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ABSTRACT
Pre-transport and transport stress are multifactorial stressors that can negatively
impact pig welfare. The use of non-slip surfaces during loading and unloading of
weaned, and finishing pigs plays an important role in animal welfare and economics
of the pork industry. Furthermore, transportation of weaning pigs can negatively
impact performance, physiology, and behavior.
Currently, the guidelines available only suggest the use of ramps below 20 degrees to
load and unload pigs. Thee ramp angles (0, 10 or, 20 degrees), 5 bedding materials (no
bedding, sand, feed, wood shavings or wheat straw hay), 2 moistures (dry or wet
bedding; > 50% moisture) over 2 seasons (> 23.9oC summer, < 23.9oC winter) were
assessed for slips/falls/vocalizations (N = 6,000 weaned pig observations; N= 2,400
finishing observations). “Score” was calculated by the sum of slips, falls, and
vocalizations. In weaning pigs, with the exception of using feed as a bedding, all
beddings provided some protection against elevated slips, falls, and vocalizations (P <
0.01). Providing bedding reduced (P < 0.05) scores regardless of whether the bedding
was dry or wet. Scores increased as the slope increased (P < 0.01). Provision of
bedding, other than feed, at slopes greater than zero, decreased slips, falls and
vocalizations. In finishing pigs, heart rate and the total time it took to load and unload
the ramp increased as the slope of the ramp increased (P < 0.05). The use of bedding
during summer or winter played a role in the total time it took to load and unload the
ramp (P < 0.05). Bedding, bedding moisture, season, and slope significantly interacted
to impact the total time to load and unload in finishing pigs (P < 0.05). Several factors
v
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should be considered in combination to identify the appropriate bedding for the
specific occasion in both weaned and finishing pigs.
Piglets were transported for 32 h and measures of performance, physiology, and
behavior were taken to assess piglet welfare. Treatment groups included a control
(Con), weaned pigs provided with feed and water (Wean+), weaned pigs not provided
with feed and water (Wean-), weaned and transported pigs provided with feed and
water (Trans+), and weaned and transported pigs not provided with feed and water
(Trans-). Loss in percent body weight was different among treatments (P < 0.01).
Control pigs had a 6.5 ± 0.45% increase in body weight by 32 h of transport (P <
0.05). Weaning caused a 5.9 ± 0.45% loss in body weight. Weaning without feed and
water caused a 7.8 ± 0.45% loss in body weight. Transport with feed and water caused
a 6.5 ± 0.45% loss in body weight. Not providing any feed and water during transport
caused a 9.1 ± 0.46 % loss in body weight. A treatment by time interaction for
neutrophil to lymphocyte (N:L) ratio and blood glucose levels was observed (P <
0.01). There was a sex by treatment interaction for creatine kinase (CK) (P < 0.01).
Total plasma protien (TP) levels were found to be different between the different
treatment groups (P < 0.01). Significant changes in behavior were observed during
and after transportation. Overall, transportation had a negative effect on weight loss,
especially if not provided with feed and water. Further investigation on provision of
feed and/or water during long distance transort suggested animals transported without
water lost significant more weight than those transported with water. Further, N:L
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ratio was significantly higher in males transported without water (P < 0.05). Overall,
transportation had a negative effect on performance and N:L ratio, especially when
water was not provided.
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LITERATURE REVIEW
Handling and transport of finishing pigs

Pre-transport and transport stress are multifactorial stressors that can negatively impact
pig welfare. Pigs are exposed to novel environments during pre-transport, including
pig-human interactions, mixing with unfamiliar pigs, the novelty of the ramp to load
onto the trailer for transport, sometimes excessive coercion from workers to load the
ramp, and factors that may cause aversive behaviors. Aversive behaviors are usually in
response to shadows, wind, temperature effects, noise, and other factors that may
prevent the pigs from loading or unloading (Grandin 2002, 2007). These aversive
behaviors can lead to baulking, backing up, running away, vocalizing (Broom 2002),
and the unwillingness to move may cause aggressive human behaviors. Pork quality
and yield are greatly affected by pre-slaughter handling (Tarrant 1989). Additionally,
loading and unloading pigs is considered the most critical part of the transport stage
(Grandin et al., 1990).

Loading and unloading of pigs is considered a major stressor (Grandin 1997; Warriss
1998). Steep loading ramps are a difficult obstacle for pigs (Brown et al., 2005).
Injuries may occur due to slips and falls during loading and unloading. Injured pigs are
defined as those animals that become non-ambulatory or that have a compromised
ability to ambulate because of structural unsoundness or an injury sustained before or
during the marketing process (Ellis and Ritter, 2005b). Slips and falls during loading
1
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and unloading of pigs may cause injuries, which during transport may lead to death or
cause animals to be euthanized during transport or at the slaughter house to minimize
stress and suffering (Ritter et al., 2009). The term “transport losses” refers to pigs that
die or become non-ambulatory at any stage of the marketing process (Ritter et al.,
2009). Non-ambulatory pigs are commonly observed to be fatigued or injured (Ellis
and Ritter, 2005 a,b). Fatigued pigs are defined as those animals that, without obvious
injury, trauma, or disease, refuse to walk or keep up with their contemporaries at any
stage of the marketing process (Ritter et al., 2005).

Non-slip surface use during loading and unloading of pigs plays and important role in
reducing slips and falls and in animal welfare and economics of the pork industry.
Slipping is defined as a loss of balance without the body touching the floor, while
falling is defined as a loss of balance with part of the body other than the legs in
contact with the floor (Valerde and Dalmau 2012). Non-slip flooring is essential on
surfaces used to load and unload animals. Vehicles used to haul animals, scales, and
stunning areas should consist of non-slip flooring (Grandin 2006). Therefore,
providing a non-slip surface is of the essence in order to stay compliant with animal
welfare perspectives and to avoid monetary losses. Furthermore, the slope of the ramp
used to load and unload pigs plays a major role in injuries due to slips and falls. Steep
loading ramps have been associated with injuries and prolapses (Warriss 1994, Guiss
and Penny 1989). For cattle, pigs, and sheep the maximum recommended angle for
adjustable ramps is 25° and for non-adjustable ramps 20° is recommended, 15° for
pigs (Grandin 1990). A positive linear relationship between the angle of the ramp and
2
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the heart rate of pigs has been identified and therefore, it is recommended that the
angle of the ramp be between 15°-27° (van Putten 1982), but most would agree that
anything below 20° is necessary (Chistensen et. al, 1994, Grandin 1982). Gaps in the
walls or the floors of the loading ramps can also be another stressful factor (Chandler
et. al, 1998). Internal ramps are not recommended for loading and unloading pigs, as
many pigs may fall off of them and injure themselves (Eldridge 1990). It is also
important to use ramps that have cleats spaced to the length of the pigs stride to
prevent leg injuries (Mayes 1978). When cleats are too close together the animal will
step on top of the cleats instead of between them, not providing traction but if spaced
too far apart they can also cause slipping (Grandin 2008). Grading (2008) suggested
that during unloading, cleats spaced to far apart can cause piglets to damage their dew
claws. This is because most ramps are made for finishing pigs or cattle and, therefore
are not appropriate for weaned pigs. Stair step ramps on concrete have been reported
to be the most effective non-slip footing surfaces (Grandin 1997,1998), but concrete
reinforcing rods can also make good cleats on steel ramps and provide a good non-slip
surface as long as cleats are adequately spaced (Grandin 2008). The recommended
dimensions for stair step ramps for pigs are an 8 cm rise, 30 cm or longer tread length,
and two grooves 2.5 cm deep made in each step (Grandin 2008). Since loading pigs is
considered the most critical part of the transport stage the use of a lift provides an
easier mean to handle pigs and also prevents excessive coercion from workers when
loading pigs (Chistensen et al 1994). Both cattle and pigs remember bad experiences
and when handled roughly they are harder to handle in the future (Grandin
1983,1994).
3
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Slips, falls, fear, thermoregulation behaviors, sickness, and dead animals are measured
during unloading off the truck they were transported in (Velarde and Dalmau 2012).
The transportation process of swine including pre-transport, post- transport, and
transport design play an important role in animal welfare and meat quality. Pigs may
travel long distances before reaching the finishing house if weanlings, and slaughter
house if finishing pigs. They may be subjected to long periods of fasting before
arriving to their destination. This is especially true of animals that arrive late night to
the slaughter plant and may be kept overnight.

Another factor to take into consideration when loading pigs is fighting after mixing
unacquainted animals that can result in poor meat quality (Hall and Bradshaw 2010).
Stress can affect meat quality and cause quality defects such as pale, soft, exudative
(PSE), and dark, firm and dry meat (DFD) that can be caused by pre-transport,
transport design, transport process, and post transport handling (Chandler et. al, 1998).
Having pens positioned next to the loading area, not mixing pigs that have not been
penned together, access to water, regular handling of pigs when they are young
(Hemsworth and Barnett 1987, Broom 1996), and moving them in small groups, rather
than in big groups or individually when they are being loaded will decrease stress and
decrease loading time (van Putten 1982, Grandin 1989). Pigs may also refuse to load
when it is either too cold or too bright outside, including baulking if the air is blowing
in their faces (Grandin 2002, 2007). Behavioral responses when loading pigs can
indicate an animal’s aversion to a situation and can be characterized by freezing, not
4
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moving forward, backing up, running away, or vocalizing (Broom 2000). The
reactions to unpleasant stimulation may vary from animal to animal and from species
to species (Broom 2000, Grandin 1982). An example of animal to animal variation is
that lean pigs are more fearful than fatter pigs and will not explore an open area like
fatter pigs will (Grandin 1982). Leaner pig lines are also more likely to be
hyperexcitable and harder to drive than fatter pig lines (Grandin 1982). Whereas
species to species variation refers to how a species responds in reference to a situation.
For example, pigs will vocalize excessively when caught or hurt in comparison to
sheep who and will more than likely not vocalize when hurt to prevent being caught
by a predator (Broom 2000).

Transport losses equate to millions of dollars due to damaged and injured pigs, and
losses are estimated to be $46 million dollars per year in the United States alone
(Ritter et al., 2009). There may also be economic losses due to carcass trim loss due to
carcass bruising (Ritter et al., 2009). The transportation process is a stressful situation
for pigs as they are exposed to long periods of transport, in many cases high stocking
densities, fasting, environmental factors, noise, mixing with conspecifics, injuries, and
even death. Transportation death is painful and by no means an easy death,
characterized by heart failure, and suffocation that may last from 10 minutes to 2
hours (Van Putten 1982). Thus, transportation is important in an animal welfare point
of view and economically.

5
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Key factors to minimize stress begins from the time of loading to the time of slaughter
include moving small groups of pigs at a time, and not storing large groups of pigs in
holding pens before loading, as this will lead to fighting. Overloading trucks with pigs
can also cause stress and high amounts of deaths in hot weather, especially if the
animals have been loaded and the truck is stationary. Whereas, cold weather can lead
to increased bruising as a consequence of pigs huddling up together. Reduced space
availability causes fighting and climbing on each other in order to find a set space
(Guise and Penny 1989, Lambooij and Engle 1991). The best protection against cold
weather is to provide adequate insulation against the cold with straw bedding to help
prevent frostbite (Grandin2002). Although, it is more common to use saw dust, as it is
more easily washed out of the transport trucks.

Stress also plays a crucial role in meat quality, which is ultimately one of the most
important factors in the swine industry. Meat quality can be influenced by genetics,
nutrition, as well as pre-slaughter transport and slaughter conditions (Anderson et al.,
2005 and Terlouw et al., 2005). High moisture losses (increased drip rate) in fresh
meat products are unacceptable and reflect poor meat quality. Stress can cause swine
to have increased blood lactate concentrations at slaughter resulting in higher drip rate
(Edwards et. al, 2010). Quality defects such as pale, soft, exudative, and dark, firm and
dry meat are undesired, but are a consequence of transport stress.

During transport fasting can have a negative effect. The animals may become
aggressive, weak, and sensitive to cold (Warris et. al, 1994, Gregory 1999).
6
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Additionally, fasting for more than 12 hours increases aggression and it is further
exacerbated by mixing animals in lariage after transport. Thus, prolonged fasting and
increased time in lariage can play a significant role and lead to economic losses
(Warris 1982). Lariage time of 3 hours after travel can lead to lower blood cortisol,
lower drip rate, and delayed degradation of of glycogen in muscles compared to pigs
without rest or pigs with lariage times of 8-24 hours (Zhen et. al, 2013). Whereas
prolonged lariage with increased fasting time is known to increase glycogen
degradation in muscles raising pH (Moss and Robb 1978, Warris and Brown 1983)
and affecting the meat quality. During the pre-slaughter period animals are fasted to
reduce gut content and therefore bacterial contamination during transportation and
spilage of gut content during evisceration (Fuastina and Schafer 2008).

Animal welfare is an important attribute in the concept of “food quality” (Bullar and
Cesar 2007) and there is an obvious market demand for higher animal welfare
standards (Valerde and Dalmau 2012). In Europe a Welfare Quality® assessment has
been designed to integrate animal welfare into the food chain and therefore improved
animal welfare conditions generate higher commodity prices (Valerde and Dalmau
2012). However, for those that do not integrate improved animal welfare conditions,
this new trend may result in non-profitable and low quality products (Valerde and
Dalmau 2012). Animal welfare can be describes with 3 major elements, including but
not limited to the animals emotional state, biological function, and normal patterns of
behavior (Manteca et. al, 2009). Therefore, incorporating key factors to minimize

7
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stress can be beneficial in both the economics of the swine industry and the higher
demands for animal welfare standards.

Handling and transport of weaned pigs

Transportation of weaned piglets to growing-finishing farms is a common practice in
the United States. Piglets are transported to separate facilities at weaning to reduce
vertical transfer of disease, to improve early post-weaning growth, and to improve
productivity potential (Brown et al., 2006). Piglets are simultaneously exposed to both
weaning stress and transport stress, which can cause changes in performance,
physiology, and behavior. Furthermore, there is a lack of literature pertaining to
handling and transport of weaned pigs and it can only be assumed that the findings in
older pigs are similar to those of weaned pigs.

Stress experienced by piglets can be categorized into weaning stress and transport
stress. Once weaned, piglets are exposed to a different environment, dietary stresses,
they are mixed with piglets of different litters, all of which can have an impact on
stress experience by piglets. The transition between nursing and eating solid foods
may lead to a period of underfeeding, affecting growth, metabolism, and metabolic
changes associated to endocrine adjustments while the animal adapts from milk to
solid feed (Le Dividich and Seve 2000). Abrupt reduction in feed intake is also known
as “weaning growth check” and is more severe in some piglets than others, as some
piglets keep gaining weight after they are weaned (Tockach et al., and Azian 1993).
8
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Additionally, weaning can cause behavioral changes, activation of the
hypothalamicpituitary-adrenal (HPA) axis, and decrease in nutrient digestion and
absorption due to diet change and reduction in feed intake post-weaning (Sutherland et
al., 2014). However, more importantly the loss of the maternal bond itself may play
one of the biggest roles in weaning stress. The loss of the maternal experience,
including milk, pheromones, touching, comforting, along with abrupt social,
nutritional and environmental changes make weaning a substantial stressor
(Sutherland et al., 2014).

Transportation of weaning pigs is becoming more common in the U.S. but behavioral
and physiological responses have not been well documented (Sutherland et al., 2009).
Transportation is a complex stressor made up of many factors including fluctuating
temperatures, stocking density, withdrawal from food and water, mixing with
unfamiliar pigs and motion (Lambooij and van Putten, 1993). All these factors have
the potential to activate the hypothalamic-pituitary-adrenal axis (HPA) in pigs
individually or in combination. Therefore, transportation has the potential to affect the
health and welfare of pigs, especially in pigs already experiencing weaning stress.
Transporting piglets already dealing with weaning stress may make these animals
more susceptible to additive detrimental effects in reference to their immune system,
performance and behavior (Hay et al., 2001 and Kanitz et al., 2002). It is difficult to
separate one stress from the other. Any response of weaned pigs to transport must
include consideration of the weaning experience (Sutherland et al., 2014). In addition,
lack of water and feed may cause weanling pigs to become dehydrated, fatigued, and
9
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experience muscle break down due to transport (Sutherland et al., 2009). Furthermore,
transportation is a multifactorial stressor that in conjunction with weaning stress can
cause detrimental effects to weaned piglets. Changes in behavior, physiology, and
performance in weaned pigs suggest that they may experience acute stress,
dehydration, protein break down, and that these can be exacerbated by space
allowance, season, and transport duration (Sutherland et al., 2014).

Stress begins from the moment piglets are handled and removed from their home pen.
Handling has been shown to cause more disturbances in finishing pigs than the trip
itself (Stephens et al., 1982) and poor handling can lead to economic losses and
welfare concerns (Lewis et al., 2007). After being removed from their home pen
piglets are exposed to a novel environment, including the surrounding, ramp, and
vehicle they are transported in. The Transport Quality Assurance® handbook states
ramps for piglets and nursery pigs should have cleats spaced 3 inches apart and that
weaned piglets and nursery pigs should be given extra time to move up and down the
ramp chute. However, current guidelines only suggest the provision of bedding, but it
is not required on the ramp for loading and unloading weaned piglets and nursery pigs.
Grandin (2008) suggested that during unloading, cleats spaced to far apart can cause
piglets to damage their dew claws. This is because most ramps are made for finishing
pigs or cattle and, therefore are not appropriate for weaned pigs. Furthermore, piglets
and nursery pigs may be exposed to a higher number of slips and falls loading and
unloading because they move faster than finishing pigs.

10

Texas Tech University, Arlene Garcia, December 2014
Stair step ramps on concrete have been reported to be the most effective non-slip
footing surfaces (Grandin 1997,1998), but concrete reinforcing rods can also make
good cleats on steel ramps and provide a good non-slip surface as long as cleats are
adequately spaced (Grandin 2008). The recommended dimensions for stair step ramps
for pigs are an 8 cm rise, 30 cm or longer tread length, and two grooves 2.5 cm deep
made in each step (Grandin 2008). However, these recommendations may not be
adequate for piglets. Loading pigs is considered the most critical part of the transport
stage and pigs remember bad experiences when handled roughly and possibly be
harder to handle in the future because of bad experiences (Grandin 1983,1994), further
research is needed in the area of pre-transport handling of piglets and nursery pigs.

The use of non-slip surfaces during loading and unloading of weaned pigs can play an
important role in animal welfare and economics of the pork industry. Slips and falls
during loading and unloading of finishing pigs may cause injuries, which during
transport may lead to death or cause animals to be euthanized during transport or at the
slaughter house to minimize stress and suffering (Ritter et al., 2009).

After piglets are loaded they may be transported for long distances. Piglets are not
provided with feed and water, because they typically will not drink or eat if transport
duration is less than 12 hours (Sutherland et al., 2014). In 2006, the USDA clarified
that livestock conveyed by truck are subject to be off-loaded for feed, water, and rest
after 28 consecutive hours in transport (National Pork Producers Council). This 28
hour law was enacted in 1873 and applied to rail transportation of cattle, sheep, swine,
11
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and other animals and was later amended to include transportation by express or
common carriers involving confinement. In general, The United States swine industry
is under the impression that weaned piglets do not experience the same level of stress
as that of slaughter weight and adult pigs during transport because mortality is low in
weaned pigs (Sutherland et al., 2014). Additionally, due to the concept of weaning
effects being so great, other stressors such as transport are seen as less severe by the
swine industry (Sutherland et al., 2014).

Creatine kinase (CK), lactate dehydrogenase (LDH), corticotrophin (ACTH), cortisol,
insulin, T3 and T4 have been reported to change the response to stressors (Fàbrega et
al., 2002; Fazio et al., 2005; Helmreich et al., 2006; Mansour et al., 1992) and can
reflect stress coping mechanisms and metabolic status of pigs (Quingquing 2010). In
market weight pigs, transport can cause stress, indicated by elevated cortisol levels,
neutrophil to lymphocyte (N:L) ratio, heart rate, creatine kinase, lactate
dehydrogenase, and increased morbidity and mortality (Sutherland et al., 2014).
Cortisol, N:L ratio, total protein, albumin, and hematocrit have been reported to
increase in weaned pigs after transport (Sutherland et al., 2009; Sutherland 2010).
Total protein, albumin, and hematocrit are makers of homeostasis that can increase
with dehydration as a result of transport and feed and water deprivation (Sutherland et
al., 2014). Additionally, acute phase proteins (APP), including pig major acute phase
proteins (Pig-MAP), hepatoglobin, serum amyloid A (SAA), and C-reactive protein
(CRP) have recently been suggested as a good means of measuring animal welfare

12
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(Eckersall 2000; Murata et al., 2004), as these increase in response to inflammation
due to tissue damage, infections, immunological disorders, or stress (Gaby et al., 1999;
Murata et al., 2004).

Individual and breed specific coping styles to stressful conditions, such as behavioral
performance, physiological and biochemical responses have been associated with
hypothalamic-pituitary-adrenal activity in pigs and mice (Quing Quing et. al, 2010).
During transportation piglets may become habituated or exhausted and show more
inactivity, characterized by lying or lying/huddling (Sutherland et al., 2009). However,
it is difficult to determine whether inactive behaviors are due to exhaustion or are
normal behaviors.

Weaned pigs share many similarities with the stresses experienced with older pigs.
However, there are few studies to corroborate this. Further research is needed to
investigate the welfare implications of transporting weaned pigs using a
multidisciplinary approach that assesses pig behavior, physiology, performance,
morbidity, and mortality rates (Sutherland et al., 2014). Overall, transport stress begins
form the time of loading to sometimes weeks or months after transport (Nyberg et al.,
1988) for weaned pigs, and for finishing pigs to the time of slaughter. Providing
animals with what they need to maintain a healthy psychological, and physiologic
state and preventing suffering is the backbone to animal welfare and it is a social
responsibility that not only pertains to producers but to the entire industry.

13
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INTRODUCTION
Millions of weaned pigs are transported every year, typically for 4-20 h to growingfinishing farms (Lewis 2008). Slaughter hogs may also be transported for long periods
of time to reach the slaughter plant. The transportation process is not easy since pigs
must be removed from their home pen or from their mothers and mixed with other
animals they are not accustomed to dealing with. Furthermore, they must be loaded
onto an unfamiliar ramp and onto a trailer. Possibly exposed to high stocking
densities, and cold or hot temperatures, motion sickness, and they must still establish a
hierarchy within the groups while being transported.
Loading and unloading pigs for transportation plays an important role in animal
welfare and economics of the pork industry. Currently, guidelines only suggest the use
of ramps below 20 degrees to load and unload pigs, however, they do not suggest the
use of any specific bedding to prevent slips, falls, and vocalizations. Slips, falls, and
vocalizations can be used to measure the effectiveness of bedding and in addition can
indicate how stressful lack of bedding or poor bedding effect can have on pigs. Pork
quality and yield are greatly affected by pre-slaughter handling (Tarrant et al., 1989)
and hence, it would be prudent to try and prevent stress during pre-slaughter.
Transport losses represent multimillion dollar losses for the pork industry, have
become a swine well-being priority, and rules and regulations have been developed
because of it (Johnson et al., 2010). Transport losses are multifactorial and involve
people, pigs, facility design, management, transportation, slaughter facility, and
14
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environmental factors (Ritter et al, 2009b). Additionally, transport losses may be
influenced by factors such as genetics, carcass muscling, health status, structural
soundness, body weight, nutrition, and conditions during transport (Ritter et al., 2005)

Transportation is by no means stress-free. Mixing, shipping, feed and water
deprivations, temperature extremes, noise, vibration, and other factors stress animals
(Lewis 2008; Nyberg et al., 1988; Parrot et al., 1989; Becker et al., 1985; Houpt et al.,
1983) and affects performance, physiology and behavior. There are various indicators
that can be used to measure stress. Acute stress activates the hypothalamicpituitaryadrenal (HPA) and sympatho-adrenal axis. This activation results in elevated
corticotrophin releasing hormone (due to HPA axis), which leads to the release of
adrenocorticotropic hormone (ACTH). ACTH then causes the release of
glucocorticoids, such as cortisol in to the blood stream of the stressed animal
(McGlone 1993). The activation of the sympatho-adrenal axis results in activation of
the adrenal medulla and further causes release of epinephine and norepinephine that
have impacts on blood pressure, glucose levels, and other sympathetic nervous system
effects. The HPA and sympatho-adrenal axis also affects normal profiles of white
blood cell differential counts and other haemotological events (Averos 2009).
Transport causes an increase in neutrophil to lymphocyte (N:L) ratio, indicating that
transportation is stressful (Averos et al., 2009) and may immunocompromised the
animals. Serum glucose, creatine phosphokinase (CPK), total plasma protein, albumin,
and hematocrit among other stress indicators tend to be altered with stress. Serum
glucose changes are related to the action of glucocorticoids and catecholamines. CPK
15
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increases usually indicate physical fatigue and total plasma protein and albumin
typically indicate dehydration. Furthermore, acute phase proteins have also been
reported to be a good stress indicator measure (Averos et al., 2009).
Although there are numerous studies on the effect of transport on market weight hogs
there are limited studies on weaned pig transportation. Weaned pigs experience
additional stress due to recent weaning and their performance may be impacted for
months (Nyberg et al., 1988).

Behavior changes can also be seen during transport in weaned piglets and finishing
pigs and may be indicative of stress, which may vary depending on the duration of
transport. Sitting, one of the behaviors identified in weaned piglets as an indicator of
stress (Dybkjaer, 1992), is seen more commonly in the first 12 h of transportation than
in the second 12 h of transportation (Lewis et al., 2006).

Transport stress is multifactorial and plays an important role in animal welfare and
economics. Determining what bedding is most effective in reducing slipping, falling,
and vocalizations at different slopes, seasons, and moistures, in both weaning and
finishing pigs can help reduce pre-transport stress. Furthermore, determining if
provision of feed and water during long durations of transport is effective in reducing
weaned pigs stress is important in maintaining high animal welfare standards.
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CHAPTER 1
LOADING AND UNLOADING OF WEANED PIGS: EFFECTS OF
BEDDING TYPES, RAMP ANGLE, AND BEDDING MOISTURE
Introduction
The use of non-slip surfaces during loading and unloading of pigs plays an important
role in animal welfare and economics of the pork industry. Losses equate to millions
of dollars due to damaged/injured pigs; the incidence of transport losses is estimated to
be about 1% of all pigs marketed [Ellis et al., 2003; Ritter et al., 2006]. Steep loading
ramps have also been associated with injuries and prolapses [Warris et al., 1994; Guise
et al., 1999)]. For cattle, pigs, and sheep the maximum recommended angle for
adjustable ramps is 25 degrees and 20 degrees for non-adjustable ramps [Grandin
1990]. Most experts would agree that anything below 20° is an acceptable ramp angle
[Chistensen et al., 1994; Grandin 1982]. Currently, the guidelines available only
suggest the use of ramps below 20 degrees to load and unload pigs. However, these
guidelines do not suggest the use of non-slip materials on the ramp floor. Minimizing
slips, falls and vocalizations when loading and unloading pigs can improve animal
welfare, as well as reduce financial loss from decreased meat quality and trim loss
caused by poor animal welfare.
The welfare assessment during audits of pigs including, slips, falls, fear,
thermoregulation behaviors, sickness, and dead animals are measured during loading
and unloading off the truck they were transported in [Valverde et al., 2012]. However,
there are currently no welfare audits in place for weaned pigs being transported to
17
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other facilities. Animal welfare is an important attribute in the concept of “food
quality” [Buller et al., 2007], and there is an increasing consumer demand for higher
animal welfare standards [Valverde et al., 2012]. Producers, processors, retailers, and
restaurants have added value to their products in response to the demand in animal
welfare standards. However, for producers that do not integrate improved animal
welfare conditions, new marketing schemes may result in a less profitable and low
quality product [Valverde et al., 2012].
To our knowledge, the type of bedding to be used on ramps to reduce slips, falls, and
vocalizations during loading and unloading has not been evaluated. In most
occurrences, if bedding is used at all, the choice of material is based on what is
cheapest or what may be at hand. Pigs are socially investigative (investigate
conspecifics) or non-socially investigative (investigate the environment) [Coutellier et
al., 2007] either the smell or the consistency of the bedding may have cause pigs to
increase exploring; this slower traffic up the ramp may reduce slips, falls, and
vocalizations while increasing total time. An increase in total time to load or unload
may cause aggressive behaviors from workers trying to move the pigs. Other than
investigative behaviors, an animal’s aversion to a situation can increase loading and
unloading times. Aversion to a situation may be characterized by freezing, not moving
forward, backing up, running away, or vocalizing [Broom 1996. It has also been
suggested that pigs refuse to load when it is either too cold or too bright outside
[Grandin 2007].
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The objective of this study was to investigate the effects of ramp angle, bedding
material, moisture of bedding material, and season on welfare of finishing pigs.

Material and Methods
Pigs were PIC USA genetics using the Camborough-22 sow line and the 280 boar line.
All animals were fed a diet to meet or exceed NRC nutrient requirements. Feed and
water were provided ad libitum. All animal procedures were approved by the Texas
Tech University Animal Care and Use Committee.

Thee ramp angles (0, 10 or, 20 degrees), 5 bedding materials nothing (N), sand (S),
feed (F), wood shavings (WS) or wheat straw (H), and 2 moistures (dry or wet
bedding or floor) over 2 seasons (> 23.9oC summer, < 23.9oC winter) were assessed
for slips/falls and vocalizations on weaning barrows and gilts. The study included
1200 weaned pigs in a multifactorial design (5 bedding X 2 moistures X 3 slopes X 2
seasons = 60 treatments). Pigs were handled in units of 20 pigs per group. Five, 20
pig replications of weaned pigs were evaluated per treatment. There were a total of
6,000 pig observations (20 animals/treatment X 60 treatments X 5 replications). Since
the number of required animals was high for weaned piglets, each group of 20 piglets
was used to evaluate no more than 10 randomly-selected treatments out of the 60
possible treatments. Weaned pigs that were injured, lame, or apparently sick were not
used on the study.
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The bedding material was either dry (greater than 80% dry matter with a target of 90%
dry matter) or wet (less than 80% dry matter with a target of 50% dry matter). Seasons
were determined by outside air temperature. Temperatures were categorized as
summer (> 23.9°C to < 37.8°C) or winter (> -6.7°C to < 23.9oC). Air temperature was
used as a covariate within season in the statistical model, as well as air temperature
effects. Temperature, humidity and wind speed outside the building were recorded
every 5 minutes using a Kestrel® 4500 (Nielsen-Kellerman, Boothwyn, PA).When
bedding was used on the ramp, it covered all the floor surface of the ramp. When
wood shavings and straw were used as bedding material, its depth was 9.5 mm which
is equivalent to using 1 bale (22.7 kg) of wood shavings in a 1.3 m X 2.5 m ramp.
Similarly, when feed (non-pelleted, ground mixture of corn and soybean meal) and
sand were used, 6.5 mm depth of bedding was used to cover the entire ramp floor
surface. Twenty weaned pigs were loaded at a time and all the measures were recorded
using digital Sony® camcorders DCR-SR85 (Sony, San Diego, CA). A camcorder was
fitted at the back of the trailer facing towards the exit door of the barn to record slips,
falls and vocalizations. Only 2 trained personnel were involved in moving the pigs and
observing the video.
Barrows and gilts were weaned at 21 ± 3 d and put into groups of 20 pigs (4.5- 6.8 kg)
per pen on wire floored pens (2.4 m X 1.2m). One week after weaning, 1 pen of 20
pigs was removed from their home pen and walked a distance of 37.5 to 46.7 m inside
the building with a 1.2 m wide aisle and walked onto a ramp with the random
treatment and onto a trailer. When pigs were reluctant to move, a high pitch whistling
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sound was made, or sorting board was used. Pigs walked on the ramp for a length of
4.6 m and then into the trailer. Pigs were moved the same distance irrespectively of
ramp angle to get inside the trailer. Trailer pens were 2.1 X 2.4 m dimension. The
ramp had a metallic chute, with a total length of 3.6 m and adjustable height. The
chute was solid on the sides to 0.9 m high, then partially open above 0.9 m above the
solid side. The ramp had cleats 0.3 m apart to prevent slips and falls. Pigs remained on
the trailer for 30 min then were unloaded from the trailer, down the ramp with the
same treatment and returned to their home pen. Digital camcorders were placed so that
the first and last steps on and off the ramp were recorded in order to determine the
total time to load/unload. The time of loading/unloading was determined by the first
pig’s step onto the ramp and ended when the last pig stepped off the ramp onto the
trailer (loading) or onto the aisle (unloading). The loading and unloading times were
added to determine the total time. Video was analyzed for slips, falls, and
vocalizations.
The sum of slips, falls, and vocalizations were recorded as a score in part because the
data set for any one measure contained many zero values. Treatments were then given
a score based on the observations. As the slips, falls, and vocalizations increased, the
score increased. Lower scores meant a lower number of slips, falls, and vocalizations
which was considered better than high scores. Slips were defined as when one foot
missed a step but the pig caught itself; falling was considered an imbalance of the
pig’s body with some part of the body physically touching the floor; vocalizations
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were any squeals (high pitched vocalization) produced by the pigs other than grunts
(low pitched, inarticulate, guttural sound).
The study used a Complete Randomized Design with 5 repetitions per treatment
examining a total of 60 treatments. A general linear model was used and the data were
analyzed using analysis of variance procedures in SAS. The statistical model included
the effects of bedding, slope, wet/dry, season, all possible interactions, and
temperature as a covariate. When wind was used as a covariate it was not significant.
All data were tested for homogenous variances and normal distributions. The
experimental unit was a group of 20 pigs. All data were analyzed using SAS 9.3
General Linear Models procedure (SAS, 2010 SAS Inst., Inc., Cary, NC).
Results and Discussion
Bedding types (nothing, feed, sand, wood shavings, and hay) were used on a ramp to
determine which was more effective in preventing slips, falls, and vocalizations at
different angles (0, 10, 20), moisture levels (wet or dry) and seasons (summer or
winter). Presented in Table 1 are P values for each measure over each variable in the
model. The score combines each of the measures. Because so many observations were
zero (ex. no slips, falls or vocalizations at zero degree slope), the score may be the
most robust measure. A combined view of score and total time (TTime) to load and
unload gives the best overall view of the results. Main effects will be summarized first
followed by interactions.
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Bedding Effect
With the exception of using feed as bedding, all bedding materials provided some
protection against slips, falls, and vocalizations (P < 0.01) compared to no bedding
(Table 1). Score levels were lower for bedding that provided the most protection (Fig.
1).

Table 1. Least Squares means accompanied by pooled standard error for slips, falls,
vocalizations, time (sec), and total score for loading (U) and unloading (D) for
different bedding materials.
MEASURE
NOTHING FEED SAND
SHAVINGS
HAY
SE
P VALUE
1.4a
0.7b
0.2bc
0.4bc
0.1c
0.2
0.0023*
SLIP (U)
0.4a
0.4ab
0.2bc
0.1c
0.1c
0.1
0.0023*
FALL (U)
0.8
1.1
0
0.2
0.0
0.4
0.5268
VOCAL (U)
91.3
92.1
82.2
87
65.2
9.6
0.1260
TIME, S (U)
0.5a
0.6a
0.4a
0.1b
0.1b
0.1
0.0001*
SLIP (D)
0.2
0.2
0.2
0
0.2
0.1
0.1372
FALL (D)
0.1
0.1
0.1
0
0
0.1
0.2110
VOCAL (D)
a
a
b
34.6
34.4
19.3
29.2 ac
25 bc
3.2
0.0010*
TIME, S (D)
126
126
101
116
90.1
11.2
0.0780
TTIME, S
3.4a
3.a
1.1b
0.8b
0.5b
0.5
0.0086*
SCORE
a-c
within the Score row, means without a common superscript differ (P < 0.05)
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Figure 1. Least square means ± 0.53 for score of slips, falls, and vocalizations for the
different types of beddings (P < 0.01). Beddings abbreviated by N = nothing, F =
feed, S = sand, WS= wood shavings, H = hay. Bedding was rated based on a score
system which was calculated by the sum of slips, falls, and vocalizations. n = 60
observations/bedding types.
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5

a

a

4
3

b

2

b
b

1
0
N
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S
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Bedding

Least Squares means accompanied by a different superscript differs (P < 0.05).

Moisture Effects
The interaction between moisture and bedding type was significant at (P < 0.05). The
scores for dry ramp within bedding were similar, with the exception of feed (Fig. 2).
Scores for nothing were not different than the other beddings, including feed (P >
0.05), but dry feed scores differed from other beddings (P < 0.05). The most evident
protection on a dry surface was provided respectively by sand, hay, and wood
shavings. The lowest score on a dry surface was with sand (0.6 ± 0.75; P > 0.05). On a
wet surface the use of hay, wood shavings, sand, and feed reduced scores significantly
compared to nothing. The lowest score with a wet surface was with hay (0.8 ± 0.75; P
> 0.05). In the current study, using feed as a bedding was not beneficial in reducing
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slips, falls, and vocalizations when the ramp was dry. However, if the ramp surface
was wet, using feed, or any other bedding was better than not using anything at all.
Figure 2. Least Square Means ± 0.33 for scores with the use of wet or dry bedding (P
< 0.05). Beddings abbreviated by N = nothing, F = feed, S = sand, WS = wood
shavings, H = hay. Bedding was rated based on a score system which was calculated
by the sum of slips, falls, and vocalizations. N = 30 observations/bedding moisture.
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Least Squares means accompanied by a different superscript differs (P < 0.05).

Slope Effect
Scores increased with increasing slopes (Fig. 3). A ramp with a 20 degree slope caused
a higher score (P < 0.05) than either 0 or 10 degree slopes. Scores increase by double
from 0 to a 10 degree slope and almost by triple from 0 to a 20 degree slope.
Therefore, the linear increase in scores suggest it is more effective to use a lower slope
to decrease scores, but if decreasing the slope is not a possibility the use of bedding is
beneficial.

25

Texas Tech University, Arlene Garcia, December 2014
Figure 3. Least Squares means for scores at different ramp slopes (P < 0.01). Scores
were calculated based on the sum of slips, falls, and vocalizations. N = 300
observation of 20 pigs each.
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Least Squares means accompanied by a different superscript differs (P < 0.05).

Interactions
The bedding by slope effect was significant (P = 0.01; Fig. 4). Not using any bedding
or using feed had higher scores than other beddings at both 20 and 10 degree slopes.
At a 0 degree slope the score for all beddings decreased significantly compared to 20
degree slope, except for sand which showed to have a relatively stable score regardless
of the slope. The score for no bedding and feed increased in a linear fashion as slope
increased. All other beddings decreased scores in comparison to no bedding and feed.
Both sand and hay had the same effect on 20 degree slope scores.
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Figure 4. Least Squares means ± 0.92 for scores at different ramp slopes with the use
of different beddings (P < 0.01). Beddings abbreviated by N = nothing, F = feed, S =
sand, WS = wood shavings, H = hay. Bedding was rated based on a score system
which was calculated by the sum of slips, falls, and vocalizations.

Least Squares means within bedding accompanied by a different superscript differs
(P < 0.05).

There was a significant 3-way interaction for moisture level, season, and slope for
score (P < 0.05). Scores for 20 degree slopes were higher than the other slopes among
season and moisture levels (Table 2).
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Table 2. Least Squares means ± 0.82 for score in response to the 3-way interaction for
Moisture (D = Dry, W = Wet), season, and slope (P < 0.05). n = 60 treatments.
Moisture
D
D
D
D
D
D
W
W
W
W
W
W

Season
Summer
Summer
Summer
Winter
Winter
Winter
Summer
Summer
Summer
Winter
Winter
Winter

Slope
0
10
20
0
10
20
0
10
20
0
10
20

Score
0.8
1.4
1.6
0.8a
0.6a
4.7b
0.9a
1.4a
3.0b
1.7
1.9
2.2

Least Squares means accompanied by a different superscript within each moisture and
season differ (P < 0.05).

The 20 degree slope for a dry surface during winter and a wet surface during summer
had the highest scores when compared to other beddings, moisture levels, and seasons.
The longest total times for loading and unloading was found when no bedding was
used at a 20 degree slope during summer on a wet surface (Table 3), and the fastest
time was when hay was used at a 10 degree slope during winter on a wet surface
(Table 4). Additionally, an additive effect was seen with certain beddings. If the ramp
was at a 20 degree slope and had no bedding on it and the surface was wet, scores
increased, and the time it took to load also increased. During the course of the study, it
was observed that certain beddings were effective in decreasing scores but also
increased total times, possibly due to the pigs being distracted by the bedding. This
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behavior was observed mostly with wet wood shavings, which distracted the pigs and
caused them to spend more time playing and eating the bedding than going up the
ramp. The amount of time spent loading and unloading is important in the swine
industry since loading pigs is considered a critical part of the transport stage.
Therefore, the current study shows that several factors should be considered in
combination to identify the appropriate bedding for the specific occasion.
Table 3. Least Squares means ± 39.09 for total time (sec) during the summer in
response to the four-way interaction of bedding, moisture level (W/D), season, and
slope.
Bedding
Moisture Season
Slope, o
Total
Score
1
level
Time, sec
D
Summer
0
112.2
0.6
Nothing
D
Summer
10
113.2
1.2
Nothing
D
Summer
20
78.2
1.4
Nothing
a
W
Summer
0
75.2
1.4
Nothing
a
W
Summer
10
133.6
4.4
Nothing
W
Summer
20
257.2b
11.2
Nothing
a
D
Summer
0
191.2
2.8
Feed
b
D
Summer
10
83.0
4.8
Feed
a,b
D
Summer
20
121.6
4.0
Feed
W
Summer
0
122.2
1.4
Feed
W
Summer
10
101.0
1.0
Feed
W
Summer
20
99.0
2.4
Feed
D
Summer
0
137.4
0.4
Sand
D
Summer
10
82.2
1.0
Sand
D
Summer
20
143.0
0.8
Sand
W
Summer
0
101.4
1.4
Sand
W
Summer
10
105.6
0.6
Sand
W
Summer
20
60.8
1.4
Sand
Summer
0
96.2
0.0
Shavings D
Summer
10
121.4
0.0
Shavings D
Summer
20
119.0
0.2
Shavings D
Summer
0
99.4
0.2
Shavings W
W
Summer
10
164.8
1.2
Shavings
Summer
20
109.0
0.0
Shavings W
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Hay
D
Summer
0
104.6
0.4
D
Summer
10
116.6
0.2
Hay
D
Summer
20
73.8
1.6
Hay
W
Summer
0
138
0.4
Hay
W
Summer
10
110.8
0.2
Hay
W
Summer
20
79.4
0.2
Hay
Least Squares means accompanied by a different superscript differ (P <
0.05) within a bedding, moisture level, and season. 1 Moisture levels: dry
(D); wet (W).
Table 4. Least Squares means ± 39.09 for total time (sec) during the winter in
response to the four-way interaction of bedding, moisture level (W/D), season, and
slope.
Bedding
Moisture Season
Slope, o
Total
Score
1
level
Time, sec
D
Winter
0
82.4a
2.0
Nothing
a
D
Winter
10
112.8
0.8
Nothing
b
D
Winter
20
223.4
5.8
Nothing
W
Winter
0
105.8
3.8
Nothing
W
Winter
10
136.6
6.0
Nothing
W
Winter
20
81.6
2.6
Nothing
D
Winter
0
73.2
1.4
Feed
D
Winter
10
103.8
0.0
Feed
D
Winter
20
170.6
10.8
Feed
a
W
Winter
0
251
2.0
Feed
b
W
Winter
10
131.8
1.2
Feed
b
W
Winter
20
70.8
4.6
Feed
D
Winter
0
124.2
0.2
Sand
D
Winter
10
97.8
1.2
Sand
D
Winter
20
85.2
0.4
Sand
W
Winter
0
116.8
2.8
Sand
W
Winter
10
83.8
2.2
Sand
W
Winter
20
80.4
1.2
Sand
a
Winter
0
91.6
0.2
Shavings D
a
Winter
10
67.0
0.4
Shavings D
Winter
20
217.6b
5.2
Shavings D
ab
Winter
0
110.2
0.2
Shavings W
Winter
10
188.0a
0.0
Shavings W
b
Winter
20
73.8
2.2
Shavings W
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Hay
D
Winter
0
114.8
0.4
Hay
D
Winter
10
75.4
0.6
D
Winter
20
65.2
1.6
Hay
W
Winter
0
90.8
0.0
Hay
W
Winter
10
46.8
0.2
Hay
W
Winter
20
65.4
0.4
Hay
Least Squares means accompanied by a different superscript differ (P <
0.05) within a bedding, moisture level, and season. 1 Moisture levels: dry
(D); wet (W).

Conclusion
The use of some type of bedding when loading and unloading pigs on a ramp is
beneficial in reducing slips, falls, and vocalizations; whereas, not using any bedding
may increase the occurrence of these.

Slope of the ramp is an important factor to take into consideration. As the slope of the
ramp increased the scores increased. Linear increase in scores suggests it is more
effective to use a lower slope to decrease scores and if decreasing the slope is not a
possibility the use of bedding is beneficial. Even if bedding decreased scores, the
increased time to load could potentially create additional problems. It is important to
know that some of the delays in loading or unloading may not directly be caused by
bedding. Therefore, several factors should be considered in combination to identify the
appropriate bedding for the specific occasion.
Further studies are needed to find more effective non-slip footing surfaces. Cleats
[Mayes 1978], stair step ramps on concrete [Grandin1997, 1998], concrete reinforcing
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rods can also make good cleats on steel ramps [Grandin 2008] have been reported to
be effective non-slip footing surfaces. The use of rubber tire mats also may merit
further research. Rubber tire mats are economical and can be an effective non-slip
surface. Providing non slip surfaces is of the essence in order to stay compliant with
animal welfare perspectives and to avoid monetary losses. Furthermore, there is a
growing consensus toward the implementation of higher animal welfare standards.
Scientific data on material type, moisture of bedding, and ramp angles based on pigs’
size will allow pork producers to improve animal welfare quality, while also
addressing financial cost of pre-slaughter handling.
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CHAPTER 2
LOADING AND UNLOADING OF FINISHING PIGS: EFFECTS OF
BEDDING TYPES, RAMP ANGLE, AND BEDDING MOISTURE
Introduction
Loading and unloading pigs for transportation plays an important role in animal
welfare and economics of the pork industry. Pork quality and yield are greatly affected
by pre-slaughter handling [Tarrant 1989].Transport losses represent multimillion
dollar losses for the pork industry, have become a swine well-being priority, and rules
and regulations have been developed because of it [Johnson et al., 2010]. Transport
losses are multifactorial and involve people, pigs, facility design, management,
transportation, slaughter facility, and environmental factors [Ritter et al., 2009b].
Additionally, transport losses may be influenced by factors such as genetics, carcass
muscling, health status, structural soundness, body weight, nutrition, and conditions
during transport [Ritter et al., 205]. The incidence of transport losses is estimated to be
about 1% of all pigs marketed [Ellis et al., 2003;Ritter et al., 2006].
Steep loading ramps have also been associated with injuries and prolapses [Warriss et
al., 1994; Guise 1989]. For cattle, pigs, and sheep the maximum recommended angle
for adjustable ramps is 25 degrees and 20 degrees for non-adjustable ramps [Grandin
et al., 1990]. Loading and unloading pigs is considered the most critical part of the
transport stage. Alternatives to loading by ramps have been studied, such as the use of
a lift which provides an easier mean to handle pigs and also prevents excessive
coercion from workers when loading pigs [Chistensen et al., 1994]. Currently, the
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guidelines available only suggest the use of ramps below 20 degrees to load and
unload pigs. However, these guidelines do not suggest the use of non-slip materials on
the ramp floor. Slipping is defined as a loss of balance without the body touching the
floor, while falling is defined as a loss of balance with part of the body other than the
legs in contact with the floor [Valverde et al., 2012]. Slipping and falling can represent
a welfare problem because they can cause stress and injuries to animals. Pot-belly and
straight trailer designs are the most commonly used in the United States to transport
pigs. The internal ramps of pot-belly trailers could cause an increase in stress due to
slips and falls during loading and unloading [Warriss et al., 1991] and possibly cause
transport losses because of the higher number of the internal ramps the pigs are
exposed to. A good transportation system should have well designed and carefully
monitored facilities for loading and unloading, holding and the veterinary care of
animals [Grandin 2008]. Reducing stress at loading could potentially reduce the
number of dead and down pigs during transport.
Pigs may also refuse to load when it is either too cold or too bright outside, including
baulking if the air is blowing in their faces [Grandin 2007]. Causes for delays in
loading and unloading can include aversion to shadows, noise, either too cold or too
bright outside [Grandin 2007, VanPutten et al., 1982], current injuries the animals may
have that prevent them from loading rapidly, novelty of objects, interaction with
humans, and other undermined causations. Hence, aversive situations can increase
loading and unloading times because they are characterized by freezing, not moving
forward, backing up, running away, or vocalizing [Broom 1996]. Social species such
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as pigs will vocalize excessively when caught or hurt [Broom 2000]. The reactions to
unpleasant stimulation may vary from animal to animal and from species to species
[Broom 2000; Grandin1982]. The delay in loading and unloading due to
unmanageable pigs may be frustrating to the handler, and even small amounts of
theatening behaviors by humans can produce a chonic stress response in pigs [Barnett
et al., 1986]. Aggressive handling, including the use of electric prods, produce a major
metabolic response that results in an increase in body temperature, decreased blood
pH, and a high incidence of fatigued pigs [Ellis et al., 2005].Good methods to decrease
stress and loading times may also include having pens positioned next to the loading
area, not mixing unfamiliar pigs, regular handling of pigs when they are young
[Broom 1996; Hemsworth et al, 1987], and moving them in small groups, rather than
in big groups or individually when they are being loaded [VanPutten et al., 1992].
Additionally, pre-conditioning pigs to handling has been documented to reduce heart
rates, loading times, and plasma neutrophil numbers (Lewis et al., 2008).
It is important to train employees on how to handle animals, using methods that are
less stressful, and possibly even conduct weekly audits with a numerical scoring
systems to ensure that high welfare standards are maintained [Grandin 2008].
Heart rate may also be used as a welfare assessment measure. Heart rate variability has
been used in animal research to analyze changes in sympathovagal balance related to
diseases, psychological and environmental stressors or individual characteristics such
as temperament and coping strategies [Von Borrel et al., 2007]. Alongside endocrine
and immune responses to stress, stressed animals may undergo physiological changes
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such as increased heart rate and respiration rates that lead to an increase in core body
temperature (Lewis et al., 2008).
We recently reported the effects of ramp angle, bedding type, bedding moisture, and
season on loading and unloading of weaned pigs [Garcia et al., 2014]. The objective of
this study was to investigate the effects of welfare of pigs being loaded and unloaded
at thee ramp angles using different bedding material at different moisture levels over 2
seasons.
Materials and Methods
Pigs were PIC USA genetics using the Camborough-22 sow line and the 280 boar line
and weighed between 70 kg and 120 kg. All animals were fed a diet to meet or exceed
NRC nutrient requirements. Feed and water were provided ad libitum. All animal
procedures were approved by the Texas Tech University Animal Care and Use
Committee.

Thee ramp angles (0, 10 or, 20 degrees), 5 bedding materials nothing (N), sand (S),
feed (F), wood shavings (SD) or wheat straw (H), and 2 moistures (dry or wet bedding
or floor) over 2 seasons (> 23.9oC summer, < 23.9oC winter) were assessed for
slips/falls and vocalizations on finishing barrows and gilts. The study included 240
finishing pigs in a multifactorial design (5 bedding X 2 moistures X 3 slopes X 2
seasons = 60 treatments). Pigs were handled in units of 4 pigs per group. Five, 4-pig
replications of pigs were evaluated per treatment. There were a total of 1200 pig
observations (4 animals/treatment X 60 treatments X 5 replications). Since the number
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of required animals was high for finishing pigs, each group of 4 pigs was used to
evaluate no more than 10 randomly-selected treatments out of the 60 possible
treatments. Pigs that were injured, lame, or apparently sick were not used on the study.

The bedding material was either dry (greater than 80% dry matter with a target of 90%
dry matter) or wet (less than 80% dry matter with a target of 90% wet matter). Seasons
were determined by outside air temperature. Temperatures were categorized into
summer (> 23.9°C to < 37.8°C) and winter (> -6.7°C to < 23.9oC). Actual air
temperature was used as a covariate within season in the statistical model, as well as
air temperature effects. Temperature, humidity and wind speed outside the building
were recorded every 5 minutes using a Kestrel® 4500 (Nielsen-Kellerman, Boothwyn,
PA).When bedding was used on the ramp, it covered all the floor surface of the ramp.
When wood shavings and straw were used as bedding material, its depth was 9.5 mm
which is equivalent to using 1 bale of wood shavings in a 1.3 m X 2.5 m ramp.
Similarly, when feed (a non-pelleted combination of corn and soybean meal) and sand
were used, 6.5 mm depth of bedding was used to cover the entire ramp floor surface.
Pigs were put into groups of 10 in wire floored pens (2.1 m x 3.7 m). Heart rate
monitors (Polar® RS800CX) were randomly placed around 2 of the finishing pigs’
chests to collect heart rate information during loading and unloading. A total of 4
randomly selected pigs (including those with heart monitors) were removed from their
home pen and walked a distance of 37.5 to 46.7 m inside the building with a 1.2 m
wide aisle. The heart rate monitors were started during loading once the pigs reached
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the door, but prior to loading the ramp. When pigs were reluctant to move, a high pitch
whistling sound was made, or a sorting board was used. The 4 pigs walked a distance
of 4.6 m on the ramp with the random treatment on it and onto a trailer. The ramp also
had cleats 0.3 m apart to prevent slips and falls. The ramp had a metallic chute, with a
total length of 3.6 m and adjustable height. The chute was solid on the sides to 0.9 m
high, then partially open above 0.9 m above the solid side. Pigs were moved the same
distance irrespectively of ramp angle to get inside the trailer. The trailer pens were 2.1
X 2.4 m dimension.
Pigs remained on the trailer 30 min. The heart rate monitors were kept on the pigs
while on the trailer and were restarted when they were ready to be unloaded. Pigs were
unloaded from the trailer, moved down the ramp with the same treatment and returned
to their home pen. Only 2 trained personnel were involved in moving the pigs and
observing the video.
All the behavioral measures were recorded using digital Sony® camcorders DCRSR85
(Sony, San Diego, CA). A wide angle camera was fitted at the back of the trailer
facing towards the exit door of the barn to record slips, falls and vocalizations as they
loaded the ramp. Another digital camcorder was placed above the barn door to record
slips, falls, and vocalizations as the pigs unloaded the ramp. Digital camcorders (Sony)
were placed so that the first and last steps on and off the ramp were recorded in order
to determine the total time to load and unload. The time of loading and unloading was
determined by the first pig’s step onto the ramp and ended when the last pig stepped
off the ramp onto the trailer (loading) or onto the aisle (unloading). The loading and
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unloading times were added to determine the total time. Video was downloaded and
only 2 trained personnel were involved in observing the video and analyzed it for
slips, falls, and vocalizations.
The sum of slips, falls, and vocalizations were recorded as a score in part because the
data set for any one measure contained many zero values. Treatments were then given
a score based on the observations. As the slips, falls, and vocalizations increased, the
score increased. Lower scores meant a lower number of slips, falls, and vocalizations
which was considered better than high scores. Slips were defined as when one foot
missed a step but the pig caught itself; falling was considered an imbalance of the
pig’s body with some part of the body physically touching the floor; vocalizations
were any squeals produced by the pigs other than grunts.
The study used a Complete Randomized Design with 5 repetitions per treatment for a
total of 60 treatments. A general linear model was used and all the data were analyzed
using analysis of variance procedures in SAS 9.3 General Linear Models procedure
(SAS, 2010 SAS Inst., Inc., Cary, NC). The statistical model included the effects of
bedding, slope, wet/dry, season, heart rate, all possible interactions, and temperature
and wind as a covariate. All data were tested for homogenous variances and normal
distributions. The experimental unit was a group of 4 pigs.

Results and Discussion
Bedding types (nothing, feed, sand, wood shavings, and hay) were used on a ramp to
determine which was more effective in preventing slips, falls, and vocalizations at
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different angles (0, 10, 20), moisture levels (wet or dry) and seasons (summer or
winter). The score combined each of the measure. Because so many observations were
zero (ex. there were no slips, falls or vocalizations at zero degree slope), the score may
be the most robust measure. A combined view of score and total time (TTime) to load
and unload gives the best overall view of the results. Main effects will be summarized
first followed by interactions.
Total Time: Slope Effect
Slope played an important role in the amount of time it took to load and unload
finishing pigs on the ramp. As the slope increased the time it took to load and unload
increased (Fig. 1).
Figure 1. Least Squares means for total time (TTime) it took to load and unload pigs
on a ramp with slopes of 0, 10, 20 (P < 0.01). N = 100 observation of 4 pigs each.
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Total Time: Interaction for Bedding by Season
The season, whether summer or winter affected the amount of time it took the pigs to
load and unload the ramp. There was a significant interaction for season and bedding
(P < 0.05). The time it took to load and unload finishing pigs during the summer was
highest for sand, and hay, respectively 125 ± 21.7 sec and 116 ± 23.7 sec (Figure 2). It
took a shorter amount of time for finishing pigs to load and unload when feed or when
nothing was placed on the ramp during the summer, respectively 80 ± 23.4 sec and 83
± 24.3 sec. Feed was used as a bedding because it is sometimes used by people trying
to load pigs at the farm when other bedding is not available. According to this study,
the use of feed is an effective method to reduce loading and unloading times in the
summer, but not using any bedding on the ramp was also acceptable in the summer.
During the winter months, the use of wood shavings, sand, and feed had the lowest
loading and unloading times, respectively, 35 ± 24.1 sec, 47 ± 29.6 sec, and 58 ±20.1
sec. Differences in the total time it took to load and unload with different beddings
may have been due to preferences in the smell and consistency of the beddings. For
example, feed placed on the ramp was the same type of feed the pigs were fed on a
daily basis and the smell may not have been novel to them, hence not attracting them
to stay longer smelling and investigating it. The other beddings were novel and this
may be the reason total handling times increased with their use.
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Figure 2. Least Squares means for total time for bedding x season interaction (P <
0.05). Bedding abbreviations N = nothing, F = feed, S = sand, SD = wood shavings,
H = hay. n = 30 observations.
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Total Time: Interaction for Bedding, Moisture, Season, and Slope
The total time it took to load and unload the pigs varied with the type of bedding,
moisture, season, and slope. The longest time for loading and unloading was during
the summer, with a slope of 20 degrees, using dry sand as a bedding, with a total time
of 302.8 ± 34.7 sec. There was a significant reduction (P > 0.05) in the amount of time
it took to load and unload the pigs using dry sand as a bedding when the slope was 0
degree or 10 degree (respectively 58 ± 33 sec and 86 ± 36.2 sec). Loading and
unloading times for sand in the winter were not significantly different, regardless of
moisture status or ramp angle. The shortest time to load and unload was with a 0
degree slope using dry wood shavings as a bedding in the winter (25 ± 33.6 sec).
There was no significant increase in total time with its use, regardless of slope (25 ±
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49.1 sec) with 10 degree slope and 50 ± 34.5 sec with a 20 degree slope) and moisture.
However, when wood shavings was used in the summer, loading and unloading times
increased with its use (65 ± 37 sec lowest loading and unloading times; 180 ± 32.9
longest amount of loading and unloading time). The use dry hay increased total times
significantly from a 0 degree slope to a 20 degree slope during the summer. There
were not any significant differences in loading and unloading times when used wet,
regardless of slope during the summer. During the winter there was a significant
difference in loading and unloading times with the use of dry hay at 10 and 20 degrees
(respectively, 34.4 ± 40.5 sec and 183.2 ± 51.4 sec). No significant differences in
loading and unloading times were seen with the use of wet hay during the winter,
regardless of slope.
In the current study the use of bedding did not significantly affect scores, but did affect
loading and unloading times. It seems that having a bedding they are familiar with in
the summer reduces or prevents investigative behavior and thus, increasing loading
and unloading times. Pigs are socially investigative (investigate con-specifics) or nonsocially investigative (investigate the environment) [Coutellier et al., 2007]. Either the
smell or the consistency of the bedding in the current study seemed to cause the pigs
to increase non-socially investigative behaviors.
Heart Rate: Interaction for Slope
Heart rates in finishing pigs increased as the slope increased and were observed to be
higher during the summer than during the winter (P < 0.05). Heart rates at a 0 degree
slope during the summer were significantly lower than at 10 and 20 degree slopes (P <
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0.05) (Figure 3). There was not a difference in heart rates during the winter regardless
of slope. The increase in heart rates during the summer may also be attributed to heat
stress and not solely just the bedding and slope of the ramp.

Figure 3. Least Squares means for average heart rate at different slopes during
summer or winter season (P < 0.05).
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Heart Rate: Interaction for Bedding by Season
For heart rate, the use of bedding on the ramp was significant in the summer (P <
0.01) but not in the winter. Heart rates were lower for feed than they were for other
beddings during the summer (Figure 4). All other beddings did not differ in their effect
on heart rates during the summer. The use of feed also had lower loading and
unloading times, possibly suggesting that familiarity with a bedding may reduce both
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heart rates and loading and unloading times. Additionally, there were not any
differences in heart rates based on the bedding used during the winter.

Figure 4. Least Squares means for average heart rate for different beddings during
summer or winter season (P < 0.01). Bedding abbreviations N = nothing, F = feed, S =
sand, WS = wood shavings, H = hay.
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Heart Rate: Interaction for Bedding by Slope
The use of bedding at different slopes either significantly reduced heart rates or
increased them (P < 0.01). Using nothing at a 0 degree slope had higher heart rates
than at 10 and 20 degree slopes, therefore heart rates decreases as the slope increased
(Figure 5). This can possibly be attributed to the speed at which the finishing pigs
went up the ramp. At a 0 degree slope, finishing pigs tended to run up the ramp when
there was no bedding. When the slope increased they slowed down their pace of
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loading. The use of hay as a bedding had similar results as using nothing. Heart rates
were higher at a 0 degree slope and they decreased as the slope increased. When feed
was used on the ramp heart rates increased as the slope increased. Heart rates were
significantly higher at 10 and 20 degree slopes overall compared to a 0 degree sloped
ramp (level floor).

Figure 5. Least Squares means for average heart rate for different beddings 0, 10, and
20 degree slopes (P < 0.01). Beddings abbreviated by N = nothing, F = feed, S = sand,
WS= wood shavings, H = hay.
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Heart Rate: Interaction for Bedding, Season, and Slope
The use of bedding during either summer or winter at 0, 10, and 20 degree slopes had
a significant effect on heart rate (P < 0.05). Using nothing on the ramp during the
summer season at a 0 degree slope had a higher heart rate than at a 20 degree slope
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(Table 1). The use of hay during the summer season had similar results as using
nothing. Heart rates were higher at a 0 degree slope than with a 20 degree slope. The
use of feed during the summer had a linear increase in heart rate, which is more typical
of what should happen when pigs are loading and unloading the ramp. Heart rates
during the summer were more elevated than they were during the winter.
Table 3. Least Squares means for heart rate (BPM) during loading and unloading in
response to the thee-way interaction of bedding, season, and slope (P < 0.05).
Bedding
Season
Slope, o
Avg H
SE
(BPM)
Summer
0
184a
11.78
Nothing
ab
Summer
10
172
9.09
Nothing
b
Summer
20
164
8.35
Nothing
Winter
0
175
9.16
Nothing
Winter
10
157
7.32
Nothing
Winter
20
150
10.91
Nothing
a
Summer
0
103
9.36
Feed
b
Summer
10
174
9.87
Feed
b
Summer
20
180
9.04
Feed
Winter
0
147
10.71
Feed
Winter
10
162
8.46
Feed
Winter
20
165
7.27
Feed
Summer
0
169
8.92
Sand
Summer
10
176
9.30
Sand
Summer
20
178
9.21
Sand
Winter
0
143
12.68
Sand
Winter
10
160
9.32
Sand
Winter
20
152
11.87
Sand
0
178
11.11
Shavings Summer
10
175
8.96
Shavings Summer
20
183
8.20
Shavings Summer
0
159
7.45
Shavings Winter
10
138
11.80
Shavings Winter
20
154
9.58
Shavings Winter
Summer
0
176
8.88
Hay
Summer
10
172
10.26
Hay
Summer
20
172
9.17
Hay
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Winter
0
172a
7.54
Hay
a
Winter
10
157
9.99
Hay
b
Winter
20
137
13.52
Hay
Least Squares means accompanied by a different superscript within bedding and
season differ (P < 0.05).

Conclusion
The use of some type of bedding when loading and unloading finishing pigs on a ramp
is usually beneficial in reducing the total time it takes for the animals to load and
unload. Reducing loading times can reduce transportation stress and may prevent
excessive human-pig coercion. The amount of time spent loading and unloading is
important in the swine industry since loading pigs is considered the most critical part
of the transport stage. Additionally, in commercial settings where pigs are typically
loaded and unloaded quickly, slow loading and unloading times caused by increased
exploration could potentially create additional problems. Some of the delays in
loading or unloading may not directly be caused by bedding.
Heart rate is an important measure commonly used to evaluate animal welfare during
stimulated handling and transportation [Perreman et al., 1989]. Heart rates of trained
pigs to ramps have been documented to be lower when compared to naïve pigs and
may indicate that novelty can cause mild physiological responses (Lewis et al., 2008).
Heart rate is used as a sign of autonomic response to stress and welfare of animals
during exposure to stressors [Fraser et al., 1990] and may also be related to body
weight [Perremans et al, 1989]. Pigs may perceive environmental aspects as aversive,
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and it has been suggested that noise may also be a disturbing factor that may increase
heart rate [Geverink et al, 1998].
Slip-resistance of floors merit further study. Furthermore, slip-resistance of floors
should be studied in combination with characteristics of flooring such as abrasion,
surface profile, and hardness, to avoid injuries to pigs [McKee et al, 1995]. It is also
important to understand that pigs can adapt to fouled floor conditions by reducing their
walking speed and stride length, but it is not sufficient to ensure walking safety [Von
Wachenfelt et al, 2009]. In addition, the use of hydraulic lifts or modular systems may
be less physically demanding on animals [Brown et al, 2005] and also merits further
study.
Overall, several factors should be considered in combination to identify the
appropriate bedding for the specific occasion in order to address financial losses due to
pre-slaughter handling and good animal welfare.
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CHAPTER 3
WEANING PIG TRANSPORT: ANIMAL WELFARE IMPACT OF
DURATION OF TRIP, AND PROVISION OF FEED AND WATER
Introduction
Transportation is a complex stressor made up of many factors including fluctuating
temperatures, stocking density, withdrawal from food and water, mixing with
unfamiliar pigs and motion (Lambooij and van Putten, 1993). All these factors have
the potential to activate the hypothalamic-pituitary-adrenal axis (HPA) in pigs
individually or in combination. Therefore, transportation has the potential to affect the
health and welfare of pigs, especially in pigs already experiencing weaning stress. The
practice of transporting pigs’ long distance via truck from farrowing to finishing units
is becoming increasingly popular in the US. Most of the literature pertaining to the
effect of transport on the stress response of pigs has been conducted on market weight
pigs (Barton-Gade and Chistensen, 1998; Warriss et al., 1998; Kim et al., 2004).
Currently, there is limited knowledge regarding the effect of transport duration and the
associated effect of feed and water deprivation on the welfare of weaned pigs.

Transport duration itself is one important factor that can potentially contribute to the
overall stress experienced by pigs due to transport. In market weight pigs it has been
reported that a percentage of pigs that were dead on arrival at the packing plant
increased as travel time increased from 30 min to 4 h (Sutherland et al., 2009b) and a
higher mortality risk was recorded in market weight pigs transported for 30 to 90 min
in the U.S. (Rademacher and Davies, 2005). These findings suggest that market
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weight pigs may experience higher levels of stress during shorter transport periods and
this could partially be attributed to pre-transport handling which in itself can cause an
acute stress response in animals, including an increase in heart rate (Lewis and
McGlone, 2007), glucose (Hemsworth et al., 2002) and lactate concentrations
(Hamilton et al., 2004). Hamilton et al. (2004) found that it took at least 2 h for
physiological parameters of stress in pigs to return to baseline levels after handling.
Therefore, it would be useful for the industry to know the optimum time for
transporting weaned pigs to reduce stress. Furthermore, it is important to understand
other contributing factors associated with transport stress, particularly feed and water
deprivation.

Transport time has been shown to effect morbidity and mortality in market weight pigs
(Rademacher and Davies, 2005; Sutherland et al., 2009a). However, few studies have
been conducted investigating the interaction between transport time and feed and
water deprivation on physiological and behavioral responses of weaned pigs to
transport. Once weaned, piglets are exposed to extreme social, environmental, and
dietary stresses, they are mixed with piglets of different litters and sometimes require
transportation from a breeding unit to a specialized nursery unit. The transition
between nursing and eating solid foods may lead to a period of underfeeding, affecting
growth, metabolism, and metabolic changes associated to endocrine adjustments while
the animal adapts from milk to solid feed (Le Dividich and Seve 2000). Abrupt
reduction in feed intake is also known as “weaning growth check” and is more severe
in some piglets than others, as some piglets keep gaining weight after they are weaned
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(Tockach et al., and Azian 1993). Therefore, it is necessary for the industry to
understand the impact of transport time on the welfare of weaned pigs so that
standards can be put into place to reduce any detrimental effects to weaned pigs
caused by transport.

In 2006, the USDA clarified that livestock conveyed by truck are subject to be
offloaded for feed, water, and rest after 28 consecutive hours in transport (National
Pork Producers Council). This 28 hour law was enacted in 1873 and applied to rail
transportation of cattle, sheep, swine, and other animals and was later amended to
include transportation by express or common carriers involving confinement in a
“vehicle or vessel” (National Pork Producers Council).

Transportation of weaning pigs is becoming more common in the U.S. but behavioral
and physiological responses have not been well documented (Sutherland et al., 2009).
Creatine kinase (CK), lactate dehydrogenase (LDH), corticotrophin (ACTH), cortisol,
insulin, T3 and T4 have been reported to change in response to stressors (Fàbrega et
al., 2002; Fazio et al., 2005; Helmreich et al., 2006; Mansour et al., 1992) and can
reflect stress coping mechanisms and metabolic status of pigs (Quingquing 2010).
Aside from the stress of transport, weaned pigs are even more susceptible because in
addition they are dealing with weaning stress which may affect their immune system,
performance and behavior (Hay et al., 2001 and Kanitz et al., 2002). Furthermore,
weaned pigs may become dehydrated and experience muscle break down due to
transport (Sutherland et al., 2009).
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Individual and breed specific coping styles to stressful conditions, such as behavioral
performance, physiological and biochemical responses have been associated with
hypothalamic-pituitary-adrenal activity in pigs and mice (Quing Quing et. al, 2010).
During transportation pigs may become habituated or exhausted and show more
inactivity, characterized by lying or lying/huddling (Sutherland et al., 2009). However,
it is difficult to determine whether inactive behaviors are due to exhaustion or are
normal behaviors.

Therefore, the objectives of this were to evaluate the effect of feed and water
withdrawal on weaned pigs during transport of different durations based on behavior,
performance, and physiological measures of welfare.
Materials and Methods
Pigs were PIC USA genetics using the Camborough-22 sow line. All animals were fed
a diet to meet or exceed NRC nutrient requirements. Feed and water were provided ad
libitum. All animal procedures were approved by the Texas Tech University Animal
Care and Use Committee.

At 18-22 days of age (the average weaning age of pigs on commercial swine farms in
the US) piglets were randomly assigned to one of five treatment groups. Both gilts and
barrows were evenly presented in each treatment group (10 pigs/treatment; 5 gilts and
5 barrows). The study involved 5 treatment groups:
53

Texas Tech University, Arlene Garcia, December 2014
1) Not weaned: pigs remained with the sow (CON)
2) Weaned, not transported, but had access to feed and water: pigs removed
from the sow and moved into pens that had feed and water (WEAN+)
3) Weaned but had no access to feed and water: pigs were removed from the
sow and moved into pens that did not have feed and water (WEAN-)
4) Weaned and transported with access to feed and water: pigs were removed
from the sow and transport for up to 32 hours with access to feed and water
(TRANS+)
5) Weaned and transported (as normally done) without access to feed and
water: pigs were removed from the sow and transport for up to 32 hours
without access to feed and water (TRANS-)

The study was replicated with 2 sexes X 5 treatments = 10 pigs X 9 replications = 90
pigs. The piglets were selected by date of birth ± 2 d in order to keep them in the same
age range. They were further randomly selected from their litter and assigned a group.
Each treatment group weighed approximately the same 6 ± 0.25 kg.

The study was conducted in the United States and was split up into 2 sections due to
the availability of piglets and the season. The first part of the transport study was
conducted in early fall and the second part in the spring (too cold or too hot of
temperatures were avoided to prevent temperature stress). The study began at 0700
and ended by 1600 the following day. At weaning, blood samples were taken from
each individual pig. Control pigs were blood sampled, weighed, checked for lesions or
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lameness and placed back in the farrowing pen. The same procedures were conducted
on all other treatment groups, except that they were either placed in randomly assigned
weaning pens or pens in the trailer were they would be transported. Blood samples
were taken by placing pigs in a supine position and collecting 2 ml of blood from the
jugular vein into BD Vacutainers ® containing EDTA and 2 ml of blood into
vacutainers without additives.

Transport involved placing 2 piglets in pens (0.6 m x 0.6 m) with wood shavings,
approximately 10 cm in depth. Space allowance was based off of the Transport
Quality Assurance® Handbook, but pens were given additional space for positioning
of water and feeders. HOBO (Onset Computer Corporation, Bourne, MA) data loggers
to record temperature and humidity were placed in the trailer on each experimental
pen. Temperatures in the trailer ranged from 2.4 ° C to 32.6 ° C and relative humidity
inside the trailer ranged from 15.1% - 76.9%. The piglets were then transported in a
goose-neck trailer (6 m X 2 m). The route involved a 32-hour trip, broken down into 8
hour phases in which the truck/trailer would return to the New Deal farm. Once the
animals were back at the farm, blood samples were collected. During sampling
periods, (approximately 15-25 minutes) travel time would continue; thus, all sampling
periods would take place at 0, 8, 16, 24 and 32 hours. During sampling times in
addition to being weighed, and blood samples, piglets were checked for injuries and
feed and water consumption was recorded. Piglets were then returned to the
truck/trailer to continue another phase of transport. At the end of the trip, all pigs were
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placed in weaning pens at the farm of origin with their currently assigned pen mates to
avoid further stress caused by mixing of unfamiliar pigs.

To assess piglet welfare, measures of performance (weights, health, injury), behavior
(during transport, at the farm, and post-transport), and physiological changes were
measured.

Performance. Piglets were weighed before, immediately after, and at 7, and 14 days
post-transport. Percent weight change was calculated. Before and after shipping, each
pig was examined for injuries, wounds, abscesses, and lameness.

Physiology. Two mL of blood were collected in BD Vacutainers ® containing 5.4 mg
of K2 EDTA and 2 mL were collected in BD Vacutainers ® without additives for
blood analysis. Four mL in total were collected from every piglet every 8 hours after
the start of the study. Whole blood was examined for baseline total white blood cell
(WBC) counts and differential leukocyte counts for the different white blood cell
populations, hematocrit (HCT) and neutrophil to lymphocyte ratio (N:L) ratio. Blood
samples were all examined manually at Texas Tech University, Department of Animal
and Food Sciences within one hour of sample collection. Blood samples were
centrifuged and serum and plasma was collected for analysis. Serum and plasma were
extracted from the samples and frozen until analysis. Plasma was collected for analysis
of cortisol concentrations and serum was collected for blood chemistry measures.
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Blood chemistry measures were conducted by Iowa State University, Department of
Veterinary Pathology. Blood chemistry measures included glucose, total protein, and
creatine kinase. Cortisol concentrations were analyzed using an enzyme immunoassay
kit (Enzo® Life Sciences, Farmingdale, NY). The resulting intra- and interassay CV
were 6% and 10.9%respectively. The sensitivity of the assay was 1 pg/mL.
Behaviors. Piglet behavior was recorded during and after transportation. Wild life
cameras (Moultrie Products, Alabaster, AL) were placed across form each
experimental pen and were used to record transported pigs behaviors. Four pigs were
recorded per frame. The cameras were motion activated and instantaneous shots were
taken upon activation. Digital video recorders (DVRs) (Supercircuits®, Austin, TX)
were used to record behaviors of control pigs in the nursery and behaviors of weaned
pigs in the weaning barn during the transport study. 10 min scan samples were used to
record the frequency of lying, standing, sitting, drinking, and eating in 2 h intervals for
the 32 h transportation period. Post-transport pigs were penned with the same pen
mate they had while being transported and video was taken for 24 hours post-transport
for all groups and quantified to examine potential treatment effects. DVRs were used
to record the same behaviors post-transport that were recorded during transportation
for weaned pigs.

Statistical Analysis
The study used a Complete Randomized Design (2 sexes X 5 treatments = 10 pigs X 9
replications = 90 pigs). A general linear model was used and the data were analyzed
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using analysis of variance procedures in SAS. The statistical model included the
effects of sex, treatment, pen, time, and all possible interactions. Behavior was
analyzed in a general linear model using analysis of variance procedure in SAS. The
behavior observation periods were in 2 hour intervals. All data were tested for
homogenous variances and normal distributions. The experimental unit was the pen.
All data were analyzed using SAS 9.3 General Linear Models procedure (SAS, 2010
SAS Inst., Inc., Cary, NC).

Results and Discussion

Performance
Weight
The treatment by time interaction was significant for percent change in body weights
(P < 0.01). All treatments were different from the Control (Con) group at 8 h of
transport (Figure 1). Trans- pigs differed in percent loss in body weight from Wean +
and Trans+ pigs at 24 h or transport (P < 0.05), but did not differ from the Weangroup. At 32 h Trans- pigs differed in percent loss in body weight from all treatment
groups (P < 0.05). Wean+ pigs had a similar loss in body weight as Trans+ pigs, but
differed from Wean- and Trans- pigs (P < 0.05). The additional loss in body weight
that Trans- and Wean- pigs experienced was likely due to the lack of feed and water.
These findings have also been documented in slaughter weight hogs that have been
transported and fasted for 25-48 h [5,10,27-34].
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Figure 1. Least Squares means for treatment effects during 32 h of weaning or
transportation (P < 0.01). Treatment groups are abbreviated by CON= not wean or
transported; WEAN+ = animals weaned and not transported, provided with feed and
water; WEAN- = animals weaned, not transported, and not provided with feed and
water; TRANS+ = animals weaned and transported, provided with feed and water;
TRANS- = animals weaned and transported, not provided with feed and water. N= 90
pigs observations.

Superscripts without a common letter differ at P < 0.05.

CON pigs had a 6.5 ± 0.45% increase in body weight by 32 h of transport (Figure 2).
WEAN+ pigs lost 5.9 ± 0.45% in body weight, while WEAN- pigs lost 7.8 ± 0.45% in
body weight. Not providing feed and water after weaning caused an additional 1.9%
loss in body weight. TRANS+ pigs lost 6.5 ± 0.45% in body weight, while TRANSpigs had a greater loss in percent body weight than any other group, with a loss of 9.1
± 0.46 %. Transporting pigs with feed and water added an additional 0.60% to
weaning (WEAN+, pigs are usually weaned and provided with feed and water) weight
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loss. Transporting without feed and water added an additional 3.2% to weaning weight
loss. WEAN+ and TRANS+ pigs had similar losses in percent body weight, possibly
indicating that provision of feed and water during long distance transport can soften
the effect of transport on weight loss. WEAN- and TRANS- treatment groups had a
greater loss in percent body weight than all other treatment groups, but the transport
effect caused a greater loss in percent body weight in TRANS- pigs (P < 0.05). There
was an additive effect in weight loss with transport without feed and water. Slaughter
weight hogs that have been transported and fasted for 25-48 h have been reported to
lose 4-12% in body weight (Lambooy et al., 1985; Jones et al., 1985; Brumm et at.,
1987; Lambooy, 1988).
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Figure 2. Least Squares means for treatment effects at 32 h after weaning or
transportation (P < 0.01). Treatment groups are abbreviated by CON= not wean or
transported; WEAN+ = animals weaned and not transported, provided with feed and
water; WEAN- = animals weaned, not transported, and not provided with feed and
water; TRANS+ = animals weaned and transported, provided with feed and water;
TRANS- = animals weaned and transported, not provided with feed and water. N= 90
pigs observations.
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Physiology
Neutrophil to lymphocyte ratio interaction
There was a significant treatment by time interaction for neutrophil to lymphocyte
ratio (N:L) (P < 0.01). When comparing treatment groups to the CON group, all
treatment groups were different to the CON group by 8 h (Figure 3). By 16 h only
WEAN+ pigs were similar to the CON group, and all other groups significantly
differed from WEAN+ and CON groups in their N:L ratio (P < 0.05). By 24 h until the
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end of the study, there were no significant differences in N:L ratio among all study
groups. Studies conducted in cattle have also shown that transport causes an increase
in N:L ratio (Dunn 1989; Averos et al., 2008b; Riondato et al., 2008). Additionally,
N:L ratio in pigs weighing 27 kg and transported for 4 h have been reported (McGlone
et al., 1993). Transport and weaning stress have individually shown to influence
immune response, performance, physiology, and behavior of young pigs (Hay et al.,
2001; Kanitz et al., 2011; Mcglone et al., 1993). Weaning itself (being removed from
the mother), transitioning from milk to solid feed, fasting, being mixed with other
pigs, all can lead to higher N:L ratios. Studies on the effect of fasting on N:L have
been reported (Dunn 1989; Averos et al., 2008b; Riondato et al., 2008; McGlone et al.,
1993; Lewis et al., 2006; Lewis et al., 2008; Sutherland et al., 2009 a,b; Sutherland
2010, Sutherland et al., 2012), but there are limited studies that pertain to privation of
either feed or water and the effect on physiology.
There was no difference in N:L in the CON treatment group from 0 h to 24 h,
however, there was a significant increase (P < 0.05) in N:L ratio when comparing 0 h
and 32 h. The increase in N:L ratio at 32 h possibly suggests that stress duration may
have suppressed lymphocytes towards the last 8 h of the study. The WEAN+ treatment
groups experienced a significant (P < 0.05) increase in N:L ratio at 8 h of
transportation compared to baseline, but all other time points were similar. The
WEAN- treatment group, similarly to the WEAN+ group experienced a significant
increase compared to baseline between 8 h and 16 h of transport. TRANS+ pigs
experience a significant increase (P < 0.05) in N:L ration compared to baseline from 862
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16 h. At 24 h of transport N:L ratio values for the TRANS+ group came down, but
increased again at 32 h of transport. The TRANS- group was similar to the TRANS+
group in that they both experienced a significant increase ( P < 0.05) in N:L ratio at
816 h of transportation compared to baseline but by 24 h and 32 h they no longer had a
significant difference from baseline. All treatment groups besides the CON group had
a significant increase in N:L ratio between 8-16 h. Indicating that animals may be
immune-impacted between these timeframes.
Figure 3. Least Squares means for neutrophil to lymphocyte ratio (N:L) for treatment
by time interaction during a32 h transport study (P < 0.01). Treatment groups are
abbreviated by WEAN+ = animals weaned and not transported, provided with feed
and water WEAN- = animals weaned, not transported, and not provided with feed and
water, TRANS+ = animals weaned and transported, provided with feed and water,
TRANS- = animals weaned and transported, not provided with feed and water, CON=
not wean or transported. n = 120 pigs.
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Blood Glucose interaction
There was a significant treatment by time interaction for blood glucose (P < 0.01).
When comparing treatment groups to the CON group, all treatment groups were
significantly different from the CON group (P < 0.05) by 8 h (Figure 4). By 16 h
TRANS+ and TRANS- groups had similar blood glucose levels to CON group, while
WEAN+ and WEAN– groups still had significantly lower blood glucose levels than
the CON group. At 24 h and up to 32 h of being weaned or transported, all treatment
groups had significantly lower blood glucose levels than the CON group. Blood
glucose levels continued to decrease over time for weaned and transported pigs.
The only significant change in blood glucose for control pigs was at 8 h, in which
blood glucose increased significantly from baseline (P < 0.05). The WEAN+ treatment
group maintained their blood glucose up until 8 h. By 16 h blood glucose levels in the
WEAN+ treatment group dropped significantly compared to baseline (P < 0.05) and
continued to drop until 24 h. By 32 h blood glucose levels for the Wean+ treatment
group increased slightly but were still significantly lower than baseline levels. The
WEAN- treatment group had a significant decrease in blood glucose levels by 16 h
compared to baseline levels (P < 0.05). Blood glucose levels in WEAN- treatment
group continued to decrease for the rest of the study. The TRANS+ treatment group
maintained their blood glucose levels up until 16 h of transport. By 24 h of transport
TRANS+ treatment group blood glucose levels dropped significantly (P < 0.05)
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compared to baseline. Blood glucose increased slightly by 32 h of transport but was
still significantly low compared to baseline levels. The TRANS- treatment group
maintained their blood glucose up 24 h of transport. At 32 h of transport their blood
glucose levels dropped significantly from baseline (P < 0.05).
Higher levels of blood glucose at 8 h of transport have been documented in finishing
pigs and were reported to be due to a shorter fasting period compared to 16 h
transported pigs (Becerril-Herrera et al., 2010). Blood glucose levels may be
maintained during short-term fasting, partially due to hepatic gluconeogenesis
(Castillo, et al., 1991). However, stress induced hyperglycemia has been suppressed in
24 h fasting pigs (Fernandez et al., 1995).
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Figure 4. Least Squares means for treatment by time interaction for blood glucose
(P < 0.01). Treatment groups are abbreviated by WEAN+ = animals weaned and not
transported, provided with feed and water WEAN- = animals weaned, not transported,
and not provided with feed and water, TRANS+ = animals weaned and transported,
provided with feed and water, TRANS- = animals weaned and transported, not
provided with feed and water, CON= not wean or transported. n = 120 pigs.

Creatine Kinase interaction
There was a significant sex by treatment interaction for creatine kinase (CK) (P <
0.01). TRANS+ female pigs had significantly higher creatine kinase levels than
TRANS+ males (P < 0.05), respectively 1687.3 ± 253.2 IU/L and 543.8 ± 370.4 IU/L.
Creatine kinase is released from muscle fibers into circulation in response to muscular
activity, tissue damage (Van der Meulen et al., 1991; Fabrega et al, 2002; Yu et al.,
2007) and can indicate physical fatigue (Averos et al., 2009). In a study by Elizondo et
al. (1976) guilts exhibited a significantly higher level of CK than barrows. Sex has not
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been shown to affect stress responses of piglets during transport; however, most
studies have shown this response in older male and female pigs transported to
slaughter (Warriss 1996; Guardia et al., 2004).
Total Plasma Protein interaction
There was a significant total plasma protein (TP) treatment by time interaction (P <
0.01). Total plasma protein levels differed significantly by 16 h for the TRANS- group
compared to other treatment groups and remained different from other groups until 32
h of transport (Figure 5). By 32 h of transport all treatment groups had significantly
higher total protein levels than the control group.
Increased total protein may suggest dehydration as a result of transport and has been
reported in transport durations as short as 60 min (Sutherland et al., 2009).
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Figure 5. Least Squares means for total protein and time interaction over a 32 h
transportation period (P < 0.01). Treatment groups are abbreviated by WEAN+ =
animals weaned and not transported, provided with feed and water WEAN- = animals
weaned, not transported, and not provided with feed and water, TRANS+ = animals
weaned and transported, provided with feed and water, TRANS- = animals weaned
and transported, not provided with feed and water, CON= not wean or transported. n =
120 pigs.

Superscripts without a common letter differ at P < 0.05.

Cortisol
There was a significant difference in cortisol concentrations between the CON
treatment group and the WEAN- treatment group (P < 0.05). The WEAN- treatment
group had a significantly higher cortisol concentration (46.8 ±5.5 ng/dL) than the
CON (29.6 ng/dL) but did not differ from the other treatment groups. Cortisol
concentrations have been seen to markedly increase during stress. Although, there are
not many studies that have been conducted on weaned pigs and the effect of long
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distance transport, cortisol levels are not always increased, but it seems clear that
transport is stressful for slaughter pigs (Lewis 2008).
Figure 6. Least Squares means for cortisol concentration differences between CON
treatment group and WEAN+ treatment group (P< 0.05). Treatment groups are
abbreviated by WEAN+ = animals weaned and not transported, provided with feed
and water WEAN- = animals weaned, not transported, and not provided with feed and
water, TRANS+ = animals weaned and transported, provided with feed and water,
TRANS- = animals weaned and transported, not provided with feed and water, CON=
not wean or transported. n = 120 pigs.
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Behavior
Behavior during transport
Overall, the CON group spent 65% of their time lying during the 32 h study. The
TRANS+ group spent 77% of their time lying, TRANS- and WEAN+ treatment
groups spent the same amount of time lying, 81% of their time. The WEAN- treatment
group spent 87% of their time lying.
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The CON group and WEAN- treatment group pigs spent 11% of time standing during
the 32 h study. TRANS-, TRANS+, and WEAN+ treatment groups stood respectively
14%,16%, and 17% of the time during the 32 h study.
There was a significant treatment effect for sitting behavior (P < 0.01). Both TRANS+
and TRANS- treatment groups sat significantly more (P < 0.05) than the CON group
(Figure 7). The WEAN+ treatment group had similar sitting behaviors as the CON
group. The WEAN- treatment group sitting behaviors did not differ from CON or
TRANS+ or TRANS- treatment groups. The CON group did not spend any time
sitting during the study. The WEAN+ treatment group spent 1% of their time sitting,
while WEAN-, TRANS- and TRANS+ treatment groups spent respectively 2%, 4%
and 5% of their time sitting.
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Figure 7. Least Squares ± 0.24 means for number of sitting behaviors for treatment
groups during a 32 h transport study (P< 0.01). Treatment groups are abbreviated by
WEAN+ = animals weaned and not transported, provided with feed and water
WEAN- = animals weaned, not transported, and not provided with feed and water,
TRANS+ = animals weaned and transported, provided with feed and water, TRANS= animals weaned and transported, not provided with feed and water, CON= not wean
or transported. n = 120 pigs.
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There was a significant treatment effect on eating behaviors (P < 0.01). CON pigs had
significantly more eating behaviors than both TRANS+ and WEAN+ pigs (P < 0.05).
TRANS+ and WEAN+ pigs did not differ in their eating behaviors (Figure 8). Control
pigs spent 18 % of their time eating during the 32 h study. WEAN+ pigs spent 0.43%
and TRANS+ pigs spent 0.35% of their time eating during the 32 h study.
Experimental transport of segregated early weaned pigs (17 ± 1 day) showed lying and
standing are the most prevalent behaviors during transport (Lewis et al., 2006). Lewis
et al. (2006) reported that 75.6% of time in transit was occupied by lying and 21.6%
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by standing. It has also been reported that high levels of resting after weaning are
common and can affect the level of lying during transport (Metz and Gonyou 1990).
Sitting behavior post-weaning has been seen in early weaned pigs and is a behavior
identified as a stress indicator (Dybkjaer 1992) and has been reported to be more
common during the first 12 h of transport (2.8%) than in the second 12 h (0.3%)
(Lewis and Berry 2006). Increased resting and decrease in sitting behavior later in
transport may indicate that piglets have become habituated to some of the elements of
transport (Lewis 2008).
Figure 8. Least Squares means ± 0.55 Least Squares means for number of eating
behaviors for treatment groups during a 32 h transport study (P < 0.01). Treatment
groups are abbreviated by WEAN+ = animals weaned and not transported, provided
with feed and water WEAN- = animals weaned, not transported, and not provided
with feed and water, TRANS+ = animals weaned and transported, provided with feed
and water, TRANS- = animals weaned and transported, not provided with feed and
water, CON= not wean or transported. n = 120 pigs.
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It is typical to see limited feeding in recently weaned pigs within the first day of
weaning. Lewis et al. (2006) reported that feeding was infrequently observed (0.5%)
on the first day of weaning whether pigs were transported or not, and has also been
corroborated in other studies (Metz et al., 1990; Gonyou et al., 1998; Worobec et al.,
1999).
Post-transport Behavior
Overall, the CON group spent 81% of their time lying during the 24 h post-transport
period. The WEAN+ treatment group spent 80% time lying, almost the same amount
of time as the CON group. The WEAN- treatment group spent 75% of their time lying.
The TRANS+ and TRANS- treatment groups spent respectively, 74% and 71% of
their time lying,
There was a significant treatment by time interaction for lying behavior during the 24
h post-transport period (P < 0.01). Lying behaviors were different by treatment at 2 h
post transport and 22 h post-transport. At 2 h post-transport WEAN+ pigs did not
differ in lying behaviors from CON pigs, their number of lying behaviors were higher
than the other treatment groups (Figure 9). TRANS+, TRANS-, and WEAN- pigs
differed significantly in lying behaviors compared to control pigs at 2 h post-transport,
their lying behaviors were lower than CON and WEAN+ pigs (P < 0.05). At 22 h posttransport all treatment groups were similar in lying behaviors to CON pigs except for
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WEAN+ pigs. WEAN+ pigs had a significantly higher number of lying behaviors than
did the all other groups at 22 h post-transport (P < 0.05). From 4-20 h and at 32 h
posttransport lying behaviors were similar among treatments.

Figure 9. Least Squares means ±1.96 for time by treatment interaction for lying
behaviors in 2 h intervals (P < 0.05) Treatment groups are abbreviated by WEAN+ =
animals weaned and not transported, provided with feed and water WEAN- = animals
weaned, not transported, and not provided with feed and water, TRANS+ = animals
weaned and transported, provided with feed and water, TRANS- = animals weaned
and transported, not provided with feed and water, CON= not wean or transported. n
= 120 pigs.

Superscripts differ at P < 0.05.

The CON group spent 19% of time standing after the 32 h study. TRANS- and
TRANS+ treatment groups spent respectively 28% and 26% of their time standing.
The WEAN- and WEAN+ treatment groups spent respectively, 24%, and 15% of the
time standing after the 32 h study.
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There was a significant treatment by time interaction for standing behavior during the
24 h post-transport period (P < 0.05). Standing behaviors were different by treatment
at 2 h post-transport and 22 h post-transport. At 2 h post-transport WEAN+ pigs did
not differ in standing behaviors from CON pigs, their number of standing behaviors
were lower than the other treatment groups (Figure 10). TRANS+, TRANS-, and
WEAN- pigs differed significantly in lying behaviors compared to control pigs at 2 h
post-transport, their standing behaviors were significantly higher than CON and
WEAN+ pigs (P < 0.05). At 22 h post-transport all treatment groups were similar in
standing behaviors to CON pigs except for WEAN+ and TRANS- pigs. WEAN+ pigs
had a significantly lower number of standing behaviors than did the all other groups at
22 h post-transport (P < 0.05). From 4-20 h post-transport standing behaviors were
similar among treatments.
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Figure 10. Least Squares means ± 1.99 for time by treatment interaction for standing
behaviors in 2 h intervals (P < 0.01). Treatment groups are abbreviated by WEAN+ =
animals weaned and not transported, provided with feed and water WEAN- = animals
weaned, not transported, and not provided with feed and water, TRANS+ = animals
weaned and transported, provided with feed and water, TRANS- = animals weaned
and transported, not provided with feed and water, CON= not wean or transported.

Superscripts differ at P < 0.05.
Only the TRANS- treatment group displayed sitting behaviors post transport, but these
behaviors were fairly low, at 1%.
After transport, standing frequency has been seen to drop and lying behavior
frequency increases (Lewis 2008). Similar patterns have also been reported by
Lambooy et al. (1985), attributing these behaviors to muscle fatigue. Siting behavior
in the Trans- treatment group was minimal but it has been reported as stress measure
(Dybkjaer 1992).
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Feed and water consumption during and after transportation
There was a significant treatment by time interaction for water consumption during the
32 h transport study (P < 0.01). Water consumption did not differ between TRANS+
and Wean+ treatment groups from 0-24 h (Figure 11). However, after 24 h the
TRANS+ treatment group drank significantly more water than the WEAN+ treatment
group (P < 0.05), respectively 2.51 ± 0.17 L and 1.93 ± 0.16 L by 32 h of transport.
Although, piglets did not seem to drink water early on during transport, it may be
possible that they did not know how to drink from water nipples. Possibly proving
water with the water nipples to be used during transport prior to weaning will help
them consume more water during transport. Thus, helping prevent stress due to thirst.
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Figure 11. Least Squares means for time by treatment interaction for water
consumption during a 32 h transport study (P < 0.01). Treatment groups are
abbreviated by WEAN+ = animals weaned and not transported, provided with feed
and water, TRANS+ = animals weaned and transported, provided with feed and water.
N = 36 pen observations.
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Post-transport feed and water consumption was recorded at 7, and 14 d. No significant
findings were found among treatments for feed and water consumption. Post-transport
weights were taken at 1, 7, and 14 d. There were also no significant difference in
weight among treatment groups.
Conclusions

Literature pertaining to effect of transportation on welfare of weaned pigs is limited
(Villé et al., 1993, Geers et al., 1994, Hicks et al., 1998, Berry and Lewis, 2001, Lewis
et al., 2005, Lewis and Berry, 2006; Bench et al., 2008; Sutherland et al., 2009 a,b;
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Sutherland et al., 2010). Stress during transportation is inevitable and is generally
aggravated by loading and unloading, vibration, coping with a new environment,
restricted space, mixing of conspecifics, lack of ventilation, and deprivation of feed
and water (Pineiro et al., 2007). The swine industry in North America has adopted a
segregated early weaning (SEW) management system in which piglets are transported
to facilities separate from housing of older pigs at an age (14-19 d) in which maternal
antibodies are high (Lewis 2008). Adding weaning stress to transport stress has a
higher impact on welfare of weaned pigs.

In the current study, weight performance was compromised with duration of transport
and lack of feed and water. Physiological measures, such as blood glucose, N:L ratio,
CK, and TP increased in response to prolonged stress. The degree of stress may vary
in respect to duration of transportation, and the amount of time animals are deprived
from feed and water. Water consumption in this study started as early as 8 hours of
transport and water consumption was significantly higher by 32 h of transport,
indicating that water can possibly be the reason for weaned and transported pigs
provided feed and water has a lower percent loss in body weight than weaned and
transported animals without feed and water.

Behavioral changes can also be indicative of stress. In the current study, significant
changes in behavior were observed during and post- transport, with lying behaviors
and standing behaviors being predominantly high in both phases. Theses finding can
be substantiated by experimental transport of SEW piglets showing that lying and
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standing behaviors were the most prevalent during transport (Lewis and Berry 2006).
Metz et al. (1990) reported that high levels of resting (79.6%) are common in recently
weaned pigs, and may affect the level of lying.

Further studies are needed to determine whether feed or water can help maintain body
weight. It has been reported that pigs provided with access to water on a 2-day journey
did not consume adequate quantities of water and lost as much weight as pigs without
water and therefore, providing water during transport was not an effective solution.
(Lambooy et al., 1985).
Studies have shown that supplementing pigs with magnesium mica (MM) can aid in
reducing blood cortisol levels as well as catecholamine concentrations (Kietzman et
al., 1985, D’Souza 1998, 1999) and results in calmer pigs after long distance
transportation (Kuhn et al., 1981). Additionaly, acute phase proteins (APP), including
pig major acute phase protiens (Pig-MAP), hepatoglobin, serum amyloid A (SAA),
and C-reactive protein (CRP) have recently been suggested as a good means of
measuring animal welfare (Eckersall 2000; Murata et al., 2004), as these increase in
response to inflammation due to tissue damage, infections, immunological disorders,
or stress (Gaby et al., 1999; Murata et al., 2004).

In conclusion, there is limited research pertaining to transportation of weaned pigs and
comparison of studies is sometimes difficult due to the variation in methodology, pig
age/weight and densities studied (Lewis 2008). The transportation process is a
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stressful situation for pigs as they are exposed to long periods of transport, in many
cases high stocking density, fasting, environmental factors, noise, mixing with
conspecifics, injuries, and even death. Transportation death is painful and by no means
an easy death, characterized by heart failure, and suffocation that may last from 10
min to 2 h (Van Putten 1982). Thus, transportation is important in an animal welfare
point of view and economically. Therefore, further research is needed to provide more
insight on how to improve weaned pig welfare during transport.
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CHAPTER 4
IMPACT OF PROVIDING FEED AND/OR WATER ON
PERFORMANCE, PHYSIOLOGY, AND BEHAVIOR OF WEANED
PIGS DURING A 32-HOUR TRANSPORT STUDY
Introduction
Road transport of weaned piglets from rearing to growing-finishing farms is a
common practice in the swine industry (Averos et al., 2009). Transportation is a
complex stressor made up of many factors including fluctuating temperatures,
stocking density, withdrawal from feed and water, mixing with unfamiliar pigs and
motion (Lambooij and van Putten, 1993). Therefore, transportation has the potential to
affect the health and welfare of pigs, especially in pigs already experiencing weaning
stress. In Europe, animals must often be transported between two different countries.
However, current European Union (EU) Regulation limits transport of animals to 8h,
although weaned piglets can be transported for up to 24 hours if specific requirements
are met (Averos et al., 2009). Currently, in the United States, animals can be
transported consecutively for 28 hours without the need to be off-loaded, or provided
with feed, water, or rest (National Pork Producers Council). This 28 hour law was
enacted in 1873 and applied to rail transportation of cattle, sheep, swine, and other
animals and was later amended to include transportation by express or common
carriers involving confinement in a “vehicle or vessel” (National Pork Producers
Council). It is import to provide scientific support to recommendations to enhance the
welfare of animals. However, the 28 hour law was not based on science or current
common transport methods for weaned pigs. Therefore, research is needed to develop
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science-based recommendations for transporting weaned pigs that is relevant to
modern conditions.

Transportation of weaning pigs is becoming more common in the U.S. and is an
essential aspect in modern swine production (Sutherland et al., 2009,2014; Averos et
al., 2009). Once weaned piglets are typically transported from rearing to growingfinishing farms and the duration of transport varies from short distances to very long
distances. Weaning itself is a stressful event for piglets. Piglets are separated from the
sow, change from milk to solid feed, are mixed with unfamiliar pigs, are exposed to a
novel environment, and all contribute to stress (Lewis et al., 2006).Transport of
weaned pigs has many common factors with transport of finishing pigs, including
mixing, fasting, temperature fluctuation, vibration, novelty and noise (Lewis et al.,
2008). However, there is limited information regarding the effect of transport duration
and the associated effect of feed and water deprivation on the welfare of weaned pigs.
The transition between nursing and eating solid foods and other stressors associated
with weaning, including mixing with unfamiliar pigs and exposure to a novel
environment, may lead to a period of underfeeding, growth retardation, metabolic
changes associated with endocrine adjustments while the animal adapts from milk to
solid feed and the novel environment(Le Dividich and Seve 2000). Hence aside from
the stress of transport, pigs may be even more susceptible because in addition they are
dealing with weaning stress which may affect their immune system, performance and
behavior (Hay et al., 2001 and Kanitz et al., 2002). Furthermore, weanling pigs may
become dehydrated and experience muscle break down due to transport (Sutherland et
83

Texas Tech University, Arlene Garcia, December 2014
al., 2009,2014). Therefore, it is necessary for the industry to understand the impact of
transport time on the welfare of weaned pigs so that standards can be put into place to
reduce any detrimental effects to weaned pigs caused by transport

Therefore, the objectives of this study were to evaluate the effect of feed and water
withdrawal on weaned pigs during transport of different durations based on behavior,
performance, and physiological measures of welfare.
Materials and Methods
Pigs were PIC USA genetics using the Camborough-22 sow line. All animals were fed
a diet to meet or exceed NRC nutrient requirements. Feed and water were provided ad
libitum. All animal procedures were approved by the Texas Tech University Animal
Care and Use Committee.

At 18-22 days of age (the average weaning age of pigs on commercial swine farms in
the US) piglets were randomly assigned to one of five treatment groups. Both gilts and
barrows were evenly presented in each treatment group (10 pigs/treatment; 5 gilts and
5 barrows). The study involved 5 treatment groups:
1) Not weaned: pigs remained with the sow (CON).
2) Weaned, transported, and had access to feed and water: pigs were removed
from the sow and transport for 32 hours and placed in pens that had feed
and water (TRANS+).
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3) Weaned, transported but had no access to feed and water: pigs were
removed from the sow and transport for 32 hours and placed into pens that
did not have feed and water (TRANS-).
4) Weaned, transported with access to feed: pigs were removed from the sow
and transport for 32 hours pigs were removed from the sow and transport
for up to 32 hours and placed in pens with access to feed (TRANS+F).
5) Weaned and transported with access to water: pigs were removed from the
sow and transport for 32 hours and placed in pens with access to water
(TRANS+W)

The study was replicated with 2 sexes X 5 treatments = 10 pigs X 6 replications = 60
pigs. The piglets were selected by date of birth ± 2 d in order to keep them in the same
age range. They were further randomly selected from their litter and assigned
treatment group. Each treatment group weighed approximately 6.0 ± 0.25 kg.

The study was conducted in the United States during early fall (avoiding temperatures
that were too cold or too hot, to prevent temperature stress). The study began at 0700
and ended by 1600 the following day. At weaning, blood samples were taken from
each individual pig. Control pigs were blood sampled, weighed, checked for lesions or
lameness and placed back in the farrowing pen. The same procedures were conducted
on all other treatment groups, except that they were either placed in randomly assigned
weaning pens or pens in the trailer were they would be transported. Blood samples
were taken by placing pigs in a supine position and collecting 2 ml of blood from the
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jugular vein into BD Vacutainers ® containing EDTA and 2 ml of blood into
vacutainers without additives.

Transport involved placing 2 piglets per pen (0.6 m x 0.6 m) with wood shavings,
approximately 10 cm in depth. Space allowance was based off of the Transport
Quality Assurance® Handbook, but pens were given additional space for positioning
of water and feeders. HOBO (Onset Computer Corporation, Bourne, MA) data loggers
were placed in the trailer on each experimental pen and were used to record
temperature and humidity. Temperatures in the trailer ranged from 15.4° C to 40.1° C
and relative humidity inside the trailer ranged from 15.1% - 76.9%. The piglets were
then transported in a goose-neck trailer (6 m X 2 m). The route involved a 32-hour
trip, broken down into 8 hour phases in which the truck/trailer would return to the
New Deal farm. Once the animals were back at the farm, blood samples were
collected. During sampling periods (approximately 15-25 minutes) travel time would
continue; thus, all sampling periods would take place at 0, 8, 16, 24 and 32 hours.
During sampling times in addition to being weighed, and blood sampled, piglets were
checked for injuries and feed and water consumption was recorded. Piglets were then
returned to the truck/trailer to continue the next phase of transport. At the end of the
trip, all pigs were placed in weaning pens at the farm of origin with their currently
assigned pen mates to avoid further stress caused by mixing of unfamiliar pigs.
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To assess piglet welfare, measures of performance (weights, health, injury), behavior
(during transport, at the farm, and post-transport), and physiological changes were
measured.

Performance. Piglets were weighed before, immediately after, and at 7, and 14 days
post-transport. Percent weight change was calculated. Before and after shipping, each
pig was examined for injuries, wounds, abscesses, and lameness.

Physiology. Two mL of blood were collected in BD Vacutainers ® containing 5.4 mg
of K2 EDTA and 2 ml were collected in BD Vacutainers ® without additives for
blood analysis. Four mL in total was collected from every piglet every 8 hours after
the start of the study. Whole blood was examined for baseline total white blood cell
(WBC) counts and differential leukocyte counts for the different white blood cell
populations, hematocrit (HCT) and neutrophil to lymphocyte ratio (N:L) ratio. Blood
samples were all examined manually at Texas Tech University, Department of Animal
and Food Sciences within one hour of sample collection. Blood samples were
centrifuged and plasma was collected for analysis. Plasma was extracted from the
samples and frozen until analysis. Plasma was collected for analysis of cortisol
concentrations. Cortisol concentrations were analyzed using an enzyme immunoassay
kit (Enzo® Life Sciences, Farmingdale, NY). The resulting intra- and interassay CV
were 5% and 10.4 respectively. The sensitivity of the assay was 1 pg/mL.
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Statistical Analysis
The study used a Complete Randomized Design (2 sexes X 5 treatments = 10 pigs X 6
replications = 60 pigs). The pen was the experimental unit, containing one female and
one castrated male. A general linear model was used and the data were analyzed using
analysis of variance procedures in SAS. The statistical model included the effects of
sex, treatment, pen, time, and all possible interactions. All data were tested for
homogenous variances and normal distributions. All data were analyzed using SAS
9.3 General Linear Models procedure (SAS, 2010 SAS Inst., Inc., Cary, NC).

Results and Discussion
There were significant changes in performance and physiology. Main effects will be
discussed first, followed by interactions.

Performance
Weight
The treatment by time interaction was significant for percent change in body weights
(P < 0.01). All treatments were different from the Control (CON) group starting at 8
hours of transport (Figure 1). All treatment groups, besides the CON group had similar
losses in body weight from 0 to 24 hours. By 32 hours of transport TRANS- pigs and
TRANS+F pigs had lost more weight compared TRANS+ and TRANS+W pigs and
the CON group (P < 0.05). The additional loss in body weight that TRANS- and
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TRANS+F pigs experienced was likely due to the lack water. These findings have also
been documented in slaughter weight hogs that have been transported and fasted for
25-48 hours (Lambooy et al., 1985; Jones et al., 1985; Brumm et at., 1987; Lambooy,
1988; Lewis et al., 2006; Lewis et al., 2008; Sutherland et al., 2009 a,b; Sutherland
2010, Sutherland et al., 2012,2014;).
Figure 1. Least Squares means for treatment effects 32 h after weaning or
transportation (P < 0.01). Treatment groups are abbreviated by CON = not wean or
transported; TRANS + = animals weaned and transported, provided with feed and
water; TRANS- = animals weaned, transported, and not provided with feed and water;
TRANS+F = animals weaned and transported, provided with feed; TRANS+W =
animals weaned and transported, provided with water. n = 60 pigs.

Superscripts without a common letter differ at P < 0.05.

In addition, there was a significant sex by treatment interaction for percent change in
body weight (P< 0.01). CON males had significantly higher body weights than
females (P< 0.05). TRANS- males lost significantly more weight than TRANS+W
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females. It has been reported that females may be more sensitive to physical stress of
transport, especially if carriers of stress susceptible genes (Perez et al., 2002).

Post-transport weights
Post-transport weights were recorded at 1, 7, and 14 days. Weights among treatment
groups were not different at 1, 7, and 14 day post-transport. There was a significant
sex by treatment interaction for post-transport weights (P < 0.01). Sex differences
were seen within the CON treatment group and the TRANS+ treatment group. CON
females had higher weights post-transport than males (P < 0.05). However, in the
TRANS+ treatment group males had higher weights than females (P < 0.05). There
were several pigs in the study that could be considered poor-doers, piglets below
weaning weights after 7 days post-transport, and sex differences can possibly be
attributed to this. Poor-doers are piglets that are still not meeting their physiological
requirements after 7 days post-transport and have been documented to be an indicator
of poor welfare (Lewis, 2008).

Physiology
Neutrophil to lymphocyte ratio interaction
There was a significant treatment by sex interaction for neutrophil to lymphocyte ratio
(N:L) (P < 0.01). TRANS+F males had significantly higher N:L ratios than females (P
< 0.05)(Figure 2). TRANS- males also exhibited significantly higher N:L ratios than
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TRANS- females (P < 0.05). Furthermore, there was also a significant difference in
N:L ratio between TRANS- females and TRANS+W females (P < 0.05), possibly
indicating that animals that did not have access to water had higher N:L ratios.
Transport and weaning stress have individually shown to influence immune response,
performance, physiology, and behavior of young pigs (Hay et al., 2001; Kanitz et al.,
2011; Mcglone et al., 1993). Weaning itself (being removed from the mother),
transitioning from milk to solid feed, fasting, being mixed with other pigs, all can lead
to higher N:L ratios. Studies on the effect of fasting on N:L have been reported (Dunn
1989; Averos et al., 2008b; Riondato et al., 2008; McGlone et al., 1993; Lewis et al.,
2006; Lewis et al., 2008; Sutherland et al., 2009 a,b; Sutherland 2010, Sutherland et
al., 2012), but there are limited studies that pertain to privation of either feed or water
and the effect on physiology.
In addition, the current study did not show significant changes in cortisol values
regardless of the treatment group. These findings are in contrast with findings in
finishing pigs, which show that fasting increases cortisol values (Nyberg et al., 1988;
Bradshaw et al., 1996a; Cook et al., 1996, 1998; Parrott et al., 1989; Geverink et al.,
1999; de Jong et al., 2000).
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Figure 2. Least Squares means ± 0.01 for neutrophil to lymphocyte ratio (N:L) for
treatment by time interaction (P < 0.01). Treatment groups are abbreviated by CON =
not wean or transported; TRANS + = animals weaned and transported, provided with
feed and water; TRANS- = animals weaned, transported, and not provided with feed
and water; TRANS+F = animals weaned and transported, provided with feed;
TRANS+W = animals weaned and transported, provided with water (N= 30
male/female observations).
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Conclusion
Weaned pigs are exposed to the similar transport stresses as finishing pigs, in
conjunction to weaning stress, however, literature pertaining to effect of transportation
on welfare of weaned pigs is limited (Villé et al., 1993, Geers et al., 1994, Hicks et al.,
1998, Berry and Lewis, 2001, Lewis et al., 2005, Lewis and Berry, 2006; Bench et al.,
2008; Sutherland et al., 2009 a,b; Sutherland et al., 2010,2014). Transport is an added
stressor in a pig’s life that many times cannot be avoided. The use of a
multidisciplinary approach to investigate implications of transporting weaned pigs to
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assess pig performance, physiology, behavior, morbidity, and mortality should be
further studied (Sutherland et al., 2014)

In the current study, pigs without water lost significantly more weight than those
provided with water. This suggests that for recently weaned pigs, there is no need to
provide feed during transportation, but provision of water may aid in softening
transport stress during long distance transport. Furthermore, providing water may help
weaned pigs habituate to their current environment.

Literature pertaining to weaned pig transport is limited and should be further
researched to determine the long term effects of long distance transport in weaned pigs
in relation to performance, physiology, and behavior. Studies with provision of water
in relation to stocking density, season, and transport duration would be beneficial to
the pork industry. Additionally, acute phase proteins (APP), including pig major acute
phase proteins (Pig-MAP), hepatoglobin, serum amyloid A (SAA), and C-reactive
protein (CRP) could be good means of measuring animal welfare (Eckersall 2000;
Murata et al., 2004), as these increase in response to inflammation due to tissue
damage, infections, immunological disorders, or stress (Gaby et al., 1999; Murata et
al., 2004). Using other measures of welfare in addition to the ones already established
may help give better insight on physiological changes during long distance transport
of weaned pigs.
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CONCLUSION AND FUTURE IMPLICATIONS
Pre-transport and transport stress are multifactorial stressors that can negatively impact
pig welfare. Transport losses present animal welfare, legal, and economic challenges
to the US swine industry (Ritter et al., 2009). The use of non-slip surfaces during
loading and unloading of weaned, and finishing pig’s play an important role in animal
welfare and economics of the pork industry. Guidelines and recommendations to
enhance short and long term welfare of weaned pigs in relation to transport are needed
(Sutherland et al., 2014).
The guidelines available for non-slip surfaces may need to be re-established with
scientific support. Bedding use during loading can greatly improve pre-transport
experiences for both finishing and weaning pigs. In weaning pigs, with the exception
of using feed as a bedding, all beddings regardless of moisture, provided some
protection against elevated slips, falls, and vocalizations and hence reduced scores.
Reducing the slope of the ramp to a 0 degree slope when possible if no bedding is
available will also help reduce scores in weaned pigs. In finishing pigs, heart rate and
the total time it took to load and unload the ramp increased as the slope of the ramp
increased, suggesting that the slope of the ramp plays an important role in the welfare
of both weaned and finishing pigs. Bedding, bedding moisture, season, and slope
significantly interacted to impact the total time to load and unload and heart rate in
finishing pigs and should be taken into consideration to avoid excessive coercion from
workers towards pigs and to maintain good welfare standards. Several factors should
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be considered in combination to identify the appropriate bedding for the specific
occasion in both weaned and finishing pigs.

Performance, physiology, and behavior are affected during long distance transport and
may be indicators of stress experienced during transport. Exposure to a different
environment, dietary stress, mixing of piglets with different litters, metabolic changes,
are all factors that can contribute to transport stress. Other factors, such as space
allowance, season, handling, and possibly even poor driving performance (variation in
speed, sudden stops, vibration) could have an impact on stress responses in weaned
pigs. The lack of literature pertaining to handling and transport of weaned pigs is
limited and most recommendations are based on scientific research of older pigs. The
current study suggests that providing water can help soften transport stress in long
distance transport of weaned pigs. Water availability to weaned pigs may be the
beginning of future studies that can incorporate factors such as season and space
allowance, and other physiological measures such as acute phase proteins (APP),
including pig major acute phase protiens (Pig-MAP), hepatoglobin, serum amyloid A
(SAA), and C-reactive protein (CRP) which have been suggested as good measures of
animal welfare (Eckersall 2000; Murata et al., 2004).

Future studies in reference to effectiveness of beddings during loading and unloading
of weaning and finishing pigs are needed. Slip-resistance of floors should be studied in
combination with characteristics of flooring such as abrasion, surface profile, and
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hardness, to avoid injuries to pigs [McKee et al, 1995]. It is also important to
understand that pigs can adapt to fouled floor conditions by reducing their walking
speed and stride length, but it is not sufficient to ensure walking safety [Von
Wachenfelt et al, 2009]. In addition, the use of hydraulic lifts or modular systems may
be less physically demanding on animals [Brown et al, 2005] and also merits further
study. Hematological values during the testing of bedding and non-slip flooring should
be collected to measure stress indicators that may possibly lead to the more effective
bedding or flooring material. Cost of the bedding or flooring must also be considered,
and the ability of producers to make such changes should be considered.
Further investigation is needed on the effect of transport on weaned pigs, especially in
relation to transport duration on mortality and incidence of disease under different
conditions (Sutherland et al., 2014). Providing further insight on pre-transport
handling such as use of bedding ramps to reduce slips fall and vocalizations, impact of
trip duration, provision of water during transport, would all benefit the swine industry
and identify ways to improve animal welfare.
Improving animal welfare from one day to another is not an easy task. However,
research narrows the path to finding the most effective and efficient solutions.
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