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Abstract: This paper aims to critically analyse and synthesise existing knowledge concerning 
the use of environmental enrichment and its effect on behavior, physiology and performance 
of pigs housed in intensive production systems. The objective is also to provide clarity as to 
what constitutes successful enrichment and recommend when and how enrichment should 
be used. Environmental enrichment is usually understood as an attempt to improve animal 
welfare and to a lesser extent, performance. Common enrichment objects used are straw 
bedding, suspended ropes and wood shavings, toys, rubber tubings, colored plastic keys, table 
tennis balls, chains and strings. These substrates need to be chewable, deformable, destructible 
and ingestible. For enrichment to be successful four goals are essential. Firstly, enrichment 
should increase the number and range of normal behaviors; secondly, it should prevent the 
phenomenon of anomalous behaviors or reduce their frequency; thirdly, it should increase 
positive use of the environment such as space and fourthly it should increase the ability of 
the animals to deal with behavioral and physiological challenges. The performance, behavior 
and physiology of pigs in enriched environments is similar or in some cases slightly better 
when compared with barren environments. In studies where there was no improvement, it 
should be borne in mind that enriching the environment may not always be practical and 
yield positive results due to factors such as type of enrichment substrates, duration of provision 
and type of enrichment used. The review also identifies possible areas that still need further 
research, especially in understanding the role of enrichment, novelty, breed differences and 
other enrichment alternatives.

Keywords: Exploration; Instinctive Behaviours; Intensive Production Systems; Novelty; 
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INTRODUCTION

Intensive indoor-systems are often made up of barren slatted concrete floors with no rooting 
material [1]. These systems promote boredom and frustration for pigs by precluding the 
expression of behaviors, which are exhibited, by pigs under normal circumstances [2].There 
is a general agreement that pigs raised in these systems are also unable to segregate into 
natural social groups [3] as they would in their natural habitat. The barren slatted floors 
may also induce injuries because of behavioral activities such as manipulative oral behav-
iors, harmful social behaviors and aggressive behaviors directed towards conspecifics [4]. 
Pigs in barren environments also show physiological signs of stress and poor welfare [5]. 
The barren slatted floors are slippery especially when the pigs have urinated and defecated 
in the pens. This, in itself, could lead to undesired injuries during aggressive behavioral 
activities. Pigs in barren, uninsulated concrete floor environments, are also likely to catch 
pneumonia during cold seasons especially when the room temperature is not controlled [6].
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  Animal welfare issues have become an increasing concern 
to the public as well as the pig industry [7]. The discordance 
between behavioral needs of pigs and the life afforded to those 
raised in the intensive indoor systems has created many welfare 
issues. Pig welfare problems are exacerbated by monotonous 
and impoverished housing conditions that inhibit the etho-
logical needs of pigs. Nonetheless, intensive indoor systems 
have a number of advantages such as protection against pre
dators, climate control, control of animals and ease of cleaning 
and management [8]. These systems, however, offer low levels 
of environmental stimulation, lack of opportunity for pigs to 
express their inherent behaviours such as rooting, wallowing 
and exploring. Welfare issues associated with the use of in-
tensive indoor systems arise from the mere fact that pigs are 
intelligent and social animals with a wide range of inquisitive 
behaviours, which are not met under indoor systems [3]. Pigs 
reared outdoors spend an ample amount of time exploring the 
environment and foraging. The outdoor system is also in-
herently good because it provides a more natural habitat [3]. 
In that way, pigs are able to circumvent aggressive interactions 
from other pigs by moving away as they are living in a wide-
open area. 
  Environmental enrichment by provision of objects or 
substrates capable of satisfying the behavioral needs of pigs, 
is a major method to combat animal welfare problems. These 
objects or materials have the ability to reduce the amount of 
time pigs spend on harmful social behaviors. Environmental 
enrichment is therefore, becoming indispensable in intensive 
production systems to improve animal welfare while main-
taining high productivity of pigs [9,4,10,11]. Pigs in enriched 
environments are able to perform more of their species – spe-
cific behavioral repertoire and accommodate a larger range 
of behavioral choices [12]. In addition, enriched environments 
increase activities like exploration, foraging, play and social 
interaction; which are primary behaviors in pigs. The effects 
of enrichment can be examined in different approaches such 
as behavior, physiology and performance of pigs in enriched 
environments compared to those in barren environments. 
These aspects all offer insights on how environmental enrich-
ment improves pig welfare. It is of utmost importance, therefore, 
to integrate available information on the effect of environ-
mental enrichment on pig welfare and performance. 
  Integrating such information will assist pig farmers in 
developing valuable enrichment strategies for pigs, such as 
provision of substrates or materials that will present a stimulus 
or route for eliciting natural pig behaviors. This paper, there-
fore, explores existing knowledge concerning environmental 
enrichment and its effect on behavior, physiology and perfor-
mance of pigs housed in intensive production systems. These 
issues are viewed in relation to how enrichment improves 
behavior and performance of pigs. The review also provides 
synthesis on how enrichment should be carried out to achieve 

the intended goals. The review also identifies possible areas 
that still need further research to improve pig welfare. 

OVERVIEW OF BEHAVIOR AND 
PHYSIOLOGY OF PIGS UNDER 
INTENSIVE AND OUTDOOR 
PRODUCTION SYSTEMS

Pig production systems are essential from the animal welfare 
viewpoint. In principle, a well-designed production system 
should improve the behavior of pigs as well as their physiology 
[13]. Generally, production systems should minimize stress 
levels while promoting inherent pig behavior. There is a wide 
range of research that has compared the behavior and physi-
ology of pigs both in outdoor and intensive production systems 
[8,14]. Blumetto Velazco et al [15] reported that more than 
60% of pigs today are reared outdoors with variable access to 
pastures in the feed. This has been influenced by discourses 
on environmental sustainability, social benefits and afford-
ability as small and medium farmers are able to keep pigs 
without having to worry about cost of production [16]. 
  Mosia et al [17] reported that pigs produced outdoor 
showed different characteristics in terms of physiology, be-
havior and performance than those in indoor production 
system. Blumetto Velazco et al [15] reared pigs in both indoor 
and outdoor systems and reported that active behavior was 
greater in outdoor pigs than indoor. The pigs kept outdoors 
showed more levels of activity in the morning and afternoon 
than pigs reared indoors. Similarly, Johnson et al [18] reported 
that outdoor reared piglets spent more time engaging in play 
activity than piglets reared indoors. According to Daza et al 
[19] pigs in the indoor production system remained physi-
cally inactive most of the time. A probable explanation to these 
findings could be that in the intensive production systems, 
pigs are restricted in terms of space allocation and hence 
cannot roam around freely, although other factors may also 
be contributing. This could also mean that rearing pigs out-
doors exposes them to freedom hence they are able to exhibit 
behaviors that indoor kept pigs cannot perform. Indoor rear-
ing tends to foment competition for resources between pigs 
thus increasing the occurrence and duration of negative so-
cial interactions.
  Tomohiro et al [13] housed piglets in indoor and outdoor 
systems and found no differences in feeding and resting be-
haviors as well as social interactions. Interestingly, time spent 
floor – rooting was, however, longer in piglets kept outdoors 
than their contemporaries in the intensive system. This could 
possibly mean that outdoor piglets were able to practice their 
natural behaviors because environmental limitations were 
removed. Allowing pigs therefore, to live in an outdoor piggery 
might provide the means to meet their behavioral demands 
and necessities. Johnson et al [18] reported that indoor sows 
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spent a greater percentage of time lying down and drinking 
than sows outdoors. The difference in drinking time between 
these sows could be that outdoor sows have to walk further 
to obtain water whereas sows indoors have the drinkers avail-
able continuously to snout. Blumetto Velazco et al [15] reported 
that pigs reared indoor had greater serum cortisol levels than 
their counterparts in outdoor production. Tomohiro et al [13] 
reported that salivary cortisol levels of the outdoors piglets 
were lower than that of the indoor piglets. This could be at-
tributed to high stress levels experienced by pigs in indoor 
production because of limited space allocation and frequent 
interactions to abnormal behaviours. Glucose concentration 
in the blood serum was higher in the pigs kept indoors that 
outdoor production [15]. Pigs reared outdoor tend to have 
greater plasma glucose concentration than the indoor pigs; 
however, the production system did not influence plasma 
lactate, creatine kinase and cortisol [20]. 

IMPROVING PIG PRODUCTIVITY 
THROUGH ENRICHMENT

What is environmental enrichment?
Environmental enrichment is a very complicated term and 
is often used inconsistently by several authors [21,22] and it is 
often associated with the enhancement of the animal’s physi-
cal and social environment [23]. This term has been used to 
refer to changes that involve adding one or more substrates 
to an animal’s enclosure without enumerating the intended 
endpoint of the changes [22]. A different school of thought 
however suggested that the endpoint of environmental en-
richment should be to improve the biological functioning of 
pigs [21]. When enriching the environment, it should be borne 
in mind, therefore, that successful enrichment should i) in-
crease the number and range of normal behaviors, ii) prevent 
the phenomenon of anomalous behaviors or reduce their fre-
quency, iii) increase positive use of the environment such as 
space, and iv) increase the ability of the animals to deal with 
behavioral and physiological challenges [24,23]. 

Types of enrichment
There are different types of enrichment criteria that have been 
studied in the literature. These include social enrichment, oc-
cupational enrichment, physical enrichment and nutritional 
enrichment. These are supposed to improve the environment 
of confined pigs and benefit the facilities by ensuring increase 
on the species – specific behavior and less manipulation of 
pen structures [25]. The type of enrichment should be related 
to the targeted behavior and the effectiveness of enrichment 
is influenced by the form and type of presentation. A variety 
of these enrichment methods are detailed in literature. This 
review will distinguish between these different enrichment 
methods, whereas previous reviews focused on comparing 

alternative enriched housing systems, such as systems en-
riched with straw beds and objects only. 

Characteristics of effective enrichment materials
There are different substrates that can be used for enrichment 
purposes. These substrates may be chewable, deformable, des
tructible and ingestible [26]. These include substrates like 
chopped straw bedding, suspended rope and wood shavings, 
toys, rubber tubing, colored plastic keys, table tennis balls, 
chains, and strings [27,28]. The behavior of pigs towards en-
richment substrates or materials can reveal whether the objects 
are effective enough as enrichment properties. Enrichment 
structures subjected at the pig eye level as opposed to the floor 
are more favorable in maintaining attractiveness to pigs [29,30]. 
The plausible reasoning to these findings is that substrates or 
materials presented on the floor level can quickly get dirty with 
feces and thus become unattractive to pigs.
  Presentation and position of an object, therefore, becomes 
an important factor when enriching the environment. It was 
reported that an object stimulated interest when suspended at 
the pig eye level as opposed to being presented on the floor 
[29]. Furthermore, substrates such as straw, peat or combin-
ing ropes with rubber hoses also served as effective forms of 
enrichment [31]. However, structures such as chains and used 
car tyres are not to be recommended for long-term use. These 
structures quickly lose their novelty factor since habituation 
to a substrate or material occurs rapidly in pigs, as a result re-
ducing their usefulness in stimulating exploration. One way 
in which novelty can be maintained is by regularly replacing 
existing objects with new objects to keep the pigs continually 
exploring.
  More so, pigs are more attracted to open rope ends and 
torn rope ends because they are easier to tear up further [2]. 
In most reports, straw or objects suspended at the pig eye level 
are commonly used, although much preference is given to 
straw as an effective form of enrichment. Its utilization can, 
however, be problematic to a certain extent as it can create 
blockages in the slurry systems. To combat this disadvantage, 
it is pertinent to ensure that whenever straw is applied it is 
thoroughly chopped especially in slatted floor systems. How-
ever, these findings have not indicated clearly much information 
on breed preferences of objects or materials; and this opens 
gaps for future research. Identifying such information will 
help pig farmers on valuable enrichment materials that can 
be used for different pig breeds. In addition, there is no clear 
information on how long an object or structure can keep the 
pigs exploring. It is therefore, pertinent that future research 
should further explore these areas.

Impact of pen enrichment on behavior of pigs
Pig behavior is a fast and positive indicator of an animal’s wel-
fare condition. Behavior is measured through video recordings, 
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visual observations and analyzing pigs that are expressing 
their natural behavior [32]. The use of video cameras to mea-
sure behavior gives unbiased behavioral data, as these eliminate 
human disturbances during observation. Natural instinctive 
pig behavior is a repertoire of different behaviors pigs exhibit 
in environments that allow them to carry out behaviors cre-
ated in the evolutionary process [33]. 
  A good understanding of the behavior of pigs can help to 
identify and improve pig welfare by designing systems that 
enhance positive welfare. However, current pig systems do not 
allow for such as they are often barren slatted concrete floors 
[24]. Improving the environment, therefore, with enrichment 
substrates or materials for play or rooting is one solution. Beattie 
et al [34] reported that environmental enrichment reduces 
time spent inactive and time spent involved in harmful social 
and aggressive behaviour while increasing the time spent in 
exploratory behaviour (Table 1). Oliveira et al [35] indicated 
that environmental enrichment with wood shavings and hang-
ing toys increases the interaction of animals, allowing them 
to exhibit natural behaviours.

Effect of pen enrichment on aggressive behaviors
Aggression among pigs is a common and normal behavior 
primarily driven by formation of social or dominance hier-
archy. Fighting and conflicts are expected to last for a period 
of between 24 and 72 hours [36]. Aggressive interactions are 
performed to determine dominance order, with the dominant 
pigs ranking above the sub - dominant and submissive pigs 

[36]. However, high levels of aggression can be a nocuous 
challenge to pig welfare, partly because pig welfare represents 
a significant cost to economic efficiency [36]. Aggressive be-
haviors preferentially occur when the natural behavior of pigs 
is impeded and they are deeply dissatisfied. 
  Factors such as uncomfortable environment, poor man-
agement, and genetics [37] increase aggressive behavior. In 
addition, limiting housing systems with no enrichment sub-
strates or materials can further exacerbate this overt behavior. 
Pigs are rooting and foraging species, and when prevented 
such opportunities they tend to react aggressively towards 
their pen mates. Bolhuis et al [5] reported that pigs in barren 
environments display more aggression than pigs in enriched 
environments. This is because enrichment reduces the level 
of aggressive interactions amongst the pigs while increasing 
time spent on substrates or materials. The use of straw has 
been shown to be effective in reducing aggressive behavior 
among pigs that are unfamiliar [26]. In contrast to this notion, 
Morgan et al [38] reported an increase in aggression when 
pigs were enriched with straw. Arey and co-workers [9], how-
ever, found that straw increased activity among pigs but did 
not reduce fighting between newly mixed pigs. 
  The number of fights between pigs was not eliminated by 
provision of straw but was shown to be affected by unfamil-
iarity to each other. Blackshaw et al [29] used metal and tethers 
on the floor as well as suspended at the pig eye level as enrich-
ment substrates and reduced aggression. However, Madsen 
et al [39] used alfalfa hay from a dispenser and reported in-

Table 1. Effects of different enrichment substrate or materials on behavioral activities

Material Behaviour Effect References

Peat+straw Aggression ↓ Beattie et al [69]
Exploration directed towards pen mates ↓
Exploration directed towards materials ↑

Tyres in chains Aggression = Schaefer et al [79]
Rubber toys Aggression ↓ Schaefer et al [79]
Chain+bars+rages+tyres Exploration ↑ Pearce and Paterson [66]
  (Change once a week)
Deep straw bedding Aggression ↓ Bolhuis et al [5]

Exploration ↓
Straw bedding Play behaviour ↓ Beattie et al [34]

Manipulation directed pen mates ↓
Aggression ↓
Exploration directed towards pen mates ↓
Harmful social behaviour ↓

Tethers+metal Aggression ↓ Blackshaw et al [29]
Mobile+two balls Aggression ↓ Guy et al [49]

Exploratory+play ↑
Source, [2].
In the column at left the enrichment materials are listed, in the second column the behaviour is listed in the following order; behaviour redirected towards pen mates, 
aggression, harmful social behaviours e.g. tail biting, behaviour redirected towards materials or substrate, play behaviour. In the effect column, arrows indicate if the relevant 
behaviour has been increased or reduced, while equal signs indicate if the behaviour was unaffected. If the desired effects have been achieved arrows are pointing down-
wards, while if the desired effects have not been achieved the arrows are pointing upward.
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creased aggression. Beattie et al [34] reported that pigs in an 
enriched environment had less aggressive encounters than 
their counterparts in a barren environment. O’Connell et al 
[40] reported that environmental enrichment reduced the 
expression of aggressive behavior. Pigs from an enriched en-
vironment fought less with unfamiliar animals than their 
counterparts in a barren environment.
  Possible explanations to these differences could be due to 
substrates or materials used in these studies as enrichment 
structures. These differences could also be because some of 
the objects used as enrichment properties were difficult for 
pigs to manipulate, as they were not chewable or destructible 
enough to reduce aggression. If the object fails to meet the 
desired needs of pigs, research reports that pigs may perceive 
the environment as barren even though it is enriched. 

Effect of pen enrichment on harmful social behavior
Social interaction is another common behavior that is often 
expressed by pigs both in the wild and in confined environ-
ments on barren slatted concrete floors. The welfare of pigs 
in the intensive indoor systems is often compromised by harm-
ful social behaviors like ear and tail biting. Tail biting is arguably 
the most serious form of harmful social behavior [32] because 
of its damaging nature. Its welfare and economic implications 
present an ongoing problem for the pig production industry. 
Occurrence of harmful social behaviors is an indication that 
the environment does not meet the behavioral needs of pigs.
  Tail biting and manipulation of pen mates is reduced when 
bedding or manipulative substrates are provided. Zonderland 
et al [41] reported that provision of objects like chains and 
rubber hoses were ineffective in preventing tail biting. In 
contrast, Van de Weerd et al [24] used straw bedding and 
concluded that the development of tail biting can be prevent-
ed (Table 2). Furthermore, Beattie et al [34] reported that pigs 
in enriched environments showed less harmful social behav-
iors such as persistent nosing and biting of pen mates than 
pigs from barren environments. 

Effect of pen enrichment on rooting or foraging 
behavior 
Pigs reared in outdoor production systems [32] frequently 

express rooting or foraging behaviors. Rooting forms an im-
portant part of a behavioral repertoire, constituting a rewarding 
experience and meeting a behavioral need for pigs [42]. A 
number of factors can stimulate rooting. These factors are 
ranked as age, sex, genotype and novelty. Rooting or foraging 
in a natural environment has, however, a potential to increase 
the effect of environmental damage. Hence, it is imperative 
that at least two factors are considered when allocating root-
ing materials. The rooting material should be allocated in a 
way that allows proper manipulation and fighting for access 
to the material should be minimal [32]. 
  Denying pigs access to rooting materials, results in them 
chewing and manipulating available materials such as pen 
fixtures [43]. Studnitz et al [44] examined gilts with either 
rooting or no rooting substrates and reported that gilts in a 
group that were prevented from rooting, displayed a higher 
level of anomalous behavior. On the other hand, gilts with 
rooting materials rooted more. This indicates that pigs not 
provided with rooting materials are able to substitute root-
ing with other behaviors. However, anomalous behaviors like 
biting and fighting become more prominent if there are no 
rootable materials. Haskell et al [45] reported that pigs root 
more when they find novelty. This could explain why pigs 
provided with rooting material were found to root more. 
Rooting is an exploratory behavior of high priority and de-
priving pigs of such leads to increase in abnormal behaviors. 
There is also clear evidence that continuous access to new en-
vironment increases rooting behavior partly by stimulating 
inspective exploration.

Effect of pen enrichment on exploratory behavior 
Exploratory behavior is a form of appetite behavior that is 
orientated by a search for feed or concerned about examina-
tion of areas that are unfamiliar to the pig [2]. The exploratory 
behavior serves different purposes. Exploratory behavior 
includes; nosing floors, nosing fixtures, scraping floors, ma-
nipulating fixtures, and chewing [5]. In addition, despite the 
differences in types of exploratory behavior, pigs would use 
the same behavioral elements such as rooting, sniffing and 
chewing to explore. Pigs explore to obtain feed, find attrac-
tive places to sleep or to collect general information on their 

Table 2. Carcass characteristics measurements from pigs in different housing environment and using different enrichment types

Environment+enrichment type Carcass weight (kg/d) Backfat (mm) Carcass length Meat percentage SEM References

Barren 73.9 77.8 - - 0.91 Beattie et al [34]
Enriched 11.9 15.1 - - 0.57
Control - 2.77 83.10 - - Hill et al [73]
Toys - 2.51 83.10 - -
Human - 2.69 83.39 - -
Human+Toys - 2.79 82.93 - -
Negative treatment - 2.34 83.72 - -

SEM, standard error of the mean.
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surroundings. The desire to explore can, however, also be 
motivated by hunger, boredom and novelty [30]. Hunger is 
an immediate goal for exploration and is motivated by an 
acute need. If pigs are hungry, they search for feed until found 
and consume sufficient amounts. Hunger increases the level 
of exploratory behaviors and ad libitum feeding does not elimi-
nate the motivation to explore. 

Role of novelty in relation to exploratory behavior 
Exploratory behavior can also be motivated by novelty [2]. 
Novelty is the quality or state of being new, unusual and in-
teresting. Novelty is an important property involved in initiating 
and maintaining exploration [38]. The motive to explore may 
arise if the pig discovers unfamiliar objects or when the pig 
searches for novelty (inquisitive exploration). This means that 
pigs will explore and obtain information in an object as long 
as they have the audacity to do and no other motivation 
becomes more pronounced than the motivation to explore. 
However, once the object loses its novelty factors, then pigs 
may start engaging in aggressive interactions. Bolhuis et al [5] 
reported that pigs spent substantial proportion of their time 
on exploratory behavior. Interestingly, when analysis was done 
per behavioral element, it showed that pigs in an enriched 
environment displayed more of nosing, scraping floor and 
chewing than pigs in barren environment. 
  Pigs in barren environments, however, showed more in-
clinations of manipulating fixtures. Beattie et al [34] reported 
that pigs in barren environments spent more time nosing fix-
tures than pigs in enriched environments. Pigs in enriched 
environments and having lower floor space spent most time 
nosing the ground. Scott and co-workers [46] evaluated ex-
ploratory behavior in pigs housed in straw bedding and 
reported that pigs with straw bed spend at most 20% of their 
time exploring straw. Pigs that were given a toy displayed 
minimal exploratory behavior. A study that evaluated space 
requirements and enrichment [47] reported that pigs in a high 
stocking density and enriched with bars, rags and tyres per-
formed more of exploratory behavior than pigs in lower density 
and no enrichment. Pigs in enriched environments spent most 
of their active time on exploratory activities than their coun-
terparts in barren environments. Presumably, because pigs 
find exploration of pen fixtures or pen mates less satisfying, 
they prefer objects that are chewable, rootable and destructi-
ble for exploratory activities. 

Effect of pen enrichment on manipulative behaviours 
The increase in the amount of manipulative social behaviors 
to pen mates may be injurious and thus leading to negative 
implications on pig welfare [48]. Manipulative social behav-
iors can be ranked from belly nosing, ear biting, tail biting and 
manipulation of other parts other than the above. Behaviors 
that are termed manipulating other parts can be mainly nib-

bling, chewing of pen mate’s belly and paw chewing [5]. 
  Peeters and co-workers [48] reported that pigs provided with 
enrichment substrates spent 27.5%±1.7% of their most active 
time manipulating the substrate. Pigs in an enriched environ-
ment spent less time in pen manipulation than pigs in barren 
environment [34,49]. Bolhuis et al [5] grouped pigs and re-
ported that pigs housed in barren environments showed more 
of manipulative behavior than their counterparts did in en-
riched environments. Furthermore, De Jong et al [47] noticed 
that pigs in enriched environments spent less time showing 
manipulative behaviors like nibbling, nosing and massaging. 
The reduction in pen mate and pen fixtures manipulation 
observed could be explained by findings from other researchers 
that introduction of chewable objects to pigs has a huge po-
tential to decrease abnormal behaviors directed towards 
conspecifics. 

Effect of pen enrichment on play behaviour
Play behavior is not common. However, research suggests that 
pigs in enriched environment exhibit more of play behavior 
than pigs in barren environments [5,50,51]. Bolhuis et al [5] 
categorized play behavior in terms of pivoting, rolling, shak-
ing objects and gamboling. Kelly et al [51] used deep straw 
and reported an increase in play behaviors. On the contrary, 
Bolhuis et al [5] reported a decrease in play behavior of pigs 
from week 5 to 6. Newberry et al [50] noted an increase in play 
behavior of pigs from week 2 to 6. Nonetheless, the positive 
effect of enrichment was evident as pigs in enriched environ-
ments showed more of play behavior than pigs in barren 
environments in both studies. 
  Diminution of play behavior in pigs kept in barren environ-
ments could indicate endangered health or welfare because 
regardless of the environment pigs should be able to play. 
Spinka et al [52] reported that altered play behavior reduced 
social skills and behavioral flexibility thus reducing welfare in 
the long term. Generally, research consistently demonstrates 
a positive response of providing enrichment materials, in that 
the level of unwanted anomalous behaviors directed towards 
pen mates is reduced. Table 1 gives an overview of commonly 
used enrichment materials and their effect on different behav-
ioral activities in pigs.

Influence of pen enrichment on number and severity of 
injuries
Injury scoring is a measurement of aggression and fighting 
that occurs among pigs. Injury scoring involves the counting 
of injuries subjectively present over the whole body of the 
animal [53]. The number of external injuries or wounds count-
ed at regular intervals is often used in studies as a measure of 
social unrest [1]. Injury scores are generally lower for pigs 
housed in enriched environments compared to barren housed 
pigs. Van de Weerd et al [54] tested the effect of using different 
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enrichment structures (bite rite tail chew device, straw rack, 
feed dispenser, straw and liquid dispenser) and reported no 
significant differences between treatments on skin injuries. 
Scott et al [45] also reported that adding enrichment objects 
to straw-bedded pens did not affect skin injuries. Peeters et al 
[48] found no differences in skin lesions between control pigs 
and straw-bedded pigs. Manciocco et al [55] found no evi-
dence of environmental enrichment on injuries. However, 
sex differences were observed with male pigs having higher 
percentage of injuries than female pigs. This may be partially 
explained by the fact that male pigs are always more aggressive 
and engaging in fights. 

Impact of enrichment on physiological parameters
Effect of pen enrichment on body temperature: Body tempera-
ture may be useful as an indicator of chronic stress as stressors 
induce an increase in body temperature [56]. De Jong et al [56] 
studied the effects of straw bedding on the physiology of pigs 
kept in straw bedded and barren environments. Pigs from 
both environments exhibited similar reactions in body tem-
perature in response to different stressors such as relocation, 
isolation and restraint. Pigs in barren environments had a 
higher body temperature than pigs in enriched environments. 
The differences in baseline body temperature may be explained 
by differences in circadian rhythms. Caldara et al [57] reported 
that body temperature from the neck; shoulders and leg were 
similar in pigs kept between compact floor, wood shavings 
and coffee husk. The rectal temperature was, however, higher 
in pigs enriched with coffee husks as compared to wood shav-
ings and compact floor. However, further research still needs 
to be done to evaluate how environmental enrichment affects 
circadian rhythm or body temperature.

Influence of pen enrichment on heart and respiration 
rates
Heart rate is a relatively new method used to assess stress [58]. 
Measuring heart rate is effective because it is instant, quanti-
tative and non-invasive measure of the control of autonomic 
nervous system [59]. If pigs are placed in stressful conditions, 
stressors either increase or decrease heart rate. Heart rate fre-
quency is measured in response to stressors using external 
heart rate monitors [60]. Changes that occur in the heart rate 
can be caused by physical as well as physiological factors. Beattie 
et al [34] reported that pigs from enriched environments have 
higher average and maximum heart rate when given objects 
than pigs in barren environment. De Jong et al [56] however, 
found that the heart rate of pigs in enriched and barren en-
vironments did not differ. Stress changes the balance between 
the sympathetic and parasympathetic branch of the autonomic 
nervous system. Stressors may cause a shift in balance between 
these systems and thus result in psychological stress. 
  If the heart rate variability is higher, it represents a shift of 

the autonomic balance towards a parasympathetic prevalence 
whereas lower heart rate represents a shift towards sympathetic 
prevalence [61]. Heart rate variability refers to physiologi-
cal variation in the time interval between heart beats. These 
changes are revealed an occasion of stress, however, research 
does not clearly indicate whether they are due to the environ-
ment in which pigs are reared. Therefore, more research still 
needs to be done looking at how the environment instigates 
these changes in the balance of the autonomic nervous sys-
tem in pigs. Caldara et al [57] studied the effect of rearing pigs 
in deep bedding, coffee husks and compact floor and found 
that the respiratory rate did not differ between treatments. 
The respiratory rate was, however, above the threshold range 
considered normal for the species at this stage of rearing. 

Influence of pen enrichment on stress hormone 
concentrations 
Cortisol is the primary hormone secreted when pigs are sub-
jected to stressful conditions. This is a steroid hormone secreted 
by the adrenal gland. Cortisol in plasma or saliva is widely 
used across species to indicate stress. Fluctuations in cortisol 
levels may reflect physiological stress, physical stress and an-
imal response to a particular environment [62]. The use of 
salivary cortisol has been noted to be more useful than plasma 
cortisol as a measure of stress [62]. This is due to difficulty in 
understanding the relationship between the hypothalamic 
pituitary adrenal axis (HPA) and exposure to stress. 
  It is known that the HPA axis can become accustomed to 
stress stimuli thus affecting plasma cortisol levels and thereby 
reducing its reliability as a measure of stress. Plasma cortisol 
is also influenced by diurnal rhythm, with the time of the day 
affecting cortisol levels. Cortisol levels are higher during light 
hours and lower during dark hours [63]. Furthermore, corti-
sol can be produced in increased levels, during exciting events 
such as feeding. This means cortisol response can increase 
due to excitement rather than stress. This makes cortisol an 
unreliable measure or indicator of stress. Hillmann et al [64] 
reported that when assessing animal welfare, it seems more 
reliable to consider the circadian pattern of cortisol concen-
tration instead of only one value per day. Enrichment studies, 
however, have shown that pigs reared in barren environments 
experience more stress than pigs in enriched environments 
[56,48,1]. Klont et al [65] reported higher increase in cortisol 
from far Klont et al m to slaughter in pigs from the barren 
environment.
  Pearce and Paterson [66] reported that provision of enrich-
ment substrates to crowded male pigs did not influence cortisol 
concentration. However, pigs not provided with substrates 
had a higher cortisol concentration indicating a response to 
stress. In contrast, pigs in enriched environments had a higher 
salivary cortisol concentration than pigs in barren environ-
ments prior to transport [60,56,66]. Similarly, De Jong et al 
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[56] studied physiological effects of using straw bedding and 
found that pigs in enriched environments had higher cortisol 
concentrations than pigs in barren environments. Bakare et 
al [67] and Pambu Gollah et al [68] reported that corticoste-
roid hormones bind two types of receptors in the brain called 
glucocorticoid receptors and mineralocorticoid receptors. 
These receptors give pigs the ability to respond adaptively to 
their environment whether barren or enriched depending on 
the balance between these receptors. This simply implies that 
a disturbed balance may lead to reduced or enhanced respon-
siveness to the environment. However, researchers have not 
clearly outlined the mechanism behind these phenomena. It 
would therefore, be of interest to further research on how the 
pig environment causes disturbances of these two receptors. 

Effect of pen enrichment on intermediary blood 
metabolites in pigs 
Intermediary blood metabolites interact with the central ner-
vous system to regulate different behavioral patterns of pigs 
Bakare et al [67]. Blood metabolites can also give an indica-
tion of the animal’s nutritional status [62]. Peeters et al [48] 
studied the use of straw bedding at different weeks on blood 
metabolites; and the study reported no enrichment effect on 
blood metabolites such as glucose, lactose and non-esterified 
fatty acids. Pigs enriched with straw bedding for six weeks had 
lower creatine kinase compared to pigs that were not provided 
straw bedding. There is a large gap of research, which still needs 
to be conducted in this area, especially understanding the role 
of environmental enrichment on changes in metabolism and 
the use of different enrichment substrates to explain whether 
the environment does affect metabolism.

Influence of pen enrichment on growth performance
The performance of pigs is crucial as it reflects their response 
particularly to feed given and their living environment. It is 
therefore imperative to understand variations in performance 
of pigs in different rearing environments be it indoor, outdoor, 
enriched and barren environments. This enables pig producers 
to manage pigs differently to improve the performance and 
welfare of their pigs. Performance of pigs housed under bar-
ren and enriched environments has been studied by a number 
of authors [69,34,70,48]. Though the environments used in 
these studies was of similar design, performance variables 
varied. For example, Beattie et al [34] observed that pigs in 
enriched environments had higher growth rates, which was 
attributed to higher average daily feed intake (ADFI). Fur-
thermore, pigs in an enriched environment had a better feed 
conversion ratio (FCR) than their counterparts from barren 
environments. 
  Caldara et al [57] reared pigs on compact floor and deep 
bedding with wood shavings and reported no differences in 
performance in the growth phase. However, in the finishing 

phase pigs housed in compact floor showed better results of 
weight gain, feed intake and FCR. Peeters et al [48] reported 
that ADFI and FCR were the same in all treatments. Both en-
vironments affected pig performance similarly. Pigs that were 
enriched for a period of six weeks had higher ADG (average 
daily gain) than other treatments. In a study that compared 
different enrichment substrates, it was reported that pigs housed 
in straw-bedded pens had a higher ADFI than pigs enriched 
with liquid dispenser and bite rite tail chew device. Further-
more, pigs housed in straw-bedded pens had a higher daily 
weight gain than their counterparts [54]. Conversely, Jordan 
et al [25] reported that straw and hay did not influence growth 
rates of pigs. 
  Enriching the environment improves the growth rates of 
pigs. The predisposition to increase stress levels in barren en-
vironments could be the reason why these pigs had lower 
performance rates than pigs in enriched environments. Bar-
nett et al [70] reported that higher levels of stress adversely 
affected FCR. Differences in management and potential dif-
ferences in behavior may have altered the performance of pigs 
in barren environments. The differences in space allowance 
used in these studies could also explain the variation in per-
formance of pigs. Pearce and Paterson [66] reported that space 
allowance has a huge potential to affect the performance of 
pigs due to changes in behavioral requirements. Provision of 
environmental enrichment in early life of pigs results in reduced 
reactivity to unfamiliar stimuli later in life. Oostindjer and co-
workers [71] studied the effects of environmental enrichment 
during farrowing and enriched post weaning environment 
on performance. Pre-weaned piglets housed in enriched en-
vironment consumed more feed than piglets in barren pens. 
During the first day post weaning, feed intake was not greater 
for piglets in enriched environment. 
  Feed intake over the first 48 hours post weaning were, how-
ever, affected by pre weaning enrichment. Piglets in enriched 
environment had increased feed intake than barren housed 
piglets. Piglets in enriched environment had higher growth 
rates than counterparts in barren environments. Johnson et 
al [18] working with pigs in outdoor paddocks, reported 
that piglets kept outdoors had a broader feeding behavioral 
repertoire compared to indoor piglets. These differences in 
performance could be explained by that piglets preferred some 
objects over others or the interest in some of the objects de-
clined as the age was increasing.

Pen enrichment has a bearing on carcass and pork 
quality
Carcass characteristics of pigs reared in barren and enriched 
environments were shown to differ significantly [34,49]. Pigs 
in enriched environments have been reported to have heavier 
carcass weights and greater levels of backfat thickness than 
their counterparts from barren environments [34]. On the 
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contrary, Warris et al [72] reported a decrease in backfat thick-
ness for animals in an enriched environment housed in outside 
pens. Peeters et al [48] used straw bedding for different weeks 
and reported that pigs that had straw for 4 weeks had lower 
meat percentage than pigs given straw for two weeks. More-
over, during slaughter no differences were observed in carcass 
weight and backfat thickness among pigs in all treatments. 
  Kloet et al [66] also reported no effect of enriched and 
barren environments on carcass weight, meat percentage and 
backfat thickness. No differences were observed in carcass 
quality (cold carcass weight and backfat thickness measured 
at P2) in pigs reared in straw bedded pens or object -enriched 
partly slatted floors [1]. Hill et al [73] compared different en-
richment substrates on carcass characteristics and reported 
no treatment effects for backfat opposite the first rib. However, 
pigs in a negative treatment had a lower backfat opposite the 
last rib compared to other treatments. Pigs in the control treat-
ment and enriched with toys plus human interaction had a 
lower last rib backfat than pigs in human treatment alone. 
Backfat thickness measured opposite the last lumbar vertebrae, 
pigs in a negative treatment were leaner than other treatments. 
These measures show that pigs in the negative treatment were 
leaner than other treatments. 
  Consumers are increasingly becoming concerned about 
pig rearing conditions and pork quality. This is because when 
pigs are reared in confinement there are certain environmen-
tal factors and animal - human interactions that are at play. 
It is, therefore, pertinent that rearing conditions are improved 
to reduce the effect they impose on pork quality. Muchenje 
et al [74] reported that if pigs are precluded from behaving 
normally, occurrences of abnormal and aggressive interac-
tions increase. Such problems may influence pig behavior, 
welfare, physiology and subsequently their pork quality. Meat 
produced by pigs in enriched environments had lower cook-
ing losses and shear force values than pork from pigs reared 
in barren environments. 
  These improvements in meat quality were not associated 
with differences in pre-slaughter stress because pH values 
were similar in all treatments [34,54]. There were no signifi-
cant effects found on other meat quality parameters because 
of rearing environment [34]. Warris et al [72] found that pigs 
reared indoors compared to outdoor reared pigs in enriched 
environment produced paler pork products than counterparts 
in barren environment. Furthermore, postmortem pH and 
water holding capacity for pigs reared outdoor was reduced. 
However, loin muscle for pigs reared outdoor had a lower ulti-
mate pH, higher drip loss and higher shear force values [75]. 
Differences captured from these results may be explained by 
that pigs in enriched environment had higher levels of intra-
muscular fat, which is associated with improved tenderness 
and water holding capacity in pork [34]. Nutritional factors 
gained by pigs enriched with straw could be another possible 

reason pigs in enriched environment produced better meat 
quality than their counterparts in barren environment. Maw 
et al [76] reported that straw has a potential to influence eating 
quality because pigs reared on straw produced bacon with 
stronger meat flavor than pigs reared without bedding. Hill 
et al [73] reported that meat quality measured by shear force, 
calorimeter scoring and human sensory evaluation was not 
affected by rearing conditions. Measurements of pork quality 
flavor, tenderness and juiciness were not different between the 
treatments. Similarly, Peeters et al [48] also found no effect of 
rearing environments on meat quality parameters. These studies 
were, however, using different pig genotypes, therefore, it can 
be concluded that genotype differences may explain why there 
were no effect on pork quality.

Concluding remarks and aspects that need further 
research 
When providing enrichment properties, it is imperative to 
assess the outcomes to ensure that enrichment programmes 
meet the intended goals. Environmental enrichment programs 
are measures taken to enable species-specific behaviour, to 
alleviate boredom and to eliminate anomalous behaviours. 
Individual housing of social species such as pigs could be very 
stressful to pigs and could compromise performance and 
welfare. Environmental enrichment is therefore increasingly 
becoming indispensable. Pigs are very sensitive and intelligent 
creatures that need special care and to ensure their physical 
and behavioural wellbeing. Absorbent bedding material such 
as straw or wood shavings needs to be added to the pens to 
afford a clean, comfortable, and dry surface. Substrates such 
as hanging plastic bottles and mobile and colourful balls need 
to be changed over time to keep high levels of exploring ap-
petite. Also, substrates such as plastic balls presented on the 
floor level need to be continually cleaned and disinfected as 
they can easily get dirty with faeces. Studies are required to 
determine interaction of bedding and hanging so to know the 
best possible enrichment for pig wellness. 
  There is also a need of identifying possible interaction 
between space allowance and enrichment so that effective 
enrichment can be used in accordance to space allowance. 
There is a need to recommended thickness of bedding mate-
rials. Enrichment substrate may be non- nutritive, but should 
be non-toxic. For enrichment initiatives to be effective, it is 
also vital to investigate breed differences, the role of novelty, 
influence on pig metabolism, the use of enrichment on preg-
nant sows and breeding boars, role of different feed ingredients 
and the utilisation of proteomics and genomics in improving 
welfare of growing pigs.

Breed differences, carcass grading and pork quality
For sustainable pig agriculture, the information on breed dif-
ferences and environmental enrichment need to be investigated 
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due to differences in response to stressors. It would be of in-
terest to differentiate behaviours of slow-growing and fast-
growing breeds, including the aspect of group size. The extent 
to which pen enrichment can improve growth performance of 
slow-growing indigenous pigs is unknown. It has been sug-
gested that different breeds adapt differently to environmental 
changes and handling conditions. These differences may also 
have an impact on the quality of pork. Therefore, further re-
search should explore pork quality of pigs subjected to different 
environmental enrichments. 

Understanding the role of novelty in an enrichment 
substrate or material
There is also a need to understand how long a substrate or 
material can keep pigs exploring. Pigs are so quick to lose in-
terest in an object. Therefore, it is of much interest to determine 
how long it takes a pig to lose novelty in an object. As a result, 
if welfare guidelines are to be made available to pig producers, 
they should provide information on such issues. The time re-
quired before the enrichment materials are replaced becomes 
invaluable.

Effect of environmental enrichment on metabolism 
Metabolite assays have traditionally been used as tools to 
assess responses to diets and diseases. The influence of en-
vironmental enrichment on pig metabolism have, however, 
been neglected. Metabolism is likely to respond to the behav-
ioural activities that pig’s exhibit. The influence of different 
enrichment substrates on metabolism also need to be under-
stood. 

Exploring alternative feed ingredients as sources of 
nutritional enrichment
Nutritional enrichment is a form of presenting varied or novel 
feed types or changing the method of delivering feed. Pigs are 
usually enriched with straw, hay, mushroom compost, peat 
and sawdust. Such items can create problems in the slurry 
system. When these roughages are not properly stored, they 
can harbour bacteria, fungi and moulds as a result reducing 
the welfare of pigs. Prevailing conditions such as drought and 
increasing temperatures are also likely to reduce production 
of roughages. Therefore, it is necessary to explore other feed 
ingredients. Feed ingredients such as agricultural by- products 
can be used as nutritional enrichment. For example, maize 
cobs can be hung around the pens or be scattered on the bed-
ding as a form of nutritional enrichment. 

Proteomics 
There is evidence that rearing of animals in barren and en-
riched environment affect the expression of proteins. Rampon 
et al [77] reported that environmental enrichment caused 
changes in the expression of genes whose products are in-

volved in neuronal structure, plasticity and neurotransmission. 
However, studies on environmental enrichment and proteo
mics have focused on rats and cats [78]. Such information 
is, however, unavailable in pigs. It would, therefore, be of inter-
est to further understand the role of environmental enrichment 
on the expression of proteins in pigs. 

Use of enrichment on pregnant sows and breeding boars
The use of environmental enrichment in breeding sows is 
limited, with most research concentrated on studying pre 
partum nest building and nesting material [9]. Furthermore, 
research of enrichment on breeding boars has barely received 
attention from any scientific literature. Therefore, it would be 
of utmost interest that research should further explore enrich-
ment on these areas. Such work has a huge potential to assist 
producers in selecting appropriate enrichment materials for 
their breeding pigs. 

CONFLICT OF INTEREST

We certify that there is no conflict of interest with any financial 
organization regarding the material discussed in the manu-
script.

ACKNOWLEDGMENTS

The authors of this paper would like to acknowledge Professor 
T. E. Halimani for valuable comments on this review. 

REFERENCES 

1.	Van de Weerd HA, Day JEL. A review of environmental en
richment for pigs housed in intensive housing systems. Appl 
Anim Behav Sci 2009;116:1-20.

2.	Studnitz M, Jansen MB, Pederson LJ. Why do pigs root and in 
what will they root? A review on the exploratory behaviour 
of pigs in relation to environmental enrichment. Appl Anim 
Behav Sci 2007;107:183-97.

3.	Barnett JL, Hemsworth PH, Cronin GM, Jongman EC, Hutoun 
GD. A review of the welfare issues for sows and piglets in 
relation to housing. Aust J Agric 2001;52:1-28.

4.	Fraser D, Phillips PA, Thompson BK, Tennessen T. Effect of 
straw on the behaviour of growing pigs. Appl Anim Behav Sci 
1991;30:307-18.

5.	Bolhuis JE, Schouten WGP, Schrama JW, Wiegant VM. Be
havioural development of pigs with different coping charac
teristics in barren and substrate enriched housing conditions. 
Appl Anim Behav Sci 2005;93:213-28. 

6.	Gregory NG. Animal welfare and meat science. Wallingford, 
UK: CABI Publishing; 1998. pp. 227-9.

7.	Zebunke M, Puppe B, Langbein J. Effects of cognitive enrich
ment on behavioural and physiological reactions of pigs. Physiol 



www.ajas.info    11

Mkwanazi et al (2019) Asian-Australas J Anim Sci 32:1-13

Behav 2013;118:70-9. 
8.	Bammert J, Birmelin I, Grat B, et al. An ethological approach 

to animal welfare; the supply of needs and avoidance of damage. 
Tierarztl Umschau 1993;48:269-80.

9.	Arey DS, Franklin MF. Effects of straw and unfamiliarity of 
fighting between newly mixed growing pigs. Appl Anim Behav 
Sci 1995;45:23-30.

10.	Beattie VE, Walker N, Sneddon IA. An investigation of the 
effect of environmental enrichment and space allowance on 
the behaviour and production of growing pigs. Appl Anim 
Behav Sci 1996;48:151-8.

11.	Jansen J, Bolhuis JE, Schouten WGP, Spruijt BM, Wiegant VM. 
Spatial learning in pigs, effects of environmental enrichment 
and individual characteristics on behaviour and performance. 
Anim Cogn 2009;12:303-15.

12.	Mason G, Glubb R, Latham N, Vickeys S. Why and how should 
we use environmental enrichment to tackle stereotypic beha
viour? Appl Anim Behav Sci 2007;102:163-88.

13.	Tomohiro Y, Asahi T, Satomi I, et al. Effects of outdoor housing 
of piglets on behavior, stress reaction and meat characteristics. 
Asian-Austalas J Anim Sci 2012;25:886-94.

14.	Lawrence AB, Terlouw EM. A review of behavioral factors 
involved in the development and continued performance of 
stereotypic behaviors in pigs. J Anim 1993;71:2815-25.

15.	Blumetto Velazco OR, Calvet Sanz S, Barber FE, Garci AV. 
Comparison of extensive and intensive pig production systems 
in Uruguay in terms of ethologic, physiologic and meat quality 
parameters. R Bras Zootec 2013;42:521-9.

16.	Leite DM, Dalla Costa, Vargas GA. Economic analysis of an 
outdoor pig production system. R Bras Zootec 2001;30:482-6.

17.	Moisa S, Basso L, Bacci R. Comparison of the meat charac
teristics of the Jabali (Sus scrofa L) and domestic pig (Sus scrofa 
domesticus erxleben) under a system of semi extensive pro
duction. Rev Argent Prod Anim 2007;27:347-95. 

18.	Johnson AK, Morrow – Tesch JL, Mc Glone JJ. Behaviour and 
performance of lactating sows and piglets reared indoors or 
outdoors. J Anim Sci 2001;79:2571-9.

19.	Daza A, Rey AI, Olivares A. Physical activity-induced alterations 
on tissue lipid composition and lipid metabolism in fattening 
pigs. Meat Sci 2009;81:641-6.

20.	 Lebret B, Meunier –Salau MC, Foury A, et al. Influence of 
rearing conditions on performance, behavioural and physio
logica responses of pigs to pre slaughter handling, carcass 
traits and meat quality. J Anim Sci 2014;84:2436-47. 

21.	Newberry RC. Environmental enrichment: increasing the 
biological relevance of captive environments. Appl Anim 
Behav Sci 1995;44:229-43.

22.	Young RJ. Environmental enrichment for captive animals. 
UFAW Animal Welfare Series; Blackwell Science Ltd.: Oxford, 
UK, 2003.

23.	Mench J, Newberry R, Millman S, Tucker C, Katz L. Chapter 
4: Environmental enrichment. In: Guide for the care and use 

of Agricultural Animals in Research and Teaching Champaign 
111. Champaign, IL, USA: Federation of Animal Science 
Societies; 2010. https://www.aaalac.org/about/Ag_Guide_3rd_
ed.pdf

24.	Van de Weerd HA, Docking, CM, Day JEL, Edwards SA. The 
development of harmful social behaviour in pigs with intact 
tails and different enrichment backgrounds in two housing 
systems. Anim Sci 2005;80:289-98.

25.	Jordan D. Environmental enrichment in intensive production 
systems for farm animals [PhD Thesis]. Baden-Württemberg, 
Germany: University of Hohenheim; 2013. 

26.	Van de Weerd HA, Docking CM, Day JEL, Avery PJ, Edwards 
SA. A systematic approach towards developing environmental 
enrichment for pigs. Appl Anim Behav Sci 2003;84:101-18.

27.	Lindberg AC, Nicol CT. An evaluation of the effect of operant 
feeders on welfare of hens maintained on litter. Appl Anim 
Behav Sci 1994;41:211-27. 

28.	Jones RB. Role of comparative psychology in the development 
of effective environmental enrichment strategies to improve 
poultry welfare. Int J Comp Psychol 2002;15:77-106.

29.	Blackshaw JK, Thomas FT, Lee J. The effect of a fixed or free 
toy on the growth rate and aggressive behaviour of weaned 
pig and the influence of hierarchy on the initial investigation 
of toys. Appl Anim Behav Sci 1997;53:203-13.

30.	Trickett SL, Guy JH, Edwards SA. The role of novelty in environ
mental enrichment for the weaned pig. Appl Anim Behav 
Sci 2009;116:45-51.

31.	Bracke MBM. Expert opinion regarding environmental enrich
ment material for pigs. Anim Welf 2006;15:67-70.

32.	Adeniji DB. Effects of environmental enrichment strategies 
on behaviour and production performance of broiler breeder 
chickens reared at elevated temperatures [MSc- Thesis]. Knox
ville, TN, USA: University of Tennesse; 2012.

33.	Lidfors L, Berg C, Algers B. Integration of natural behaviour 
in housing systems. Ambio 2005;34:325-30.

34.	Beattie VE, O’ Connell NE, Moss BW. Influence of environ
mental enrichment on the behaviour, performance and meat 
quality of domestic pig. Livest Prod Sci 2000;65:71-9.

35.	Oliveira RF, Soares RTRN, Molino JP, et al. Environmental 
enrichment improves the performance and behavior of piglets 
in the nursery phase. Arq Bras Med Vet Zootec 2016;68:415-
21.

36.	Turner SP, Horgan GW, Edwards SA. Heritability of post-mixing 
aggressiveness in grower- stage pigs and its relationship with 
production traits. J Anim Sci 2006;82:615-20.

37.	Blokhuis HJ. The effect of a sudden change in floor type on 
pecking behaviour in chicks. Appl Anim Behav Sci 1989;22: 
65-73.

38.	Morgan CA, Deans LA, Lawrence AB, Nielsen BL. The effects 
of straw bedding on the feeding social behaviour of growing 
pigs fed by means of single-space feeders. Appl Anim Behav 
Sci 1998;58:23-33.



12    www.ajas.info

Mkwanazi et al (2019) Asian-Australas J Anim Sci 32:1-13

39.	Madsen SM. Employment materials for fattening pigs - a com
parison of 6 materials behavioral regulation effect. In: Special. 
Copenhagen, Denmark: Zoological Institute, Afd. for Popul
ation Biology, University of Copenhagen; 2001. 46 p. 

40.	O’Connell NEO, Beattie VE. Influence of environmental enrich
ment on aggressive behaviour and dominance relationship 
in growing pigs. Anim Welf 1999;8:269-79.

41.	Zonderland JJM, Wolthuis-Fillerup CG, Van Reenen MBM, 
et al. Prevention and treatment of tail biting in weaned piglets. 
Appl Anim Behav Sci 2008;110:269-81.

42.	Studnitz M, Jansen KH, Jorgensen E. The effect of nose rings 
on the exploratory behaviour of outdoor gilts exposed to 
different tests. Appl Anim Behav Sci 2003;84:41-57.

43.	Day JEL, Kyriazakis L, Lawrence AB. The effect of food depri
vation on the expression of foraging and exploratory behaviour 
in the growing pig. Appl Anim Behav Sci 1995;42:193-206.

44.	Studnitz M, Jansen KH, Jorgensen E, Jansen KK. The effect 
of nose ringing on explorative behaviour in gilts. Anim Welf 
2003;12:109-18.

45.	Scott K, Taylor L, Gill BP, Edwards SA. Influence of different 
types of environmental enrichment on the behaviour of finish
ing pigs in two different housing systems, hanging toys versus 
rootable toy of the same material. Appl Anim Behav Sci 2009; 
116:186-90.

46.	De Jong IC, Ekkel ED, Van de Burgwal JA, et al. Effects of straw 
bedding on physiological responses to stressors behavior in 
growing pigs. Physiol Behav 1998;64:303-10.

47.	De Kloet ER, Rots NY, Oitzl MS. Brain mineralocorticoid 
receptor function. Ann NY Acad Sci 1994;746:8-20.

48.	Peeters E, Driessen B, Moons CPH, Odberg FO, Geers R. Effect 
of temporary straw bedding on pigs behaviour, performance, 
cortisol and meat quality. Appl Anim Behav Sci 2006;98:234-
48.

49.	Guy JH, Rawlinson P, Chadwick JP, Ellis A. Behaviour of two 
genotypes of growing-finishing pigs in three different housing 
systems. Appl Anim Behav Sci 2002;75:193-206.

50.	Newberry RC, Wood- Gush DGM. Development of some 
behaviour patterns in piglets under semi natural conditions. 
Anim Prod 1988;46:103-9.

51.	Kelly HRC, Bruce JM, English RR, Fowler VR, Edwards SA. 
Behaviour of 3 week weaned pigs in straw-flow, deep straw 
and flat desk housing systems. Appl Anim Behav Sci 2000;68: 
269-80.

52.	Spinka M, Newberry RC, Bekoff M. Mammalian play: training 
for the unexpected. Q Rev Biol 2001;76:141-68.

53.	Karlen GAM, Hemsworth PH, Gonyou HW, et al. The welfare 
of gestating sows in conventional stalls and large groups on 
deep litter. Appl Anim Behav Sci 2007;105:87-101.

54.	Van de Weerd HA, Docking CM, Day JEL, Breuer K, Edwards 
SA. Effects of species – relevant environmental enrichment 
on the behaviour and productivity of finishing pigs. Appl Anim 
Behav Sci 2006;99:230-47.

55.	Manciocco A, Moscati L, Laviola G, Vitale A. Longitudinal 
effects of environmental enrichment on behaviour and physio
logy of pigs reared on an intensive stock farm. Ital J Anim Sci 
2011;10:e52.

56.	De Jong IC, Prelle IT, Korte SM, Blokhuis HJ, Koolhaas JM. 
Effect of environmental enrichment on behavioral responses 
to novelty, learning and memory and the circadian rhythm 
in cortisol in growing pigs. Physiol Behav 2000;68:571-8.

57.	Caldara FR, Rosa PSG, Ferreira RA, et al. Behaviour, perfor
mance and physiological parameters of pigs reared in deep 
bedding. Eng Agric Jabotical 2012;32:38-46.

58.	Valerie SM, Jonckheer – Sheehy VSM, Vinke CM, Ortolani 
A. Validation of a polar (R) human heart rate monitor for 
measuring heart rate and heart rate variability in adult dogs 
under stationery conditions. J Vet Behav 2012;7:205-12. 

59.	Gehreke EK, Baldwin A, Schiltz PM. Heart rate variability in 
horses engaged in Equine –Assisted. J Equine Vet Sci 2011; 
31:78-84.

60.	Geverink NA, Bühnemann A, Van de Burgwal JA, et al. Res
ponses of pigs to transport and lairage sound. Physiol Behav 
1998;64:667-73.

61.	Stein PK, Bosner MS, Kleiger RE, Conger BM. Heart rate vari
ability a measure of cardiac autonomic tore. Am Heart J 1994; 
127:1376-81.

62.	Ruis MAW, Te Brake JHA, Engel B, et al. The circadian rhythm 
of salivary cortisol in growing pigs, effects of age, gender and 
stress. Physiol Behav 1997;62:623-30. 

63.	Geverink NA, Schouten WGP, Gort G, Wiegant VM. Indivi
dual differences in behavioural and physiological response 
to restraint stress in pigs. Physiol Behav 2002;77:451-7.

64.	Hillmann E, Schrader L, Mayer C, Gygax L. Effects of weight, 
temperature and behaviour on the circadian rhythm of salivary 
cortisol in growing pigs. Animal 2008;2:405-9.

65.	Kloet RE, Hulsegge B, Hoving- Bolink AH, et al. Relationships 
between behavioural and meat quality characteristics of pigs 
raised under barren and enriched housing conditions. J Anim 
Sci 2001;79:2835-43.

66.	Pearce GP, Paterson AM. The effect of space restriction and 
provision of toys during rearing on the behaviour, produc
tivity and physiology of male pigs. Appl Anim Behav Sci 1993; 
36:11-28.

67.	Bakare AG, Madzimure A, Ndou SP, Chimonyo M. Growth 
performance and behaviour in grouped pigs fed fibrous diet. 
Asian-Australas J Anim Sci 2014;27:1204-10.

68.	Pambu-Gollah R, Cronje PB, Casey NH. An evaluation of the 
use of blood metabolite concentrations as indicators of nutri
tional status in free-ranging indigenous goats. S Afr J Anim 
Sci 2000;30:115-20. 

69.	Beattie VE, Walker N, Sneddon IA. Effects of environmental 
enrichment on behaviour and productivity of growing pigs. 
Anim Welf 1995;4:207-20.

70.	Barnett JL, Hemsworth PH, Cronin GM, et al. Effects of pen 



www.ajas.info    13

Mkwanazi et al (2019) Asian-Australas J Anim Sci 32:1-13

size, partial stalls and method of feeding on welfare-related 
behaviour and physiological responses of group-housed pigs. 
Appl Anim Behav Sci 1992;34:207-20

71.	Oostindjer M, Bolhus JE, Mendl M, et al. Effects of environ
ment enrichment and loose housing of lactating sows on piglet 
performance before and after weaning. J Anim Sci 2014;88: 
3554-62.

72.	Warris PD, Brown SN. The physiological responses to fighting 
in pigs and the consequences to meat quality. J Food Agric 
1985;36:87-92.

73.	Hill JD, Mc Glone JJ, Fullwood SD, Miller MF. Environmental 
enrichment influences on pig behaviour, performance and 
meat quality. Appl Anim Behav Sci 1998;57:51-68.

74.	Muchenje V, Ndou SP. How pig pre-slaughter welfare affects 
pork quality and the pig industry – A review. Eastern Cape, 
South Africa: Department of Livestock and Pasture Science, 
University of Fort Hare; 2013.

75.	Warris PD, Kestin SC, Robinson JM. A note on the influence 
of rearing environment on meat quality in pigs. Meat Sci 1983; 
9:271-9.

76.	Maw SJ, Fowler VR, Hamilton M, Petchery AM. Effect of hus
bandry and housing of pigs on the organoleptic properties of 
bacon. Livest Prod Sci 2001;68:119-30.

77.	Rampon C, Jiang CH, Dong H, et al. Effects of environmental 
enrichment on gene expression in brain. Princeton, NJ, USA: 
Department of molecular biology, Princeton University; 2000.

78.	Lichti CF, Fan X, English RD, et al. Environmental enrichment 
alters protein expression as well as the proteomic response 
to cocaine in rat nucleus accumbens. Front Behav Neurosci 
2014;8:246. 

79.	Schaefer AL, Salomons MO, Tong AKW, Sather AP, Lepage P. 
The effect of environment enrichment on aggression in newly 
weaned pigs. Appl Anim Behav Sci 1990;27:41-52.


