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Executive Summary
Continually improving the welfare of both the sow and her piglets in the farrowing crate and
throughout lactation is of great importance for the pork industry. Sows are highly motivated
to perform nest building activities in the period leading up to parturition which involves the
process of physical isolation, sourcing suitable nesting materials, nest construction and finally
farrowing. Confinement within the farrowing crate prevents this nesting process and is
thought to cause stress and frustration to the sow. Irrespective of the level of confinement,
the parturition process commonly induces a stress response in most animals, especially in
those that are primiparous. Reducing the stress sows experience at farrowing has the
potential to benefit both non-confinement and crated farrowing systems with regards to both
sow welfare as well as piglet survival.
Throughout these experiments we aimed to gain a greater understanding about: how
confinement affects the behaviour and potential stress of sows at farrowing; how
confinement prior to farrowing and the provision of nesting materials impacts sow
performance as well as piglet survival; how the provision of a synthetic olfactory agonist
diffuser block in the farrowing crate can reduce sow anxiety and improve piglet performance
and; how the use of dietary magnesium in a lactation diet could reduce behavioural indicators
of sow stress during farrowing and reduce cortisol levels. Three of the four experiments were
investigated intensively at the Roseworthy Piggery and then also validated in a commercial
setting.
Experiment one aimed to determine the impact of confinement compared to a 360° farrowing
crate in the lead up to and during parturition on sow behaviour, colostrum production and
quality, physiological indicators of stress and piglet growth and survival. Sows not confined in
the lead up to parturition displayed less nosing of crate fixtures (4.1 ± 0.4 vs CLOSED 7.3 ± 0.8;
P<0.001) and performed more posture changes (23.2 ± 1.3 vs CLOSED 14.3 ± 1.1; P<0.001)
during farrowing. Confinement of sows did not impact plasma cortisol concentration at any
point (P>0.05). Postnatal mortality did not differ between treatments (P<0.05). Allowing the
sow a greater freedom of movement exclusively in the lead up to and during parturition
changed sow behaviour during this time whilst maintaining survival rates.
Nest building behaviour in sows is an intrinsic behaviour and the duration of this behaviour
and cessation prior to the onset of parturition are affected by the environment in which the
animal is housed. Experiment Two aimed to determine if the provision of nesting materials
(straw compared to a man-made hessian sack) would reduce the stress associated with
confinement during the nest-building phase as seen through reduced plasma cortisol levels,
and lead to a reduction in postural changes during the expulsion phase of farrowing, thus
improving piglet survival. Experiment 2a was conducted at Roseworthy Piggery and
experiment 2b was conducted in a commercial piggery. Experiment 2a revealed that providing
conventionally housed sows with straw or hessian in the lead up to the parturition phase
stimulated sows to perform nest building behaviours by manipulating the substrate by nosing,
similar to sows housed in an open 360 pen with access to straw (16 ± 11 (Control); 169 ± 36
(Hessian closed crate); 118 ± 29 (Straw closed crate); 199 ± 53 (Straw open crate); P=0.03).
Experiment 2b revealed that litters born to sows in the straw closed treatment demonstrated
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a reduced incidence of piglet mortality both prior to fostering (0.7 ± 0.2; P=0.001) and after
fostering (0.7 ± 0.2; P=0.001). In conclusion, straw and hessian sacks are suitable substrates
for stimulating sows to exhibit nest building behaviour and, the provision of straw in the crate
environment improved production measures as well as positively affecting sow welfare.
Experiment Three aimed to determine if the exposure of a synthetic olfactory agonist (SOA)
to the sow prior to farrowing, and throughout lactation, would reduce sow stress observed
through cortisol concentrations in response to a snout rope test prior to farrowing and,
increase piglet survival both during the birthing process and lactation period potentially by
attracting piglets to the creep area and thus avoiding layovers. The use of a synthetic olfactory
agonist has been shown in both weaner pigs and early gestating sows to reduce anxiety levels
however, the application of SOA within the farrowing crate environment has not been
investigated. Experiment 3a was conducted at Roseworthy Piggery and experiment 3b was
conducted in a commercial piggery. Experiment 3a showed that at day 3 of age piglets within
the SOA treatment were 81 grams heavier than their counterparts in the control group
(P<0.05) however, no weight differences were observed at birth, 24 hours or weaning. No
differences were observed between treatments in the creep usage by piglets on day 2 or 3 of
age (P>0.05). No treatment effects were observed for piglet mortality pre or post-fostering
(P>0.05). Experiment 3b revealed piglet numbers born alive, total born, still births and piglet
mortality throughout lactation were not different between treatments (P>0.05). The provision
of the SOA block during farrowing and lactation did not improve piglet production parameters
and did not affect sow welfare and is therefore not recommended for use.
Around birth, sows are subjected to factors that result in stress, such as confinement in a
crate, the parturition process, a change in state from gestation to lactation and constipation.
These can all potentially reduce piglet survival and hence the number of pigs weaned per sow.
Circulating magnesium (Mg) concentrations and stress reactivity appear to be strongly linked.
Experiment Four aimed to determine the effect of two diets with increased magnesium levels
(MGSO4: fed 200g of feed mixed with 10.5g magnesium sulphate and; SUPP: fed 200g of feed
mixed with 10.5g magnesium rich marine extract (Acid Buf, Celtic Sea Minerals), supplied by
Feedworks Australia) fed to sows before and after farrowing on stress hormone release,
behavioural indicators of stress in the sow during parturition, and on piglet survival.
Experiment 4a was conducted at Roseworthy Piggery and experiment 4b was conducted in a
commercial piggery. Within Experiment 4a, during the 24h leading up to farrowing, a higher
proportion of ventral lying events were observed in the SUPP treatment than both CON and
MGSO4 treatments (P < 0.05). More piglets died prior to fostering on CON sows compared to
piglets on MgSO4 or SUPP sows (0.8 ± 0.3 vs 0.2 ± 0.1 0.2 ± 0.1, respectively; P<0.05). The
commercial Experiment 4b showed total piglets born, and piglets born alive did not differ,
however the number of piglets born dead increased in MGSO4 sows compared to CON (1.0 ±
0.1 and 0.7 ± 0.1, respectively; P=0.01). Although some small treatment differences were
observed, the addition of two magnesium sources fed to sows during the transition phase
from gestation to lactation did little to impact farrowing or piglet performance.
This study contributed significantly to the understanding of what the sow may need during
the pre-farrow, farrow and lactation stages of production. Providing sows with the freedom
of movement in a 360° farrowing crate in the lead up to and during parturition did not
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negatively affect piglet mortality and altered some of the sow’s pre-farrow behaviours.
Providing sows with nesting materials during the pre-farrow stage stimulated sows to perform
nest building behaviours. Additionally, the use of straw in the conventional farrowing crate
improved post-natal mortality. The use of straw in the farrowing crate is however problematic
in that it may block effluent pits which, the use of an inexpensive hessian sack avoids and
enabled the sow to exhibit nesting behaviour.
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Abstract
To reduce piglet mortality from overlay, farrowing crates confine the sow, restricting
nest building activities. The aim of this study was to investigate the impact of
confinement in the lead up to and during parturition on sow and litter characteristics.
Sows (parity 1.6 ± 0.1) were housed in pens the size of a traditional crate with bars
that allowed for temporary confinement. Two treatments were applied; OPEN
(n=36): pen was open until the sow stood following parturition, at which point they
were closed, and CLOSED (n=34): pen was closed through parturition. At d 10 of
lactation the pens were opened for both treatments. A subset of sows (n=12 CLOSED,
n=14 OPEN) were observed remotely during parturition and 24 h after parturition for
behavioural analyses. Blood samples were collected hourly from -24 h until farrowing
completion, and again at 24 h post farrowing. Piglet weights were collected at birth,
24 h and at weaning. OPEN sows displayed a reduced incidence of pain-related
behaviours including tail flicks (8.4 ± 0.7 vs 27.6 ± 1.5; P<0.001), movement of back
leg forward (122.0 ± 3.0 vs 163.4 ± 3.7; P<0.001) and strains (146.1 ± 3.2 vs 182.9 ±
3.9; P<0.001) during farrowing. OPEN sows also nosed crate fixtures less frequently
(4.1 ± 0.4 vs CLOSED 7.3 ± 0.8; P<0.001) and performed more posture changes (23.2
± 1.3 vs CLOSED 14.3 ± 1.1; P<0.001) during farrowing. Confinement of sows did not
impact plasma cortisol concentration at any point (P>0.05). Sows from OPEN pens
gave birth to fewer stillborn piglets than CLOSED (0.2 ± 0.1 vs 0.4 ± 0.1 piglets/litter
respectively; P<0.05). Colostrum ingestion was higher in piglets from OPEN sows
(332.8 ± 7.8g) than CLOSED (310.8 ± 7.0g; P<0.01). Individual weight at weaning was
increased in piglets from OPEN sows (5.9 ± 0.2kg) when compared with CLOSED (5.7
± 0.2kg; P<0.01). Postnatal mortality did not differ between treatments (P<0.05).
Allowing the sow a greater freedom of movement exclusively in the lead up to and
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during parturition changes sow behaviour during this time and improves piglet
growth whilst maintaining survival rates.

Introduction
In the hours leading up to parturition sows are highly motivated to perform nestbuilding activities. This process involves physical isolation, sourcing suitable material,
nest construction and the farrowing process itself (Van Beirendonck et al., 2014; Yun
and Valros, 2015). This behavioural repertoire is primarily driven by endocrine
changes within the sow that prepare her for parturition (Jarvis et al., 2006). As a result
of increased piglet mortality from sow crushing within open farrowing systems
(approx. 6-18% higher than closed crates) (Burri et al., 2009; Rootwelt et al., 2014;
Condous et al., 2016), farrowing crates were developed in an effort to reduce piglet
mortality (Burri et al., 2009). They act by confining the sow from before farrowing
through lactation to weaning (Burri et al., 2009). However confinement within a
farrowing crate prevents the adequate performance of almost all of these intrinsic
behaviours, and as a result is thought to cause frustration and stress (hypothalamicpituitary-adrenal (HPA) axis activation) (Jarvis et al., 2006; Bulens et al., 2014).
Particularly, research suggests that confined sows exhibit an increased level of
cortisol prior to farrowing (Lawrence et al., 1994), which through effects on opioid
secretion (Lawrence et al., 1997), cause a decrease in post-expulsion oxytocin pulse
(Oliviero et al., 2008; Oliviero et al., 2010) resulting in an extended farrowing duration
and inter-piglet birth intervals, subsequently increasing stillbirth rates (Oliviero et al.,
2008). While the farrowing process itself is affected by the restriction of nest building
prior to parturition a large body of indirect evidence suggests that this physiological
stress may also have a direct influence on sow behaviour at farrowing and colostrum
production and quality (Chen et al., 1998; Dewey, 2001; Yun et al., 2014b; Yun and
Valros, 2015). All of which are important drivers of piglet survival in the peri-natal
period. So, in addition to compromised sow welfare, there is evidence to suggest that
confinement prior to and during farrowing my impair piglet vitality and early survival.
In an effort to reduce sow confinement a number of studies have investigated the
use of alternative farrowing systems that offer temporary confinement of the sow
(Hales et al., 2015; Condous et al., 2016). With the majority of pre-weaning death
occurring within the first week of a piglet’s life many studies have now demonstrated
that if the sow is kept confined for the first 5 days there will be no negative effect on
piglet pre-weaning mortality (Moustsen et al., 2013; Hales et al., 2015; Singh et al.,
2017). Although this type of system is suitable for ensuring minimal sow confinement
and reducing piglet mortality, it is still not ideal as it involves the confinement of the
sow in the lead up to farrowing. Therefore, the aim of this study was to determine
the impact of confinement in the lead up to and during parturition on sow behaviour,
colostrum production and quality, physiological indicators of stress and piglet growth
and survival. We hypothesized that allowing the sow greater freedom of movement
exclusively during the period leading up to and during parturition would reduce
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distress in the sow, improve the farrowing process, facilitate adequate maternal
behaviours consequently improving piglet vigour, survival and growth.

Methodology
This experiment was conducted in accordance with the Australian Code of Practice
for the Care and use of Animals for Scientific Purposes (NHMRC, 2013) and was
approved by the University of Adelaide’s Animal Ethics Committee (AEC # S-2014198).

Animals and Management
This experiment was conducted at The University of Adelaide’s research piggery and
consisted of seven replicates conducted between October 2015 and May 2016. A
total of 70 (parities 1-3; 1.6 ± 0.1) Large White x Landrace sows and their litters were
used in this study. Sows were group housed during gestation from mating to
farrowing shed entry and had no previous experience with reduced confinement
systems during farrowing and lactation prior to the experiment. Sows were moved
into the farrowing accommodation at d 110 of gestation. Once in the farrowing
accommodation, sows were fed a commercial lactation diet (14.2 MJ DE/kg) twice
daily and had ad libitum access to water. Prior to farrowing, sows were fed 2.5kg/d
after farrowing the feeding level was gradually increased to a maximum of 7-8kg by
day seven of lactation. No nesting materials were supplied. Sows farrowed naturally
and were monitored 24 hours a day until all sows had finished farrowing. Litters were
fostered within treatment to teat capacity approximately 24 hours after birth. Daily
routine management practices were performed by piggery staff and this included an
iron injection and oral coccidiostat given to the piglets at one day of age. Piglets were
weaned on day 21 of age.

Experimental design and housing
The farrowing pens were located within two identical farrowing rooms that housed
six pens in each. The rooms were climate controlled, with fully slatted plastic flooring.
Two treatment groups were applied using a ‘360 farrower crate’ (Midlands Pig
Producers Ltd, UK) in either an OPEN or CLOSED position. Sows allocated to OPEN
pens (n=36) were open at farrowing house entry until the sow stood for the first-time
following placenta expulsion, at which point they were closed and re-opened on day
10 of lactation. Sows allocated to CLOSED crates (n=34) entered in to closed crates
where they remained until day 10 of lactation, at which point they were opened.

Sow measures
The day following entry to the farrowing house, each sow had an indwelling ear vein
catheter placed to facilitate hourly blood sampling. Each sow was given topical
anaesthesia (Xylocaine Jelly 2% Gel, Astrazeneca Pty Ltd, NSW) on both ears at least
20 minutes prior to ear vein catheter insertion attempt. The sow was restrained by a
nose snare and a catheter placement unit (Jelco OPTIVA® I.V. Catheter, Smiths
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Medical, United States) was used to guide a vinyl tube (Microtube Extrusions Pty Ltd,
NSW) in to the ear and held in place using veterinary adhesive (Tensoplast® Vet, BSN
Medical Pty Ltd, Mount Waverley, VIC). On the day prior to the expected farrowing
date, blood samples were collected hourly via syringe and immediately transferred
into a 5ml heparin-lithium coated collection tube and inverted several times to
ensure adequate mixing. The sampling was continued from -24 hours until the birth
of the last piglet. One final sample was collected 24 hours after the completion of
farrowing. Blood samples were maintained on ice and were centrifuged at 1000g for
10 minutes and plasma stored at -20°C. Cortisol samples were analysed in duplicate
with a commercial radioimmunoassay kit (ImmuChemTM CT cortisol kit, MP
Biomedicals, Orangeburg, NY, USA) according to manufacturer’s instructions by The
University of Adelaide’s Research Assay Facility. The average inter-assay coefficient
of variation (CV) was 9.2% and intra-assay CV was 8.2%.
Farrowing duration (birth of the first piglet until birth of the last piglet) and piglet
birth intervals were recorded for all sows. A 20mL colostrum sample was collected
from the anterior teats during parturition for a subset of sows (n = 21 CLOSED and n
= 20 OPEN) and frozen immediately at -20˚C. The weight gain calculated from
individual piglet weights at birth and 24hrs was then used to calculate colostrum
acquisition of the piglet (Devillers et al., 2007) and summed to give a total colostrum
output of the sow. Total colostrum protein percentage was estimated by Brix optical
refractometry (STARR DBR-1; STARR Instruments, Dandenong South, Victoria,
Australia), and a radial immunodiffusion assay was performed for immunoglobulin G
(IgG) concentration of the thawed colostrum sample, using a method modified from
Bernard (1974).

Piglet measures
Individual piglets were identified at birth by unique ear tag and the following
measures were recorded; time of birth, vitality and meconium staining immediately
after birth (Table 1), rectal temperature at birth and day 1, weight at birth and day 1
and blood glucose concentration on day 1 (Accu-Chek® Performa Meter Kit, Roche
Diagnostics, GmbH, Germany). All measures collected on day 1 were done exactly
24h following birth. In addition, piglets were weighed at weaning (day 21) and all preweaning mortality was recorded.

Table 1. Vitality and meconium staining scoring method (Baxter et al., 2008; OrozcoGregorio et al., 2010).
Piglet variables
Vitality
First inhalation of
breath

Grading Scale
2

0

1

Stillborn

In >11
seconds

Constant movement
In >21
seconds

4

3

Within 6-10
seconds

In <5 seconds

Within 11-20
seconds

In <10
seconds

Meconium Staining

No staining
present

Small amounts
(usually only
around the
nose/face
area)

Meconium
covering up to
half the body

All body
surfaces
covered in
meconium

Behavioural observations
Sow behaviour was monitored using closed-circuit television (CCTV) cameras (3megapixel fixed lens IP dome cameras, Hikvision HDTVI Cameras, China) which were
mounted directly above each farrowing crate and were connected to a 16 channel
NVR system, with infrared capabilities to allow for visual recording at night. Footage
from each sow from the birth of the first piglet to birth of the last piglet (farrowing)
and from birth of last piglet to 18h (post-farrow) was downloaded from the NVR
system and stored on a hard drive. Behaviours were analysed using Observer XT v11
(Noldus Information Technology, Wageningen, The Netherlands) for a subset of sows
(n=12 CLOSED, n=14 OPEN). An ethogram of the behaviours observed is presented in
Table 2.
Table 2. Ethogram of behaviours observed during farrowing and 18 hours after the
birth of the last piglet. Behaviours were recorded as duration in seconds (state) or
frequencies (event).
Behaviour
Posture
Sitting
Standing
Lateral lying
Ventral lying
Posture change
Nesting/stereotypie
s
Nosing/rubbing
face on
Pawing
Bar biting
Champing
Food related
Eating
Drinking
Social
Negative piglet
interaction
Positive piglet
interaction - sow
initiated
Positive piglet
interaction - piglet
initiated

Definition

State

Front legs straight and back end on the floor
Upright, with all feet on the floor
Lie on the side with the udder exposed
Lying with the udder on the floor
Sow changes position in a way that is risky to piglets

Back and forth movements with nose or face on ground, bars,
drinker and feeder but not drinking or feeding
Front legs used to dig at ground, bars and feeder in a sweeping
motion
Biting bars with mouth
Animal opens and closes mouth in air, often has foamy mouth
Animal consumers food in feed bin
Animal consumers water from drippers but does not include
playing with dripper
Sow lunges for or tries to snap at or intentionally bite piglet/s or
lays on piglet/s. Results in piglet death or fatal injury.
Sow noses piglet or nuzzles and/or eats piglet’s umbilical cord

Piglet approaches sows face and nuzzles or nudges it. The sow
may respond my eating the piglet’s umbilical cord and nuzzling
back.
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Event

Overlay
Reaction to overlay
Pain related
behaviour
Tail flick
Back leg forward
Straining
Front leg row
Nursing events
Active time
Roll

Sow moves and either fully or partially lays on, steps on or sits
on piglet/s
Reacts quickly, slowly or does not react

Tail moved rapidly up and down
In lateral lying position, the back leg is pulled forward and/or in
towards the body
Laying on either side, all four legs lifting and pushing away or
straining by muscle clenching
In lateral lying position, the front leg moves in a rowing motion
When greater than 50% of the litter are actively seeking a teat
or massaging the udder
In a lateral lying position, in the presence of piglets before or
during feeding. The sow rolls to allow her piglets better access
to lower teats.

Statistical methods
All analyses were performed using SPSS, version 21 (IBM, Armonk, NY) and data
expressed as means ± SEM. A detailed outline of each analyses can be found in Table
3.
Table 3. Type of model and terms within each model for all variables presented.
Data were analysed in SPSS v21.
Transformation

Model

Repeated
measure

Random
effect

Covariate

Fixed effect

Sow behaviour
GLMM
w
poisson
GLMM

Frequency
Duration

Batch

Parity, Treatment,
Parity*Treatment

Batch

Sow traits
Plasma cortisol
concentration

GLMM

Total born and
born alive

GLMM

Batch

Born dead

GLMM
w
poisson

Batch

GLMM

Batch

GLMM

Batch

Farrowing
duration
Colostrum
quantity and
quality

Log10

Hour
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Parity, Treatment,
Time, Parity*Time,
Treatment*Time,
Parity*Treatment*Time

Batch

Parity, Treatment,
Parity*Treatment
Born
alive

Pre-weaning
mortality
Litter weight
at weaning
Number of
pigs weaned
Piglet traits
Piglet interval
Meconium
score

Vitality score
Rectal
temperature
Blood glucose
concentration
Piglet weight
and weight
gain

GLMM
w
poisson

Batch

GLMM

Batch

GLMM

Batch

Total
born and
litter size
fostered
Litter size
fostered

Birth
weight

Log10
GLMM
w
poisson
GLMM
w
negative
binomial

Piglet
number

GLMM

Batch

Total
born,
birth
weight

Sex, Parity, Treatment,
Parity*Treatment,
Sex*Treatment

GLMM
Birth
weight,
litter size
fostered

GLMM

Outcomes
Farrowing behaviour
Treatment did not affect the time sows spent lying (OPEN: 145.0 ± 26.7min, CLOSED:
184.5 ± 22.7min, P=0.203), the number of sitting events (OPEN: 4.4 ± 0.6, CLOSED:
3.7 ± 0.6, P = 0.360) or the duration of posture changes (P> 0.05; Figure 1). The
number of posture changes was significantly higher in the sows housed in the OPEN
pens (P<0.0001; Figure 1). Sows in the OPEN treatment recorded a higher number of
sow initiated and piglet initiated positive interactions (P<0.05; Figure 2), while no
difference in the number of negative interactions was observed (P>0.05; Figure 2).
Treatment did not affect the number of bar biting and champing events (OPEN: 2.8 ±
0.5, CLOSED: 2.8 ± 0.5, P=0.999), however sows that farrowed in a CLOSED crate
nosed crate fixtures more during farrowing than those housed in an OPEN pen
(CLOSED 7.3 ± 0.8, OPEN 4.1 ± 0.4, P<0.001). Sows housed within an OPEN pen in the
lead up to and during farrowing performed less tail flicking, leg lifting and straining
during farrowing when compared with those housed in a CLOSED crate (P<0.001;
Figure 3).
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(a)

P<0.001
30

NUMBER OF EVENTS

25
20
15
10
5
0
CLOSED

OPEN

(b)

P=0.232
14
12
10

SECONDS

8
6
4
2
0
-2

CLOSED

OPEN

-4

Figure 1. Mean ± SEM for (a) sow posture change number and (b) sow posture
change duration observed during farrowing for sows housed in an OPEN or CLOSED
‘360 farrower’ (n=12 CLOSED, n=14 OPEN).
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(a)
____P=0.050____

____P=0.023____
60

NUMBER OF EVENTS

50
40
30
20
10
0
CLOSED

-10

OPEN

Sow initiated

CLOSED

OPEN

Piglet initiated

(b)

P=0.154
10

NUMBER OF EVENTS

8
6
4
2
0
-2

CLOSED

OPEN

-4

Figure 2. Mean ± SEM for (a) positive maternal interactions and (b) negative
maternal interactions observed during farrowing for sows housed in an OPEN or
CLOSED ‘360 farrower’ during the farrowing event (n=12 CLOSED, n=14 OPEN).
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Figure 3. Mean ± SEM for pain related behaviours observed during farrowing for
sows housed in an OPEN or CLOSED ‘360 farrower’ during the farrowing event. (a)
tail flicking, (b) leg lifting and (c) straining (P<0.001) (n=12 CLOSED, n=14 OPEN).

Sow performance
Total litter size, the number of live born piglets and the number of piglets weaned did
not differ between treatments (P>0.05; Table 4). The incidence of stillbirth was
greater for CLOSED sows when compared with OPEN sows (P=0.027; Table 4).
Farrowing duration and inter-piglet birth interval did not differ between treatment
groups (P>0.05; Table 4). There was no impact of treatment on total volume of
colostrum produced, percentage protein or IgG concentration of the colostrum
sample (P>0.05; Table 4).
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Table 4. Effect of an OPEN or CLOSED ‘360 farrower’ on sow performance measures
OPEN

CLOSED

P-value

Total litter size

11.9 ± 0.6

11.8 ± 0.6

0.920

Born alive

11.6 ± 0.6

11.3 ± 0.6

0.659

Still born piglets

0.2 ± 0.1

0.4 ± 0.1

0.027

Farrowing duration (min)

2.4 ± 0.1 (230.7)

2.3 ± 0.1 (212.8)

0.762

Average birth interval (min)

1.3 ± 0.1 (20.4)

1.3 ± 0.1 (18.8)

0.754

Calculated colostrum production (kg)

2.7 ± 0.1

2.7 ± 0.2

0.907

Brix refractometry protein (%)

24.4 ± 0.8

24.6 ± 1.0

0.890

Colostrum IgG (g/mL)

108.6 ± 8.2

109.5 ± 9.2

0.938

Post-foster litter size

11.13 ± 0.3

11.05 ± 0.3

0.822

Number piglets weaned

10.2 ± 0.4

9.6 ± 0.3

0.227

All data presented as mean ± SEM. Where parentheses are present, transformations
have occurred, and back-transformed means are given.

Post-farrow behaviour
Treatment did not affect the number or amount of time sows spent standing (OPEN:
9.3 ± 2.4, CLOSED: 9.2 ± 2.4; min; P=0.991) and lying laterally (OPEN: 71.6 ± 13.3,
CLOSED: 83.2 ± 13.4; min; P=0.349). Sows housed in a CLOSED crate tended to spend
more time lying ventrally than those housed in an OPEN pen (P=0.098; Figure 4),
however the number of ventral lying events performed was not affected by
treatment (P=0.910; Figure 4). Sows housed within a CLOSED crate performed a
greater number of sitting events (P=0.026; Figure 5), however the mean time they
spent sitting did not differ between treatments (P=0.484; Figure 5). There was no
significant difference between treatment groups for the number of positive piglet
interactions (P=0.165; Figure 6), however sows housed within the OPEN treatment
group tended to perform more negative piglet interactions within the 24 hours
following farrowing (P=0.070; Figure 6). No treatment differences were visible for the
number of posture changes performed (OPEN: 45.5 ± 5.7, CLOSED: 45.5 ± 5.9,
P=0.999), the amount of time piglets spent active at the udder (OPEN: 9.02 ± 1.1,
CLOSED: 9.7 ± 1.1; min; P=0.605) and the sows reaction time to a piglet overlay
(OPEN: 0.9 ± 0.3, CLOSED: 0.3 ± 0.3, P=0.149).
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Figure 4. Mean ± SEM for (a) the number of ventral lying events and (b) the mean
time spent lying ventrally, 24 hours post farrowing for sows housed in an OPEN or
CLOSED ‘360 farrower’ (n=12 CLOSED, n=14 OPEN).
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Figure 5. Mean ± SEM for (a) the number of sitting events and (b) the mean time
spent sitting, observed 24 hours post farrowing for sows housed in an OPEN or
CLOSED ‘360 farrower’ (n=12 CLOSED, n=14 OPEN).
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Figure 6. Mean ± SEM for (a) the number of positive piglet interactions and (b) the
number of negative piglet interaction observed 24 hours post farrowing for sows
housed in an OPEN or CLOSED ‘360 farrower’ (n=12 CLOSED, n=14 OPEN).

Sow plasma cortisol concentrations
No significant difference between treatment groups was observed for plasma cortisol
concentration (nmol/l) at any time point in the lead up to and during farrowing (P >
0.05; Figure 7). A total of 13 sows had a farrowing duration greater than 5 hours. Of
these sows, eight sows had bloods collected for cortisol analysis and six sows had
elevated cortisol concentrations of greater than 100nmol/l when exceeding a
farrowing duration of five hours.
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Figure 7. Mean ± SEM for hourly plasma cortisol levels commencing 24 hours prior
to farrowing through until the last piglet was born for sows that farrowed in OPEN
(n=19) and CLOSED (n=19) farrowing pens.

Piglet performance
There was no significant difference between treatment groups for meconium and
vitality score given to the piglets at birth (P=0.477 and P=0.938, respectively; Table
5). Rectal temperature was significantly higher in piglets at birth within the CLOSED
treatment group however not at day 1 of age (Table 5). Blood glucose concentrations
were higher in piglets born to a sow in the OPEN treatment at day 1 (P=0.010; Table
5).
Table 5. Piglet measures at birth and day 1 for piglets born to sows housed in OPEN
‘360 farrower’ pens (n=265) and CLOSED ‘360 farrower’ crates (n=313). Data
presented as mean ± SEM.
Meconium stain score
Vitality score
Birth rectal temperature
Day 1 rectal temperature
Day 1 blood glucose concentration

OPEN
0.64 ± 0.12
1.82 ± 0.47
36.8 ± 0.40
38.3 ± 0.03
5.3 ± 0.10

CLOSED
0.58 ± 0.10
1.81 ± 0.46
37.1 ± 0.40
38.4 ± 0.04
5.1 ± 0.10

P-value
0.477
0.938
0.003
0.916
0.010

There was no significant difference between treatments for total litter weight gain
from birth to day 1 (OPEN: 1.2 ± 0.3 versus CLOSED: 1.1 ± 0.2; kg; P=0.737) and total
litter weight weaned (OPEN: 59.2 ± 2.5 versus CLOSED: 55.5 ± 2.2; kg; P=0.255),
however piglets born to a sow in the OPEN treatment had a significantly higher
individual piglet weight gain at day 1 and a significantly higher individual weaning
weight (P=0.008; Figure 8).
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Figure 8. Mean ± SEM for (a) individual piglet weight gain from birth to day 1 and
(b) individual piglet weaning weight for piglets born to sows housed in OPEN ‘360
farrower’ pens (n=243) and CLOSED ‘360 farrower’ crates (n=284).
There was no significant difference between treatment groups for pre and post foster
mortality, liveborn mortality (sum of both pre and post foster mortality) and total
piglet mortality (sum of both stillborn and liveborn mortality) (Table 6).
Table 6. Liveborn piglet mortality for sows and their litters housed in an OPEN or
CLOSED ‘360 farrower’. Data are displayed as means ± SEM; *The sum of both pre
and post-foster mortality; #The sum of both stillborn and liveborn mortality
OPEN

CLOSED

P-value

Pre-foster mortality

0.8 ± 0.2

0.6 ± 0.2

0.421

Post-foster mortality

0.4 ± 0.1

0.7 ± 0.2

0.128

Total liveborn mortality*

1.2 ± 0.2

1.4 ± 0.2

0.462

Total piglet mortality#

1.5 ± 0.2

1.8 ± 0.3

0.221

16

Application of Research
This data strongly supports the notion that there are benefits for both the sow as well
as the piglet when confinement is reduced leading up to and during the farrowing
event. Whilst cortisol concentration did not differ, sows from OPEN pens recorded
fewer pain related behaviours, had a reduced incidence of stillbirths, and piglets from
these sows ingested more colostrum, and weighed more at weaning. All this was
achieved in the absence of any increase in pre-weaning mortality when the sows
were monitored closely and confined immediately after the farrowing event.
Allowing the sow to farrow unconfined with immediate restriction post-farrowing
may provide optimal management of temporary confinement when farrowing
supervision is intensive.
Sows are highly motivated to perform nest building behaviour prior to parturition
with restrictions to this behaviour often being expressed as oral/nasal behaviour
directed towards crate fixtures (Yun and Valros, 2015). It is widely documented that
sows will begin nest building 24hrs prior to the onset of parturition with the most
intense behaviour occurring within 12 – 6hrs of farrowing (Wischner et al., 2009; Yun
et al., 2014a; Yun and Valros, 2015). Interestingly, in the present study sows housed
within CLOSED crates spent a greater amount of time nosing crate fixtures during
parturition, when compared with those housed in OPEN pens. This is somewhat
different to previous studies which demonstrate that this behaviour primarily occurs
in the lead up to farrowing (Wischner et al., 2009; Yun et al., 2014a; Yun and Valros,
2015). Additionally, as no nest building material was given to either treatment group,
it would be assumed that both treatments would direct this behaviour towards the
crate fixtures regardless of space. As we did not measure any pre-farrow behaviour
we cannot make any conclusions as to whether the amount of pre-farrow nest
building behaviour impacted the amount performed during farrowing, however there
could be two possible reasons for this observation. Sows housed within CLOSED
crates may have performed this behaviour more during farrowing as they could not
adequately express this behaviour prior to the farrowing event (Jarvis et al., 2001).
Or, the behaviours we observed during farrowing were not nesting behaviours but
rather stereotypies that have resulted as the sow was unable to construct a nest
leading up to farrowing.
Sows maintain contact with their litter through sniffing, grunting and nose to nose
contact (Backshaw and Hagelso, 1990). In this experiment those animals that were
housed within an OPEN pen had an increased ability to perform these behaviours
during farrowing. As a result of this, sows housed within OPEN pens exhibited a
significantly higher number of positive piglet interactions during farrowing.
Interestingly, piglet initiated interactions were significantly higher within the OPEN
treatment group also, with piglets born to OPEN sows approaching the sows face and
or nose more frequently. This may be due to the fact that as the sow was able to
move around more, the laying position in the crate enabled for more facial contact
when the piglets were searching for a teat. Previous studies have demonstrated that
this social interaction with the sow can be beneficial for piglet survival. Specifically,

17

Thodberg et al. (2002) demonstrated that those sows who demonstrated higher
levels of activity towards piglets were more responsive to piglet distress calls.
Additionally, Illmann et al. (2015) demonstrated that sows who performed more
posture changes after the birth of the first piglet were more likely to react to a piglets
screams and had higher piglet body weight gain during lactation. Interestingly, in the
present study, posture changes during farrowing were also significantly higher for
sows housed within an OPEN pen. This was somewhat expected as sows in OPEN pens
interacted with their piglets more so would have had to get up more during farrowing
to do so. Posture changes during farrowing are often seen as being risky as it
increases the probability of piglet crushing. However, under the intensive supervision
conditions of our investigation, this increased sow movement did not impact on piglet
mortality during the farrowing event.
Pain related behaviours are spontaneous and are only performed in response to a
pain stimulus (Ison et al., 2016). We have demonstrated for the first time that sows
housed within an OPEN pen perform fewer of these behaviours supposed to indicate
a more painful farrowing, namely straining, tail flicking and leg lifting. Little research
currently exists surrounding the impact of confinement on the mechanisms present
within the sow that enable her to cope with farrowing. One idea that has been
explored is parturition-induced hypoalgesia. This is the process whereby an animal’s
tolerance to pain is increased, to the point that immediately prior to and during
parturition, they are almost non-responsive to adverse stimuli (Jarvis et al., 1997).
This decrease in pain response has been demonstrated during late pregnancy and
parturition in women, rats, cattle and sows. The current finding that farrowing
accommodation influences behaviours related to pain may be a result of an influence
on this axis. This influence may simply be the result of the increased ability to move
around and become comfortable in the lead up to and during farrowing for the sows
housed within OPEN pens. Alternately, sows have an inherent drive to build a nest
prior to the farrowing event with years of being reared within farrowing crates,
suggesting that there is a need for this behaviour to be performed. It is still largely
unknown as to why this behaviour is needed or performed in crates however from
this set of results it is evident that the environment impacts the sow’s behaviour.
Nevertheless, in order to determine if this was the cause for the differences in pain
related behaviour observed in the present study, further investigation is needed as
no quantitative measure of pain was included in this experiment.
The current finding that confinement during farrowing resulted in more intraparturient piglet deaths is consistent with previous studies (Oliviero et al., 2010;
Condous et al., 2016). However, given we observed no treatment effects on inter
piglet birth intervals, or confinement induced elevations in cortisol levels, alterations
in oxytocin release suggested by Oliviero et al. (2008) does not appear responsible
for the reduced stillbirths observed in this study. Perhaps an alternate explanation is
related to blood flow differences that may be apparent between the two treatments.
During times of high distress, blood is diverted away from uterine tissue towards key
organs and skeletal muscle (Levine et al., 2016) as part of the ‘fight or flight’ response.
Given our findings that sow display a greater incidence of pain related behaviours
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when confined, a decrease in blood flow to the uterus, placenta, umbilical cord and
so piglet, may be sufficient to cause intra-partum death. The increased straining
behavior observed in the CLOSED sows would give rise to this argument but future
work should investigate the interaction between stress, parturition and uterine blood
flow in sows.
Plasma cortisol concentration was unaffected by the housing conditions investigated.
This contrasts with previous findings (Oliviero et al., 2008; Hales et al., 2016). New
research suggests that cortisol may not be the most adequate tool to assess stress as
it can be elevated in response to pleasure, excitement and arousal as well as fear,
anxiety and pain (Ralph and Tilbrook, 2016). Additionally, plasma cortisol
concentration naturally elevates in the lead up to farrowing to enable the final
development of offspring before birth, creating a great deal of ‘noise’ in which it
becomes difficult to detect any expected treatment effects (Sangild et al., 1993;
Fowden et al., 2007; Keller-Wood et al., 2014). Interestingly however, our results
demonstrate that those animals that had farrowing durations that exceeded five
hours had elevated plasma cortisol concentrations of 100 nmol/l. Arguably, these
cortisol levels would suggest that sows with extended farrowing durations are
suffering with regards to welfare. This notion should be confirmed and interventions
that reduce length of farrowing should be tested.
Interestingly, those piglets born to OPEN pen sows exhibited increased colostrum
intake. As no treatment differences existed for the quality and quantity of milk
produced, these data would suggest that the weight gain observed in piglets was not
due to differences in sow colostrum but rather the piglet’s ability to acquire it. This
can be achieved in two ways; either the piglet is born more vigorous and so performs
more sucking behaviour during the colostrum phase of lactation, or there were
behavioural changes in the sow during this time that gave piglets better access to the
colostrum. There was no treatment influence on the piglet vigour traits measured at
birth (staining and vitality score) and so this would suggest that it was indeed
improved udder access driven by shifts in sow behaviour. We were able to
demonstrate that sows in OPEN pens spent less time sitting, and lying ventrally, but
we could not demonstrate any changes in lateral lying in the 24 hours following
farrowing. We also attempted to measure letdown events however the positioning
of the cameras did not enable for the ability to distinguish between the exact phases
of a letdown event, i.e. pre-letdown massage, letdown and post letdown massage.
Whilst no change in the amount of time piglet spent active at the udder was
observed, we cannot conclude that this activity was directly associated with a milk
letdown event. More intensive behavioural observations are thus required to
determine why piglets born to sows in OPEN pens ingest more colostrum.
Other factors important for piglet survival were also affected by farrowing
accommodation in this study. Piglets born to OPEN sows had increase blood glucose
concentrations at day 1, indicating increased energy intake, further supporting the
outcomes observed for colostrum intake. Interestingly however, this was achieved
with lower core body temperature at birth within the OPEN penned piglets.
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Furthermore, those piglets born and raised on OPEN pen sows also demonstrated
increased weight at weaning. This likely being the result of the improved colostrum
intake observed within the first 24 hours of life, however improvements in maternal
behaviour within the OPEN penned sows could also be likely. As sow behaviour was
not measured beyond 24 hours this cannot be confirmed. Taken collectively, it is
evident that farrowing environment not only impacts sow behaviour, but also traits
important for piglet survival.

Conclusion
Allowing sows to farrow unconfined reduced pain related behaviours, increased the
number of posture changes performed and increased maternal behaviour as seen
through positive piglet interactions during farrowing. Sows housed within a CLOSED
crate spent significantly more time sitting and tended to spend more time lying
ventrally in the 24 hours following farrowing. The number of piglets born dead was
reduced in sows housed in an OPEN pen prior to and during farrowing, and colostrum
intake and weaning weight was increased with no impact on pre-weaning mortality.
Throughout farrowing and 24 hours post litters were closely monitored and therefore
may have impacted on the number of potential mortalities. Unfortunately the
number of times a piglet needed to be saved during farrowing and 24 hours post was
not recorded in this study These data suggest that allowing the sow a greater freedom
of movement exclusively in the lead up to and during the parturition process exerts
beneficial impacts on factors important for survival and improves piglet growth, with
little influence on postnatal mortality. Further work into the physiological processes
that may be responsible for the improvement in piglet health and growth should be
carried out.

Limitations
Determining stress in sows
Within the original project proposal it was anticipated that sows from this current
experiment could be classified as stressed or non-stressed in the lead up to
parturition and conduct further analysis of the sow’s behaviour. Unfortunately a
difference in cortisol levels pre-farrow were not evident and using cortisol
concentrations at this time is a poor indicator of sow distress as levels are variable
and are naturally high and variable during this time. We therefore cannot do further
analysis to determine sow behavioural differences pre-farrow, maternal behaviour
or farrowing duration.

Limitations on behavioural analysis
The location of the cameras (directly above the farrowing crate) didn’t allow for the
ability to distinguish oral-nasal behaviours performed by the sow. For example, subtle
behaviours such as champing, or bar biting were not always able to be distinguished.
As such these behaviours were combined for the analysis. Additionally, the overhead
cameras did not allow for full visibility of the sow’s udder, making it difficult to
analyse post farrow suckling behaviour. Therefore, suckling behaviour was measured
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as the total amount of time piglets spent active at the udder rather than being closely
investigated and split into the different phases of a letdown event (pre-suckle udder
massage, suckle-milk let down and post suckle udder massage).

Farrowing crate design
The 360 farrower crates were designed to fit the original footprint of a farrowing
crate, making them appealing to producers. We had no problems with their size as
we only used young parity sows for this experiment, however it would be
questionable as to whether older parity sows would be able to turn around within an
open 360 farrower. Therefore, in order for this crate to meet the behavioural
requirements of larger sows the crate footprint will need to be extended.

Recommendations
Further research should be conducted to investigate the role confinement has on
parturition induced hypoalgesia. The findings suggest that housing in the lead up to
and during parturition impacts the number of pain related behaviours the sow
performs and has long term health implications for the piglets. However, no objective
measures of pain were used within this study and no conclusive reason for the
outcomes observed in the piglets were identified. As such, further work into the
physiological processes that may be responsible these two observations should be
carried out.
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Abstract
Nest building behaviour in sows is an intrinsic behaviour and is stimulated both
internally (via hormones) and externally (via feedback from the environment). The
duration of this behaviour, its severity, and cessation prior to onset of parturition are
affected by the environment in which the animal is housed. The aim of this study was
to investigate the impact of two nest-building materials (hessian sacks and straw) on
peri-parturient sow behaviour, postural changes during farrowing, cortisol
concentration before and after farrowing and piglet survival and performance.
In Experiment 2a, Sows (parities 1 and 2; 1.7 ± 0.1) were allocated randomly within
parity to one of four treatments: STRAW-OPEN (n=15; SO), straw provided in the lead
up to farrowing in an open 360 farrowing pen, with the pen closed after farrowing;
STRAW-CLOSED (n=14; SC), straw provided in the lead up to farrowing in a closed 360
farrowing pen; HESSIAN (n=15; H), closed 360 farrowing pen with hessian sacks
provided in the lead up to farrowing and; CONTROL (n=13; C), closed 360 farrowing
pen with no nesting materials provided. In Experiment 2b, sows (parities 1-7; 2.87 ±
0.1) were allocated randomly within parity at a commercial piggery, using the same
four treatments as applied in Experiment 2a: SO (n=68), SC (n=64), H (n=66) and C
(n=66).
Experiment 2a revealed that providing conventionally housed sows with straw or
hessian in the lead up to the parturition phase stimulated sows to perform nest
building behaviours by manipulating the substrate by nosing, similar to sows housed
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in an open 360 pen with access to straw (16 ± 11 (C); 169 ± 36 (H); 118 ± 29 (SC); 199
± 53; P = 0.03). Additionally, crated sows provided with straw had reduced cortisol
levels immediately after farrowing compared to all other treatments (21.9 ± 6.1
ng/ml; P=0.008). Interestingly, findings from Experiment 2b demonstrated a reduced
incidence of piglet mortality both prior to fostering (0.7 ± 0.2; P=0.001) and after
fostering (0.7 ± 0.2; P=0.001) in litters born to sows which were housed in
conventional farrowing crates and provided with straw. In conclusion, straw and
hessian sacks are a suitable substrate for stimulating sows to exhibit nest building
behaviour, however the provision of straw in the crate environment improved
production measures and positively affected sow welfare.

Introduction
Nest building behaviour in sows is an intrinsic behaviour and is stimulated both
internally (via hormones) and externally (via feedback from the environment)
(Wischner et al., 2009; Widowski and Curtis, 1990). Studies conducted by Jarvis et al
(2001; 2004) demonstrated that a restriction of nest building behaviour prior to
farrowing increases physiological stress to the sow. Nest building consists of two main
phases. The initial phase of site searching is regulated by internal hormonal changes,
with the second (material orientated phase) driven by external factors (eg presence
of nesting material) (Jensen 1993; Thodberg et al, 1999). The onset of nest building
behaviour occurs approximately 24 hours prior to the onset of farrowing. However,
it is logical to suggest that the duration of this behaviour and the cessation prior to
onset of parturition will be affected by the environment in which the animal is
housed. Previous studies demonstrate that sows housed in farrowing crates exhibit
increased postural changes (stand up more often), and exhibit behaviours associated
with nest-building (pawing the ground and chewing on pipes, drinkers and feed
bowls) (Jarvis et al. 2001; Lawrence et al. 1992; 1994). The interruption of this nestbuilding behaviour has been shown to increase plasma cortisol in crated sows, with
farrowing in crates believed to be more stressful for the sow than in a pen where the
sow can turn around and exhibit maternal behaviours (reviewed by Wischner et al.
2009). For example, a study conducted by Lawrence et al. (1994) revealed that sows
housed in crates with no bedding had elevated total cortisol levels during the preparturient period than sows housed in freedom pens provided with bedding
(P<0.001).
Importantly, elevations in stress can interrupt oxytocin release, and prolong the
farrowing process, resulting in an increased risk of peri-natal piglet mortality and
stillbirths (Oliviero et al. 2008; 2010). When inter-piglet birth interval is prolonged,
piglets are exposed to a greater number of uterine contractions which results in an
increased risk of hypoxia (van Dijk et al. 2005). It has, therefore, been suggested that
allowing the sow to perform nest building behaviours, or at least some elements of
it, will improve sow health and welfare, as well as increasing piglet survival and
growth (Yun and Valros, 2015).
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The substrate used to provide nest building material has been the subject of a
number of studies (Chaloupkava et al, 2011 and Widowski et al, 1990). The general
consensus appears to be that substrates such as straw and wood shavings, provided
either separately or in conjunction with branches are the most relevant. Specifically,
these substrates appear the most effective in terms of stimulating nest building
behaviours as well as the endocrine changes required to reduce postural changes
during piglet expulsion, reduce the duration of farrowing and promote positive
maternal behaviours (Jensen 1993; Lawrence et al, 1994; Thodberg et al, 1999;
Thodberg et al, 2002a,b; Pedersen et al, 2003; Wischner et al, 2009). However,
conventional farrowing crate systems, which commonly consist of a plastic slatted
floor suspended over an effluent pit, pose an issue to the use of nest-building
material such as straw, due to the risk of effluent blockages. Interestingly, the efficacy
of man-made materials, would not be able to block the effluent pit, as nest building
substrates has received minimal attention. In a small study, Widowski et al. (1990)
demonstrated that sows housed in pens and offered cloth tassel used it to perform
nest building behaviours; however, the effects on sow stress, farrowing duration,
postural changes and piglet survival were not investigated.
Based on the available data, it is evident that providing sows with suitable nest
building materials prior to farrowing can be beneficial for the sow’s welfare,
behavioural expression and potentially piglet survival (Jarvis et al. 2001, 2004; et al;
Hales et al. 2015). However, it remains to be established whether man-made
materials (which don’t block effluent drains) can be used to substitute for natural
materials such as straw, shavings and branches. Furthermore, the beneficial effects
of providing crated sows with nest building material (man-made or natural) on sow
stress, postural changes and piglet mortality remain to be fully established.
The current study investigated two hypotheses; (1), that the provision of nesting
materials will reduce the stress associated with confinement during the nest-building
phase as seen through reduced plasma cortisol levels, and lead to a reduction in
postural changes during the expulsion phase of farrowing and thus improve piglet
survival; (2), that the use of the man-made material (hessian sack) will be as effective
as straw at satisfying the needs of the peri-parturient sow for nesting materials and
reduce the stress associated with confinement during the nest-building phase, thus
exerting benefits with regards to piglet survival and growth.

Methodology
This study was conducted in accordance with the Australian Code of Practice for the
Care and Use of Animals for Scientific Purposes (NHMRC 2013). All experimental
procedures relating to Experiment 2a was conducted at the University of Adelaide’s
Roseworthy Piggery, South Australia, with approval from the University of Adelaide
Animal Ethics Committee, approval number (S-2016-056). Experiment 2a was
conducted in four replicates between June and September 2016 (winter / spring) at
the University of Adelaide’s 350 sow research piggery in South Australia. All
experimental procedures relating to Experiment 2b was conducted at a large
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commercial piggery in South Australia, with approval from the Primary Industries and
Regions South Australia (PIRSA) animal ethics committee, approval number (07/17).
Experiment 2b was conducted between May and August 2017 (winter/spring) at a
SunPork Farms 5000 sow breeder unit in South Australia.

Experiment 2a: Animals and Management
A total of 57 Large White x Landrace first lactation sows (n = 16) and second lactation
sows (n = 41) and their litters were individually housed according to treatment from
day 110  2 of gestation. Once in the farrowing accommodation, sows were fed a
commercial lactation diet (14.2 MJ DE/kg) twice daily and had ad libitum access to
water. Prior to farrowing, sows were fed 2.5kg/d and once they had farrowed the
feeding level was gradually increased to provide ad libitum feed access. Sows were
not hormonally induced and were monitored 24 hours a day until farrowing was
complete. Litters were fostered within treatment to teat capacity approximately 24
hours after birth. Sows were weaned of their piglets on day 21 of age.

Experiment 2a: Experimental design and housing
Four treatment groups were applied using a ‘360 farrower crate’ (Midlands Pig
Producers Ltd, United Kingdom) situated in two, temperature-controlled rooms (six
pens per room). The pens (footprint = 1.7m x 2.4m, open internal measures = 1.3m x
2.4m, closed = 0.65m x 2.4m) contained adjustable steel crating, moved by tracks and
pivot pins which allowed the space to be interchangeable between conventional
farrowing crate (closed) and individual penning (open). Heat pads were situated on
one side and remained protected and accessible by the crate siding when open.
The sows were randomly assigned to one of the following four treatments:
1. CONTROL (n = 13 sows) in which the sows were housed in a closed ‘360
farrower’ from sow entry until weaning with no nesting material provided
2. HESSIAN (n = 15 sows) in which sows were housed in a closed ‘360 farrower’
from sow entry until weaning with two hessian sacks fastened to the front
bars with chain to act as nesting material
3. STRAW CLOSED (n = 14 sows) in which sows were housed in a closed ‘360
farrower’ from sow entry until weaning with straw provided as nesting
material from sow entry until the commencement of farrowing. Straw was
supplied via a rack positioned above the feeder
4. STRAW OPEN (n = 15 sows) in which sows were housed in an open ‘360
farrower’ prior to and during farrowing with 2kg straw provided as nesting
material from sow entry until the commencement of farrowing. Straw was
supplied via a rack positioned above the feeder. The farrowing crate was
moved to a closed position at the first time the sow stood after the
completion of farrowing.
All treatments were randomly allocated over two rooms to minimize any possible
environmental effects. For each replicate a total of 12 ‘360 farrower’ crates were
used across two rooms with three animals per treatment.
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Figure 1: Images of treatments imposed on sows leading up to and during farrowing
(a) CONTROL treatment; 360 pen closed during farrowing and no nesting material
provided (b) HESSIAN treatment; 360 pen closed during farrowing with hessian
sacks provided as nesting material, (c) STRAW CLOSED treatment; 360 pen closed
during farrowing with straw provided as nesting material, and (d) STRAW OPEN
treatment; 360 pen open during farrowing with straw provided as nesting material.
Sow cortisol prior to farrowing
Sows were monitored 24 hours a day from the day before their expected due date
until farrowing completion. All sows had an indwelling ear vein catheter placed
(Microtube Extrusions Pty Ltd, NSW) two days prior to their predicted due date. Each
sow was given topical anaesthesia (Xylocaine Jelly 2% Gel, Astrazeneca Pty Ltd, NSW)
on both ears at least 20 minutes prior to ear vein catheter insertion attempt. The sow
was restrained by a nose snare and an indwelling jugular-vein cannula via an ear vein
was inserted. On the day the test was conducted, sows were fed approximately 2.5kg
at 7.00am. Blood samples commenced 24 hours before the expected due date and
were collected every four hours until the end of parturition, with a final blood sample
taken 24 hours after the last piglet was born. Blood samples were taken via syringe
through the catheter and immediately transferred into a 5ml heparin-lithium coated
collection tube (Vacuette, Greiner Labortechnik, Austria) and inverted several times
to ensure adequate mixing. Blood samples were maintained on ice and were
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centrifuged at 1500g Logfor 10 minutes and plasma stored at -20°C. Plasma samples
were then thawed and analysed in duplicate with a commercial radioimmunoassay
kit (ImmuChemTM CT cortisol kit, MP Biomedicals, Orangeburg, NY, USA) according
to manufacturer’s instructions. The average inter-assay coefficient of variation (CV)
was 7.6% and intra-assay CV was 9.7%.
Behavioural analysis
Each farrowing crate was monitored for via a closed-circuit television camera (3megapixel lens dome CCTV cameras) with infrared capabilities to allow for visual
recording at night. Behaviours were recorded 24 hours a day and cameras turned on
at sow entry to ensure that all farrowing events were captured. Many videos were
unable to be analysed for a number of reasons (poor visibility, computer malfunction,
missing files). This meant that data was lost and batch number 2 had a reduced
number of videos available for behavioural analysis. Therefore, a subset of individual
sow videos (CONTROL; n=7, HESSIAN; n=6, STRAW CLOSED; n=6, and STRAW OPEN;
n=6) were analysed for pre-farrow behaviour (-18 hours pre-farrow), using the
ethogram outlined in Table 1. Additionally, these same sows were analysed for
number of posture changes during farrowing. A posture change was defined as any
movement which could pose a threat to the piglet. These behaviours were analysed
using continuous sampling in Observer XT version 11 software (Noldus Information
Technology, Wageningen, The Netherlands).
Table 1: Ethogram of sow behaviour observed 18hours prior to farrowing and
during farrowing. Behaviours were recorded as duration in seconds (state) or
frequencies (event)
Behaviour

Description of Behaviour

State

Lateral lying

Lie on side with udder exposed

√

Ventral lying

Lie on side with udder on the floor

√

Sitting

Bottom on ground but front legs standing straight

√

Standing

Up standing, weight baring on all four legs
Any movement that changes posture and is hazardous to
piglets

√

Event

Posture

Posture change

√

Engaging with
material

Pawing

Back and forth movements with nose on ground, or on
crate
Front legs used to dig at ground in a sweeping motion

Bar biting

Biting bars with mouth

√

Champing

Animal opens and closes mouth in air with foam present

√

Nosing

√
√

Food related
Eating
Drinking

Animal consumes food in feed bin. Not including straw or
hessian
Animal consumes water from drippers

√
√

Pain Related
Front/ Back leg row

In lateral lying position, the front leg moves in a rowing
motion
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√

Laying on either side and one to four legs lifting and
pushing on equipment or straining by muscle clenching
Rapid movement of tail up and down

Straining
Tail flick

√
√

Sows were monitored in real time 24 hours a day for the measurement of farrowing
data. The time that the first piglet was born was regarded as the commencement of
farrowing and the time of the last piglet being born was regarded as the conclusion
of farrowing. At birth, all piglets were weighed and given an individual ear tag. At this
point, gender, rectal temperature, meconium staining score (Table 2) and vitality
score (Table 3) were recorded and piglets were returned to the birth site. Additional
measurements collected from piglets were: inter-piglet birth interval, live weight on
days 1, 3 and 18 post-partum; piglet mortality and blood glucose levels (via ear prick)
on day 3 post-partum. Blood glucose was analysed using an Accu-Chek Performa
Meter Kit. If a piglet was over-laid throughout the experiment and staff were present,
the piglet was saved and its tag number was recorded.
Table 2: Meconium staining scoring system (adapted from Mota Rojas et al., 2012).
Score

Classification

Description

0

None

No staining present

1

Mild

Light staining, usually around the nose/face area

2

Moderate

Moderate staining present covering up to half the body

3

Severe

Severe staining present, entire piglet covered in meconium

Table 3: Vitality scoring system (adapted from Baxter et al., 2008).
Score

Description

0

Stillborn (no breaths or movement)

1

First inhalation of breath within 11 seconds and constant movement within 21
seconds (very slow to begin movement)
First inhalation of breath within 6-10 seconds and constant movement within
11-20 seconds
First inhalation of breath within <5 seconds and constant movement within <10
seconds

2
3

A colostrum sample was collected from a subset of sows during the farrowing event
from an anterior teat and later analysed for total protein concentration (%) using an
optical Brix Refractometer (STARR DBR-1; STARR Instruments, Dandenong South,
Victoria, Australia) (n= 36). A drop of well mixed colostrum was placed on the
refractometer and Brix score (%) was recorded. This same subset of colostrum
samples were also analysed for immunoglobulin (IgG) concentrations by Radial
Immunodiffusion Assay (RID) at the University of Adelaide’s Vet Diagnostic Lab (VDL).
The weight gain calculated from individual piglet weights at birth and 24hours of age
was then used to calculate colostrum gain of the piglet (Devillers et al, 2007).

Experiment 2b: Experimental design and housing
All experimental procedures were conducted at a 5000 sow commercial breeder unit
located within South Australia, over three replicates and conducted between May
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and August 2017. A total of 264 Large White x Landrace multiparous sows (parities 17; 2.87 ± 0.1) were moved into the farrowing shed on day 112 ± 0.1 of gestation,
approximately 4 days prior to their farrowing due date. The sows were then randomly
assigned to one of the following four treatments:
1. CONTROL sows housed in a farrowing crate with no nesting substrate
provided (n = 66 sows)
2. HESSIAN sows housed in a closed combi pen that had two hessian sacks
attached to the front bars via chains, (n = 66 sows)
3. STRAW CLOSED sows housed in a closed combi pen and given access to 2kg
chopped straw daily until farrowing (n = 64 sows)
4. STRAW OPEN sows housed in an open combi pen and given 2kg chopped
straw daily until farrowing (n = 68 sows). The farrowing crate was moved to a
closed position at the first time the sow stood after the completion of
farrowing.
For specific details on crate and pen design, see Condous et al. (2016). With the
exception of the four treatments imposed, sows were managed identically. Sows
were fed a lactation diet from entry into their farrowing accommodation until
weaning and received 2.5 kg of this diet prior to farrowing and ad libitum feed access
post farrowing. All piglet fostering was conducted within treatment, and piglets
received an iron injection and oral coccidiostat at one day of age.
Measures recorded for each sow post-farrow were: total piglets born, piglets born
alive, piglets born dead, pre- and post-foster mortality and number of pigs weaned
was recorded. Litters were weighed after fostering (24 hours of age) and on day 21
of age.

Statistics
Analyses were conducted in SPSS v21 for Experiments 2a and 2b (IBM, Armonk, NY,
USA) and data are expressed using mean ± SEM. A detailed outline of each analyses
can be found in Table 4. Probability values stated as being P < 0.05 were described as
significant.
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Table 4: Type of model and terms within each model for all variables presented for Experiments 2a and 2b.
Transformation

Model

Repeated
measure

Random
effect

Covariate

Fixed effect

Sow pre-farrow behaviour
Nesting
Nosing

GLMM with poisson

Batch

Pawing

GENLIN with poisson

Batch

Bar biting

GLMM with poisson

Batch

Champing

GLMM with poisson

Batch

Parity, Treatment

Stereotypies

Parity, Treatment

Postures
Posture changes

GENLIN with poisson

Lie lateral

GENLIN with poisson

Lie ventral

GENLIN with poisson

Sit

GENLIN with poisson

Stand

GENLIN with poisson

Batch

Parity, Treatment

Batch

Parity, Treatment

Pain related
Leg raise

GENLIN with poisson
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Front leg row

GENLIN with poisson

Straining

GENLIN with poisson

Tail flicking

GENLIN with poisson

Sow traits
Total born and born
alive

UNIANOVA

Born dead

GENLIN with poisson

Post-foster mortality

GENLIN with poisson

Piglets saved during
farrowing

GENLIN with poisson

Batch, Parity, Treatment, Parity*Treatment

Batch, Parity, Treatment

Batch

Farrowing duration

Log10

UNIANOVA

Birth interval

Log10

UNIANOVA

Log10

UNIANOVA

Farrowing duration, Batch, Parity, Treatment,
Parity*Treatment

Log10

UNIANOVA

Batch, Parity, Treatment, Parity*Treatment

Batch, Parity, Treatment, Parity*Treatment
Posture change
duration
Number of posture
changes
IgG concentration

UNIANOVA

Brix total protein

UNIANOVA

Hour

Batch, Parity, Treatment
Batch, Parity, Treatment, Parity*Treatment

Piglet traits
Colostrum intake
calculation

GLMM

Vitality

GLMM

Piglet
number
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Batch

TB

Birth order ID, Batch, Parity, Treatment, Sex

TB, BO, BA

Batch, Treatment, Sex, Staining

Meconium score

GLMM

Birth temperature

GLMM

24hr temperature

GLMM

24hr weight gain

GLMM

D3 blood glucose
concentration

GLMM

D1-3 weight gain

GLMM

D18 weight

GLMM

TB, BW, BA

Batch, Sex, Treatment

TB, BO
Batch, Treatment, Sex, Staining
TB, BO, BW

TB, BO
Batch, Treatment, Sex

GLMM – General linear mixed model; GENLIN – Generalised linear model; TB – Total born ; BA – Born alive; BO – Birth Order; BW – Birth Weight
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Outcomes: Experiment 2a
Cortisol analysis
Mean plasma cortisol concentration was lower (P=0.008) overall in the STRAW CLOSED
(22.9±1.8 ng/ml) treatment compared with STRAW OPEN (30.5±2.2 ng/ml), HESSIAN
(29.1±1.9 ng/ml) and CONTROL (30.5±2.76 ng/ml) treatments. There were interactive effects
of treatment over time relative to farrowing on cortisol levels (Figure 1). Cortisol levels were
higher in the STRAW OPEN treatment -24h, lowest at farrowing, however highest once more
4h after farrowing. The lowest cortisol concentrations at 4h after farrowing were observed in
the STRAW CLOSED sows (P<0.05). 24h after farrowing, no treatment effects were observed
(P>0.05).

Plasma cortisol concentration (ng/ml)

80
70
60
50
CONTROL

40

HESSIAN
STRAW CLOSED

30

STRAW OPEN

20
10
0

-26

-16

-6

4

14

24

Time relative to farrowing (h)

Figure 1: Plasma cortisol concentrations (ng/ml) taken every 4 hours from 24h prior to
farrowing (-24) through until 24 hours after farrowing completion. Data are presented as
Mean ± SEM.

Sow pre-farrow behaviour
The highest incidence of nesting behaviours (pawing and nosing) were observed in the STRAW
OPEN sows (P<0.05; Table 5), but sows from HESSIAN and STRAW closed treatments displayed
in increase in nosing behaviour compared to that of CONTROL sows. The lowest incidence of
bar biting was witnessed in the HESSIAN and STRAW OPEN treatments (P<0.001), whilst
champing was highest in the HESSIAN sows and lowest in STRAW CLOSED (P<0.001). Posture
changes were lowest in the STRAW CLOSED group, and highest in CONTROL and HESSIAN
sows (P<0.001). Sows were observed to strain less frequently in both STRAW CLOSED and
STRAW OPEN treatments (P<0.001).
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Table 5: The number of times behaviours were performed from -18h through farrowing
from CONTROL, HESSIAN, STRAW CLOSED and STRAW OPEN sows. Means ± SEM are
presented.
CONTROL

HESSIAN

STRAW CLOSED

STRAW OPEN

P value

16 ± 11a

169 ± 36bc

118 ± 29b

199 ± 53c

0.031

Nesting
Nosing
Pawing

14 ± 2

a

15 ± 2

a

b

6±1

51 ± 5

c

<0.001

115 ± 5c

65 ± 4b

<0.001

d

<0.001

Stereotypies
Bar biting
Champing

191 ± 6a
89 ± 4

a

60 ± 3b
100 ± 5

b

27 ± 2

c

72 ± 4

Postures
Posture change
Lie lateral
Lie ventral
Sit
Stand

278 ± 7a
65 ± 3

a

74 ± 4

a

75 ± 4

a

58 ± 3

a

290 ± 7a
82 ± 4

b

78 ± 4
65 ± 3

a

b

63 ± 3

a

210 ± 6b
52 ± 3
63 ± 3

b

53 ± 3
41 ± 3

c

c

b

245 ± 8c

<0.001

d

<0.001

a

0.001

40 ± 3

d

<0.001

39 ± 3

b

<0.001

76 ± 4

81 ± 4

Pain related
Leg raise
Front leg row
Straining

156 ± 5a
86 ± 4

a

205 ± 6

a

a

219 ± 6b

245 ± 7c

101 ± 4

b

b

268 ± 10

223 ± 6

b

c

c

b

108 ± 4

169 ± 5

Tail Flicking
76 ± 4
40 ± 3
32 ± 2
Superscripts identify significant differences between treatments.

b

139 ± 5d
161 ± 6
69 ± 4

c

c

<0.001
<0.001
<0.001
<0.001

abcd

Sow and litter performance
The total number of piglets born (TB), still born (SB), born alive (BA), mummies and the
number of piglets post-foster did not differ between treatments (P>0.05; Table 6). The
number of piglets saved from potentially being laid on by the sow differed between
treatments (P<0.001), with the highest incidence observed in the STRAW OPEN treatment
(Table 6). Pre-foster piglet mortality did not differ between treatments (P>0.05; Table 6).
Post-foster mortality did differ between treatments (P<0.001), with the highest incidence
seen in both the STRAW OPEN and STRAW CLOSED treatments (Table 6). Total mortality was
also highest in both the STRAW OPEN and STRAW CLOSED treatments (P<0.001; Table 6).
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Table 6: Litter size data from piglets born to sows in four treatment groups. Data are
presented as Mean ± SEM.
CONTROL

HESSIAN

STRAW
CLOSED

STRAW
OPEN

P value

Total born

10.2 ± 1.1

11.3 ± 0.9

11.9 ± 1.1

13.6 ± 1.1

0.158

Born alive

10.7 ± 1.1

10.6 ± 0.9

11.1 ± 1.1

12.8 ± 1.1

0.286

Born dead

0.2 ± 0.3

0.6 ± 0.2

0.6 ± 0.1

0.8 ± 0.3

0.284

Post-foster litter size

10.1 ± 0.8

10.0 ± 0.7

11.5 ± 0.8

11.8 ± 0.8

0.232

0.3 ± 0.1

0.3 ± 0.1

0.4 ± 0.1

0.3 ± 0.1

0.860

Litter size

Piglet mortality
Pre-foster
Post-foster
Total

0.2 ± 0.1

a

0.4 ± 0.2

a

0.2 ± 0.1

a

0.5 ± 0.2

a

0.6 ± 0.1

b

1.1 ± 0.2

b

Piglets saved during
0.2 ± 0.1a
0.5 ± 0.2b
0.3 ± 0.1ab
farrowing
abc
Superscripts identify significant differences between treatments.

0.6 ± 0.2

b

1.00 ± 0.3

0.025

b

1.9 ± 0.9c

0.038
<0.001

Farrowing duration and inter-piglet birth interval did not differ between treatment groups
(P>0.05; Table 7). The number of posture changes during farrowing was lowest in the HESSIAN
and STRAW CLOSED treatments, and highest in the STRAW OPEN treatment (P<0.001). How
long the sow took to perform a posture change was not significantly different between
treatments (P>0.05).

Table 7: Treatment effects on farrowing performance measures. Where parentheses are
present, transformations have occurred and back-transformed means are given. Data are
presented as Mean ± SEM.
CONTROL

HESSIAN

STRAW
CLOSED

STRAW OPEN

P value

Farrowing
duration (mins)

2.3 ± 0.1
(168.7)

2.3 ± 0.1
(190.1)

2.3 ± 0.1
(190.6)

2.4 ± 0.1
(262.4)

0.358

Birth interval
(mins)

1.1 ± 0.1
(13.6)

1.2 ± 0.1
(14.7)

1.1 ± 0.1
(13.8)

1.3 ± 0.1
(19.4)

0.410

Posture change
duration (sec)

1.4 ± 0.8
(25.6)

1.2 ± 0.2
(16.4)

1.0 ± 0.3
(9.4)

1.2 ± 0.2
(16.7)

0.749

Number of
posture changes

29.4 ± 3.3a

16.1 ± 1.7b

12.3 ± 1.4b

38.5 ± 2.7c

<0.001

abc

Superscripts denote significant differences between treatments.

IgG and protein analysis
Treatment had no impact on IgG concentrations or total protein (%) levels (P>0.05; Table 8)
in sow colostrum.
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Table 8: Treatment effects (Mean ± SEM) on IgG concentration (g/ml) and total protein (%)
from sow colostrum
IgG concentration (g/ml)
Brix total protein (%)

CONTROL

HESSIAN

117 ± 17
26 ± 1

107 ± 15
26 ± 1

STRAW
CLOSED
121 ± 16
25 ± 1

STRAW OPEN

P value

138 ± 24
26 ± 2

0.750
0.865

Piglet performance
No difference in piglet vitality or the degree of meconium staining was observed at birth
(P>0.05; Table 9). There was no difference in birth temperature but a tendency for piglets
born to STRAW CLOSED sows to record an increased temperature at 24h (P=0.056). Weight
gain to 24h was also increased in piglets born to STRAW CLOSED sows (P=0.026), as well as an
increase in colostrum intake (P=0.005). Blood glucose concentration on day 3 was highest in
STRAW OPEN piglets, lowest in STRAW CLOSED, with CONTROL and HESSIAN intermediate
(P=0.047). A tendency for improved growth performance in early lactation from HESSIAN
piglets was observed (P=0.073), but no treatment effects on piglet weight at day 18 were
observed (P>0.05).
Table 9: Mean ± SEM measurements taken at birth, day 1 (24hr), day 3 (D3) and day 18 (D18)
from piglets born to sows from four treatment groups.
CONTROL

HESSIAN

STRAW CLOSED

STRAW OPEN

P value

361.9 ± 21.9a

341.3 ± 26.2b

404.8 ± 22.7c

325.1 ± 19.5b

0.005

2.0 ± 0.2

1.9 ± 0.2

2.1 ± 0.2

2.0 ± 0.2

0.319

0.79 ± 0.38b

0.98 ± 0.38a

0.73 ± 0.38b

1.24 ± 0.37c

<0.001

Birth temperature (°C)

36.9 ± 0.5

37.1 ± 0.5

37.0 ± 0.5

36.9 ± 0.5

0.259

24hr temperature (°C)

38.2 ± 0.2

38.2 ± 0.2

39.0 ± 0.2

38.3 ± 0.2

0.056

24hr weight gain (kg)

0.19 ± 0.05a

0.17 ± 0.05b

0.23 ± 0.05c

0.18 ± 0.05ab

0.026

D3 blood glucose
concentration (nmol/l)

6.0 ± 0.4ab

6.2 ± 0.4ab

5.8 ± 0.5a

6.3 ± 0.4b

0.047

D1-3 weight gain (kg)

0.29 ± 0.06

0.37 ± 0.05

0.33 ± 0.06

0.33 ± 0.05

0.073

5.5 ± 0.2

5.7 ± 0.2

5.7 ± 0.2

5.8 ± 0.1

0.341

Colostrum intake (g)
Vitality score
Meconium staining

D18 weight (kg)
abc

Superscripts denote significant differences between treatments.

Outcomes: Experiment 2b
Production outcomes
The number of total born, born alive, born dead, piglet removal for ill thrift, and average litter
weight at day 21 did not differ with treatment (P>0.05; Table 10). Pre- and post- foster deaths
were lowest in the STRAW CLOSED treatment and highest in the STRAW-OPEN treatment
(P<0.001). Average piglet weight at day 21 was significantly lower in the STRAW OPEN
treatment (P=0.046); Table 10). There was a significant treatment by parity interaction for the
number of piglets born dead (P=0.023). CONTROL and HESSIAN sows that were parity 6+ gave
birth to significantly more stillborn piglets (1.9 ± 0.4 and 1.2 ± 0.3 respectively) than STRAW
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OPEN (0.7 ± 0.4) and STRAW CLOSED (0.6 ± 0.3). However, younger STRAW OPEN sows (parity
2-5) had more piglets born dead than other treatments (1.09 ± 0.18; CONTROL 0.5 ± 0.1,
HESSIAN 0.5 ± 0.1, and STRAW CLOSED 0.7 ± 0.1; P=0.023).
Table 10: Production measurements in a commercial piggery setting from piglets born to
sows from four treatment groups. Data are presented as Mean ± SEM.
CONTROL

HESSIAN

STRAW
CLOSED

STRAW
OPEN

P value

Litter size
Total born

13.2 ± 0.4

12.6 ± 0.4

12.4 ± 0.5

12.9 ± 0.5

0.474

Born alive

12.2 ± 0.4

11.8 ± 0.4

11.6 ± 0.4

12.1 ± 0.5

0.790

Born dead

0.7 ± 0.1

0.7 ± 0.1

0.7 ± 0.1

0.6 ± 0.1

0.851

Pre foster deaths

1.3 ± 0.2a

1.2 ± 0.2a

0.7 ± 0.2b

1.9 ± 0.2c

0.001

Litter size post foster

11.5 ± 0.1

11.4 ± 0.1

11.5 ± 0.1

11.4 ± 0.1

0.794

a

a

b

c

1.8 ± 0.2

0.001

Mortality

Post foster deaths

1.1 ± 0.2

1.1 ± 0.2

0.7 ± 0.2

15.9 ± 0.4
1.38 ±
0.03

16.1 ± 0.3

16.3 ± 0.4

16.0 ± 0.5

0.831

1.41 ± 0.03

1.42 ± 0.03

1.41 ± 0.04

0.840

59.5 ± 2.0

57.4 ± 1.8

62.0 ± 2.1

55.0 ± 2.4

0.137

6.2 ± 0.1a

6.1 ± 0.1a

6.2 ± 0.1a

5.7 ± 0.1b

0.046

1.2 ± 0.2
0.8 ± 0.1
1.0 ± 0.1
Number of pigs weaned
9.4 ± 0.3
9.5 ± 0.3
9.8 ± 0.3
abc
Superscripts denote significant differences between treatments.

0.9 ± 0.2

0.228

9.5 ± 0.3

0.689

Piglet weights
Litter weight post foster (kg)
Average piglet weight post
foster (kg)
Litter weight d 21 (kg)
Average piglet weight d 21
(kg)
Piglet removal for ill thrift

Application of research
Taken collectively, results from both experiments have highlighted the clear benefits of
providing straw to crated sows both with regards to sow and piglet welfare and performance.
Confined sows provided with straw prior to farrowing displayed the lowest level of straining
and tail flicking leading up to farrowing which is suggestive of reduced pain, performed fewer
posture changes during farrowing, recorded the lowest plasma cortisol concentration during
the riskiest time for piglet overlay (4h in to farrowing), gave birth to piglets with improved
colostrum intake and thermoregulatory ability, and as a consequence, suffered fewer piglet
mortalities both immediately following farrowing and throughout lactation.
Previous reports have demonstrated that sows housed in barren crates experience the
constraint of maternal behavioural expression when compared with sows housed in strawbased pens (Jarvis et al. 1997; Jarvis et al. 1998; Lawrence et al. 1993). This results in redirected behaviours towards the floor or bars of the crate, which leads to an increase in
physiological stress. In the present study, the provision of straw in a farrowing crate indicated
overall reduced mean plasma cortisol concentration, but more importantly, reduced cortisol
levels at 4h into farrowing. Similarly, a study conducted by Jarvis et al (1998), revealed that
sows housed in crates that were not provided with straw had higher cortisol concentrations
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than sows in any other treatment (time X treatment interaction: F 24,183 = 1.93; P = <0.01). The
period immediately following farrowing is often suggested as being a high risk period in terms
of piglet overlay, and thus the reduced physiological stress observed when straw was
provided to crated sows is a key finding (Jarvis et al. 1997; Jarvis et al. 1998). However, recent
findings have shown that plasma cortisol measures in blood may not be the most suitable
means to access stress in animals, as glucocorticoids can equally signify negative welfare (i.e.
fear, anxiety or pain), as well as positive welfare (i.e. reward and contentment). Therefore the
use of these measures in providing an accurate and objective assessment of the physiological
or behavioural functioning in animals is limited (Ralph and Tilbrook. 2016). Additionally,
cortisol is involved in the normal hormonal pattern of parturition in pigs (Damm et al. 2003;
Lawrence et al. 1994; Jarvis et al. 1998) and the increase in cortisol may be associated with
the physical strain of giving birth (Lawrence et al. 1997).
Sows who are unable to display nest building behaviours will redirect these behaviours
towards the crate and crate equipment, resulting in stereotypies such as bar biting (Wischner
et al., 2009). Thus, results from this present study in which all sows provided with enrichment
displayed a reduced incidence of such behaviours is not surprising. Data from this current
study also revealed a reduction in sitting events from sows housed in open pens pre-partum
with a straw substrate, whilst crated sows performed more sitting events. This finding is not
unexpected, as Jarvis et al. 1997; 2001) revealed that sows housed in crates exhibited an
increase in sitting events than sows housed in pens. Sitting behaviour in pigs is thought to be
indicative of motivational conflict, in that the pig is motivated to nest but the environment
prevents her from doing so, for example, lack of space (Jarvis et al. 1997; 2001).
In addition to the reduction of stereotypies observed when enrichment was provided prior to
farrowing, the number of posture changes performed during the farrowing event were also
reduced when enrichment was provided in the crate environment. An increased number of
posture changes during farrowing poses a risk to the piglets and their survival as generally, an
increase in posture changes leads to an increase in piglet overlay (Weary et al, 1996 and
Illmann et al, 2015). Sows housed in an open pen and given access to straw also demonstrated
an increase in the number of posture changes made during farrowing, as well as an increase
in times a piglet needed to be saved from potentially being laid on by the sow. This is
somewhat expected given the additional space within the open crate to move around and
interact with their piglets, compared to closed crates. These findings mimic the results from
the study conducted by Nowland et al (Experiment 1 - Are sows stressed by confinement?),
who demonstrated that those animals housed within an open ‘360 farrower’ pen as opposed
to a closed ‘360 farrower’ pen had an increased number of posture changes during farrowing.
One of the main determinants of piglet survival is adequate colostrum intake (Muns et al.
2016). IgG and protein concentrations in sow colostrum did not differ significantly between
treatment which would suggest that housing and enrichment does little to alter colostrum
quality. This is not surprising as sow history (age, disease challenge and vaccination history)
is more likely to influence immunity level and so colostrum constitution (Muns et al. 2016).
An interesting finding however was that piglets born to crated sows with access to straw had
a significantly higher weight gain to 24hrs indicating improved colostrum intake. There are a
number of probable explanations for this outcome; first being increased colostrum
production, and second increased piglet viability and, therefore, earlier and more frequent
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suckling. It is, also, probable that providing sows with access to straw may have: one, resulted
in fewer posture changes, therefore improving udder access for the piglets; two, reduced
cortisol release, which would have positively affected colostrum let down; and, three, the
laxative effects of straw consumption.
The main causes of pre-weaning mortality in piglets are sow overlay, starvation and exposure
(Condous et al., 2016). A combination of reduced risky postural changes by the sow, and
improved colostrum intake and thermoregulation by the piglets are therefore the likely
explanatory variables for this improvement in the litter survival observed in the straw closed
treatment in Experiment 2b. Findings from the larger commercial study revealed that
providing sows housed in crates with straw as a nesting substrate resulted in reduced
incidence of piglet mortality, both prior to fostering and after fostering when compared to
those housed in a farrowing crate with no substrate. However, in experiment 2a, treatment
groups provided with straw (open or closed crate) had a significantly higher incidence of postfoster and total mortalities.

Conclusion
These findings demonstrate that both natural (straw) and manmade (hessian) materials are
utilised by crated sows during the nest-building phase prior to parturition. Whilst arguably,
both substrates would then logically positively impact the welfare of sows at this time, downstream consequences for piglet viability and survival were not observed in the first
experiment, with only straw improving piglet mortality in Experiment 2a. Thus, results from
this experiment partially support our hypothesis; hessian does promote nest building
behaviour; however, only straw alleviates sow distress leading up to parturition, reduces
cortisol levels and posture changes during the expulsion phase of farrowing and appears to
improve piglet survival.

Limitations
Limitations on substrates used
The use of straw as a nest building substrate is beneficial for sow welfare and piglet survival,
however straw is not appropriate within the farrowing crate environment as it easily blocks
the effluent system. Furthermore, the sows required monitoring in case they pulled the
hessian sacks off of the chain to avoid them entering the effluent system.

Recommendations
Further research should be conducted to find a nesting substrate that is more biodegradable
and that is similar to straw that will both (a) hold its shape and integrity and (b) not negatively
affect the effluent system. Additionally, further research into the amount of hessian sacks
provided per sow as a nesting substrate should be reviewed to determine the adequate
amount needed to further benefit the sow pre-partum, as well as the size of the sacks, e.g.
larger hessian sacks.
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Abstract
The use of a synthetic olfactory agonist (SOA) has been shown in both weaner pigs and early
gestating sows to reduce anxiety levels. The application of SOA within the farrowing crate
environment has not been investigated on its effects to reduce sow anxiety or piglet
mortalities due to overlay. Experiment 3a determined the effect of the SOA diffuser block on
the sow cortisol response to a snout rope test prior to farrowing, the number of sow posture
changes during farrowing and whether the piglets were enticed to the creep area during the
first 3 days of age, thus potentially reducing piglet mortality. From 5 days before their
expected farrowing sows were brought into the farrowing crate and parity was evenly
distributed across two treatments: Control: 24 sows which did not receive a SOA block and;
SOA: 23 sows which received a SOA block hung in the creep area of every farrowing crate
from crate entry. A subset of sows were observed for their cortisol response to a snout rope
test prior to farrowing. Piglet weights and mortality were recorded throughout lactation.
Videos were analysed for the use of the creep area by piglets for the first 3 days of age.
Experiment 3b determined the effect of the SOA block in a commercial environment on the
incidence of piglet mortality and piglet weight. From 5 days before their expected farrowing
sows were brought into the farrowing crate and randomly allocated to one of two treatments:
Control: 210 sows farrowed in absence of SOA; SOA: 208 sows farrowed with a SOA diffuser
block present in the creep area of every second crate. Whilst there was a clear increase in
cortisol concentration in response to the snout rope test, there was no effect of treatment (P
= 0.612) on changes in cortisol response. At day 3 of age piglets within the SOA treatment
were 81 grams heavier than their counterparts in the control group in experiment 3a (P<0.05)
however, no weight differences were observed at birth, 24 hours or weaning. No differences
were observed in the creep usage by piglets on day 2 or 3 of age between treatments (P>0.05).
No treatment effects were observed for piglet mortality pre or post-fostering for both
Experiment 3a and 3b (P>0.05). Piglet numbers born alive, total born and still births were not
different between treatments for either Experiment 3a or 3b. The provision of the SOA block
during farrowing and lactation did not improve piglet production parameters and did not
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affect sow cortisol levels prior to farrowing. Therefore, these findings do not support the
hypothesis and the use of the SOA block during lactation and farrowing is not recommended.

Introduction
In commercial pig production, sows are housed within a conventional farrowing crate during
lactation. Farrowing crates are designed to restrict sow movement in an effort to reduce
piglet mortality, as the primary cause of piglet death within the first few days of life is
attributed to overlays (Baxter et al. 2011; Edwards 2002). However, this crate design limits
the sow’s movement to standing, sitting, laying and rolling onto either side (Melisova et al.
2014; Moustsen et al. 2013). In 2016/2017, it was estimated that in Australia, the average
pre-weaning piglet mortality within the farrowing systems was 11.8% per herd with an
average of 11.8 piglets born alive per litter (Pork CRC Benchmarking Project, 2017). The
restriction of sow movement caused by farrowing crates has demonstrated positive
improvement in piglet survival compared to loose housed sows. However, the crate does not
enable the sow to perform natural nesting behaviours and as such, it has been suggested that
this may cause stress (Barnett et al., 2001; Cronin and van Amerongen., 1991).
Evidence suggests that restriction of sow movement prior to farrowing results in prolonged
farrowing duration which leads to an increase in rate of stillbirths (Oliviero et al. 2008;
Moustsen et al. 2013). Furthermore, studies revealed that increased farrowing duration of
confined sows resulted in increased cortisol prior to farrowing (Lawrence et al., 1994) which
lowers post-expulsion oxytocin in the blood of sows (Oliviero et al. 2008). This decreased
oxytocin increases farrowing duration and inter-piglet birthing intervals, compromising sow
welfare and impairing piglet viability and survival (Oliviero et al. 2008; Oliviero et al. 2010).
Similarly, it has been suggested that reducing stress during parturition may increase maternal
behaviour such as nose to nose contact with piglets, and therefore reduce the incidence of
piglet mortality (Andersen et al. 2005; Grimberg-Henrici et al. 2016).
Pig appeasing pheromones (PAP) are naturally secreted pheromones from the mammary
glands of lactating sows that is absorbed by the piglet via the nasal cavity, stimulating the
hypothalamus and amygdala regions of the brain and subsequently appeasing the piglets
regulates nursing behaviours (Morrow-Tesch and McGlone, 1990a; Temple et al. 2016). A
study conducted by Morrow-Tesch and McGlone (1990b), revealed that piglets are attracted
to the maternal pheromone secretions from the sow’s faeces and mammary glands. These
results from Morrow-Tesch and McGlone (1990b) potentially indicate that maternal
pheromones could be used to entice piglets away from the sow and her excrement in the
farrowing crate, towards the heated creep area and thereby increase piglet survival,
particularly during the first 3 days of life. Pageat (2001) created a synthetic PAP product, also
known as a Synthetic Olfactory Agonist (SOA) composed of a mixture of fatty acids, by
isolating skin secretions from sows and is aimed at reducing aggression in group housed pigs.
Studies have demonstrated that the use of a synthetic PAP can be used to decrease
aggression, both in group housed sows and weaners. Plush et al. (2016), has demonstrated a
reduction in aggressive interactions in group housed sows, by almost half when the use of the
synthetic pheromone SOA was present between 0 to 8 days post-mixing. Additionally, Guy et
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al. (2009) demonstrated reduced aggression with the use of a synthetic maternal pheromone
applied to group housed weaner pigs. Weaning is a stressful event which can result in
aggressive behaviours between weaners and lead to facial and body injuries. During the first
24 hours post-mixing, weaners with the synthetic pheromone treated pens spent significantly
less time engaged in fighting and had 39% less skin injuries on the front of the body compared
to the controls (Guy et al. 2009). Therefore, there is potential that the use of SOA within the
farrowing crate could reduce any stress experienced by the sow.
Additional to reduced aggressive interactions, the use of a synthetic pheromone has been
demonstrated to also improve weaner growth performance. McGlone and Anderson (2002),
demonstrated an improvement in overall average daily gain from day 0 to 28 post-weaning
when a synthetic pheromone was applied once, either on the feeder or on their snout of the
weaner, than the control group (0.236 feeder vs 0.253 snout vs 0.198 control; kg/day;
P<0.004). Furthermore, weaners given the pheromone on the feeder spent a greater amount
of time feeding and less time involved in agonistic behaviours than weaners in the control
group (McGlone and Anderson, 2002). Therefore, the positioning of the SOA diffuser above
the creep area of the farrowing crate may therefore attract them to rest more frequently in
this position, leading to lower mortality due to crushing events from the sow.
While studies have demonstrated the use of SOA in group housed sows and weaner pigs, no
studies to date have been conducted on the effect of SOA on lactating sows and their piglets.
Given that appeasing pheromones may reduce some indicators of stress in adult pigs and is
an attractant to piglets, SOA may be beneficial in reducing parturition stress in the sow and
may also increase creep usage of piglets when positioned over the creep area.
Therefore, the aims of this study were to:
1.

Reduce sow stress as seen through cortisol concentrations in response to a snout
rope test prior to farrowing. It was hypothesised that the reduced stress during
farrowing would influence piglet survival both during the birthing process and
lactation period through the use of SOA diffuser blocks over the creep area.

2.

To determine in a commercial environment, if SOA placed in the creep area of the
farrowing crate decreases piglet mortality potentially by attracting them to the creep
area and thus avoiding layovers. The hypothesis of the experiment is that the
provision of SOA within the creep area of the farrowing crate will attract piglets to
the creep area thus reducing piglet layovers by the sow and increase piglet survival in
a commercial piggery.

Methodology
Experiment 3a: Roseworthy Piggery
This study was conducted in accordance with the Australian code for the care and use of
animals for scientific purposes (NHMRC 2013) with approval from the PIRSA Animal Ethics
Committee (Animal Ethics Number: 25/16).
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Experiment 3a: Experimental procedure
All experimental procedures were conducted at the Roseworthy piggery, South Australia, over
two replicates and conducted between August and September 2017. A total of 47 mixed
parity Large White x Landrace sows (n=13 first litter; and n=34 second litter sows) and in total
563 piglets were housed in climate controlled farrowing rooms with conventional farrowing
crates measuring 1.8 x 2.4m, from 5 days before expected farrowing until weaning.

Treatment allocation
Sows were randomly allocated to one of two treatments at farrowing shed entry with parity
evenly distributed across treatments and blocks. The two treatments were: Control (CON)
where no synthetic olfactory agonist was supplied (n= 24; n=7 first litter; and n=17 second
litter sows) and; synthetic olfactory agonist (SOA; SecurePig®): a SOA diffuser block present
in the creep area of each farrowing crate (n= 23; n=6 first litter; and n=17 second litter sows).
The SOA block is a synthetic analog of the maternal appeasing pheromone by the pig. The
active components of the SOA block are: methyl caprate, methyl laurate, methyl miristate,
methyl palmitate, methyl linoleate, methyl oleate (Temple et al 2016).
Due to video behaviour analysis requirements, only two identical farrowing rooms could be
utilised. In order to minimise any room effects, the SOA treatment room was switched for the
second replicate. Prior to the commencement of both replicates, both farrowing rooms were
pressure washed and disinfected prior to sow entry to ensure any SOA product residue was
removed to limit cross-contamination. There was no possibility that the SOA blocks could
diffuse between rooms. According to the manufacturer’s recommendations high
temperatures, ventilation and humidity may affect how long the SOA will be effective for.
Therefore, both farrowing rooms were air-conditioned and kept at a temperature of between
23-25°C.
One SOA diffuser block was used per farrowing crate with a total of 12 SOA blocks per
farrowing room. The SOA blocks were hung from the rafters at a height of approximately 0.5m
above the creep area of the farrowing crate as shown in Figure 1. The SOA blocks were hung
in each farrowing crate on the day the sows entered the farrowing shed allowing for a
minimum of 5 days’ exposure to the SOA block prior to the expected farrowing date.
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Figure 1. Placement of the SOA blocks in the creep area of two farrowing crates.

Sow cortisol analysis using a snout rope test
Prior to farrowing, a subset of sows was selected based on parity to determine if the SOA
block had an effect on their ability to cope with stress (Control: n=6; SOA: n=7). A snout rope
test was conducted two to five days before actual farrowing date (mean 3.7 days and standard
deviation of 1.3). The snout rope test protocol was adapted from Farmer et al. (1991). The
snout rope test was conducted to provide stress to the sow by snaring the sow with a rope
snare and fastening the rope to the bars of the farrowing crate for a total of five minutes. At
the conclusion of the test the rope snare was removed as quickly as possible. Firstly, sows had
an ear vein catheter inserted (vinyl, Microtube Extrusions Pty Ltd, NSW), the day prior to the
snout rope test, to allow for continual blood sampling for cortisol analysis. Each sow was given
topical anaesthesia (Xylocaine Jelly 2% Gel, Astrazeneca Pty Ltd, NSW) on both ears at least
20 minutes prior to ear vein catheter insertion attempt. The sow was restrained by a nose
snare and an indwelling jugular-vein cannula via an ear vein was inserted. On the day the test
was conducted, sows were fed approximately 2.5kg at 7.00am. Blood samples commenced at
8.30am and concluded at 12.30pm. Samples were taken every 15 minutes for a total of 120
minutes prior to the snout rope test, 1 minute prior to the snout rope test which was
conducted for five minutes, and again every 15 minutes for a total of 120 minutes post- snout
rope test. Blood samples were taken via syringe through the catheter and immediately
transferred into a 5ml Heparin-Lithium coated collection tube (Vacuette, Greiner
Labortechnik, Austria) and inverted several times to ensure adequate mixing. Blood samples
were maintained on ice and were centrifuged at 1500g for 10 minutes and plasma stored at 20°C. Cortisol samples were analysed in duplicate with a commercial radioimmunoassay kit
(ImmuChemTM CT cortisol kit, MP Biomedicals, Orangeburg, NY, USA) according to
manufacturer’s instructions.

Behavioural analysis
Sow
Each farrowing crate was monitored for behaviour of the sows and piglets using closed-circuit
television cameras (3-megapixel lens dome CCTV cameras) which were mounted directly
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above each farrowing crate. Behaviours were recorded 24 hours a day and the cameras were
turned on prior to the expected farrowing to ensure that all farrowing events were captured.
After commencement of the trial, individual sow videos were analysed to count the number
of posture changes made during farrowing. A posture change was defined as any movement
which posed a threat to the piglet. These behaviours were analysed by Observer XT v11
(Noldus Information Technology, Wageningen, the Netherlands). Farrowing duration was
recorded in real time.
Sow facial injury score was measured using a scoring system developed by Plush et al. (2018,
unpublished; Table 1) and was assessed upon arrival into the farrowing shed as well as the
following afternoon post farrow.
Table 1: Facial injury score system
Score

Classification

0

Description
Sow present with no fresh injuries

1

Mild

Some fresh abrasions mainly concentrated on the nose of the sow

2

Moderate

3

Severe

Fresh abrasions are easily detected on the nose of the sow and there
may or may not be abrasion on other areas such as head, neck and ears
Numerous abrasions are evident on the nose area, as well as around the
eyes, head and ears of the sow

Piglets
Piglets were monitored between 9am and 3pm for the first three days of age for their use of
the creep area within the farrowing crate and were analysed by Observer XT v11 (Noldus
Information Technology, Wageningen, the Netherlands).
Piglet measurements
Sows were monitored for 24 hours a day for the measurement of real-time farrowing data.
The time that the first piglet was born was regarded as the commencement of farrowing and
the time of the last piglet being born was regarded as the conclusion of farrowing. At birth,
all piglets were weighed, given an individual ear tag and gender, rectal temperature,
meconium staining score (Table 2) and vitality score recorded and then placed back into the
farrowing crate at the back of the sow. Piglets were given a vitality score immediately after
birth by visual assessment and scored using the below scale (Table 3).
Table 2: Meconium staining scoring system adapted from Mota-Rojas et al. (2012).
Score

Classification

0

Description
No staining present

1

Mild

Light staining, usually around the nose/face area

2

Moderate

Moderate staining present covering up to half the body

3

Severe

Severe staining present, the piglet is covered from head to toe in
meconium

45

Table 3: Vitality scoring system adapted from Baxter et al. (2008)
Score

Classification

0
1

Mild

2

Moderate

3

Severe

Description
stillborn (no breaths or movement)
first inhalation of breath within 11> seconds and constant movement within
21> seconds (very slow to begin movement)
first inhalation of breath within 6-10 seconds and constant movement
within 11-20 seconds
first inhalation of breath within <5 seconds and constant movement within
<10 seconds

Piglet growth in the first 24 hours (weight at birth and at day 1) was used to estimate
colostrum production of the sow. A colostrum sample was collected from the sow during the
farrowing event from an anterior teat and later analysed for total protein concentration.
Measurements collected from piglets included inter-piglet birth interval, time to reach udder
and suckle at birth, rectal temperature at birth and mortality (age and cause of death).
Individual piglet weights were taken immediately after birth, 24 hours, day 3 and 18 of age.
Due to piggery weaning requirements, five litters were weighed on day 17 of age, rather than
day 18 of age. A 3ml of blood was collected from the first three and the last three piglets born
in the birth order for analysis of immunoglobulin (IgG) content of blood. Blood samples were
taken via venepuncture using an 21G needle and transferred immediately into a 5ml HeparinLithium coated collection tube (Vacuette, Greiner Labortechnik, Austria) and inverted several
times to ensure adequate mixing. Blood samples were maintained on ice and were
centrifuged at 1500g for 10 minutes and plasma stored at -20°C. Plasma samples were
analysed for IgG concentrations (mg/ml) by using radial immunodiffusion assay. Finally, piglet
scratch score was assessed at weaning to assess their injury score and whether SOA decreased
aggression (Table 4).
The time taken for the piglet to reach the udder of the sow and the time to latch onto a nipple
and suck was recorded in real time in total minutes. To determine the time to udder and time
to suck with multiple piglets within the farrowing crate, identifiable marks on the piglets with
crayon was used. The total piglet mortality pre-fostering (within 24 hours of age), postfostering and total pre-weaning death was recorded for all sows.

Table 4: Scratch and abrasions scoring system adapted from Widowski (2003).
Score

Classification

0

Description
No scratches or skin loss

1

Mild

One to three small (<2cm) scratched or areas of abraded skin evident

2

Moderate

One to three larger (>2cm) scratches or areas of abraded skin observed

3

Severe

More than 3 scratched (usually >2cm) or larger areas of skin loss.
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Experiment 3b: Commercial validation
This study was conducted in accordance with the Australian Code of Practice for the Care and
Use of Animals for Scientific Purposes with approval from the PIRSA Animal Ethics Committee
(Animal Ethics Number: 24/17).

Experiment 3b: Experimental procedure
All experimental procedures were conducted at Wasleys piggery, South Australia, over two
replicates and conducted between December and March 2017-2018. A total of 418 mixed
parity Large White x Landrace sows (n= 322 first lactation sows; and n= 96 parity 1 sows) and
their piglets were housed in conventional farrowing crates from 5 days before expected
farrowing until weaning.
Sows were randomly allocated to one of two treatments at farrowing shed entry with parity
evenly distributed across treatments and blocks. The two treatments were:
-

Control: sows farrowed in absence of SOA (n = 210)

-

Synthetic olfactory agonist (SOA): sows farrowed with a SOA diffuser block present in
the creep area of every second crate (n = 208)

Four farrowing sheds at Wasleys Piggery (SunPork Farms) were utilised by continuous
farrowing (sows farrowing weekly), and contained either Control or SOA treatments. Rooms
were reversed between each replicate and pressure washed and disinfected to ensure
product residue was removed.
The SOA diffusers were placed near the piglet creep area of every second farrowing crate (due
to limited stock of the SOA diffusers) on the same day the sow entered the farrowing crate.
Measures recorded post-farrow were: the total number of piglets born, number born alive,
number still born, pre-foster piglet mortality, piglet mortality through to weaning and total
number of piglets weaned.

Statistics
Analyses were conducted in SPSS v21 for Experiments 3a and 3b (IBM, Armonk, NY, USA) and
data are expressed using mean ± SEM. A detailed outline of each analyses can be found in
Table 5. Probability values stated as being P < 0.05 were described as significant.
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Table 5: Type of model and terms within each model for all variables presented for Experiments 3a and 3b.
Transformation

Model

Log10

GENLIN w
poisson
UNIANOVA

Repeated
measure

Random
effect

Covariate

Batch

Farrowing
duration, TB

Fixed effect

Sow Farrowing Behaviour
Posture changes
Farrowing duration

Batch, room, parity,
treatment, parity*treatment

Sow traits
Total born and born alive

GLMM

Born dead

GLMM

Mummified fetuses

GLMM

Birth interval

Log10

Batch, birth order group, sex,
parity, treatment

GLMM

TB

Batch, treatment, room,
parity

Piglet traits
Meconium score

GLMM

Vitality

GLMM

Birth temperature

GLMM

Time to udder

Log10

TB

GLMM

Time to suckle

GLMM

Birth weight

GLMM

24hr weight

GLMM

Day 3 weight

GLMM

Day 18 weight

GLMM

Birth -24 hour weight gain

GLMM

Colostrum intake

Batch, room, parity,
treatment, parity*treatment

TB, d0 weight
TB
TB, d0 weight

UNIANOVA

Plasma IgG concentration

GLMM

Piglet scratch score

GLMM

Batch, birth order group, sex,
parity, treatment

Batch, room
Hour

TB, d0 weight
TB, d0 weight
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Batch, birth order group, sex,
parity, treatment
Batch, room, parity,
treatment, parity*treatment
Batch, birth order group, sex,
parity, treatment
Batch, birth order group, sex,
parity, treatment

Litter size after fostering

UNIANOVA

Batch, room

Litter size at weaning

UNIANOVA

Batch, room

Pre-foster mortality
Post-foster mortality
Total pre-weaning mortality

GENLIN w
poisson
GENLIN w
poisson
GENLIN w
poisson

Batch, room, parity,
treatment, parity*treatment
Batch, room, parity,
treatment, parity*treatment
Batch, room, parity,
treatment, parity*treatment
TB

GLMM – General linear mixed model; GENLIN – Generalised linear model; TB – Total born
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Batch, room, parity,
treatment

Outcomes: Experiment 3a
Sow measurements
No effect was found on the number of total born, born alive, still births or mummies between
sows exposed to the SOA and control sows (Table 6). First litter sows tended to have lower
total born and born alive compared to sows on their second litter (Table 6).

Table 6: Total number of piglets born, piglets born alive, still born piglets and mummified
piglets (mean ± SEM) in the synthetic olfactory agonist (SOA) and Control treatments and
for first (Parity 0) and second litter sows (Parity 1).
Treatment
Control
SOA
Total piglets
born
Piglets born
alive
Still born
piglets
Mummified
fetuses

P value

First litter

Parity
Second litter

P value

11.96 ± 0.54

11.46 ± 0.56

0.494

10.83 ± 0.70

12.60 ± 0.43

0.040

11.56 ± 0.48

10.98 ± 0.49

0.380

10.50 ± 0.62

12.04 ± 0.38

0.042

0.411 ± 0.19

0.477 ± 0.20

0.798

0.330 ± 0.25

0.558 ± 0.15

0.438

0.258 ± 0.13

0.220 ± 0.13

0.827

0.158 ± 0.17

0.320 ± 0.10

0.418

Total farrowing duration was reduced for first lactation sows who were exposed to the SOA
treatment (Table 7). There was however no difference in farrowing duration detected for
second litter sows in the SOA or control treatments (Table 7). The number of posture changes
throughout farrowing did not differ between treatments or for parity (Table 7).
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Table 7: Farrowing duration (Log10 transformed mean ± SEM) and number of posture
changes throughout farrowing for first (Parity 0) and second litter sows (Parity 1) in the
synthetic olfactory agonist (SOA) and Control treatments.
Parity
Parity 0
Parity 1
Treatment
Control
SOA
Control
SOA
P-value
n
7
6
17
17
Log10 farrowing
2.6 (382.8) ±
2.1 (121.1) ±
2.3 (184.5) ±
2.3 (187.9) ±
duration,
0.0001
a
b
c
0.08
0.08
0.05
0.05c
minutes#
Number of
posture changes
26.1 ± 2.2
27.6 ± 1.3
30.1 ± 2.4
26.3 ± 1.3
0.186
during farrowing*
#
Back-transformed means are presented in parentheses; *Farrowing duration and total born used as

covariates

Piglet measures
No effect of treatment was observed for: meconium stain score, vitality, the time between
piglet births, piglet weight at birth and 24 hours of age and piglet weight gain, the time taken
for piglets to reach the udder and suckle after birth, piglet rectal temperature at birth,
concentration of IgG in the blood, pre- and post-foster mortality, total mortality and litter size
at weaning (Table 8).
At day 3 of age piglets within the SOA treatment were 81 grams heavier than their
counterparts in the control group however, by day 18 of age there were no differences in
weight between treatments (Table 8). No effect of colostrum intake was observed between
treatments (Table 8) however, a greater amount of colostrum was consumed depending on
the birth order of the piglet. Piglets born as one of the first four piglets in the litter consumed
more colostrum compared to the next four piglets born and the remaining piglets in the litter
(358.1 ± 9.9 vs 338.6 ± 9.6 vs 318.9 ± 9.6, respectively; P= 0.012). Similarly, piglets within the
first and middle birth order consumed a greater amount of IgG than the piglets which were
born last (72.29 ± 2.3 and 73.14 ± 5.9 vs 59.90 ± 2.3, respectively; P<0.0001).
Piglet scratch score was not significant between treatments (P=0.088; Table 8) however was
slightly lower for the piglets within the SOA treatment than for the controls. However,
scratches on piglets were predominantly between a score of 0 and 1, being mild and
moderate. Therefore, despite the scratch score approaching significance we do not believe
that this is an effect of the SOA treatment.
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Table 8: Effect of the synthetic olfactory agonist (SOA) and Control treatments (mean ± SEM)
on piglet meconium staining at birth, vitality score at birth, rectal temperature at birth, inter
piglet birth interval (Log10 transformed mean ± SEM), time taken from birth to contact with
sow’s udder and birth to first suckling event, weight, colostrum intake, immunoglobulin G
levels (IgG), facial scratches at weaning, litter size at weaning and mortality.
Control

SOA

P value

Meconium stain score

1.28 ± 0.07

1.21 ± 0.08

0.493

Vitality

1.97 ± 0.04

1.94 ± 0.04

0.572

Birth rectal temperature, °C

38.5 ± 0.06

38.4 ± 0.07

0.118

Log10 inter piglet birth interval#, min

1.08 (12.11) ± 0.03

1.06 (11.64) ± 0.04

0.751

Log10 time to udder

1.14 (13.68) ± 0.02

1.08 (11.99) ± 0.02

0.068

25.7 ± 1.5

22.9 ± 1.5

0.152

Birth

1.43 ± 0.02

1.41 ± 0.02

0.313

24 hours

1.53 ± 0.02

1.54 ± 0.02

0.731

Day 3

1.91 ± 0.01

1.99 ± 0.01

<0.001

Day 18

5.95 ± 0.17

6.0 ± 0.18

0.758

Birth – 24 hours

0.11 ± 0.01

0.12 ± 0.01

0.232

Colostrum intake, g

330.8 ± 7.70

346.8 ± 8.56

0.148

Plasma IgG concentration, mg/ml

68.59 ± 2.7

68.30 ± 2.8

0.921

Piglet scratch score

0.82 ± 0.05

0.69 ± 0.06

0.088

Litter size after cross fostering

11.35 ± 0.18

11.19 ± 0.19

0.543

Litter size at weaning

11.15 ± 0.20

10.8 ± 0.21

0.254

Pre-fostering mortality

0.20 ± 0.11

0.23 ± 0.11

0.838

Post-fostering mortality

0.17 ± 0.10

0.17 ± 0.10

0.964

Total pre-weaning mortality

0.37 ± 0.15

0.43 ± 0.15

0.767

Time to suckle
Weight, kg

Weight gain, kg

#

Back-transformed means are presented in parentheses.

Cortisol response to sow rope snare test
There was no effect of treatment (P = 0.612) on changes in cortisol response to the sow rope
snare test (Figure 1). The effect of the treatment on first and second litter sows again showed
no difference in their cortisol response to the sow rope snare test, despite approaching
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significance (P = 0.067; Figure 2). There is a clear effect on the cortisol response for both
treatments and parities in response to the sow rope snare test (Figure 1 and 2). Therefore we
can determine that the rope snare test was adequate in producing a stressful event through
the significant increase in cortisol in both control and SOA treatments between -1 minutes
and 15 minutes post-snare (67.8 and 76.1 nmol/ml increase in cortisol respectively between
-1 and 15 minutes post snare).

Piglet creep usage
There was no difference in the number of piglets in the creep between treatments on either
day 2 or 3 of age. Further, there were no differences between treatments for the number of
piglets at the udder on either day 2 or 3 of age. There were however significant treatment by
time interactions for both the number of piglets in the creep and at the udder for both days
2 and 3 (Figures 3-6; P<0.05). A greater amount of piglets in the Control treatment were found
in the creep area on days 2 and 3 primarily during the morning compared to the same time in
the SOA treatments (Figure 3 and 5; P<0.05). Conversely, there were a greater amount of
piglets located at the udder in the SOA treatment, primarily during the morning than the
control piglets (Figures 4 and 6; P<0.05).
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Figure 1: Sow sqrt cortisol concentration (nmol/L) 120 minutes pre- rope snare test, 1 minute prior to test and 120 minutes post- rope snare
test for control and synthetic olfactory agonist (SOA) treatments. Back transformed means are shown in the data table below the graph.
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Figure 2: Sow sqrt cortisol concentration (nmol/ml) 120 minutes pre- rope snare test, 1 minute prior to test and 120 minutes post- rope snare
test for first and second litter sows within the control and synthetic olfactory agonist (SOA) treatments. Back transformed means are shown
in the data table below the graph.
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Figure 3: Number of piglets in the creep area measured every 10 minutes between the hours of 9.00am and 3.00pm on day 2 of age for SOA
and control treatments. *Indicates significance between treatments for a time point, P<0.05.
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Figure 4: Number of piglets at the udder measured every 10 minutes between the hours of 9.00am and 3.00pm on day 2 of age for SOA and
control treatments. *Indicates significance between treatments for a time point, P<0.05.
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Figure 5: Number of piglets in the creep area measured every 10 minutes between the hours of 9.00am and 3.00pm on day 3 of age for SOA
and control treatments. *Indicates significance between treatments for a time point, P<0.05.
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Figure 6: Number of piglets at the udder measured every 10 minutes between the hours of 9.00am and 3.00pm on day 3 of age for SOA and
control treatments. *Indicates significance between treatments for a time point, P<0.05.
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Outcomes: Experiment 3b
Sow measures
No effect was found on the number of total born, born alive, still births or mummies
between sows exposed to the SOA treatment and the control (Table 9). First litter
sows consistently had a reduced number of total piglets born, piglets born alive and
still born piglets compared to second litter sows (Table 9).
Table 9: Total number of piglets born, piglets born alive, still born piglets and
mummified piglets (mean ± SEM) in the synthetic olfactory agonist (SOA) and
Control treatments and for first and second litter sows within a commercial
research setting.
Treatment

Total piglets
born
Piglets born
alive
Still born
piglets
Mummified
fetuses

Parity
First litter

Second
litter

P value

0.400

12.5 ± 0.2

14.3 ± 0.3

<0.0001

12.4 ± 0.2

0.863

11.7 ± 0.2

13.1 ± 0.3

<0.0001

0.6 ± 0.1

0.7 ± 0.1

0.301

0.5 ± 0.04

0.9 ± 0.10

<0.0001

0.2 ± 0.03

0.3 ± 0.05

0.345

0.2 ± 0.03

0.3 ± 0.06

0.071

Control

SOA

13.2 ± 0.2

13.5 ± 0.3

12.4 ± 0.2

P value

Piglet measures
Litter size on day one was slightly higher for sows in the SOA treatment compared to
the controls (Table 10). Litter sizes on day 21 of age and at weaning were not different
between treatments (Table 10). Litter weights on day 0 and 21 of age were not
different between treatments however, for second litter sows, litter weights on day
21 were almost 8.9kg greater than their first litter sow counterparts (P<0.0001; Table
10). Average piglet weight on day 0 and day 21 of age was lower for sows exposed to
the SOA treatment (P<0.05; Table 10). Piglet mortality in the first 24 hours of life (prefostering) and total piglet mortality was not different between treatments or
between parities (Table 10).
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Table 10: Effect of the synthetic olfactory agonist (SOA) and control treatments (mean ± SEM) on litter size on day zero, day 21 and at
weaning, litter weights on day zero and 21, average piglet weight on day zero and 21 and piglet mortality in the first 24 hours of life and
total piglet mortality from birth to weaning.
Treatment
Control

SOA

Litter size, d0

11.49 ± 0.11

11.86 ± 0.12

Litter size, d21

10.36 ± 0.16

10.35 ± 0.18

Litter size weaned

10.33 ± 0.11

d0
d21

Parity

P-value

P-value

First litter

Second litter

0.012

11.89 ± 0.09

11.58 ± 0.16

0.086

0.952

10.18 ± 0.13

10.53 ± 0.23

0.166

10.28 ± 0.12

0.728

10.21 ± 0.09

10.39 ± 0.15

0.292

15.37 ± 0.31

14.94 ± 0.33

0.294

15.01 ± 0.25

15.17 ± 0.45

0.747

59.16 ± 1.29

56.40 ± 1.44

0.124

52.87 ± 1.09

61.77 ± 1.84

<0.0001

d0

1.34 ± 0.03

1.26 ± 0.03

0.026

1.27 ± 0.02

1.31 ± 0.04

0.271

d21

5.73 ± 0.09

5.45 ± 0.10

0.024

5.18 ± 0.08

5.90 ± 0.13

<0.0001

Pre-foster mortality

0.40 ± 0.05

0.43 ± 0.05

0.631

0.45 ± 0.04

0.39 ± 0.06

0.424

Total piglet mortality

1.21 ± 0.09

1.26 ± 0.09

0.678

1.35 ± 0.07

1.14 ± 0.11

0.100

Litter weight, kg

Ave piglet weight, kg
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Application of research
This experiment investigated whether the use of a synthetic olfactory agonist could
reduce any stress experienced by the sow in response to a snout rope test prior to
farrowing and its effectiveness in decreasing piglet mortality rates. Previously studies
investigating a synthetic olfactory agonist have included group housed sows and
weaned piglets (Guy et al. 2009; Plush et al. 2016 Temple et al. 2016). To the best of
our knowledge this is the first time that a synthetic olfactory agonist has been
investigated for use within the farrowing crate for the benefit of both the sow and
her piglets.
A key factor in increasing piglet survival can be the duration of farrowing. Several
studies have demonstrated links between increased farrowing duration and the
number of stillbirths, placental thickness and weight, parity, high sow backfat
thickness, constipation, housing type, total number of piglets born (the more piglets
born the longer the duration), gestation length (longer gestation lengths are
associated with shorter farrowing duration), sow savaging of her piglets and total
litter weight (Oliviero et al. 2008; Oliviero et al. 2010; Thodberg et al. 2002; van Rens
and van der Lende 2004). It is considered that if a sow has a farrowing duration
exceeding 240-300 minutes that this may then be a stressful event for the sow and
her piglets may be at risk of perinatal mortality (Oliviero et al, 2008; Oliviero et al,
2010). The farrowing durations in the current study ranged from 71 to 911 minutes
with an average of 2.3 (back transformed mean, 200.0) ± 0.03 minutes. Based on
farrowing durations of previous studies, the durations within the current experiment
are considered to be well within a normal range, except for the first litter sows in the
SOA treatment. The first litter sows in the control treatment were experiencing on
average farrowing durations in excess of 6 hours, with a range of 147 to 911 minutes,
which, would be considered to be a stressful event. Therefore these data indicate
that the SOA treatment reduced farrowing duration of first litter sows. However, with
such a small sample size of first litter sows and taking into account the variability in
causes of extended farrowing duration, we cannot currently draw a conclusion that
the SOA block can reduce farrowing durations. Further, oxytocin concentrations postexpulsion of piglets throughout farrowing has been found to be significantly lower in
sows with farrowing durations exceeding 4 hours (Oliviero et al, 2008). Therefore,
further investigation is also warranted into the concentration of oxytocin in sows with
farrowing durations exceeding 4 hours and intervention strategies to assist those
sows.
The application of a synthetic olfactory agonist, either in spray form or in a diffusing
block, has previously been shown to reduce aggressive interactions in newly weaned
pigs and group housed sows at mixing (Guy et al. 2009; Plush et al. 2016; Temple et
al, 2016). Despite a reduction in aggression of newly mixed group housed sows
exposed to a synthetic olfactory agonist, Plush et al. (2016) did not observe a
reciprocal difference in salivary cortisol. Within the current study there were no
treatment differences in the cortisol response of the sows, nor any difference seen
between first and second litter sows. Similarly, a study assessing salivary cortisol
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taken from sows 5 days before their expected farrowing date and up to 1 day
postpartum and, housed in either a pen or crate, showed no difference in salivary
cortisol concentrations (Oliviero et al, 2008). This study however did exhibit a
significant difference in salivary cortisol from days 2 to 5 postpartum with sows
housed in a crate exhibiting a higher concentration of cortisol than sows housed in a
pen (Oliviero et al, 2008). These sows however also exhibited a longer duration of
farrowing which may have caused an additional stressor and prolonged the high
levels of cortisol in the days following farrowing, above their baseline levels (Oliviero
et al, 2008). Similar to our study, where first lactation sows receiving no SOA block
exhibited a higher farrowing duration, future studies should focus on the
measurement of cortisol in the days following farrowing with a focus on the impact
of farrowing duration.
The snout rope test was conducted to elicit a stress response from the sow seen
through a rise in plasma cortisol levels. The decision in the current study to conduct
a snout rope test rather than assess cortisol concentrations around pre- and postfarrowing was due to cortisol levels being physiologically higher at parturition and we
were unlikely to detect a difference between treatments. Our hypothesis was the
snout rope test would cause a stressful event for the sow, similar to cortisol response
seen at parturition. All sows demonstrated an immediate increase in plasma cortisol
levels following the rope snare test, similar to evidence found from Farmer et al.
(1991). This is however contradictory to evidence found from Yun et al. (2017) where
they investigated the salivary cortisol response to snaring and snaring with ear vein
catheter inserted. A total of 10 minutes of snaring a weaned sow resulted in sows
screaming and resisting the rope snare, which is consistent with our experiment,
however did not result in differences in their salivary cortisol levels compared to nonsnared sows (Yun et al. 2017). The sows’ rope snared and an ear vein catheter
inserted did however result in a significant and sustained increase in salivary cortisol
levels (Yun et al. 2017). Similarly, Soede et al. (2007) investigated pregnant gilts
receiving a snout rope test for 5 minutes across multiple days however only a modest
but insignificant increase in salivary cortisol levels were found. Given these previous
findings it is possible that within our experiment the stressful event of snaring and
ear vein catheter insertion the day prior to the snout rope test has effected these
results. Further investigations using the snout rope test should be evaluated using
salivary cortisol and ear vein catheterisation avoided. Although it is less sensitive than
plasma cortisol, saliva has the added advantage to be easily collected without
inducing a physiological reaction (Merlot et al. 2011).
A significant proportion of piglet mortality occurs in the first 3 days post-farrowing.
Through the use of the heated creep area within the farrowing crate, we hope to
entice the newborn piglets away from the sow’s udder when they’re not suckling.
However several studies have reported that newborn piglets will seek warmth near
the sow’s udder rather than the heated creep area and therefore potentially leading
to higher mortality levels due to crushing (Berg et al, 2006; Vasdal et al, 2009, 2010).
Therefore, encouraging piglets to use the creep area when suckling is not occurring
during these first few days of life is critical to reducing piglet mortality. Electronic heat
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mats were utilised in all farrowing crates with the addition of the SOA block hung
approximately 0.5m directly above the heat mat. The hypothesis was the addition of
the SOA block to the creep area will encourage a greater amount of piglets to utilise
the creep area when suckling is not occurring. The SOA block is a synthetic analogue
of the pig appeasing pheromone which is released from the mammary glands of the
lactating sow and known to be an attractant for nursing piglets (Morrow-Tesch and
McGlone, 1990a; Temple et al, 2016). The use of the SOA block in the current study
did not however increase piglet creep usage on days 2 and 3 of age. There was
however a significant treatment x time effect which indicated that a greater amount
of control piglets were found in the creep area, particularly during the morning. The
SOA treated piglets were however found to be in greater numbers near the sow’s
udder, again, particularly during the morning. From these data we cannot conclude if
the SOA treated piglets were suckling or resting near the sow’s udder during these
times. However, piglet mortality was not increased in the SOA treated piglets and
therefore there were no negative impacts of the piglets resting near the udder. It is
possible that as we had a SOA block within every crate, which is well above the
required amount of one per 25m2, that we have overdosed the piglets. Therefore,
should any future work be conducted, the number of SOA blocks should be reduced.
A large scale commercial experiment was conducted to validate if the SOA block
decreased piglet mortality in the farrowing crate and improved weights from birth to
weaning. The use of the synthetic olfactory agonist did not have an effect within the
commercial environment on piglet mortality or litter weights at any age. The
commercial environment (Experiment 3b) in which the SOA block was investigated
was within open farrowing sheds whereas Experiment 3a was conducted in an
environmentally controlled enclosed farrowing shed. Therefore, the effectiveness of
the SOA block may potentially be reduced in the commercial environment due to
greater air flow.

Limitations
During the experiment sourcing the SOA blocks which, are manufactured in France,
was problematic. The SOA blocks are also not readily available in Australia.

Recommendations
Due to the lack of effect on production parameters and no effect detected on sow
cortisol levels prior to farrowing, the synthetic olfactory agonist is not recommended
for use by producers as there is no observed cost/benefit in doing so.
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Abstract
Around birth, sows are subject to factors that result in stress, such as confinement in
a crate, the parturition process, a change in state from gestation to lactation and
constipation. These can all potentially reduce piglet survival and hence pigs weaned
per sow. Circulating magnesium (Mg) concentrations and stress reactivity appear to
be strongly linked. Experiment 4a aimed to determine the effect of increasing Mg
levels fed to sows in a pre-farrow diet until parturition on sow behaviours, farrowing
and piglet performance. Experiment 4a was conducted at Roseworthy Piggery where
sows entered the farrowing crate at day 110 gestation and randomly allocated to
treatment: CON (n=13) fed 1.2kg lactation sow mash both in the AM and PM; MGSO4
(n=10) fed 200g of feed mixed with 10.5g magnesium sulphate followed by 1kg
lactation sow mash, both in the AM and PM, from crate entry until parturition and;
SUPP (n=14) fed 200g of feed mixed with 10.5g magnesium rich marine extract (Acid
Buf, Celtic Sea Minerals. Supplied by Feedworks Australia) followed by 1kg lactation
sow mash, both in the AM and PM, from crate entry until parturition. During the 24h
leading up to farrowing, a higher proportion of ventral lying events were observed in
the SUPP treatment than both CON and MGSO4 treatments (P < 0.05). No further
treatment effects were observed for other postures or activity states (P > 0.05). More
piglets died prior to fostering on CON sows compared to piglets on MgSO4 or SUPP
sows (0.8 ± 0.3 vs 0.2 ± 0.1 0.2 ± 0.1, respectively; P < 0.05). No treatment differences
on mortality were evident post-fostering. Experiment 4b was conducted in
commercial piggery where sows (n = 811, parity 3.2 ± 0.1) were randomly allocated
to treatment: CON fed lactation mash, MGSO4 fed lactation sow mash with added
magnesium sulphate (2.85 kg/tonne), SUPP fed lactation mash mixed with an algae
supplement high in magnesium and calcium (5.5% and 30% respectively; 5 kg/tonne).
Sows were fed 2.5 kg of the treatment diets from 5 d prior, and ad libitum to 3 d after
farrowing. From 4 d to weaning, all sows were fed the CON diet ad libitum. Total
piglets born, and piglets born alive did not differ, however the number of piglets born
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dead increased in MGSO4 sows compared to CON (1.0 ± 0.1 and 0.7 ± 0.1,
respectively; P = 0.01). Although some small treatment differences were observed,
the addition of two magnesium sources fed to sows during the transition phase from
gestation to lactation did little to impact farrowing or piglet performance.

Introduction
Around birth, sows are subjected to factors that result in stress such as confinement
in a crate, the parturition process, a change in state from gestation to lactation and
constipation. These can all potentially increase the level of distress the sow
experiences during farrowing, reducing piglet survival and hence pigs weaned per
sow. Circulating magnesium (Mg) concentrations and stress reactivity appear to be
strongly linked. One published review of the literature examining magnesium
deficiency and stress in humans reported that catecholamine and corticosteroid
release in vitro and in vivo are increased in the presence of low Mg levels, high stress
results in free fatty acid mobilisation which binds and inactivates Mg further reducing
circulating Mg levels, and thus the author concluded that Mg supplementation may
be of benefit to protect against stressful situations (Seelig 1994).
There is increasing evidence that the provision of Mg may reduce indicators of stress
in pigs. Under commonly experienced stressful situations such as transport, lairage
and slaughter, grower and finisher pigs have been shown to exhibit reduced
physiological (catecholamine and metabolite) and behavioural (activity levels and loin
damage indicating aggression) responses under Mg supplementation regimes
(Peeters et al. 2005; Peeters et al. 2006). This reduced stress response also results in
some improvements in meat quality markers (D'Souza et al. 1998).
With regards to parturition, it has been suggested that the pain from labour which is
assumed to induce a stress response, would increase maternal Mg requirements
(Seelig 1994). Indeed, a significant decrease in maternal Mg concentrations has been
reported during human labour (Handwerker et al. 1995). Combined, it would appear
that parturition is a stressful event which results in the removal of Mg from
circulation. The low maternal Mg levels are conducive to increased stress hormone
release, thus additional supplementation of Mg around parturition may be of benefit
to reduce sow stress at farrowing.
The aims of the following experiment are to determine if the inclusion of Mg in a prefarrow diet reduces stress hormone release and behavioural indicators of stress in
the sow during parturition, and examine the effects of the inclusion of Mg in a prefarrow diet on piglet survival under commercial conditions
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Methodology
Experiment 4a
This experiment was conducted in accordance with the Australian code for the care
and use of animals for scientific purposes (NHMRC 2013) with approval from the
University of Adelaide’s Animal Ethics Committee with approval number S-2015-012.
All experimental procedures were conducted at the Roseworthy piggery, South
Australia. Young sows (parity 0-3) were randomly allocated at farrowing crate entry
(d110 gestation) to one of the following treatments:
-

-

CON (n=13) fed 1.2kg lactation sow mash both in the AM and PM
MGSO4 (n=10) fed 200g of feed mixed with 10.5g magnesium sulphate
followed by 1kg lactation sow mash, both in the AM and PM, from crate entry
until parturition
SUPP (n=14) fed 200g of feed mixed with 10.5g magnesium rich marine
extract (Acid Buf, Celtic Sea Minerals. Supplied by Feedworks Australia)
followed by 1kg lactation sow mash, both in the AM and PM, from crate entry
until parturition

After parturition, all sows received lactation sow mash ad libitum. The day following
farrowing crate entry each sow had an indwelling ear vein catheter placed (for
detailed description of methodology see Chen et al. (2013)) and at d114 of gestation,
8ml blood samples were drawn from the catheter hourly until one hour post
farrowing, and a final sample at 24 hours post farrowing. Blood samples were stored
on ice, spun for plasma collection (2mL original and 2mL duplicate) and frozen at 20°C.
At the time of blood sample collection, the posture and activity state of the sow was
noted. A description of these behaviours can be found in Table 1.
Table 1. Ethogram of sow behaviours (posture and activity state) noted hourly from
-24h to 1h after farrowing completion.
Behaviour

Description of behaviour

Posture
Lateral lying

Lie on side with udder exposed

Ventral lying

Lie on side with udder on the floor

Sitting

Rump on ground but front legs straight

Standing

Up standing, weight baring on all four legs

Activity
Rest

Bar biting

Sow is inactive, eyes may be closed
Back and forth movements with nose on ground, or on crate
fixtures
Biting bars of crate with mouth

Eating

Animal consumes food in feed bin

Drinking

Animal consumes water from drippers

Nesting
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Straining

Laying on either side and one to four legs lifting and pushing on
equipment or straining by muscle clenching

Sows were monitored from birth of first piglet until placental expulsion for the
following measures; number of posture changes, farrowing duration, number piglets
born dead and alive. When each piglet was born it was tagged for identification, the
birth interval, degree of meconium staining (Mota-Rojas et al. 2002), vitality score
(Baxter et al. 2008) and birth weight was collected. At 24h of age, piglet weight was
collected again to estimate colostrum ingestion, and blood from an ear prick was
analysed for glucose concentration (Accu-Chek, Roche NSW Australia). Piglets were
weighed at d21, and all litter mortality prior to fostering (12-24h within treatment),
and to weaning was noted. Fostering was only conducted within treatment to ensure
that there was no confounding between the birthing and rearing environments.
After collection, plasma samples were analysed for non-esterified fatty acids (NEFA),
glucose and lactate concentrations. The metabolites were assayed on a Roche Hitachi
912 Analyser by the University of Adelaide’s Research Assay Facility. Plasma samples
were assayed for cortisol concentration in duplicate by radioimmunoassay
(Immunotech, Czech Republic) according to the manufacturer’s instructions using a
50ul sample.
Statistical analyses were conducted in SPSS v21 (IBM, NY USA). Most sow measures
were analysed using a general linear model but litter mortalities were analysed using
a generalised linear model with poisson distribution in SPSS. Piglet measures were
analysed by linear mixed model with sow at the statistical unit and piglet as the
repeated term. Blood sample analytes were also analysed using a linear mixed model
with sow as the statistical until and time as the repeated term. The model fitted
included the terms replicate (one or two), sow parity (primiparous or multiparous),
and treatment (CON, MGSO4 or SUPP). Piglet measures also included the covariates
of litter size, and the fixed effect of sex (male or female). A p-value of < 0.05 was
considered significant.

Experiment 4b
All experimental procedures were conducted at Wasleys piggery, South Australia
with approval from the PIRSA Animal Ethics committee (# 02/15). Sows (n=811; parity
3.2 ± 0.1) were randomly allocated to one of three treatments at d110 of gestation
upon entry to the farrowing house:
-

-

CONTROL (n=270 sows): were fed 2.5 kg standard lactation mash from crate
entry, and then ad libitum until 3 d after farrowing
MGSO4 (n=272 sows): were fed CON diet with 7.1 g magnesium sulphate (by
mixing 2.84kg/tonne at the feed mill) at 2.5 kg from crate entry until farrowing
and then ad libitum until 3 d post farrowing
SUPP (n=269 sows): were fed CON diet with 12.5 g of a marine supplement
high in magnesium and calcium (5.5% and 30% respectively; by mixing
5kg/tonne at the feed mill; Acid Buf, Celtic Sea Minerals. Supplied by
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Feedworks Australia) at 2.5 kg from crate entry until farrowing and then ad
libitum until 3 d post farrowing
From 4 d post farrowing, all sows were fed standard lactation mash ad libitum until
weaning. Sows that farrowed between 0700 and 1600 were checked every 40 min
and if no farrowing progression was noted, were manually assisted. The incidence of
sow assistance, along with the number of times each sow was assisted, and how
many piglets were pulled was recorded.
Where possible, minimal fostering was conducted within treatment, and when
additional piglets were required to fill sow udder capacity, they were sourced from
the commercial herd. Sows were fostered to 11.52 ± 0.03 piglets 12 to 24 hours
farrowing. Piglets received an iron injection and oral coccidiostat at one day of age.
All piglet mortalities were recorded.
Data analyses were carried out in SPSS v24.0 (IBM, Armonk, NY, USA) with the
number of times a sow was assisted, the number of piglets pulled manually and all
piglet mortality using a generalised linear model with poisson distribution,
percentage of sows requiring assistance using a generalised linear model with binary
distribution and total pigs born, pigs born alive and number of piglets weaned using
a general linear model. The model fitted included the fixed effects of shed, parity and
treatment, and a covariate of the calendar week and number of days the sow was fed
the experimental diets. Piglet mortality and weights also contained the covariate of
litter size.

Outcomes: Experiment 4a
During the 24h leading up to farrowing, a higher proportion of ventral lying events
were observed in the SUPP treatment than both CON and MGSO4 treatments (P <
0.05; Figure 1). There were no other treatment effects observed for other postures
or activity states (P > 0.05).
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Figure 1. The mean ± SEM proportion of observations a sow was detected in each
posture in the 24h leading up to farrowing for CON, SUPP and MGSO4 sows.
Superscripts denote significant treatment effects within posture.
There was no treatment effect on cortisol concentration at any time point measured
(P > 0.05). The main effect of time was significant, with cortisol concentration rising
leading up to and during farrowing (P < 0.001; Figure 2). The highest level was
observed when farrowing duration reached 9h (137 ± 23 ng/ml). Levels returned to
28 ± 6 ng/ml 24h after farrowing completion.
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Figure 2. The mean ± SEM cortisol concentration (ng/ml) sampled hourly from 24h
prior to farrowing, until farrowing completion, and then a final sample collected
24h after farrowing.
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Non-esterified fatty acid concentration (P > 0.05; Figure 3) and glucose concentration
(P> 0.05; Figure 4) was unaffected by treatment and time, and the interaction
between treatment and time.
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Figure 3. The mean ± SEM non-esterified fatty acid (NEFA) concentration (mEq/l)
sampled hourly from 24h prior to farrowing, until farrowing completion, and then
a final sample collected 24h after farrowing.
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Figure 4. The mean ± SEM glucose concentration (mmol/l) sampled hourly from 24h
prior to farrowing, until farrowing completion, and then a final sample collected
24h after farrowing.
There was no treatment effect on lactate concentration at any time point measured
(P > 0.05). There was tendency (P = 0.08) for lactate level to change over time (Figure
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5), with it rising to highest concentration until 6h prior to farrowing (2.0 ± 0.1) and
then declining after this point.
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Figure 5. The mean ± SEM lactate concentration sampled hourly from 24h prior to
farrowing, until farrowing completion, and then a final sample collected 24h after
farrowing.

There were no treatment effects on sow posture changes during parturition,
farrowing duration, piglets born alive or born dead (P > 0.05; Table 2). Piglets from
the SUPP treatment experienced the longest birth interval compared to the other
treatments (P < 0.05). No treatment effect on the degree of meconium staining was
detected, but piglets from MGSO4 sows recorded a higher vitality score after birth
than CON and SUPP (P < 0.001). Weight gain to 24h was greater for SUPP than CON
piglets with MGSO4 intermediate (P < 0.05). Blood glucose concentration at 24h was
highest in MGSO4 and SUPP piglets and lowest in CON (P < 0.001). More piglets died
prior to fostering on CON sows (P < 0.05), but there were no treatment effects on
mortality after this time. Number of piglets weaned was unaffected by treatment but
piglets from MGSO4 sows tended to weigh less at d21 than CON and SUPP (P = 0.09).
Table 2. Farrowing performance, piglet viability, and piglet mortality and growth
from sows fed a standard lactation diet (CON) and those supplemented with
magnesium sulphate (MGSO4) or an algae supplement high in magnesium (SUPP)
from farrowing house entry until 3 days after farrowing. Superscripts within a row
denote significance.
CON

MGSO4

SUPP

P Value

0.8 ± 0.2 (6.3)

1.1 ± 0.3 (12.1)

0.5 ± 0.2 (7.3)

0.255

Piglets born alive

12.0 ± 0.8

11.1 ± 1.0

9.9 ± 0.8

0.174

Piglets born dead

0.3 ± 0.2

0.5 ± 0.3

0.4 ± 0.2

Number of sow posture changes

Birth interval (min)
Meconium staining of piglets

11.8 ± 1.9

a

13.4 ± 1.8

0.8 ± 0.1

0.6 ± 0.1
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a

17.0 ± 1.6
0.6 ± 0.1

0.955
b

0.035
0.163

24

Piglet vitality score
Piglet weight gain to 24h (g)
Glucose concentration at 24h
(mmol/l)

1.9 ± 0.1a
89 ± 13

a

2.2 ± 0.1b

1.9 ± 0.1a

ab

b

108 ± 13

121 ± 11

<0.001
0.038

6.9 ± 0.2a

8.0 ± 0.2c

7.5 ± 0.2b

Mortality prior to fostering

a

0.8 ± 0.3

0.2 ± 0.1

b

0.2 ± 0.1

b

Mortality after fostering

1.3 ± 0.2

1.0 ± 0.2

0.8 ± 0.3

0.404

Number of piglets weaned

9.8 ± 0.4

10.1 ± 0.4

9.7 ± 0.4

0.756

Weaning weight of piglets (kg)

6.6 ± 0.1

6.3 ± 0.2

6.7 ± 0.1

0.09

<0.001
0.05

Outcomes: Experiment 4b
The percentage of sows requiring assistance was unchanged by treatment (P > 0.05),
but the number of sow assists, and number of piglets pulled manually was reduced
in the SUPP treatment compared with CON and MGSO4 (P < 0.05; Table 3). Total
piglets born, and piglets born alive did not differ, but number of piglets born dead
was increased in MGSO4 sows compared to CON, with SUPP intermediate (P = 0.01).
More piglets died from day 1 to 3 in the SUPP treatment than CON (P = 0.05), but
number of piglets weaned was similar for all treatments.
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Table 3. Mean ± SEM performance traits for sows fed a standard lactation diet
(CON) and those supplemented with magnesium sulphate (MGSO4) or an algae
supplement high in magnesium (SUPP) from farrowing house entry until 3 days
after farrowing. Means in a row with different superscripts differ significantly.
*95% confidence intervals are presented for binary traits rather than SEM.
Sows requiring assistance (%)*
Number of sow assists
Number of piglets pulled manually
Total number of piglets born
Piglets born alive
Piglets born dead
Pre-foster mortality
Mortality from day 1 to 3
Mortality from day 4 to 21
Number of piglets weaned
Litter weight on day 21 (kg)

CON
53 (38-68)
0.9 ± 0.1a
1.4 ± 0.2a
12.7 ± 0.2
11.5 ± 0.2
0.7 ± 0.1a
0.4 ± 0.1
0.5 ± 0.1a
0.4 ± 0.1
9.5 ± 0.2
58.9 ± 1.3

MGSO4
47 (34-61)
0.9 ± 0.1a
1.4 ± 0.2a
12.5± 0.2
11.1 ± 0.2
1.0 ± 0.1b
0.3 ± 0.1
0.5 ± 0.1a
0.3 ± 0.1
9.6 ± 0.2
59.3 ± 1.6

SUPP
45 (31-59)
0.6 ± 0.1b
1.0 ± 0.1b
12.8 ± 0.2
11.4 ± 0.2
0.8 ± 0.1ab
0.3 ± 0.1
0.7 ± 0.1b
0.4 ± 0.1
9.1 ± 0.2
55.6 ± 1.3

Sig.
NS
0.05
<0.05
NS
NS
<0.01
NS
0.05
NS
NS
0.098

Application of research
No treatment effect observed on any of the sow metabolites examined. Previous
work in growers has shown that when high levels of Mg are given for long enough,
the pig becomes more efficient in clearing Mg from the system (D'Souza et al. 2000).
The dose applied to the sows in this investigation was high, and sows were fed the
experimental diets for at least five days prior to farrowing. Thus, this previous finding,
coupled with limited behavioural changes (i.e. only sows lying laterally more often in
the period leading up to farrowing, and no change in posture changes during
farrowing) would suggest that Mg did little to influence sow distress during this time.
Whilst birth intervals were increased in the SUPP litters in experiment one, farrowing
ease, measured by the number of times a sow had to be assisted and the resultant
number of piglets that had to be manually pulled, was improved in the SUPP
treatment in experiment two. The laxative effect of Mg is well documented, and its’
dietary inclusion has been shown to reduce the incidence of constipation in sows
(Zang et al. 2014). Constipation is commonly associated with an increased farrowing
duration (Oliviero et al. 2010), and so it might have been reasonable to expect a
shorter length of parturition in both Mg treatments. Any reduction in constipation
that acted to improve farrowing ease may have been counteracted by the fact that
magnesium also acts as a calcium-channel blocker in the myometrial tissue (Mizuki
et al. 1993). Whilst shown to be ineffective in halting parturition completely in the
human literature (Han et al. 2013), MgSO4 reduced oxytocin-induced contractions by
30-40% in myometrial strips in vitro (Tica et al. 2007). The fact that the SUPP sows
were also provided with an increase in calcium as well as magnesium is the likely
explanation for the improved farrowing ease in this treatment.
Improvements in piglet vigour in the pilot investigation, namely vitality score,
colostrum intake and energy levels, were seen in litters born to sows when Mg was
included in the pre-farrow diet. Given the above finding that no change in sow
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distress was observed, this is likely due to changes in the piglet rather than the sow.
We have previously demonstrated that Mg may act as a neuroprotectant during the
birth process, improving piglet traits important or survival especially in ‘at risk piglets’
(low birth weight and hypoxic individuals; Plush et al. (2015)). It is likely that this
improvement in piglet vigour was responsible for the reduction in pre-fostering
mortality observed in the first experiment. This preliminary finding was not
confirmed in the larger commercial experiment. Pre-fostering mortality was lower in
this herd in the CON treatment than the herd in which the pilot investigation was
conducted. The investigators suspect that other additions to the lactation sow diet
outside Mg levels in the commercial herd may have been acting to reduce prefostering mortality which would have masked any treatment effects. As a
consequence, no change in the number of pigs weaned was observed.

Conclusions
The use of two diets with increased magnesium levels prior to and post-farrowing did
not impact sow cortisol levels, farrowing or piglet performance. These data provide
evidence that maternal magnesium supplementation improved energy acquisition by
the piglets. Whilst small differences were observed in piglet mortality prior to
fostering, the addition of two magnesium sources fed to sows during the transition
phase from gestation to lactation did little to impact sow welfare or number of pigs
weaned.

Limitations
To be able to feed alternative diet pre- or post-weaning there would be a
requirement to use a second silo and to feed sows individually within farrowing
crates. This therefore adds an additional expense to the cost of production.

Recommendations
Whilst small differences were seen in piglet mortality prior to fostering, the addition
of two magnesium sources fed to sows during the transition phase from gestation to
lactation did little to impact sow welfare. As a result of these outcomes it is not
recommended that increased magnesium levels be included in pre- and postfarrowing diets.
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Overall recommendations
As a result of the outcomes in this study, the following recommendations have been
made:
1. Sows housed in alternative farrowing crates, with the ability for the sow
to turn around, can farrow un-confined in the period leading up to
farrowing and during farrowing. Close supervision of the sow during
farrowing is required to ensure piglet welfare and survival is not negatively
impacted, as seen with the sows farrowing unconfined within Experiment
2.
2. Providing sows with either straw or hessian sacks pre-farrowing and
during farrowing allowed sows to exhibit natural nest building behaviours.
The use of straw in the conventional farrowing crate also decreased piglet
mortality pre- and post-fostering. However, the use of straw can block
effluent pits easily whereas the use of the hessian sack could not.
Therefore the use of a hessian sack during these critical times is a costeffective and easy strategy to implement for positive sow welfare
advantages within a conventional farrowing system. Further research into
the amount of hessian sacks provided per sow as a nesting substrate
should be reviewed to determine the adequate amount needed to further
benefit the sow pre-partum, as well as the piglet mortality.
3. The use of a synthetic olfactory agonist in the farrowing crate is not
recommended.
4. It is not recommended that increased magnesium levels be included in
pre- and post-farrowing diets.
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