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ABSTRACT 

Reducing stress in pig husbandry has become a priority for economical and ethical 

reasons.  The stress axis is anatomically linked to the olfactory system.  Pigs have a very 

developed sense of olfaction.  Reducing weaning or handling stress using the sense of 

olfaction would be a non-invasive and welfare-friendly technique. 

Exposing pigs at weaning individually to amyl acetate (banana smell, novel odor) or 

maternal pheromone did not reduce stress within the 2 h of the onset of weaning.  Odors 

and pheromones increased lying behavior but the effects on cortisol concentration and 

immunology were limited compared to a control odor like water.  

An induced maternal odor was obtained by feeding sows an onion-flavored diet 

during lactation.  Pigs were weaned onto onion-flavored diet.  Onion-exposed pigs fought 

less at weaning but performance was not affected compared to pigs that had never been 

exposed to onion.  

Finishing pigs were trained to an olfactory/gustatory reward (maple syrup) at the 

finishing barn.  When exposed to a novel environment (simulated pre-stun area) with the 

same reward present, handling time and pig welfare were improved compared to control 

pigs that had never been trained and were not exposed to maple syrup. 

Innate preferences to odors were assessed in domestic pigs (tested in a Y-maze) as a 

model to feral pigs’ preferences to odors.  Piglets were attracted to boar urine, fox urine, 

ChileGard™ (habanero pepper extract) and maple syrup and were repulsed by sour milk.  

Similar results were obtained in feral pigs. 
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CHAPTER I 

INTRODUCTION 

Marcel Proust (1871-1922) and his madeleine cake (In Search of Lost Time) illustrate 

the power of olfaction, taste and cognition on memory retrieval.  Smelling and tasting a 

madeleine cake took Proust back decades, to his aunt’s house.  Many people nowadays 

use aromatherapy to relax and many people have experienced the comforting effect of 

some odor (perfumes, food, nature, etc).  

In animals, especially mammals, the sense of olfaction is vital.  It relates to the three 

basic behaviors directed by the system: feeding (the smell of feed and preparation for 

food consumption), fighting (dominance order) and mating (reproductive pheromones).  

The sense of smell in particular is highly developed in the pig.  The main olfactory 

system is made of the main olfactory epithelium, olfactory nerves and the main olfactory 

bulb.  The accessory olfactory system is made of the vomeronasal organ (VNO, or organ 

of Jacobson), vomeronasal nerves and the accessory olfactory bulb. 

Pheromones were first defined by Karlson and Lüscher (1959) as “substances 

secreted to the outside by an individual and received by a second individual of the same 

species in which they release a specific reaction for example a definite behaviour 

(releaser pheromone) or developmental process (primer pheromone)”.   

Ablations of the VNO or of parts of the accessory olfactory system showed that the 

accessory olfactory system was important in the response to pheromones that indicated 

gender, reproductive or dominance status.  Vomeronasal neurons detected both volatile 

and non-volatile stimuli (Meredith, 1991).  Ablation of parts of the main olfactory system 
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showed that the main olfactory system was also important in the response to pheromones 

(Sipos et al., 1995; Dorries et al., 1997; Yoon et al., 2005). 

Applied research on pig olfaction can apply to welfare concerns currently faced by 

the pig industry.  The effects of odors and pheromones on reducing stress can be 

observed at the behavioral, physiological, histological, immunological and production 

levels.  Reducing stress, reducing suffering and understanding mechanisms of poor 

performance linked to welfare and stress are important topics in the USA and in Europe. 

Sommerville and Broom (1998) concluded that olfaction played a major role in 

animal awareness and that it should be considered when trying to improve welfare.  

Using olfaction or olfactory conditioning could be a non-invasive way to decrease stress 

caused by current husbandry management and to improve animal welfare. However, 

using a natural sense to obtain consistent modifications (performance or behavior) can be 

challenging. 
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CHAPTER II 

LITERATURE REVIEW 

1. Stress and welfare 

1.1. Homeostasis 

Claude Bernard (1865) stated that keeping a constant milieu intérieur or fluid matrix 

was the key to maintaining life.  He said “to have a free life, independent of the external 

environment, requires a constant internal environment”.  This is still the underlying 

principle of homeostasis, term later coined by Walter Cannon (1932) to describe the 

constancy of the internal variable and the regulatory integrated mechanisms directed to 

preserve it. 

Stress was defined by Chrousos and Gold (1992) as a “state of disharmony or 

threatened homeostasis”.  The duration and the amplitude of the state of disharmony 

vary.  The body can adapt to a state of disrupted harmony and establish a new state of 

homeostasis to a certain extent. 

The definition given by McEwen (2000) states: “stress may be defined as a real or 

interpreted threat to the physiological or psychological integrity of an individual that 

results in physiological and/or behavioral responses.  In biomedicine, stress often refers 

to situations in which adrenal glucocorticoids and catecholamines are elevated because of 

an experience”.  This definition describes the concept of a general physiological 

response, the General Adaptation Syndrome, already defined by Selye (1946).  Selye 

reported the existence of a “non-specific response of the body to any demand”, 

characterized by three phases (fight or flight, coping/adaptation then exhaustion) and a 
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triad of symptoms (enlargement of the adrenal cortex, atrophy of the thymus, spleen, and 

lymph nodes, and deep bleeding ulcers in the lining of the stomach and duodenum) in 

response to chronic stress. 

1.2. Stress axis and stress response 

1.2.1. The hypothalamo-pituitary-adrenal axis 

Physical or neurogenic stressors (heat, cold, increased metabolic rate) and 

psychological or psychogenic stressors (defeat tests, isolation, restraint) activate the 

hypothalamo-pituitary-adrenal (HPA) axis and the sympathetic nervous system (SNS) 

(Anisman and Merali, 2002; Black, 2002).  The HPA axis and the SNS work 

synergistically to maintain basal and stress-related homeostasis (Chrousos, 2000; Elenkov 

and Chrousos, 2002).  Following a psychogenic stress, impulses are transmitted from the 

high cortical centers of the brain through the limbic system (Black, 2002; Chrousos, 

2000; Elenkov and Chrousos, 2002; Akirav and Richter-Levin, 2005).  Substance P may 

be involved in the stress response.  In animals, substance P increases following handling, 

restraint and many other stressors (Black 2002).  In the limbic system, the amygdala 

responds to substance P.  The amygdala projects to the hypothalamus and the 

periaqueductal gray area.  Therefore, the limbic system and the paraventricular nucleus of 

the hypothalamus (PVN) are anatomically linked.  The PVN produces the main stress , 

hormones (corticotropin releasing factor or CRF and arginine vasopressin or AVP).  

Olfactory-related stressors (i.e., exposure to cat odor in rats) activate the limbic system 

(medial amygdala, bed nucleus of the stria terminalis), and various medial hypothalamic 

structures, and the periaqueductal gray (Dielenberg et al., 2001). 
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Corticotropin releasing factor and arginine vasopressin (or lysine vasopressin in the 

pig) are the two main neurohormones and neurotransmitters released in response to stress 

by the PVN (Bale and Vale, 2004; Black, 2002).  Corticotropin releasing hormone (41-

amino acid peptide) and LVP (9 amino acids) are released into the portal capillaries of 

the median eminence and stimulate the secretion in the anterior pituitary of 

proopiomelanocortin (POMC).  POMC is the precursor of adrenocorticotropin hormone 

(ACTH), α-melanocyte stimulating hormone (α-MSH) and β-endorphins (Black, 2002; 

Berczi et al., 1996).  Adrenocorticotropin hormone stimulates the release of 

glucocorticoids from the zona fasciculata of the adrenal cortex.  Glucocorticoids exert a 

negative feedback on the anterior pituitary and on the PVN to inhibit ACTH and CRF 

release and maintain homeostasis (Elenkov and Chrousos, 2002; Black, 2002). 

1.2.2. The sympathetic nervous system 

The SNS acts synergistically with the HPA axis.  Norepinephrine (NE) is the main 

neurotransmitter of the SNS.  Norepinephrine is secreted by the PVN and the locus 

coeruleus (LC).  Noradrenergic fibers in the PVN stimulate CRF release and additional 

NE release.  The CRF/PVN and NE/LC systems stimulate each other in a positive 

feedback fashion.  Positive feedbacks are also provided by serotonergic, cholinergic and 

histaminergic neurons (Chrousos, 2000).  While not all stressors cause the release of CRF 

and AVP, they all cause the initial increase of NE in the LC and in the PVN.  Acute and 

chronic stressors also trigger the release of NE from the adrenal medulla.  Negative 

feedback via glucocorticoids and the short half-life of catecholamines keep the 

circulating levels of NE relatively low. 
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Stress termination is due to negative feedbacks of glucocorticoids on CRF, AVP and 

noradrenergic neurons.  Stress is also marked by the release of endogenous opioids in the 

LC (Curtis et al., 2001) and gamma-aminobutyric acid-benzodiazepine (Chrousos, 2000). 

Finally, the HPA axis and the SNS are the two main systems involved in stress 

homestasis, but other hormones including: glucagon, growth hormone, prolactin, 

substance P, and rennin-angiotensin system interact with CRF, AVP and NE-secreting 

neurons (Black, 2002; Berczic et al., 1996). 

1.2.3. The stress response 

1.2.3.1.Variation due to the stressor 

The SNS is involved in the physiological stress response but also in the fight/flight 

reaction necessary for survival.  Centrally, stress causes animals to be more behaviorally 

aroused and have a better tolerance to pain while stress inhibits the upper gastrointestinal 

tract, stimulates lower gastrointestinal motor function (Taché et al, 2001) and inhibits 

reproductive functions (Chrousos, 2000; Charmandari et al., 2005).  Depending on the 

situation, stress can improve cognitive abilities (Beck and Luine, 1999) or impair them 

(Bartolomucci et al., 2002).  In the periphery, increased NE causes increase in heart rate, 

dilation of the bronchioles, vasoconstriction, dilation of the pupils, increased blood 

glucose levels (Jordan, 2005) and modulation of the immune system (Chrousos, 2000; 

Lorton and Lubahn, 2004).   

Stress occurs when animals are feeding, mating or simply when they are in a novel 

environment (Hennessy and Foy, 1987; Mormède, 1988).  Other stressors include 

physiological stressors such as heat, cold, and microorganisms; as well as, psychological 

stressors including social defeat, isolation, and restraint.  They are subdivided in 
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categories of acute or chronic (Kovács et al., 2005).  The stress response varies greatly 

depending on the stressor (Abel and Majzoub, 2005).  During acute stress, modulation of 

the HPA axis depends primarily on CRF while during chronic stress, AVP modulates the 

HPA axis (Minton and Parsons, 1993; Abel and Majzoub, 2005). 

1.2.3.2.Variation due to the animal 

Animals respond differently to stress depending on their genetics (Kadarmideen and 

Janss, 2007), age, social status (Kollack-Walker et al., 1997), general health status (Salak 

Johnson and McGlone, 2007), previous experience and cognition (Geverink et al., 1998; 

Weaver er al., 2000), individual stress type as determined by response to a back test (Ruis 

et al., 2000; Geverink et al., 2003) and sex (Karman, 2003).  Coping strategies vary 

amongst animals.  When exposed to chronic stress, individuals who tried to control the 

situation had increased HPA and SNS activity (Bailey et al., 2003).  Individual who ‘gave 

up’ were described as in a state of helplessness characterized physiologically by an 

increased HPA activity but a stable SNS activity. 

1.3. Criteria and measurement of stress and welfare 

Animal welfare refers to the state of the animal (Broom, 1991).  Animal well-being 

refers to how the animal feels about its state (Duncan, 1993).  One view is that animal 

behavior and physiology can be measured ‘objectively’ but cannot be interpreted easily in 

terms of animal welfare.  An accurate measure of welfare includes a multi-disciplinary 

approach (including behavior, immunology, histology, physiology and performance).  

McGlone (1993) stated that animal responses to stress change on a continuum, and that 

this evolution is marked by set points: behavioral modifications are the first indicators of 
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stress, followed by physiological changes and finally immunological changes.  Changes 

in performance result from behavioral, physiological and immunological changes and 

therefore appear last.  For example, if the feeder space is too small and pigs are not fed ad 

libitum, some pigs cannot eat (behavioral change).  The hunger-induced increase in 

ghrelin may cause the pig to visit the feeder more often, which is another behavioral 

change.  The hunger-induced increase in glucocorticoids causes an increase in glucose in 

the blood, which is a physiological change.  Appetite is modulated by cytokines like IL-

1β, IL-6 and TNF-α, which illustrates immunological changes.  Weight loss occurs last 

when the fat storage in the adipose tissue and the protein storage in the muscle tissue are 

depleted in response to the increase in glucocorticoids. 

1.3.1. Stress and histology 

1.3.1.1.Corticotropin-Releasing Hormone), Lysine Vasopressin and 

Norepinephrine 

The PVN is divided in several areas specialized in the secretion of CRF, AVP and NE 

(Karman, 2003).  In pigs, the medial region of the PVN was the most abundant in CRF 

neurons with a dorsal to ventral gradient.  The periventricular region of the PVN was not 

involved in CRF-secretion, nor was the anteromedial region of the PVN.  Arginine 

vasopressin is secreted by the magnocellular portion of the PVN in response to changes 

in blood pressure, water osmolality and stress.  Glucocorticoids decrease the secretion of 

AVP from the parvocellular neurons through negative feedback (Aguilera, 1994).  

Norepinephrine is secreted by the ventromedial part of the parvocellular part of the PVN, 

along with CRF (Karman, 2003). 
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Corticotropin-releasing hormone and AVP are the two main neurohormones involved 

in the stress response.  To assess stress, the upstream activation of the HPA axis can be 

measured.  The quantity of CRF mRNA or CRF proteins in the cytoplasm can be 

measured in histological sections of the hypothalamus during acute stress; while AVP 

should be measured during chronic stress.  Corticotropin-releasing hormone mRNA and 

CRF protein appear and disappear on a different time frame.  Any stressor will influence 

the release, synthesis and secretion of CRF while the long lasting effects on transcription 

do not take place immediately (Abel and Majzoub, 2005). 

Karman (2003) mapped the CRF and LVP-secreting neurons in the PVN of the pig.  

The PVN of the pig hypothalamus extends on both sides around the 3rd ventricle, for a 

length of 1800 µm (1.8 mm).  In pigs, the PVN is located 9.5 mm posterior to the anterior 

limit of the posterior commissure (Felix et al., 1999).  Under baseline conditions, the 

levels of CRF protein are almost undetectable.  However, most mammals exhibit a peak 

in CRF mRNA just before the onset of the normal period of awakeness and through 6 h 

later (Watts and Swanson, 1989).  Acute handling stress resulted within seconds in an 

increase in the release of CRF (Sapolsky et al., 2000) while CRF transcription was 

maximal 5-15 min after the stress and returned to the baseline level between 30 and 60 

min after stress (Plotsky and Meaney, 1993; Kovács et al., 2005).  In boars, a 

lipopolysaccharide (LPS) challenge did not increase the levels of CRF or LVP mRNA in 

the parvocellular PVN (Vellucci and Parrott, 1998).  Lysine vasopression mRNA 

increased following a short-term restraint in the magnocellular PVN but not in the 

parvocellular PVN (Vellucci and Parrott, 1997).  In weaned piglets, a LPS challenge did 
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not affect CRF mRNA in the hypothalamus or CRF-receptor mRNA in the pituitary 

gland or adrenal gland ACTH receptor mRNA (Carroll et al., 2002). 

1.3.1.2.c-Fos 

c-Fos is an intermediate early gene (IEG) that is present in all activated cells.  c-Fos 

baseline concentration (Kovács et al., 2005) is typically low.  In mice, c-Fos 

immunoreactivity appeared 15-30 min after an acute stress, peaked at 90-180 min and 

declined thereafter (Kovács and Sawchenko, 1996; Morgan and Curran, 1991; 

Giovannelli et al., 1992).  In goats, transport stress caused c-Fos immunoreactivity to 

increase in the PVN, bed nucleus of stria terminalis, preoptic hypothalamic area (POA), 

arcuate nucleus (ARC), suprachasmatic nucleus (SCN) and anterior pituitary gland 

(Maejima et al., 2005).  Preliminary studies in our lab showed a maximum activation of 

c-Fos protein after 60 min of exposure to an odor in the olfactory bulb(McGlone, 2002, 

unpublished).  The intensity of c-Fos activation depends on the challenge: in rats, there 

was no difference in c-Fos mRNA expression between immobilization stress and 15-60 

min water immersion test (Trneckova et al., 2006), but c-Fos protein expression was 

increased in restrained rats compared to unrestrained rats (Chen and Herbert, 1995).  The 

localization of c-Fos also depends on the stressor.  In rats, psychological stressors 

resulted in c-Fos induction in the cortical-(prefrontal) and subcortical limbic areas 

(septum, basolateral and medial amygdala and bed nucleus of stria terminalis), and in the 

LC (Cullinan et al., 1995, Li and Sawchenko, 1998, Dayas et al., 2001) but not in the 

PVN.  Rats exposed to multiple acute stressors over a 2-week period, including a 10 min 

exposure to fox urine as the last stressor, did not have a higher c-Fos immunoreactivity in 

the central amygdala or in the PVN compared to non-stressed rats (Campbell et al., 
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2003).  Chronic restraint stress, 60 min restraint for 10 d, in rats resulted in a decrease of 

c-Fos protein expression in the PVN while it remained elevated in other areas such as the 

lateral septum (Chen and Herbert, 1995).  c-Fos expression was linked to aspects of the 

SNS: c-Fos protein expression and corticosterone were increased 60 min after the end of 

the first restraint session, tachycardia was maximal within 10 min of the restraint session 

and core temperature value was decreased during the first 10 min of the restraint stress.  

After 10 sessions of restraint c-Fos decreased in the PVN, but the other physiological 

measures were sustained. c-Fos did not increase in rats that were just transferred to a new 

room and not restrained. 

1.3.2. Stress and behavior  

Behavioral changes are an early sign of stress (McGlone, 1993).  CRF-injected 

intracerebroventricularly (icv) in non-stressed rats caused increased locomotor activity, 

increased rearing and grooming in a familiar environment; however, in a novel 

environment it caused suppression of locomotor activity, rearing and grooming (Smagin 

et al., 2001).  In mice, CRF injected icv caused a reduction of locomotor activity in an 

open arm test; the behavioral changes were more or less marked depending on the strain 

of mice (Conti et al., 1994).  Corticotropin-releasing hormone injected chicks had 

increased activity and distress vocalizations (Zhang et al., 2003).  In pigs, the increase of 

CRF results in behavioral changes: young pigs (Salak-Johnson et al., 1997) and sows 

(Hulbert and McGlone, 2006) given an icv injection of CRF displayed extensive oral-

nasal-facial behaviors and sequences ONF-standing were shown to be an indicator of 

hypothalamic CRF activation (Salak-Johnson et al., 2004). 
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1.3.3. Stress and physiology 

The SNS was activated much faster than the HPA axis in response to stress in sheep 

(Niezgoda et al., 1993).  The release of catecholamines, ACTH and glucocorticoids in 

response to stress is stressor-specific.  Norepinephrine in the PVN increases after any 

type of stressor but they are metabolized very rapidly peripherally and the levels of 

circulating catecholamines differ depending on the stressor (Chrousos, 2000; Pacak and 

Palkovits, 2001).  Adrenocorticotropin hormone increased in mice following restraint, 

ether or immobilization stress but not following cold stress (Pacak and Palkovits, 2001).  

In pigs, ACTH increased 15 min and cortisol increased 30 min after the onset of a 

restraint stress (Rushen et al., 1993).  Adrenocorticotropin hormone and glucocorticoids 

reached the basal level 85 min after the onset of the challenge. 

Glucocorticoids increased in pigs following shipping stress (Nyberg et al., 1988; 

Parrott and Mission, 1989), social stress (Parrott and Mission, 1989; Sutherland et al., 

2007), electrical stimulation and heat stress (Becker et al., 1985), feed and water 

deprivation (Houpt et al., 1983; Parrott and Mission, 1989) and weaning (Blecha et al., 

1985).  In weanling pigs, a 24-h feed deprivation caused an increase in cortisol; however, 

once pigs were provided with feed again, the cortisol levels were equivalent to those of 

control pigs (Salfen et al., 2003).  Glucocorticoids increased in rodents following a 

variety of stressors (Sapolsky et al., 2000; Pacak and Palkovits, 2001) but the time frame 

of appearance varied greatly, 1-60 min after the onset of the challenge.  Certain 

components of the HPA axis may be activated while others are not in a given situation.  

Plasma glucocorticoids concentrations remained unchanged in rats following 

immobilization or water immersion though c-Fos mRNA had increased in the PVN 
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(Trneckova et al., 2006).  In conclusion, NE, ACTH and glucocorticoids are the most 

appropriate measures of acute stress (Broom and Johnson, 1993).  The anatomy of the 

adrenal glands can reveal chronic stress (Selye, 1946). 

1.3.4. Stress and immunology 

The HPA axis is also intertwined with the immune system.  Glucocorticoids prevent 

over-activation of the immune system (Bailey et al., 2003).  Leukocytes, splenocytes, and 

thymocytes express receptors to CRF (Fulford and Jessop, 2001), ACTH (Navolotskaya 

et al., 2001), NE (Bice et al., 2000; Blandino et al., 2006) and glucocorticoids (Elenkov 

and Chrousos, 2002).  Cytokines are proteins and peptides produced by white blood cells 

that act as hormones or neurotransmitters.  Interleukins (IL) are produced by leukocytes.  

Tumor necrosis factors (TNF) are cytokines that stimulate the acute phase reaction and 

are involved in systemic inflammation.  Cytokine receptors exist in the brain, 

hypothalamus (Farrar et al., 1987) and leukocytes (Agarwal and Marshall, 2001; Elenkov 

and Chrousos, 2002).  The HPA axis and SNS are stimulated by IL-1β, IL-6 and TNF-α 

(Elenkov and Chrousos, 2002; Zouh et al., 1996). 

Pigs are exposed to several environmental stressors throughout their lifetime 

including: heat, cold, mixing, weaning, noise, and shipping.  Often, acute stress has 

limited suppressive effects on immune function.  Exposure to acute heat and shipping 

stresses had no effects on various immune measures in pigs (McGlone et al., 1993; Hicks 

et al., 1998), but acute cold stress caused an increase in natural killer cell cytotoxicity 

(Hicks et al., 1998).  A 4-h transport stress in pigs caused an increase in cortisol 

concentration compared to non-transporetd pigs (McGlone et al., 1993).  Cortisol 

concentration correlated with decreased natural killer cell cytotoxicity, but the immune 
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response following transport stress was affected by the social status of the pig (McGlone 

et al., 1993).  Weaning stress altered cellular immunity.  Blecha et al. (1983) assigned 

half a litter to weaning at 2, 3, 4 or 5 weeks and the other half of the litter remained on 

the sow as non-weaned controls.  In vivo, the capability of lymphocytes to undergo 

blastogenesis in response to phytohemagllutinin or to pokeweed was reduced in pigs 

weaned at 2 or 3 wks and suppressed in pigs weaned at 4 wks but unaltered in pigs 

weaned at 5 wks compared to the non-weaned control pigs.  Therefore, weaning at 2 or 3 

wks of age affected the cellular immunity and could increase disease susceptibility.  

Chronic stress, prenatal stress and social isolation, in pigs caused a reduction in 

lymphocyte proliferation (Tuchscherer et al., 2002).  Natural killer cell cytotoxicity was 

increased following a 14-d heat stress (Sutherland et al., 2006) and following ACTH 

injection (McGlone et al., 1991). 

The environmental stressors experienced by pigs can therefore impair immune 

function (Kelley, 1980; Salak-Johnson and McGlone, 2007).  The immunosuppressive 

effects of stress are thought to be mediated by glucocorticoids and catecholamines that 

inhibit proinflammatory cytokine synthesis or induce the synthesis of immunosuppressive 

cytokines (Wiegers et al., 1998; Elenkov and Chrousos, 2002).  This mechanism helps 

maintain homeostasis because it prevents over-activation of the immune system.  The 

effects of stress can also be immuno-enhancing depending on the host and the stressor 

(Bailey et al., 2003).  In conclusion, depending on the stressor and the animal, stress can 

either suppress, enhance or have no effect on the immune response of an animal (Salak 

Johnson and McGlone, 2006). 
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1.3.5. Stress and performance 

In rats, daily exposures to cold, foot-shock and immobilization stress caused weight 

loss, with immobilization having the greatest effect while no effect was reported on feed 

intake (Taché et al., 1978; Konarska et al., 1989).  Change of environment, feed or group 

size caused a loss of weight in rats (Steinberg and Watson, 1960).  In pigs, weaning 

caused a temporary weight loss due to increased fighting and decreased feed intake 

(Broom and Johnson, 1993; McGlone and Anderson, 2002).  Acute shipping stress also 

caused weight loss in pigs and weight loss correlated positively with cortisol (McGlone et 

al., 1993).  Pigs exposed to only high room temperature, high stocking density or mixing 

stress had their growth rate reduced by 10, 16, and 11% compared to 31% if the three 

stressors were applied simultaneously (Hyun et al., 1998).  The additive effects of chronic 

multi-stress were confirmed by Sutherland et al. (2006).  Long-term stress could lead to 

failure to reproduce.  Long term stress can reduce in increased occurrence of illnesses 

that can reduce life expectancy (Broom and Johnson, 1993).  Gonadotropin-releasing 

hormone (GnRH) secretion is inhibited following chronic stress inhibition of 

reproduction.  Acute transport stress triggered estrous in prepubertal gilts, but the effects 

of acute stress on reproduction vary (Hughes, 1982).  In rams, luteinizing hormone (LH) 

secretion was decreased after a 3-h restraint (Tilbrook et al., 1999) as well as in males 

and females rhesus monkeys following a 6-h restraint (Norman and Smith, 1992; Norman 

et al., 1994).  Electric shocks applied repeatedly to gilts increased cortisol concentrations 

but had no effect on reproduction (Turner et al., 1998).  The effects of stress on 

reproduction are thought to be due to inhibitory effects of CRF on GnRH rather than a 

negative feedback from glucocorticoids (Tilbrook et al., 2000). 



Texas Tech University, Nadège Krebs, December 2007 

 16

2. Two common stressors in commercial pig production systems 

2.1. Weaning stress 

Weaning is a stressful event for piglets.  At weaning, pigs are separated from their 

mother, fed a different diet, moved to a new environment and often mixed with non 

littermates (Boissy and Bouissou, 1988; Fraser and Broom, 1998; Blecha et al., 1985; 

Cronin, 1994).  A new social dominance will be established via aggressive encounters.  

Aggressive behaviors often result in injuries (Friend et al., 1983; McGlone and Curtis, 

1985; Rundgren and Lofquist, 1989) which increase stress and decrease welfare.  

Consequences of weaning are lack of appetite, impaired immune competence, and a 

hostile environment.  It leads to loss of weight and decreased performance (Leibrandt, 

1975).  Orgeur et al., (1998) showed that perturbations of growth rate, agonistic behavior 

and vocalizations of distress occurring at weaning were transitory.  Carroll et al. (1998) 

also showed that early weaning caused pigs to have a decreased growth rate, but the 

effects of early weaning or of solid diet changes were temporary and compensatory 

growth occurred.  To conclude, weaning always affects performance, behavior, 

immunology and health though the effects can be transitory (Davis et al., 2006). 

Weaning is a combination of physiological and psychological stressors that result in 

temporary increased aggressive behaviors and decreased performance.  Different methods 

have been studied to decrease weaning stress.  Sorting by sex had no effect on 

aggressiveness of piglets (Graves et al., 1978).  Aggression was decreased by co-

mingling (Pitts et al., 2000), mixing pigs of different weights (Ruis et al., 2000) and 

feeding ad libitum (Graves et al., 1978; Sherrit et al., 1974; Spoolder et al., 2000).  

Constituting groups of four pigs (McGlone, 1985) resulted in less aggression, 19 h vs 48 



Texas Tech University, Nadège Krebs, December 2007 

 17

h post-weaning, than groups of 8-30 pigs (McGlone and Pond, 2002).  Using kenneled 

pig farms decreased the duration of fights (Spoolder et al., 2000) and partitioning pens 

decreased the number of fights, scratches and aggressive behavior (Barnett et al., 1996; 

Olesen et al, 1996; McGlone and Curtis, 1985).  Enriching the environment decreased 

wounds (Olsson et al., 1999) and decreased ear biting (Dybkjær, 1992).  Amperozide is a 

serotonin receptor antagonist.  Azaperone is an anti-psychotic drug and lithium can act as 

an anti-depressant.  These drugs only delayed the onset of aggressive behavior (Barnett et 

al., 1996; Gonyou et al., 1988; Björk, 1989),  Some negative side effects including 

vomiting also occurred with amperozide (Girardi and Mencarelli, 1986; Björk et al., 

1988) and lithium (McGlone et al., 1981).  Changes in husbandry techniques or use of 

medicines can be efficient at reducing aggressive behavior but may be difficult to 

implement due to building limitations or regulations on drug use. 

2.2. Handling stress 

Many events are stressful throughout the life of commercial pigs, starting with 

castration, weaning and mixing.  Later, finishing pigs experience transport and handling 

stress.  Finishing pigs may have very little interaction with humans because of automated 

production systems.  Therefore, any invasion into the pens by humans may be stressful to 

naïve pigs.  Transport to the packing plant and handling at the packing plant, especially 

the use of an electric prod, are the last stressful events that pigs are exposed to.  The way 

pigs react to this stressful situation at the packing plant can be influenced by previous life 

experiences (Hunter et al., 1997; Geverink et al., 1998; Lewis, 2006).  Reducing stress at 

the packing plant is especially important from a welfare point of view as it could relate to 
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the occurrence of non-ambulatory non injured (NANI) pigs or pig death during or after 

transport. 

Methods to improve the ease of handling have been tested in pigs.  Non-trained pigs 

moved slower than pigs that had been trained to move out of their home pen then to a 

moving box (Geverink et al., 1998).  Pigs reared in a barren environment were more 

reactive to novel situations and stimuli; they were afraid, stressed or at least disturbed by 

the new stimuli (Stolba and Wood Gush, 1980; Pedersen et al., 1993).  Pigs reared in an 

enriched environment or pigs that had been stroked hesitated less to move towards a new 

object or a new environment and a higher growth rate compared to control pigs (Grandin 

and Curtis, 1985; Grandin et al., 1986, Gonyou et al., 1986; Wemelsfelder et al., 2000).  

Therefore, ‘walking the pens’ is a management method that farms are trying to 

implement to decrease handling stress in finishing pigs (Grandin, 1987).  

3. Olfaction and pigs: using non invasive ways to reduce stress 

3.1. Two anatomical olfactory regions; one functional olfactory system 

Piglets have a well developed olfactory system at birth (Horrell and Eaton, 1984).  

In pigs, the AOB was structurally mature in fetuses 80-85 days and the sensory 

epithelium of the VNO, the VN nerves and the nervous and glomerular layers of the AOB 

appeared histologically as functional as in adults (Salazar et al., 2004).  The VNS 

appeared functional at birth as even glandular activity was detected (Salazar et al., 2003). 

Two common assumptions are that the VNO detects pheromones and that the VNO 

can only detect non-volatile compounds, while the main olfactory epithelium detects 

volatile compounds.  There is compelling evidence that odors and pheromones can be 
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detected by the main and accessory olfactory systems regardless of the nature or 

molecular weight of the compounds (Baxi et al., 2006). 

Pheromones were first defined by Karlson and Lüscher (1959) as “substances 

secreted to the outside by an individual and received by a second individual of the same 

species in which they release a specific reaction for example a definite behaviour or 

developmental process.  But new definitions have been proposed to prevent perpetuating 

the previously explained assumptions.  Johnston (2001) distinguished chemical signals 

into subcategories: pheromones a single chemical compounds that have the effects of 

chemical signals, pheromone blends a mixtures of small numbers of compounds that are 

effective only in relatively precise ratios, and mosaic groups a mixtures of a large number 

of compounds that have the effects of chemical signals. 

3.1.1. Main olfactory system and accessory olfactory system: general 

organization 

The MOS contains the MOE, the MOB and the associated nerves, glands and tracts.  

The MOB rests on the cribriform plate of the ethmoid bone.  The AOS contains the VNO 

or organ of Jacobson lined by the VNE, the AOB, the vomeronasal amygdala and the 

associated nerves, glands and tracts and blood vessels.  The VNO is a blind-ended 

mucus-filled tube in cross section and has a thick pseudostratified sensory epithelium 

medially and a thinner ciliated non-sensory epithelium laterally (Halpern, 1987; Brennan, 

2001).  The AOB in pigs lies ventral to the medial face of the MOB in association with 

the glomerular area of this structure in adult pigs while in young pigs, it is more in a 

dorsal position (Salazar et al., 2000).  The AOS is thought to be associated with the 
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detection of certain pheromones and molecules in mucus.  Detection of molecules via the 

vomeronasal system is behaviorally associated with the display of flehmen behavior in 

males and females of many species including pigs (Martys, 1977), cats (Beaver, 1992), 

horses (Crowell-Davis and Houpt, 1985) and cattle (Reinhardt, 1983).  In goats, 

D’Hospital and Hart (1985) showed that fluid passed from the mouth to the vomeronasal 

cavity during flehmen. 

Anatomically, the organization of the neurons and synapses between the main cells of 

the MOB and the AOB is similar because they have the same embryological origin in the 

olfactory placode (Fornaro et al., 2001).  Olfactory ciliated receptors cells are G-protein 

coupled receptors and express one receptor while vomeronasal non-ciliated receptors can 

express more than one receptor (Brennan, 2001; Halpern and Martinez-Marcos, 2003).  

The vomeronasal organ epithelium expresses V1R and V2R receptors while the main 

olfactory epithelium expresses OR (Olfactory Receptors) and TAAR (Trace-Amine-

Associated-Receptors).  The first lamina of the mammalian MOB from the surface 

inward is the olfactory nerve layer (ONL).  It is made of bundles of nerve fibers coming 

from the OR, TARR, V1R and V2R in the AOB.  Olfactory-Receptor proteins or signals 

that are dependent from them like cAMP are present in the axons of the olfactory neurons 

and determine in part in which glomerulus to synapse (Asahina and Benton, 2007). 

The second layer is the glomerular layer (GL), made of glomeruli.  Glomeruli are the 

functional units of the olfactory system.  They are spherical neuropils containing 

olfactory axons terminals sending excitatory post synaptic signals to the dendrites of the 

mitral/tufted cells principal output neurons of the MOB and potentially inhibitory post 

synaptic signals to mitral cells, forming an on-centre, off-surround circuit (Aungst et al., 
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2003).  The diameter of the glomeruli varies between 75 and 250 µm (Mori et al., 2000).  

Glomeruli inhibit neighboring glomeruli’s activity via interglomerular axons.  This 

system increases the accuracy of spatiotemporal detection and signaling of odors (Aungst 

et al., 2003). 

Mitral cells and tufted cells constitute the principal cells.  They have primary 

dendrites projecting into the glomeruli and receiving direct synaptic input from the 

olfactory nerve fibers.  The third layer is the external plexiform layer (EPL).  The mitral 

cell layer (MCL) is made of large cells with triangular-shaped cell bodies.  The internal 

plexiform layer (IPL) is made of numerous fibers.  The granule cell layer (GRL) and the 

cells surrounding the intrabulbar part of the ventricle are the most inward layers of cells 

in the MOB (Mori, 1987). 

The mitral cells are the most important level of synapse.  Their cell body is in the 

MCL.  Mitral cells have two types of dendrites, one primary and several secondary 

dendrites.  The primary dendrite runs superficially, transverses the EPL, and enters a 

glomerulus.  In the glomerulus, the primary dendrite branches repeatedly to form a tuft, 

which receives the input from the olfactory nerve fibers (Mori, 1987).  The secondary 

dendrites of the mitral cells project tangentially and branch several times.  Most mitral 

cells make reciprocal synapse with granule cells dendrites in the inner half of the EPL.  

The axon of mitral cells arises from the deep side of the cell body and runs toward the 

deeper portion of the granule cell layer (Mori, 1987).  Mitral cells give rise to axons 

which enter the brain via the lateral olfactory tract to the ipsilateral olfactory cortex, 

targeting the anterior olfactory nucleus, the dorsal peduncular cortex, the piriform cortex, 
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the olfactory tubercle, the posterolateral portion of the cortical amygdaloid cortex and 

lateral entorhinal area (for review see Mori, 1987). 

The cell bodies of the tufted cells are distributed in the EPL or in the periglomerular 

region of the GL.  Like mitral cells, tufted cells project a single primary dendrite to a 

single glomerulus and receive input from olfactory nerves fibers.  Mitral and tufted cells 

also have several secondary dendrites that synapse in the EPL and emit collaterals into 

the GRL, IPL and MCL. 

Granule cells are the most abundant neurons in the brain and serve as interneurons for 

some integrative processes in olfactory bulb at the level of the mitral cells.  They are 

amacrine, no axon, cells and their cell bodies are mostly in the GRL.  The peripheral 

dendrites arborize within the EPL and the deep dendrites are within the GRL.  Axons of 

tufted cells synapse through the anterior commissure to the contralateral olfactory bulb. 

Because there is a less dense layer of mitral cells in the AOB, this layer is called the 

mitral/tufted cell layer. The amount of input also differs.  In the AOB, one mitral/tufted 

cell receives input from several dendrites while in the MOB, one mitral/tufted cell 

receives input from one glomeruli only (Mori, 1987; Brennan, 2001). 

3.1.2. Reception of the stimulus and first steps of the processing 

3.1.2.1.Reception of the stimulus 

The MOE lies above the turbinate bones and is widely distributed.  The VNE lines the 

vomeronasal or nasopalatine duct.  Molecules captured by the olfactory receptor cells in 

the MOE are breathed in passively while molecules captured by the receptor cells in the 

VNE are in mucus and are pumped actively into the VN duct due to SNS-induced 
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constriction of blood vessels (Brennan, 2001).  Olfactory binding proteins (OBP) and 

vomeromodulins are present in the VNE: non-pheromonal molecules or small volatile 

compounds (that would normally be captured by the MOE) can therefore be captured by 

the VNO (Miyawaki et al., 1994; Guiraudie et al., 2003).   

The ciliated olfactory receptors cells (MAb R4B12 + and MAb R4B12 -), TARRs 

and the non-ciliated vomeronasal receptor cells (V1R and V2R) are G-protein coupled 

receptors, but sensory neurons in the MOE express only a single receptor, while VN 

sensory neurons in the VNE may express more than one receptor, while receptor cells in 

the VNO are intermixed (Brennan, 2001; Halpern and Martinez-Marcos, 2003).  

Olfactory receptor cells respond to odorants: in the MOE, one odorant can activate 

several odorant receptors, one receptor may bind different odorants and odorants can 

stimulate or inhibit olfactory receptors (Firestein, 2004).  Vomeronasal 1 receptors (V1R) 

are diverse.  In mice, deletion of a genomic region containing several V1R genes resulted 

in deficit in VNO-dependant behaviors, which support a role for V1R receptors as 

pheromone receptors (Del Punta et al, 2002).  

3.1.2.2.Combinatorial encoding 

Different odorant generate different response patterns.  c-Fos positive OR neurons 

were distributed differently depending on the odor and its concentration (Norlin et al., 

2005).  Different glomeruli are activated to different degrees by different odorant 

compounds and probably at different times (Kauer and White, 2001; Johnson and Leon, 

2000).  One theory of odor detection and identification is based on the structure-odor 

relation.  The shape-based theory or odotope is based on molecular recognition between 

some chemical features of the odorant and a ligand on the receptor cell.  Some receptors 
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may be very specific and recognize a specific chemical odorant molecule while others 

like odor binding proteins (Guiraudie et al., 2003), albumins (Curry et al., 1999) and 

cytochromes P450 (Lawton and Philpot, 1993) are non specific and recognize one feature 

that can be common to several odorants (Kaluza and Breer, 2000).  In the odotope theory, 

the intensity depends on the efficacy not necessarily the affinity with which an odorant 

binds to a ligand or receptor.  Polar functional groups and saturation of the carbon chain 

increased the intensity of a smell while unsaturation decreased it (Moncrieff, 1967). The 

ability of a molecule to bind to the zinc-binding site of the olfactory receptor was shown 

to have more influence on the molecule’s odorous intensity.  It was shown that one 

olfactory receptor cell contains one receptor type that sends a signal to two glomeruli 

(Mombaerts et al., 1996; Firestein, 2004) and that the mitral cells connected to the 

olfactory receptor cells via the glomeruli reflect their response (Imamura et al., 1992).  

But Laing et al., (2003) showed that aliphatic molecules sharing the same feature were 

characterized differently and that the characterization by humans varied depending on the 

concentration.  The changes in quality suggested that new receptors were recruited.  

Odorants that had the same molecular structure caused a different activity pattern in 

different mitral cells.  This led to the concept that odor identification results from 

combination mechanisms rather than isolated stimulation of one or two specific receptor 

cells for the molecule. 

Two different olfactory receptors can respond to the same compound but in a 

different manner either stimulated or inhibited.  The summation of the responses is 

carried through the olfactory nerves to the glomeruli (Firestein, 2004).  Therefore, the 

encoding results from antagonist and agonist actions on a variety of different olfactory 
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receptors cells.  Glomeruli cells encode odor molecules features into an odor map and 

send the output to the mitral cells (Shepherd, 2005). 

3.1.2.3.Synaptic transmission 

The olfactory nerves and the vomeronasal nerves emerge from bipolar receptors cells, 

are unmyelinated and can regenerate (Li et al., 2005).  The stimuli are captured by the 

receptor cells, which open Na+ channels and create a graded depolarization (Buck and 

Axel, 1991).  If the membrane potential reaches the threshold, it creates an action 

potential (AP).  The AP is transmitted via the olfactory neuron to the first synapse.  The 

synaptic vesicles empty their neurotransmitters including dopamine, gamma 

aminobutyric acid (GABA) and Substance P at the synaptic cleft with the mitral/tufted 

cells.  The level of synapses between glomeruli and mitral cells differs between the MOB 

and AOB.  In the MOB, one neuron converges to 2,000 glomeruli while in the AOB, one 

mitral/tufted neuron converges to 10-20 glomeruli (Mombaerts et al., 1996; Halpern and 

Martinez-Marcos, 2003).  The mitral cell AP propagates throughout the axon and the 

synaptic cells empty the contents of their vesicles (serotonin, ACh, NE, Substance P) to 

the third level of synapse, the granule cells (Mombaerts et al., 1996; Halpern and 

Martinez-Marcos, 2003).  In both the MOB and the AOB, the activation of the 

mitral/tufted cells causes activation of the granule cells but there is negative feedback 

from the granule cells to neighboring mitral/tufted cells.  In the external plexiform layer, 

dendrites of the principal cells receive inhibitory input from the granule cells.   
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3.1.2.4.Process in higher centers 

Petrovich et al. (2001) reviewed the amygdalar projections to the hypothalamus and 

to the hippocampus.  Some synapses or connections are very dense, some are sparse.  

Some synapses are direct while others are through the hippocamposeptal system. 

The nuclei of the hypothalamus carry different functions.  The medial nuclei of the 

hypothalamus contain reproductive centers (MPNl1, VMHvl/TU2 and PMv3), defensive 

centers (AHN4, VMHdm5 and PMd6) and ingestive/autonomic centers (PVHd7).  The 

neuroendocrine/motor zone has nuclei that secrete somatostatin and the arcuate nucleus 

that secretes GnRH and dopamine. 

The main olfactory bulb projects axons through the lateral olfactory tract to diverse 

nuclei of the amygdala including the COAa8, COApl9, PAA10 and TR11.  Each of these 

amygdalar nuclei or areas synapses into the medial nuclei of the hypothalamus, mainly 

the nuclei involved in reproduction including the MPNl, VMHvl/TU and PMv and in 

defensive behaviors which include the AHN, VMHdm and PMd.  The COApl, PAA and 

BMAp12 have dense connections with the VMHvl/TU and AHN.  Amygdalar parts that 

receive inputs from the MOS do not establish numerous and strong synapses with the 

PVHd.  Direct synapses exist between the MOB and the hypothalamus without 

 
1 MPNl: medial preoptic nucleus, lateral part 
2 VMHvl/TU: ventromedial nucleus of the hypothalamus, ventrolateral part/olfactory tubercle 
3 PMv: premammillary nucleus, ventral part 
4 AHN: anterior hypothalamus nucleus 
5 VMHdm: ventromedial nucleus of the hypothalamus, dorsomedial part 
6 PMd: Premammillary nucleus, dorsal part 
7 PVHd: paraventricular nucleus of the hypothalamus, dorsal part 
8 COAa: anterior part of the cortical nucleus of the amygdala 
9COApl: posterolateral part of the cortical nucleus of the amygdala 
10 PAA: piriform amygdala area 
11 TR: amygdala-entorhinal transition 
12 BMAp: basomedial amygdala nucleus, anterior part 
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intermediate synapses with the amygdala.  Interestingly, the parts of the amygdala that 

receive input from the MOB also synapse with the vomeronasal amygdala or COApm13 

before reaching the AAA14 and the FS15 and the hypothalamus.  From the amygdala, 

neurons synapse into the entorhinal cortex and subicular complex.  The MOB also 

receives input from centrifugal afferent fibers from the ipsilateral cortex locus coeruleus, 

raphe nucleus and the contralateral anterior olfactory nucleus (for review see Mori 1987). 

The AOB sends input directly to the medial amygdala or after making synapses into 

the PA or into the COApm that synapses into MPNl, VMHl/TU, PMv, AHN and 

VMHdm.  Same areas that receive input from the parts of the amygdala connected to the 

MOS.  The COApm sends direct inputs to the BNST16.  Cells of the AOB also send a 

direct output to the MPA17 (Guillamon and Segovia, 1997).  Compared to the MOB 

outputs, the AOB and VN amygdala establish more synapses with the parts of the 

hypothalamus involved in reproduction or defense and more synapses with nuclei located 

in the periventricular region and in the neuroendocrine motor zone that receive no 

synapse from the MOS.  The PA18 is the only part of the amygdala that establishes strong 

synapses with the PVHd..  The amygdala establishes connections or synapses with the 

hippocampus in the ventral lateral and entorhinal areas.  The projections in the VNS are 

sex-dependent in many species (Guillamon and Segovia, 1997). 

Through the PA, the AOS seems to be able to mediate more effects on the PVHd or 

PVN of the hypothalamus that mediates stress response by releasing CRF. 

 
13 COApm: posteromedial part of the cortical nucleus of the amygdala or vomeronasal amygdala 
14 AAA: anterior amygdala area 
15 FS: striatal fundus 
16 BNST: bed nucleus of the stria terminalis 
17 MPA: medial preoptic area 
18 PA: posterior amygdala nucleus 
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3.1.3. Synergy between the main olfactory system and the accessory olfactory 

system 

There are two common thoughts about the olfactory systems: the first is that the 

vomeronasal organ is the equivalent of a pheromone detector and the second is that the 

vomeronasal organ detects non volatile or low-volatility molecules while the main 

olfactory epithelium captures volatile molecules.  Supporting evidence is lacking for both 

hypotheses and it is more and more accepted that the roles of the MOS and the AOS are 

not as rigid as thought (Baxi et al., 2006). 

In pigs, the AOE may mediate the detection of odor quality in the intrauterine 

milieu in utero.  The AOE is also involved in reproduction life, social interactions, 

mother-young relationships that are mediated by pheromones (Doty, 1986).  However, 

sensitivity and response of sows to the boar pheromone 5-α-androst-16-en-3-one was not 

affected by blocking the VNO and the sows stood still for mating (Dorries et al., 1997).  

This shows that pheromone detection can be mediated by the MOE, usually involved in 

the detection of odors.  A functional VNO was also not necessary to male mice to 

vocalize in response to fresh urine of female mice or to mate (Sipos et al., 1995; Yoon et 

al., 2005), nor was it necessary to locate nipples in rabbit pups (Hudson and Distel, 

1986).  Without the MOE though, male mice showed little interest in females and the 

neurons that secrete GnRH were shown to be as much stimulated by female urine than by 

water (Yoon et al., 2005).  Imaging data in mice showed a response of the VN receptor 

neurons to general odorants but not from the MOE receptors (Sam et al., 2001).  In 

hamsters, exposure to vaginal pheromones caused no activation, as measured by c-Fos in 
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the brain, when the MOE was destroyed while destruction of the VNE caused the same c-

Fos pattern as control hamsters (see Baxi et al., 2006 for review).  Recordings of electric 

activity in single units from the AOB showed that AOB neurons responded to odor 

stimulation with typical odor molecules as well as with pheromonal molecules (Meredith 

and O’Connell, 1979 in Mori, 1987).  fMRI in the MOB and AOB of mice led to the 

same conclusions: Mice exposed to common odor showed strong signals in the MOB and 

weak signals in the AOB.  When exposed to a pheromone, strong signals were recorded 

in both the AOB and MOB.  Exposure to a mixture of odors and pheromones elicited 

signals of similar intensity but in larger regions of the AOB than the MOB (Xu et al., 

2005).  These examples illustrate that the VNO and AOB cannot be labeled ‘exclusive 

pheromone detector’.  Similarly, studies showed that the volatility of a compound or 

more precisely, its molecular weight does not determine if it will be detected by the VNE 

or the MOE.  Low molecular weight molecules, normally volatile and detected by the 

MOE according to the common theory, can bind to protein carriers and be transported to 

the VNO (Baxi et al., 2006). 

3.2. Innate responses to odors and pheromones 

3.2.1. Effects on behavior: preferences and effects 

3.2.1.1.Young pigs 

At 12 h of age, piglets naturally preferred the odor of nipple washings and sow feces 

(Morrow Tesch and McGlone, 1990) compared to water or sow urine.  At 7 d of age, they 

preferred sow fecal odors compared to nipple washings odors or water.  Rohde-Parfet and 

Gonyou (1991) confirmed that newborn pigs preferred mammary and birth fluids odors 



Texas Tech University, Nadège Krebs, December 2007 

 30

compared to water.  Nipple washings contain a putative maternal pheromone.  In pigs and 

other mammals, the recognition of the mother is based on odor cues learned in utero 

(Guiraudie et al., 2005) even though piglets could not recognize their mother within the 

first 12 h of life (Morrow-Tesch and McGlone, 1990). To recognize and bind the 

components of the maternal pheromone, piglets have in their mouth proteins like alpha-1 

acid glycoprotein (AGP) and odorant-binding protein (OBP)  that transport hydrophobic 

ligands in biological fluids like amniotc fluid, colostrum and milk (Guiraudie et al., 

2005).  Each individual has a specific pheromonal signature.  In mice, the individual 

signature in scent marks was shown to be carried by non-volatile proteins or non-volatile 

protein-ligand complexes, rather than by volatiles emanating from the scent (Nevison et 

al., 2003).  Piglets can discriminate between their mother's fecal odor and fecal odors 

from other lactating sows (Morrow Tesch and McGlone, 1990).  Piglets did not prefer to 

be near novel odors including orange and banana odors, nor did they prefer to be near the 

putative rat maternal pheromone, deoxycholic acid.  A synthetic pig maternal pheromone 

was elaborated (Pageat, 2001).  At weaning, the effects of the synthetic maternal 

pheromone in open field tests in individual pigs were inconsistent (Thodberg et al., 2006; 

Reid et al., 2006), but in groups of pigs at weaning, the synthetic maternal pheromone 

decreased aggressive behavior and improved weight gain and feed efficiency (McGlone 

and Anderson, 2002).  Non-maternal pheromones, like androstenone and urine from 

actively fighting pigs also reduced aggression when sprayed in a pen of newly-weaned 

pigs (McGlone et al., 1987, Amory and Pearce, 2000; McGlone and Morrow, 1988).  

Non-pheromonal compounds or odor masking agents were not as efficient at reducing 
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aggressive behavior as pheromones and had no effect on performance (Friend et al., 

1983). 

3.2.1.2.Adult pigs 

Pheromones related to sexual behavior attracted adult pigs.  Feral boars were attracted 

by the urine of sow in estrus (McIlroy and Gifford, 2005) and domestic boars also chose 

estrous females vs non-estrous females in a T-maze though the responses were 

individual-dependant (McGlone and Morrow, 1987).  Sows were attracted by 

androstenone (Melrose et al., 1971).  Pheromones expressing alarm signals were 

repulsive: the urine of a stressed sow sprayed on a gate caused other sows to hesitate 

going through the gate (Vieuille-Thomas and Signoret, 1992).  Pheromones can also 

express dominance.  Fighting among gilts newly-introduced to an established group of 

sows can be reduced if the sows had been exposed to the smell of the bedding (Kennedy 

and Broom, 1996). 

Odors related to feed are usually attractive.  Pigs are omnivorous and scavengers, 

their stomach contained in volume 93% of vegetation grass, roots and tubers, corn, forbs, 

cactus and 6.6% of animal matter (Taylor, 1991, 1999).  They are opportunistic feeders 

and are attracted by readily-available resources.  Pigs were exposed to buried samples of 

odors that constituted the truffle smell.  They only directed their rooting behavior towards 

dimethyl sulphide and not towards androstenone; therefore, the localization of truffles 

underground was linked to the presence of dimethyl sulphide (Talou et al., 1990).  The 

odors of decomposing carcasses, putrescine and hydrogen sulphide, were attractive at low 

concentration and repulsive at high concentrations to scavengers (DeVault and Rhodes 

2002).  The smell of cod-liver oil, petrolatum, rancid fishmeal and fish oil, vegetable oils 
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(Eason and Henderson, 1995) or sour chicken (Fletcher et al. 1990) were attractive when 

presented in baits for feral hogs.  Most repellents are based on predator smells.  Odors of 

mountain lions, coyotes and bobcats have not been tested for repulsion by feral hogs. 

3.2.1.3.Individual variation in response to odors and pheromones 

In sheep, repellency to various products and the behavioral response to habituation or 

social facilitation varied among individuals (Arnould and Signoret, 1993).  In rats 

exposed to limonene, the activity in the olfactory bulb recorded by electroolfactogram 

varied greatly among individuals (Scott et al., 1997).  In rats, the pattern of multiunit 

mitral cell response in the olfactory bulb differed between feed-related smells and non-

feed related smells and when rats were exposed to feed-related smells the patterns of 

multi-unit mitral cell response depended on the state of satiety (Pager, 1977).   

In young or adult pigs, odor preference or aversion varied depending on the 

individual (McGlone and Morrow, 1987).  Even cloned pigs had various responses to 

taste (Archer et al., 2003).  In humans, the differences in detection and hedonistic value 

to androstenone were attributed to sex, concentration, and time of the menstrual cycle 

(Doty, 1986; Morofushi et al., 2000).  It was shown that humans and other species could 

acquire sensitivity to androstenone and other odorants (Dalton et al. 2002), therefore 

response to odors or pheromones can change over time. 

Responses to olfactory stimuli depend on the odor itself (Doty, 1986; Arctander, 

1994; Dravnieks, 1985) and its concentration: in wild animals, dimethyl and trimethyl 

sulphide are attractive at low concentrations and repulsive at high concentrations 

(Moskowitz, 1977; DeVault and Rhodes, 2002). 

http://jp.physoc.org/cgi/content/full/554/1/1#B4#B4
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3.2.2. Effects on histology  

3.2.2.1.Olfactory epithelium and olfactory bulb 

The mapping of the different types of receptors reveals the first level of 

processing of odorant molecules.  Appeasing compounds of the pig maternal pheromone 

bound to different lipocalins including odor binding proteins expressed not only in the 

MOE but in the VNE.  So, the maternal pheromone could be detected by the MOE and 

the VNE but no data is available on the following steps of the processing of appeasing 

compounds in pigs (Guiraudie et al., 2003).  The olfactory receptor cells can remain 

activated for several hours: the sensory neurons of the MOE expressed c-Fos protein for 

several hours following acute exposure to odors in mice (Norlin et al., 2005).  No 

habituation seemed to occur as the pattern of induction of c-Fos was not affected by 

repeated exposure or different concentrations (Norlin et al., 2005). 

The significance of an odor can be determined by the amount, the duration and 

location of response (Johnson and Leon, 2000).  The histology of the olfactory bulb 

reveals the path of processing of odorant molecules.  In female mice, exposure to male 

urine increased the expression of c-Fos immunoreactivity (ir) in the mitral/tufted cell 

layer, granule cell layer and periglomerular cell layer of the AOB (Inamura et al., 1995) 

with a greater number of c-Fos positive mitral cells in the rostral than the caudal region of 

the AOB.  c-Fos ir was increased in different regions of the AOB when female mice were 

exposed to female urine compared to male urine, showing that male or female urine were 

processed via different regions of the AOB.  McGregor et al. (2004) showed that rats 
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exposed to cat odor had increased c-Fos protein in the glomeruli, mitral and granule 

layers of the posterior AOB and some c-Fos protein in the glomeruli layer of the MOB. 

3.2.2.2.Brain 

Chronic and acute exposure to cat odor both resulted in an increase of CRF mRNA in 

the PVN (Figueiredo et al., 2003).  The expression of c-Fos mRNA was not increased in 

the PVN but was increased in the BNST and the medial region of the ventromedial 

nucleus of the amygdala (Figueiredo et al., 2003).  The authors hypothesized that c-Fos 

activation may not necessary to cause a release of CRF and ACTH (Brown and 

Sawchenko, 1997; Figueiredo et al., 2003).  Similarly, following exposure of rats to cat 

odor, c-Fos protein expression was increased in the BNST and medial amygdala both 

identified as pheromone transduction areas, the medial hypothalamus and the 

periaqueductal gray (McGregor et al., 2004).  Exposure to cat odor in rats caused little c-

Fos protein expression in the locus coeruleus but major activity in the premammillary 

nucleus of the hypothalamus and lateral septum areas, known to be involved in defensive 

behaviors (Blanchard et al., 2003). 

3.2.3. Effects on immunology 

The cells of the immune system have receptors to hormones of the HPA axis.  

Exposure to cat odor caused stress-like behavior and increase of c-Fos mRNA and CRF 

mRNA in rats (Figueiredo et al., 2003) and an activated HPA axis.  Cocke et al. (1993) 

studied the specific effects of odor-induced stress on immunity.  Mice chronically 

exposed to alarm pheromones present in the blood of stressed mice had decreased natural 

killer cell cytotoxicity against YAC-1 tumor target cells, decreased lymphocyte 
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proliferation to Concalavin-A, decreased production of IL-2 from the spleen and 

decreased IgG production in response to a keyhole limpet hemocyanyn-challenge 

compared to control mice that were not exposed to stress-causing odors. 

3.3. Conditioned responses to taste and odors: effects on behavior and 

performance 

To create an ‘induced’ maternal odor, conditioning to odors was obtained in rats, 

mice, rabbits and humans by feeding mothers a flavored diet containing substances that 

could be transferred to the amniotic fluids (Rudy and Cheatle, 1977) and milk (Campbell, 

1976; Wuensch, 1978; King, 1979; Houpt et al., 1979; Mennella and Beauchamp, 1991; 

Mennella and Beauchamp, 1999) and/or by adding a scent to the maternal environment 

(Bilko et al., 1994; Porter and Etscorn, 1975; Alberts and May, 1984).  Effects of 

conditioning on preference or performance varied.  Rats (Wuensch, 1978) and pigs 

(King, 1979) ate more of the same-flavored feed they had been exposed to post-partum 

via the mother’s milk compared to a control diet.  Campbell (1976) fed sows a flavored 

diet during lactation and exposed piglets to the same-flavor diet at weaning without a 

choice with another diet and showed that pigs ate more feed in the 2 wks post weaning 

compared to those who had never been exposed to the flavor.  Babies preferred to drink 

from bottles scented with a familiar scent compared to an unfamiliar scent (Coyle, 1999) 

but babies who had been exposed to garlic via breast milk drank less when the milk had 

the garlic flavor compared to babies who were naïve to garlic flavor (Mennella and 

Beauchamp, 1991).  Babies who had been exposed to carrot flavor via breast milk later 

ate less of the carrot-flavored cereal meal (Mennella and Beauchamp, 1999) compared to 

babies who had never been exposed to carrot-flavor.  Rabbit pups expressed a preference 
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to juniper smell even if just one element of the environment, fecal pellets from juniper-

fed does, had the smell (Bilko et al., 1994).  The effects of an ‘induced’ maternal odor or 

of a familiar smell on aggressive behavior have not been reported in pigs. 
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CHAPTER III 
 

CAN STRESS BE DECREASED BY EXPOSURE TO ODORS AND 

PHEROMONES IN PIGS? BEHAVIORAL, IMMUNOLOGICAL, AND 

PHYSIOLOGICAL EFFECTS 

1. Summary 

Weaning is a stressful event for piglets.  Odors and pheromones may decrease 

aggressive behavior and improve performance in groups of newly-weaned pigs.  The 

objective of this study was to determine the effects of exposure to odors and pheromones 

following acute weaning stress on behavior, immunology, and plasma cortisol 

concentrations.  Pigs (n = 7 blocks per treatment) were separated from the sow, 

transported for 30 min and isolated in a room for 30 to 60 min with a randomly-assigned 

treatment: control (CON, water), amyl acetate (AA), or maternal pheromone (MP).  

Blood samples were taken before transport (T1), after transport (T2), and after exposure 

to the treatment (T3) to assess immunologic parameters and cortisol concentration.  

Cortisol concentration rose (P < 0.0001) within 30 min of the onset of weaning stress 

(T1: 28.0 ng/mL ± 6.68; T2: 108.7 ng/mL ± 6.44) and remained elevated (T3: 92.1 

ng/mL ± 6.44).  The percentage of neutrophils increased (P = 0.0006) and the percentage 

of lymphocytes decreased (P = 0.001) after exposure to AA.  Exposure to MP increased 

neutrophil chemotaxis (P = 0.016) compared to before exposure.  Neutrophil 

phagocytosis tended to decrease (P = 0.062) within 30 min of the onset of weaning stress 

(T1: 56.6% ± 6.01; T2: 36.2% ± 5.8).  No differences were recorded (P > 0.05) in 
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lymphocyte proliferation to mitogens.  Behavioral data were continuously recorded 

during exposure to the treatment.  Pigs exposed to AA and MP spent less (P < 0.029) 

time standing (AA: 28.0% ± 3.92; MP: 29.0% ± 3.92) compared to CON pigs (45.1% ± 

4.38) and the latency to the first escape attempt was shorter (P = 0.03).  Weaning caused 

an increase in cortisol and a simultaneous decrease in neutrophil phagocytosis.  Exposure 

to MP decreased activity and increased chemotaxis but did not decrease the weaning-

associated rise in plasma cortisol concentrations.  Modifying the post-weaning olfactory 

environment has the potential to decrease the stress of weaning in pigs. 

keywords:  odors, pheromones, pigs, weaning 

2. Introduction 

Stress was defined as a disruption of the state of homeostasis (Chrousos and Gold, 

1992).  Physical and psychological stressors activate the sympathetic nervous system 

(SNS) and the hypothalamo-pituitary-adrenal axis (HPA) (Anisman and Merali, 2002; 

Black, 2002).  Corticotropin-Releasing Hormone (CRF) is released from the 

paraventricular nucleus (PVN) of the hypothalamus and stimulates the secretion of 

Adrenocorticotropin Hormone (ACTH) from the anterior pituitary (Minton and Parsons, 

1993; Abel and Majzoub, 2005).  Glucocorticoids (cortisol) are released from the zona 

fasciculata of the adrenal cortex in response to the increase of ACTH (Bale and Vale, 

2004; Black, 2002).  The stress response includes neuroendocrine, physiological, 

immunologic and behavioral phenomena. 

Weaning is a stressful event to piglets (Blecha et al., 1985; Boissy and Bouissou, 

1988; Fraser and Broom, 1998).  Mixing causes increased aggressive behavior that can 

lead to injuries (Friend et al., 1983; McGlone and Curtis, 1985).  Aggressive behavior 
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after weaning can be reduced by spraying the pens with a maternal pheromone (McGlone 

and Anderson, 2002).  The mechanisms of reducing stress using an odor have not been 

established. 

The objective of this study was to assess the effects of maternal pheromone on 

reducing stress in isolated and transported pigs at weaning using an integrative approach.  

The hypothesis was that the maternal pheromone applied at weaning reduced stress 

among weaned pigs compared to a control odor, water, or a novel non-ethologically 

relevant odor, amyl acetate (banana smell). 

3. Materials and methods 

3.1. Animals and procedures 

To conduct this experiment, 28 gilts (PIC USA 14 to 20-d old, average 15 d) were 

tested.  The litter was the block (n = 7 blocks per treatment).  Within each litter, three 

gilts were randomly assigned a treatment among: control, maternal pheromone and amyl 

acetate. 

The experiments were all conducted at the same time of the day (one block per day) 

to prevent variation due to the circadian rhythm.  Each gilt was removed from the sow, 

weighed then held in a supine position and 10 mL of blood were obtained by anterior 

vena cava puncture to serve as a baseline for immune measures and cortisol 

concentration.  The three gilts were then placed in a cage with wood shavings and 

transported for 30 min to the university facilities for testing.  Upon arrival at the 

university facilities, the pigs were unloaded and another 10 mL blood sample was 

collected to assess the pigs response to transport stress and as a baseline to the treatment.  
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Each treatment was delivered in a separate room.  The maternal pheromone and control 

treatments were randomly assigned one of two rooms.  The amyl acetate treatment was 

always assigned the same room because the smell was strong.  All rooms were kept at 

23° C and contained a crate (plastic flooring, 0.84 m* 0.44 m*0.78 m) with a water 

nipple drinker.  Opposite the water nipple, a window-type screen made of metal meshing 

was taped to the sides of the crate and 20 mL of control (water), amyl acetate (Sigma 

Chemicals, St Louis, MO) or maternal pheromone (Suilence®, CEVA Santé Animal, 

Libourne, France) were applied with a disposable paintbrush prior to placing the pig in 

the crate.  Following the second blood sample, each pig was placed in the crate and 

exposed to its assigned treatment/room. 

The control-pig was removed 30 min after being placed in the crate and a third 10 mL 

blood sample was collected to assess the effects of isolation without any odor exposure. 

The cages, the rooms, the screens and the drinkers were washed from one replication to 

another.  All procedures were approved by the Animal Care and Use Committee. 

3.2. Measures collected 

3.2.1. Behavioral measures 

Behavior was recorded using overhead cameras (Panasonic wv-BP70 and Panasonic 

wv-CP412) and time-lapse VCRs (Panasonic, TL 500) on 2-h mode.  The behaviors were 

scored with The Observer 5.0 (Noldus, Leesburg, PA) and were mutually exclusive 

within a category.  The maintenance behaviors recorded included standing, sitting, lying, 

and escaping.  The orientation of the snout was described as snout towards the screen, 

towards the drinker or towards the sides of the cage.  The oral-nasal-facial (ONF) 
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behaviors directed towards the treatment or the drinker included licking, rubbing, rooting 

and chewing with the face, mouth or snout (Table 3.1).  The latency and duration of each 

behavior was recorded. 

3.2.2. Immunologic measures 

Blood samples were collected over EDTA..  Control, amyl acetate and maternal 

pheromone-treated pigs were sampled before transport, after transport, and after exposure 

to the treatment.  Whole blood was collected for determination of leukocyte differential 

counts, neutrophil chemotaxis and neutrophil phagocytosis and mitogen-induced 

lymphocyte proliferation assays using previously validated techniques.  Plasma was 

collected for the analysis of cortisol concentrations. 

Whole blood smears were fixed in methanol and stained using Lekostat I and II 

solution (Fisher Scientific, Houston, TX) and viewed under a light microscope to 

determine leukocyte differential percentages.  The neutrophil to lymphocyte ratio (N:L) 

was calculated by dividing the percentage of neutrophils by the percentage of 

lymphocytes.   

Lymphocytes and neutrophils were isolated from 10 mL of whole blood by density 

gradient centrifugation using Histopaque-1077 (density = 1.077 g/mL; Sigma, St. Louis, 

MO) and Histopaque-1119 (density = 1.119 g/mL; Sigma).  Whole blood was diluted 

with Roswell Park Memorial Institute (RPMI) media and layered over Histopaque-1077 

and -1119 (Sigma), then centrifuged at 700 × g for 30 min at room temperature.  

Lymphocytes were collected from the 1077 layer, washed twice in RPMI, resuspended, 

and counted.  Neutrophils and RBC were removed from the 1119 layer and washed once 
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in RPMI.  Red blood cells were lysed using cold endotoxin-free water and isotonicity was 

restored using 10× PBS.  Neutrophils were centrifuged for 10 min at 475 × g.  The 

supernatant was decanted, the pellet was washed twice and resuspended in RPMI. 

Neutrophil chemotaxis and chemokinesis were determined by methods previously 

described (Hulbert and McGlone, 2006).  Briefly, a modified Boyden chamber (Neuro 

Probe, controlabin John, MD) was used to measure the migration of neutrophils across a 

polyvinylpyrrolidone-free filter (pore size 5 μm; Neuro Probe) towards media 

(chemokinesis) or towards recombinant human complement-control5a (chemotaxis).  The 

filter was fixed and stained using Lekostat I and II solution (Fisher Scientific, Houston, 

TX).  Only the neutrophils that migrated through the filter were counted.  Five fields per 

well of the cells were counted in a blind fashion at 1,000x magnification.  Neutrophil 

phagocytosis was determined by assays previously described by Hulbert and McGlone, 

(2006).  Briefly, neutrophils were incubated with latex beads (0.807 μm diameter, Sigma) 

opsonized with porcine serum, then the neutrophil/bead mixture was spun down using a 

cytofuge microcentrifuge (controlytofuge 2, model M801-22, StatSpin, Inc., Norwood, 

MA) for 2 minutes at 9,693 x g.  The slides were fixed and stained using Lekostat I and II 

solution (Fisher Scientific).  One hundred neutrophils were counted per slide.  The 

number of neutrophils that engulfed beads and the average number of beads phagocytized 

per cell was quantified by light microscope. 

Lymphocyte proliferation was measured using a commercially available non-

radioactive cell proliferation assay (Promega, Madison, WI)  Briefly, lymphocytes were 

adjusted to 5 × 106 cells/mL and placed in triplicate on a sterile 96-well flat-bottom plate.  

The mitogen concanavalin A (ConA; Sigma) and lipopolysaccharide (LPS; Sigma), 
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respectively, were added at 0, 25, and 50 μg/ml.  Plates were incubated for 72 hours at 

37oC under 5% CO2 in a humidified incubator.  Fifteen µL of dye solution was added to 

each well, and plates were incubated 4 hours.  Stop solution (100 μl) was added, plates 

were incubated overnight at 37oC and then read using a microplate reader (BIO-TEK 

Instruments) at wavelength 550 nm with reference wavelength 690 nm. 

3.2.3. Cortisol concentration 

To determine if the variation in cortisol concentration was due to the treatments and 

not to a natural circadian variation, a complementary study was conducted.  Four gilts (14 

d old) from one litter were selected and 2.5 mL of blood were collected over EDTA at 

0730 (average time ‘before transport’ in the main study), 0900 (average time ‘after 

transport’ in the main study), 0930 (average time ‘after exposure’ of control-treated pig), 

1000 and 1030 (average times ‘after exposure’ to maternal pheromone or amyl acetate-

treated pig). 

Cortisol concentrations in the samples of the complementary study and the main 

study were measured using an enzyme immunoassay kit (Assay designs, Ann Arbor, MI).  

The intra-assay variation was 10.2% and the inter-assay variation was 9.2%. 

3.3. Statistical analysis 

Prior to statistical analyses the behavioral data were transformed to normalize the 

data.  The percentages of neutrophils, lymphocytes, monocytes, eosinophils and basophils 

were also transformed.  Correlations between the duration of exposure to the treatment 

and behavioral and immunologic data were assessed to determine if only the first 30 min 

of behavior should be analyzed.  The duration of exposure did not correlate (P > 0.05) 
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with any of the behavioral or immunologic measures.  The data were analyzed using the 

general linear model procedure in SAS (SAS Inst., Inc., Cary, NC, Version 9.1, 2002-

2003).  The pig was the experimental unit and the litter was the block.  The model 

included the effects of treatment, time, block, treatment × block, and treatment × time. 

Correlation coefficients were calculated between immunologic and cortisol measures 

using Proc Corr (SAS Inst., Inc., Cary, NC, Version 9.1, 2002-2003). 

4. Results 

4.1. Behavioral measures 

Pigs exposed to amyl acetate or maternal pheromone spent less (P = 0.03) time 

standing and more (P = 0.03) time lying down (Table 3.2) compared to control pigs.  The 

latency to the first lying event tended to be shorter (P = 0.075) among amyl acetate and 

maternal pheromone pigs compared to control pigs (Table 3.3).  The latency to the first 

escape attempt was shorter in amyl acetate and maternal pheromone pigs compared to 

control pigs.  The position of the snout and oral-nasal-facial behaviors, both duration and 

latency, were not affected (P > 0.05) by the treatment (Tables 3.2 and 3.3). 

4.2. Cortisol measures 

Plasma cortisol concentrations increased (P < 0.0001) following transport (Table 3.4).  

Exposure to the treatment did not decrease (P > 0.05) cortisol concentration.  

A concurrent study conducted to measure the natural variation of cortisol throughout 

the morning indicated that cortisol concentration was not affected (P > 0.05) by the time 

of sampling (between 0730 and 1030).  The changes in cortisol obtained in the 

experiment were therefore solely due to the experiment and not to the circadian rhythm. 
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4.3. Immunologic measures 

Lymphocyte proliferation to ConA and LPS were not (P > 0.05) affected by the 

treatment or time (Table 3.4).  Time affected the percentage of lymphocytes (P = 0.001), 

neutrophils (P = 0.0006), eosinophils (P = 0.045), neutrophil:lymphocyte (N:L) ratio (P = 

0.0004) and neutrophil chemotaxis (P = 0.033) and tended (P = 0.062) to affect 

neutrophils phagocytosis.  After transport, the percentage of eosinophils was decreased 

(P < 0.05) and neutrophil phagocytosis was decreased (P < 0.05) compared to before 

transport.  After exposure to the treatment, neutrophils phagocytosis increased (P < 0.05) 

to reach a level similar to before transport.  After exposure to the treatment, the 

percentage of neutrophils increased (P < 0.05), the percentage of lymphocytes decreased 

(P < 0.05), the N:L ratio increased (P < 0.05) and neutrophils chemotaxis increased (P < 

0.05) compared to after transport.   

Treatment affected neutrophil chemotaxis (P = 0.016): maternal pheromone pigs had 

a higher (P < 0.05) chemotaxis (213.7 neutrophils/5 fields ± 35.9) than amyl acetate pigs 

(106.6 neutrophils/5 fields ± 40.3) but control pigs were not different (P > 0.05) from 

maternal pheromone or amyl acetate pigs for the chemotaxis (195.9 neutrophils/5 fields ± 

42.0).  Exposure to maternal pheromone increased (P < 0.05) neutrophils chemotaxis 

compared to before and after transport (Figure 3.1). 

4.4. Correlations 

The percentage of neutrophils that phagocytized decreased (r = -0.30, P = 0.025) 

when cortisol concentration increased, but as cortisol increased, the average number of 
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beads phagocytized tended to increase (r = 0.276, P = 0.076).  Also, when the percentage 

of neutrophils decreased, phagocytosis increased (r = -0.28, P = 0.044). 

The percentage of time spent lying increased (r = 0.48, P = 0.03) with increasing 

cortisol concentration before exposure to the treatment and decreased with increasing 

escape attempts (r = -0.61, P = 0.004).  The sooner pigs made contact with the treatment 

and the more time they spent with their snout towards the screen the more they tried to 

escape (r = 0.53, P = 0.029 and r= 0.55, P = 0.01). 

5. Discussion 

This study confirmed that a combination of weaning and transportation was stressful.  

The 3-fold increase in plasma cortisol concentration occurred within 30 min of the onset 

of the stressor and remained for at least 60 min.  None of the treatments reduced cortisol 

concentration but Warris et al. (1992) showed that cortisol concentration following a 1-h 

transport stress did not return to the baseline level before a 2-h to 3-h rest.  Hunger and 

separation from the sow were additional aspects of the stress of weaning.   

Stress was shown to impact the immune system in many species including the pig 

(Elenkov and Chrousos, 2002; Salak-Johnson and McGlone, 2006).  In this study, 

transport and weaning stress decreased neutrophil phagocytosis within the first 30 min.  

This confirms that decreased neutrophils phagocytosis is an indicator of stress as it 

correlates with increasing cortisol (Salak et al., 1993; Salak Johnson et al., 1997).  

However, cortisol also correlated with increased number of beads phagocytized.  

Therefore, the consequence of weaning stress was that cortisol increased while the 

number of neutrophils phagocytizing decreased, and the neutrophils each engulfed more 

beads. 
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Treatments did not impact the duration of ONF behaviors.  Based on elevated cortisol 

concentrations, the hypothalamic-pituitary-adrenal axis was activated by the 

weaning/transport experience.  Previous research showed that pigs injected icv with CRF 

displayed extensive ONF behaviors (Salak-Johnson et al., 1997) and sequences ONF-

stand (Salak-Johnson et al., 2004).  Increased display of ONF behaviors also indicated 

stress in sows (von Borrell and Hurnik, 1991; Salak-Johnson et al, 2004; Hulbert and 

McGlone 2006).  The ONF behaviors may not be elevated among pigs exposed to 

weaning stress as it is with central CRF administration.     

Oral nasal facial behaviors express exploratory behavior and therefore fear (Toates, 

1980).  Escape attempts may also indicate fear.  The sooner pigs made contact with the 

treatment and the more time they spent facing the treatment the more they tried to escape.  

The more they tried to escape, the less they laid down.  Investigating the treatment 

triggered fear, and if the treatment was amyl acetate or maternal pheromone, pigs tried to 

escape sooner than if it had water.  However, pigs tended to lie down sooner and spent 

more time lying down when exposed to maternal pheromone or amyl acetate compared to 

control.  This can be interpreted as either decreased stress or fatigue.  

When cortisol concentrations before exposure to the treatment were elevated, pigs 

spent more time lying down.  Individual pigs that experienced more stress as evident by 

elevated cortisol may have depleted energy stores and became fatigued more-so than pigs 

that did not have as high a rise in plasma cortisol. 

After transport, neutrophil phagocytosis was decreased compared to before transport.  

The percentage of eosinophils was also decreased after transport compared to before 

transport, which may show a deactivation of the Th2 response as eosinophils are activated 



Texas Tech University, Nadège Krebs, December 2007 

 48

by cytokines produced by Th2 cells.  Exposure to maternal pheromone increased 

neutrophil chemotaxis by 103% compared to before exposure, meaning that neutrophils 

would move more quickly to the site of inflammation.  This positive effect on the 

immune system is consistent with the improvement in performance previously reported 

among maternal-pheromone-treated pigs at weaning (McGlone and Anderson, 2002).  

However, when the baseline neutrophil chemotaxis was used as a covariate, no treatment 

effect was observed.  Therefore the increase in neutrophil chemotaxis following exposure 

to maternal pheromone may occur only when neutrophil chemotaxis is already elevated. 

Exposure to the treatments increased the percentage of neutrophils, decreased the 

percentage of lymphocytes and increased the N:L ratio, which indicate a greater stress 

response compared to before exposure.  Before exposure, pigs were separated from the 

sow and exposed to transport stress but they remained together.  The increase in stress 

after exposure to the treatments compared to after transport may be due to the isolation in 

separate rooms or to the timeframe, 60 to 90 min after the onset of weaning.  However, 

after exposure to the treatment, neutrophil phagocytosis had increased and was not 

different from before transport, which may illustrate homeostasis.  While transport 

increased cortisol concentration and transiently decreased neutrophil phagocytosis, 

prolonged isolation and/or exposure to the treatment increased the percentage of 

neutrophils. 

Lymphocyte proliferation (is an indicator of cell-mediated immune response and was 

not affected in this study, while other acute stressors such as restraint stress (Burdick et 

al., 2006), prenatal and social isolation stress reduced lymphocyte proliferation 

(Tuscherer et al., 2002; Kanitz et al., 2004).  Intracerebroventricular injection of CRF and 
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ACTH-induced cortisol release also reduced proliferation of lymphocytes to Con-A in 

pigs (Johnson et al 1994; Wallgren et al., 1994).  Odor-induced stress also affected 

lymphocyte proliferation in mice. Chronic exposure of mice to alarm pheromones present 

in the blood decreased lymphocyte proliferation to Con-A and IL-2 production from the 

splenocytes and natural killer cell cytotoxicity to YAC-1 tumor cells in mice (Cocke et 

al., 1993).  The 3-fold increased in cortisol observed in our study did not decrease 

lymphocyte proliferation.  Mechanisms of brain-immune changes associated with 

weaning stress are likely different than for restraint and social stressors.  

6. Conclusion 

Exposure of weaned piglets to odors and pheromones resulted in less activity overall 

although exploring some odors may have triggered additional fear.  The maternal 

pheromone increased neutrophil chemotaxis. 
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Table 3.1.  Definition of the observed behaviors19 

Behavior  Description 
Maintenance  
Standing Animal supported by all legs with or 

without locomotion 
Lying Animal not supported by its legs 
Sitting Animal supported by front legs only 
Escaping Raising on hind legs, front legs on the 

crate, attempting to jump out of the crate 
Position of the snout  
Snout towards the treatment (screen) Snout directed towards the screen, 

performing ONFa behaviors or not  
Snout towards drinker Snout directed towards the drinker; 

performing ONFa behaviors or not 
Snout towards the sides Snout directed towards the sides; 

performing ONFa behaviors or not 
Oral Nasal Faciala behavior   
Towards the treatment (screen) (includes ONF towards the tape around the 

screen) 
Towards the drinker (includes drinking) 
 

a rubbing, sniffing, licking, biting, touching with the mouth, snout or face; a non-feeding 

behavior by definition. 

                                                 
19  Adapted from Hurnik et al., 1995 and Dailey and McGlone, 1997  
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Table 3.2.  Effects of the treatment on the duration of maintenance behaviors, orientation 
of the snout and Oral-Nasal-Facial behaviors. 
 
 

  Treatment P-value 
 Control Amyl Acetate Maternal 

pheromone 
Treatment

N 6 7 7  
Maintenance 
behavior, % 

          

Standing 45.1a ± 4.38 28.0a ± 3.92 29.8b ± 3.92 0.029 
Lying 52.3a ± 4.06 67.5a ± 3.63 68.1b ± 3.63 0.028 
Sitting 1.00 ± 0.54 0.90 ± 0.48 0.055 ± 0.48 0.270 
Escaping  1.60 ± 0.83 3.60 ± 0.74 1.98 ± 0.74 0.293 
Orientation 
of the snout, 
% 

          

Snout towards 
the treatment 
(screen) 

35.2 ± 14.8 37.6 ± 13.2 28.5 ± 13.2 0.856 

Snout towards 
drinker 

49.5 ± 14.2 50.0 ± 12.7 61.7 ± 12.7 0.730 

Snout towards 
the sides of the 
crate 

15.3 ± 3.33 12.5 ± 2.98 9.80 ± 2.98 0.443 

Oral Nasal 
Facial 
behavior, %  

          

Towards the 
treatment 
(screen) 

11.9 ± 5.39 2.64 ± 4.82 3.73 ± 4.82 0.459 

Towards the 
drinker 

1.04 ± 0.37 0.82 ± 0.33 0.65 ± 0.33 0.799 

 
 
a, b differ at P < 0.05 
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Table 3.3.  Effects of the treatment on the latency (s) to maintenance behaviors, 
orientation of the snout and Oral-Nasal-Facial behaviors. 
 
 
 Treatment P-value 
 Control Amyl Acetate Maternal 

pheromone 
Treatment

N 6 7 7  
Latency (s) to:           
Lying 707.9a ± 96.2 388.5b ± 86.0 454.2b ± 86.0 0.075 
Sitting 225.1 ± 197.2 1312.3 ± 148.0 713.4 ± 182.3 0.235 
Escaping  324.2a ± 51.4 136.5b ± 53.1 88.1b ± 53.1 0.030 
Latency (s) to 
orient the 
snout: 

          

Snout towards 
the screen 

23.4 ± 10.2 26.8 ± 9.12 37.6 ± 9.12 0.555 

Snout towards 
drinker 

1.55 ± 5.13 9.5 ± 4.59 0.00 ± 4.59 0.335 

Snout towards 
the sides of the 
crate 

8.14 ± 8.24 23.8 ± 7.37 22.3 ± 7.37 0.345 

Latency (s) to 
perform Oral 
Nasal Facial 
behavior  

          

Towards the 
screen 
(treatment) 

178.5 ± 185.3 623.1 ± 211.3 174.6 ± 185.3 0.252 

Towards the 
drinker 

442.0 ± 249.0 442.0 ± 214.1 300.3 ± 220.8 0.893 

 
 
a, b differ at P < 0.05 
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Table 3.4. Effects of the time on immunologic measures and on cortisol level. (n= 7 blocks per treatment).  
 Time P-values 
 Before transport  After transport  After exposure to 

treatment 
Time Trt Trt*Time

White blood cell 
count 

              

Lymphocytes (%)) 65.0a ± 2.07  61.4a ± 2.26  53.1b ± 1.87 0.001 0.617 0.143 
Neutrophils (%) 32.2a ± 2.08  36.4a ± 2.27  44.9b ± 1.89 0.0006 0.355 0.347 
N:L    0.510a ± 0.071     0.626a ± 0.077    0.931b ± 0.0164 0.0004 0.339 0.164 
Monocytes (%) 2.00 ± 0.426  2.49 ± 0.467  2.09 ± 0.387 0.694 0.169 0.438 
Eosinophils (%)    0.641a ± 0.135     0.129b ± 0.148    0.173b ± 0.123 0.045 0.275 0.542 
Basophils (%) 0.00 ± 0.036  0.00 ± 0.039    0.048 ± 0.032 0.408 0.820 0.458 
Neutrophil 
migration, cells 
per fields 

              

Chemotaxis 122.2a ± 36.9  141.1 ± 37.9  253.6b ± 39.3 0.033 0.016 0.644 
Neutrophils 
phagocytosis 

 ±    ±    ±     

Phagocytosis (%)  56.6a ± 6.20   36.2b ± 5.98  42.8a,b ± 5.93 0.062 0.770 0.991 
Phagocytosis 
(beads/cell) 

2.62 ± 0.77  2.96 ± 0.95  2.51 ± 0.82 0.510 0.694 0.433 

Lymphocyte 
Proliferation* 

              

Lipopolysaccharide 
(LPS) 

101.9 ± 5.46  100.4 ± 4.62  102.4 ± 4.39 0.945 0.588 0.672 

Concanavalin A 110.8 ± 9.49  103.8 ± 7.46  109.2 ± 7.54 0.815 0.437 0.725 
Plasma cortisol 
(ng/mL) 

28.0a ± 6.68    108.7b ± 6.44    92.1b ± 6.44 <0.0001 0.877 0.755 

               
  a, b means differ, P < 0.05 and * proliferation index (×100) 
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Figure 3.1.  Effect of the treatment on neutrophil chemotaxis, n = 7 blocks per treatment, 
P = 0.03 
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CHAPTER IV 
 

DOES FLAVORED SOW MILK MATCHED WITH THE SAME 

FLAVORED POST-WEANING FEED IMPROVE PERFORMANCE, 

REDUCE POST-WEANING AGGRESSION AND ESTABLISH AN 

ODOR PREFERENCE IN PIGLETS? 

1. Summary 

The objective of this study was to determine the effects of post-partum exposure of 

piglets to onion given in the sow diet and subsequently through the milk on behavior and 

performance of piglets weaned onto onion-flavored feed.  Sows (n = 24) and piglets (n = 

96) were assigned (n = 12 litters/treatment) to onion (ON) added to the sow diet before 

and after parturition or control diet (CON).  Before weaning, piglets from ON-fed or 

CON-fed sows were tested in a Y-maze for 1 minute to determine if they expressed a 

preference for onion odor (Preference Index, PI).  At weaning, ON and CON pigs were 

kept in treatment groups and given an onion-flavored diet.  Aggressive behavior was 

recorded by 5 min scan samples for 24 h after weaning and performance was recorded for 

4 weeks post-weaning.  Piglets exposed to onion froze/attended the ON smell more (P < 

0.01, df = 1, χ² = 6.84) compared to CON (15.8% vs 4.6%) but the treatment did not (P > 

0.05) affect the PI to ON odor and ON-piglets did not display any specific preference for 

ON odor.  Overall, the treatment did not affect (P > 0.05) the percentage of time spent in 

aggressive behavior (4.5% vs. 5.7% ± 0.88) for the ON and CON respectively, but the 

treatment by hour interaction tended (P < 0.07) to be significant. ON-pigs spent less time 
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(P < 0.05) fighting at certain hours of the day compared to CON-pigs.  Pigs exposed to 

ON were lighter (P < 0.05) at d 0 (day of weaning) compared with CON-pigs and this 

affected weight at d 1, 7, 14, 21, and 28 after weaning.  Weight loss at d 1 was greater (P 

< 0.05) among ON pigs (-0.21 kg/pig ± 0.05 or -3.1% of weight d 0) compared to CON 

pigs (-0.033 kg/pig ± 0.05 or -0.42% of weight d 0).  Treatments did not influence (P > 

0.10) weekly weight gain, feed consumption and feed efficiency.  Odor exposure had no 

effect on onion preference in a Y-maze or on post-weaning performance, but odor 

exposure reduced piglet post-weaning aggressive behavior at certain times of the day. 

keywords: behavior, exposure, milk, pigs 

2. Introduction 

Weaning is a stressful event for piglets.  At weaning, pigs are separated from their 

mother and often mixed with new littermates (Fraser et al., 1998).  A new social 

dominance is established via aggressive encounters.  Aggressive behaviors often result in 

injuries, (Friend et al., 1983; McGlone and Curtis, 1985; Rundgren and Lofquist, 1989) 

which increase stress and decrease welfare.  Weaning also involves a change of diet from 

milk to pellets.  The low feed intake resulting from the combined effects of maternal 

separation, transport, mixing and a change in diet may contribute to temporary weight 

loss in pigs observed after weaning (Leibrandt et al., 1975).  Weaning remains a 

challenge to the state of welfare of the animals and ways to reduce the stress caused by 

weaning should be implemented. 

Pigs use their senses in all major behaviors including feeding, social, sexual, mother-

young relationships, and orientation.  Exposure to sensory stimuli can influence 

performance and behavior.  At weaning, pigs exposed to the playbacks of sow nursing 
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grunts tended to have a higher average daily gain compared to control pigs even though 

they spent less time performing feeding behaviors (Torrey and Widowski, 2004).  The 

addition of cheese, meaty and sweet, or sweet molasses caramel flavors to the starter diet 

improved feed intake and weight gain during the first week post-weaning when the pigs 

were offered a choice of feed in a T-maze (McLaughlin et al., 1983). 

Morrow-Tesch and McGlone (1990) showed that nursing piglets preferred maternal 

odors to new odors and could discriminate between their mother’s and another lactating 

sow’s odors.  Rhode Parfet and Gonyou (1991) confirmed that newborn piglets spent 

more time close to maternal odors compared to water. 

Onion, garlic and other sulfur-containing compounds have been shown to flavor the 

milk of many species (Knight and Walter, 2003).  Flavors added to the lactating sow’s 

diet and to the starter diet stimulated feed consumption in weaned pigs (Campbell, 1976; 

King, 1979), but had no effect on post–weaning performance. 

The objective of this study was to expose piglets to onion via the milk during 

lactation and to assess the effects of exposure on nursing piglet preference for onion odor 

and on pigs’ post-weaning performance and behavior.  The first hypothesis was that 

piglets whose mothers had been fed the onion-flavored diet would show a preference to 

onion smell in a Y-maze when tested during the lactation period.  The second hypothesis 

was that pigs that had been exposed to onion via the milk would have better performance 

and display less aggressive behavior when offered an onion-flavored diet at weaning 

compared to pigs offered the same onion-flavored diet that had never experienced onion.  

Flavoring nursery pig diet to improve palatability is a common procedure in commercial 
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farms.  If the flavor was associated to the maternal environment, feed may be accepted 

more readily and decrease weaning stress related to low feed intake. 

3. Materials and methods 

3.1. Animals and procedures 

A total of 24 sows (PIC USA) and 96 pigs (4 pigs/sow) were used for the study (12 

control (CON) sows and 12 sows fed the onion-flavored diet (ON)).  During the lactation 

period, 188 pigs were used for Y-maze testing and 96 of them were then selected for the 

post-weaning performance trial.  The experiments were conducted in March, April and 

September 2006 at the Texas Tech University swine center (Lubbock, TX, USA).  Each 

treatment had 12 litter-replications, and four litters were examined simultaneously.   The 

lactating sows’ onion diet was prepared by adding 1% onion powder (Allium Cepa, Spice 

Barn Inc., Lewis Center, OH) to the standard lactating sow diet.  The onion-flavored diet 

was provided to sows starting at least one day prior to the expected date of parturition.  

Treated sows (ON) were fed the onion diet for the entire length of lactation (21 to 29 d).  

The control sows (CON) were fed the standard gestation diet.  To avoid any odor 

contamination, the CON sows and the ON sows were in the same building but in two 

separate farrowing rooms.  Treatments were randomly assigned in each room, with rooms 

alternated between successive groups of pigs.  All protocols were approved by the 

Institutional Animal Care and Use Committee. 

3.1.1. Y-maze testing before weaning 

At 15-20 d of age, litters of piglets from the CON sows (n = 87 pigs) and from the 

ON sows (n = 101 pigs) were removed one after each other and transported to a different 
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building for preference testing.  All piglets (from ON and from CON sows) were weighed 

and exposed for one minute in the Y-maze, with the onion odor (ON) on one side and air 

(control, CON) on the other side with sides randomized so that half the piglets of a litter 

were exposed to the onion in the right arm of the Y-maze and half the piglets were 

exposed to onion in the left arm of the Y-maze.  The Y-maze was an apparatus made of 

plywood covered with a layer of non-water absorbent inodorous epoxy paint.  The main 

arm was 1.5 m * 0.43 m while the two arms were each 1.5 m * 0.30 m.  The angle 

between both arms was 90°.  The walls of the Y-maze were 0.60 m high.  At the 

extremity of each arm, a sliding screen made of plywood had a window covered with 

aluminum wire mesh, at piglet height.  Behind the sliding screen, a cinderblock held a 

Petri dish containing ON smell (freshly-cut onion: 60 g of white onion + 60 g of yellow 

onion + 60 g of sweet onion: the onion powder that was used to make the sow feed could 

not be used because it was too volatile) or nothing (CON).  A 30 cubic feet per meter fan 

(blade diameter 55 mm) positioned behind the cinderblock blew the odor towards the Y-

maze arm.  The fan and screen were specific to each odor (CON or ON).  Once the pigs 

were placed in the main branch of the apparatus, the experimenter left the room.  Black 

plastic tarp curtains around the Y-maze apparatus reduced sources of distractions.  The 

apparatus was washed (with water) and dried with paper towels if it was soiled by urine 

or feces. 

The location of the piglet was recorded using an overhead camera (Panasonic wv-

BP70 and Panasonic wv-CP412) and a VCR (Panasonic, TL-500, on 2-h mode).  The 

video files were watched at a speed of 60 frames/s.  The data were summarized using The 

Observer 5.0 (Noldus, Leesburg, PA).  If the pig remained in the main branch of the Y-
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maze this was referred to as ‘freezing’ behavior or alert immobility/attending the smell, 

no Preference Index (PI) could be evaluated because there was no preference.  Among 

piglets that did not freeze/attend the smell, the time the pig spent in the arm whose 

extremity contained the treatment was divided by the total time spent in both arms 

(excluding the main arm) to obtain a PI, expressed in percentage.  A PI superior to 50% 

indicated a move towards the treatment while a PI inferior to 50% indicated a move away 

from the treatment.  A PI of 50% was neutral.  A weighted PI was calculated: 

Weighted PI = {(number of piglets that spent more than 50% of their time towards 

onion smell* average PI when piglets spent more than 50% of their time towards onion 

smell) + (number of piglets that spent less than 50% of their time towards onion smell* 

average PI when piglets spent less than 50% of their time towards onion smell)} / (total 

number of piglets that did not freeze/attend the smell). 

The initial response, direction of the first move towards the ON or the CON arm, was 

recorded.  The percentage of piglets that initially moved towards ON or CON was 

calculated.  The data were analyzed using  Chi-square to determine if the percentage of 

pigs that froze/attended the smell and preferred.ON was independent form the treatment.  

The weighted PI was compared to 50% using a Student’s t-test. 

3.1.2. Post-weaning performance and behavior monitoring 

Pigs were weaned at 21-29 d, between 0700 h and 0900 h.  At weaning, the pigs 

coming from the ON sows were grouped by four, one from each sow, two males and two 

females per pen, and placed in nursery pens.  The pigs coming from the CON sows were 

grouped by four as well.  All pigs were in the same nursery room.  The temperature and 

ventilation were automatically controlled and the temperature was maintained at 30° C.  
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Each nursery pen was 2.46 * 1.20 m and had an aluminum feeder and a water nipple.  To 

avoid an effect on performance due to a nutritional value of onion, all piglets were fed 

standard diet containing 1% onion (Allium Cepa, Spice Barn, Lewis Center, OH), 

throughout the four weeks of the post-weaning trial.  The pigs were fed ad libitum. 

Treatments were: CON: control in lactation plus onion-flavored feed in nursery (12 

pens of four piglets) and ON: onion in lactation plus onion-flavored feed in nursery (12 

pens of four piglets).  The pen was the experimental unit.  Four pens were on the west 

side of the room and four pens were on the east side, separated in the middle by an empty 

pen to avoid an eventual social facilitation at the feeder.  The variable ‘pen side’ therefore 

referred to the west or east side of the room.  The four ON experimental units and the 

four CON experimental units were randomly assigned the four pens on the west side or 

the four pens on the east side.  Among the experimental units that had been exposed to 

ON, eight were on the west side of the room (ON/west, n = 8) and four on the east side 

(ON/east, n = 4) while among the experimental units that had not been exposed to ON, 

four were on the west (CON/west, n = 4) and eight on the east side (CON/east, n = 8). 

Weaning day was referred to as d 0.  The pigs were weighed at d 0, d 1, d 7, d 14, d 

21 and d 28.  The individual weight gain between d 0 and d 1, d 0 and d 7, d 7 and d 14, d 

14 and d 21, d 21 and d 28 and d 0 and d 28 was calculated.  The individual average daily 

gain, feed consumption and feed efficiency were calculated for each period. 

Aggressive behavior in nursery pens were recorded for 24 h (overhead view) using an 

overhead camera (Panasonic wv-BP70 and Panasonic wv-CP412) and a time-lapse VCR 

(Panasonic, TL-500, on 72-h mode) with continuous lighting.  Aggressive behavior was 

defined as two or more pigs turning around each other, trying to attack the neck and ear 
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region or the rest of the body, usually spinning and chasing each other.  The behavioral 

data were collected using The Observer 5.0 (Noldus, Leesburg, PA) using scan-samples 

every 5 min (method validated in our lab).  The percentage of observations where pigs 

were engaged in aggressive behavior (based on the frequency of fights, obtained by 

dividing the number of occurrences of aggressive behavior by the appropriate factor, i.e., 

12 for 5 min scan samples) was recorded for 24 h post-weaning for each hour starting at h 

0, hour of weaning. 

3.2. Statistical analysis 

A 2 × 2 χ² analysis determined if the percentage of pigs that froze/attended the smell 

was dependent on the treatment.  Among pigs that did not freeze/attend the smell, a 2 ×  2 

χ² analysis determined if the percentage of pigs that were attracted to ON (PI > 50%) or 

repulsed by ON (PI < 50%) was different from 50% and if the weighted PI to ON was 

different from 50% for ON and CON pigs.  A 2 × 2 χ² analysis determined if the 

percentage of pigs whose first move was towards the ON arm was dependant on the 

treatment.   Additional 2 × 2 χ² analyses determined if the percentage of pigs whose first 

move was towards the ON arm was dependent on the treatment within the populations of 

ON and CON pigs that spent more than 50% and less than 50% of their time towards ON 

Prior to statistical analysis the aggressive behavior data at weaning were transformed. 

Data were analyzed using the general linear model procedure in SAS (SAS Institute Inc., 

Cary, NC, version 9.1, 2002-2003).  The repeated measures model examined the effects 

of the treatment, the hour and the treatment by hour interaction.  The pair-wise 

comparisons for treatment were assessed using the least squares means and t-tests if a 

significant treatment effect was detected. 



Texas Tech University, Nadège Krebs, December 2007 

 63

Performance data after weaning were analyzed using the general linear model 

procedure in SAS.  The model included the effects of the treatment.  One ON-litter was 

20-d old at weaning while the other ON-litters were weaned at a similar age compared to 

the CON-litters because the sows were not synchronized for parturition but all pigs were 

weaned simultaneously.  The average weaning age for CON- and ON-litters: 30.8 d, SD 

= 2.19.  Some of the ON pigs were therefore lighter at weaning compared to the CON 

pigs.  The ON pigs in block 1 were randomly assigned to the WE pens, which induced a 

pen side effect on performance.  Data were therefore analyzed with weight d 0 and pen 

side as covariates.  Though piglets were already on treatment prior to weaning, the body 

weight on the day of weaning was considered independent of the treatment pre-weaning. 

4. Results 

4.1. Y-maze on nursing pigs 

Among CON pigs, 4.6% froze/attended the smell versus 15.8% of the ON pigs (P < 

0.01, χ² = 6.84, df = 1).  The treatment did not affect the initial response to the ON arm (P 

> 0.05, χ² = 0.0289, df = 1): 47% of the CON pigs chose the ON arm first vs 48.2% of the 

ON pigs.  The percentage of pigs that chose ON as an initial response was not different 

from 50% (P > 0.05, by Student’s t-test).  Among pigs that did not freeze/attend the 

smell, the percentage of pigs that preferred the ON smell was not affected (P < 0.05) by 

the treatment (Table 4.1).  The weighted PI was 49.0% for CON pigs and 46.8% for ON 

pigs. 
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4.2. Aggressive behavior at weaning 

CON pigs fought for 5.7% ± 0.88 of the time while ON pigs fought 4.5% ± 0.88.  

This reduction of 21% in fighting was not significant (P > 0.05), however the treatment 

by hour interaction reached a tendency (P < 0.07) (Figure 4.1).  Pigs exposed to ON 

fought less (P < 0.05) 4, 5, 7, 8 and 16 h after mixing compared to CON pigs. 

4.3. Post-weaning performance 

On d 0 (weaning day), ON pigs weighed less (P < 0.05) than CON pigs (ON: 6.89 kg 

± 0.204 kg; CON: 7.87 kg ± 0.205).  The statistical analysis with weight at d 0 as a 

covariant showed that weight at d 0 affected (P < 0.0001) weight at d 1, d 7, d 14, d 21 

and d 28.  The initial difference in weight at d 0 did not affect (P > 0.05) the weight loss 

between d 0 and d 1 but the treatment did (P < 0.05).  Over 24 h after weaning, CON pigs 

lost 0.42% of their initial weight (-0.21 kg/pig ± 0.05) while ON pigs lost 3.1%(-0.033 

kg/pig ± 0.05) of their initial weight (P <0.05).  However, this was compensated within 

the following six days after weaning as body weights at d 7 did not differ (P > 0.05) 

between treatments.  Feed efficiency and feed intake were not affected (P > 0.05) by the 

treatment (Table 4.2). 

5. Discussion 

Olfactory conditioning can be performed pre-natal, post-natal or both.  Pre- and post-

natal exposure to aniseed resulted in the greatest preference of dog pups to aniseed 

compared to prenatal exposure or postnatal exposure only (Hepper and Wells, 2006).  

Prenatal learning alone did not lead to retention of the preference to aniseed at 10 weeks 

of age in dogs.  Sows in this study were fed the onion diet starting one to five days prior 
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to parturition (2.7 d prior to parturition on average) and throughout lactation.  Both a pre- 

and postnatal exposure may result in a more efficient or longer–lasting conditioning.  

Even though the volatile compounds responsible for the onion flavor in the diet were 

shown in garlic, another organosulfur compound to be present in cow’s milk just hours 

after ingestion (Dougherty et al., 1962; Shipe et al., 1962, in Mennella, 1995), the 

presentation of onion-flavored diet to four sows one day prior to parturition may have 

been too short for a pre-natal odor conditioning.  However, the colostrum and milk 

clearly contained onion flavor and all the pigs were therefore exposed peri- and post-

partum. 

When exposed to ON smell in the Y-maze, 4.6% of the CON pigs and 15.8% of the 

ON pigs displayed freezing behavior.  Freezing behavior could indicate fear and the 

inhibition of making a choice (Toates, 1980).  Freezing behavior could also indicate an 

undecided or uninterested state.  Alternatively, freezing behavior may indicate the piglets 

were attentive to the odor (exploratory state; Toates, 1980) but did not move due to the 

context of the odor presentation,a novel situation.  Among the pigs that made an active 

choice, the absence of preference for ON smell in CON-pigs may simply show that the 

novel ON smell did not trigger any particular interest.  No repulsion was found to ON, 

though onion, like garlic, contains sulfur compounds shown to be repulsive to herbivores 

(Block and Aslam, 1988 in Nolte and Campbell, 1994).  The repulsive nature of a smell 

and the threshold of repulsion may be species-specific.  The direction of the first move 

and the overall preference to ON smell were not affected by previous exposure.  The ON 

smell may be recognized only when associated in the context of the milk smell and of a 

physical sow.  Perhaps a future design might include a choice between plain milk and 
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ON-flavored milk.  The absence of preference for ON smell may also be due to the 

known absence of non-odor cues including sow’s warmth, touch or milk.  The ON smell 

may not constitute a motivation to stay near the odor as there was no benefit such as from 

consuming milk or thermal or tactile comfort (Welch and Baxter, 1986; Wilson and 

Sullivan, 1994; Smith et al., 2003).   

Pigs that had been exposed to ON lost more weight between d 0 and d 1 than pigs that 

had not been exposed to ON previously.  This effect was not reported by Campbell 

(1976) who fed sows a flavored diet during lactation and then exposed piglets to this 

flavored diet at weaning (without creep feed transition and without a choice with another 

diet).  He found that piglets that had been exposed to the flavored diet consumed more 

feed in the two weeks post-weaning compared to those who had never been exposed to 

the flavor.  No effect of treatment on feed consumption was observed in our study.  If the 

ON pigs did not eat more than the CON pigs, it may be because the ON smell was not 

associated with the milk smell and the maternal context or because the ON flavor was 

altered by the presence in the nursery diet of fish meal, known to affect palatability 

(Fletcher et al., 1990) or because ON pigs had developed habituation or a decreased 

responsiveness to onion.  Though in most animals, familiar flavors are preferred to new 

ones (Galef, 1981), in humans, Mennella and Beauchamp (1999) showed that babies 

consumed less of the carrot-flavored cereal when they had been exposed to it in breast 

milk compared to babies to whom the flavor was new.  The authors hypothesized that 

babies may have become less responsive to familiar chemical sensory cues.  Therefore, 

ON pigs at weaning may have been less interested in the ON smell and flavor than CON 

pigs to whom the smell and flavor were new.  An explanation to the absence of effects on 
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feed consumption is that the amount of feed wasted could not be measured accurately, 

perhaps masking effects on feed intake.  Adding ON to the sow’s milk to create an 

induced ‘maternal odor’ did not improve performance.  The application of a simple odor 

masking agent at weaning did not affect performance either (Friend et al., 1983) while a 

synthetic maternal pheromone improved weight gain and feed efficiency when applied at 

weaning (McGlone and Anderson, 2002). 

The loss of weight between d 0 and d 1 was transitory and no difference was found on 

body weights or weight gain after one week.  Tatara et al. (2005) showed that in pigs 

whose mothers were fed garlic, another organosulfur compound like onion, had longer 

and more numerous villi in the small intestine, which allowed for a better absorption and 

a better use of the nutrients.  This effect could be extrapolated to onion and could explain 

the compensatory growth that occurred within the first week post-weaning. 

The reduction in aggressive behavior at certain times after weaning is significant from 

a welfare point of view.  A commercial odor masking agent sprayed in pens of newly-

weaned pigs reduced agonistic behavior but only temporarily and even resulted in an 

increase of agonistic behavior when applied before arrival of the pigs (Friend et al., 

1983).  Application of a synthetic maternal pheromone decreased aggressive behavior in 

newly-weaned pigs (McGlone and Anderson, 2002).  Adding ON flavor to the sow’s 

milk to create an induced ‘maternal odor’ did not reduce aggressive behavior as 

consistently as the maternal pheromone. 

6. Conclusion 

Exposing piglets to onion odor/flavor during lactation did not result in a preference 

for onion odor when pigs were tested in a Y-maze before weaning.  However, more 
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onion-exposed pigs froze or attended to the onion odor than control pigs.  At weaning, 

the presence of onion in the diet reduced aggressive behavior at certain times of the day 

in onion-exposed pigs compared with pigs that had never been exposed to onion.  Odor-

exposure in the manner described in this paper had minimal effects on pig behavior and 

performance. 
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Table 4.1.  Effect of the treatment on the percentage of pigs that froze/attended the smell 

and on the Preference Index (PI). 

   % 
 N Froze/attendeda Attractedb Weighted PI 
Control 87 4.6 48.2 49.0 
Onion  101     15.8* 47.1 46.8 

 

 
 

a Percentage of pigs that remained still in the main arm of the Y-maze 

b Of the pigs that did not freeze/attend the smell, the percentage that spent more than 50% 

of their time near the test odor 

* Differs from Control, P < 0.05, by Chi-square 

 69



Texas Tech University, Nadège Krebs, December 2007 

 70

Table 4.2.  Effects of the treatment, pen side and treatment × pen side interaction on post-
weaning performance (n = 12/treatment) 
 

 Treatment  P-value 
 CON ON SE Treatment 
Weight gain, kg/pig     
d 01 to d 1 -0.033 -0.211 0.049 0.03 
d 0 to d 7 1.52 1.22 0.15 0.21 
d 7 to d 14 1.64 1.84 0.12 0.31 
d 14 to d 21 2.36 2.74 0.19 0.20 
d 21 to d 28 2.72 2.61 0.25 0.78 
d 0 to d 28 8.26 8.62 0.44 0.60 
Feed consumption, kg/pig     
d 0 to d 7 1.93 1.63 0.18 0.31 
d 7 to d 14 3.07 3.04 0.20 0.93 
d 14 to d 21 4.34 4.48 0.19 0.62 
d 21 to d 28 4.93 4.95 0.16 0.94 
d 0 to d 28 13.8 13.0 0.60 0.50 
Feed Efficiency     
d 0 to d 7 1.34 1.40 0.07 0.84 
d 7 to d 14 1.98 1.75 0.19 0.44 
d 14 to d 21 1.95 1.71 0.12 0.21 
d 21 to d 28 1.81 2.15 0.17 0.21 
d 0 to d 28 1.78 1.80 0.05 0.82 

                                                 
1 d 0: weaning day 



Texas Tech University, Nadège Krebs, December 2007 

Figure 4.1.  Effects of the treatment × hour interaction (P < 0.07) on the percentage of 
time spent in aggressive behaviors (based on 5 min scan samples for 24 h) in CON- and 
ON-treated pens (b) (n = 12/treatment, SE = 1.21) 
* least square means differ from CON (P < 0.05) 
 
 

12 

10 

A
gg

re
ss

iv
e 

be
ha

vi
or

 (%
)

* * **8 *
CON
ON6 

4 

2 

0 
0 1 2 3 4 5 6 7 8 9 1011121314151617181920 21 22 23 

Time (h after weaning)

 
 

 71



Texas Tech University, Nadège Krebs, December 2007 

 72

CHAPTER V 
 

REDUCING PIG STRESS BEFORE SLAUGHTER 

 

1. Summary 

Finishing pigs are infrequently handled on some farms and can be difficult to handle 

when experiencing novel situations.  This study aimed to determine the effects of 

minimal training and conditioning of finishing pigs to a novel odor/taste reward  using 

maple syrup on the ease of handling in a novel environment.  Pigs were assigned one of 

four treatments organized in a 2 × 2 factorial arrangement: training and odor exposure at 

the barn (trained or non-trained) and reward at the plant or not (maple syrup or no 

odor/taste).  Trained pigs (n = 14 pens) were let out of their home pens for 10 d, walked 

over a ramp and onto a trailer, and could chew on syrup-soaked flags.  Non-trained pigs 

(n = 14 pens) were not handled nor exposed to syrup.  On the day of the experiment, 

trained and non-trained pigs were loaded, transported, unloaded, rested, then they 

experienced a novel simulated pre-stun area.  A syrup-soaked flag was dragged in front 

of the pigs and syrup was put in the simulated CO2 stun box for rewarded pigs.  Control 

pigs were not exposed to syrup.  Trained pigs unloaded and reached the resting pen faster 

(P = 0.04) than non-trained control pigs.  Trained and non-trained/rewarded pigs received 

more (P = 0.03) paddle taps in the first part of the pre-stun than the non-trained/non-odor-

exposed control pigs but pigs exposed to the reward received fewer (P = 0.02) taps in the 

second part of the pre-stun compared to pigs not given a reward.  Trained pigs spent less 

(P = 0.05) time backing up than non-trained pigs.  Trained pigs had fewer (P = 0.02) 
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neutrophils and a lower (P = 0.01) neutrophil:lymphocyte ratio than non-trained pigs.  

Cortisol concentration increased (P = 0.004) with the total time spent in the chute.  

Adapting facilities and routine management to allow pigs time outside the finishing home 

pen with a unique odor/taste reward that is also present at the processing plant may 

improve the welfare of pigs, ease handling, and reduce the time required to move pigs to 

pre-slaughter. 

keywords: conditioning, handling, odor, pigs, stress 

2. Introduction 

Handling and loading at the farm, transport to the packing plant and handling at the 

packing plant are the last stressful events most pigs experience.  Pigs in the finishing 

stage may have few interactions with humans due to automatic feeding and waste 

removal systems.  One UK survey showed that the way pigs reacted to stressful situation 

in a packing plant was influenced by previous life experiences (Hunter et al., 1997) 

including contact with humans. 

Positive handling of pigs including pats and strokes reduced fear towards human 

intrusion in a familiar environment (Hemsworth and Coleman, 1998) or towards a chute 

(Grandin and Curtis, 1985) and decreased cortisol concentration in response to intrusion 

of human in a familiar environment compared to negative handling (Hill et al., 1998; 

Hemsworth and Coleman, 1998).  The lack of environmental enrichment caused pigs to 

be more reactive or more excitable to novel situations and stimuli; they can be afraid, 

stressed or disturbed by novelty (Stolba and Wood Gush, 1980) while pigs that were 

provided with toys showed less hesitation to move through a chute (Grandin et al., 1986).  

Therefore, interacting daily with pigs or providing exposure to new stimuli could 
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improve handling of pigs in novel situations.  Active training of pigs to a new situation 

also affected their behavior.  Geverink et al., (1998) regularly moved finishing pigs out of 

the home pens and then to a mobile box.  They found that pigs that were regularly trained 

and handled in the finishing stage moved faster out of their pens.  This resulted in a time 

savings and a welfare benefit with reduced stress. 

At the packing plant, the ‘irons’ refer to a confined space in the pre-stun area, 

consisting of two corridors running side by side, where pigs move one by one towards the 

stun (by CO2 or electric stun).  The irons area is where most rearing, backflows and 

prodding happen as pigs are encouraged to enter the stun area.  Packing plants train their 

employees to handle pigs gently; however the electric prod is still in use in the irons area.  

The electric prod and the paddle caused pigs to rear, turn back, back up, and otherwise 

delay pig movement forward (McGlone et al., 2004).  If pigs were motivated to move 

forward voluntarily, the frequency of tapping/touching with the paddle may decrease, and 

the relative distress experienced by pigs may decrease.  Extreme pig distress can cause 

the pigs to collapse.  Improved handling of pigs could lead to a decrease in the state of 

distress and therefore could result in a decrease in the rate of dead and fatigued pigs at the 

processing plant.  If pigs moved voluntarily, time efficiency at loading, unloading and at 

the plant may also be improved. 

The objectives of this of experiment was to reduce the time needed for pigs to 

unload from the trailer and move through a novel situation and to reduce the use of the 

paddles or prods at loading, unloading and movement to the stun.  A simulated pre-stun 

area was constructed.  Pigs were either trained or not trained to the novel odor/taste 

reward of maple syrup during the late finishing period and then exposed or not exposed 
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to the reward at the simulated processing plant.  The negative control pigs were not 

trained or exposed to the reward.  The first hypothesis we tested was that pigs that had 

been trained to a novel odor/taste in the finishing barn would be motivated by the same 

reward in a novel environment, move faster and not require an intense use of the paddle.  

The second hypothesis was that by using training and a reward the pig physiological 

responses indicative of stress would be reduced compared with pigs that experience an 

entirely novel slaughter plant environment. 

3. Materials and methods 

3.1. Animals and procedures 

Texas Tech University Animal Care and Use Committee approved all experimental 

procedures.  The experiment was conducted in May 2006 and July 2006.  On seven days, 

complete replicates of each were collected (seven blocks).   

The temperatures ranged between 15° C (at loading in the early morning) and 40° C 

during the completion of the course.  Ten days prior to the experiment, 280 pigs (100-120 

kg, PIC USA) were organized in pens of 10 pigs and randomized for weight and sex.  

Pigs were housed on slatted floors, in a building with natural ventilation. The temperature 

varied between 15 and 35° C in the barn. Pigs were offered feed and water ad libitum.  

The pen was the experimental unit.  Each block was a complete collection of each 

treatment examined on a given day. Twenty-eight pens of 10 pigs each were assigned to 

one of four treatments according to a 2 × 2 factorial arrangement: training at the barn 

(trained or non-trained) and treatment at the plant (odor/taste reward or no reward).  Half 

the pens were assigned to training with the maple syrup reward and half the pens were 
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control pens.  Treatments were: (1) Control: no training/no reward, (2)  training with 

syrup reward at farm, no reward at plant, (3) no training at farm, syrup reward at plant, 

and (4) training with syrup reward at farm, syrup reward at plant.  Maple syrup was 

chosen as the reward for its strong, distinctive and novel smell and taste and its 

palatability (Frederick and van Heugten, 2001). 

1.1.1. Main study 

1.1.1.1. Training procedure 

For the first three days of training at the barn, pigs assigned to training were let out of 

their home pens and pushed (gently handled with beaded paddles and boards, but no 

electric prods) over a ramp (30 % slope, 1.22 m long sides and cleats spaced at 20 cm to 

prevent slipping) in the aisle, and then onto a hydraulic trailer used to load pigs onto a 

large truck.  A maple syrup flag was dragged in front of the pigs, which they could taste 

and smell.  The pigs did not need to be pushed over the ramp after the third day of 

training.   Trained pigs were allowed to go back and forth over the ramp and in and out 

the last compartment of the hydraulic trailer for 10 min each day.  Non-trained pigs were 

not handled nor exposed to maple syrup. 

1.1.1.2. Experimental procedure 

On the day of the experiment, pigs were taken out of their home pens and led to the 

same trailer the trained pigs were familiar with, weighed and transferred into a four-

compartment goose-neck trailer.  Each compartment was 5.3 m2 for 8 to 10 pigs.  Once 

the pigs were loaded onto the trailer, they were transported for 70 min on a paved road 
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(departure between 0530 h and 0545 h).  The trip included 14 turns, the speed was kept at 

approximately 80 km/h and the same driver was used throughout the seven blocks. 

After transport, pigs were unloaded and remained in the resting pens for 2 h 

(approximately 0715 h to 0915 h).  The resting pens were 7.62 m2 with one drinker per 

pen and a misting system was turned on when the temperature reached or exceeded 28°C.  

After the 2-h resting period, pigs were run through the pre-stun area (Figure 5.1).  All the 

pigs in one pen were taken out together and moved through the simulated pre-stun area.  

Only half the pigs were allowed to go through the gate leading to the irons at once.  Each 

experimental unit was therefore divided into two groups of five pigs on average, as is 

common at USA processing plants.  Pigs were moved through the irons into the 

simulated CO2 stun box (a dark box, 2.40 m long * 0.86 m large * 1.04 m high, with a 

light inside).  Handlers were standing on each side of the irons and used fiberglass 

paddles (13 KP48, Wiggins and Associates Inc., Gresham, OR) to push the pigs through.  

The gates into the irons were operated by two other handlers who also managed possible 

backflows.  The tasks were people-specific to avoid variation among replicates.  For 

behavioral observations, the irons were divided into two portions: the first part was the 

section where the pigs first entered until the second gate and the second part was from the 

second gate to the entrance of the simulated CO2 stun box (Figure 5.1).  At the exit of the 

simulated CO2 stun box, one pig was chosen and a 20 mL blood sample was collected 

over EDTA via venipuncture.  The same procedure was repeated for the second half of 

the same experimental unit, so that in each experimental unit, a blood sample was 

collected from one barrow and one gilt. 
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Rewarded pigs were exposed to the maple syrup-soaked flag throughout the 

simulated pre-stun area.  A person walked outside the simulated pre-stun area.  The 

person dragged the flag at a variable speed to maintain the flow of pigs and the pigs were 

allowed to occasionally nibble, taste or smell the flag.  The simulated CO2 stun box also 

contained maple syrup-soaked flags to provide the smell of maple syrup when its door 

was open.  There was no control flag for the groups of pigs that were not rewarded in 

order to represent the commercial situation. 

1.1.2. Measures 

1.1.2.1. Behavioral measures 

The behavior of the pigs in the resting pens was recorded using 5-min live scan 

samples over the entire 2-h resting period.  Maintenance behaviors included standing, 

lying and sitting (as defined by Hurnik et al., 1995).  Activity behaviors included 

drinking (as defined by Hurnik et al., 1995) and fighting behaviors, two or more pigs 

engaged in an aggressive or submissive encounter (i.e. attacking the ears, head and neck 

area, attempting to bite and/or retreating/turning, McGlone, 1985).  The same observer 

stood still while observing all pens from the same place. 

1.1.2.2. Timing measures 

The individual time to unload the pigs and lead them into their resting pens was 

recorded as a measure of the easiness of handling or speed of moving after transport.  The 

average individual duration (in s/pig) to enter the first and second part of the irons or the 

simulated CO2 stun box as well as the total duration from the resting pen to inside the 

simulated CO2 stun box was recorded. 
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1.1.2.3. Pig tapping/touching with the paddle in the chute 

The movement of the pigs throughout the simulated pre-stun area was recorded with 

time-lapse VCRs (Panasonic TL 500, 2 h mode), overhead cameras (Panasonic wv-BP70 

and Panasonic wv-CP412) and with a digital camera.  The individual frequency of 

touching/tapping pigs with the paddle in the first and second part of the irons and the 

percentage of time lost in backflow were recorded.  A backflow was defined by minimum 

one pig coming back from the simulated CO2 stun box, and at time facing the other pigs, 

but always causing a general backup to the beginning of the irons. 

1.1.2.4. Inside the simulated CO2 box 

In the reward treatment, four flags were soaked in maple syrup and attached to the 

inside of the simulated CO2 stun box, on the door opposite the entry door and on the far 

end sides. This configuration allowed 4 pigs to chew the reward simultaneously.  The 

duration of chewing by one, two, three or four pigs was recorded and divided by the total 

time that the pigs spent inside simulated CO2 stun box to give a percentage of time spent 

chewing or interacting with the reward. 

1.1.2.5. Immune and cortisol measures 

Twenty mL of blood were collected over EDTA by jugular venipuncture from two 

pigs per experimental unit.  Whole blood was analyzed using a Cell Dyne (Abbott labs, 

Santa Clara, CA) and the following measures were obtained: total white blood cells, red 

blood cell count, hemoglobin, hematocrit and percentage of neutrophils, lymphocytes, 

monocytes, eosinophils and basophils.  The neutrophil:lymphocyte ratio was calculated.  

The remainder of the blood sample was centrifuged at 1,800 g●min-1 for 15 min and 
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plasma removed and frozen until cortisol analysis could be performed.  Cortisol 

concentrations were measured using a Coat-a-count kit (Diagnostic products, Los 

Angeles, CA).  All the samples were analyzed in the same assay and the intra-assay 

variation was 5.4 %. 

3.2. Statistical analysis 

The behavioral data in the resting pens, maintenance and activity, and inside the 

simulated CO2 stun box were transformed prior to statistical analyses.  The data were 

analyzed using general linear model procedure in SAS (SAS Inst., Inc., Cary, NC, 

Version 9.1, 2002-2003).  The training at the barn (trained or non-trained) and block were 

included in the model with the training at the barn by block as the experimental error. 

The tapping/touching frequency with the paddle, timing, immune data and cortisol 

concentration were analyzed using general linear model procedure in SAS (SAS Inst., 

Inc., Cary, NC, Version 9.1, 2002-2003).  The model included block, training at the barn 

(trained or non-trained), treatment at the plant (reward or no reward) and their interaction 

with the block and treatment at the plant as the experimental error.  The pair-wise 

comparisons for training treatment or treatment at the plant were assessed using the least 

squares means and t-tests if a significant treatment effect was detected. 

The correlation procedure in SAS (SAS Inst., Inc., Cary, NC, Version 9.1, 2002-

2003) was used to assess correlations between the frequency of tapping/touching in the 

second part of the irons, the time to go through the second part of the irons, the total time 

to go through the simulated pre-stun area, the neutrophil:lymphocyte ratio, the cortisol 

concentration and the time to enter the simulated CO2 stun box.  
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4. Results 

4.1. Behavioral measures  

Training in the finishing barn did not affect (P > 0.05) sitting (trained: 3.19 % of the 

time ± 0.62;  non-trained: 4.24 % ± 0.62), standing (trained: 31.8 % ± 2.29; non-trained: 

34.5 % ± 2.29), lying (trained: 62.4 % ± 2.74; non-trained: 57.7 % ± 2.74), fighting 

(trained: 0.056 % ± 0.10; non-trained: 0.20 % ± 0.10) and drinking behavior (trained: 

2.48 % ± 0.46;  non-trained: 3.16 % ± 0.46). 

4.2. Timing measures  

Blocks were a significant source of variation for the time to go through the irons, time 

to enter the box and total time from the resting pen to the simulated CO2 box.  The block 

effects were inherent to the pigs as handlers variability was reduced.. 

Trained pigs unloaded faster (F(1,5) = 7.20, P = 0.04) than non-trained pigs (5.61 s/pig 

± 1.79 vs 13.8 s/pig ± 1.79).  The latency in seconds to enter the irons was lower for 

trained pigs (F(1,6) = 7.58, P = 0.04) than non-trained pigs (trained: 4.15 s/pig ± 0.74; non-

trained: 7.02 s/pig ± 0.74).  Pigs given the reward tended (F(1,6) = 5.10, P = 0.06) to enter 

the irons slower compared to pigs that did not receive the reward (reward: 7.18 ± 1.00; 

no-reward: 3.99 s/pig ± 1.00). 

Once in the irons, the trained/no-reward pigs entered the simulated CO2 stun box 

slower (F(1,6) = 6.62, P = 0.04) compared with the trained/reward pigs (trained/no-reward: 

15.3 s ± 1.75; trained/reward: 8.19 s ±1.75, P < 0.05).  Non-trained pigs, with or without 

reward, did not differ (P > 0.05) from trained pigs (non-trained/reward: 12.7 s/pig ± 1.75; 

non-trained/no-reward: 10.8 s/pig ± 1.75) (Table 5.1). 
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4.3. Touching/tapping with the paddle and backflows  

In the first part of the irons, control pigs, non-trained/no-reward, received fewer (F(1,2) 

= 29.58, P = 0.03) taps (0.00 taps/s/pig ± 0.0015) than the trained/rewarded pigs (0.015 

taps/s/pig ± 0.0015), the trained/no-reward pigs (0.012 taps/s/pig ± 0.0015) or the non-

trained/reward pigs (0.012 taps/s/pig ± 0.0015).  In the second part of the irons, the 

treatment interaction did not influence (P > 0.05) the touching/tapping frequency.  

However, the treatment at the simulated chute had an effect: rewarded-pigs received less 

(F(1,5) = 11.18, P = 0.02) taps than non-rewarded-pigs (0.039 taps/pig/s ± 0.008 vs 0.074 

± 0.0051) and also had (F(1,5) = 6.48, P = 0.05) fewer  backflow events compared to non-

rewarded-pigs (0.082 % ± 0.68 vs 2.43 % ± 0.68).  The total number of taps in the entire 

pre-stun area was not influenced (P > 0.05) by the training at the barn, treatment at the 

plant or their interaction. 

4.4. Inside the simulated CO2 box  

Treatments did not influence (P > 0.05) the percentage of time spent chewing on the 

reward inside the simulated CO2 stun box (trained: 49.14 % ± 8.57; non-trained: 44.76 % 

± 6.61).  

4.5. Immune and cortisol measures  

The interaction of training and reward tended (F(1,6) = 4.69, P = 0.07) to affect white 

blood cell count: trained/reward (17,700/µL ± 780), non-trained/reward (17,800/µL ± 

780) and non-trained/no-reward (17,000/µL ± 780) had lower number of white blood 

cells than trained/no-reward pigs (19,700/µL ± 780).  Trained pigs had lower (F(1,6) = 

10.66, P = 0.02) percentage of neutrophils than non-trained pigs (41.1 % ± 1.4 vs 47.6 % 
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± 1.4) and a greater (F(1,6) = 8.27, P = 0.03) percentage of lymphocytes than non-trained 

pigs (51.2 % ± 1.73 vs 44.2 % ± 1.73) (Table 5.2).  The N:L ratio was also lower (F(1,6) = 

13.40, P = 0.01) among trained pigs (0.89 ± 0.05) compared to non-trained pigs (1.13 ± 

0.05).  The interaction between training and treatment was not significant (P > 0.05), but 

the effects were additive (Figure 5.2).  Compared to non trained/no reward, pigs, trained 

pigs or pigs given the reward had an incremental decrease in the N:L ratio.  Pigs that 

received training and then the reward had the lowest N:L ratios.  

Cortisol concentrations varied greatly among blocks, regardless of the treatment (P > 

0.05).  No effect of the treatment or their interaction (P > 0.05) was observed for the 

number of red blood cells, hemoglobin, hematocrit, percentage of monocytes, eosinophils 

and basophils (Table 5.2). 

4.6. Correlations 

As the total time to go through the simulated pre-stun area increased, the N:L ratio 

increased (r = 0.37, P = 0.055) as did cortisol concentrations (r = 0.62, P = 0.0004; Table 

5.3 and Figure 5.3).  The number of touches/taps in the second part of the irons increased 

as the time to go through the irons and the time to enter the simulated CO2 stun box 

increased (r = 0.41, P = 0.04 and r = 0.56, P = 0.003 respectively).  Pigs that required 

more time to pass through the irons also took longer overall to enter the simulated stun 

box. (r = 0.82, P < 0.0001) (Table 5.4). 
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5. Discussion 

5.1. Block effects 

Behavior and handling data were variable within and among replicate blocks.  In this 

wok, the block effect on timing of pig movements can be explained by sporadic 

backflows within a group of pigs.  Handlers can affect the behavior of pigs (Guise et al., 

1994) and therefore timing but the tasks were consistently performed by the same person, 

therefore handlers variability was decreased.  The block effect on cortisol concentrations 

could reflect an adaptation to heat stress  Cortisol concentrations in blocks 1, 2 and 3 

(conducted in May while the temperature had reached 35-40°C for only a few days) were 

60 ng/mL.  In July, the air temperatures reached 35-40°C and cortisol concentrations 

were 20 ng/mL.  This effect was reported by Sutherland et al. (2007) who showed that 

following a 2-wk heat stress, cortisol concentrations were decreased among 7-wk old 

pigs.  The authors speculated this may be due to a down-regulation of the hypothalamo-

pituitary-adrenal axis and/or to the necessity of reducing metabolic rate. 

5.2. Timing measures 

The training at the barn is considered a potential management practice which 

naturally confounded two features.  It is difficult to determine if pigs moved faster in the 

novel environment because they were used to being handled outside of the home pen 

and/or because they were motivated by the reward. 

Trained pigs were moved from the trailer to the resting pens 8s/pig faster than the 

non-trained pigs.  Pigs familiar with moving out of their home pen were either more 

willing or more able to move when taken to this new environment.  Geverink et al. (1998) 



Texas Tech University, Nadège Krebs, December 2007 

 85

allowed pigs to move freely out of the home pen for 8 min twice a week from week 15 to 

week 23 of age and found an ease of pig movement.  Abbott et al. (1994) moved pigs for 

2 min weekly for three weeks prior to slaughter and found improvements in the ease of 

handling.  These pigs also exited the home pen two times faster than non handled pigs.  

Letting the pigs go up and down a ramp during the 10 d of training likely contributed to a 

faster unloading.  Practically, the faster unloading of trained pigs compared to non-

trained pigs could reduce unloading time at the packing plant, increase the truck turnover 

and the efficiency of the plant.  Assuming pigs unload by groups of five, the time saving 

on a truck of 180 pigs would be 288 s.  If unloading usually takes 30 min, the turnover of 

trucks at the packing plant could be increased by 20%.  Trained and rewarded pigs went 

through the chute, from the resting pens to the simulated C02 stun box, 20 s faster than 

the negative control pigs.  This would improve slaughter plant efficiency while 

potentially decreasing stress experienced by the pigs but it is difficult to assess if this 

would outweigh the time and expense of training at the farm. 

The training for 10 consecutive days could probably be reduced and could be spread 

out on the weeks before shipping, as Abbott et al. (1994) showed that pigs trained at 20-

wks old were less willing to move than those who started being trained at 16-wks old.  A 

10 d training may be sufficient if spread out on the 10 weeks prior to shipping.  We noted 

that after the third day of training the pigs would run straight up to the ramp, jump over it, 

go to the trailer then come back and ascend and descend the ramp as if playing.  Pigs did 

not need human encouragement and did not show the instinctive fear that makes them run 

in the opposite direction when being trained initially.  Even though in a static 

environment, sporadic contact with humans is beneficial to reduce the stress of episodic 
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human intrusion, and gentle contact made pigs interact faster with humans (Gonyou et al., 

1986), in a handling context, pigs can become too tame (Grandin, 1987).  A weekly 

contact with humans inside the pens, during washing, decreased fear of humans but 

gentle stroking resulted in pigs being more difficult to drive (Grandin, 1987).  Therefore, 

the exact schedule of training, frequency of training, onset of training before shipping, 

duration of training sessions and variations in training setting need to be refined to avoid 

pigs becoming too tame. The training design used in this experiment also needs to be 

refined as it was noted that pigs would go to the trailer but did not stay in the trailer.  

Finally, at the simulated pre-stun area, trained pigs given the reward entered the 

simulated CO2 box faster than the non-rewarded pigs, despite the possible presence of 

alarm pheromones from the urine of the odorless pigs. 

Concerning timing data in the handling areas, the presence of the reward could be 

incentive or distracting depending on the area of the pre-stun area.  Among non-trained 

pigs, pigs presented with the reward took longer to enter the irons compared to non-

rewarded pigs.  The syrup-soaked flag may be too distracting at this critical spot where 

pigs must engage in a narrower passageway.  However, in the second part of the irons, 

the smell of the reward coming out of the simulated CO2 stun box may be more 

motivating for pigs to enter the novel box, as trained/rewarded pigs moved faster than the 

trained/non-rewarded pigs.  Therefore, despite finishing barn training, when pigs were 

lacking the incentive of the syrup in the simulated CO2 stun box, they moved slower than 

if they had been presented with the reward.  This shows that if the novel situation did not 

offer a reward equivalent to the one provided while training in the barn, the efforts of 

training and conditioning to odor may be less effective.   
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Providing the reward in the simulated CO2 stun box may have provided an 

occupational activity to the pigs; thereby, chewing instead of returning to the irons, which 

decreased backflows.  Backflows cause delays, and therefore, reducing backflows could 

improve the economic efficiency of a processing plant.  Backflows also cause frustration 

in workers who may increase the use of the paddle, enhancing distress in the pigs.  

Finally, trained pigs moved 14 s/pig faster than the non-trained pigs, which would have 

substantial benefits on the line efficiency at the plant. 

5.3. Frequency of tapping/touching with the paddle 

In addition to potential time savings, pig welfare may also be improved by use of 

training and provision of a reward.  The decrease in number of touches/taps with the 

paddles in the first part of the irons in rewarded pigs is certainly positive.  The use of 

electric prod causes heart rate to increase and pigs to slow down or even lie down (Mayes 

and Jesse, 1980, in Grandin, 1986).  Hemsworth et al., (2002) showed that when the 

number of negative interactions, taps with prod, increased, the glucose concentration 

decreased, lactate and ham reflectance increased, leading to more Pale Soft Exsudative 

meats.  Reducing prod use presents welfare and economical advantages. 

Welfare and time saving were correlated.  However, it is difficult to determine why 

trained pigs received more taps in the second part of the irons. 

5.4. Cortisol concentration and immune measures  

Despite the block effect, cortisol was not affected by training or treatment at the plant.  

Other studies showed that regardless of previous training at the finishing barn, 45 min 

transport followed by a 45 min rest in the stationary truck increased salivary cortisol 4 
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fold in 25 wk-old pigs (Geverink et al., 1998). De Jong et al. ((2000) found that transport 

and handling increased saliva cortisol concentrations in 110-kg pigs that were fasted for 

24 h and transported for 1 h only if pigs had been raised in barren environment.  Weaned 

pigs exposed to a 4-h transport had a plasma cortisol concentration of 50.4 ng/mL (Hicks 

et al., 1998).  In the present study, plasma cortisol was measured approximately 3 h after 

the onset of the transportation.  The 70 min transport followed by the 2 h resting period 

and the completion of the course in a novel environment appeared to be a relatively mild 

stressor as the plasma cortisol concentrations (average: 39.4 ng/mL ± 3.01) were close to 

those recorded in 4-wk old control pigs at rest (43.2 ng/mL; Hicks et al., 1998) but basal 

cortisol concentrations were not measured in our study so the effects of the stressor 

applied cannot be assessed directly. 

The blood analyses revealed that trained pigs had lower percentage of neutrophils, 

higher percentage of lymphocytes and a lower neutrophil:lymphocyte ratio after running 

through the chute.  A 4-h transport or heat stress did not affect the percentage of 

neutrophils in nursery pigs (Hicks et al., 1998).  Longer-lasting heat stress, for 2 wks, did 

not affect the white blood cells counts (Sutherland et al., 2007) in 7-wks old pigs.  In this 

study, the stress of handling, transport, rest pen exposure and handling prior to the stun 

increased N:L ratio which indicates that this experience was stressful.  Studies in our lab 

have shown that the rate of non-ambulatory non-injured pigs were reduced with 

decreased N:L ratio.  The effects of the training and the reward were additive.  Compared 

to the negative control, adding one factor, either training or reward decreased the N:L 

ratio and adding the two factors further decreased N:L.  Therefore, training and 
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conditioning pigs could reduce stress, reduce the rate of non-ambulatory non-injured pigs 

and improve welfare. 

6. Conclusion 

Training finishing pigs to move outside of their home pen and conditioning them to 

an odor/taste decreased the time to unload the pigs and reach the resting pen and reduced 

the taps/touches in the second part of the irons.  Cortisol increased with longer handling 

times. 

Adapting facilities to allow for time outside the home pen with human contact and an 

odor/taste reward may improve the welfare of pigs at the packing plant when this 

odor/taste is offered at the packing plant.  The most efficient schedule of training, number 

of sessions, intervals between sessions, duration of sessions, frequency, and age to start 

training, must be determined.  Use of this technology could result in welfare 

improvement, reduced stress, improved handling, time savings in unloading, and 

potential increased efficiency at the plant.  This approach may also decrease the rate of 

non-ambulatory non-injured fatigued pigs.
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Table 5.1.  Least squares means for time required to move through the simulated pre-stun area and human touching of pigs with a 
handling device (n = 7 blocks per treatment). 
 
                        
            P-value   
 At 

farm: 
 
At 
plant: 

Non 
trained 
 
No reward 

Non 
trained 
 
Reward 

Trained 
 
 
No 
Reward 

Trained  
 
 
Reward 

 SE   Training 
at farm 
  

Reward 
at plant 

Interact
ion 

Time to go 
through the 2nd 
part of the irons 
(s/pig) 
 

 5.38 8.66 2.6 5.69  1.19  0.03 0.06 0.94 

Taps 2nd part 
irons 
(number/s/pig) 
 

 0.062 0.039 0.086 0.039  0.01  0.52 0.02 0.53 

Time to enter 
the simulated 
CO2 stun box 
(s/pig) 
 

  10.8a,b 12.7a,b 15.3b 8.19a  1.75  0.99 0.26 0.04 

Total individual 
time from 
resting pen to 
the simulated 
CO2 stun box 
(s/pig) 

  80.2 76.4 69.4 60.5  11.3  0.17 0.33 0.83 
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Table 5.2.  Main effects of the training at the barn and main effects of the treatment at the plant on immunologic measures and cortisol 
concentration (n = 7 blocks per treatment). 
 
  At the farm    At the chute    P-values 
  No Training Trained   SE   No 

Rewar
d 

Reward   SE  Training Rewar
d 

Training 
×Reward 

White blood 
cells 
(*1,000/µL) 

17.4 18.4  0.86  18.4 17.4  0.93  0.46 0.48 0.07 

Red blood  
cells 
(*1,000/µL) 

7.12 7.14  0.14  7.15 7.11  0.17  0.93 0.89 0.64 

Hemoglobin 
(g/dL) 

13.3 13.5  0.22  13.4 13.4  0.2  0.51 0.89 0.81 

Hematocrit 
(%) 

37.7 38.1  0.66  37.8 38  0.61  0.62 0.77 0.98 

Neutrophils (%) 47.6 41.1  1.4  47 41.8  3.07  0.02 0.27 0.36 
Lymphocytes 
(%) 

44.2 51.2  1.73  45.1 50.3  3.11  0.03 0.28 0.37 

Monocytes (%) 5.66 5.01  0.39  5.45 5.22  0.24  0.28 0.52 0.26 
Eosinophils (%) 1.03 1.05  0.08  0.96 1.11  0.09  0.87 0.27 0.71 
Basophils (%) 1.55 1.6  0.23  1.55 1.6  0.07  0.87 0.59 0.17 
N:L21 1.13 0.89  0.05  1.13 0.88  0.13  0.01 0.22 0.52 
Plasma cortisol 
(ng/mL) 

42.7 36.1  3.82  36.6 42.2  2.2  0.27 0.12 0.77 

                                                 
21 Neutrophil:lymphocyte ratio 
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Table 5.3. Correlation between total individual time to go through the chute, tapping  

frequency, neutrophil:lymphocyte ratio and cortisol concentration (n = 28) 

 

Item Total individual 
time 

Taps 2nd part irons N : L Cortisol 

Total individual time 
(s/pig) 

1 0.11 0.37* 0.62** 

Taps 2nd part irons (/s/pig)  1 0.002 -0.34 

Neutrophil:Lymphocyte 
(N:L) 

  1 0.31 

Plasma cortisol, ng/mL    1 

 
* P < 0.05 

** P < 0.01. 
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Table 5.4. Correlation between tapping frequency in the irons, time to go through the 

second part of the irons and time to enter the simulated CO2 stun box. (n = 28) 

 

 Taps 2nd part 
irons (/s/pig) 

Time to enter the 
simulated CO2 stun 
box (s/pig) 

Time to go through the 
second part of the irons 
(s/pig) 

Taps 2nd part irons 
(/s/pig) 

1 0.56** 0.41* 

Time to enter the 
simulated CO2 stun box 
(s/pig) 

 1 0.82** 

Time to go through the 
second part of the irons 
(s/pig) 

  1 

* P < 0.05 

** P < 0.01 
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Figure 5.1.  Diagram of the simulated pre-stun area. 
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Figure 5.2.  Additive effect of the training at the farm and the treatment at the slaughter 

plant on neutrophil:lymphocyte ratio (n=7 blocks/treatment). 
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Figure 5.3. Relationship between total individual time to move through the chute (s/pig) 

and cortisol concentrations (ng/mL). n= 28. P = 0.000 4, r = 0.62. 
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CHAPTER VI 

CONTROL OF FERAL PIG MOVEMENT: A DOMESTIC PIG 

MODEL TO EVALUATE OLFACTORY ATTRACTION AND 

REPULSION 

1. Summary 

Feral pigs cause significant environmental damage and pose a serious health risk.  

The aim of this study was to develop a model to evaluate attractants and repellents that 

might be used to control feral pig movements.  Newly-weaned pigs were tested in a Y-

maze with one randomized arm of the Y-maze containing only air and the other arm 

containing the test treatment.  The time spent towards the test treatment was divided by 

the total time spent in the right and left arms to calculate a Preference Index (PI, in %).  

In Experiment 1, boar urine, a commercial attractant made of berries, urine of a sow in 

estrus and sour milk caused fewer (P < 0.01) pigs to freeze, alert immobility/attend, the 

odor compared to control.  Pigs were repulsed (PI < 50%, P < 0.05) by sour milk and 

attracted (PI > 50%, P < 0.05) to boar urine and fox urine.  In Experiment 2, the odor of 

habanero peppers (CHILE) and ground corn caused more (P < 0.05) pigs to freeze/attend 

the smell compared to control.  Pigs were attracted to maple syrup (PI > 50 %, P < 0.01) 

and to CHILE and CO2 (PI > 50%, P < 0.05) though maple syrup and CO2 had no effect 

(P > 0.05) on freezing behavior.  In Experiment 3, CHILE and control scent dispensers 

were placed in an outdoors catch pen.  More (P < 0.05) feral pigs came within 0.5 m of 

the CHILE scent dispensers than CON.  In a catch pen in the field with corn present, feral 

pigs attended CHILE more (P < 0.01) than CON.  In a second field test, feral pigs did not 
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come within 0.5 m of control or sour milk odor. Domestic pigs can be used as a model to 

evaluate olfactory responses that reflect behavior of feral pigs in the field. 

2. Introduction 

Pigs are omnivorous, scavengers and opportunistic feeders.  Feral pigs particularly 

like acorns and domestic agricultural crops including corn, milo, rice, wheat, soybeans, 

peanuts, potatoes, watermelons and cantaloupes.  The behavior of feral pigs can 

destabilize agricultural land and ecosystems.  Rooting and trampling activity for food, 

water and wallowing causes damage to agricultural crops, fields, livestock feeding and 

watering facilities, water areas, forests and trees.  Feral pigs can also cause damage by 

eating young goats, lambs, fawns and bird eggs (Taylor, 1991).  The cost of agricultural 

damages caused by feral pigs was estimated at $52 million per year in Texas (Burns, 

2007).  In West Texas, despite youth mortality, generally due to predation or starvation, 

and adult mortality due to hunting, parasites, disease and tooth deterioration), the 

population of feral pigs still increases (Taylor, 1991; Burns, 2007).  Reducing the feral 

pig population has become a necessity. 

Physical barriers, scare techniques or trapping and harvesting feral pigs are the main 

ways of controlling the feral hog population.  However, building large fences is 

expensive and useless as pigs easily root underneath them.  Scare techniques are meant to 

frighten animals and break the pattern of action they have established.  Scare techniques 

used on deers include bar soaps, aluminum foil, predator urine, human hair, gas 

exploders, strobe lights and sirens were shown to decrease in efficiency due to the 

phenomenon of habituation, common to all species, including feral pigs (Harris et al., 

1999).  In Australia and New Zealand, apples filled with 1080, sodium fluoroacetate, 
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results in an accumulation of citrate in the blood depriving cells of energy and leading to a 

slow and painful death are common to poison feral pigs (Choquenot et al., 1996).  Wire-

fencing, electric fencing, snares, traps, active hunting are common methods to control 

feral pig population in the wide-open areas of West Texas (Taylor, 1991; Mapston, 1999) 

but no toxicants are registered.  Trapping requires the presence of attractive baits. 

Effective baits should attract the target species but have a reduced attractive effect on 

non target species, be readily available, inexpensive and easy to store (Wandeler, 1991).  

In the field, hunters and farmers have used corn, sour corn, green corn, barley, fermented 

brewery remains, commercial attractants made of berries and molasses, soap berries 

(personal communication with farmers).  The palatability of domestic and feral hog baits 

was tested by Fletcher et al. (1990).  Baits containing cod-liver oil and petrolatum (10%) 

and polymer long-life baits containing fishmeal and slightly rancid fish oil were 

considered more palatable to feral pigs than standard plain cereal baits (Eason and 

Henderson, 1995).  A field study showed that 95% of 80 wild pigs consumed the polymer 

bait (Fletcher et al. 1990).  Synthetic Fermented Egg (SFE) mixed in corn-oil also 

increased the palatability of corn-oil alone in pigs (Eason and Henderson, 1995) and 

coyotes but not in deers (Bullard et al., 1978).   

Repellents can be used to prevent animals from entering crops.  Products marketed as 

repellents include rotten eggs at high concentrations, salts of fatty acid, the bitter-tasting 

fungicide Thiram or combinations of these ingredients.  Garlic juice and capsaicin can 

also be used as repellents (Harris et al., 1999).  ChileGard™ (Ecocote International, CA), 

a product based on habanero pepper extract (oleoresin capsicum), is marketed as a 

repellent to feral pigs. 
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Practical or scientific effects on bait or repellent palatability confound the effects of 

taste and olfaction, while the power of attraction or repulsion of baits first relies on their 

odor.  The sense of smell is developed early in pigs, and is important to survival so that 

animals will not eat ingredients that would make them sick.  Examples of attractive odors 

include odors of the mother to nursing piglets (Morrow-Tesch and McGlone, 1990), NH3, 

androstenone and n-butanol, all present in the sow’s urine, to weaned-piglets (Krebs and 

McGlone, 2005), or low concentrations of odors of dimethyl disulphide and trisulphide 

from decomposing carcasses to wild animals (DeVault and Rhodes, 2002).  Novel odors 

like amylacetate or orange smell were repulsive to nursing piglets (Morrow-Tesch and 

McGlone, 1990).  In the wild, pigs’ sense of olfaction is even more developed than in 

domestic pigs (Popovic, 1988), perhaps because wild boars have longer, narrower nasal 

airways and nasal cavities and because their genetic repertoire of olfactory receptors does 

not contains as many non-functional genes as the domestic pig (Matasci, 2003).  

Attractive substances can be used as an aid to trapping feral pigs, while repelling 

substances can prevent feral pigs from entering crops, thus controlling economical 

damage.  Using only olfactory signals or stimuli could be less time-consuming and less 

costly than the traditional methods of controlling movements of feral pig populations. 

The first objective of this experiment was to establish a model to evaluate for 

attractive and repulsive odors in domestic nursery pigs.  The second objective was to 

determine if odors could be used in the field to influence feral pig movements. 
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3. Materials and methods 

3.1. Animals and procedures 

3.1.1. Model for attractive and repulsive odors based on domestic pigs 

The experiments were conducted in March, May, June, July, August, September and 

November 2006 at the Texas Tech University Swine Unit (New Deal, TX).  Two studies 

(Experiment 1 and 2) were completed to determine odor preference and aversion using a 

Y-maze.  The experimental designs were different but the procedure in the Y-maze was 

identical. 

The Y-maze was an apparatus made of plywood covered with a layer of non-water 

absorbent epoxy paint similar to the one used by Morrow-Tesch and McGlone (1990).  

The main arm was 1.5 m * 0.43 m * 0.60 m while the two arms were each 1.5 m * 0.30 m 

* 0.60 m.  The angle between both arms was 90°.  At the extremity of each arm, a sliding 

screen made of plywood had a window covered with aluminum wire mesh, at piglet 

height.  Behind the window, a cinderblock held a Petri dish containing the treatment or 

nothing (CON).  In the case of CO2, a mini-tank was placed behind the cinderblock to 

dispense the gas.  A 30 cfm fan (blade diameter 55 mm) positioned behind the 

cinderblock blew the odor towards the Y-maze arm.  Each fan and screen was specific to 

each odor to prevent odor contamination.  The arm in which the treatment was placed 

was randomly assigned and blocked within each litter so that on a given day, half the 

piglets of a litter were exposed to the treatment in the right arm of the Y-maze and half 

the piglets were exposed to the treatment in the left arm of the Y-maze.  Once the pigs 



Texas Tech University, Nadège Krebs, December 2007 

 102

were placed in the main branch of the apparatus, the experimenter left the room.  Black 

plastic tarp curtains around the Y-maze apparatus reduced sources of distractions. 

Behavior was recorded using an overhead camera (Panasonic wv-BP70) and a VCR 

(Panasonic, TL-500) in 2 h-mode (30 frames/s).  The video files were watched at a 

variable speed depending on the level of activity of the pigs and data were collected using 

The Observer 5.0 (Noldus, Leesburg, VA).  The time the pig spent in the arm whose 

extremity contained the treatment was divided by the total time spent in both arms, 

excluding the main arm, to obtain a Preference Index (PI), expressed in percentage.  A PI 

superior to 50% indicated a move towards the treatment while a PI inferior to 50% 

indicated a move away from the treatment.  A PI of 50% was neutral. 

In Experiment 1, piglets (n = 33, 20 gilts and 13 barrows from nine litters, PIC USA) 

were weaned at 21 to 28 d of age and kept in nursery pens.  Five to seven days after 

weaning, piglets were tested for four consecutive days with four randomly assigned 

treatments, including control (CON, air from both sides) and three treatments among:  

synthetic maternal pheromone (MPH, Suilence®, CEVA Santé Animale, Libourne, 

France, 60 mL), boar urine (BOARURI, collected from a boar and frozen in 60 mL 

aliquots at -80°C, thawed and tested at room temperature), urine of sow in estrus 

(SOWURI, collected from a sow in estrus and frozen in 60 mL aliquots at -80°C, thawed 

and tested at room temperature), Red Fox urine (FOX, Wildlife Research Center Inc., 

Ramsey, MN, 60 mL), a commercial attractant made of berries and molasses (BERRY, 

PigOut, Evolved Habitats, New Roads, LA, 60 mL), and sour milk (SMILK, 60 mL, 

fermented for 2 weeks at 25° C- 30° C).  Prior to statistical analyses the data were 

transformed to normalize the data.  Data were analyzed with the general linear model 
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procedure in SAS (SAS Institute Inc., Cary, NC, Version 9.1, 2002-2003). The model 

included litter, treatment and litter × treatment interaction.  The litter affected (P < 0.05) 

the PI but the standard error was very large.  Therefore a non parametric test (Chi-square) 

was judged more appropriate to analyze the data in Experiment 1.  

In Experiment 2, piglets (n = 18, 11 gilts and 7 barrows, PIC USA) were weaned at 

21 to 30 d of age and kept in nursery pens.  Five days after weaning, they were removed 

from their nursery pens and brought into a different building for the first time. For six 

consecutive days, each pig was assigned a treatment a day so that at the end of the 6-d 

test-period, each pig had experienced each treatment.  The treatments and test days were 

randomized.  The treatments were: control (CON, air on both sides), ChileGard™ 

(CHILE, Ecocote International Inc., San Diego, CA, 60 mL), corn (CORN, ground, 60 g), 

maple syrup (MAPLE, Aunt Jemima®, Allentown, PA, 60 mL), ammonia (NH3, Church 

and Dwight Co. Inc., Princeton, NJ, 60 mL) and CO2 (delivered at 20 ppsi or 1.38 Bar by 

a mini- CO2 tank). Experiment 2 was a 6 × 6 replicated latin-square design (6 pigs × 6 

treatments per square, three squares) and the data were first analyzed with the general 

linear model in SAS (SAS Institute Inc., Cary, NC, Version 9.1, 2002-2003).  Non 

parametric test (Chi-square) were used to analyze the data in Experiment 2.  

All procedures were approved by the Animal Care and Use Committee. 

3.1.2. Field study: efficiency of olfactory stimuli as baits 

The field trial took place in Dickens County, TX, on a private ranch whose owner 

reported increased damages caused by feral pigs.  Preliminary observation of tracks and 

rooting activity justified the positioning of the observation station by the water, in an area 

abundant with foliage.  A large fenced pen (TRAP) was built and a fenced corridor led to 
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a trailer whose door was left open.  Two feeding troughs were placed around the central 

trees of the fenced area.  A motion-detected camera (MFH-DGS-100V2, 

MoultrieFeeders, Alabaster, AL) was set up to take still pictures and determine the 

presence of feral pigs, the constitution of the group and the schedule and pattern of 

activity of the herd.  Corn was placed weekly in the feeder for 9 months (between April 

2006 to May 2007).  The positive reinforcement, feed reward when the pigs entered the 

trap, was sometimes based on a variable interval schedule: during hunting season 

(November 2006 to January 2007), access to the site was forbidden and no corn was 

placed in the feeders.  The presence and activity of the feral pigs at the TRAP varied, 

depending probably on the presence of corn and biological events including two peaks of 

farrowing, in January-March and June-July (Hellgren, 1999).  When corn was present in 

the feeders, feral pigs visited the TRAP at dusk and dawn during the fall and winter, but 

some diurnal activity was recorded in the spring.  In March 2007, 38 feral pigs were 

trapped and taken away.  Therefore, the herd was reduced.  In April and May 2007, two 

sites were tested: the usual trap (TRAP) and a new open place where rooting activity had 

recently appeared (OPEN).  Based on the attractive effect of ChileGardTM and the 

repulsive effects of sour milk in the nursery pig model, two experiments were conducted.  

In the first experiment, high intensity scent dispensers (Pro-Wick, Wildlife Research 

Center Inc., Ramsey, MN) were soaked in ChileGardTM (CHILE, 60 mL per scent 

dispenser) and hung in the TRAP site, at pig’s height, in the enclosed area, not next to the 

feeders but close to the entry while other dispensers bearing no scent (CON) were placed 

2.5 m from the CHILE scent dispensers.  In the second experiment, the scent dispensers 

soaked with sour milk (SMILK, fermented for 5 d at 35°C) were set up as well as control 
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scent dispensers (CON).  Motion-detected cameras (MFH-DGS-100V2, MoultrieFeeders, 

Alabaster, AL) were placed around the scent dispensers.  Because the behaviors had to be 

assessed from still pictures, for five days and four nights, the data recorded were the 

number of pigs who made close contact, mouth less than 0.05 m from the scent dispenser, 

licking or nibbling, with the scent dispenser among pigs whose head was within 0.50 m 

of the scent dispenser.  These behaviors were mutually exclusive and the percentage of 

pigs that made close contact with the scent dispenser was calculated for each treatment.  

To prevent a bias due to higher passing rate on the trail of the CHILE or CON scent 

dispensers, the position of the treatments was randomized. 

In the OPEN site, scent dispensers with ChileGardTM were placed on a branch at pig’s 

height, next to an area that showed signs of rooting and other scent dispensers were 

placed on a tree branch as well, 2.5 m from the CHILE scent dispensers.  In the open site, 

infrared cameras (CM 314, Advanced-CCTV, Mandeville, LA) and VCRs (Panasonic 

AG-6540, on 72-h mode) were set to record activity continuously.  The number of pigs 

whose mouth was less than 0.05 m from the scent dispenser and the number of pigs 

whose head was within 0.50 m of the scent dispenser were recorded continuously for five 

days and four nights. 

All procedures were approved by the Animal Care and Use Committee. 

3.2. Statistical analysis 

3.2.1. Model for attractive and repulsive odors based on domestic pigs 

The PI reflected the choice of the pig to go to the right or to the left arm of the Y-

maze.  If the pig remained in the main branch of the Y-maze this was referred to as 
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freezing behavior or alert immobility, the PI could not be evaluated because there was no 

preference.  A Chi-square analysis was conducted for all the treatments (2 × 7 Chi-square 

analysis for Experiment 1, df = 6, and 2 × 6 Chi-square analysis for experiment 2, df = 5) 

to determine if overall the percentage of pigs that froze/attended the smell was 

independent from the treatment.  In each experiment, 2 × 2 Chi-square analyses (df = 1) 

were then conducted to determine if the percentage of pigs that froze/attended the smell 

when exposed to the test treatment was different from the percentage of pigs that 

froze/attended the smell when exposed to CON.  Among pigs that did not freeze/attend 

the smell, 2 × 2 Chi-square analyses (df = 1) determined for each treatment if the 

percentage of pigs that were attracted to (PI > 50%) or repulsed by (PI < 50%) the 

treatment was different from 50%.  A weighted PI was calculated for each treatment: 

 

Weighted PI = {(number of piglets that spent more than 50% of their time towards 

the treatment * average PI when pigs spent more than 50% of their time towards the 

treatment) + (number of pigs that spent less than 50% of their time towards the treatment 

* average PI when pigs spent less than 50% of their time towards the treatment)} / (total 

number of pigs that did not freeze/attend the smell). 

 

The weighted PIs were compared to 50% in t-tests using the pooled standard error to 

determine attraction or repulsion. 

3.2.2. Field study 



Texas Tech University, Nadège Krebs, December 2007 

 107

A 2 × 2 Chi-square analysis (df = 1) was conducted to determine if the percentage of 

pigs that made close contact with the scent dispenser was affected by the treatment. 

4. Results 

4.1. Model for attractive and repulsive odors based on domestic pigs 

Experiment 1 

On average, pigs exposed to CON spent 7.09% (± 1.70) of their time in the right arm 

and 7.49% (± 1.83) in the left arm, showing that there was no side preference (P > 0.05).  

The 2 × 7 Chi-square analysis showed that overall, the treatment affected (P < 0.01, df 

= 6, χ2= 33.2) the percentage of pigs that froze/attended the smell.  For each treatment, 

the percentage of pigs that froze/attended the smell was compared to the percentage of 

pigs that froze/attended the smell when exposed to CON in 2 × 2 Chi-square analyses 

(Table 6.1).  Compared to CON, fewer (P < 0.01) pigs froze/attended the smell when 

exposed to BOARURI, BERRY, SMILK and SOWURI.  Among pigs that did not 

freeze/attend the smell, more (P < 0.01) than 50% of the pigs were attracted (PI > 50%) 

to BOARURI (average PI of the pigs that were attracted to BOARURI = 86.8% ± 6.38) 

and FOX (average PI of the pigs that were attracted to FOX = 83.0% ± 6.88) and more (P 

< 0.05) than 50% of the pigs were repulsed by SMILK (average PI of the pigs that were 

repulsed by SMILK = 12.0% ± 8.00).  The weighted PI confirmed that pigs were 

attracted (P < 0.05) to BOARURI and FOX and repulsed (P < 0.05) by SMILK (Table 

6.1). 

Experiment 2 



Texas Tech University, Nadège Krebs, December 2007 

 108

On average, pigs exposed to CON spent 7.07% (± 2.70) of their time in the right arm 

and 6.18% (± 1.94) in the left arm, showing that there was no side preference (P > 0.05). 

The 2 × 6 Chi-square analysis showed that overall, the treatment affected (P < 0.05, df 

= 5, χ2 = 12.62) the percentage of pigs that froze/attended the smell.  For each treatment, 

the percentage of pigs that froze/attended the smell was compared to the percentage of 

pigs that froze/attended the smell when exposed to CON in 2 × 2 Chi-square analyses 

(Table 6.2).  Compared to CON, more (P < 0.05) pigs froze/attended the smell when 

exposed to CHILE and CORN.  Among pigs that did not freeze/attend the smell, more (P 

< 0.01) than 50% of the pigs were attracted to CHILE (average PI of the pigs that were 

attracted to CHILE = 86.5% ± 5.17), CO2 (average PI of the pigs that were attracted to 

CO2 = 83.1% ± 7.10), and MAPLE (average PI of the pigs that were attracted to MAPLE 

= 100.0% ± 0.00).  The weighted PIs confirmed the strong attraction to MAPLE (P < 

0.01) and to CHILE and CO2 (P < 0.05) (Table 6.2). 

4.2. Field study 

More (χ2= 30.81, P < 0.01) pigs (26.9%) stopped to nibble on the CHILE scent 

dispensers than on the CON scent dispensers (0%) (Table 6.3).  When testing SMILK vs 

CON, 74 pigs were found within 0.50 m of the CON scent dispensers vs 45 pigs within 

0.50 m of the SMILK scent dispensers.  One pig (2.2%) nibbled on the SMILK scent 

dispenser.  The odor did not affect (χ2= 2.2245, P < 0.01) the percentage of pigs that 

made close contact with the scent dispensers (Table 6.4). 
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5. Discussion 

During the Y-maze test, pigs displayed more or less freezing behavior depending on 

the treatment.  Freezing can be related to fear.  Freezing can also reflect the immobile 

state an animal temporarily adopts while attending a stimulus (Toates, 1980).  As no odor 

was present in CON-pigs, the percentage of CON-pigs that froze/attended the smell 

represented the fear-freezing effect of the novel environment.  Moreover, the percentage 

of pigs that froze/attended the smell did not decrease with increasing exposure to the Y-

maze.  Therefore, comparing the percentage of pigs that froze/attended in response to 

smells to the percentage of CON-pigs that froze/attended the smell accounted for the 

novel environment effect and assessed the degree of attendance to the smell.  The 

interpretation of attendance varies but can be considered a type of exploratory behavior.  

As in humans, some animals may detect a familiar olfactory stimulus, stop, wait and sniff 

the air to identify the stimulus or to determine its origin.  These behaviors can show 

increased attendance or hesitation, perhaps due to activation of cognitive processes 

related to olfactory memory.  Other individuals may detect a familiar olfactory stimulus, 

identify it and disregard it.  The large standard error obtained for the PIs with the general 

linear model analysis reflected the individual variations, shown in taste, even among 

cloned pigs, by Archer et al (2003).  Decreased attendance could also be due to decreased 

ability to detect the stimulus. 

Some treatments only had an effect on freezing/attendance behavior.  In Experiment 

1, fewer pigs froze/attended the smell when exposed to BERRY or SOWURI compared 

to CON.  Exposure to BERRY and SOWURI resulted in a decreased attendance 

compared to CON, perhaps because these odors were novel and/or uninteresting and/or 
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irrelevant.  The urine of a sow in estrus was a novel smell to piglets as during lactation, 

sows could not express estrus.  Perhaps the odor of urine of a sow not in estrus would 

have elicited a different response.  The odor of SOWURI had no effect on 

attraction/repulsion, which confirmed results obtained on 7-d old nursing pigs (Morrow-

Tesch and McGlone, 1990).  In Experiment 2, more pigs froze/attended the smell when 

exposed to CORN compared to CON.  More pigs attended CORN, perhaps because they 

recognized the smell.  Or else, the increased attendance to CORN translated hesitation 

because the familiar smell was presented in an unfamiliar context.  The smell of CORN 

failed to attract pigs, perhaps because of the known absence of reward. 

MAPLE, CO2 (Experiment 2) and FOX (Experiment 1), had no effect on 

freezing/attendance behavior but attracted pigs.  Experiment 2 showed that the power of 

attraction of MAPLE was very consistent: out of the pigs that did not freeze/attend the 

smell, 80% spent more than 50% towards MAPLE and the average PI of the pigs that 

spent more than 50% towards MAPLE was 100%.  Pigs were shown to have an innate 

preference for sweet flavors (Kare et al., 1965) such as glucose, sucrose, fructose and 

lactose (Houpt and Houpt, 1976; Laitat et al., 2004).  Maybe pigs were expecting a sweet 

feed reward by staying close to MAPLE though BERRY did not attract pigs in 

Experiment 1 though it also had a sweet smell like maple syrup. 

In Experiment 2, the attraction to CO2 is apparently contradictory to the existing 

literature because CO2 creates respiratory distress and should be repulsive: finishing pigs 

were repulsed by CO2 when exposed to it in an enclosed environment at concentrations 

ranging from 15% CO2 to 70% CO2 (Jongman et al., 2006; Dalmau et al., 2006).  In this 

study perhaps the concentration was not high enough to cause respiratory distress.  
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Despite the absence of odor, the presence of CO2 even at low concentrations was 

perceived by pigs as they displayed a preference towards CO2 while when exposed to air 

from both sides, the PI was not different from 50%.  The attraction to CO2 could mean 

that pigs were more attracted by a different air composition.  Or the attractive effect of 

CO2 may be an artifact relying on other features related to the dispensing method of CO2 

including slight noise from the tank and slightly different wind current compared to other 

treatments.  Therefore, an additional treatment should have included a control tank 

dispensing air. 

The attraction to FOX was surprising as it was very unpleasant to the human 

experimenters.  Fox urine contains odoriferous products of proteolysis including sulfuric 

compounds that reflect the carnivorous diet (Albone and Fox, 1971 in Bullard et al., 

1978; Nolte and Campbell., 1994).  The main component of fox urine is MBMS (3-

methyl-3-butenyl methyl sulfide or ∆3-isopentenyl methyl sulfide) and is very volatile 

(Lindgren et al., 1995).  The effects of MBMS vary depending on the animal, and the 

conditions of application (Lindgren et al., 1995).  Coyote urine also contains MBMS.  In 

Texas, coyotes can predate piglets, but as piglets had never been exposed to coyotes and 

were not repulsed by the main component of its urine, this predator-related fear may not 

be innate.  Another hypothesis is that the synthetic compound MBMS is not 

representative of the real fox urine and lacks the complex signals present in real fox urine 

(Nolte et al., 1993, in Lindgren et al., 1995). 

However, to be repulsive, an odor does not need to be associated with emotionality 

like fear as some odors remain repulsive despite the injection of anti-anxiety drugs 

(Blanchard et al., 2003).  Pigs were repulsed by SMILK in our study while it is not 
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related to predator odor.  Sour milk contains sulfuric compounds including hydrogen 

sulphide, dimethyl sulphide from the degradation of proteins and amino-acids like 

cysteine.  The compounds in SMILK are probably similar to those present in the 

fermented egg product tested by Bullard et al. (1978) that repelled deer but attracted 

coyotes.  In Experiment 1, fewer pigs froze/attended the smell when exposed to SMILK.  

Perhaps attendance was decreased because the smell was new and non-relevant.  It is 

unlikely that the lesser attendance was due to an inability to detect the compounds as 

SMILK contains hydrogen sulphide, identified as the main component used by pigs to 

locate buried truffles (Talou et al., 1990).  Pigs that attended SMILK were repulsed by it 

with an average PI of the pigs that made an active choice away from sour milk = 12.0% ± 

8.00.  This study shows that SMILKcould repel pigs.  However, this reaction could be 

concentration-dependant as sulfuric compounds like dimethyl disulphide and dimethyl 

trisulphide were attractive to wild animals at low concentrations but repulsive at high 

concentrations (DeVault and Rhodes, 2002).  An interesting control in the future could 

compare attendance and attraction to regular, non sour milk to that of sour milk. 

Repulsion can also be due to irritant odors like capsaicin that are processed through 

the trigeminal nerve and cause pain (Nolte and Campbell, 1994) or to any product whose 

ingestion is paired with gastrointestinal distress (Garcia, 1989).  Despite the irritation due 

to the presence of capsaicin and despite the novelty of the smell more pigs froze/attended 

CHILE and pigs were attracted to CHILE in Experiment 2.  The only pig that pushed the 

wire-mesh screen through to reach the odor did so when exposed to CHILE.  This was 

surprising as CHILE is marketed as a repellent: it could mean that the smell of CHILE is 



Texas Tech University, Nadège Krebs, December 2007 

 113

attractive but that its ingestion is repulsive.  Therefore we decided to test CHILE in the 

field. 

It is necessary to first point out that the use of domestic pigs as a model to evaluate 

responses to odors in feral pigs may be biased.  Responses to odors depend on familiarity, 

cognition, ethological relevance, state of satiety, availability in other resources and 

physiological stage for example.  Feral pigs are exposed to more olfactory stimuli than 

domestic pigs.  The response of older feral pigs to odors may be different from the 

response of newly-weaned domestic pigs, though some innate responses to odors are 

preserved from the feral to the domestic pig including odors related to sexual behavior, 

mother-young relationship or social contacts (Matasci, 2003).  Odor attraction also 

depends on the physiological stage: the urine of a sow in estrus was not attractive to 

nursery pigs in Experiment 1 but was attractive to boars in a T-maze test (McGlone and 

Morrow, 1987).  In a field trial conducted by McIlroy and Gifford (2005), a physical sow 

in estrus attracted an adult boar to a trap, though the attraction was less efficient than if 

feed was present with the sow.  The smell of FOX was not repulsive to domesticated pigs 

but feral pigs may have encountered foxes and may react differently to it.  Odor attraction 

also depends on the context.  If feed resources are scarce, feed will become the priority.  

The relation to feed is another bias to the study.  Feral pigs were used to come to the trap 

and had been conditioned for several months with corn.  In the context of the catch pen 

though, twice more pigs (30 vs 8) came within 0.5 cm of the CHILE scent dispensers 

compared to CON.  McIlroy and Gifford (2005) trapped a boar using the combination of 

fermented corn and a sow in estrus; however, when used separately, neither trapped 

boars.  At the OPEN site in the field trial, corn was never offered to pigs.  Scent 
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dispensers with CHILE were placed there, on the same day as CHILE scent dispensers 

and corn were placed at the TRAP site where corn had been offered for several months.  

Despite the fresh signs of rooting at the OPEN site on the previous days, only one sow 

and her litter were seen at the OPEN site after the CHILE scent dispensers had been 

placed.  The piglets rooted the area where CHILE had dripped on and did not stop at the 

bush with CON scent dispensers were placed but no pigs were further seen at the OPEN 

site.  Feral pigs scan a large territory (30-280 hectares according to Ockenfelds et al., 

1985) and the TRAP site probably became the favorite location due to the presence of 

corn.  At the TRAP site, more pigs stopped to nibble the CHILE scent dispensers than the 

CON scent dispensers, meaning that CHILE was detectable and/or intriguing.  Though 

nursing pigs were shown to be repulsed by novel odors including amyl acetate or orange 

(Morrow Tesch and McGlone, 1990), older pigs may be attracted or curious about new 

odors and CHILE may have benefited from this effect.  CHILE is made of habanero 

peppers extract and has capsaicin which acts through the trigeminal nerve.  Feral pigs that 

made contact with CHILE should have experienced discomfort like the nursery pig that 

reached CHILE in the Y-maze test, which included droopy tongue, salivation, sneezing 

and increased drinking behavior.  In the field study, it was not possible to identify which 

feral pigs had tasted the CHILE scent dispensers and to determine how unpleasant it was.  

If the same pig were to repeat contact with CHILE from one day to the next, the 

discomfort was mild.  Perhaps the sensation of CHILE was not as negative, similarly to 

some humans who enjoy hot, spicy food (Rozin, 1984).  Flavor aversion learning requires 

gastrointestinal distress or post-ingestion sickness and is efficient at repelling birds and 

mammals (Galef and Clark, 1971; Reidinger, 1995).  Contact with CHILE did not cause 
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sickness.  Learning to avoid CHILE may be easier if it caused sickness intead of an 

uncertain discomfort.  So, more research is needed to determine the power of attraction of 

CHILE alone without corn being present in the trap, the discomfort caused by CHILE 

ingestion that could result in avoidance learning and the efficiency of CHILE if it were 

coating seeds.  The habituation to CHILE or the effects of social learning on CHILE 

should be determined as well. 

Finally, when the scent dispensers were placed in the TRAP, feral pigs did not attend 

SMILK or CON, though more pigs were seen within 0.50 m of the CON scent dispensers 

than the SMILK scent dispensers, which can be interpreted as repulsion.  These results 

confirmed the attendance (CHILE) and repulsion (SMILK) effects observed in the 

domestic pig model. 

Though Mastasci (2003) showed that in domestic pigs, 43.6% of the olfactory 

receptor genes were disrupted vs 35.6% in the feral pig, this decrease in functional 

olfactory receptor (OR) genes may not affect behavioral responses to olfactory stimuli.  

The decrease in functionality concerned only certain types of olfactory receptors 

including OR type I, thought to bind H20-born compounds and OR type II thought to bind 

volatile compounds, and within a type of receptors, certain families.  Since odors activate 

several receptors and that olfactory encoding depends on a combination of activated 

olfactory receptors, detection, processing and behavioral response may only be slightly 

affected by the existence of pseudogenes.  Domestic pig can serve as a model to evaluate 

responses to olfactory stimuli in feral pigs.  Olfactory baits present the advantage of 

being more species-specific than traditional feed baits.  The strategy of baiting may 

require focusing on the leaders of the herd, likely to be attracted to feed-related smells 
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first, then to reproduction-related smells.  Combination of baits may be more efficient at 

trapping; and using a ‘bait rotation schedule’ may prevent bait habituation. 

6. Conclusion 

Compared to control, in Experiment 1, fewer pigs froze/attended the smell when 

exposed to the commercial attractant and the urine of sow in estrus.  Red Fox urine was 

attractive without triggering an increase or decrease in freezing behavior.  Fewer pigs 

froze/attended the smell when exposed to boar urine or sour milk, but while pigs were 

attracted by boar urine, they were repulsed by sour milk.  In Experiment 2, more pigs 

froze/attended the smell when exposed to the smell of corn.  Attraction to maple syrup 

and CO2 were not preceded by an increase or decrease in freezing/attendance compared 

to control.  More pigs froze/attended the smell and were then attracted to ChileGardTM.  

In Experiment 1 and 2, ammonia and the synthetic maternal pheromone had no effect.  In 

the field, feral pigs attended CHILE more than CON but and did not attend SMILK or 

CON.  The results show that domestic pigs can serve as a model to evaluate olfactory 

responses that reflect behavior of feral pigs in the field. 
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Table 6.1.  Effect of the treatment on the behavior of pigs in a Y-maze (Experiment 1). 
 
   %  

Test treatment N Froze/attendeda Attractedb Weighted PI 

Control1 33 42.4 63.2 57.5 

Boar urine2

 

 

 

 

 

 

18      22.2 **      71.4 ‡‡    65.8 # 

Berry3 12      16.7 ** 40.0 51.5 

Fox urine4 20 35.0      69.2 ‡‡    63.2 # 

Sour milk5 12      25.0 **    33.3 ‡    35.0 # 

Maternal pheromone6 12 33.3 37.5 41.6 

Sow urine7 21      23.8 ** 37.5 44.0 

SEpooled - 2.08 4.71 4.37 

a  Percentage of pigs that remained still (immobility, but alert) in the main arm of the Y-
maze. 
b Of the pigs that did not freeze/attend the smell, the percentage that spent more than 50% 
of their time near the test odor. 
 
*   Differs from Control, P < 0.05 by Chi-Square 
** Differs from Control, P < 0.01 by Chi-Square 
 
‡   Differs from 50%, P < 0.05 by Chi-Square 
‡‡ Differs from 50%, P < 0.01 by Chi-Square 
 
#  Differs from 50.0 % (no preference), P < 0.05 by Student’s t-test 
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1 Air  
2 Collected from a boar, frozen at -80°C then thawed 
3 Commercial attractant, PigOut, Evolved Habitats, New Roads, LA 
4 Red Fox urine, Wildlife Research Center Inc., Ramsey, MN 
5 Fermented for 2 weeks at 25-30°C 
6 Suilence®, CEVA Santé Animale, Libourne, France  
7 Collected from a sow in estrus, frozen at -80°C then thawed 
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Table 6.2.  Effect of the treatment on the behavior of pigs in a Y-maze (Experiment 2). 
 
   %  

Test treatment N Froze/attendeda Attractedb Weighted PI 

Control1 18 55.6 50.0 55.4 

ChileGardTM 2
 

 

 

 

18    72.2 *      76.9 ‡‡ 67.9 # 

CO2
3 18 61.1      72.7 ‡‡ 65.4 # 

Corn4 18    72.2 * 38.5 50.5 

Maple syrup5 18 55.6      80.0 ‡‡ 86.0 ## 

NH3
6 18 66.7 50.0 45.0 

SEp - 1.80 5.11 6.02 

 
a Percentage of pigs that remained still (in alert immobility) in the main arm of the Y-
maze 
b Of the pigs that did not freeze/attend the smell, the percentage that spent more than 50% 
of their time near the test odor 
 
* Differs from Control, P < 0.05 
 
‡‡ Differs from 50%, P < 0.05 
 
#  Differs from 50.0 % (no preference), P < 0.05 by Student’s t-test 
## Differs from 50.0 % (no preference), P < 0.01 by Student’s t-test 

                                                 
1 Air  
2 ChileGardTM, Ecocote International Inc., San Diego, CA 
3 CO2, dispensed at 1.38 Bar by a mini-tank 
4 Corn, ground 
5 Maple syrup, Aunt Jemima®, Allentown, PA 
6 Ammonia, Church and Dwight Co. Inc., Princeton, NJ 
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Table 6.3. Attendance by feral pigs to the odor of habanero peppers (ChileGardTM) and 
Control scent dispensers in the field (Experiment 3).  ChileGardTM differs (P < 0.01) from 
Control for both measures. 

 

Test treatment Number of feral pigs whose 
head was within 0.5 m of the 

scent dispenser 

Number of feral pigs whose 
mouth was within 0.05 m of 

the scent dispenser 
Control1 14 0 
ChileGardTM2

 22 8 
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1 Control (plain scent dispenser) 
2 ChileGardTM, Ecocote International Inc., San Diego, CA 
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Table 6.4. Attendance by feral pigs to the odor of sour milk and Control scent dispensers 
in the field (Experiment 3).  Control and sour milk did not differ (P > 0.05) by Chi-
square. 

 

Test treatment Number of feral pigs whose 
head was within 0.5 m of the 

scent dispenser 

Number of feral pigs whose 
mouth was within 0.05 m of 

the scent dispenser 
Control1 74 0 
Sour milk2 44 1 

 
 

 
1 Plain scent dispensers 
2 Fermented for 2 weeks at 25-30°C 
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CONCLUSIONS AND DISCUSSION 

1. Induced preference to olfactory stimuli via passive exposure could reduce 

weaning stress 

The first experiment showed that pigs whose mothers were fed an onion-flavored diet 

during lactation did not display a particular preference to onion smell.  Additionally, pigs 

fed an onion-flavored diet at weaning did not have improved performance compared to 

pigs that had never been exposed to onion.  This experiment attempted to induce a 

preference to a flavor/smell via an association to the maternal environment.  Many feed 

companies try to enhance diet palatability by adding flavors including: berries, maple, 

coconut, or other sweet flavors (Frederick and van Heugten, 2001).  Of the many possible 

flavors, onion may not be a good candidate to improve feed palatability as it contains 

sulfuric compounds that can be repulsive at a high concentration (DeVault and Rhodes, 

2002).  However, in several rodent species, it was shown that flavors that are familiar 

were preferred over new flavors, regardless of the pleasantness (Galef, 1981).  The 

cognitive meaning of onion could have elicited a preference, if associated to the maternal 

environment. 

The synthetic maternal pheromone is also an olfactory reminder of the maternal 

environment.  However, the maternal pheromone used in previous studies (McGlone and 

Anderson, 2002) is a synthetic mix of fatty acids (Pageat, 2001).  The real maternal 

pheromone secreted on the udders of the sow contains individual-specific compounds 

that are not present in the synthetic form of the maternal pheromone.  The difference in 
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composition between the synthetic form and the real form of an odor or pheromone may 

be responsible for differences in behavioral responses to these olfactory stimuli (Nolte et 

al., 1993).  The smell of onion is more consistent across sows than the maternal 

pheromone.  Moreover, using a flavoring agent like onion as a reminder of the maternal 

environment could be more practical and convenient to use than pheromones because 

there is no need to spray it in the pens.  Though the results of this study were not 

conclusive, further studies should be conducted using a similar but modified design.  A 

gas chromatograph analysis of milk samples collected from sows before and after feeding 

an onion-flavored diet could examine the extent to which the onion flavor passed through 

to the milk.  The experimental design could also be more controlled by testing pigs from 

sows having the most identical milk profiles.  Including a flavored-creep feed while pigs 

are in the farrowing crate would also decrease the stress of transition from milk to solid 

feed and may increase feed intake at weaning (King, 1979).  Habituating pigs to the Y-

maze prior to the testing the day would decrease handling stress which might allow for 

clear conclusions about preference to onion smell prior to weaning.  The Y-maze could 

also be used to test relative preference for example onion-flavored milk vs non flavored 

milk.. 

Induced preference to olfactory stimuli via active training reduced handling stress 

Training pigs to an olfactory/gustatory reward as maple syrup reduced handling stress 

in a pre-stun area.   If pigs were trained to the odor prior to slaughter and could anticipate 

the reward they moved faster.  Physiologically, control pigs, non trained no maple syrup, 

had an increased neutrophil:lymphocyte ratio compared to pigs that were trained and 

could expect the reward.  A study in our lab showed that increased neutrophil:lymphocyte 
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ratio after transport correlated with the rate of dead and down pigs, a problem evaluated 

at $100 million annually (Ellis and Ritter, 2005).  Cortisol concentrations were not 

affected by the treatment but blood samples should have been collected before transport, 

as a baseline, and after transport, to evaluate the effects of transport and time in the 

changes in cortisol.  

If farms were to implement training to an odor reward, the most efficient schedule 

remains to be determined. This approach may require extra labor which could be reduced 

if motivation was very high in the finishing barn.  Further associating the training and 

maple syrup reward to an auditory stimulus could increase the efficiency of training.  

Dudink et al., (2006) showed that ringing a bell, conditioned stimulus, while distributing 

seeds to nursing pigs in the farrowing crates, unconditioned stimulus, led to a long lasting 

conditioning.  Conditioning pigs in the finishing barn to the olfactory/gustatory reward 

and to the playback of sounds of the packing plant may not be efficient because of the 

continuous presence of the conditioned stimulus at the plant.  Many factors involved with 

conditioning also remain to be determined, for example the duration of retention of the 

conditioning, the schedule of conditioning, the social facilitation effect of trained pigs 

among untrained pigs etc. 

2. Innate preference to olfactory stimuli are variable and the motivation to be near 

odors or pheromones is not established 

We found that pigs were attracted to fox urine, boar urine, ChileGard™ (habanero 

pepper extract) and maple syrup.  In contrast, pigs were repulsed by sour milk.   These 

responses are an example of innate preference or aversion.  However, these results were 

based on preference tests in a Y-maze.  The reliability of preference tests has been 
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questioned in the literature (Fraser and Matthews, 1997; Broom and Johnson, 2000) 

because preferences may reflect a temporarily benefit and not assess the motivation to 

fulfill a vital need.  In our studies, pigs were exposed to odors in a Y-maze for one 

minute.  This short duration was meant to assess their immediate response to the 

olfactory stimuli. However, spontaneous responses do not reflect the motivation to be 

near an odor; instead they can reflect interest or short-term preference.  Future studies 

could expand on the present study and determine the extent of the preference by 

measuring the motivation to be near the odor.  Operant conditioning can measure 

motivation (Broom and Johnson, 2000).   Operant conditioning consists of having an 

animal perform a task that is not directly related to the objective to be tested (i.e., operate 

a switch button to gain access to feed (Baldwin, 1979)).  However, motivation can vary 

greatly among individuals.  Several days before parturition, sows were more motivated to 

work for feed than for access to straw but the day before parturition they were as 

motivated for straw as for feed (Hutson, 1992).  This showed that preferences can express 

short-term needs based on the physiological stage..  One could imagine a system where 

pigs would tap on a lever to gain access to an odor and compare different odors, knowing 

motivation will vary depending on hunger, reproduction cycle, age etc. 

Future studies in feral hogs should be designed as to reduce other attractive factors 

such as the presence of corn in the trap to assess the real power of attraction or repulsion 

of olfactory baits.  However, in the absence of reward, attracting feral pigs to a given 

location may be challenging. 
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3. The maternal pheromones at weaning did not reduce weaning stress as 

measured by cortisol but increased neutrophil chemotaxis  

Amyl acetate and the synthetic maternal pheromone had similar effects on behavior 

and cellular immunity in the 2 hours following weaning.  Exposure to a novel caustic 

odor, amyl acetate, and to a familiar pheromone decreased the latency to escape and the 

latency to lie down.  Pigs exposed to amyl acetate or the maternal pheromone spent more 

time lying down.  The synthetic maternal pheromone increased neutrophil chemotaxis 

compared to after transport.  It is difficult to know if a suppressed immune response 

would positively or negatively affect the animal.  Future studies looking at disease 

susceptibility would improve our understanding of the effects of weaning stress on in 

vivo immune response.  Additionally, without the brain histology (c-Fos and CRF) it is 

difficult to assess whether amyl acetate and maternal pheromone had any effect compared 

to the control odor, knowing that the appearance and timing of appearance of c-Fos and 

CRF are stressor-dependant and the response to odors is individual-dependant. 

4. Conclusion 

In conclusion, significant improvements in the welfare of pigs using olfactory stimuli 

can occur.  Olfactory stimuli may be used most efficiently when pigs are actively trained 

to an odor.  Active training of pigs rather than passive exposure or innate preference to 

olfactory-based stimuli is an environmental enrichment that can lead to welfare 

improvements. 
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APPENDICES 

 
A1. Following steps for immunohistochemistry 
 
A2. Effects of time on immunologic and cortisol measures on maternal pheromone-
treated pigs (n = 7 blocks per treatment). 
 
A3. Effects of time on immunologic and cortisol measures on amyl acetate-treated 
pigs (n = 7 blocks per treatment) 
 
A4. Effects of time on immunologic and cortisol measures on control-treated pigs (n = 
7 blocks per treatment). 
 
B1. Diagram of the training ramp and loading ramp 
 
B2. Definition of timing abbreviations 
 
B3. Definition of the behaviors in the resting pens 
 
B4. Effects of the interaction between training at the barn and treatment at the plant on 
immunological measures and cortisol. N:L is the neutrophil to lymphocyte ratio. 
 
B5. Effects of the training at the barn and the treatment at the plant on immunological 
measures and cortisol. N : L is neutrophil to lymphocyte ratio  
 
B6. Effects of the interaction between training at the barn and treatment at the plant on 
the tapping/touching with the paddle data  
 
B7. Effects of the training at the barn and the treatment at the plant on the 
tapping/touching with the paddle data.   
 
B8. Effects of the interaction between training at the barn and treatment at the plant on 
movement times in trained (TR) or non-trained (NOTR) pigs. 
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immunological measures and cortisol. N:L is the neutrophil to lymphocyte ratio. 
 
B10. Block effects on timing and paddling data 
 
C1. Effect of the treatment on the behavior of pigs in a Y-maze (Experiment 1) 
 
C2. Effect of the treatment on the behavior of pigs in a Y-maze (Experiment 2) 
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CHAPTER VI 
 

CAN STRESS BE DECREASED BY EXPOSURE TO ODORS AND 
PHEROMONES IN PIGS? BEHAVIORAL, IMMUNOLOGIC, AND 

PHYSIOLOGICAL EFFECTS 
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A1 

Following steps for immunohistochemistry 

The sense of olfaction and the stress axis are intertwined: anatomically, the main and 

accessory olfactory systems project neurons into the limbic system, which project into the 

PVN (Petrovich et al., 2001).  Research in rodents showed that exposure to predator 

odors increased fear-related behaviors and increased CRH mRNA levels or 

immunoreactivity as well as c-Fos (an Intermediate Early Gene) immunoreactivity in the 

hypothalamus (File et al., 1993; Morrow et al., 2002; Figueiredo et al, 2003; Myers 2004; 

Wiedenmayer et al., 2005).  Weaning stress should result in an increase in c-Fos and 

CRH immunoreactivity in the PVN.  Amyl acetate or the maternal pheromone cause an 

additional activation of c-Fos and/or CRH or decrease it or not have any effect. 

There is evidence that both odors and pheromones can be detected by both the the 

Main Olfactory Bulb and the Accessory Olfactory Bulb.  Amyl acetate may activate the 

different layers of the MOB and/or the AOB compared to the maternal pheromone.  

Therefore, the levls of c-Fos immunoreactivity may differ between the maternal 

pheromone and amyl acetate in the MOB and AOB. 

The histology of c-Fos (main and accessory olfactory bulb and PVN of the 

hypothalamus) and CRH (PVN) was meant to be included in Chapter VI.  Due to many 

technical difficulties, at this time, the histology could not be completed.  The materials 

and methods are described below. 

1. Animals and procedures 

Following venipuncture, the gilt was given a lethal injection of pentobarbital (Fatal 

Plus, 1 ml/4.5 kg).  The head was perfused via the carotid arteries using a pump (Mec-o-
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Matic, Dolphin Series, Pulsafeeder Inc., Punta Gorda, FL) for 5 min with PBS (pH = 

7.4).  After 5 min of PBS perfusion, the brain was perfused for 20 min with formalin, 

10% phosphate, buffer (Polysciences Inc., Warrington, PA).  The head was then placed in 

a bucket of formalin 10%, neutral, buffered. 

The control-pig was euthanized and its head was perfused as previously described and 

placed in a bucket of formalin, 10% phosphate buffer until further dissection.  The amyl 

acetate-pig or the maternal pheromone-pig was removed after approximately 45 or 60 

min of exposure.  The same procedure was executed. 

2. Histological measures  

The brains were dissected from the skull and placed in a custom-made brain resin 

mold.  Blocks of 5 mm were cut and placed in cassettes in formalin 10% phosphate 

buffer for a minimum of 10 d.  Olfactory bulbs were removed from the skull and placed 

in cassettes as well without being blocked.  Prior to embedding, the cassettes containing 

the olfactory bulbs and the hypothalami sections were placed in Ethanol 70% overnight.  

Blocks were then embedded in paraffin.  The hypothalami blocks were sliced at 10 µm 

throughout the blocks (coronal sections) and stained for Hematoxylin and Eosin, c-Fos 

and CRH.  The olfactory bulbs were cut at 10 µm throughout the block (frontal sections) 

and stained for Hematoxylin and Eosin and c-Fos.  Hypothalami and olfactory bulb 

sections were used as negative controls for immunohistochemistry using PBS/10% BSA 

and PBS for c-Fos and CRH respectively instead of the primary antibodies.  Ovarian 

follicle sections served as positive controls for c-Fos. 

2.1. CRH immunohistochemistry 
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For CRH staining, the slides were deparaffinized and rehydrated, placed in a H2O2 

solution for 10 min at room temperature then washed with PBS.  The slides were 

incubated with 100 µL of NGS 2% (Normal Goat Serum, Vectastain ABC kit, Peroxidase 

Rabbit IgG, Vector Labs, Burlingame, CA) for 20 min.  The slides were then blotted and 

placed in a bath of citrate buffer pH = 6 (9 mL of  0.1M citric acid solution + 41 mL of 

0.1 M sodium citrate solution + 450 mL dei water) brought to a boil for 10 min for 

antigen recovery.  The slides were washed in PBS and were again incubated with 100 µL 

of NGS 2% for 15 min then blotted and incubated for 48 h at 4°C with 100 µL of the 

primary antibody (anti CRF-antibody produced in rabbit, IgG fraction of antiserum, 

buffered aqueous solution, Sigma, St Louis, MO) diluted at 1:100.  After the 48-h 

incubation, the slides were washed in PBS and incubated at room temperature for 2 h 

with GARGG (Goat Anti Rabbit Gamma Globulin, Vectastain ABC kit, Vector Labs, 

CA) solution (15 µL of GARGG + 7.4 mL PBS).  The slides were washed in PBS then 

the ABC reagent (10 ml PBS + 2 drops of A + 2 drops of B, Vectastain ABC kit) was 

applied on the tissues to incubate at room temperature for 2 h.  After the incubation 

period, the slides were washed in PBS then placed in a bath containing 3-3' 

Diaminobenzidine (DAB, Pierce, Rockford, IL) (250 mL Tris for DAB + 0.196 g DAB+ 

6 µL H2O2 30%) for 5-10 min (6 min average) depending on the intensity of the color.  

The slides were washed, dehydrated and coverslipped. 

2.2. c-Fos immunohistochemistry 

For c-Fos, the slides were deparaffinized and rehydrated then placed in a solution of 

H2O2 30% (1 mL in 100 mL methanol) for 20 min.  The slides were washed in filtered 

water then placed in a bath of citrate buffer pH = 6 (9 mL of 0.1M citric acid solution + 
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41 mL of 0.1M sodium citrate solution + 450 mL dei water) brought to a boil for 10 min 

for antigen recovery.  After the antigen recovery, the slides were washed 3 times in PBS/ 

0.1% BSA and left to incubate for 30 min at room temperature with 2% NGS (Normal 

Goat Serum, Vectastain ABC kit, Vector Lab, Burlingame, CA).  The tissues were then 

incubated overnight at 4o C with 100 µL of the primary antibody (anti-c-Fos antibody 

produced in rabbit, IgG fraction of antiserum, buffered aqueous solution, Sigma, St 

Louis, MO) diluted at 1:1000 in PBS/10% BSA.  The following day, the slides were 

washed 3 times in PBS/0.1%BSA.  The sections were incubated fro 30 min at room 

temperature with GARGG (Goat Anti Rabbit Gamma Globulin, Vectastain ABC kit) 

solution (23 μL GARGG + 5 mL PBS).  After 3 washes in PBS/0.1% BSA, the ABC 

reagent (10 mL PBS/ 0.1% BSA + 1 drop of A + 1 drop of B, Vectastain ABC kit, Vector 

Lab, CA) was added to the tissues to incubate for 30 min.  The slides were washed 3 

times and set in a bath with DAB solution (0.075 g of DAB + 200 mL of 0.1M Tris pH 

7.5 + 40 µL H2O2) for 6-10 min depending on the color.  The slides were rinsed with 

filtered water then dehydrated and coverslipped. 

2.3. Quantification of c-Fos and CRH 

The neuroanatomical sites (paraventricular nucleus of the hypothalamus) were 

identified using a pig stereotaxic atlas (Felix et al., 1999).  Color pictures of sections 

stained with H&E, CRH and c-Fos (three adjacent sections per experimental unit) were 

taken using a microscope Olympus BX-51 with a camera Hitachi HV-C20 (× 40).  The 

pictures were converted to grey scale and contrast was enhanced using Photoshop.  The 

pictures were analyzed using the cell-count analysis software MetaImaging 6.0.  Five 

fields (160 * 160 pixels) of the PVN were used to sample the area of the PVN and the 
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neurons in each field were thresholded based on the color intensity.  The percentage of 

the thresholded area relative to the total area sampled was calculated to quantify the 

relative expression of c-Fos or CRH immunoreactive cells. 

CRH and/or c-Fos immunoreactivity, the intensity, location and timing of appearance 

of the response depend on the animal and on the stressor (Morgan and Curran, 1991; 

Giovannelli et al., 1992; Chen and Hulbert, 1995; Dayas et al., 2001; Kovács et al., 

2005).  Odor-related decrease in stress has not been proven at the histological level but 

other methods have been used to assess the potential calming effects of odors: based on 

the increase of alpha-wave patterns in electroencephalograms or on muscle relaxing 

activity, lavender aroma for example was shown to have a relaxing effect on humans, rats 

and guinea pigs (Lorig and Schwartz, 1987; Lis-Balchin and Hart, 1999).  In most studies 

on olfaction and stress though, the odors tested caused stress (predator odors).  The 

histology of the brain following acute or chronic exposure of rats to cat or ferret odors 

revealed an activated HPA axis with increased CRH mRNA in the PVN and 

adrenocortical hyperactivity inresponse to acute exposure to predator odor (Blanchard et 

al., 1998; Morrow et al., 2000; Figueiredo et al., 2003).  Acute exposure to cat odor did 

not cause an increase of c-Fos mRNA in the PVN but in other areas of the brain (BNST, 

medial region of the ventromedial nucleus) (Figueiredo et al., 2003).  The authors 

hypothesized that c-Fos activation in the PVN may not be necessary to a marked release 

of CRH and ACTH (Brown and Sawchenko, 1997; Figueiredo et al., 2003) and other 

areas of the brain may reflect c-Fos response to odors and pheromones better than the 

PVN. 
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The significance of an odor can be determined by the amount, the duration and 

location of response (Johnson and Leon, 2000).  McGregor et al. (2004) showed that rats 

exposed to cat odor had increased c-Fos protein in the posterior AOB (glomeruli, mitral 

and granule cell layers) and only some c-Fos protein in the MOB (glomeruli).  In female 

mice, exposure to male urine increased the expression of c-Fos immunoreactivity (ir) in 

the mitral/tufted cell layer, granule cell layer and periglomerular cell layer of the AOB 

(Inamura et al., 1995) with a greater number of c-Fos positive mitral cells in the rostral 

than the caudal region of all the regions of the AOB.  c-Fos ir was increased in different 

regions of the AOB when female mice were exposed to female urine compared to male 

urine.  Appeasing compounds of the pig maternal pheromone bound to different 

lipocalins (i.e. odor binding proteins) expressed not only in the MOE but in the VNE 

(Guiraudie et al., 2003).  So, the maternal pheromone could trigger c-Fos activation in the 

AOB and/or in the MOB. 
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A2 
 
 
Effects of time on immunologic and cortisol measures on control-treated pigs (n = 7 
blocks per treatment). 
 
 
 Time 
 Before transport After transport After exposure 
          
White Blood Cells count, %          
Lymphocyte (%) 66.3 ± 4.06 61.8 ± 3.61 56.9 ± 3.49 
Neutrophils (%) 30.5 ± 4.09 33.8 ± 3.62 40.9 ± 3.51 
N:L ratio 0.44 ± 0.139 0.555 ± 0.123 0.796 ± 0.12 
Monocytes (%) 1.96 ± 0.839 3.86 ± 0.744 2.85 ± 0.721
Eosinophils (%) 0.90 ± 0.266 0.294 ± 0.236 0.234 ± 0.229
Basophils (%) 0.00 ± 0.07 0.00 ± 0.062 0.00 ± 0.06 
          
Lymphocyte Proliferation          
Lipopolysaccharide 106.8 ± 7.81 104.8 ± 8.1 105.2 ± 8.1 
Concanavalin A 95.6 ± 13.1 91.7 ± 13.1 100.7 ± 15.2 
          
Neutrophil chemotaxis 
(cells/field) 116.6 ± 69.9 209.4 ± 69.9 261.7 ± 78.1 
Neutrophil phagocytosis          
% phagocytosis 59.9 ± 11.9 38.6 ± 9.35 43.1 ± 11.9 
Average numbers of beads 
(/cell) 1.15a ± 1.38 5.29b ± 1.23 4.72a,b ± 1.62 
          
Plasma cortisol (ng/mL) 32.9a ± 12 104.3b ± 10.7 99.5b ± 12 

 
a, b means differ, P < 0.05 
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A3 
 
 
Effects of time on immunologic and cortisol measures on amyl acetate-treated pigs (n = 7 
blocks per treatment) 
 
 
 Time 
 Before transport After transport After exposure 
          
White Blood Cells count, %          
Lymphocyte (%) 66.3a ± 3.49 64.2a ± 4.58 46.1b ± 3.11 
Neutrophils (%) 31.2a ± 3.51 36.5a ± 4.6 51.4b ± 3.13 
N:L ratio 0.463a ± 0.119 0.608a ± 0.157 1.19b ± 0.106
Monocytes (%) 1.74 ± 0.721 0.917 ± 0.945 2.14 ± 0.643
Eosinophils (%) 0.594a ± 0.229 0.00b ± 0.30 0.143a,b ± 0.204
Basophils (%) 0.00 ± 0.061 0.00 ± 0.079 0.143 ± 0.054
          
Lymphocyte Proliferation          
Lipopolysaccharide 90.7 ± 10.9 102.7 ± 7.81 103.4 ± 6.81 
Concanavalin A 122.6 ± 17.6 100.9 ± 12.6 110.4 ± 11 
          
Neutrophil chemotaxis 
(cells/field) 95.2 ± 69.9 57.4 ± 69.9 167.2 ± 69.9 
Neutrophil phagocytosis          
% phagocytosis 53.0 ± 10.8 33.3 ± 12.1 43 ± 9.35 
Average numbers of beads 
(/cell) 2.56 ± 1.37 1.85 ± 2.16 2.65 ± 1.37 
          
Plasma cortisol (ng/mL) 22.3 ± 12 118.3 ± 12 86.1 ± 10.7 

 

a, b means differ, P < 0.05 
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A4 
 
 
Effects of time on immunologic and cortisol measures on maternal pheromone-treated 
pigs (n = 7 blocks per treatment). 
 
 
 Time 
 Before transport After transport After exposure 
          
White Blood Cells count, %          
Lymphocyte (%) 62.4 ± 3.11 58 ± 3.48 56.3 ± 3.11 
Neutrophils (%) 34.9 ± 3.13 38.9 ± 3.50 42.3 ± 3.13 
N:L ratio 0.627 ± 0.106 0.715 ± 0.119 0.807 ± 0.106
Monocytes (%) 2.28 ± 0.642 2.7 ± 0.719 1.28 ± 0.643
Eosinophils (%) 0.429 ± 0.204 0.369 ± 0.228 0.142 ± 0.204
Basophils (%) 0.00 ± 0.054 0.00 ± 0.06 0.00 ± 0.054
          
Lymphocyte Proliferation          
Lipopolysaccharide 108.3 ± 9.36 93.7 ± 8.1 98.7 ± 7.82 
Concanavalin A 114.1 ± 18.1 119 ± 13.1 107.4 ± 12.6 
          
Neutrophil chemotaxis 
(cells/field) 157.3a ± 39.9 157.4a ± 46.0 319.6b ± 46.0 
Neutrophil phagocytosis          
% phagocytosis 57.0 ± 9.35 36.8 ± 9.35 42.3 ± 9.35 
Average numbers of beads 
(/cell) 3.0 ± 1.25 2.03 ± 1.37 2.23 ± 1.57 
          
Plasma cortisol (ng/mL) 28.7a ± 10.7 103.7b ± 10.7 90.8b ± 10.7 

 

a, b means differ, P < 0.05 
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Chapter IV 
 

REDUCING PIG STRESS BEFORE SLAUGHTER 
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B1 

 
Figure B1a.  Diagram of the training ramp. 
 
Slope 30 % (ascending and descending) 

Width: 1.28 m 

1.20 m 1.20 m

146 °

2.30 m

 

Figure B1b. Diagram of the unloading ramp. 

Slope: 28 % (descending from the trailer) 

Width: 1.07 m 

 

 

1.20 m
0.34 m

73 °

1.20 m
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B2 

 

Definition of the behaviors in the resting pens 

Behavior  Definition   
Sitting Body position in which the 

posterior of the body trunk is 
in contact with the ground and 
supports most of the body 
weight 

Hurnik et al., 1995 

Lying To assume or maintain a 
recumbent position. The 
posture when lying can be 
categorized as lateral 
recumbency, semi-lateral 
recumbency, or ventral or 
sternal recumbency 

Hurnik et al., 1995 

Standing To assume or maintain an 
upright position on extended 
legs 

Hurnik et al., 1995 

Agonistic behaviors Two or more pigs engaged in 
an aggressive or submissive 
encounter, i.e. attacking the 
ears, head and neck area, 
attempting to bite and/or 
retreating/turning 

McGlone, 1985 

Drinking Voluntary oral ingestion of 
liquids 

Hurnik et al., 1995 
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B3 
 
 
Definition of timing abbreviations. 
 
A pen of 10 pigs was split into 2 groups of 5 pigs each.  A common stun box 
configuration is to allow 5 pigs to enter at a time. 
 
Time period Definition  (in s/pig) Formula  
In resting i enter resting pen (last pig in the resting pen – first pig in the 

resting pen) / total number of pigs in the pen 
T1i exit resting pen (last pig out of the resting pen - first pig out 

of the resting pen) / total number of pigs in 
the pen 

T2i enter course  (last pig - first pig in the U turn section) / 
total number of pigs in the pen 

T3i enter guillotine group 1 (last pig - first pig in the box) / number of 
pigs in group 1 

T4i enter irons group 1 (last pig - first pig in the irons) / number of 
pigs in group 1 

T5i enter simulated CO2 stun 
box group 1 

(last pig - first pig in the simulated CO2 stun 
box) / number of pigs in group 1 

T6i hesitation in the box (last pig in the irons - first pig in the 
guillotine) for group 1 / number of pigs in 
group 1 

T7i hesitation in the irons  (last in the simulated CO2 stun box - first in 
the irons) for group 1) / number of pigs in 
group 1 

T8i enter guillotine group 2  (last pig – first pig in the box) / number of 
pigs in group 2 

T9i enter irons group 2 (last pig - first pig in the irons) / number of 
pigs in group 2 

T10i enter CO2 stun box 
group 2 

(last pig  -first pig in the simulated CO2 stun 
box) / number of pigs in group 2 

T11i hesitation in the box (last pig in the irons - first pig in the 
guillotine) for group 2 / number of pigs in 
group 2 

T12i hesitation in the irons (last in the simulated CO2 stun box - first in 
the irons) for group 2) / number of pigs in 
group 2 

TOTTIME i individual total time  from the exit of the resting pen to the 
simulated CO2 stun box 
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B4 
 
 
Effects of the training at the barn and the treatment at the plant on the movement times. 
 
All the times are the individual times (in s/pig) 
 
  Trained @ barn  Trt @ plant    P-value 
  TR NOTR SE MS NO  SE  Trained 

@ barn 
Trt @ 
plant 

In resting 
pen39

 

 5.61 13.8 1.79 10.8 8.68  1.83  0.04 0.51 

T1i40
 

 

 

 

 

 4.76 10.3 2.36 8.48 6.57  1.33  0.16 0.36 
T2i41  2.28 2.22 0.26 2.22 2.28  0.25  0.87 0.88 
T3i42  2.52 1.94 0.59 2.00 2.46  0.56  0.52 0.58 
T4i43  3.39 3.35 0.69 2.73 4.01  0.61  0.96 0.19 
T5i44  7.49 8.91 2.24 7.10 9.30  1.10  0.67 0.21 
T6i45  4.44 4.46 0.39 3.74 5.16  0.91  0.97 0.31 
T7i46  10.9 13.1 2.19 10.7 13.3  1.23  0.50 0.20 
T8i47  2.90 4.29 0.51 4.15 3.04  1.30  0.10 0.57 
T9i48  2.56 5.28 1.28 4.95 2.89  0.87  0.18 0.15 
T10i49  8.55 7.12 1.93 5.95 9.72  1.72  0.62 0.17 
T11i50  4.15 7.02 0.74 7.18 3.99  1.00  0.03 0.06 
T12i51  11.7 11.8 2.20 10.5 13.0  1.46  0.99 0.26 
TOTTIME52  65.0 78.3 5.96 68.5 74.8  4.23  0.17 0.33 
 

                                                 
39 individual time to enter the resting pen 
40 individual time to exit the resting pen 
41 individual time to enter the course 
42 individual time to enter the guillotine (group 1) 
43 individual time to enter the irons (group 1) 
44 individual time to enter simulated CO2 stun box (group 1) 
45 individual hesitation in the box (group 1) 
46 individual hesitation in the irons (group 1) 
47 individual time to enter guillotine (group 2) 
48 individual time to enter irons (group 2) 
49 individual time to enter simulated  CO2 stun box (group 2) 
50 individual hesitation in the box (group 2) 
51 individual hesitation in the irons (group 2) 
52 individual total time from the resting pens to the simulated CO2 stun box 
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Effects of the interaction between training at the barn and treatment at the plant on 
movement times in trained (TR) or non-trained (NOTR) pigs. 
 
All the times are the individual times (in s/pig) 
a, b: lsmeans with different subscripts differ (P < 0.05) 

 Trained @ barn     
 TR NOTR     
 Trt @ plant Trt @ plant    P-value 
 MS NO MS NO  SE  Interaction 
In resting 
pen53

 

6.54 4.68 15.0 12.7  2.45  0.59 

T1i54 5.38 4.14 11.6 9.00  0.86  0.47 
T2i55 2.19 2.38 2.26 2.18  0.36  0.73 
T3i56

 

 

 

2.06 2.98 1.94 1.94  0.72  0.54 
T4i57 3.00 3.79 2.46 4.24  1.45  0.74 
T5i58 8.51 6.47 5.69 12.1  2.23  0.11 
T6i59 4.40 4.47 3.07 5.85  1.31  0.34 
T7i60 11.5 10.2 9.94 16.3  3.14  0.27 
T8i61 3.23 2.56 5.06 3.51  1.05  0.69 
T9i62 2.69 2.42 7.20 3.37  1.22  0.19 
T10i63 4.43 12.7 7.48 6.77  2.74  0.15 
T11i64 5.69 2.60 8.66 5.38  1.19  0.94 
T12i65 8.19a 15.3b 12.7a,b 10.8a,b  1.75  0.04 
TOTTIME66 60.5 69.4 76.4 80.2  11.3  0.83 
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53 individual time to enter the resting pen 
54 individual time to exit the resting pen 
55 individual time to enter the course 
56 individual time to enter the guillotine (group 1) 
57 individual time to enter the irons (group 1) 
58 individual time to enter simulated CO2 stun box (group 1) 
59 individual hesitation in the box (group 1) 
60 individual hesitation in the irons (group 1) 
61 individual time to enter guillotine (group 2) 
62 individual time to enter irons (group 2) 
63 individual time to enter simulated  CO2 stun box (group 2) 
64 individual hesitation in the box (group 2) 
65 individual hesitation in the irons (group 2) 
66 individual total time from the resting pens to the simulated CO2 stun box 
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B6 
 
 
Effects of the training at the barn and the treatment at the plant on the tapping/touching with the paddle data.  Trained at the barn × 
treatment at the plant interactions were non significant (P > 0.05) but for the number of taps in the first part of the irons (B7) 
 
  Trained @ barn    Trt @ plant    P-values 
  TR NOTR  SE  MS NO  SE  Trained @ barn Trt @ plant 
Box: taps/pig/s  0.084 0.13  0.024  0.11 0.098  0.015  0.28 0.53 
Irons 1st part: taps/pig/s  0.011 0.0074  0.0015  0.012 0.006  0.002  0.14 0.15 
Irons 1st part: absence of 
backflow (% of time) 

 99.5 97.9  0.80  98.4 99.0  1.22  0.31 0.78 

Irons 1st part: 1 pig 
backflowing (% of time) 

 0.50 2.05  0.80  1.55 1.01  1.22  0.31 0.78 

Irons 2nd part: taps/pig/s  0.063 0.051  0.0062  0.039 0.074  0.0051  0.52 0.02 
Irons 2nd part: 1 pig 
backflowing (% of time) 

 3.83 5.23  1.91  2.76 6.31  1.94  0.67 0.34 

Irons 2nd part: 2 pigs 
backflowing (% of time) 

 1.21 1.30  0.67  0.082 2.43  0.68  0.97 0.05 

Irons 2nd part: 3 pigs 
backflowing (% of time) 

 0.13 0.17  0.15  0.00 0.30  0.15  0.87 0.18 

Total taps (/pig/s)  0.18 0.20  0.03  0.18 0.21  0.03  0.81 0.61 
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B7 
 
 
Effects of the interaction between training at the barn and treatment at the plant on the 
tapping/touching with the paddle data (n = 7 blocks/treatment). 
 
a, b: lsmeans with different subscripts differ (P < 0.05). 
 
 
  Trained @ barn     
  TR NOTR     
  Trt @ plant Trt @ plant     
  MS NO MS NO  SE  Interaction 
Box: taps/pig/s  0.11 0.061 0.12 0.14  0.01  0.12 
Irons 1st part: 
taps/pig/s 

 0.010a 0.012a 0.015a 0.000b  0.0015  0.03 

Irons 1st part: 
absence of 
backflow (% of 
time) 

 99.4 99.6 97.5 98.4  1.85  0.86 

Irons 1st part: 1 
pig backflowing 
(% of time) 

 0.583 0.422 2.51 1.59  1.85  0.86 

Irons 2nd part: 
taps/pig/s 

 0.039 0.086 0.039 0.062  0.010  0.53 

Irons 2nd part: 1 
pig backflowing 
(% of time) 

 2.04 5.62 3.47 6.99  2.69  0.80 

Irons 2nd part: 2 
pigs backflowing 
(% of time) 

 0.163 2.27 0.00 2.60  0.952  0.88 

Irons 2nd part: 3 
pigs backflowing 
(% of time) 

 0.000 0.262 0.000 0.334  0.215  0.88 

Total taps (/pig/s)  0.173 0.197 0.187 0.216  0.028  0.94 
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B8 
 
 
Effects of the training at the barn and the treatment at the plant on immunological 
measures and cortisol. N : L is neutrophil to lymphocyte ratio (n = 7 blocks/treatment) 
 
 
  Trained @ 

barn 
 Trt @ plant   P-value 

  TR NOTR SE MS NO SE  Trained 
@ barn 

Trt @ 
plant 

White blood 
cells 
(*1,000/µL) 

 18.4 17.4 0.86 17.4 18.4 0.93  0.46 0.48 

Red blood cells 
(*1,000/µL) 

 7.14 7.12 0.14 7.11 7.15 0.17  0.93 0.89 

Hemoglobin 
(g/dL) 

 13.5 13.3 0.22 13.4 13.4 0.20  0.51 0.89 

Hematocrit (%)  38.1 37.7 0.66 38.0 37.8 0.61  0.62 0.77 
Neutrophils (%)  41.1 47.6 1.40 41.8 47.0 3.07  0.02 0.27 
Lymphocytes 
(%) 

 51.2 44.2 1.73 50.3 45.1 3.11  0.03 0.28 

Monocytes (%)  5.01 5.66 0.39 5.22 5.45 0.24  0.28 0.52 
Eosinophils (%)  1.05 1.03 0.08 1.11 0.96 0.09  0.87 0.27 
Basophils (%)  1.60 1.55 0.23 1.60 1.55 0.07  0.87 0.59 
N:L ratio  0.89 1.13 0.05 0.88 1.13 0.13  0.01 0.22 
Plasma cortisol 
(ng/mL) 

 36.1 42.7 3.82 42.2 36.6 2.20  0.27 0.12 
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B9 
 
 
Effects of the interaction between training at the barn and treatment at the plant on 
immunological measures and cortisol. N:L is the neutrophil to lymphocyte ratio. 
 
a,b : lsmeans with different subscripts differ (P < 0.05). 
 
 
  Trained @ barn     
  TR NOTR    P-value 
  Trt @ farm Trt @ plant     
  MS NO MS NO  SE  Interaction 
White blood cells 
(*1,000/µL) 

 17.0a 19.7b 17.8a,b 17.0a  0.78  0.07 

Red blood cells 
(*1,000/µL) 

 7.08 7.20 7.15 7.10  0.19  0.64 

Hemoglobin (g/dL)  13.5 13.5 13.3 13.3  0.17  0.81 
Hematocrit (%)  38.3 38.0 37.8 37.5  0.58  0.98 
Neutrophils (%)  37.1 45.2 46.4 48.8  2.84  0.36 
Lymphocytes (%)  55.3 47.1 45.3 43.0  3.10  0.37 
Monocytes (%)  4.52 5.50 5.91 5.40  0.60  0.26 
Eosinophils (%)  1.22 0.87 1.00 1.05  0.51  0.71 
Basophils (%)  1.80 1.40 1.40 1.69  0.22  0.17 
N:L  0.72 1.05 1.04 1.21  0.12  0.52 
Plasma cortisol 
(ng/mL) 

 38.3 33.9 46.0 39.3  3.73  0.77 
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B10 

 

1. Block effects on paddling and timing data 

 

For the other timing data, the average time per pig was calculated (from the 2 

subgroups within each group) and these data were analyzed.  Training at the barn, 

treatment at the plant or their interaction did not (P > 0.05) influence T2i, T3i, T4i, T5i, 

T6i, T7i, T8i, T9i and T10i (Table 6.3 and Table 6.4).  T1i ((last pig out of the resting 

pen - first pig out of the resting pen) / total number of pigs in the pen) varied depending 

on the interaction block × training at the barn (P < 0.05).  TR pigs in blocks 1, 3, 4, 5 and 

7 went up to three times faster than NOTR pigs while in block 6, TR pigs and NOTR pigs 

went at the same speed (2.23 vs 2.16 s/pig).  T1i also varied depending on a block × 

treatment at the plant (P < 0.05) effect: MS pigs moved as fast (less than 1 s difference) 

as the NO pigs in blocks 1,4,5,6 and 7.  But in block 3, MS pigs took 28.7 s/pig vs 17.4 

s/pig for NO pigs (for T1i). 

Regardless of treatment, the effect of the block was significant (P < 0.05) on T8i 

((last pig – first pig in the box) / number of pigs in group 2).  Regardless of any treatment 

or combination of treatments, pigs in blocks 2, 4, 5 and 6 took less 2 s/pig for T8i while 

in blocks 1 and 7, pigs took between 4 and 6 s/pig and in block 3, pigs took 9.55 s/pig.  

T11i ((last pig in the irons - first pig in the guillotine) for group 2 / number of pigs in 

group 2) depended on the blocks (P < 0.05).  Regardless of the treatments, pigs in blocks 

1, 2, 4, 5, 6 and 7 took between 2.43 s/pig and 5.45 s/pig for T11i while pigs in block 3 

took 13.85 s/pig. 
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T12i ((last in the simulated CO2 stun box - first in the irons) for group 2) / number of 

pigs in group 2) also varied depending on the block (P < 0.05): pigs in blocks 4, 6, and 7 

took between 6 and 8 s/pig while in blocks 1 and 2, regardless of the treatment or 

combination of treatments, they took between 11 and 14 s/pig and in block 3, pigs took 

21 s/pig. 

The total individual time (TOTTIMEi) was influenced by the block effect (P < 0.06): 

regardless of any treatment or combination of treatments, pigs in block 6 went faster 

(36.91 s/pig) than pigs in blocks 4, 5, and 7 (between 50 s/pig to 62 s/pig) that went faster 

than pigs in block 3 (127.9 s/pig).  

 

2. Discussion 

 

The block effect on T1i could be explained by the activation of the sprinklers.  The 

weather conditions were similar across blocks and all the trials were conducted at 

approximately the same time of day.  However, the sprinklers were only started when 

temperature was 30° C or above, which was approximately 20 min prior to the pigs being 

run through the pre stun area.  After 2 h in the resting pens, the pigs were inactive (lying 

down), but when the sprinklers came on, the pigs woke up and became active again.  

Therefore, when the handler came into the pens after the sprinklers were turned on, all 

the pigs were already standing and awake and responded faster when pushed out of the 

resting pen.  For some blocks, the sprinklers were not started because the temperature had 

not reached 30° C.  The days the sprinklers were not on, almost all the pigs were resting 

in the pens and it took longer to empty the resting pens.  This is probably the reason a 
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block effect was observed.  The block effect on T2i is again difficult to explain.  The pigs 

were normally gathered at the gate before it was opened so that a concentrated flow of 

pigs could enter the pre stun course.  Backflows occurred in rare occasions (one pig 

would turn around and pass the handler, forcing the handler to go back and lead this 

isolated pig back to the gate again).  This considerably increased the time of entering the 

course for the experimental unit and even for the block.  The block effect on T8i can be 

explained by backflows of pigs returning to the U-turn section. 

 

The block effect on cortisol was difficult to explain.  The pigs in the three blocks that 

were conducted in May 2006 had cortisol concentrations between 55 and 66 ng/mL while 

in July, the cortisol concentrations ranged between 18 and 24 ng/mL.  The crews 

handling the pigs had not changed. May 2006 was the first month of the year where pigs 

were suddenly exposed to very high temperatures, which may have caused elevated 

baseline cortisol concentrations; by July, the pigs had had time to adjust to the hot 

temperatures. 

There was no significant correlation between cortisol concentrations and the 

percentage of neutrophils.  Maybe the sample size was too small to detect differences in 

cortisol concentrations but large enough to detect differences in the percentage of 

neutrophils. 
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Chapter V 

 
CONTROL OF FERAL PIG MOVEMENT: A DOMESTIC PIG 
MODEL TO EVALUATE OLFACTORY ATTRACTION AND 

REPULSION 
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C1 
 
 
Effect of the treatment on the behavior of pigs in a Y-maze (Experiment 1) 
 
 
  % 
 N Froze/ 

attended
a 

Attractedb Average 
PI of 

attracted 
pigsc 

SE Average 
PI of 

repulsed 
pigsd 

SE Weighted 
PI 

Control 33 42.4 63.2 81.2 5.61 16.7 8.08 57.5 
Boar urine 18 22.2** 71.4‡‡ 86.8 6.38 13.5 7.91 65.8 # 
Commercial 
attractant 

12 16.7** 40.0 90.4 7.26 25.5 8.64 
51.5 

Fox urine 20 35.0 69.2‡‡ 83.0 6.88 18.8 10.8 63.2 # 
Sour milk 12 25.0** 33.3‡ 81.7 11.1 12.0 8.00 35.0 # 
Maternal 
pheromone 

12 33.3 37.5 71.7 14.2 23.5 9.67 
41.6 

Sow urine 21 23.8** 37.5 82.1 8.32 21.2 6.05 44.0 
SEp  2.08 4.71     4.37 
 
 
a Percentage of pigs that remained still (in alert immobility) in the main arm of the Y-
maze 
b Of the pigs that did not freeze/attend the smell, the percentage that spent more than 50% 
of their time near the test odor 
c  Average PI of the pigs that were attracted (Attractedb) 

d  Average PI of the repulsed pigs (of the pigs that did not freeze/attend the smell, the 
percentage that spent less than 50% of their time near the test odor) 

 
** Differs from Control, P < 0.01 by Chi-square 
 
‡   Differs from 50%, P < 0.05 by Chi-square 
‡‡ Differs from 50%, P < 0.01 by Chi-square 
 
#   Differs from 50.0 % (no preference), P < 0.05 by Student’s t-test 
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C2 
 
 
Effect of the treatment on the behavior of pigs in a Y-maze (Experiment 2) 
 
 
  % 
 N Froze/ 

attended
a 

Attractedb Average 
PI of 

attracted 
pigsc 

SE Average 
PI of 

repulsed 
pigsd 

SE Weighted 
PI 

Control 18 55.6 50.0 84.5 9.73 26.3 8.66 55.4 
Chile 18 72.2* 76.9‡‡ 86.5 5.17 5.97 5.79   67.9 # 
CO2 18 61.1 72.7‡‡ 83.1 7.10 18.2 4.37  65.4 # 
Corn 18 72.2* 38.5 85.0 7.54 28.9 7.05 50.5 
Maple 
syrup 

18 55.6 80.0‡‡ 100.0 0 30.0 15.0 
    86.0 ## 

NH3 18 66.7 50.0 83.2 8.10 6.73 6.73 45.0 
SEp  1.80 5.11     6.02 
 
 
a  Percentage of pigs that remained still (in alert immobility) in the main arm of the Y-
maze 
b Of the pigs that did not freeze/attend the smell, the percentage that spent more than 50% 
of their time near the test odor 
c  Average PI of the pigs that were attracted (Attractedb) 

d  Average PI of the repulsed pigs (of the pigs that did not freeze/attend the smell, the 
percentage that spent less than 50% of their time near the test odor) 

 
* Differs from Control, P < 0.05 by Chi-square 
 
‡‡ Differs from 50%, P < 0.01 by Chi-square 
 
#   Differs from 50.0 % (no preference), P < 0.05 by Student’s t-test 
## Differs from 50.0 % (no preference), P < 0.01 by Student’s t-test 
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