 
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Figure 1.3 Subjective 5-point scale used to evaluate the degree of exudation based on the wetness 

of the filter paper after being placed on freshly cut and exposed muscle, as described by Kauffman 

et al. (1986). 

 

 

 

 

 

 

 

 

The initial decision surrounding choice of pork at the retail level is also the appearance or 

colour of the meat (Chambers and Bowers 1993; Risvik 1994). The vast majority of consumers 

desire pork that has a homogenously reddish-pink colour, with a few consumers opting for the 

dark-red or pale coloured pork (Van Oeckel et al. 1999). Multiple factors, such as the rate of post-

mortem glycolysis, intramuscular fat content, amount of myoglobin, and the degree of myoglobin 

oxidation, all influence the colour endpoint of the meat (Van Oeckel et al. 1999). Furthermore, 

since the desired colour endpoint of meat is entirely dependant on consumer, it is therefore 

important to have objective measures that strongly correlate to subjective consumer judgement 

(Van Oeckel et al. 1999). The Japanese colour standards are a subjective visual measure of the 

colour of meat (Nakai et al. 1975). Briefly, 6 plastic disks with meat-like appearance varying in 

colour from pale to reddish colour, developed using objective colourimetry, are used to score the 

colour of the sample to one of the plastic disks (Irie and Swatland 1992). 

Devices designed to measure the absorbance and reflectance properties of light in meat 

have become ubiquitous in the industry (Mancini and Hunt 2005; Aberle et al. 2012). Furthermore, 
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there are different tools designed to measure specific traits, for example, optical based probes are 

valuable as they differentiate fat from lean tissue structure for carcass yield grading or high 

resolution cameras that can detect red, green, and blue colour hues for analyzing colour standards 

and uniformity (Swatland 1994; Aberle et al. 2012). A study by O’Sullivan et  al. (2003) examined 

a Minolta Colourimeter, a common device used to measure the degree of paleness, red vs. green, 

and blue vs. yellow colour of pork, based on CIELab (1976), comparing the results to those 

obtained with a digital camera in terms of their respective accuracy in predicting visual quality in 

a trained and untrained sensory panel. Their results suggested that the digital camera’s 

measurements were more strongly correlated to the trained and untrained sensory panel, 

specifically in the measurements of redness, brownness, and degree of paleness. However, 

O’Sullivan et  al. (2003) surmise that, since the Minolta takes measurements of specific areas 

whereas the camera measured the entire pork surface area, the digital camera measurement was 

more representative of the evaluation by the sensory panels.  

 

1.7 Pre-Transport Conditions 

1.7.1 Farm of Origin 

Pigs experience many stressors during the transportation process. However, a primary 

source of stress, as well as financial loss due to animal, carcass, and meat quality losses, is derived 

from the farm of origin (Sunstrum et al. 2006; Dewey et al. 2009). A Canadian epidemiological 

study reported farm of origin as the major source (25%) of DOA and NANI pigs compared with 

the transporter and packer, each claiming 16% of the total variation (Sunstrum et al. 2006; Dewey 

et al. 2009). Housing environment (Barton-Gade 2008; Rocha et al. 2016), the preparation of pigs 
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for transport (Faucitano et al. 2010; Dalla Costa et al. 2016), and handling technique of pigs at 

loading (Goumon and Faucitano 2017) are considered the main factors responsible for the farm of 

origin variation. 

The rearing environment plays a crucial role in the variation of pig behaviour and ease of 

handling (Grandin 1993; Grandin and Vogel 2011). During the finishing phase, pigs are kept in an 

intensive, usually barren, environment, which can result in pigs that are reactive and fearful of 

novel stimuli (De Jonge et al. 1996; Olsson et al. 1999; O’Connell et al. 2005; Rocha et al. 2016). 

On farms that provide an enriched environment, such as larger pens and straw bedding, pigs tend 

to be less reactive to the stress of loading, based on salivary cortisol levels pre- and post-transport 

(De Jonge et al. 2000; Faucitano et al. 2020). A study conducted by Pearce et al. (1989) comparing 

pig’s fear of humans with positive or negative handling in combination with providing pigs 

enrichment of toys and straw, suggested that pigs provided with enrichment had decreased fear of 

humans, regardless of the handling treatment received. Although the study did find that the 

negatively handled pigs were more fearful of humans in general, enrichment appeared to have a 

protective effect against stress, including human stressors (Pearce et al. 1989). Abbott et al. (1997) 

found that by allowing pigs to leave their home pens and explore for 2 min before moving them 

with boards around the farm back to their pens once a week for three weeks prior to transport 

resulted in pigs that were more willing to move, leave their pen, and were less frightened, 

compared to a group that received standard management practice. Too much handling, however, 

may reduce ease of handling, as observed by Hill et al. (1998) in pigs socialized with positive 

human contact daily compared to those socialized weekly. This suggests that some fear is required 

to drive pigs forward (Hill et al. 1998).  
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1.7.2 Fasting 

In Canada, feed withdraw is a recommended practice on-farm to prevent transport related 

motion sickness (Guàrdia et al. 1996; Warriss 1996; Viau and Champagne 1998) and animal losses 

(Guàrdia et al. 1996; Ellis and Ritter 2006; Averós et al. 2008). This practice also reduces carcass 

contamination during processing via reduced digesta spillage during evisceration at the abattoir 

(Saucier et al. 2007) and improves meat quality (Faucitano et al. 2010). However, pigs fasted for 

longer than 18 h prior to loading proved more difficult to handle during loading as pigs tend to go 

backwards more often compared to unfasted pigs (Dalla Costa et al. 2016). Restriction of feed 16–

24 h prior to slaughter is a proposed acceptable balance between welfare and food safety and 

quality (Faucitano et al. 2010), but according to the Scientific Committee on Animal Health and 

Animal Welfare (2002), pigs should be fasted no longer than 10 h prior to transport. A recent study 

by Acevedo-Giraldo et al. (2020), found that a total fasting time of 12 h was optimal for balancing 

animal welfare with improved meat quality, compared to 1, 8, 9, 16, 20, 24, or 32 h of total fasting 

time.  

Despite the advantages of restricting feed prior to transport, producers do not always 

restrict feed as producers are afraid that restricting feed will reduce the economic value of the 

carcass via reduced body weight (Viau and Champagne 1998). Chevillon et al. (2006) reported 

that after 24 h of feed restriction, carcass weight was reduced by 360 g/pig. However, Sterten et 

al. (2010) reported a savings of 2 kg of feed/pig when feed was restricted for 24 h, which may be 

an incentive to the producer, in addition to obtaining a superior quality of meat. Furthermore, 

Warriss (1985) and Kephart and Mills (2005) reported that feed takes 4–8 h to be absorbed by the 
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small intestine after ingestion, where most nutrients enter the blood 9 h post ingestion, thereby 

feed intake within the last 10 h will remain as gut-fill. 

Fasting pigs for 24 h prior to slaughter results in lower muscle glycogen stores, thereby 

reducing the conversion of glycogen to lactic acid and increasing final pHu, improving water 

holding capacity, and colour (Guàrdia et al. 2009). However, fasted pigs tend to be more aggressive 

when mixed with unfamiliar pigs due to hunger-related aggression (Guàrdia et al. 2009).  

1.7.3 Loading  

Loading has a significant effect on pig stress as studies show an increase in blood 

catecholamines and lactate, heart rate, and salivary cortisol, compared to resting pigs (Ville et al. 

1993; Neubert et al. 1996; Marchant-Ford et al. 2003; Edwards et al. 2010b; Correa et al. 2013). 

Additionally, the stress from loading may be so great that the effects can be seen at slaughter, 

negatively impacting meat quality (Correa et al. 2010). The most stressful part of loading for a 

market pig is their initial departure from their finishing pen, where the position of the handler, in 

combination with group size, directly affects handling ease and stress (Geverink et al. 1998; 

Hemsworth 2000; Marchant-Ford et al. 2003).  

It has been shown that pigs that had repeated human interaction prior to loading show an 

improvement in handling ease (Abbott et al. 1997; Geverink et al. 1998) and a decrease in 

reactivity to humans, alleys, and ramps (Terlow 2005; Lewis et al. 2008), reducing both the 

workload and loading time (by 1 min) for the producer (Abbott et al. 1997; Geverink et al. 1998; 

Stewart et al. 2008). By familiarizing pigs with handling procedures prior to loading, this can result 

in a reduction of open mouth breathing, skin discolouration, and total transport losses (0.07 vs. 

0.38%) compared to pigs that have never been handled prior (Stewart et al. 2008).  
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Moving pigs in group sizes too large for the alley or loading ramp is commonly performed 

as this practice is mistakenly considered effective in speeding up the handling procedure. Lewis 

and McGlone (2007) recommend that reducing loading time should not come as a result of 

increasing the number of pigs moved at one time. Research conducted by Lewis and McGlone 

(2007) demonstrated that moving pigs in smaller groups, such as 4–6 pigs, compared to larger 

groups of 9–10 pigs, results in a faster loading time (3.25 vs. 4 min) due to less hesitations and 

backward moving pigs, in addition to a lower heart rate during loading.  

1.7.4 Handling Tools 

Commercially, there are many moving devices available for loading, including electric 

prods, plastic paddles, and sorting boards, each eliciting a different behavioural and physiological 

response. Electric prods have been described as the most aversive loading tools, as studies have 

reported greater concentrations of lactate and blood cortisol as well as increased heart rate, skin 

lesions, number of NANI pigs, and greater PSE pork production with this tool (Benjamin et al. 

2001; Guàrdia et al. 2004; Correa et al. 2010). Additionally, studies have shown a decrease in 

handling ease with electric prods as they tend to increase the number of pigs backing up and turning 

around, slipping, falling, mounting, jamming, and vocalizing (Rabaste et al. 2007; Correa et al. 

2010; Edwards et al. 2010b; Dokmanovic et al. 2014). Only under extenuating, last resort, 

circumstances, such as a healthy pig refusing to move onto the truck, should an electric prod be 

used (Grandin 2002). Misuse of this device may stem from lack of experience or training, 

personality of the handler, poor farm design, or poor truck design (Hemsworth et  al. 1994; 

Driessen and Geers 2000; Faucitano 2001; Correa et al. 2010; Correa 2011; Torrey et al. 2013b). 

McGlone et al. (2004) examined the effectiveness of alternative moving devices, such as plastic 
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paddles and sorting boards. They found that sorting boards appear to be the most effective moving 

devices, as pigs perceive them as a solid wall, but their efficacy is diminished if pigs can see the 

edge of the board, which is perceived as an escape route. Additionally, McGlone et al. (2004) 

found that, although plastic paddles were less aversive than electric prods, they resulted in more 

vocalizations and a decrease in handling ease compared to the sorting board. Based on behavioural 

observations and study of the physiological response, carcass bruises, and blood splashes in meat, 

Correa et  al. (2010) suggested that the plastic rattle paddle be a replacement to the electric prod. 

1.7.5 Equipment and Design of Facilities  

A major contributor for the difficulty in loading and unloading pigs is having pigs traverse 

ramps, especially if the ramp is steep. When the ramp angle exceeds a slope of 20°, an increase in 

handling related bruises were reported, and ramp angles greater than 26° have been shown to 

increase heart rate and workload for the handler (Goumon et al. 2013c; Dalla Costa et al. 2007). 

As ramp slope increases, greater physical and psychological stress is observed in pigs through 

increases in heart rate, turning around, slipping, falling, reluctance to move, and vocalizations (van 

Putten and Elshof 1978; Grandin 1997; Goumon et al. 2013b; Garcia and McGlone 2015). A study 

by Warriss et al. (1991) reported a linear pattern between the time taken to climb a ramp with 

increasing ramp angle when the ramp angle exceeded 20°. Covering the ramp floor with sand and 

wood shavings or adding cleats, even to steep or long ramps, has shown to decrease slipping and 

falling (Grandin 1987, 2000; Garcia and McGlone 2015). Recently, Dalla Costa et al. (2019) 

reported a positive relationship between ramps with slopes greater than 20° and the incidence of 

non-ambulatory injured (5.75 OR), NANI (3.48 OR), and DOA (4.07 OR) pigs and total losses 

during transport (5.97 OR).  
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The design of the barn alleyway and loading dock plays a key role in handling ease during 

loading. Alleyways should be designed with a suitable width, approximately 2 pigs wide or 1.2 m, 

with limited changes in lighting, ventilation, temperature, and floor type as these things can 

increase the incidence of hesitations and jamming (Grandin et al. 2002). Additionally, alleyways 

should be designed as straight walkways or with slight bends, since abrupt bends (for example 

90°) can be perceived as dead ends by pigs. Ideally, alleyways should be designed without ramps, 

but if required, its slope must be limited to 20° (Grandin 1978; Warriss et al. 1992). Goumon et  

al. (2013) showed that 30° bends led to a smoother movement of pigs compared to 60 and 90° 

angles, creating a smoother path to the ramp.  

Another key point to consider during loading is the distance a pig must traverse before 

being loaded onto the trailer. Pigs required to move a greater distance (46-91 vs. 15-24 m) to reach 

the loading area showed an increase in fatigue, as shown by panting, skin discolouration, and 

greater blood lactate concentrations, as pigs do not typically move this much on farm (Ritter et al. 

2007, 2008; Edwards et al. 2011). Therefore, minimizing walking distance to the loading area 

should be done to reduce physical stress on the pig by having shipping pens close to the loading 

dock (Chevillion 2001). Pre-sorting pigs into shipping pens 2–4 h prior to loading has been show 

to improve handling ease, reduce loading stress (via decreased heart rate measurements) and load 

time (50 vs. 20 min for 100 pigs), and reducing DOA by 25% (Johnson et al. 2010). Additionally, 

a 66% decrease in DOA and NANI pigs was seen in pigs pre-sorted 24 h in advance of loading 

compared to no pre-sorting (Johnson et al. 2010).  
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1.7.6 Mixing 

When pigs are loaded onto the trailer, they typically are mixed with unfamiliar pigs, from 

different pens, in a confined space. Mixing unfamiliar pigs together on the trailer is performed to 

maximize the load capacity of the trailer compartments and to obtain groups with uniform weight 

to deter aggression (Faucitano 2001). However, mixing unfamiliar pigs in confined spaces, such 

as a trailer compartment, can increase aggression and the incidence and duration of fighting since 

escape is impossible, resulting in physical fatigue, increased blood CK levels, injuries, carcass 

bruising, increased muscle glycogen depletion, and DFD pork (Ewbank and Bryant 1972; Tarrant 

1989; Oliver et al. 1996; Faucitano 1998; Broom and Kirkden 2004). Furthermore, aggression and 

fighting behaviour are observed more frequently when the trailer is stationary, such as in traffic, 

rather than while the vehicle is in motion as pigs need to keep balance when the trailer is moving 

(Warriss 1996). A solution to limit fighting rate and duration, would be to install movable dividing 

compartment gates on trailers instead of fixed gates, which, in this capacity, would ensure group 

separation and a suitable compartment size (Faucitano and Geverink 2008). 

1.8 Transport 

1.8.1 Season 

One of the greatest sources of in-transit loss comes from temperatures that exceed the pig’s 

ability to maintain thermal equilibrium (Clark 1979; Haley et al. 2008; Sutherland et al. 2009). 

Canada has extreme temperature fluctuations, from -28.8 to 1.9°C in winter to 9.1 to 40.1°C in 

summer (Pereira et al. 2018; Correa et al. 2013; 2014; Goumon et al. 2013a; Fox et al. 2014), 

which exceed or fall below the thermal comfort zone, 10–28°C, for market weight, 110–160 kg, 

pigs (Bracke et al. 2020). Typically, when thinking of seasonal effects on transit mortality, heat 



 

 

40 

 

stress caused by overheating comes to mind. Numerous studies have found that summer results in 

a greater number of animal losses (Vecerek et al. 2006; Werner et al. 2007; Vitali et al. 2014), with 

the highest losses during July and August (Haley et al. 2008; Vitali et al. 2014). During the summer 

season, temperatures above 20°C increase transport mortality and the prevalence of mortality 

doubles when temperature surpasses 35°C (Grandin 1994; Sutherland et al. 2009). Results from 

Haley et al. (2008) and Correa et al. (2013) indicated that mortality increased to 0.40% during 

summer with an ambient temperature of 33.6°C, which concurs with Sutherland et al. (2009) 

findings that temperatures over 20°C resulted in increased mortality (0.20%) compared to < 0°C, 

with the highest percentage of mortality (0.35%) being recorded above 25°C. Furthermore, a 

retrospective study by Peterson et al. (2017) reported that the risk of death is 1.4 times greater in 

temperatures ranging from 29–33°C compared to 12–26°C.  

However, cold stress also is a factor related to seasonal transit mortality (Clark 1979; 

Grandin 1994; Guàrdia et al. 1996; Sutherland et al. 2009). Clark (1979) and Guàrdia et al. (1996) 

found increased mortality during winter conditions and Sutherland et al. (2009) found comparable 

results with an increased number of NANI pigs (0.30% during December vs. 0.15% during July). 

Peterson et al. (2017) found that the risk of DOAs was 0.97 times greater during 4–10°C than 12–

26°C. Specifically, in Canada, the prevalence of welfare problems, such as handling ease, standing 

during transport, heart rate during loading and unloading, exsanguination blood CK and lactate, 

and carcass bruising, are greater during the winter season compared to the summer (Goumon et al. 

2013a; Torrey et al. 2013b; Correa et al. 2014; Scheeren et al. 2014). Canadian studies indicate 

that winter conditions result in more standing during transport as a way to avoid the cold trailer 

floor, which can contribute  and potentially explain the increase in heart rate, GI tract temperature, 
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blood CK, cortisol and lactate levels at slaughter, and eventually DFD meat production (Gispert et 

al. 2000; Goumon et al. 2013a; Torrey et al. 2013a, 2013b; Correa et al. 2014; Scheeren et al. 

2014). This physiological response results from the animal’s need to maintain thermoregulatory 

homeostasis (Gallwey and Tarrant 1978). 

1.8.2 Trailer Design 

Randall et al. (1996) compared two different trailer designs and concluded that trailer 

design is a crucial factor in the comfort and welfare of pigs being transported to slaughter, more 

so than other factors such as pig location in the trailer. There are various trailer designs, from single 

flat deck trucks to large triple-decked “pot-belly” (PB) trailers, and factors, such as internal ramps 

and microclimate are key factors influencing pig welfare during transport. Based on studies 

comparing flat-decks equipped with semi-hydraulic moving decks to PB trailers, Weschenfelder 

et al. (2013) found that the PB trailer is not suitable for short distance transport (< 1 h), as pigs are 

not able to recover in time from the stress and fatigue caused by handling through internal steep 

(up to 41) ramps and bends. Pigs navigating the steep internal ramps of the PB trailer experience 

physical and psychological stress, as shown by an increase in heart rate and greater proportion of 

balking and turning around (Berry et al. 2009; Correa et al. 2013; Goumon et al. 2013b). This 

behavioural and physiological response contribute to explain the increased proportion of DOAs 

and NANI pigs (Correa et al. 2013), and greater exsanguination blood lactate, cortisol, and CK 

levels in pigs transported in the PB trailer compared to trailers equipped with hydraulic decks 

(Faucitano and Goumon 2018). However, Sutherland et al. (2009) found that pigs transported in a 

flat-decked trailer for around 4 h had a greater prevalence of DOAs and injuries compared to the 

PB trailer, but this changed when transports lasted between 8 and 9 h. Since Sutherland et al. 
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(2009) is a retrospective study, differences between trailers on DOA and NANI pigs could be 

attributed to temperature and humidity conditions within the trailer and to varying space 

allowance. Furthermore, Ritter et al. (2008) found no difference between flat-decked trailers and 

PB trailers in terms of transportation loss.  

Trailers must have adequate ventilation to ensure thermal comfort of pigs during transit 

during the summer months, and adequate insulation during winter months. Although European 

studies indicated in-transit mortality was highest during peak temperatures, North American 

studies found in-transit mortality and fatigue with extreme humidity, not necessarily extreme 

temperature (Ritter et al. 2006). To keep temperature and humidity within an acceptable range, PB 

trailers rely on passive ventilation through punch-holes along the sides of the trailer. However, 

there is evidence that the punch-hole system does not allow a proper airflow compared to slatted 

openings, typical of the flat-deck trailer (Ellis and Ritter 1996), which explains the lower 

temperatures in the flat-deck trailer compared to the PB trailer, both in stationary or moving 

situations (Ritter et al., 2008; Weschenfelder et al. 2012). Equipment, such as water misters and 

fan-assisted ventilation, or a combination of both systems, may play a significant role in decreasing 

the trailer’s temperature, especially when the trailer is stationary (Christensen et al. 2007; Brown 

et al. 2011).  

A study by Fox et al. (2014) examining the effect of sprinkling water in the PB trailer 

before departure from the farm and on arrival at the abattoir for 5 min, found that, when ambient 

temperature exceeded 23C, GI tract temperature and drinking behaviour during lairage were 

decreased. In the companion study, Nannoni et al. (2014) found a reduction of blood lactate 

concentration, a higher initial pH, and less water loss in the loin muscle when pigs were sprinkled 
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with water when temperatures exceeded 20C in the rear and middle front compartments, 

compared to pigs that were not sprinkled. Although water sprinkled trailers improved pig welfare 

and meat quality, they may not be the solution on their own, as water sprinkled trailers increase 

the relative humidity of the compartment (up to + 7.5%), which may limit both the evaporative 

cooling and panting heat loss potential of the pigs since pigs cannot sweat (Fox et al. 2014).  

The effect of fan-assisted ventilation on pig welfare is inconsistent as studies showed 

results ranging from a positive effect to no effect (Nielsen 1982; Lewis and Berry 2006; Warriss 

et al. 2006). Conversely, as reported in Warriss et al. (2006), no difference in pig body temperature 

or mortality was found when pigs were exposed to fan-assisted ventilation compared to a naturally 

ventilated trailer, although ambient temperatures of 17–17.4°C cannot be considered warm enough 

to test the effect of heat stress. 

A combination of fan-assisted ventilation and water misters is recommended to reduce pig 

body temperature via evaporative cooling and to remove excessive humidity from inside the trailer 

(Christensen et al. 2007). Pereira et al. (2018) found that 10 min of fan-assisted ventilation, after 

10 min of water misting, improved animal thermal comfort as assessed by GIT temperature, and 

trailer temperature and THI, during 30 min waiting periods compared to a passively ventilated 

trailer (20.9 vs. 24.4°C and 67.4 vs. 72.9 THI).  

1.8.3 Deck and Compartment Position 

Pig location inside the trailer can influence pig’s welfare and eventually meat quality 

(Bench et al. 2008). Numerous studies indicate the front compartment of the bottom deck as the 

most critical position within the trailer, especially in terms of mortality (Sains 1980; Riches et al. 

1996; Christensen and Barton-Gade 1999). When the trailer is stationary, the temperature inside 
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the trailer can rapidly rise up to 30C and it has been reported that in the PB trailer the internal 

temperature to be up to 10C warmer in the front compartments compared to the outside 

temperature (Brown et al. 2011; Weschenfelder et al. 2012, 2013; Fox et al. 2014). The front 

compartments of the middle and bottom decks within the PB trailer have been reported to have the 

highest temperatures (min 13.26°C and max 23.65°C), whilst the top compartments presented the 

lowest temperatures (min 10.83°C and max 22.68°C), which can be explained by poor ventilation 

and insulation, respectively (Brown et al. 2011). Stress from poor ventilation and vibration in the 

bottom front compartment is suspected to be the cause of mortality and poor meat quality in pigs 

transported in this compartment (Guise and Penny, 1992; Barton-Gade et al. 1996; Randall et al. 

1996; Zanella and Duran 2000). Supporting this idea, the bottom deck has been shown to increase 

pig body temperature, blood cortisol concentrations, degree of dehydration, and number of bruises 

(Lambooij et al. 1985; Lambooij and Engel 1991; Barton-Gade et al. 1996). In the PB trailer 

specifically, both Correa et al. (2013) and Newman et al. (2014) reported a greater increase in PFN 

and PSE meat production, respectively, in the bottom and top deck in comparison to the middle 

deck. This poor meat quality can be associated to the increased heart rates, GI temperatures, and 

frequent slips recorded in pigs located in the top front and bottom back compartments of this trailer 

type (Goumon et al., 2013b; Torrey et al. 2013b; Conte et al. 2015). However, Correa et al. (2014) 

also found higher pHu values, indicative of DFD pork meat, in the ham muscles of pigs transported 

in the front middle compartment (“bottom-nose”). Additionally, Scheeren et al. (2014) found an 

increased production of DFD meat in the top and back compartments, but in combination with 

long transports (18 h) during winter.  
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1.8.4 Travel Time 

It has been suggested that time spent on the truck, including loading, transit, and unloading, 

better reflects the animal losses upon arrival to the abattoir compared to examining solely distance 

(Ritter et al. 2006; Marchant-Ford and Marchant-Forde 2009).  

Transportation surveys conducted in the US showed an increase in mortality and NANI 

pigs with transport durations ranging from 0.5–4 h, where after 4 h the percentage of DOA and 

NANI pigs tend to decrease, perhaps because after 4 h of transit these pigs were able to recover 

from loading stress (Sutherland et al. 2009; McGlone et al. 2014b). Augustini and Fisher (1982) 

reported an increase in heart rate and body temperature during loading, but under minimally 

stressful transport conditions, these levels returned to normal after 100 min. After 30 min of transit, 

pigs begin to lie down, suggesting that with enough time and adequate transport conditions, such 

as density and airflow, pigs can adapt to transport conditions (Barton-Gade and Christensen 1998; 

Bench et al. 2008).  

Although longer transport durations may give more time for pigs to recover from loading 

stress, it also increases exposure to transit stressors and may maintain the stress caused by loading 

throughout the journey (Bradshaw et al. 1996a). Bradshaw et al. (1996b) measured an increase in 

blood cortisol concentration in transport durations from 1.5 to 8 h and suggested that this increase 

is due to a maintained stress response from loading via aggression and high levels of vibration. 

Increasing travel duration can result in dehydration, especially during summer conditions, and can 

remain an issue after lairage (Brown et al. 1999). Dehydration resulting from long distance trips is 

suggested to be a result of increase heat exposure and stress on energy and fluid homeostasis 

systems due to lack of feed and water (Becker et al. 1989). Becker et al. (1989) found that pigs 
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transported and fasted for 2 to 3 days had a significantly higher hematocrit reading than pigs fasted 

for the same time without being transported. Increased transport duration can also lead to greater 

concentration of blood lactate and depletion of muscle glycogen, which can result in DFD meat 

production (Fortin 2002; Leheska et al. 2003; Mota-Rojas et al. 2006; Becerril-Herrera et al. 2010). 

Brown et al. (1999) found a progressive increase of pHu values in LD and AD muscles of pigs 

subjected to longer transport and lairage times (16–24 h vs. 6 h, respectively). Scheeren et al. 

(2014) found that pigs transported for 18 h, compared to 6 and 12 h, produced more DFD meat. 

The increase of DFD meat production in these studies is the result of the additive effects of duration 

of fasting, mixing, season, transport density, and compartment location in the trailer (Scheper 

1971; Meller 1992; Martoccia et al. 1995; McPhee and Trout 1995; Salmi et al. 2012; Scheeren et 

al. 2014). 

1.8.5 Trailer Stocking Density 

Two important considerations for determining loading density are, the amount of space 

pigs have to lie down, move, and respond to changes in environment, and the degree of air 

exchange in the trailer required to provide fresh air and reduce trailer temperatures (Hall and 

Bradshaw 1998). Another concern with higher loading densities, depending on ventilation type, is 

that they hinder ventilation by impeding the airflow of vents on the trailer and the circulation of 

fresh air (Randall 1993).  

Studies examining the effect of loading density on behaviour indicate that, at lower 

stocking densities (0.59 m2/pig) pigs were faster at finding a lying position, whereas higher 

stocking densities (0.39 m2/pig) can leave pigs restless because they cannot lie down (Lambooij 

and Engel 1991). Furthermore, this restlessness can induce aggressive behaviours that can cause 
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skin lesions (Guise and Penny 1989). Conversely, having a loading density lower than 0.39 m2/pig 

can also increase skin lesions due to fighting, trampling, and an increased risk of being tossed 

around inside the trailer (Barton-Gade and Christensen 1998; Àlvarez et al. 2009). Although pigs 

spend most of their time standing during short transports, Bradshaw et al. (1996d) suggested that 

after 2–4 h pigs tend to opt for the lying position to rest. However, neither season nor compartment 

temperature were reported, therefore this effect could be due to thermoregulation instead of 

standing fatigue (Bradshaw et al. 1996d). Moreover, studies over long distances show a similar 

trend, where once enough time has elapsed, pigs adjust to this unfamiliar environment and prefer 

to lie down (Baxter 1985; Lambooij and Engel 1991).  

Repercussions of overstocking pigs during transit can be severe from both a meat quality 

and animal welfare standpoint. When loading densities reach the upper limits, pigs suffer from 

increased heat stress, are more fatigued, aggressive, and bruised, and have poorer meat quality, all 

of which is exacerbated under hot and humid conditions (Faucitano 2000; Dewey et al. 2004; 

Àlvarez et al. 2009). Lambooij and Engel (1991) reported an increase of pig fatigue and exhaustion 

with higher stocking densities (0.39 m2/pig vs. 0.59 m2/pig), which resulted in an increased pH 

values at 45 min and 24 h post-mortem. Studies by Guàrdia et al. (1996, 2005) showed a 0.04 to 

0.77% increase in mortality and in bruises, respectively, when loading density exceeded 0.40 

m2/100 kg due to overcrowding and aggression when density was greater than 0.35 m2/100 kg pig. 

Furthermore, blood CK levels appear to increase proportionately with higher stocking densities, 

which is theorized to contribute to the increase in mortality (Warriss et al. 1998b). Similarly, 

Barton-Gade and Christensen (1998) reported a decrease in blood CK with a decreased stocking 
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density (0.50 vs. 0.35, 0.39, and 0.42 m2/100 kg pig) but did not report any significant change in 

blood lactate levels.  

There is contradictory evidence surrounding the effects of high loading-density on meat 

quality as it may interact with season and transport duration. Hunter et al. (1994) reported a positive 

relationship between increasing loading density and season, where skin lesions and pHu values 

and instrumental L* colour values increased the most during the summer months. Additionally, 

Álvarez et al. (2009) reported a relationship between loading density and transport duration on 

PSE meat production and found a increase of PSE meat production for short transports (1 and 2.5 

h) compared to long transports (4, 5.5, and 7 h), especially when pigs were transported at low 

stocking density (0.50 m2/pig vs. 0.25 m2/pig). Guàrdia et al. (2004) found that, under Spanish 

conditions, transports of 1 h with reduced loading density (0.25 vs. 0.50 m2/ pig) also increased 

PSE meat production by 3%. Furthermore, Lambooji and Engel (1991) shipped pigs for 25 h at 

three different loading densities (0.59, 0.47, and 0.39 m2/pig) and found evidence that higher 

densities, combined with long distance travel, increased SM and LD pHu values. Therefore, it is 

recommended to decrease loading density from 0.25 vs. 0.50 m2/pig for long transports (> 7 h) to 

decrease PSE meat production by 3% as pigs can recover from loading stress and from finding a 

suitable area to lie on the trailer (Guàrdia et al. 2004). However, reducing the loading density 

increases the risk of DFD meat production due to muscle glycogen depletion, either resulting from 

increased fighting in mixed groups of pigs due to greater space or to keep balance while the truck 

is in motion (Barton-Gade and Christensen 1998). Therefore, for transports longer than 3 h, there 

is a risk of producing PSE meat by increasing loading density above 0.425m2/pig but decreases 

the risk of producing DFD meat (Lambooij and Engel 1991; Guàrdia et al. 2005).  
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1.8.6 Driving Conditions 

Driving conditions tend to have a more detrimental effect during shorter distance travels, 

as pigs tend to stand on rough journeys rather than lie down (Randall et al. 1995; Grandin 2002), 

which can lead them to be more susceptible to vehicle vibrations and to sudden movements, such 

as braking and maneuvering around corners (Perremans et al. 1998). The type of driver plays a 

role in driving style, where the risk of animal loss was 0.867 times lower when drivers were owners 

of the trucks compared to employees, presumably because owners have a vested interest and are 

thus being more careful (Passafaro et al. 2019). Haley et al. (2008) reported approximately 8% of 

transport loss variation was due to differences between drivers. Wild driving can result in increased 

variation in heart rate (Peeters et al. 2008) and motion sickness (Barton-Gade and Christensen 

1998). However, while standing may alleviate the feeling of nausea, it can increase bruising 

(Barton-Gade and Christensen 1998). A recent study by Driessen et al. (2020), using different 

drivers, suggests that rough driving style (high acceleration and violent breaking) may be 

responsible for the difference in skin damage seen in the study, as it may cause postural instability, 

toppling, sliding, and excessive corrective muscular action resulting in bruising, muscular fatigue, 

fear, and general injuries. Hoffman and Fisher (2010) transported two groups of pigs, one group 

on smooth, paved roads with a few stops, and the other group on rough dirt roads with frequent 

stops and reported a higher incidence of PSE loins in the rough transport group.  

Vibration during transport has been demonstrated to be aversive to pigs and can be a 

significant source of stress during transit (Stephens et al. 1985; Stephens and Perry 1990). Low 

frequency vibration in humans is a major factor in human motion sickness, and similarly low 

frequency vibrations during pig transportation, around 0.05-0.5 Hz, can result in motion sickness 
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in pigs (Randall and Bradshaw 1998). Although, based upon a study by Randall et al. (1995) 

examining various vibration levels, it was suggested that pigs experience greater stress with high 

frequency vibrations compared to low frequency vibrations. In addition, the aversiveness of the 

vibrations was greater when pigs had eaten a small meal compared to a larger one (Stephens and 

Perry 1990). In a simulated transport environment, markers for travel sickness, plasma 

vasopressin, were found to be elevated in addition to heart rate, and increased cortisol and ACTH 

concentrations (Forsling et al. 1984; Perremans et al. 1998, 2001). Furthermore, studies have found 

an increase in heart rate during transit compared to resting levels, and a study by Geverink et al. 

(1998) demonstrated that pigs who experienced rough journeys (transported on minor or side 

roads) had elevated heart rates and blood cortisol levels, although this was only compared to a 

stationary group. 

1.8.7 Arrival and Unloading 

When trailers arrive at the abattoir, it is a primary goal to start unloading the pigs within 

30 min and for unloading to be completed in 1 h to avoid rising temperature and humidity inside 

the stationary trailer (Faucitano and Pedernera 2016; Grandin 2017; Faucitano and Goumon 2018). 

It is recommended that this time be calculated from when the trailer arrives at the abattoir until the 

first pig leaves the trailer (Grandin 2017), as delays can result in a 9°C increase in certain trailer 

compartments compared to ambient temperature after 30 min (Weschenfelder et al. 2012; Fox et 

al. 2014), which can result in a two-fold increase in mortality (Ritter et al. 2006; Haley et al. 2008; 

Sutherland et al. 2009) and an increase in PSE pork production (Driessen and Geers 2000; Van der 

Perre et al. 2010). Driessen and Geers (2000), in addition to an increased incidence of PSE pork, 

found an increase in carcass bruising when unloading time exceeded 33 min. In order to avoid 
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excessive unloading wait times, a strict coordination of truck arrival times with predicted number 

of pigs in lairage, lairage capacity, and speed of operation, in combination with additional 

unloading docks (Faucitano and Pedernera 2016), can shorten the unloading delay at abattoirs.  

In order to avoid jamming, overlapping, slipping, vocalization, and turning around during 

unloading, it is recommended to unload pigs by individual compartment, rather than by the whole 

deck, and in small groups of 10 pigs, compared to 30 pigs, using rattle paddles or sorting boards 

only (Rabaste et al. 2007). Electric prods decrease handling ease at unloading by increasing the 

number of pigs mounting, slipping, and turning around compared to sorting boards (Rabaste et al. 

2007). Additionally, electric prods can cause skin damage on carcasses (Geverink et al. 1996; 

Rabaste et al. 2007), whereby avoiding the use of electric prods results in a 50% decrease in carcass 

blemishes in pigs (Faucitano et al. 1998). Pig vocalization during unloading, especially squeals 

after being prodded which produces a high vocalization greater than 85 dB, can result in a faster 

pH decline 45 min after slaughter resulting in a greater risk of PSE pork (van der Perre et al. 2010; 

Vermeulen et al. 2015). Additionally, vocalizations between 80 and 90 dB has been shown to 

increase heart rate (Spensley et al. 1995) and huddling behaviour (Geverink et al. 1998). Other 

factors to ease the unloading process include having the unloading area sufficiently lit, as anecdotal 

evidence suggests that pigs like going from dark areas, i.e. inside the trailer, to brightly lit areas 

(Grandin 1996). Changes in air pressure within in the building can cause air to blow in pigs faces 

resulting in fear and balking in pigs, therefore it is recommended to equalize air pressure with the 

external air pressure to minimize air flow (Marchant-Forde and Marchant-Forde 2009).  
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1.9 Lairage 

The purpose of lairage is to allow pigs to rest after experiencing the stress and fatigue of 

transportation, as well as maintaining a constant speed on the slaughter line and benefiting meat 

quality (Warriss 1987; Faucitano et al. 2010). Optimal lairage conditions for pigs are not yet 

known, however recovery rate of pigs from transport stressors during lairage depends mainly on 

the duration of lairage, lairage area design, and environmental conditions (Faucitano 2010; Gallo 

et al. 2016). Inadequate treatment of pigs during lairage, such as mixing with unfamiliar pigs, poor 

handling, water and food deprivation, and lack of environmental control, can result in additional 

stress, skin damage from fighting, poor meat quality, and even death resulting in economic losses 

(Pérez et al. 2002; Warriss 2003).  

1.9.1 Duration of Lairage 

The duration of lairage is key in the recovery of pigs from transport and handling stress 

and control meat quality variation (Marchant-Forde and Marchant-Forde 2009; Faucitano and 

Goumon 2018). If lairage is too short, pigs do not have sufficient time to recuperate from 

transportation and handling stress, however longer lairage, in theory, provides more time to 

recuperate from transportation stress, physiologically speaking, but pigs may start fighting with 

lairage pen mates creating stress and compromising their welfare and carcass and meat quality 

(Marchant-Forde and Marchant-Forde 2009). Increased blood cortisol (Warriss et al. 1992,1998; 

Pérez et al. 2002; Saco et al. 2003; Hambrecht et al. 2005), lactate (Warriss et al. 1998b; Salaipal 

et al. 2005), and CK concentrations (Warriss et al. 1998b; Brown et al. 1999) have been reported 

in short lairage times ≤ 1 h compared to 2–3 h of lairage. Short lairage duration has been shown to 

result in paler meat by both the Japanese Colour Standard and L* value (Driessen et al. 2020). 
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Comparatively, lairage times exceeding 3 h have been shown to increase acute phase proteins 

(Saco et al. 2003) and skin damage from fighting (Nanni Costa et al. 2002; Dokmanovic et al. 

2014; Bottaccini et al. 2018). Although, longer lairage durations are associated with a higher pH1 

and lower electrical conductivity values (Driessen et al. 2020). Additionally, lairage times under 

2 h tend to result in PSE meat condition (Warriss et al. 1998b; Pérez et al. 2002; Fraqueza et al. 

1998; Fortin 2002; Shen et al. 2006), but lairage times exceeding 9 h can result in a 19% increase 

in DFD pork condition (Nanni Costa et al. 2002; Guàrdia et al. 2005; Dalla Costa et al. 2016) due 

to fasting and fighting depleting muscle glycogen. Therefore, it is recommended that pigs have 2–

3 h of lairage to recuperate from transportation and handling and ensure good quality pork 

production (Warriss 2003). Furthermore, 2 h of lairage can improve handling ease based upon 

lower electric prod usage in the alleys feeding the stunning point (Milligan et al. 1998).  

Moreover, pigs that stayed in lairage pens overnight were reported to have a higher 

proportion of pig mortality compared to those who were slaughtered the same day of arrival to the 

abattoir (Nannoni et al. 2016). Nannoni et al. (2016) suggests that uncontrolled lairage stressors 

could have contributed to this increase in pig mortality.  

1.9.2 Lairage Pen Stocking Density 

The stocking density of the lairage pen is an important factor in reducing pre-slaughter 

stress as its control may limit aggressiveness between pigs during rest (Weeks 2008). Reducing 

stocking density from 0.85 vs. 0.42 m2/pig decreased fighting occurrence (Moss 1978; Geverink 

et al. 1996; Weeks 2008). Sufficient space allowance of 0.50–0.67 m2/100 kg has been shown to 

reduce aggression in groups from 10 to 200 pigs (Grandin 1990; Warriss 1996; Chevillon 2000). 

Stocking density should be adjusted based on lairage time, where Weeks (2008) recommended a 
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density of 0.42 m2/pig for lairage times under 3 h and 0.66 m2/pig for lairage times over 3 h. 

Furthermore, low pig stocking density (0.64 vs. 0.46 m2/100 kg) during lairage is associated with 

decreased pig mortality during lairage, but this may also be influenced by water sprinklers cooling 

the pigs during lairage as well as low brightness (40 lx) and having large open windows in the 

abattoir (Vitali et al. 2014). 

1.9.3 Lairage Environment  

If the lairage environment is not adequate, recuperation from transport and handling stress 

will be minimized (Warriss and Brown 1994). Temperature and relative humidity during lairage 

can be an important factor for stress and meat quality (Lammens et al. 2007), where the 

combination (> 30ºC and RH > 80%) resulted in a greater incidence (22%) of PSE meat compared 

to 12 and 20ºC and 50% RH (Santos et al. 1997). Furthermore, summer months, July, August, and 

September, are found to have the highest percentage of mortality during lairage (0.29, 0.32, and 

0.30%, respectively), suggesting a need to minimize heat stress during lairage (Ritter et al. 2019).  

When temperatures in lairage are below 5ºC, there is an increase in DFD pork due to muscle 

glycogen depletion in an attempt to maintain body temperature (Knowles et al. 1998). To ensure 

thermal comfort and optimal pork quality, it is recommended to keep the lairage environment 

between 15–18ºC and RH between 59–65% (Honkavaara 1989). To keep pigs cool, showering 

them, at temperatures above 10ºC with proper ventilation (135 m2/h; Brent 1986; Weeks 2008), 

aids in reducing heat stress (Huynh et al. 2006), decreasing PSE meat (Long and Tarrant 1990), 

ammonia concentration (Weeks 2008), and aggressive behaviour, and improving ease of handling 

upon entry to the stunning chute (Weeding et al. 1993).  
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Pigs tend to have louder lairage compared with cattle and sheep (Weeks et al. 2009), with 

noise levels ranging from 76 to 108 dB (Talling et al. 1996; Rabaste et al. 2007). Lairage noise is 

mostly caused by abattoir machinery, gates clanging, and pig vocalization (Weeks 2008; Weeks 

et al. 2009). Pigs tend to be more scared of machinery noise than other pig vocalizations (Geverink 

et al. 1998). Excessive noise during lairage induces a fear response in pigs measured via increased 

heart rate, and blood lactate, CK, and cortisol concentrations (Faucitano 2010), and by pigs rushing 

to protection or away from the source of the sound (Geverink et al. 1998). The resulting stress 

from ambient noise can increase the production of PSE pork (Warriss et al. 1994; Van de Perre et 

al. 2010), however keeping ambient sound in the peri-mortem area under a critical threshold of 85 

dB appears to reduce PSE pork production (Vermeulen et al. 2015).  

Light intensity can play a role in the movement of pigs from lairage, through alleys, to the 

stunning area (Grandin 1990). Pigs prefer to move from a dark to brightly lit location (Grandin 

1996), and Grandin (2010) reports that light intensity under 160-215 lux is insufficient to 

illuminate the alley way and stunning area resulting in a 34% increase in electric prod usage. 

 

1.10 Hypothesis and objectives 

The transportation process, including loading, transit, and unloading, has been shown to be 

stressful to pigs, and depending on the severity of the stress, may even result in death. Design of 

pig transport trailers is a key factor in the stress pigs experience during transport. Trailers featuring 

internal ramps ≥ 20° haven been shown to be both physical and psychologically aversive to pigs. 

Additionally, trailers that rely on passive ventilation to cool pigs can have compartments that are 

much warmer than the external ambient temperature, which may result in pigs that are heat stressed 
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and dehydrated. Both of these critiques are associated with an increase in pig mortality during 

transport, especially during the summer season. Studies that have examined fan-assisted 

ventilation and water misters before or after transit have reported an improvement in pig welfare 

and pork quality measurements. Flat-decked trailers featuring slatted-openings have been shown 

to decrease pig stress associated with loading and unloading and to have lower internal 

temperatures, both during stationary and moving situations. Additionally, trailers featuring internal 

ramps, compared to flat-decks, are not recommended for short transports (> 1 h) as pigs cannot 

recover from the stress of loading in that time. 

Based on this information, the objective of this thesis was to compare two novel trailer 

designs, one featuring a triple hydraulic flat-deck and both trailers featuring trailer microclimate 

control, against a standard North American potbelly trailer under Canadian conditions, summer 

and winter, and over short transport duration. 

The hypotheses of the work in this thesis are as follows:  

1) Trailers featuring hydraulic flat-decks improve pig handling ease during 

loading and unloading, and result in improved pig welfare and pork quality 

during short transports. 

2) Trailers featuring trailer microclimate control, such as fan-assisted ventilation 

and water misters, improve trailer microclimate, pig thermal comfort and 

welfare, and pork quality during summer transports.  
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2 Use of two novel trailer designs against the standard North American Potbelly trailer 

during short distance transportation of pigs to slaughter under Canadian summer and 

winter conditions and their impact on trailer microclimate, animal welfare and meat 

quality  

2.1 INTRODUCTION 

Transporting pigs from the farm to the abattoir is one of the most stressful events a pig 

experiences in its life (Faucitano and Goumon 2018). The welfare of pigs during transport and 

final pork meat quality depends on a multitude of interacting factors, such as pre-transport fasting, 

loading, handling, facility design, space allowance, external ambient conditions, trailer ambient 

conditions, travel time, and truck driving conditions (Faucitano and Goumon 2018). These stress 

factors can have a significant impact on the pig’s physiological condition, which can be seen in 

increased blood cortisol, lactate, and creatine kinase (CK) concentrations at slaughter, which can 

eventually result in meat quality defects (Faucitano and Lambooij 2019; Rioja-Lang et al. 2019).  

Among other factors, the design of the trailer, defined in terms of loading/unloading system 

(ramps or hydraulic deck/tail-gate lift), deck/compartment position and microclimate control 

(Faucitano and Goumon 2018), plays a key role in the stress response of pigs during handling and 

transportation (Ritter et al. 2008; Correa et al. 2013; Weschenfelder et al. 2013; Conte et al. 2015). 

The pot-belly (PB) trailer is commonly used for swine transportation in Canada, mainly due to its 

versatility and large loading capacity decreasing transportation cost per animal (Correa et al. 2013; 

Weschenfelder et al. 2013). However, this trailer type has been associated with increased dead-on-

arrival (DOA) and fatigued or injured pigs compared to other trailer designs, such as flat-decked 

(FD) trailers featuring hydraulic decks (Dewey et al. 2009; Correa et al. 2013). A number of studies 
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(Goumon et al. 2013b; Torrey et al. 2013a,b; Correa et al. 2013, 2014; Weschenfelder et al. 2013; 

Conte et al. 2015; Sommavilla et al. 2017) associated stressed and fatigued pigs prior to slaughter 

with greater heart rate at loading, elevated gastro-intestinal tract temperature, and higher blood CK 

and lactate concentrations at slaughter, which likely result from longer loading and unloading 

times and more stressful handling, eventually resulting in poor pork quality, in pigs located in 

critical compartments (i.e., top rear, bottom front, and bottom rear) of this trailer type.  

In comparison to PB trailers, FD trailers, have a similar load capacity, but feature hydraulic 

middle and top decks. Therefore, FD trailers have been recommended for short distance transport 

(less than 1 h) as pigs take less time to recover from the stress and fatigue of loading and transport 

as shown by the lower blood lactate and CK concentrations at slaughter (Weschenfelder et al. 2013). 

This physiological condition of pigs may explain the decreased incidence of animal losses in FD 

trailers compared to PB trailers (Sutherland et al. 2009; Correa et al. 2013). However, more 

overlaps and round-turns for pigs, and handler interventions have been reported when 

loading/unloading FD trailer models (Weschenfelder et al. 2012, 2013). This lower ease of handling 

was caused by the presence of a step near the trailer gate resulting from the piling up of the middle 

and top decks on the bottom deck floor when loading/unloading middle and top decks 

(Weschenfelder et al. 2012, 2013). Furthermore, both standard PB and FD trailers assessed in recent 

transport trials were passively ventilated, which may result in elevated internal temperatures in 

prolonged stationary situations, in terms of an increase in internal temperature of approximately 

3–5°C in 5 min (Lambooij 1988; Xiong et al. 2015). This elevated internal temperature would 

result in a greater risk of animal losses (Haley et al. 2008; Sutherland et al. 2009). Evaporative 
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cooling, via fan-assisted ventilation combined with water misting, has been shown to be an 

efficient heat mitigating strategy (Pereira et al. 2018).  

Overall, the results from these studies highlight the need for improvement in trailer design, 

which may include full moving decks, better air-flow efficiency, and insulating and cooling 

systems, to improve the welfare of pigs during transport (Rioja-Lang et al. 2019). To this point, 

the novel designs of modified PB and European FD triple-decked trailers recently introduced in 

Canada are raising significant interest among Canadian trucking companies. These novel trailer 

designs may allow for easier loading and unloading through hydraulic ramps and decks and ensure 

better thermal comfort for pigs during transport and during stops (at the farm or at the plant) due 

to the presence of in-built ventilation fans alone or in combination with water misters and drinkers. 

The objective of this study was to evaluate and compare the effects of these novel trailer 

designs against the current standard PB trailer on the internal trailer microclimate, the behavioural 

and physiological response of pigs, and meat quality of pork from pigs transported to slaughter 

under Canadian summer and winter conditions. 

 

2.2 MATERIALS AND METHODS 

All experimental procedures performed in this study were approved by the institutional 

animal care committee (approval #561) at the Agriculture and Agri-Food Canada (AAFC) 

Sherbrooke Research and Development Centre (Sherbrooke, QC, Canada) based on the current 

guidelines of the Canadian Council on Animal Care (2009). 
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2.2.1 Animals and Treatments 

A total of 7,020 crossbred pigs (Large White × Landrace × Duroc crosses) of mixed 

genders were shipped from 9 commercial Southwestern Ontario farms, all of which had similar 

design, housing, feeding, and handling systems, to a commercial slaughter plant located in 

Southwestern Ontario (trips of 80 km for 1h45, on average, ranging from 26 to 138 km and 47 min 

to 2h49) during Canadian summer (July-August; average temperature 24.4ºC, ranging from 19.2 

to 30.0ºC) and winter (January-February; average temperature -0.6°C, ranging from -5.9 to 8.3°C) 

conditions. Pigs were transported using three different triple-decked trailer types, which included 

a Standard Pot-belly (SPB; model #80MP2-HC 2015 Barrett Tri Axle 53 Ft Pot-belly Hog/Cattle 

combo trailer; Barrett Trailers, Purcell, OK), a Modified Pot-belly (MPB; Luckhart Transport, 

Sebringville, Canada), and an advanced flat-deck trailer (AFD; model ‘SBA73Z semi-trailer’ 2014 

Pezzaioli Hydraulic 3 deck lift trailer; Carrozzeria Pezzaioli, Montichiari, Italy). Pigs were 

transported over a 6-week period during each season, and each replicate had all trailer types 

represented for each week of the study (total of 36 trailer loads of pigs, or 6 trailer loads of 

pigs/treatment/season). 

The SPB was a punch-hole passively ventilated trailer featuring two internal fixed ramps, 

one feeding the bottom deck (20 slope) and the other the top deck (21° slope). The MPB trailer 

featured a hydraulic ramp (18º slope) going up to the top deck and a fixed ramp (15º slope) 

descending to the bottom compartments. The MPB trailer was equipped with a total of 30 

ventilation fans (25.4 cm in diameter each), with 6 fans spanning the top and middle decks and 

three fans spanning the bottom deck along the side walls on each side of the trailer. Fan operation 

was controlled by the driver in the cabin. A water drinker (water flow rate of 0.5 L/min) was also 
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installed in each compartment. Water misters (n = 36) were evenly mounted inside the trailer wall 

compartments with a flow rate of 0.5 L/min which produced a fine mist that was remotely 

controlled by the driver. Water tanks (two 567 L capacity tanks) were located between the rear 

axles under the trailer. The AFD trailer was equipped with fully hydraulic middle and top decks 

and featured a total of 36 fans per side (6 fans/deck, 25.4 cm large each) remotely controlled by 

the driver, a total of one water drinker per compartment with a flow rate of 0.5 L/min, and water 

misters (n = 24) mounted inside the trailer wall compartments with a flow rate of 0.5 L/min, which 

produced a fine mist that was remotely controlled by the driver during summer wait-at-farm and 

transit phases, at the drivers discretion. The trailer had two water tanks (500 L capacity each) 

located at the front of the trailer. Additionally, the AFD trailer featured an adjustable rooftop 

(adding up to 35.6 cm more head space) to increase airflow across the top compartments.  

The load size of each trailer and the distribution for groups of pigs across trailers and 

compartments in each season are described in Figure 2.1. Within each trailer, 3 compartments were 

chosen for data collection based on previous results showing compartmental variations in 

microclimate, with warmer temperatures being reported in the front and bottom compartments 

(Weschenfelder et al. 2013; Fox et al. 2014; Pereira et al. 2018). Test compartments were the top 

rear (TR; C4 in all trailers), the middle middle (MM; C7 in SPB and AFD trailers, and C8 in the 

MPB trailer), and the bottom front (BF; C9 in the SPB trailer and C10 in the MPB and AFD 

trailers). Three focal barrows (130 ± 0.29 kg) were selected from each test compartment totalling 

9 focal pigs per trailer/week (total of 324 focal pigs). Focal pigs were randomly chosen the day 

prior to transport from the same finishing pen, weighed and tagged in both ears, and then kept 

together in a shipping pen close to the loading dock. This pre-sorting strategy was applied to 



 

 

62 

 

minimize walking distance during loading that may have biased the physical condition of pigs at 

the time of departure from the farm (Ritter et al. 2007, 2008; Edwards et al. 2011). Feed was 

restricted from all pigs for 12–15 h before loading (total of 24 h from last feed to slaughter). 

On the day of transportation, focal pigs were loaded onto the targeted compartments in 

groups of 3 pigs each using a plastic sorting board and paddle by the producer and trucker. The 

rest of the compartment group was also mostly loaded with sorting boards and paddles, while 

electric prods were only used when absolutely necessary. Focal pigs, when required, were mixed 

with unfamiliar pigs to best mimic commercial practice. Average space per pig in the test 

compartments of the trailer was 0.52 m2/pig in the SPB and MPB trailers, and 0.53 m2/pig in the 

AFD trailer in summer, and 0.48, 0.49, and 0.46 m2/pig in the SPB, MPB, and AFD, respectively, 

in winter (Figure 2.1). 

Loading started on average at 9h45 AM and the loading order of the three trailers was 

randomized for each replication to avoid the confounding effects of time of the day and related 

ambient conditions on the ease of handling and thermal stress. In order to keep unloading and 

lairage times consistent for each replicate, trailers, once loaded, waited on farm for a predetermined 

amount of time in order to control the arrival times at the slaughter plant. The average wait times 

applied at the farm before departure were as follows: 65±7 min for the first trailer, 45±6 min for 

the second trailer, and 23±8 min for the last trailer. During this wait period, pigs in the MPB and 

the AFD trailers had access to water and were cooled-off by fan-assisted ventilation with or 

without misters at the discretion of the driver, depending on ambient temperature conditions. 

During summer transits, side panels were 100% open, whilst during winter hauls only 10% 

of the side panels were open. All trailers, regardless of season, were bedded with wood shavings 
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(1 cm thick bedding), and additional straw was used in winter. Due to unforeseen circumstances, 

drivers could not be equally randomized to trailer across replications.   

On arrival at the slaughter plant, trailers were kept stationary in the yard before unloading 

and laterally exposed to a fan-bank system, with the sprinklers off, during the summer trials for 

10-min in order to comply with the requirements of the abattoir (L. Wormsbecher, Conestoga 

Meat, personal communication). 

Pigs were unloaded by the trucker using paddles in groups of 5–10 pigs and were driven to 

separate lairage pens based on trailer type and compartment of origin by abattoir staff. No mixing 

of treatment groups occurred. Given the difference in size between trailer compartments and 

lairage pens and in order to keep a constant stocking density (0.81 m2/pig) in the lairage pen, the 

size of all compartment groups was reduced to 12 pigs/group (including the 3 focal pigs) in each 

pen. Pigs were kept in lairage for 1h30 on average, ranging from 20 min to 2h46, with free access 

to water. After lairage, pens of pigs were driven to a CO2 stunner (Marel Backloader G3-RelaX-

XXL 7, Marel, Holbæk, Denmark) using paddles along the alleys and an automatic push gate 

system in the last chute feeding the stunner. To improve handling, lairage alleys and the chute 

feeding the stunner were illuminated by green lighting aimed at reducing shadows on the floor 

(Faucitano and Velarde 2021). Pigs were stunned in groups of 5–7 and were shackled and 

exsanguinated in the vertical position immediately after exiting the stunner. Carcasses were 

dehaired, singed, eviscerated, split, and conventionally chilled (4–7°C for at least 18 h) according 

to the standard operating procedures of the commercial pork processing facility. 
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Figure 2.1 Location and identification of compartments, and load capacity and space 

allowance by season (winter and summer) in the standard Pot-belly (a), modified Pot-belly 

(b), and advanced flat-deck (c) trailers. Test compartments are shaded in grey. 

Total capacity  

Summer: 174 pigs 

Winter: 191 pigs 

Total capacity  

Summer: 181 pigs 

Winter: 195 pigs 

Total capacity  

Summer: 206 pigs 

Winter: 223 pigs 
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2.2.2 Data Collection 

2.2.2.1 Ambient Climate and Trailer Microclimate Measurements 

External and within trailer ambient air temperature and humidity data were collected using 

iButton data loggers (DS1923 Hydrochron Temperature/Relative Humidity Logger, Maxim 

Integrated Products Inc., Sunnyvale, California, USA) attached on each side mirror of each trailer 

cab and inside the test compartments (5/compartment) of all trailers. The compartment iButtons 

were suspended approximately 8 cm from the ceiling with one positioned in the center of the 

compartment and the other four placed in the corner of the compartment 18 cm from where each 

adjoining wall meets. The iButtons were programmed to record temperature (T) and relative 

humidity (RH) data every minute from the beginning of loading to the beginning of unloading. 

The temperature range of the data logger was from - 20 to + 85°C with an accuracy of ± 0.0625°C 

and a relative humidity range from 0 to 100% with a resolution of ±0.6 % and an accuracy of 5%.  

Data were downloaded after each transport using the ExpressThermo software (ECLO 

Solutions, Leiria, Portugal) from the beginning of loading to the beginning of unloading.  

2.2.2.2 Behavioural Measures 

During lairage, behaviour was continuously recorded at the group level using digital HD 

video camera recorders (HDRAS100V, Sony Corp., Tokyo, Japan) installed on the pen walls. The 

recording started as soon as the pen was filled with pigs and the lairage gate was closed and ended 

either when the gate reopened to allow pigs to exit the pen and go towards the stunner or 60 min 

elapsed. Scan sampling every 2 min was used to record the number of pigs engaged in each posture 

(lying, sitting, standing, other). Other was defined when a pig was neither standing, sitting, or 

lying, such as kneeling. The frequency of drinking bouts was also recorded using continuous 
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sampling. A drinking bout was defined as any occurrence of a pig placing its mouth around the 

drinker for any duration of time. A new bout was recorded if the pig's mouth was off the drinker 

for at least 5 s before resuming the activity. Behavioural observations were performed by one 

trained observer using The Observer XT software, version 15 (Noldus Information Technology 

Inc., Wageningen, The Netherlands). 

2.2.2.3 Blood Variables 

During exsanguination, blood was collected from the bleeding wound of 27 focal pigs per 

week/replicate (3 pigs/compartment/trailer/replicate; a total of 324 pigs over both seasons) in 

serum tubes (BD Vacutainers®, VWR International Ltd., Montreal, Canada). Whole blood lactate 

concentrations were immediately assessed in duplicate with a hand-held Lactate Scout Analyzer 

(Lactate Scout, EKF Diagnostic GmbH, Magdeburg, Germany) by dipping a test strip (two 

strips/animal) into a serum tube containing collected blood. One blood sample was also collected 

in a second serum tube for CK analysis. Serum was collected after centrifugation at 1,400 g for 10 

min at 4°C and then stored at -80°C until analysis. A third blood sample was collected in an EDTA 

tube (BD Vacutainers®; VWR International Ltd., Montreal, Canada), refrigerated at 4°C and 

subsequently analyzed in duplicate for hematocrit determination according to the microhematocrit 

procedure described by Matte et al. (1986). Serum CK concentration was analysed using a creatine 

kinase_SL kit (Creatine Kinase-SL Assay, SEKISUI Diagnostics, Charlottetown, Canada) and 

determined with a spectrophotometer. The intra-assay coefficient of variation for log transformed 

blood CK was 2.31%. 
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2.2.2.4 Carcass Lesions and Meat Quality Measures 

Lesions were scored by a single trained observer on the whole carcass along the dressing 

line based upon a subjective 5-point photographic scale (from 1 = no to very minimal lesions to 5 

= severe lesions; Meat and Livestock Commission 1985).  

All meat quality measurements were taken at 24 h post-mortem by measuring pH (pHu) in 

the longissimus muscle (LM), between the 3rd and 4th last rib, and in the semimembranosus (SM) 

and adductor (AD) muscles using a portable pH- meter (Oakton Instruments Model pH 450 series, 

Nilis, Illinois, USA) fitted with a spear tip pH electrode (Cole Palmer Canada, Montreal, Canada) 

and an automatic temperature compensation (ATC) probe (Oakton Instruments, Vernon Hills, 

Illinois, USA). Colour (L*, a*, b*; CIE 1976) was evaluated instrumentally with a CM700d 

Spectrophotometer (Konica Minolta Sensing Inc., Osaka, Japan) after exposing the LM and SM 

muscle surface to 10- and 15-min blooming times, respectively. The measurement was taken using 

an 8º viewing angle, 10° observer angle, D65 illuminant, SCI (specular component included) 

mode, and an illumination measurement area of 8 mm in diameter. Drip loss was evaluated in the 

LM (same location as pHu measurement) using the filter paper wetness (FPW) test as described 

by Kauffmann et al. (1986). Briefly, a filter paper (Whatmann PK100, VWR International Co., 

Mont-Royal, Canada) was placed on the LM cut surface after 10 min of air exposure and weighed 

using an analytical scale (Scout SPX, OHAUS, Parsippany, New Jersey, USA) after 3 sec of fluid 

accumulation on the paper. Percentage of drip loss was calculated by the following equation: [% 

drip loss = - 0.1 + (0.06 × mg fluid)] as described by Rocha et al. (2016). 
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2.2.3 Calculations and Statistical Analysis  

Average T and RH values were calculated for each of three transport phases (i.e., the wait-

at-farm phase, the transit phase, and the wait-at-plant phase) before unloading by averaging the 5 

iButton logger data per compartment. Delta T and RH were calculated using the average T and RH 

of each trailer compartment minus the average T and RH of two external iButtons. The 

compartment within each trailer was the experimental unit. Temperature humidity index (THI), 

which is normally used as an indicator of ambient conditions in heat stress studies and livestock 

transport guidelines (Fox et al. 2014; National Pork Board 2017), was calculated according to the 

NRC (1971) formula: THI = (1.8 × T + 32) – [(0.55 – 0.0055 × RH) × (1.8 × T – 26)], where T is 

in oC and RH in %.  

All trailer microclimate and pig physiological variables, lairage behaviour and meat quality 

analyses were performed using SAS software (version 9.4; SAS Inst. Inc., Cary, North Carolina, 

USA) where analysis of each season was done separately using the MIXED procedure with trailer 

type, compartment, and trailer type × compartment interaction as fixed factors in a 3 × 3 factorial 

design. Replicate (6 replications/ week per season) was considered as a random effect. Results are 

presented as least squares means (LSM) ± SEM. Compartment and trailer comparisons were 

performed using a Tukey adjustment. When appropriate, the slice effect was used to further 

analyze the interaction term between trailer and compartment. A probability level of P ≤ 0.05 was 

chosen as the limit for statistical significance in all tests. Observed probabilities of P ≤ 0.10 were 

considered as tendencies. 

The frequency of drinking during lairage was analyzed for total duration of drinking using 

a Friedman’s test. Due to the low percentage of sitting (< 5%) and other postures (< 1%) during 
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lairage, data for these postures failed to meet the assumptions for ANOVA analysis and were 

therefore presented as medians. 

Due to issues with lost ear tags, sample handling, and technical problems with cameras, 

some data were missing. Overall, one lairage camera (Winter, Rep 4, AFD, C10) was lost due to 

battery issues. As a result of lost ear tags at the slaughter plant, 9 carcasses, 26 loins and 25 hams 

were lost throughout the whole study. Owing to difficulty in keeping pace with the speed of the 

bleed line on the kill floor, 11 blood lactate samples were missed, and due to sample mishandling, 

19 blood hematocrit and 27 CK samples were lost throughout the whole study. 

 

2.3 RESULTS 

2.3.1 Summer Results 

2.3.1.1 Trailer Microclimate 

The average external ambient T, RH, and THI during the summer transports were 24.4°C 

(ranging from 19.2 to 30.0°C), 62.0% (ranging from 40.8 to 98.8%), and 71.2 (ranging from 65.7 

to 78.4), respectively. The average trailer compartment T, RH, and THI during the summer 

transports were 26.1°C (ranging from 21.0 to 31.9°C), 64.2 % (ranging from 43.3 to 91.6 %), and 

73.6 (ranging from 68.0 to 80.6), respectively.  

Except for RH, the trailer type × compartment interaction affected all compartment ambient 

parameters during this season (Table 2.1). During the wait-at-farm phase, the interaction tended to 

influence compartment temperature (P = 0.06), with the BF compartment being warmer than the 

TR compartment in the SPB trailer (P = 0.03). The MM compartment temperature was 

intermediate and did not differ (P > 0.05) from the other compartments. Overall in this phase, all 
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trailers differed from each other (P < 0.01), where the SPB trailer was the warmest, followed by 

the MPB, with the AFD being the coolest trailer (26.07°C vs. 25.09°C vs. 23.85°C; SEM = 0.48). 

The trailer type × compartment interaction was also significant during transit and the wait-at-plant 

phase (P < 0.01 for both), with the BF compartment of the SPB trailer being warmer than the MM 

and TR compartments (P < 0.01) during transit but cooler (P < 0.01) during the wait-at-plant phase, 

while the MM and TR temperatures did not differ between each other (P > 0.05). During transit, 

the AFD and MPB trailers were still cooler than the SPB (25.20°C and 24.69°C vs. 26.16°C; SEM 

= 1.24; P = 0.01 and P < 0.01, respectively) and did not differ from each other (P > 0.05). During 

the wait-at-plant phase, the MPB trailer was cooler than the SPB trailer (25.45°C vs. 26.77°C; 

SEM = 1.375; P < 0.01), with the AFD trailer temperature being intermediate (P > 0.05).  

During the wait-at-farm and transit phases, RH variation was influenced by the trailer type 

and the compartment position (P < 0.01 and P = 0.02, respectively, for both phases). The SPB 

trailer was less humid than both the MPB and AFD trailers (63.80% vs. 68.86% and 68.94%; SEM 

= 4.73; P < 0.01 and P < 0.01, respectively). The latter two trailers did not differ from each other 

for this parameter (P > 0.05). Additionally, in all trailer types, the BF compartment was more 

humid than the TR compartment (69.30% vs. 64.29%; SEM = 4.31; P = 0.02), with the RH of the 

MM compartment being intermediate (P > 0.05). During transit, the SPB trailer continued to be 

less humid than the MPB trailer (56.73% vs. 69.13%; SEM = 5.75; P < 0.01), with the AFD trailer 

being intermediate (P > 0.05). Overall, the TR compartment was less humid than the BF 

compartment (60.42% vs. 67.65%; SEM = 6.03; P = 0.01), with the RH of the MM compartment 

being intermediate (P > 0.05). During the wait-at-plant phase, there was a main effect of trailer on 
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RH (P = 0.03), where the SPB was less humid than the MPB (56.85% vs. 64.79%; SEM = 6.27; P 

= 0.02). The AFD did not differ from either the SPB or the MPB (P > 0.05).  

Similar to most ambient parameters, the trailer type × compartment interaction affected the 

compartment THI in all transport phases (from P = 0.04 to P < 0.01; Table 1). During the wait-at-

farm phase, THI was lower in the TR compartment than both the BF and MM compartments of 

the SPB trailer (P < 0.05). The BF and MM compartments did not differ from each other (P > 

0.05). Overall, the AFD trailer had a lower THI than the SPB trailer (71.98 vs. 74.62; SEM = 1.95; 

P < 0.01) with the THI of the MPB trailer being intermediate (P > 0.05). During the transit phase, 

BF compartment had a higher (P < 0.05) THI than the MM and TR compartment in the SPB trailer. 

The THI was not different (P > 0.05) between the MM and TR compartments in this trailer type. 

Overall, in this phase, the AFD and MPB trailer had a lower THI than the SPB trailer (73.38 and 

73.12 vs. 74.23; SEM = 1.62; P = 0.04 and P < 0.01, respectively). The AFD and MPB trailers did 

not differ from each other (P > 0.05). During the wait-at-plant phase, the BF compartment had a 

higher (P < 0.05) THI than the MM and TR compartments in the SPB trailer. The MM and TR 

compartments of the SPB did not differ from each other (P > 0.05).  

As shown in Table 2.2, trailer type influenced T value (P < 0.01) during the wait-at-farm 

phase, with the SPB trailer presenting a greater value than the MPB and AFD trailers (1.02°C vs. 

-0.78°C and -0.36°C, SEM = 0.87; P = 0.01 and P < 0.01, respectively), which did not differ from 

each other (P > 0.05). During the transit phase, compartment T value showed a significant trailer 

type × compartment interaction (P = 0.01), with the BF compartment having a greater (P = 0.05) 

value than the TR compartment in the SPB trailer. Overall, the SPB trailer had a greater (P < 0.01) 

T value than the MPB (2.22°C vs. 0.72°C; SEM = 0.52), with the T value of the AFD trailer 
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being intermediate (P > 0.05). During the wait-at-plant phase, there was a trailer × compartment 

interaction on compartment T (P = 0.05), where the SPB had a greater (P = 0.01) T value than 

both the MPB and AFD trailer (0.36°C vs. -1.67°C and -1.59°C; SEM 1.00), which did not differ 

from each other (P > 0.05).  

Trailer type and compartment position influenced RH value in all transport phases (Table 

2). During the wait-at-farm phase, the MPB trailer showed higher (P < 0.01) RH value compared 

with the SPB trailer (9.42% vs. 2.55%; SEM = 3.67), with the AFD trailer presenting an 

intermediate RH value (P > 0.05). Furthermore, during this phase, the BF compartment presented 

a higher (P = 0.04) RH value than the TR compartment (7.94% vs. 2.93%; SEM = 3.68) in all 

trailer types. The MM compartment did not differ from either the BF or TR compartments (P > 

0.05). During the transit phase, RH value was greater (P < 0.01) in the MPB trailer than in the 

SPB trailer (5.51% vs. 2.94%; SEM = 3.81), with the AFD trailer presenting an intermediate RH 

value (P > 0.05). A greater (P < 0.01) RH value was recorded in the BF compartment compared 

with the TR compartment (4.34% vs. -2.89%; SEM = 3.80). The MM compartment did not differ 

from either the BF or TR compartments. During the wait-at-plant phase prior to unloading, the 

RH value in the MPB trailer was greater (P < 0.01) than both the SPB and AFD trailers (9.93% 

vs. 1.45% and 3.18%; SEM = 5.04). The AFD and SPB trailers did not differ from each other (P 

> 0.05). The BF compartment had a higher (P = 0.05) RH than the TR compartment (7.69% vs. 

1.63%; SEM = 5.04). The MM compartment did not differ from either the BF or the TR 

compartments (P > 0.05).  
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The trailer type × compartment interaction affected THI variation in all transport phases 

(Table 2). During the wait-at-farm phase, the SPB trailer tended to have a higher THI (P = 0.08) 

in the BF than in the TR compartment. The THI of the MM compartment did not differ from the 

BF or TR compartment (P > 0.05). A main trailer type effect was also found for this parameter, 

with the SPB trailer having a higher (P < 0.01) THI value than MPB and AFD trailers (2.18 vs. 

-0.38 and 0.31; SEM = 1.02). No difference was found in THI values of MPB and AFD trailers 

(P > 0.05). A trailer type × compartment interaction affected THI values during the transit phase 

(P < 0.01), with the THI value of the BF compartment being greater (P < 0.05) than that of the 

MM and TR compartments in the SPB trailer. Overall, both trailer type and compartment also had 

an effect as main factors on THI during transport. The SPB trailer had a greater (P = 0.01) THI 

value than the MPB trailer (3.14 vs. 1.77; SEM = 0.55), with the THI value of the AFD trailer 

being intermediate (P > 0.05). Additionally, the BF compartment had a greater (P = 0.03) THI 

value than the MM compartment (2.94 vs. 1.80; SEM = 0.55), with the THI of the TR 

compartment being intermediate (P > 0.05). During the wait-at-plant phase, there was a trailer × 

compartment interaction on THI value (P = 0.03), with the BF compartment presenting a greater 

(P < 0.05) THI value than the TR compartment in the SPB trailer. The THI value of the MM 

compartment did not differ from that of the BF or TR compartments in this trailer type (P > 0.05). 

Overall, THI value also varied by trailer type and was higher (P < 0.01) in the SPB trailer than 

in the MPB and AFD trailers (1.08 vs. -0.66 and -1.16; SEM = 0.91). THI values did not differ 

between the MPB and AFD trailers (P > 0.05).
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Table 2.1 Average temperature (T), relative humidity (RH), and temperature humidity index (THI)1 of selected compartments in either Standard Pot-belly (SPB), Modified Pot-belly (MPB), 

or advanced flat-deck (AFD) trailers in summer. 

  SPB MPB AFD   P-value 

Compartment2 BF MM TR BF MM TR BF MM TR SEM Trailer  Compartment  Trailer×Compartment  

Wait-at-farm 
                  

        

T, C  26.69a 26.40ab 25.12b 24.37 25.29 25.61 24.36 23.48 23.57 1.38 < 0.01 0.65 0.06 

RH, % 63.97 63.64 63.79 71.83 69.27 65.47 72.26 70.80 63.77 4.73 < 0.01 0.02 0.26 

THI 75.57a 75.20a 73.09b 73.02 74.28 74.16 73.11 71.61 71.08 1.98 < 0.01 0.14 0.04 

 

Transit 
                          

T, C  27.37a 25.68b 25.44b 24.54 24.32 25.21 24.58 24.61 26.41 1.17 < 0.01 0.08 < 0.01 

RH, %  59.55 60.11 59.53 74.07 68.81 64.53 69.31 64.55 57.18 5.75 < 0.01 0.02 0.12 

THI 75.95a 73.63b 73.10b 73.36 72.62 73.40 73.03 72.68 74.45 1.60 < 0.01 0.01 < 0.01 

 

Wait-at-plant 
                          

T, C  26.03b 26.66a 27.61a 25.99 25.31 25.05 25.76 25.67 27.07 1.30 0.01 0.55 < 0.01 

RH, %  56.46 57.06 57.03 69.35 64.47 60.54 61.26 58.24 51.31 6.27 0.02 0.12 0.24 

THI  75.90a 74.65b 73.67b 73.68 73.64 74.04 73.92 73.48 74.64 1.74 < 0.01 0.31 < 0.01 

1 THI = (1.8×T+32)-[(0.55–0.0055*RH) × (1.8×T-26)] 
2BF: bottom front, MM: middle middle, TR: top rear 
a,b Within a row and trailer type, Lsmeans lacking a common superscript differ at P < 0.10 
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Table 2.2 Delta1 temperature (T°), relative humidity (RH), and THI2 () in selected compartments in either the Standard Pot-belly (SPB), Modified Pot-belly (MPB), or advanced flat-deck (AFD) trailers 

in summer. 

  SPB MPB AFD   P-value     

Compartment3 BF MM TR BF MM TR BF MM TR SEM Trailer  Compartment  Trailer×Compartment      

Wait-at-farm                               

T, C  1.64 1.35 0.07 -1.5 -0.58 -0.26 0.19 -0.69 -0.60 0.99 < 0.01 0.69 0.11     

RH, % 2.71 2.39 2.54 12.39 9.83 6.03 8.70 7.24 0.21 4.28 < 0.01 0.04 0.45     

THI 3.12a 2.75ab 0.65b -0.42 0.84 0.72 1.48 -0.02 -0.54 1.21 < 0.01 0.14 0.08     

 

Transit 
                          

    

T, C  3.43a 1.73b 1.50b 0.57 0.35 1.24 0.84 0.87 2.67 0.66 < 0.01 0.13 0.01     

RH, %  -3.12 -2.56 -3.14 10.45 5.19 0.91 5.68 0.92 -6.44 4.45 < 0.01 0.01 0.29     

THI 4.87a 2.54b 2.02b 2.00 1.26 2.04 1.96 1.61 3.38 0.69 0.01 0.03 < 0.01     

 

Wait-at-plant 
                          

    

T, C  1.20a 0.25ab -0.38b -2.07 -1.81 -1.14 -2.00 -2.09 -0.69 1.08 < 0.01 0.51 0.05     

RH, %  1.07 1.66 1.64 14.50 9.62 5.69 7.50 4.48 -2.45 5.59 < 0.01 0.05 0.41     

THI  2.24a 1.00ab 0.01b -0.77 -0.80 -0.40 -1.26 -1.70 -0.53 0.99 < 0.01 0.35 0.03     
1Delta values refer to the difference between the internal trailer compartment and the ambient external trailer environment 

2THI = (1.8×T+32)-[(0.55–0.0055*RH) × (1.8×T-26)] 
3BF: bottom front, MM: middle middle, TR: top rear 
a,b Within a row and trailer type, Lsmeans lacking a common superscript differ at P < 0.10 
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2.3.1.2 Behavioural Observations During Lairage 

The trailer type × compartment interaction influenced the percentage of time pigs were 

lying and standing during rest in the lairage pens (P = 0.01 for both; Table 2.3). For pigs coming 

from the MPB trailer, those transported in the BF compartment lied less and stood more than pigs 

that were located in the TR compartment (P < 0.05), with pigs from the MM compartment being 

intermediate. No difference in posture between compartments were observed for the SPB and AFD 

trailers (P > 0.05). 

2.3.1.3 Physiological Variables   

Neither trailer type nor compartment position or their interaction had an effect on blood 

relative hematocrit percentage or lactate levels at slaughter (P > 0.10; Table 2.4). The interaction 

between trailer type and compartment influenced blood CK concentration at slaughter (P < 0.01), 

with greater (P < 0.05) levels being found in pigs transported in the BF compartment compared to 

those located in the MM compartment of the SPB trailer. Blood CK concentrations of pigs 

transported in the TR compartment did not differ from those positioned in either the BF or MM 

compartments (P > 0.05). 
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Table 2.3 Percentage of time spent by pigs in a given posture during lairage by trailer compartment in summer. 
            

  SPB MPB AFD   P-value2 

Compartment1 BF MM TR BF MM TR BF MM TR SEM Trailer  Compartment  Trailer×Compartment 

Lying, %  75.63 89.89 78.90 66.09b 70.96ab 77.24a 80.65 74.91 72.63 3.04 < 0.01 0.54 0.01 

Sitting2, % 1.61 0.40 0.13 2.69 1.61 1.75 0.81 0.94 1.88 - - - - 

Standing, % 22.04 16.49 19.67 30.93a 26.99ab 20.66b 18.06 23.84 25.58 2.80 0.01 0.68 0.01 

Other2, % 0.54 0.13 0.27 0.40 0.40 0.27 0.00 0.00 0.00 - - - - 

1BF: bottom front, MM: middle middle, TR: top rear 
2Due to low percentage values associated with Sitting and Other, these two variables are presented as medians  
a,b Within a row and trailer type, Lsmeans lacking a common superscript differ at P < 0.10 

 

 

 

 

 

Table 2.4 Average blood relative hematocrit percentage, lactate, and creatine kinase (CK) concentrations of pigs transported in selected compartment of either the Standard Pot-belly (SPB), Modified Pot-belly 

(MPB), or advanced flat-deck (AFD) trailers in summer. 

  SPB MPB AFD   P -value 

Compartment1 BF MM TR BF MM TR BF MM TR SEM Trailer  Compartment  Trailer×Compartment 

Relative hematocrit, % 41.81 42.77 43.96 42.08 41.12 41.87 44.28 41.17 40.49 2.41 0.69 0.75 0.51 

Lactate, mmol/L 8.44 7.65 8.03 7.40 8.64 8.94 8.03 8.59 8.15 0.70 0.76 0.56 0.22 

CK, log UI/L 3.42a 3.20b 3.38ab 3.27 3.44 3.27 3.38 3.32 3.26 0.07 0.96 0.52 < 0.01 

1BF: bottom front, MM: middle middle, TR: top rear 
a,b Within a row and within a trailer type, Lsmeans lacking a common superscript differ at P < 0.10
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2.3.1.4 Carcass Lesion Scores and Meat Quality  

Neither trailer type nor compartment or their interaction influenced carcass lesion scores 

in the summer season (P > 0.10; Table 2.5). 

Except for drip loss percent in the LM, pHu, L* and a* colour values in the SM muscle, 

and pHu value in the AD muscle, neither trailer type nor compartment or their interaction had an 

effect on meat quality traits in the summer season (P < 0.10; Table 5). 

Loins of pigs transported in the BF compartment were drier (lower drip loss percentage) 

compared to those from pigs transported in the MM compartment (1.45% vs. 1.90%; SEM = 0.16; 

P = 0.03). Drip loss percentage of TR compartment loins did not differ from either the BF or MM 

compartment loins (P > 0.05).  

Trailer type × compartment interaction influenced the pHu value of the SM and AD 

muscles, with lower pHu values being recorded in both muscles of pigs transported in the MM 

compartment compared with those transported in the TR compartment of the SPB trailer (P = 0.02 

and P = 0.04, respectively). No difference in SM and AD muscles pHu values were found between 

pigs transported in the BF compartment and those located in the MM or TR compartments in the 

SPB trailer (P > 0.05). Compartment position tended to have an effect on SM muscle L* value (P 

= 0.08), with pigs transported in the MM compartment presenting a slightly paler SM muscle 

compared to pigs transported in the BF compartments (49.64 vs. 48.24; SEM = 0.43). Colour L* 

values in the SM muscle of pigs transported in the TR compartment did not differ from those of 

pigs located in the BF or MM compartment (P > 0.05). Trailer type × compartment interaction 

tended to influence colour b* values in the SM muscle (P = 0.07), with pigs transported in the TR 
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compartment of the SPB trailer presenting a greater b* value than pigs transported in the same 

compartment of the MPB and AFD trailers (P = 0.06 and 0.07, respectively). 
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Table 2.5 Carcass lesion score and meat quality characteristics as assessed in the longissimus (LM), semimembranosus (SM), and adductor (AD) muscles of pigs transported in selected compartments of either 

the Standard Pot-belly (SPB), Modified Pot-belly (MPB), or advanced flat-deck (AFD) trailers in summer. 

  SPB MPB AFD   P -value 

Compartment1 BF MM TR BF MM TR BF MM TR SEM Trailer  Compartment  Trailer×Compartment 

Lesion Score2 1.31 1.38 1.31 1.39 1.25 1.42 1.47 1.31 1.33 0.077 0.86 0.60 0.61 

              

LM                            

pHu 5.52 5.48 5.55 5.48 5.49 5.47 5.49 5.48 5.48 0.04 0.13 0.62 0.35 

L* 53.74 55.50 53.79 53.73 54.62 53.97 54.63 54.95 55.20 0.72 0.28 0.15 0.64 

a* 1.79 2.05 2.09 2.00 1.41 2.28 1.86 2.29 2.05 0.33 0.74 0.44 0.23 

b* 11.17 11.77 11.49 11.41 11.03 11.65 11.24 11.82 11.86 0.31 0.48 0.22 0.30 

Drip loss3, % 1.59 1.95 1.60 1.36 1.60 1.65 1.39 2.13 1.72 0.24 0.41 0.03 0.61 

 

 

SM                           

pHu 5.58ab 5.52b 5.66a 5.57 5.62 5.56 5.59 5.53 5.59 0.04 0.74 0.21 0.02 

L*  48.65 48.74 48.19 47.36 49.44 49.34 48.72 50.74 48.82 0.75 0.30 0.08 0.34 

a*  2.22 2.34 2.30 2.22 1.80 2.69 2.27 2.12 2.28 0.32 0.96 0.36 0.55 

b* 9.35 9.03 8.61 8.73a 9.25ab 9.64b 9.18 9.67 9.64 0.33 0.11 0.55 0.07 

 

 

AD                             

pHu 5.67ab 5.58b 5.78a 5.60 5.67 5.67 5.66 5.61 5.63 0.04 0.36 0.10 0.04 
1BF: bottom front, MM: middle middle, TR: top rear 
2Based on photographic charts (from 1: none to 5: severe; MLC 1985) used here as a continuous variable 
3Drip loss = - 0.1 + (0.06 × mg fluid) 
a,b Within a row and trailer type, Lsmeans lacking a common superscript differ at P < 0.10
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2.3.2 Winter Results  

2.3.2.1 Trailer Microclimate 

The average external ambient T, RH, and THI during the winter transports were -0.6°C 

(ranging from -5.9 to 8.3°C), 70.8% (ranging from 54.9 to 88.1%), and 35.2 (ranging from 28.8 to 

47.6), respectively. The average trailer compartment T, RH, and THI during winter transports were 

10.5°C (ranging from 3.6 to 16.7°C), 64.9% (ranging from 51.3 to 76.5%), and 52.3 (ranging from 

41.5 to 61.1), respectively. 

Trailer type had an effect on trailer T during the wait-at-farm phase (P = 0.01; Table 2.6). 

The internal T in the SPB trailer tended to be warmer than the MPB and AFD trailers (13.46°C vs. 

11.46°C and 10.98°C; SEM = 1.68; P = 0.06 and P = 0.08, respectively). The internal T values of 

the MPB and AFD trailers did not differ from each other (P > 0.05). During the transit phase, 

internal temperature values were influenced by the trailer type × compartment interaction (P < 

0.01), with the BF compartment being the warmest followed by the MM compartment and then 

the TR compartment in the SPB trailer (P < 0.05). Additionally, the TR compartment of the AFD 

trailer was warmer than the MM and BF compartments (P < 0.05). No difference in T was found 

between the BF and MM compartments of the AFD trailer (P > 0.05). The same interaction also 

influenced internal trailer T values during the wait-at-plant phase (P < 0.01). During this phase, 

the BF compartment was cooler than the MM and TR compartments in the SPB trailer (P < 0.05). 

The MM and TR compartments also tended to differ from each other in this trailer type (P = 0.08).  

Except for the wait-at-plant phase, trailer RH was influenced by trailer type and 

compartment position (Table 6). During the wait-at-farm phase, trailer type had an effect on RH 

(P = 0.01), with the SPB trailer being less humid than the AFD trailer (66.11% vs. 72.42%; SEM 
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= 2.94; P < 0.05) and the MPB trailer RH being intermediate (P > 0.05). In this phase, compartment 

position across trailers influenced RH variation (P < 0.01), with the TR compartment being more 

humid than the BF and MM compartments (76.03% vs. 65.34% and 67.20%; SEM = 2.12; P < 

0.05). The BF and MM compartments did not differ from each other (P > 0.05). During the transit 

phase, the effect of trailer type (P = 0.04) resulted in lower (P < 0.05) RH in the SPB trailer 

compared with the AFD trailer (63.07% vs. 66.24%; SEM = 1.76). The MPB did not differ from 

either the SPB or AFD (P > 0.05). Compartment position also had an effect on RH (P < 0.01) in 

this phase as shown by the higher (P < 0.05) RH values in the TR compartment compared with the 

BF and MM compartments (69.38% vs. 62.83% and 62.44%; SEM = 1.36; P < 0.01). The RH 

values in the BF and MM compartments did not differ from each other (P > 0.05). During the wait-

at-plant phase, the trailer type × compartment interaction tended to have an effect on RH (P = 

0.08), with greater (P < 0.05) RH being recorded in the TR compartment followed by the MM and 

BF compartments of the MPB trailer.  

Trailer type affected THI variation during the wait-at-farm phase (P = 0.02), with THI 

tending to be higher (P = 0.08) in the SPB trailer than in the AFD trailer (56.47 vs. 52.72; SEM = 

2.54). The THI in the MPB trailer did not differ from either the SPB or AFD trailers (P > 0.05). 

An effect of the trailer type × compartment interaction on THI during transport and the pre-

unloading phase was found (P < 0.01 for both phases). During the transit phase, in the SPB trailer 

the BF compartment presented the highest THI, followed by the MM and the TR compartments 

(P < 0.05). Additionally, in the AFD trailer THI was lower (P < 0.05) in the TR compartment than 

in the BF and MM compartments, which did not differ from each other in this variable (P > 0.05). 

While the SPB trailer was at the wait-at-plant phase prior to unloading, a greater THI was recorded 
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in the BF compartment compared with the MM and TR compartments (P < 0.05), which did not 

differ from each other in this variable (P > 0.05).  

During the wait-at-farm phase, trailer T was influenced by trailer type (P = 0.02; Table 

2.7), where the SPB trailer had a higher (P < 0.05) T value than the MPB and AFD trailers 

(11.97°C vs. 8.66°C and 8.75°C; SEM = 1.18). No difference in T between the MPB and AFD 

trailers was found (P > 0.05). During the transit and pre-unloading phases, a trailer type × 

compartment interaction affected T variation (P < 0.01 and P = 0.01, respectively). During 

transport, the BF compartment had a higher (P < 0.05) T value than the TR compartment in the 

SPB trailer. The MM compartment T did not differ from that of either the BF or TR compartment 

in the SPB trailer (P > 0.05). Additionally, the TR compartment had a greater (P ≤ 0.05) T value 

compared to the BF and MM compartments in the AFD trailer. The THI values of BF and MM 

compartments did not differ from each other in this trailer (P > 0.05). During the wait-at-plant 

phase, the TR compartment had a greater (P < 0.05) T value than both the BF and MM 

compartments in the AFD trailer. No difference in T value was found between the BF and MM 

compartments (P > 0.05).  

During the wait phase at the farm, a trend for an effect of trailer type on trailer RH was 

found (P = 0.08). The AFD trailer tended to have a greater (P < 0.05) RH value compared to the 

SPB trailer (9.17% vs. 2.94%; SEM = 3.70). The RH value in the MPB trailer was intermediate 

between the two other trailer types (P > 0.05). The value of RH also varied by compartment 

position in this phase and during transport (P < 0.01 and P = 0.01, respectively). Indeed, RH 

value was greater (P < 0.05) in the TR compartment than in the BF and MM compartments 
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(13.18% vs. 2.49% and 4.34%; SEM = 3.70), while RH value did not differ between BF and MM 

compartments (P > 0.05). During transport, the TR compartment showed a greater (P < 0.05) RH 

value than the BF and MM compartments (-2.25% vs. -8.81% and -9.20%; SEM = 2.50) while 

RH value did not differ between BF and MM compartments (P > 0.05). There was a tendency 

for an effect of trailer during the wait-at-plant phase on RH (P = 0.09). The MPB tended to have 

a greater (P < 0.05) RH value compared to the SPB and AFD trailers (-0.04% vs. -5.29% and -

4.77%; SEM = 3.99), while the SPB and AFD trailers did not differ from each other (P > 0.05). 

Trailer type influenced trailer THI during the wait-at-farm phase (P = 0.02), where the 

SPB trailer showed a greater (P < 0.05) THI than the MPB and AFD trailers (17.68 vs. 12.85 and 

12.50; SEM = 1.56), whose THI did not differ from each other (P > 0.05). During the transit and 

the wait-at-plant phases, THI variation was affected by the trailer type × compartment interaction 

(P < 0.01 and P = 0.03, respectively). During transport, the BF compartment had a greater (P < 

0.05) THI than the TR compartment in the SPB trailer, while THI was higher (P < 0.05) in the 

TR compartment compared to the BF compartment in the AFD trailer. The THI of MM 

compartment was intermediate in both the SPB and AFD trailers (P > 0.05). During the wait-at-

plant phase, the BF compartment tended to have a higher (P = 0.06) THI compared to the TR 

compartment in the AFD trailer. The THI of the MM compartment did not differ from that of BF 

or TR compartments in the AFD trailers (P > 0.05). 
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Table 2.6 Average temperature (T), relative humidity (RH), and temperature humidity index (THI)1 of selected compartments in either Standard Pot-belly (SPB), Modified Pot-belly (MPB), or advanced flat-

deck (AFD) trailers in winter. 

  SPB MPB AFD   P -value 

Compartment1 BF MM TR BF MM TR BF MM TR SEM Trailer  Compartment  Trailer×Compartment 

Wait-at-farm 
               

        

T, C  14.75 14.04 11.61 11.85 12.34 10.16 9.67 10.66 12.60 1.68 0.01 0.71 0.24 

RH, % 73.19 64.38 60.77 63.88 67.69 78.54 71.39 69.52 76.36 2.94 0.01 < 0.01 0.21 

THI2 58.34 57.41 53.66 54.33 55.18 51.50 50.75 52.36 55.04 2.54 0.02 0.65 0.29 

 

Transit                
 

     

T, C  13.07a 11.19b 8.57c 11.29 9.49 8.67 9.12b 13.29a 9.71b 1.14 0.22 0.23 < 0.01 

RH, %  60.81 59.70 68.70 62.44 63.30 70.30 65.23 64.33 69.15 1.76 0.04 < 0.01 0.36 

THI 56.08a 53.47b 49.25c 53.40 50.95 49.35 50.31 51.18 56.31 1.65 0.22 0.20 < 0.01 

 

Wait-at-plant                 
  

     

T, C  9.64b 11.40a 13.42a 11.96 11.11 9.85 9.20 9.81 13.56 1.21 0.60 0.66 < 0.01 

RH, %  59.93 62.37 66.82 61.46b 66.42a 71.21a 64.54 64.66 67.60 2.58 0.23 < 0.01 0.08 

THI  56.57a 53.52b 50.84b 54.41 53.16 51.05 50.39 51.24 56.73 1.79 0.59 0.64 < 0.01 

1THI = (1.8×T+32)-[(0.55–0.0055*RH) × (1.8×T-26)] 
2BF: bottom front, MM: middle middle, TR: top rear 
a,b,c Within a row and trailer type, Lsmeans lacking a common superscript differ at P < 0.10 
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Table 2.7 Delta1 temperature (T°), relative humidity (RH), and THI2 () in selected compartments in either the Standard Pot-belly (SPB), Modified Pot-belly (MPB), or advanced flat-deck (AFD) trailers 

in winter 
 

  SPB MPB AFD   P-value     

Compartment3 BF MM TR BF MM TR BF MM TR SEM Trailer  Compartment  Trailer×Compartment     

Wait-at-farm 
               

            

T, C  13.25 12.54 10.11 9.05 9.57 7.35 7.44 8.43 10.37 1.74 0.02 0.77 0.35     

RH, % -2.40 1.21 10.02 1.74 5.55 16.40 8.13 6.26 13.11 4.67 0.08 < 0.01 0.70     

THI3 19.55 18.61 14.87 13.51 14.36 10.68 10.54 12.15 14.83 2.55 0.02 0.73 0.41     

 

Transit                
 

         

T, C  13.42a 11.54ab 8.92b 12.24 10.44 9.62 10.49b 11.08b 14.66a 1.10 0.23 0.31 < 0.01     

RH, %  -7.97 -9.08 -0.08 -9.05 -8.19 -1.18 -9.42 -10.32 -5.50 3.50 0.50 0.01 0.94     

THI 20.74a 18.14ab 13.91b 18.79 16.28 14.68 16.70b 17.58ab 22.70a 1.57 0.12 0.30 < 0.01     

 

Wait-at-plant                 
  

         

T, C  11.98 11.01 9.25 10.48 9.63 8.37 8.42b 9.02b 12.77a 1.30 0.41 0.91 0.02     

RH, %  -5.31 -7.50 -3.05 -4.94 0.02 4.81 -5.83 -5.71 -2.77 4.87 0.09 0.13 0.70     

THI  18.02 16.73 14.05 15.51 14.26 12.15 12.95b 13.08ab 19.29a 2.25 0.29 0.92 0.03     
1Delta values refer to the difference between the internal trailer compartment and the ambient external trailer environment 
2THI = (1.8×T+32)-[(0.55–0.0055*RH) × (1.8×T-26)] 

3BF: bottom front, MM: middle middle, TR: top rear 

a,b Within a row and type, Lsmeans lacking a common superscript differ at P < 0.10 
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2.3.2.2 Behavioural Observations During Lairage 

Except for lying and drinking behaviour, neither trailer type nor compartment position or 

their interaction had an effect on lairage behaviour in winter (P > 0.10; Table 2.8). Trailer type 

tended to affect the proportion of time spent by pigs lying on the pen floor during rest (P = 0.09), 

where the SPB trailer type had a greater (P < 0.05) percentage of pigs lying down during lairage 

compared to the AFD trailer (77.87% vs. 68.77%; SEM = 3.04). The MPB trailer was intermediate 

and not different (P > 0.05) compared with the other trailer types.  

2.3.2.3 Physiological Variables  

Neither trailer type nor compartment position or their interaction had an effect on blood 

relative hematocrit percentage, lactate, or CK concentrations in winter (P > 0.10; Table 2.9). 
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Table 2.8 Percentage of time spent by pigs in a given posture during lairage by trailer compartment in winter              

  SPB MPB AFD   P –value2 

Compartment1 BF MM TR BF MM TR BF MM TR SEM2 Trailer  Compartment  Trailer×Compartment 

Lying, % 73.23 78.49 81.88 73.81 72.50 82.93 70.82 60.79 74.65 5.03 0.09 0.11 0.67 

Sitting2, % 0.81 0.54 0.67 0.81 0.81 1.21 1.08 0.94 1.48 -  -  -  - 

Standing, % 25.79 20.47 17.04 24.62 26.13 17.49 26.36 37.69 23.47 4.95 0.13 0.10 0.59 

Other2, % 0.13 0.13 0.27 0.13 0.27 0.27 0.38 0.00 0.13 -  -  -  - 

1BF: bottom front, MM: middle middle, TR: top rear 
2Due to low percentage values associated with Sitting and Other, these two variables are presented as medians  
a,b Within a row and trailer type, Lsmeans lacking a common superscript differ at P < 0.10 

 

 

 

 

 

Table 2.9 Average blood relative hematocrit percentage, lactate, and creatine kinase (CK) concentrations of pigs transported in selected compartment of either the Standard Pot-belly (SPB), Modified Pot-belly 

(MPB), or advanced flat-deck (AFD) trailers in winter 

  SPB MPB AFD   P -value 

Compartment1 BF MM TR BF MM TR BF MM TR SEM Trailer  Compartment  Trailer×Compartment 

Relative hematocrit, % 46.41 43.14 44.71 45.58 45.14 44.44 44.85 45.33 43.55 1.45 0.88 0.32 0.52 

Lactate, mmol/L 7.76 8.24 8.29 7.32 9.16 6.82 7.99 7.37 7.28 0.78 0.51 0.24 0.13 

CK, log UI/L 3.53 3.43 3.36 3.53 3.34 3.40 3.50 3.47 3.43 0.09 0.78 0.12 0.81 
1BF: bottom front, MM: middle middle, TR: top rear 
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2.3.2.4 Carcass Lesion Scores and Meat Quality  

In winter transports, carcass lesion scores were only affected by trailer type (P < 0.01; 

Table 2.10), with greater (P < 0.05) scores being found in MPB trailer carcasses compared to the 

SPB and AFD trailer carcasses (1.57 vs. 1.27 and 1.39; SEM = 0.07). Lesion scores in pigs 

transported in the SPB and AFD trailers did not differ (P > 0.05).   

The pHu value tended to be lower (P = 0.06) in the LM of pigs transported in the MPB 

trailer compared to those transported in the AFD trailer (5.38 vs. 5.43; SEM = 0.01; Table 10). No 

difference in pHu value was found between the loins of SPB trailer pigs and MPB or AFD trailer 

pigs (P > 0.05). A lower (P = 0.05) pHu was found in the SM muscle of pigs transported in the 

AFD trailer compared to the SPB trailer type (5.47 vs. 5.52; SEM = 0.03). The pHu values in the 

SM muscle of pigs transported with the MPB trailer were intermediate and did not differ from the 

SPB or the AFD (P > 0.05). Trailer type × compartment interaction affected pHu value in the AD 

muscle (P = 0.01), with lower (P < 0.05) values being found in pigs transported in the BF 

compartment compared to the TR compartment of the SPB trailer and intermediate values in pigs 

transported in the MM compartment of this trailer type (P > 0.05).  
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Table 2.10 Carcass lesion score and meat quality characteristics as assessed in the longissimus (LM), semimembranosus (SM), and adductor (AD) muscles of pigs transported in selected compartments of either 

the Standard Pot-belly (SPB), Modified Pot-belly (MPB), or advanced flat-deck (AFD) trailers in winter  

  SPB MPB AFD   P -value 

Compartment1 BF MM TR BF MM TR BF MM TR SEM Trailer  Compartment  Trailer×Compartment 

Lesion score2 1.19 1.38 1.25 1.44 1.64 1.63 1.44 1.44 1.30 0.07 < 0.01 0.31 0.59 

              

LM                            

pHu 5.37 5.42 5.38 5.39 5.39 5.38 5.45 5.43 5.41 0.03 0.06 0.47 0.49 

L* 54.54 53.84 54.78 55.09 54.63 52.98 53.96 53.82 54.91 0.89 0.94 0.70 0.10 

a* 2.32 2.41 2.52 2.49 2.23 2.78 2.58 2.35 2.62 0.27 0.86 0.28 0.86 

b* 11.40 11.16 11.36 11.68 11.26 11.20 11.25 11.29 11.70 0.32 0.87 0.56 0.52 

Drip loss3, % 1.30 1.24 1.25 1.10 0.98 0.98 1.21 1.11 1.21 0.19 0.16 0.76 1.00 

 

 

SM                           

pHu 5.50 5.51 5.54 5.53 5.46 5.49 5.46 5.47 5.49 0.03 0.05 0.34 0.23 

L*  51.57 50.90 51.02 50.90 51.93 50.55 50.49 51.62 49.70 0.83 0.53 0.16 0.52 

a*  2.01 2.36 1.96 2.03 2.04 2.64 2.35 2.32 2.19 0.29 0.72 0.83 0.38 

b* 9.37 9.69 8.72 9.20 9.59 8.83 9.24 9.97 9.25 0.52 0.74 0.11 0.97 

 

 

AD                            

pHu 5.58b 5.64ab 5.72a 5.69 5.59 5.58 5.57 5.62 5.63 0.04 0.32 0.50 0.01 
1BF: bottom front, MM: middle middle, TR: top rear 
2Based on photographic charts (from 1: none to 5: severe; MLC 1985) 
3Drip loss = - 0.1 + (0.06 × mg fluid) 
a,b Within a row and trailer type, Lsmeans lacking a common superscript differ at P < 0.10 
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2.4 DISCUSSION 

Under warm ambient conditions, improvements in trailer design, in terms of use of 

mechanical ventilation and water misting are recommended to ensure better thermal comfort of 

pigs during transport (Rioja-Lang et al., 2019).  

In the summer trials of this study, the use of ventilation fans and water misters in the MPB 

and AFD trailers provided a better thermal environment for pigs compared to the passively 

ventilated SPB trailer, as showed by the lower temperature, THI and T during the stationary and 

moving phases of transport. Differences between these ambient variables were not of great 

magnitude, though. The benefit of combining the use of fan-assisted ventilation with water misting 

to remove excessive moisture and improve internal trailer ambient conditions have been previously 

reported (Warriss et al., 2006; Pereira et al., 2018). However, during the wait-at-farm and transit 

phases of this study, the RH and RH were greater in the MPB trailer, featuring fan-assisted 

ventilation, compared to the SPB trailer. This difference is most likely due to inefficiency of the 

ventilation fans installed in this trailer type to remove water vapour in the air generated by the 

water sprinklers, which may limit the effect of evaporative cooling on pigs. 

Animal location within a trailer is a key contributor to animal losses, meat quality defects, 

and poor welfare (Faucitano and Goumon, 2018), through, among others, its effects on 

microclimate characteristics (Weschenfelder et al. 2012, 2013; Fox et al. 2014; Pereira et al. 2018). 

Consistent with other studies (Brown et al. 2011; Weschenfelder et al. 2013; Pereira et al. 2018), 

the BF compartment of the SPB trailer during summer was warmer and had a higher THI than 

other compartments when stationary at the farm and in motion. This ambient condition may be 

explained by proximity to external heat sources, such as truck engine, floor, and drive wheels 



 

 

96 

 

(Brown et al. 2011) combined with heat stagnation in this compartment due to reduced exchange 

rate or internal airflow caused by the presence of a solid front wall and an imbalance of air pressure 

gradients around a moving vehicle (Kettlewell et al. 2001; Nannoni et al. 2014; Gilkeson et al. 

2016). The low compartment height (91.5 cm vs. 106 cm and 110 cm in the SPB, MPB and AFD 

trailers, respectively) might have contributed to limited air circulation as well (Brown et al. 2011). 

Based on the estimated maximum height of the market weight pig used in this study (80 cm tall; 

Visser 2014), the headroom of 30 cm (between the highest point on the animal body and the ceiling 

of the compartment) recommended to ensure sufficient airflow temperature to regulate humidity 

and remove noxious gases in passively ventilated vehicles (SCAHAW 2002) was not respected in 

this SPB trailer. Furthermore, even when fan-assisted ventilation was not active in the MPB and 

AFD trailers in winter, the SPB was still 2°C warmer and had higher THI compared to the other 

trailer types during wait-at-farm and transit phases, and the BF compartment of the SPB was 

warmer and had higher THI than all other compartments in the trailer, suggesting that the design 

of the trailer (i.e., solid walls and deck height) plays an important role in regulating compartment 

temperature.  

Studies have reported that the risk of in transit losses due to heat stress is exacerbated when 

passively ventilated vehicles are stationary, such as the SPB trailer during the waits before 

departure and unloading in this study, and this is thought to be a result of rising temperatures 

caused by minimal airflow (Ritter et al. 2009; Sutherland et al. 2009; Weschenfelder et al. 2012; 

Fox et al. 2014). In the present study, differences in temperature, RH, and THI between trailer and 

compartments within trailer did not result in any differences in hematocrit percentage, which is an 

indicator of heat stress-related dehydration (Waltz et al. 2014). Furthermore, neither trailer type 
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nor compartment affected drinking behaviour during lairage, which confirms the lack of difference 

in the dehydration condition of pigs. Similarly to Pereira et al. (2018), this result would suggest 

that temperature differences observed between and within trailers were not sufficient to result in a 

different pigs’ dehydration state on arrival at the slaughter plant which may explain the similar 

drinking behaviour in the lairage pen.  

Studies have suggested the lower and upper critical temperature during transport for market 

weight pigs, weighing between 111–160 kg, is 10–28°C (Bracke et al. 2020). Every trailer type, 

during summer wait-at-farm, transit, and wait-at-plant phases, were found to be in the thermo-

neutral range for pigs during transport. Additionally, viewing the trailers as a whole, all THI values 

during all phases in summer never exceeded the alert THI threshold of 75 (NWSCR, 1976). 

However, certain trailer compartments during certain phases did exceed the alert THI threshold, 

specifically the BF compartment of the SPB during all phases, and the MM of the SPB during the 

waiting phase. These findings suggest that fan-ventilation and water misters, as those installed in 

the MPB and AFD trailers, may provide sufficient ventilation and cooling in BF compartments 

and the MM compartments during stationary periods. These cooling mechanisms keep internal 

trailer conditions in the safe THI zone for pigs transported during Canadian summer conditions, 

compared to the passive punch hole ventilation of the SPB trailer.  

Elevated blood lactate and CK concentrations are typically observed when pigs are 

subjected to short- or long-term physical exertion, respectively, such as climbing or descending 

ramps in trailers during loading and unloading or fast walking/overlapping in response to poor 

handling (Knowles and Warriss 2000; Faucitano and Lambooij 2019). In this study positive effects 

of improved design features, such as fully moving hydraulic decks in the AFD trailer or hydraulic 
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ramp feeding the TR compartment in the MPB trailer, on the physiological conditions of pigs at 

slaughter were anticipated. However, no differences were seen between trailers or compartments 

overall, although, surprisingly pigs transported in the MM of the MPB had the highest overall 

serum CK concentration. The CK concentration in pigs transported in the BF compartment of the 

SPB trailer were greater than those transported in the MM compartment during summer, but the 

TR compartment was not seen to differ from either, suggesting that the effect of navigating internal 

ramps does not play a large role in this study. This may be better explained by the higher 

temperatures and THI found in the BF compartment of the SPB trailer during the wait and transit 

phase. Sommavilla et al. (2017) also found higher blood CK concentrations in pigs transported in 

the bottom rear compartment of a SPB, as well as the TR compartment, during the summer, further 

highlighting the role that heat stress plays. No difference in pigs’ blood lactate concentration was 

found at slaughter between trailer types or compartments within trailer across both seasons. This 

result is not surprising considering the time and optimal rest conditions provided to pigs in lairage 

to recover from transport stress (as shown by the lack of difference in post-transport behaviours) 

and handling in this study, and the half-life of lactate concentration in blood after stress (peak in 4 

min and return to basal level in 2 h; Anderson, 2010). Other studies also failed to find effects of 

trailer type and compartment during transport on blood lactate levels at slaughter in pigs 

(Weschenfelder et al. 2013; Sommavilla et al. 2017). In contrast, Weschenfelder et al. (2012) and 

Correa et al. (2013, 2014) reported higher blood lactate concentrations in pigs either transported 

in a SPB trailer compared to hydraulic flat-decked trailer or in critical compartments of this trailer 

type. Considering the similar lairage time applied in these studies, the discrepancy in the results 

may be explained by the response of pigs to peri-mortem handling which may be influenced by 
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the pigs’ memory of previous negative handling experience (e.g., loading; Correa et al. 2010; 

Edwards et al. 2010b). In this study, focal pigs were loaded onto trailers gently and in pre-formed 

groups (no mixing) through shipping pens. Furthermore, pigs could rest from the stress of handling 

between 30 and 60 min (averages in summer and winter, respectively) before departure from the 

farm. They were also driven to slaughter in small groups using automatic push-gates and the group-

wise stunning system, which have been reported to be stress-free handling tools (Christensen and 

Barton-Gade 1997; Franck et al. 2003). 

In this study, pork meat quality as assessed in the LM was only affected by compartment 

location and season with effects limited to meat exudation, in terms of production of drier (drip 

loss percentage below the threshold of 2%) loins in pigs transported in the BF compartment than 

in those located in the MM compartment during summer. The low height of the bottom deck, a 

shared feature between the three trailer types, may have contributed to the occurrence of this meat 

quality defect, based on its effects on BF compartment ambient conditions due to reduced airflow 

in the SPB trailer and potential handling issues caused by the uncomfortable crawling position of 

the handler (personal observation) across trailers. The handler’s physical fatigue may lead to 

increased and rougher handling interventions on pigs with effects on animal stress (Gosálvez et al. 

2006; Ritter al. 2006; Dalla Costa et al. 2019).  

Greater effects of the studied factors were expected on pork meat quality as assessed in 

locomotory muscles, such as the SM and AD. These muscles are, in fact, more prone to rapid 

glycogen exhaustion in response to physical stressors, such as negotiating ramps at loading and 

unloading and warmer and colder ambient conditions, compared to postural muscles (LM), 

resulting in greater risk for pork meat with DFD characteristics (Correa et al. 2013, 2014). 
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However, in the present study, no differences were seen in either the SM or AD pHu values 

between pigs transported in different trailers, suggesting limited effects of the hydraulic devices 

(ramp or decks) on physical stress in locomotory muscles in comparison to internal ramps. This 

result confirms the conflicting findings reported in past studies, with the effects of trailer type 

(hydraulic decks vs. fixed decks and ramps) on pork meat quality ranging from major (Correa et 

al. 2013; Weschenfelder et al. 2013) to minimal (Dalla Costa et al. 2007) or none (Weschenfelder 

et al. 2012). During the summer season, instead, greater pHu values were found in the SM and AD 

muscles of pigs transported in the TR compartment compared to those transported in the MM 

compartment in the SPB trailer. Greater pHu values were also recorded in the AD muscle of pigs 

transported in the TR compartment during winter. These results may suggest that pigs transported 

in this location of the SPB trailer experienced greater physical effort in their locomotory muscles 

than pigs transported in the middle deck compartment. This physical exercise can be associated 

with the need to negotiate the internal ramp accessing this location at loading and unloading 

(Goumon et al. 2013b; Correa et al. 2014). These results agree with those reported by Scheeren et 

al. (2014) who also reported a greater pHu value in the AD muscle of pigs transported in the top 

front compartment compared to the middle and bottom front compartments of a SPB trailer. Correa 

et al. (2014) also registered greater pHu values in the AD muscle of pigs located in the upper deck 

compartment compared to the middle compartments of a SPB trailer, but found no difference in 

this meat quality trait between this location and the bottom deck compartments.  

Overall, the few effects of transport factors on pork meat quality assessed in this study 

were of little biological and economical importance.  
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2.5 CONCLUSIONS 

Overall, the results of this study indicate that trailer design improvements, such as fan-

assisted ventilation and water misting, produced a better thermal environment, in terms of lowering 

temperature and THI, inside the vehicle under warm ambient conditions, specifically in the BF 

compartment. However, these improvements had no impact on pigs’ post-transport behaviour and 

physiological condition at slaughter, or pork meat quality, suggesting their inefficiency in 

providing biologically relevant cooling effects for pigs during warm transport conditions.  

Features of the SPB trailer, such as the low deck height, the solid front wall, and the steep 

internal ramps should be redesigned in order to provide a better thermal environment in specific 

compartments. By redesigning these compartments of the SPB to allow for greater ventilation, the 

negative combined effects of compartment position and season on pork meat quality variation 

could be reduced, thereby improving the welfare and pork meat quality variation of market pigs 

transported to slaughter.  
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3 General Discussion 

3.1 Main Findings 

There is an abundance of literature on the detrimental impact of transportation on swine 

welfare and meat quality (Faucitano and Goumon 2018). Studies have reported the negative effects 

of summer and winter season (Clark 1979; Sutherland et al. 2009; Vitali et al. 2014), transport 

duration (Ritter et al. 2006; Marchant-Forde and Marchant-Forde 2009), loading density 

(Lambooij and Engel 1991; Barton-Gade and Christensen 1998; Urrea et al. 2020), mixing of 

unfamiliar pigs (Faucitano 1998; Broom and Kirkden 2004), animal location in the trailer (Brown 

et al. 2011; Weschenfelder et al. 2012; 2013), and, one of the most important factors, trailer design 

(Weschenfelder et al. 2012; 2013). In North America, the pot-belly trailer is commonly used due 

to its versatility and large loading capacity reducing transportation cost per animal (Correa et al. 

2013; Weschenfelder et al. 2013), however it has been criticized due to steep internal ramps and 

inadequate ventilation resulting in stressed and fatigued pigs prior to slaughter (Goumon et al. 

2013b; Torrey et al. 2013a,b; Correa et al. 2013, 2014; Weschenfelder et al. 2013; Conte et al. 

2015; Sommavilla et al. 2017). This study sought to compare two novel trailer designs featuring 

fan-assisted ventilation, water misters, and flat deck trailers with the more common pot-belly 

trailer under Canadian summer and winter conditions during short transports. It was hypothesized 

that trailers featuring active fan ventilation and water misters would result in improved thermal 

comfort of pigs during summer transports, especially when stationary, compared to passively 

ventilated trailers. Additionally, it was hypothesized that trailers featuring flat decks would reduce 

the stress of loading compared to trailers featuring traditional internal ramps.  
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Contrary to the hypothesized outcome, this study found that the use of fan-assisted 

ventilation and water misters did not improve the thermal comfort of pigs during summer transport. 

Although this study found that fan-assisted ventilation and water misters in the modified Pot-belly 

(MPB) and advanced flat-deck (AFD) trailers were effective at reducing temperature (T), delta 

temperature (ΔT), temperature-humidity index (THI), and delta THI (THI) compared to the SPB, 

the cooling effect of these features was modest where compartments were cooled by roughly 3°C. 

Indeed, this subtle difference in temperature and THI due to fan-assisted ventilation and water 

misters showed no difference on relative hematocrit percentage, a measurement used to determine 

heat stress and dehydration, which would suggest that these features did not improve the thermal 

comfort of pigs during transport. Generally, all trailer THI values found during the summer were 

considered to be safe for pigs (NWSCR 1976). However, the bottom front (BF) compartment of 

the standard Pot-belly (SPB) during all phases, and the middle compartment of the middle deck 

(MM) of the SPB during the waiting phase, did exceed the THI threshold of 75, which may indicate 

that fan-ventilation and water misters, like those featured in the BF compartment of the MPB and 

AFD trailers, were effective at keeping the THI in a safe range for market weight pigs during the 

transport process. Previous studies have reported a combined benefit of fan-assisted ventilation 

with water misting to reduce excessive moisture and to improve trailer ambient conditions (Warriss 

2006; Pereira et al. 2018). However, during the wait-at-farm and transit phases of this study, the 

RH and RH were higher in the MPB trailer, featuring fan-assisted ventilation, compared to the 

SPB trailer. This difference is most likely due to inefficiency of the ventilation fans installed in 

this trailer type to remove water vapour in the air generated by the water sprinklers, which may 

limit the effect of evaporative cooling on pigs.  
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Creatine kinase (CK) is proposed to be linked with physical exertion and heat stress 

(Sommavilla et al. 2017; Faucitano and Lambooij 2019). CK was found to higher in the BF 

compartment of the SPB during summer, but not winter, and in addition the longissimus (LM) 

muscle was found to be less exudative in the same trailer-compartment, which may be explained 

by low deck resulting in reduced ventilation in this compartment. In agreement with these results, 

the BF compartment in the SPB was found to be warmer, have a higher ΔT, greater THI, and have 

a higher ΔTHI during the waiting and transit phases of both seasons, with the exception having 

second highest temperature, ΔT, THI, and ΔTHI during the transit phase of winter. This result 

reiterates previous studies that the BF compartment of the SPB is the most detrimental in terms of 

heat stress and should be re-assessed (Brown et al. 2011; Fox et al. 2014; Pereira et al. 2018).  

The use of flat decks in this study did not result in a reduction in physical stress compared 

to loading pigs into the BF and top rear (TR) compartment of the SPB and MPB. Previous studies 

have examined the ramps and bends of the SPB and found them to be aversive, both physically 

and psychologically, to pigs as shown by increased heart rate, incidence of balking, slipping, 

falling, and exsanguinated blood cortisol, lactate, and creatine kinase (CK) concentrations 

(Goumon et al. 2013b; Correa et al. 2014). Although, no differences were found in locomotory 

muscle, SM and AD, pHu between trailers, the TR compartment of the SPB appears to require 

more physical effort to navigate than the BF or MM compartments. However, this study did not 

find any difference in lactate concentrations between trailers during either season, which may 

suggest that flat deck trailer models need to be reassessed.  
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3.2 Future Directions 

The BF compartment of the SPB, in this study and many previous studies (Brown et al. 

2011; Weschenfelder et al. 2013; Pereira et al. 2018), has been shown to be warmer and have a 

higher THI than other compartments of the same trailer. A major concern with this compartment 

is the ventilation, as higher temperatures reported in this compartment indicate it is insufficiently 

ventilated compared to other compartments in the same trailer, which may be caused by the low 

deck height. Indeed, the Scientific Committee on Animal Health and Animal Welfare in the 

European Union recommends having a minimum of 30cm of head space for sufficient ventilation. 

However, the BF compartment of the SPB is 91.5cm, and with the height of a market weight pig 

being roughly 78-82cm (Visser 2014), the compartment fails to meet this recommendation. 

Comparatively, actively ventilated trailers, such as the MPB and AFD trailers, are required to meet 

a reduced minimum head space of 15cm, which they did in this study. However, the ability of the 

fans to provide sufficient ventilation in this compartment may depend on the compartment density. 

Therefore, future studies should examine the use of active fan-ventilation on the welfare of pigs 

with varying compartment densities and deck heights.   

 

3.3 Weaknesses and Limitations 

There were a few weaknesses and limitations of this study. A significant issue with this 

study was the fact that trailer drivers could not be kept consistent between seasons and replicates, 

which introduces greater experimental error, as some drivers may not be as skilled in limiting 

stress during loading as others. Drivers were given the freedom to choose when to activate fan-

ventilation and water misters when they determined the necessity, which was done to best mimic 
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ordinary commercial transport decisions to increase the external validity of the study. However, 

certain drivers, especially with the addition of new drivers throughout the study, may not have the 

ability or knowhow required to be aware of critical temperatures situations and to activate 

ventilation systems.  

A strength of this study was that the summer conditions were ideal for testing the effects 

of heat stress, as external temperatures were, on average, around the upper limit of the thermal 

comfort zone for market pigs during transport (for pigs weighing 111–160kg, thermal comfort 

zone is 10–28°C; Bracke et al. 2020). However, this cannot be said for the winter replicates as the 

study was conducted during a mild winter. Ambient temperatures during winter ranged from -5.9 

to 8.3°C with the average being -0.6°C, where other studies with winter seasons report an average 

-10°C and ranges as low as -22°C. The temperatures reported during winter in this study may not 

have been cold enough to see any effects of cold stress on market pigs as seen in other studies. 

Although, differences in trailer microclimate were mostly anticipated during the summer season 

due to differences in trailer cooling features. 

Having real time measurements, such as gastrointestinal tract (GI) temperature and pictures 

during transit, would have been helpful to understand how the environment impacted the pigs 

during transport. A common technique to measure stress during transport in real time is placing an 

iButton in the GI tract of the focal pigs, as changes in internal temperature can be related to heat 

stress. However, due to lack of a proper restraint technique on farm to administer the iButton and 

limitations with space at the abattoir to find the iButton, this measurement unfortunately had to be 

dropped from the study protocols. This measurement would have been particularly useful for 

determining if the pigs were indeed heat stressed during transit.  



 

 

107 

 

Another real time measurement during transit to assess the effect of microclimate 

environment on pig thermal comfort and pigs stress levels at loading would have been to have 

cameras taking pictures during transport and scoring the pig’s behaviour. This was performed in 

the present study, however there were some limitations with the pictures. The vibration of the 

trailers and pigs playing with the camera mounts resulted in useless data upon arrival at the 

slaughter plant. Another issue with the cameras was that certain compartments were too dark to 

score pigs, mainly during winter when the side panels were covered but during some summer 

replicates as well. Of the cameras that remained in position and were bright enough to score pigs, 

there was an issue of pigs standing directly in front of the camera, whereby it was impossible to 

score any other pig behaviour in the compartment while that pig was in the way. Most importantly 

however, there was always a bias towards scoring standing pigs compared to lying or sitting 

because standing pigs take up more of the field of view.  

The conditions pigs experienced during lairage may have influenced physiological variable 

and behavioural results. Due to the requirement of the abattoir, all pigs were sacrificed at the same 

time, meaning that pigs received varying lairage durations depending on the pre-determined 

unloading order and time. To avoid bias, this unloading order and subsequent lairage duration was 

equally randomized across all three trailers allowing for an average lairage duration of 1h30 

ranging from 20 min to 2h46. Pigs from the first trailer to arrive were pre-determined to receive 

2h15 of lairage time, pigs from the second trailer were pre-determined to receive 1h30 of lairage 

time, and the last trailer were pre-determined to receive 45 min of lairage time. Considering the 

duration of lairage and calm lairage environment, these conditions may have allowed the pigs to 

recover from the stress accrued during transport, as pigs, regardless of trailer type, were found to 
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spend most of their time lying in lairage. The optimal resting conditions provided by lairage may 

explain why no significant results were found between trailer designs on lactate during both 

seasons, as lactate concentration peaks at 4 min and returns to basal levels in 2h (Anderson, 2010).  

Lastly, both the design of the abattoir and the temperature probe of the pH meter may have 

influenced the meat quality results. The filter paper drip loss technique used in this study relies on 

weighing moisture on the filter paper, however, since the scale for the drip loss measurement 

needed to be placed in a specific location in an attempt not to contaminate the cut floor, the distance 

from the meat to the scale during summer was quite far and potentially some moisture may have 

been removed walking from meat to scale during summer. During winter there was a different 

issue with the drip loss technique where the equipment was located next to cooling fans which 

may have blown moisture off the filter paper. These two explanations may be why the LM muscle 

was considered non-exudative, and in fact the meat may have been considered PSE, rather than 

indeterminant. A solution to this problem would have been to use a Pork Quality Meter (PQM) to 

measure the electrical conductivity of the LM muscle to determine drip loss. On the other hand, 

the temperature probe of the pH meter in this study, used to correct the pH probe’s recording as 

temperature influences pH equilibrium, was not designed to measure temperatures under 0°C. As 

a result, the loin pHu may have been biased towards a lower value, which may mean the pHu 

values may be higher than what was reported in this study.
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