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Continually improving the welfare of both the sow and her piglets in the farrowing crate and
throughout lactation is of great importance for thrk 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. Confinementwithin 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 norconfinement and crated farrowing systems with regards to both
sow welfare as well as piglet survival.

Throughout these experiments we aimed to gaingreater 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 provisibra 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 andduce cortisol levels. Three of the four experiments were
investigated intensively at the Roseworthy Piggery and then also validated in a commercial
setting.

Experimenbneaimed to determine the impact of confinemeadbmpared to a 360° farrowing
cratein the lead up to and during parturition on sow behaviour, colostrum production and
quality, physiological indicators of stress and piglet growth and sur@weals not confined in

the lead up to parturition displayed less nosingwdte fixtures (4.% 0.4vs CLOSED 7.3 £ 0.8;
P<0.001)and performed more posture changes (232..3 vs CLOSED 14.3 + P40.001)
during farrowing. Confinement of sows did not impact plasma cortisol concentration at any
point (P>0.05)Postnatal mortality did not differ betweetreatments (P<0.05). Allowing the
sow a greater freedom of movement exclusively in the lead aartd during parturition
changedsow behaviour during this time whilst maintaining survival rates.

Nest building behaviour in sows is an intrinsic behavana the duration of this behaviour
and cessation prior tthe onset of parturition are affected by the environment in which the
animal is housedexperiment Two aimed to determine if the provision of nesting materials
(straw compared to a mamade hessiarsack) would reduce the stress associated with
confinement during the negbuilding phase as seen through reduced plasma cortisol levels,
and lead to a reduction in postural changes durihg expulsion phase of farrowing, thus
improving piglet survival. Experiment 2a was conducted at Roseworthy Piggeainyd
experiment 2bwasconducted in a commercial piggery. Experiment 2a revealed that providing
conventionally housed sows with straw or hessian in the lead up to the parturition phase
stimulatedsows to perfom nest building behaviours by manipulating the substrate by nosing,
similar to sows housed in an open 360 peith access to straWl6 + 11 (Control); 169 36
(Hessian closed crate); 1189 (Straw closed crate)l99 + 53 (Straw open crate=0.03)
Experiment 2b revealed that litters born to sows in the straw closed treatdemionstrated



a reduced incidence of piglet mortality both prior fostering 0.7 £ 0.2P=0.001) and after
fostering (0.7 = 0.2; P=0.001h conclusion, straw and hessian ka@re suitable substrase
for stimulatingsows to exhibit nest building behavioand,the provision of straw in the crate
environment improve productionmeasures as well as positively affectsay welfare

Experiment Three aimed to determine if thep@sure 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 farrowsimdj,
increasepiglet survival both dring the birthing process and lactation period potentially by
attractingpigletsto the creep area and thus avoiding layovérse 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 experimewas8b
conductedin a commercial piggery. Experiment 3a showed that at day 3 of age piglats wit
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 pigletayg dr 3 of

age (P>0.05). No treatment effects were observed for piglet mortality pre orfpetring
(P>0.05). Experiment 3b revealed piglet numbers born alive, total born, still births and piglet
mortality throughout lactation were not different betvem 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 thasudt 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 survevadl hencehe number ofpigs weaned per sow.
Circulating magnesium (Mlgoncentrations and stress reactivity appear to be strongly linked.
ExperimentFour aimed to determine the effect of two diets with increased magnesium levels
(MGSO4ted 2009 of feed mixed with 10.5g magnesium sulphate and; SUPP: fed 200g of feed
mixed wth 10.5g magnesium rich marine extract (Acid Buf, Celtic Sea Mipexgiplied by
Feedworks Australiafled to sows before and after farrowing on stress hormone release,
behavioural indicators of stress1 the sow duringparturition, and on pigletsurvival
Experimentda was conducted at Roseworthy Piggery and experimbntas conductedn a
commercial piggeryWithin Experiment 4a, during the 24h leading up to farrowing, a higher
proportion of ventral lying events were observed in the SUPP treatrttean both CON and
MGSO4 treatments (P < 0.08)ore piglets died prior to fostering on CON sawsnpared to
piglets on MgSO4 or SUPP sq@8 + 0.3 vs 0.2 0.1 0.2+ 0.1, respectivelyP<0.05). he
commercial Experiment 4b showedtal piglets born, ad piglets born alive did not differ,
however the number of piglets born dead increased in MGSO4 sows compared to C@&N (1.0
0.1 and 0.7+ 0.1, respectively; P=0.01). Although some small treatment differences were
observed, the addition of two magnesiumuwsoes 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 understandofgwhat the sow may need during
the prefarrow, farrow and lactatiorstages of production. Providing sows with the freedom
of movement in a 360farrowing crate in the lead up to and during parturition did not



negatively affect piglet mortality and altered some of the2 ¢ pesfarrow behaviours.
Providing sows with nestingaterials during the préarrow stagestimulatedsows to perform

nest building behavioursAdditionally, he use of straw in the conventional farrowing crate
improved postnatal 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 fromaverlay farrowing crates confine the sowestricting

nest building activitiesThe aim of this study was to investigate the impact of
confinement in the lead up to and during parturition on samd litter characteristics
Sows (parity 1.& 0.1) were housed in penthe size of a traditional crateith bars

that allowed for temporary confinementTwo treatments were applied; OPEN
(n=36): pen was open until the sow stood following parturition, at which point they
were closedand CLOSED (n=34): pen was closed through parturition. 18t af
lactation the pens were opened for both treatments. A subset of sows (n=12 CLOSED,
n=14 OPEN) were observed remotely during parturition ankd &fer parturition for
behavioural analyse8lood samples were collected hourly freg4 h until farrowing
completion, and again at 24 h post farrowing. Piglet weights were collected at birth,
24 h and at weaningOPENsows displayed a reduced incidence of paglated
behavioursincluding tail fliks (8.4 0.7 vs 27.6 = 1.5<0.00}, movement of back

leg forward (122.& 3.0 vs 163.4 + 3.P<0.00) and strains (146.% 3.2 vs 182.9 +
3.9; P<0.001) during farrowing. OPEN s@ls0 nosed crate fixtures less frequently
(4.1+ 0.4 vs CLOSED 7.3  ®80.001and performed more posture changgg3.2

+ 1.3 vs CLOSED 14.3 + P40.001) during farrowing. Confinement of sows did not
impact plasma cortisol concentraticat any point(P>0.05). Sowkom OPEN pens
gave birth to fewer stillborn piglets timaCLOSED.2 £ 0.1 vs @ + 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 (5.92k@) when compared with CLOSED (5.7
+ 0.2kg; P<0.01). Postnatal mortality did not diffestween treatments (P<0.05).
Allowing the sow a greater freedom of movement exclusively in the lead up to and



during parturition changes sow behaviour during this dirand improves piglet
growth whilst maintaining survival rates.

Introduction

In the hours leading up to parturition sows are highly motivated to perform-nest
building activities. This process involves physical isolation, sourcing suitable material,
nestconstruction 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. 618% 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 aa result is thought to cause frustration and stress (hypothalamic
pituitary-adrenal (HPA) axis activation) (Jarvis et al., 2006; Bulens et al., 2014).
Partiaularly, research suggests thabnfined sows exhibit an increased level of
cortisol prior tofarrowing (Lawrence et al., 1994), which through effects on opioid
secretion (Lawrence et al., 1997), cause a decrease irgupstision oxytocin pulse
(Oliviero et al., 2008; Oliviero et al., 2010) resulting in an extended farrowing duration
and interpiglet birth intervals, subsequently increasing stillbirth rates (Oliviero et al.,
2008). While the farrowing process itself is affected by the restriction oftnékting

prior to parturition a large body of indirect evidence suggests that this physiologica
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 thernaeal
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 ofya@ning death
200dzNNAY 3 gAGKAY GKS FANRBG 6SS{ 27F | LAt
that if the sow is kept confined for the first 5 days there will be no negative effect on
piglet preweaning 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 behayiou
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



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 ad use of Animals for Scientific Purposes (NHMRC, 2013) and was

I LIIINR PGSR o0& GKS | yAGSNEAGE 2F | RG#®I ARSQA
198).

Animals and Management
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consisted of seven replicates conducted between October 2015 and May 2016. A
total of 70 (parities 43; 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 shedentry 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 comrol 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 maximurn8&ty by

day seven of lactation. No nesting materialsre/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 fiiggery 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 tiaised

six pens in each. The rooms were climate controlled, with fully slatted plastic flooring.
¢g2 GNBIFIGYSY(d 3INRdMzLJA 6SNB | LI ASR dzaAy3
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 thetiimst

following placenta expulsion, at which point they were closed aropened 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® |.V. Catheter, Smiths



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, bloodsamples were collected hourly via syringe and immediately transferred
into a 5ml heparidithium coated collection tube and inverted several times to
ensure adequate mixing. The sampling was continued f#24rhours until the birth

of the last piglet. Ondinal sample was collected 24 hours after the completion of
farrowing. Blood samples were maintained on ice and were centrifuged at 10009 for
10 minutes and plasma stored &0°C. Cortisol samples were analysed in duplicate
with a commercial radioimmunoaay kit (ImmuChemTM CT cortisol kit, MP
.A2YSRAOFfAXZ hNIy3aSo6dz2NHE b, > '{!0 | O0O2NR
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of variation (CV) was 9.2% and intatssay CV v&a8.2%.

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-atn g / @ ¢KS ¢gSAIKG 3Tl AY
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 STARR Instruments, Dandenong South, Victoria,
Australia), and a radial immunodiffusion assay was performed for immunoglobulin G
(IgG) concentration of ththawed 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 (AGhek® Performa Meter Kit, Roche
Diagnostics, GmbH, Germany). All measures collected on day 1 were done exactly
24h following lirth. In addition, piglets were weighed at weaning (day 21) and all pre
weaning mortality was recorded.

Table 1. Vitality and meconium staining scoring method (Baxter et al., 2008; Orozco
Gregorio et al., 2010).

Grading Scale

Piglet variables 0 1 2 3
Vitality
First inhalation of Stillborn In>11 Within 6-10 In <5 seconds
breath seconds seconds
Constant movement Within 11-20 In <10
In >21 seconds seconds
seconds




Meconium Staining  No staining Small amounts Meconium All body
present (usually only  covering up to surfaces
around the half the body covered in
nose/face meconium
area)

Behavioural observations

Sow behaviour was monitored using closgctuit television (CCTV) cameras (3
megapixel 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, witmfrared 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 (po$arrow) was downloaded from the NVR
system and storedma 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 @ 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 Definition State Event
Posture

Sitting Front legs straight and back eod the floor

Standing Upright, with all feet on the floor

Lateral lying Lie on the side with the udder exposed

Ventral lying Lying with the udder on the floor

Posture change

Sow changes position in a way that is risky to piglets

Nesting/stereotypie

S

Nosing/rubbing Back and forth movements with nose or face on ground, bars

face on drinker and feeder but not drinking or feeding

Pawing Front legs used to dig at ground, bars and feeder in a sweepi
motion

Bar biting Biting bars with mouth

Champing Animal opens and closes mouth in air, often has foamy mout|

Food related

Eating Animal consumers food in feed bin

Drinking Animal consumers water from drippers but does not include
playing with dripper

Social

Negative piglet Sow lunges for or tries to snap at or intentionally bite piglet/s

interaction lays on piglet/s. Results in piglet death or fatal injury.

Positive piglet
interaction- sow
initiated

Positive piglet
interaction- piglet
initiated

Sow noses piglet or nuzzles and/oreafd 3f SG Qa dzy

Piglet approaches sows face and nuzzles or nudges it. The s
YIe NBaLRyR Y& SlIGaAy3a GKS LI
back.



Overlay Sow moves and either fully partially lays on, steps on or sits

on piglet/s
Reaction to overlay Reacts quickly, slowly or does not react
Pain related
behaviour
Tail flick Tail moved rapidly up and down

Back leg forward In lateral lying position, the back leg is pulfedward and/or in
towards the body

Straining Laying on either side, all four legs lifting and pushing away ol
straining by muscle clenching

Front leg row In lateral lying position, the front leg moves in a rowing motiol

Nursing events

Active time When greater tha 50% of the litter are actively seeking a teat
or massaging the udder

Roll In a lateral lying position, in the presence of piglets before or

during feeding. The sow rolls to allow her piglets better acces
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 fbableé in
3.

Table 3. Type of model and terms within each model for \edlriables presented.
Data were analysed in SPSS v21.

Repeated Random

Transformation Model Covariate Fixed effect
measure  effect
Sow behaviour
GLMM
Frequency w Batch Parity, Treatment,
poisson Parity*Treatment
Duration GLMM Batch
Sowtraits
Parity, Treatment,
. . A
Plasma co_rtlsol GLMM Hour Batch Time, Parity T|me,
concentration Treatment*Time,
Parity*Treatment*Time
Total b_orn and GLMM Batch
born alive
GLMM
Born dead w Batch
poisson Parity, Treatment,
; Parit*T
Farrqwmg Log10 GLMM Batch arity*Treatment
duration
Colostrum Born
guantity and GLMM Batch ;
. alive
quality



GLMM

Total

Preweaning born and
; w Batch ) .
mortality oisson litter size
P fostered
Litter weight GLMM Batch .
at weaning Litter size
Number of GLMM Batch fostered
pigsweaned
Piglet traits
. . Birth
Piglet interval Logl10 weight
. GLMM
Meconium W
score .
poisson
GI:ICAM Total
Vitality score . born,
negative birth
binomial . . Sex, Parity, Treatment
Piglet weight L
Rectal Batch Parity*Treatment,
GLMM  number
temperature Sex*Treatment
Blood glucpse GLMM
concentration
Piglet weight wilirtrr]lt
and weight GLMM weight,
ain litter size
9 fostered
Outcomes

Farrowing b ehaviour

Treatment did not affect the time sows spent lying (OPEMN.0 +26.7min, CLOSED:
184.5 = 22.7min, P=0.203), the number of sitting eve@®BEN4.4 + 0.6, CLOSED:

3.7 £ 0.6, P = 0.36@ the duration of posture changes (P> 0.05; Figure 1). The
number of posture changes was significantly higher in the sows housed QRPEN
pens P<0.0001; Figure 1$ows 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 didnot affect the number of babiting and champing events (OPENB +

0.5, CLOSED: 2.8 + 0.5, P=0.986)vever sows that farrowed in a CLOSED crate
nosed crate fixtures more during farrowing than those housed in an OPEN pen
(CLOSED 74£30.8, OPEN 4.1 £ 0.4, P<0.0®89ws 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 &rafle001;
Figure 3)
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Figure 3. Mean = EBM for pain related behaviours observed during farrowing for
a26a K2dzaSR Ay Yy ht9b 2N/ [h{95 Wocn
tail flicking, (b) leg lifting and (c) straining (P<0.001) (n=12 CLOSED, n=14 OPEN).

Sow performance

Total littersize, 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 $5¥@s027; Table 4).
Farrowing duration and ietr-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, percentagprotein or IgG concentteon of the colostrum
sample (P6.05 Table 3.
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Table4.Effed 2F Yy ht 9b 2NJ /[ h{95 Wocn FTINNRSS
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 04+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) 2701 27x0.2 0.907
Brix refractometry protein (%) 24.4+0.8 246+1.0 0.890
Colostrum 1gG (g/mL) 108.6 + 8.2 109.5+9.2 0.938
Postfoster 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 + SBiVhere parentheses are present, transformations
have occurred, and bagkansformedmeans 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; nirP.991) and lying laterally (OPEN: /.83.3,
CLOSED: 83.2 £ 13.4; nitx0.349). Sows housedarCLOSED 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 cratangekrfar
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 postue changes performed (OPEHWK.5 + 5.7, CLOSED: 45.5 + 5.9,
P=0.999), the amount of time piglets spent active at the udd@&PEN: 9.02 1.1,
CLOSED: 9.7 = 1.1; min; P=0.605) and the sows reaction time to a piglet overlay
(OPENO.9 £ 0.3, CLOSED: 0.3 1, 30.149).
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Figure 6. Mean = SEM for (a) the number afsttive piglet interactions and (b) the
number of negative piglet interaction observed 24 hours post farrowing for sows
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Sowplasma cortisol concentrations

No significant difference betvesn treatment groups was observed for plasma cortisol
concentration (nmol/l) at any time point in the lead up to and during farrowiihg
0.05; Figure 7)A total of 13 sows had farrowing duration greater than 5 hours. Of
these sows, eight sows had blaodollected 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 bir(?=0.477 and P=0.938, respectively; Table
5). Rectal temperaturgvassignificantly higher in piglets at birthithin the CLOSED
treatment group however not alay 1 of ageTable 5)Blood glucose concentrations
were higher in piglets born to a sow in tPEN 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
Wocn FIEINNRSGSND LISya o6ylrucp0d FyYyR /[ h{95
presented as mean + SEM

OPEN CLOSED P-value
Meconium stain score 0.64 +£0.12 0.58 +0.10 0.477
Vitality score 1.82 + 0.47 1.81+0.46 0.938
Birth rectal temperature 36.8 £0.40 37.1+0.40 0.03
Day 1 rectal temperature 38.3+£0.03 38.4+£0.04 0.916
Day 1 blood glucose concentration 5.3+£0.10 5.1+£0.10 0.010

There was no significant difference between treatmefustotal litter weight gain

from birthto day 1 (OPENL.2+ 0.3 versus CLOSED: 1.1 + 0.2; kg; P=GiAd#ptal

litter weight weaned (OPEN: 592 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. Man + SEM for (a) individual piglet weight gain from birth to day 1 and
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There was no significant differenbetween treatment groups for pre and post foster

mortality, liveborn mortality (sum of both pre and post foster mortality) and total

piglet mortality 6um of both stillborn and liveborn mortaliyTable 6).

Table 6. Liveborn piglet mortality for sows arttieir litters housed in an OPEN or

/I Th{95 Wocn FINNBSSNDR® 5 Gl INBE RAALI I &S
and postfoster mortality; “The sum of both stillborn and liveborn mortality
OPEN CLOSED P-value
Prefoster mortality 0.8+0.2 0.6+0.2 0.421
Postfoster mortality 04+0.1 0.7+0.2 0.128
Total liveborn mortality* 1.2+0.2 1.4+0.2 0.462
Total piglet mortalit§ 15+0.2 1.8+0.3 0.221
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Application of Research

This data strongly supports the notion that there are bendétdoth 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 stilgidhd piglets from
these sows ingested more colostrum, and weighed more at weaning. All this was
achieved in the absence of any increase in-peaning mortality when the sows
were monitored closely and confined immediately after the farrowing event.
Allowing the sow to farrow unconfined with immediate restriction pdatrowing

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 X26hrs 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 wbh demonstrate that this behaviour primarily occurs

in the lead up to farrowing (Wischner et al., 2009; Yun et al., 2014a; Yun and Valros,
2015). Additiondy, 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 anfapmav behaviour

we cannot make any celusions as to whether the amount of pfarow 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 maluring 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 sowswanable 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 acreased 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 sifoantly 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 enaldi@dmore 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,
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Thodberg et al. (2002) demonstrated that those sows whmalestrated higher
levels of activity towards piglets were more responsive to piglet distress calls.
Additionally, lllmann et al. (2015) demonstrated that sows who performed more
posture changes after the birth of the first piglet were more likely to réaet 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 sowsl ipsDRPE
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 supervisio
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 denti@ised 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 cardment on the mechanisms present
within the sow that enable her to cope with farrowing. One idea that has been
explored is parturitiofdA Y RdzZOSR Ke LR | f 3SaAl ® ¢KAA Aa
tolerance to pain is increased, to the point that immedigt@lrior to and during
parturition, they are almost nomesponsive 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 tfatowing
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 farrowingieisows
housed within OPEN pens. Alternately, sows have an inherent drive to build a nest
prior to the farrowing evehwith years of being reared within farrowing crates,
suggesting that there is a need for this behaviour to be performed. It is stillyarge
unknown as to why this behaviour is needed or performed in crates however from

GKAa aSt 2F NBadzZ 6a A0 Aa SOARSY(d GKIF

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 mtra
parturient piglet deaths is coimsgent 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 BYiviero 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, lald is diverted away from uterine tissue towards key
2NHIya FyR a1StSidlf YdzaotS o[ SOAYyS Si
Given our findings that sow display a greater incidence of pain related behaviours
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when confined, a decrease blood flow to the uterus, placenta, umbilical cord and

so piglet, may be sufficient to cause iMpartum death. The increased straining
behavior observed in the CLOSED sows would give rise to this argument but future
work should investigate the interactidetween stress, parturition and uterine blood
flow in sows.

Plasma cortisol concentration was unaffected by the housing conditions investigated
This contrastswith previous findings (Oliviero et al., 2008; Hales et al., 2016). New
research suggesthat 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 elewas in the lead up to farrowing to enable the final
RSOSt2LIYSYyld 2F 2FFALINAY3I O0STF2NBE o0ANIKEX
becomes difficult to detect any expected treatment effects (Sangild et al., 1993;
Fowden et al., 2007; Kell®Wood et al, 2014). Interestingly however, our results
demonstrate that those animals that had farrowing durations that exceeded five
hourshad elevated plawa cortisol concentrations of DOnmol/l. Arguably, these
cortisol levels would suggest that sows with exded 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. Asno treatment differences existed for the quality and quantity of milk
produced, these data would suggest that the weight gain observed in piglets was not
RdzS (2 RAFTFSNByOSa Ay az2g O2f 2ailN¥zy o dzi
can be achiewgin 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 waso treatment influence on the piglet vigour traits measured at
birth (staining and vitality scojeand 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 mspless 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 tetinguish between the exact phases

of a letdown event, i.e. préetdown 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 directlyeissed 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
accommodatia 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 bodytemperature 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 houdd 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 impactsw 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 pigdt 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 EIR pen prior to and during farrowing, and colostrum
intake and weaning weighwas increased with no impact on pveeaning mortality.
Throughout farrowingnd 24 hourpostlitters were closely monitorednd therefore

may have impacted on the numbeof potential mortalities. Unfortunately the
number of times a piglet needed to be sawhating farrowing and 24 hours post was
not recorded in this studyhese data suggest that allowing the sow a greater freedom
of movement exclusively in the lead updod during the parturition process exerts
beneficial impacts on factors important fanrsival andmproves piglet growth, with

little influence on postnatal mortality. Further work into the physiological processes
that may be responsible for the improvemt 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 -stessed in the lead up to
parturition and conduct further analysis of the 2 gl®@R&@aviour. Unfortunately a
difference in cortisol levels ptarrow were not evident andusing cortisol
concentrations at this time is a poor indicator of sow distress as levels are variable
and arenaturally high and variablduring this time We therefore cannot do further
analysis to determine sow behavioural differences-fam@ow, maternal behaviour

or farrowing duration.

Limitations on behavioural analysis

The location of the cameras (directg @ S GKS FIFNNR gAYy I ONI (S
ability to distinguish orahasal 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 comlrer the analysis. Additionally, the overhead
OFYSNI & RAR y20 Ffft2g¢ F2N FdzAf GBAAAOATL A
analyse post farrow suckling behaviour. Therefore, suckling behaviour was measured
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as the total amount of time piglets speattive at the udder rather than being closely
investigated and split into the different phases of a letdown event-uekle udder
massage, sucklmilk let down and post suckle udder massage).

Farrowing crate design

The 360 farrower crates were designeafit 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
guestionable as to whether older parity sows would beeabl 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 mmefinement 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. Howevenpjective
measures of pain were used within this study amal conclusive reason fahe
outcomes observed ithe pigletswere identified As suchfurther work into the
physiological processes that may be responsibése two observationshould be
carried out.
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Abstract

Nest buitling behaviour in sows is an intrinsic behaviour and is stimulated both
internally (via hormones) and externally (via feedback from the environm&hg
duration of this behaviour, its severity, and cessation prior to onset of parturgien
affected by the environment in which the animal is housHae aim of this study was

to investigate the impact of two nestuilding materials (hessian sacks and straw) on
peri-parturient sow behaviour, postural changes durirfgrrowing, cortisol
concentraton before and after farrowing angiglet survival and performance.

In Experiment 2a, Sows (parities 1 and 2;8.(0.1) were allocated randomly within
parity to one of four treatmentsSTRAWOPEN (n=1550Q, straw provided in the lead

up to farrowing inan open 360 farrowing penyith the penclosed after farrowing
STRAWCLOSED (n=18G, straw provided in the lead up to farrowing in a closed 360
farrowing pen HESSIAN (n=1%), closed 360 farrowing pen with hessian sacks
provided in the lead up to faowing and; CONTROL (n=1G8), closed 360 farrowing
pen with no nesting materials providebh Experiment 2, sows(parities 17; 2.87 +
0.1)were allocated randomly within parity at@mmercial piggeryusingthe same
four treatmentsas applied in Expanent 2a SO (n=68), SC (h=64), H (n=66) and C
(n=66).

Experiment 2a revealed that providirgpnventionally housedows with straw or

hessian in thdead up to theparturition phasestimulated sows to perform nest
building behaviours by manipulating tisebstrateby nosing similarto sows housed
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in an open 360 pewith access to strafl6 + 11 (C)169 £36 (H); 118 29(SC)199

+ 53;P = 0.0R Additionally, crated sows provided with straw had reduced cortisol
levels immediately after farrowing comped to all other treatments(21.9 + 6.1
ng/ml; P=0.008)Interestingly, findings fronkxperiment b demonstrateda reduced
incidence of piglet mortality both prior téostering 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 stralu. conclusion, straw and
hessian sacks are a suitable substrate for stimulagimgs to exhibit nest building
behaviour, howeverthe provision of straw in the crate environment imprave
productionmeasures 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)
(Wischneret al.,, 2009; Widowski and Curtis, 1990). Studies conducted by &awmdis
(2001, 2004)demonstrated that a restriction ohest building behaviouprior 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 seond (material orientated phase) driven by external factors (eg presence
of nesting material) (Jensen 1993; Thodbet@l, 1999). The onset of nest building
behaviour occurs approximately 24 hours priorthe onset of farrowing. However,

it is logical tosuggest 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 chaes (stand up more often), and exhibit behaviours associated
with nestbuilding (pawing the ground and chewing on pipes, drinkers and feed
bowls) (Jarviget al. 2001; Lawrencet al. 192; 1994). The interruption of this nest
building behaviour habeen stown to increase plasma cortisol in crdteows, with
farrowing in crates believed to be more stressful for the sow than in aytere the

sow can turn aroundnd exhibit maternal behaviourseviewed by Wischnest al.
2009).For example, a study condudtdyLawrenceet al. (199%4) revealed that sows
housed in crates with no bedding had elevated total cortisol levels during the pre
parturient period than sows housed in freedom pens provided with bedding
(P<0.001).

Importantly, elevations in stress can @ntupt oxytocin release, and prolong the
farrowing process, resulting in an increased riskpefi-natal piglet mortality and
stillbirths (Olivieroet al. 2008; 2010)When interpiglet birth interval is prolonged,
piglets are exposed to a greater number of uterine contractions which results in an
increased risk diiypoxia (van Dijkt al. 2009. It has, therefore, been suggested that
allowing the sow to perform nest dding behaviours, or at least some elements of
it, will improve sow health and welfare, as well as increasing piglet suramndl
growth (Yun and Valrq2015).
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The substrate used to provide nest building material has been the subject of a
number ofstudies (Chaloupkavat al, 2011and Widowskiet 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 gmear 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 199&%wrenceet al, 1994; Thodberget al, 1999;
Thodberget al, 2002ab; Pedersenret al, 2003; Wischneet al, 2009. However,
conventional farrowing crate systems, which commonly consist of a plastic slatted
floor suspended over an effluent pit, pose an issoethe use of nesbuilding
material such as straw, due to the risk of effluent blockafygsrestingly, the efficacy

of manmade materialswould not be able to block the effluent pis nest building
substrates has received minimal attention. In a drstidy, Widowsket 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 piglstirvival were not investigated.

Based on the available data, it is evident that providing sows with suitable nest
odzZAf RAY3a YFOGSNAIfaA LINAR2N) G2 FENNRgAy3d C
behavioural expression and potentially piglet survid@rviset al. 2001, 2004 et al;

Haleset al. 2015). However, it remains to be established whether meade
YIGSNRAFfA O06KAOK R2y Qi o0f201 STFFtdzSyid RN
materials such as straw, shavings and branches. Furthermore, the beneficial effects

of providing crated sows with nest building material (manade or natural) on sow

stress, postural changes and piglet mortality remain to be fully established.

The current study investigated two hypotheses; (1), that the provisionesting
materialswill reduce the stras associated with confinement during the nésiilding
phase as seen through reduced plasma cortisol levels, and lead to a reduction in
postural changes during the expulsion phase of farrowind thus improve piglet
survival; (2), that the use of thmanrmade materialhessian sagkwill be as effective

as straw at satisfying the needs of the ppairturient sow for nesting materiaksnd
reducethe stress associated with confinemeshtiring the nestouilding phase, thus
exerting benefits with regards tpiglet 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 conductéd all KS ! yAOSNEAG& 2
Roseworthy Piggery, South Australia, with approval fromUhesersity of Adelaide

Animal Ethics Committee, approval number-Z816:056). Experiment2a was

conducted in éur replicates between June and September 2016 (wihtgoring) at

GKS | yvADBSNEA (BB sawFesearth igdety RnS Svath Australill
experimental procedures relating to Experiment 2b was conducted at a large
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commercial piggery in South Australia, with approval ftbmPrimary Industries and
Regims South Australia (PIRSA) animal ethics committee, approval number (07/17).
Experiment B was conducted between May and August 2017 (winter/springg at
SunPork Farms 5000 sow breeder uniBouth Australia.

Experiment 2aAnimals and Management

Atotal of 57 Large White x Landrafiest lactation sows (n = 1@8)nd secondactation
sows(n = 41)and their litters werandividually housed according to treatment from
day 110° 2 of gestation Once in the farrowing accommodation, sows were fed a
commercial &ctation diet (14.2 MJ DE/kg) twice daily and lablibitumaccess to
water. Prior to farrowing, sows were fed 2.5kg/d and once they had farrowed the
feeding level was gradually increastedprovidead libitumfeed accessSowswere

not hormonally inducedand were monitored 24 hours a day until farrowings
complete Litters were fostered within treatment to teat capacity apgimately 24
hours after birth. Sows/ere weanedf their piglets orday 21 of age.

Experiment 2aExperimental design and housing

Four treatment groups w& | LILJX A SR dza A YANI G SWo coma A RIE NIV
Producers Ltd, United Kingdom) situated in two, temperatcoatrolled rooms (six

pens per room). Thpens(footprint = 1.7m x 2.4m, open internal measures = 1.3m X

2.4m, closed 0.65m x 2.4m) conta@ul 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 accessilyi¢he crate siding when open.

The sows were randomly assigned to on¢haf following four treatments:

1. CONTROL (n=13sows Ay GKAOK (KS &d2¢a oSNB K3
FINNRSSND FNRY &a2¢ SYUuNB dzyiAf 6SEYyAY:

2. HESSIAM(E=15sows AY GKAOK a2¢64a4 6SNB K2dzaSR |
from sow entry until weaning withwo hessian sackistened to the front
bars with chain to act asesting material

3. STRAWCLOSED (n=1486owsh Y gKAOK a2¢a 6SNBE K2dz
faNE 6 SN FNBY a2¢ SYGNB dzyOGAf ¢6SIyAy3
material from sow entryuntil the commencement of farrowindgstraw was
supplied via a rack positioned above the feeder

4. STRAW OPEN (n=15sows Ay @gKAOK &2ga oSNB K2dza
farN2 6 SN LINRA 2 NJ (2 | y2RstiRwzddviged asThestiiiy2 ¢ A y 3
material from sow entry until the commencement of farrowirsiraw was
supplied via a rack positioned above the feed€he farrowing crate was
moved to a closed position at the firstme the sow stood after the
completion of farrowing.

All treatments were randomly allocated over two rooms to minimize any possible
SYGANRYYSyYyiGlf STFSOGad C2NI SIFOK NERLI AOF G
used across two rooms with three animaler treatment.
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Figure 1images 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 nestingaterial, (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 moitored 24 hours a day from the day before their expected due date
until farrowing completion All sows had an indwelling ear vein cathemaced
(Microtube Extrusions Pty Ltd, NSW) two days prior to their predicted due Hatdn

sow was given topicalnaesthesia (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 jueedar cannula via an ear vein
was inserted. On thday the test was conducted, sows were fed approximately 2.5kg
at 7.00am.Blood samplesommenced 24 hours before thexpected due datand
were collected every four hourstil the end of parturition, with a final blood sample
taken 24 hoursfter the las piglet was bornBlood samples were taken via syringe
through the catheter and imnaiately transferred into a 5ml hepariithium coated
collection tube(Vacuette, Greiner Labortechnik, Austréayd inverted several times

to ensure adequate mixing. Bloosamples were maintained on ice and were
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centrifuged at 500g Lodgor 10 minutes and plasma stored -&0°C Plasma samples
were then thawed andnalysed in duplicate with a commercradioimmunoassay
kit ImmuChemTM CT cortisol kit, MP Biomedicals, Ofaungge NY, USA) according

02

Y y dzF I O dzNBheEvéragk iitéadshltiateitiangof \ariation (CV)

was 7.6% and intrassay CV was 94/

Behavioural analysis

Each farrowing crate was monitored fera aclosedcircuit television camerd3-
megaixel lens dome CCTV camerasith infrared capabilities to allow for visual
recording at nightBehaviours were recorded 24 hours a day and cameras tuned

at sow entry to ensure that all feowing events were capturedMany videos were
unable to be anlysed 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 analyBigerefore, ssubset of individual
sow videos (ONTROLn=7,HESSIAN; n=6TRAWCLOSED; n=6, and STRAW OPEN,;
n=6) were analysed for prearrow behaviour {18 hours prefarrow), using the
ethogram outlined in Table 1. Additionally, these sansews were analysed for
number of posture changes during farrowingp@ésture change was defined as any
movement whichcould posea threat to the piglet. These behaviours were analysed
usingcontinuous sampling i@bserver 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 Event
Posture
Lateral lying Lie on side with udder exposed K
Ventral lying Lie on side with udder on the floor K
Sitting Bottom on ground but front legs standing straight K
Standing Up standing, weight baring on all four legs K
Posture change A_ny movement that changgmosture and is hazardous to K
piglets
Engagingvith
material
. Back and forth movements with nose on ground, or on
Nosing K
crate
Pawing Front legs used to dig at ground in a sweeping motion K
Bar biting Biting bars with mouth K
Champing Animalopens and closes mouth in air with foam present K
Food related
. Animal consumes food in feed bin. Not including straw
Eating . K
hessian
Drinking Animal consumes water from drippers K
Pain Related
Front/ Back leg row In lateral lyingposition, the front leg moves in a rowing K

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

Tail flick Rapid movement of tail up and down K

Straining

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
measurenents collected from piglets were: intguiglet birth interval, live weight on
days 1, 3 and 18 pogiartum; piglet mortality and blood glucose levels (via ear prick)
on day 3 pospartum. Blood glucose was analysed using an Aoek Performa
Meter Kit.If a piglet was ovelaid 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 Ro@sl., 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 Baxtet al., 2008).
Score Description

0 Stillborn (no breaths or movement)

1 First inhalation of breath within 11 seconds and constant movement withir
seconds (very slow to begin movement)

2 First inhalationof breath within 610 seconds and constant movement with
11-20 seconds

3 First inhalation of breath within <5 seconds and constant movement within
seconds

A colostrum sample was collected frarsubset osows during the farrowing event

from an arterior teat and later analysed for total protein concentration (%) gsan

optical Brix Refractomete(STARR DBR STARR Instruments, Dandenong South,
Victoria, Australia)n= 3. A drop of well mixed colostrum was placed on the
refractometer and Brix @re (%) was recorded. This same subset of colostrum
samples were also analysed for immunoglobulin (IgG) concentrations by Radial
Immunodiffusion Assay (RID) atthe/ A @S N& A (i &VeeDragnodic abl-(VDR)S Q &
The weight gain calculated from indivalpiglet weights at birth and 24lurs of age

was then used to calculate colostrugainof the piglet(Devillers et al, 2007).

Experiment 2bExperimental design and housing

All experimental procedures were conductedsab000 sow commercial breeder tini
located within South Australjaoverthree replicatesand conducted between May

28



and August 2017A total of 264Large White xandrace multiparous sowparities 1

7; 2.87 = 0.1were moved into the farrowing shed on day2l* 0.1 of gestation,
approximdely 4days prior to their farrowing due date. The sows were then randomly
assigned to one of the following fotneatments:

1. CONTROL sows housed in a farrowing crate with no nesting substrate
provided (n = 66 sows

2. HESSIAN sows housed in a closed cgehi that had two hessian sacks
attached to the front bars via chains, (n = 66 spws

3. STRAW CLOSEdws housed in a closed combi pen and given access to 2kg
chopped straw daily until farrowing (n = 64 sQws

4. STRAW OPEN sows housed in an open combi pemiaend 2kg chopped
straw daily until farrowing (n = 68 sow3he 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 Condbas (2016). With the
exception of the four treatments imposed, sows weranaged 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 addibitumfeed 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 recordedor each sowpost-farrow were:total piglets born, piglets born
alive, piglets born dead, pr and postfoster mortality and number of pigs weaned
was recorded. Litters were weighed after fosteri{2g hours of ageand on cy 21
of age

Statistics

Analyses were conducted in SPSSfeR Experiments 2a and 2BM, Armork, NY,
USA)nd data are expressed using meaSEMA detailed outline of each analyses
can be foundn Table 4Probability 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 ajdriables presentedor Experiments 2a and 2b

Repeated Random

30

Transformation Model Covariate Fixed effect
measure effect
Sow prefarrow behaviour
Nesting
Nosing GLMM with poisson Batch
Parity, Treatment
Pawing GENLIN with poisson Batch
Stereotypies
Bar biting GLMM with poisson Batch
Parity, Treatment
Champing GLMM with poisson Batch
Postures
Posture changes GENLIN with poisson
Lie lateral GENLIN with poisson
Lie ventral GENLIN with poisson Batch Parity, Treatment
Sit GENLIN with poisson
Stand GENLIN with poisson
Pain related
Leg raise GENLIN with poisson Batch Parity, Treatment



Front leg row
Straining
Tail flicking

Sow traits

Total born and born
alive

Born dead

Postfoster mortality

Piglets saveduring
farrowing

Farrowing duration

Birth interval

Posture change
duration

Number of posture
changes

IgG concentration
Brix total protein

Piglet traits

Colostrum intake
calculation

Vitality

Log10
Logl0
Logl0

Log10

GENLIN with poisson
GENLIN with poisson

GENLIN with poisson

UNIANOVA
GENLIN with poisson
GENLIN with poisson
GENLIN with poisson

UNIANOVA

UNIANOVA

UNIANOVA

UNIANOVA

UNIANOVA

UNIANOVA

GLMM

GLMM

Batch, Parity, Treatment, Parity*Treatment

Batch, Parity, Treatment

Batch

Batch, Parity, Treatment, Parity*Treatment

Farrowing duration, Batch, Parity, Treatmer
Parity*Treatment

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

Batch, Parity, Treatment, Parity*Treatment

B Birth order ID, Batch, Parity, Treatment, Se

Piglet

Batch TB, BO, BA Batch, Treatment, Sex, Staining
number
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Meconium score GLMM TB, BW, BA Batch, Sex, Treatment

Birth temperature GLMM
24hr temperature GLMM TB, BO
24hr weight gain GLMM Batch, Treatment, Sex, Staining
D3 blood g_lucose GLMM TB, BO, BW
concentration
D1-3 weight gain GLMM
TB, BO
D18 weight GLMM Batch, Treatment, Sex

GLMMc¢ General linear mixed model; GENKISeneralised linear model; Bl otal born ; BA Born alive; BQ@ Birth Order; BW Birth Weight
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Outcomes: Experimen2a

Cortisol analysis

Mean plasma cortisol concentration waswer (P=0.008) overall in the STRAW CLOSED
(22.9t1.8 ng/m) treatment compared with STRAW OPEB0.5:2.2 ng/ml), HESSIAN
(29.1+1.9 ng/m) and CONTR@B05+2.76 ng/ml)treatments. There were interactive effects

of treatmentovertime relative to farrowing on cortisol levelBigure ). Cortisol levels were

higher in the STRAW OPEN treatmeth, lowest at farrowing, however highest once more

4h after farrowing. The lowest cortisol concentrations at 4h after farrowing were obdenv

the STRAW CLOSED sows (P<0.05). 24h after farrowing, no treatment effects were observed
(P>0.05).

50 i
t ® CONTROL

Plasma cortisol concentration (ng/ml)

i ! ® HESSIAN
} % ¢ 30 } ) STRAW CLOSED
T f 1 | 1  @®STRAW OPEN
P4 i o] !
¥ 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 compl®n. Data are presented as
Mean + SEM.

Sow pe-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 increae 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
charges 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 fro-18h through farrowing
from CONTROL, HESSIAN, STRAW CLOSED and STRAW OPEN sows. Means + SEM are
presented.

CONTROL HESSIAN  STRAW CLOSE STRAW OPEN P value
Nesting
Nosing 16+ 17 169 + 36° 118 + 29 199 £ 53 0.031
Pawing 14+ 2 15+2 6P 51+5 <0.001
Stereotypies
Bar biting 191+6 60+ 3 115+5 65+ 4 <0.001
Champing 89+4 100+ 5% 272 72+ 4 <0.001
Postures
Posture change 278+ 7 290+ 7 210+ 6 245+ 8 <0.001
Lie lateral 65+3 82+4 52+ 3 76 + 4 <0.001
Lie ventral 74 + & 78 + 4 633 81+ 4 0.001
Sit 754 653 53+ 3 40+ 3 <0.001
Stand 58+ 3 63+3 41+ 3 39+3 <0.001
Pain related
Leg raise 156 + 3 219+ 86 245+ 7 139+9 <0.001
Front leg row 86 + 4 101+ 24 108 + 4 268 + 10 <0.001
Straining 205+ 6 223+ 6 169+5 161+6 <0.001
Tail Flicking 76+ 4 40+ 3 32+2 69 + 4 <0.001

abdgperscripts identify significant differences between treatments.

Sow and litter performance

The total number ofpiglets born (TB), still born (SB), born alive (BA), mummies and the
number of piglets postoster did not differ between treaments (P>0.05; Table)6The

number of piglets saved from potentially being laid on by the sow differed between
treatments (P<0.01), with the highest incidence observed iret8 TRAW OPEN treatment
(Table 6). Préoster piglet mortality did not differ between treatments (P>0.05; Table 6).
Postfoster mortality did differ between treatments (P<001) with the highest incidence

seenin both the STRAW OPEN and STRAW CLOSED treatments (Table 6). Total mortality was
also highest in both the STRAW OPEN and STRAW CLOSED treaté&s [Rdble 6.
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Table 6: Litter size data from piglets born to sows in four treatment groupSata are
presented as Mean + SEM.

STRAW STRAW
CONTROL  HESSIAN CLOSED OPEN P value

Litter size
Total born 10.2+1.1 11.3£0.9 119+1.1 136+£1.1 0.158
Born alive 107 £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
Postfoster litter size 10.1+0.8 10.0+0.7 115+0.8 11.8+0.8 0.232
Piglet mortality
Prefoster 03+0.1 0.3£0.1 0.4+£0.1 0.3+0.1 0.860
Postfoster 0.2+0.12 0.2 +0.12 0.6+0.1° 0.6+0.2° 0.025
Total 0.4+0.22 0.5+0.22 1.1+0.2° 1.00+0.3° 0.038
gﬁf\fjn‘z’edd”””g 0201  05+0.2 03+0.1®  19:0.%  <0.001

abegyperscripts identify significant differences between treatments.

Farrowing duratiorand interpiglet birth interval did not difer 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 pedrm a posture change was not significantly different between
treatments (P>0.05).

Table7: Treatment effects on farrowing performance measures. Where parentheses are
present, transformations have occurred and batlansformed means are given. Data are
presented as Mean + SEM.

STRAW
CONTROL HESSIAN CLOSED STRAW OPEl P value
Farrowing 23+£0.1 23+£0.1 23+0.1 24+0.1 0.358
duration (mins) (168.7) (190.1) (190.6) (262.4) '
Birth interval 1.1+0.1 1.2+0.1 1.1+0.1 1.3+£0.1 0.410
(mins) (13.6) 4.7 (13.8) (29.4) '
Posture change 1.4+0.8 1.2+0.2 1.0+0.3 1.2+0.2 0.749
duration (sec) (25.6) (16.4) (9.4) (16.7) '

Number of

29.4+33 16.1+1.% 123+1.4 385+27 <0.001
posture changes

abegyperscripts denote significant differences between treatments.

IgG and protein analysis

Treatment had no impact on Ig@ncentrations or total protein (%) leveBX0.05; Table)8
in sow colostrum
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Table8: Treatment effects (Mean £ SEM) on IgG concentration (g/ml) and total protein (%)
from sow colostrum

STRAW
CONTROL HESSIAN CLOSED STRAW OPEN P value
IgGconcentration (g/ml) 117 £ 17 107 £ 15 121 +16 138 + 24 0.750
Brix total protein (%) 261 261 25+1 262 0.865

Piglet performance

No difference in piglet vitality or the degree of meconium staining was observed at birth
(P>0.05; Table 9Yhere was no difference in birth temperatubeit a tendency for piglets

born to STRAW CLOSED sows to record an increased temperature at 24h (PWAGRQSG

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=0.00Blood 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 CLOSE STRAW OPEM P value

Colostrum intake (g) 361.9+21.9 341.3+26.2 404.8 +22.9 325.1+19.5 0.005

Vitality score 20+£0.2 19+0.2 21+0.2 20+£0.2 0.319
Meconium staining 0.79+0.38 0.98+0.38 0.73+0.38 1.24+0.37 <0.001
Birth temperature (€ 36.9+05 37.1+05 37.0+05 36.9+0.5 0.259
24hr temperature (© 38.2+0.2 38.2+0.2 39.0+0.2 38.3+0.2 0.056

24hr weight gain (kg) ~ 0.19+0.05  0.17  0.05 0.23+0.05 0.18+0.08  0.026

D3 bloodglucose
concentration (nmol/l)

D13 weight gain (kg) ~ 0.29+0.06 0.37+0.05  0.33+0.06  0.33+0.05 0.073

6.0+ 0.4° 6.2 +0.4° 5.8+0.8 6.3+0.2 0.047

D18 weight (kg) 55+0.2 57+0.2 57+0.2 58+0.1 0.341
abegyperscripts denotsignificant differences between treatments.

OutcomesExperiment ®

Production outcomes

The number of total born, born alive, born dead, pigkrnoval for ill thrift, and average litter
weight at day 21 did not differ with treatmei{®>0.05 Table 1) Pre- and post foster deaths
were lowestin the STRAW CLOSED treatment and highest iSTRAWOPEN treatment
(P<0.001). Averag piglet weight at day 21ivas significantly lower in the STRAW OPEN
treatment (P=0.046)Tablel0). There was aignificanttreatment by parity interaction for the
number of piglets born dea@P=0.023)CONTROL and HESSIAN sows that were paggvé+
birth to significantly morestillborn piglets(1.9+ 0.4 and 1.2+ 0.3respectively) than STRAW
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OPENO0.7+0.4) andSTRAW CLOS@® +0.3). HoweveryoungerSTRAW OPEN sofparity
2-5) had more piglets born dead than other treatments (1.09 £ QCONTROL 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 piggestting from piglets born to
sows from four treatment groups. Data are presented as Mean = SEM.

STRAW STRAW
CONTROL HESSIAN CLOSED OPEN P value

Litter size
Total born 13.2+0.4 126+04 124+05 12905 0.474
Born alive 122+04 118404 116+04 121+05 0.790
Born dead 0.7+0.1 0.7+0.1 0.7+0.1 0.6+0.1 0.851
Mortality
Pre foster deaths 1.3+0.2 12+02 07x02 1.9+02 0.001
Litter size post foster 115+0.1 11.4+01 115+01 114+0.1 0.794
Postfoster deaths 1.1+02 11402 0702 1.8+0.2 0.001

Piglet weights
Litter weight post foster (kg) 159+0.4 16.1+0.3 16.3+0.4 16.0+05 0.831

Average piglet weight post 1.38+

foster (kg) 0.03 1.41+0.03 1.42+0.03 1.41+0.04 0.840

Litter weight d 21 (kg) 595+20 57.4+18 620+21 550+24 0.137

Average piglet weight d 21

(kg) 6.2+0.% 6.1+0.% 6.2+0.2 57+0.%2 0.046
Piglet removal for ill thrift 1.2+0.2 0.8+0.1 1.0+0.1 09+02 0.228
Number of pigsveaned 9.4+03 95+0.3 9.8+0.3 95+0.3 0.689

abesyperscripts denote significant differences between treatments.

Application of research

Taken collectively, results from both experiments have highlighted the clear benefits of
providing straw tacrated 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, perfdewed
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 conseqae 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 dowsed in straw
based pens (Jarvet al. 1997; Jarviet al. 1998; Lawrencet al. 1993). This results in+e
directed behaviours towards the floor or bars of the crate, which leads to an increase in
physiologicastress In the present study, the provisi of straw in a farrowing cratedicated
overall reducednean plasm cortisol concentrationbut more importantly, reduced cortisol
levels at 4h into farrowing. Similarly, a study conducted by Jata$(1998) revealed that

sows housed in crates thatere not provided with straw had higher cortisol concentrations
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than sows in any other treatment (time X treatment interactiopy, fg3= 1.93; P = <0.0Ihe
period immediately following farrowing is oftesuggested as being a high risk period in terms
of piglet overlay, and thus the reduced physiological stredserved when straw was
provided to crated sows is a key finding (Jaevial. 1997; Jarvist al. 1998). However, recent
findings have shown that plasma cortisol measures in blood may notéenthst suitable
means to access stress in animals, as glucocorticoids can equally rsegaifive welfare (i.e.
fear,anxiety orpain), as well as positive welfare (i.e. reward and contentmerigréforethe

use of these measures in providing an accueatd objective assessment tbfe physiological

or behavioural functioningn animals is limitedRalph and Tilbrook. 2016). Additionally,
cortisol is involved in the normal hormonal pattern of parturition in pigs (Dashiad. 2003;
Lawrenceet al. 1994; Jeviset al. 1998) and the increase in cortisol may be associated with
the physical strain of giving birth (Lawrereteal. 1997).

Sows who are unable to display nest building behaviours will redirect these behaviours
towards the crate and crate equipmernesulting instereotypies such as bar bitifg/ischner

et al., 2009). Tus, results from this present studywhich all sows provided with enrichment
displayed a reduced incidence of such behaviours is not surprideig. from this current
study also evealed a reduction in sitting events from sows housed in open penrpgtam

with a straw substrate, whilst crated sows performed more sitting events. This finding is not
unexpected, as Jarvet al. 1997, 2001 revealed that sows housed in crates extatian
increase in sitting events than sows housed in p&iking behaviour in pigs is thought to be
indicative of motivational conflict, in that the pignsotivated to nest but the environment
prevents her from doing so, for example, lack of spdewvicet al. 1997; 2001).

In addition to thereduction ofstereotypies observedhenenrichmentwas providedorior to

farrowing, the number of posture changes performegring the farrowing eventvere also

reduced when enrichment was provided in the cratvironment 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 (\Wealty1996 and

llimannet al, 2015) Sowshousedin 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 expectedjiven 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 Nowlaret al (Experiment 1- Are sows stressed by confinemept?
WhoRSY2y aiN} G§SR GKIFIG (K2&aS IyAYlfa K2dzZaSR gAdl
G2 I Ot 2aSR Wocn FINNRBGSND LISY KIFIR Iy AYyONSBI

One of the main determinants of piglet survival is adequate colostrum intake (Miuabk
2016).1gG and protein concentrations in sow colostrum did not differ significantly between
treatment which would suggest that housing and enrichment does littlelteraolostrum
guality. This is not surprising as sow history (age, disease challenge and vaccination history)
is more likely to influence immunity level and smlostrum constitution(Munset al. 2016).

An interesting finding however was thpigletsborn to crated sows with access to straad

a significantly higher weigtgain to24hrsindicating improved colostrum intak&here are a
number of probable explanations for this outcome; first being increased colostrum
production, and second increased pigieability 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 releasewhich would have positively affected colostrum let down; and, three, the
laxative effects of straw consumption.

The main causes of psgeaning mortality in piglets are sow overlay, starvation and exposure
(Condouset al., 2016). A combination of reduderisky 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 2bFindngs fromthe larger commercial tady revealed that
providing sows housed in crates with straw as a nesting substrate resulted in reduced
incidence of piglet mortalitypoth prior to fostering and afterfostering when compared to
thosehoused in a farrowingrate with no substrate However, in experiment 2a, treatment
groups provided with straw (open or closed crate) had a significantly higher incidence-of post
foster and total mortalities.

Conclusion

These findings demonstrate that both natural (straw) andnmade (hessian) materials are
utilised by crated sows during the ndstilding phase prior to parturition. Whilst arguably,
both substrates would then logically positively impact the welfare of sows at this time,-down
stream consequences for piglet viaty 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 stra 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 strawis not appropriatewithin the farrowing crate environmerdas iteasilyblocks

the effluent system. Furthermore, theows required monitoring inase they pulled the
hessiarsackff of the chainto 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) ldats 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 berfé the sow prepartum, 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 investigateoh its effects to reduce sow anxiety or piglet
mortalities due to overlayExperiment 3aletermined the effect of the SOA diffuser block on
the sow cortisol response to a snout rope tgstor to farrowing, the number of sow posture
changes during farrowgand 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 acoss 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 tlentisolresponse to a snout rap

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 commercialoamvéent 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:210sows farroved in absence of SOA; SOA: 280&s farroned with a SOA diffuser
block present in the creep area of every second crathilst 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 resige. 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 ithe creep usage by piglets on day 2 or 3 of age between treatments (P>0.05).
No treatment effectswere observed for piglet mortality pre or pegiistering for both
Experiment 3a and 3@*>0.05)Piglet numbers born alive, total born and still births weog n
different between treatments for either Experiment 3a or 3b. The provision of the SOA block
during farrowing and lactatiomlid not improve piglet production parameters and did not
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affect sow cortisol levels prior to farrowing. Therefore, these findidgshot support the
hypothesis and the use of the SOA block during lactation and farrowing is not recommended.

Introduction

In commercial pig production, sows are housethin a conventionafarrowing crate during
lactation Farrowing crates are desiggh to restrict sow movement in an effort to reduce
piglet mortality, as the primary cause of piglet death within the first f@ays of life is
attributed to overlays (Baxter et al. 2011; Edwards 2002). However, this crate design limits
0KS a2g¢Qa ostandrmg, siBiggiilaying 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
averag 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 cratedbes
enablethe sowto perform naturalnestingbehavioursand as such, it has been suggested that
this may cage stress (Barnett et al., 200@ronin and van Amerongen., 1991).

Evidence suggests that restriction stfw movementprior to farrowing results irprolonged
farrowing duration whichleads to an increasen 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 farrowir@w(rence et al., 1994vhich
lowers postexpulsionoxytocin in the bloodof sows (Oliviero et al. 2008). This decreased
oxytocin increases farrowing duration and iqaglet birthing intervals, compromising sow
welfare and impairing piglet viability andirwival (Oliviero et al. 2008; Oliviero et al. 2010).
Similarly,t has been suggestdtiat reducing stress during parturition may increasaternal
behaviour such as nose to nose contact with piglets, #wedefore reduce the incidence of
piglet mortality(Andersen et al. 2005; Grimbekgnrici et al. 2016).

Pig appeasing pheromonéBAP)are naturally secretedpheromonesfrom the mammary
glands of lactating sosthat is absorbed by the pigletavithe nasal cavity, stimulating the
hypothalamus and amygdakegions of the brairand subsequently appeasing the piglets
regulates nursing behaviours (Morrefiesch and McGlone, 1990a; Temple et al. 2016). A
study conducted blorrow-Tesch and McGlone (1990b¢vealedthat piglets are attracted

to the maternal ph&l2 Y2y S ASONBGA2ya FTNRBY GKS az2¢Qa 7Tl
results from MorrowTesch 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, toward the heated creep area and thereby increase piglet survival,
particularly during the first 3 days of liffageat (20019reated a syntheti®AP productalso
known asa Synthetic Olfactory Agonist (SOA) composed of a mixture of fatty,duyds
isolatingskin secretions from sovend is aimed at reducing aggression in group housed pigs

Studies have demonstrated that the use of a synthd®P can be used to decrease
aggressionboth in group housed sows and weaners. Plush et al. (2016), has demonstrated
reduction in aggressive interactionsgroup housed sows, by almost half when the usthef
synthetic pheromon&OAwvaspresentbetween 0 to 8 days poshixing Additionally, Guy et
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al. (2009) demonstrated reduced aggression with the use of a syotimgtiernal pheromone
applied to group housed weaner pigé/eaning is a stressful event which can result in
aggressive behaviours between weaners and lead to facial and body injpuiesg the first

24 hours postmixing, weaners with the synthetic pherome 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 reducany 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),
demonstratedan improvement inoverallaverag daily gain from day O to 28 posteaning

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 givethe 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 faowing crate may therefore attract them to rest more frequently in
this position, leading to lower mortality due to crushing events from the sow.

While studieshave demonstrated the use &OA in groupdused sows and weaner pige

studies to datéhave been conductedn the effect of SOA oladtating 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 wharsib

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 hypothisgd 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 environmeift 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 faviog 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 &: Roseworthy Piggery

This study was conducted in accordance with the Australaate for the care anduse of
animals forscientific purposes(NHMRC 2013)ith approval from the PIRSA Animal Ethics
Committee (Animal Ethics Number: 25/16).
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Experiment &: Experimental procedure

All experimental procedures were conducted at the Rosewortggery, South Australia, over
two replicates and conducted between AugustdaSeptember 2017. A total of 4#ixed
parity Large White x Landrace sows (nfifs3 litter; and n=34second littersows) and in total
563 piglets were housed in climate controllidrowing 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 distributel across treatments and blocks. The two treatments were: Control (CON)
where no synthetic olfactory agonist was suppli@e& 24; n=7 first litter; and n=17 second

litter sows)and; synthetic olfactory agonist (SOA; SecurePig®): a SOA diffuser block present
in the creg 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 b 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 farrovaams were
pressure washed and disinfected prior to sow entry to ensure any SOA product residue was
removed to limit crossontamination. There was no possibility that the SOA blocks could
RATFdzaS o0SG6SSy NeB2Yad | OO2NRAY Jonsiigh (KS
temperatures, ventilation and humidity may affelsbw long the SOA will be effective for
Therefore, both farrowing rooms were aonditioned and kept at eemperature ofbetween
23-25°C.

One SOA diffuser block was used per farrowing crate witotal 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 sowstered the farrowing shed allowing for a

YAYAYdzY 2F p RIFe&aQ SELR&dANBE (2 GKS {h! of20]
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Figure 1. Placement of the SOA blocks in the creep area of two farrowing crates.

Sow cortisol analysis using a snhout 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 stré€ontrol: n=6; SOA: n¥7A snout rope

test was conducted two to five days before actual farrowing date (n8@ 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 theréaving 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, tallow 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 mga n
snare and an indwelling jugulaein cannula via an ear vein was insert®d. the day the test

was conducted,®wns were fed approximately 2.5kg at 7.00am. Blood samples commenced at
8.30am and concluded at 12.30pm. Samples were taken every 15 mioutagdtal 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 mipotssnout

rope test Blood samples were taken via syringe througk tatheter and immediately
transferred into a 5ml Heparithium coated collection tube(Vacuette, Greiner
Labortechnik, Austriggnd inverted several times to ensure adequate mixing. Blood samples
were maintained on ice and were centrifuged at 1500glfdminutes 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, dd&@&ying to
YIydzZFI OGdzZNEND&a AyaildNHzOGAz2ya

Behavioural analysis

Sow
Each farrowing crate was monitored for behaviour of the sows and piglets using-closei
television cameras (Begapixel lens dome CCTV cameras) which were mounted directly
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above each farrowing crate. Behaviours were recorded 24 hours a day andleeasawere
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 changedefised as any movement
which posed a threat to the piglet. TheseHaviours were analysed by Observer XT v1l
(Noldus Information Technology, Wageningdéime Netherlands).Farrowing duration was
recorded in real time.

Sow facial injury score was measureing 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 Description

0 Sow present with no fresh injuries

1 Mild Some fresh abrasions mainly concentrated on the nose of the sow

2 Moderate Fesh abrasions are easily detected on the nose of the sow and t
may or may not be abrasion on other areas such as head, neokaas(

3 Severe Numerous abrasions are evident on the nose area, as well as aroun

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 creepareawithin the farrowirg crateand were analysed by Observer XT v11 (Noldus
Information Technology, Wageningemgt Netherlands).

Piglet measurements

Sows were monitored for 24 hours a day for the measurement oftnew farrowing data.

The time that the first piglet was bomas 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,
meconiumstainingscore (Table 2) and vitality scarecorded and then placed back into the
farrowing crate at the back of the sowiglets were given a vitality score immediately after
birth by visual assessment and scored using the below §Calde 3).

Table 2: Meconim staining scoring system adapted from Mofojas et al. (2012).
Score Classification Description

0 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 tot
meconium
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Table 3: Vitality scoring system adapted from Baxter et al. (2008)
Score  Classification Description

0 stillborn (no breaths or movement)

1 Mild first inhalation oforeath within 11> seconds and constant movement witl
21> seconds (very slow to begin movement)

2 Moderate first inhalation of breath within €0 seconds and constant moveme
within 11-20 seconds

3 Severe first inhalation of breath within <5 secondsdgonstant movement within

<10 seconds

Piglet growth in the first 24 hours (weight at birth amadl day 1)was used to estimate
colostrum production of the sowA colostrum samplevascollected from the sow during the
farrowing event from an anterior te¢aand later analysedor total protein concentration.

Measurements collected from pigleitscluded inter-piglet birth interval time to reach udder

and sucke at birth, rectal temperature atbirth and mortality (age and cause of death)
Individual pigletweights 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 3mof bloodwascollecied from the first three and the last three piglets born

in the birth order for analysis efnmunoglobulin(lgG content of blood Blood samples were
takenvia venepuncture using an 21G needie transferredmmediately into a 5ml Heparin
Lithium coated clhection tube(Vacuette, Greiner Labortechnik, Austrgad inverted several
times to ensure adequate mixing. Blood samples were maintained on ice and were
centrifuged at 1500g for 10 minutes and plasma stored28t°C.Plasmasamples were
analysed fotgGconcentrations (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, identifia marks on the piglets with
crayon was used. The total piglet mortality gostering (within 24 hours of age), pest
fostering and total preveaning death was recorded for all sows.

Table 4: Scratch and abrasions scoring systatapted from Widowski 2003).
Score Classification ~ Description

0 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 observe
3 Severe More than 3scratched (usually >2cm) or larger areas of skin loss.
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Experiment ®: Commercial validation

This study was conducted in accordance with the Australian Code of Practice for the Care and
Use ofAnimals for Scientific Purposesth approval from the PIRS¥aimal Ethics Committee
(Animal Ethics Number: 24/17).

Experiment ®: Experimental procedure

All experimental procedures were conducted at Wasleys piggery, South Australia, over two
replicates and conductetietween December and March 20PD18. A totalof 418 mixed
parity Large White x Landrace sows (n= 322 first lactation sows; and n= 96 parity arsodws)
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 farroedin absence of SOA (n = 210)
- Synthetic olfactory agonist (SOA): sdasowed 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 eit@mtrolor SOA treatrants. Rooms

were reversed between each replicate and pressure washed and disinfected to ensure
product residue was removed.

The SOA diffusewereplaced near the piglet creep areaafery secondarrowing crate(due
to limited stock of the SOA diffus®ron the same day the sow entl the farrowing crate.
Measures recorded pogarrow were: thetotal number of piglets bornnumberborn alive,
number still born pre-foster piglet mortality piglet mortality tirough © weaning andotal

number of pigletsveaned

Statistics

Analyses were conducted in SPSSfeR Experiments 3a and JtBM,Armonk, NYUSARnd
data are expressed using meanSEMA detailed outline of each analyses can be foimd
Table 5Probability values stated as being P < 0.05 vaergcribed as significant.
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Table5: Type of model and terms within each model for all variables presented for Experiments 3a and 3b.

Repeated Random
Transformation Model measure effect Covariate Fixed effect
Sow Farrowingdehaviour
Posture changes GENLIN w Farrowing _
g poisson Batch duration, TB . :38'[0?, rOO'rt'n;tparltty, t
Farrowing duration Log10 UNIANOVA reatment, parity“treatmen
Sow traits
Total born and born alive GLMM Batch, b'.rth order group, sex
parity, treatment
Born dead GLMM
Mummified fetuses GLMM Batch, tr‘ejztr?yent, room,
Birth interval Log10 GLMM B
Piglet traits
Meconium score GLMM Batch, room, parity,
treatment, parity*treatment
Vitality GLMM
Birth temperature GLMM B
Time to udder Logl0 GLMM _
. TB, dO weight
Time to suckle GLMM Batch,birth order group, sex,
Birth weight GLMM B parity, treatment
24hr weight GLMM
Day 3 weight GLMM _
. TB, dO weight
Day 18 weight GLMM
Birth -24 hour weight gain GLMM Batch, b|_rth order group, sex
parity, treatment
Colostrum intake UNIANOVA Batch, room Batch, room, parity,
treatment, parity*treatment
Plasma IgG concentration GLMM Hour TB, dO weight Batch, birth order groupsex,
parity, treatment
Piglet scratch score GLMM TB, dO weight Batch, birth order group, sex

parity, treatment
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Litter size after fostering
Litter size at weaning
Prefoster mortality
Postfoster mortality

Total preweaning mortality

UNIANOVA

UNIANOVA

GENLIN w
poisson
GENLIN w
poisson
GENLIN w
poisson

Batch, room

Batch, room

B

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

Batch, room, parity,
treatment, parity*treatment

Batch, room, parity,
treatment

GLMMCc¢ General linear mixed model; GENkISeneralised linear model; TBrotal born
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Outcomes Experiment 3a

Sow measurements

No effect was foun@n the number of total born, born alive, still birthsmummies between
sows exposed to # SOA and control sows (Table First litter sows tended to have lower
total born and born alive compared to sows their second litter (Tabl6).

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 Parity

Control SOA P value First litter ~ Second litter P value
gg:i' PIglets 11 964054 11.46+0.56 0494 10.83+0.70 12.60+0.43 0.040
zliigleets borm 11 564048 10.98+0.49 0380 1050+0.62 12.04+0.38 0.042
Eitg:e?:m 04114019 0477+0.20 0798 0.330+0.25 0.558+0.15 0.438
f'\gfurzg]siﬁed 0.258+0.13 0.220+0.13 0.827 0.158+0.17 0.320+0.10 0.418

Total farrowing durationwas reduced for first lactation sows who were expdg$o the SOA
treatment (Table7). There wasowever no difference in farrowing duration detected for
second litter sows in the $Cor control treatments (Tablg). The number of posture changes
throughout farrowing did not differ betweetreatmentsor for parity (Tabler).
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Table 7: Farrowing duation (Logl0 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 O Parity 1

Treatment Control SOA Control SOA P-value

n 7 6 17 17

gﬁijtifg;row'”g 26(3828)+  21(12L1):  23(1845):  23(187.9% (00,
) ' 0.08 0.08 0.05 0.05 '

minutes’

Number of

posture changes 26.1+2.2 27.6+1.3 30.1+24 26.3+1.3 0.186

during farrowing
*Backtransformed means are presented rarentheses; 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 re¢tshperature at birth,
concentration ofigG in the blood, preand postfoster mortality, total mortality anditter size

at weaning (Tabl8).

At day 3 of age piglets within the SOA treatment were 81 grams heavier than their
counterparts in the control up however, by day 18 of age there were no differences in
weight between treatments (Tabl8). No effect of colostrum intake was olvged between
treatments (Table) however, a greater amount of colostrum was consumed depending on
the birth order of thepiglet. 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 338.64:9.6 vs 318.2 9.6, respectively; P=0.012). Similarly, gtigithin the

first and middle birth order consumed a greater amount of 1gG than the piglets which were
born last (72.2% 2.3 and 73.14 5.9 vs 59.9& 2.3, respectively; P<0.0001).

Piglet scratch score was not significant beem treatments (P=0.088; Tal®# 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 scratscore approaching significance we do not believe
that this is an effect of the SOA treatment.
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Table 8 Effect of thesynthetic olfactory agonist (SOA) and Control treatmeifiseant SEM)

on piglet meconium staining at birth, vitality score airth, rectal temperature at birth, inter

piglet birth interval (Log10 transformed meah SEM)time taken from birth to contact with

426Q& dzZRRSNJ YR O0ANIK (2 TFANRG adzO{ftAy3a S@Sy
levels (IgG), facial scratcheswakaning, 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

Logointer piglet birth intervaf, min 1.08 (12.11¢ 0.03 1.06 (11.64) + 0.04 0.751

Logotime to udder 1.14 (13.68) + 0.02 1.08 (11.99) £+ 0.02  0.068

Time to suckle 25.7+15 229+15 0.152
Weight, kg

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
Weight gain, kg

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 concentratiomg/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
Prefostering mortality 0.20+0.11 0.23+0.11 0.838
Postfostering mortality 0.17+£0.10 0.17+£0.10 0.964
Total preweaning mortality 0.37 £0.15 0.43+0.15 0.767

“Backtransformed means are presented in parentheses.

Cortisol response to sow rope snare test

There was no effect dfeatment (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 producingessiul event through

the significant increase in cortisol in both control and SOA treatments betwkennutes

and 15 minutes possnare (67.8 and 76.Amol/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 howevelfisagrt treatment by

time interactions for both the number of piglets in the creep and at the udder for both days

2 and 3 (Figures-8; P<0.05). A greater amount of piglets in the Control treatment were found

in the creep area on days 2 and 3 primarilyidgrthe 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 B<0.05).
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Figure 1: Sow sqrt cortisol concentrati (nmol/L) 120 minutes prerope snare test, 1 minute prior to test and 120 minutes pesbpe snare
test for control and synthetic olfactory agonist (SOA) treatments. Back transformezhns are shown in the data table below the graph.
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Cortisol concentration, nmol/ml

6.000 “> S

= Control - First litter

= Control - Second litter

4.000 SOA - First litter
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2.000
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-120 -105 -90 -75 -60 -45 -30 -15 -1 15 30 45 60 75 90 105 120
Time relative to sow rope snare test, minutes
-120 | -105 -90 -75 -60 -45 -30 -15 -1 15 30 45 60 75 90 105 120
Controlc Firstlitter 363 | 443 | 524 | 35.4 | 27.7 | 504 | 453 | 480 | 582 | 1122 | 54.8 | 3555 | 342 | 26.7 | 283 | 29.0 | 245
SOAC Firstlitter 445 | 484 | 567 | 540 | 50.3 | 33.1 | 56.4 | 433 | 317 | 97.8 | 487 | 37.6 | 26.1 | 429 | 63.4 | 687 | 423
SOAC Second litter 309 | 352 | 406 | 483 | 622 | 76.7 | 69.6 | 49.0 | 281 | 1145 784 | 463 | 357 | 207 | 167 | 241 | 625

Figure 2: Sow sqrt cortisol concentration (nmol/ml) 120 minutes prepe snare test, 1 minute prior to test and 120 minutes pesbpe snare
test for first and second litter sows within the control anslynthetic olfactory agonist (SOA) treatments. Back transformed means are shown
in the data table below the graph.
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OutcomesExperiment ®

Sowmeasures

No effect was founan the number of total born, born alive, still births or mummies
between sows exposed to the SO&atment and the control (Tabl8). First litter
sows consistently had a reduced number of total piglets born, piglets born alive and
still born piglets compared teecond litter sowgTable9).

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 aommercial
research setting.

Treatment Parity
Control SOA P value First litter 59‘30”0' P value
litter

gg:ﬁ' Pigiets 135102 135+03 0400 125+02 143403  <0.0001
:I'igleets born 454402 12402 0863 11.7£02 131%#03  <0.0001
Still born 06+01  07+01 0301 05+004 09+010 <0.0001
piglets
Mummified 024003 03+005 0345 02+003 03+006 0071
fetuses

Piglet measures

Litter size on day one was slightly higher for sows in the SOA treatroemared to

the controls (Tabl&Q). Litter sizes on day 21 of age and at weaning were notrdiife
between treatments (Tabld0). Litter weights on day 0 and 21 of age wera
different between treatments however, for second litter sows, litter weighisday
21were almost 8.9kg greater than their filgter sow counterpartsP<0.0001Table

10). Average piglet weight on day 0 and day 21 of age was lower for sows exposed to
the SOA treatment (P<0.05; Tak®. Piglet mortality in the first 24 hours éfe (pre-
fostering) and total piglet mortality was not different between treatmts or
between parities (Tabl&0).
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Table10: Effect of thesynthetic olfactory agonist (SOA) and control treatment:iean+ SEM) onlitter 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 dblife and
total piglet mortality from birth to weaning.

Treatment Parity
P-value — - P-value
Control SOA First litter Second litter

Litter size, dO 11.49+0.11 11.86+0.12 0.012 11.89+ 0.09 11.58+0.16 0.086
Litter size, d21 10.36+ 0.16 10.35+ 0.18 0.952 10.18+ 0.13 10.53+ 0.23 0.166
Litter size weaned 10.33+£0.11 10.28+ 0.12 0.728 10.21+ 0.09 10.39£ 0.15 0.292
Litter weight, kg

do 15.37+0.31 14.94+ 0.33 0.294 15.01+ 0.25 15.17+ 0.45 0.747

d21 59.16+ 1.29 56.40+ 1.44 0.124 52.87+ 1.09 61.77£1.84 <0.0001
Ave piglet weight, kg

do 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
Prefoster 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
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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 andts effectiveness in decreasing piglet mortality rategeviously 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 knowledgethis 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 tle 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 2004t is considered that if a sow has a farrowing duration
exceeding 246800 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 durains in the current study ranged from 71 to 911 minutes
with an average of 2.3 (back transformed mean, 20&.0)03 minutes. Based on
farrowing durations of previous studies, the durations within the current experiment
are considered to be well within a moal 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 bestressful eventTherefore 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 takingactmunt the variability in
causes of extended farrowing durah, we cannot currently draw a conclusion that
the SOA block can reduce farrowing durations. Further, oxytocin concentrations post
expulsion of piglets throughout farrowing has been found to be significantly lower in
sows with farrowing durations exceedir4 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 syntheticfattory 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 sggression 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 responsé 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, showeddifterence 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 tleamsshoused 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 I¢@élgero

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 atque- and post
farrowing was due to cortisol levels being physiologically higher at parturition and we
were unlikely to detect a difference between treatments. Our hypothesis was the
shout rope test would cause a stressful event for the sow, similartésobresponse

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 &7 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 exgeatim
however did not result in differences in their salivary cortisol levels compared to non
Ay NBR a2¢a o6,dzy SO lfd® wanmt0Od ¢KS az2g¢a
inserted did however result in a significant and sustained increase in salivargotorti
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 thes®pse
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 evaluataed us
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 proportiorof piglet mortality occurs in the first 3 days pdatrowing.

Through the use of the heated creep area within the farrowing crate, we hope to
SYydAO0S (KS ySgo2Ny LIAITESGa Fglre FTNRBY (KS
However several studies have m@ped that newborn piglets will seek warmth near

0KS a26Qa& dzZRRSNJ NI} GKSNJ GKIy (GKS KSIFGSR O
to higher mortality levels due to crushing (Berg et al, 2006; Vasdal et al, 2009, 2010).
Therefore, encouraging piglets tse 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 directlyksove 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 pheromormehich is released from the mammary glands of the

lactating sow and known to be an attractant for nursing piglets (Morfi@sch and

McGlone, 1998, Temple et al, 2006 The use of the SOA block in the current study

did not however increase piglet creep usagn days 2 and 3 of age. There was
however a significant treatment x time effeshich 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 iSgri SNJ y dzyo SNA y S| NJ
udder, again, particularly during the morning. From these data we cannot conclude if

GKS {h! GNBIGSR LAItSHa 6SNBE adzO1ftAy3a 2N
times. However, piglet mortality was not increased in tl@@AStreated piglets and

therefore there were no negative impacts of the piglets resting near the udtdes.

possible that as we had a SOA block within every crate, which is well above the
required amount of one per 25Mmthat we have overdosed the pigletSherefore,

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 borth
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 eavironment(Experiment 3b)n which the SOA block was investigated
was within open farrowing sheds whereas Experime3d 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 detectedoan s
cortisol levels prior to farrowing, the synthetic olfactory agonist is not recommended
for use by produceras there is no observed cdbenefit 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 sunawnal hence pigs weaned

per sow.Circulating magnesium (Mg) concentrations and stress reactivity appear to
be strongly linkedExperiment 4aaimed todetermine the effect ofincreasing Mg
levels fedto sows in a prdarrow dietuntil parturition on sow behavioursfarrowing

and piglet performance. Experiment 4a was conducted at Roseworthy Piggery where
sowsentered 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 andVid$04
(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 parturitiod,

SUPP (n=14) fed 200g of feed mixed with 10.5g magnesium rich marine extract (Acid
Buf, Celtic Sea Minals. Supplied by Feedworks Australia) followed by 1kg lactation
sow mash, both in the AM and PM, from crate entry until parturitidaring the 24h
leading up to farrowing, a higher proportion of ventral lying events were observed in
the SUPP treatment thrmboth CON and MGSO4 treatments (P < 0.05). No further
treatment effects were observed for other postures or activity states (P > \MaBg

piglets died prior to fostering on CON soeasmpared to piglets on MgSO4 or SUPP
sows(0.8+0.3 vs 0.20.1 0.2t 0.1, respectively?<0.05). Nareatment differences

on mortality were evident postostering Experiment 4b was conducted in
commercial piggery where sows = 811, parity 3.2 = 0.1) were randomly allocated

to treatment: CON fed lactation mash, MGSf@d 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 pramgad libitumto 3 d after
farrowing. From 4 d to weaning, all sows were fed the CONatleibitum 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#10QL 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 distthes 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
deficieny 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
circulatng 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 expenced 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) respomisander 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 peamflabour 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 wappear

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 pre
farrow diet reduces stress hormone release and behavioural indicators of stress in
the sow during parturition, and examine the effects bétinclusion of Mg in a pre
farrow diet on piglet survival under commercial conditions

66



Methodology

Experiment 4a

This experimentvas conducted in accordance with the Australian code for the care
and use of animals for scientific purpos@¢HMRC 2013) withpproval from the

' YABSNBAGE 2F ' RSEIFTARSQA ! YyAYIl £201800K A O&
All experimental procedures were conducted the Roseworthy piggery, South
Australia Young sows (parity-8) were randomly allocated darrowing 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 AMi&M 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 Rim crate enty
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 dfidestation,

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 1lhafter 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 Sow is inactive, eyes may be closed

Nesting 3ack and forth movements with nose on ground, or on cr
fixtures

Bar biting Biting bars of crate with mouth

Eating Animal consumes food in fedain

Drinking Animal consumes water from drippers
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Laying on either side and one to four legs lifting and pushing

Straining 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 (MeRojas et al. 2002), vitality score
(Baxer 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 (AeChek, Roche NSW Australia). Piglets were
weighed atd21, and all litter mortality prior to fostering (324h 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, phsma samples were analysed for resterified fatty acids (NEFA),

glucose and lactate concentrations. The metabolites were assayed on a Roche Hitachi
GMH ! yIFfe@aSNIoe GKS ! yAGSNERAGE 2F ! RSt A
were assayed for cadol concentration in duplicate by radioimmunoassay
OLYYdzy2(GSOKEX /1 SOK wSLlztAO00 I OO02NRAY 3
50ul sample.

Statistical analyses were conducted in SPSS v21 (IBM, NY USA). Most sow measures
were analysed using a gemtinear 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 aryéés 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)efRigeasures also included the covariates

of litter size, and the fixed effect of sex (male or female).-valpe of < 0.05 was
considered significant.

Experimentdb

All experimental procedures were conducted at Wasleys piggery, South Australia
with approval from the PIRSA Animal Ethics committee (# 02/15). Sows (np&xity

3.2 + 0.) 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 roasbréte
entry, and then ad libitum until 3 d after farrowing

- MGSO0O4 (n=272 sows): were fed CON diet with 7.1 g magnesium sulphate (by
mixing 2.84kg/tonne at the feed mill) at 2.5fkgm crate entryuntil farrowing
and thenad libitumuntil 3 d post farreving

-  SUPHN=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 kgpm crate entryuntil farrowing and therad
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 farrowingprogression 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 herdSows 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 SR28.0 (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 poissdistribution,
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 effecteed sparity 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 Experimentda

During the 24h leading up tfarrowing, 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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Figurel. 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 cortisolrm®ntration 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 (1823 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 farowing.
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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 neasterified fatty acid(NEFA) concentration (mEg/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 concentratsampled 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 de@é> 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 highelityitecore after birth
than CON and SUPP<B.001). Weight gain to 24h was greater for SUPP than CON
piglets with MGSO4 intermediate €9.05). Blood glucose concentration at 24h was
highest in MGSO4 and SUPP piglets and lowest in CON{@1). Morepiglets died
prior to fostering on CON sows €0.05), but there wee no treatment effect 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 StREO}P

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 PValue
Number of sow posture change 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 0.955
Birth interval (min) 11.8+1.9 134+1.8 170+ 1.8 0.035
Meconium staining of piglets 0.8+0.1 0.6+0.1 0.6+0.1 0.163
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Piglet vitality score 19+0.2 22+0.% 19+0.2 <0.001

Piglet weight gain to 24h (g) 89+13 108 + 13° 121 +1% 0.038
Glucose concentration at 24t

(mmol/l) 6.9+0.2 8.0+0.2 75+0.2 <0.001
Mortality prior to fostering 0.8+0.3 02+0.2 02+0.2 0.05
Mortality after fostering 1.3+0.2 1.0+0.2 0.8+0.3 0.404
Number of piglets weaned 9.8+04 10.1+£ 0.4 9.7+04 0.756
Weaning weight of piglets (kg) 6.6+0.1 6.3+0.2 6.7+0.1 0.09

OutcomesExperimentdb

The grcentage ofsows requiring assistance was unchanged by treatr(fer 0.05)

but the number of sow assists, and number of piglatied manually was reduced

in the SUPP treatment compared with CON and MGSG40(P5; 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 inteer{@diat01).
More piglets died from day 1 to 3 in the SUPP treatment than CGN)(65), but
number of piglets weaned was similar for all treatments.

73



Table 3. Mean £+ SEM performance traits for sows fed a standard lactation diet
(CON) and those suppteented 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 fary traits rather than SEM.

CON MGSO4 SUPP Sig.
Sows requiring assistance (%)* 53 (3868) 47 (3461) 45 (3159) NS
Number of sow assists 09+0.%2 0.9+0.% 0.6+0.2 0.05
Number of piglets pulled manually 1.4+0.2 1.4+0.2 1.0+0.2 <0.05
Total number of piglets born 12.7+0.2 12.5+ 0.2 12.8+0.2 NS
Piglets born alive 11.5+0.2 11.1+0.2 11.4+0.2 NS
Piglets born dead 0.7+0.1 1.0+0.2 0.8+0.7* <0.01
Prefoster mortality 0.4+0.1 0.3+0.1 0.3+0.1 NS
Mortality from day 1to 3 05+0.2 05+0.%2 0.7+0.2 0.05
Mortality from day 4 to 21 0401 0.3+0.1 04+01 NS
Number of piglets weaned 95+0.2 9.6+0.2 9.1+0.2 NS
Litter weight on day 21 (kg) 58.9+1.3 59.3+ 1.6 55,6 +1.3 0.098

Application ofresearch

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 ioften
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
GNBFGYSYyld Ay SELSNAYSy( (620 ¢KS fIEFGAD
dietary inclusionhas 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 parturion 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 calciahannel blocker in the myometrial tissue (Mizuki

et al. 1993). Whilst shown to be ifiective in halting parturition completely in the
human literature (Han et al. 2013), MgSO4 reduced oxytmanced 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 ¢alcium 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 borsaws when Mg was
included in the prearrow 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 neuroprotectamgitine
OANI K LINPOS&as AYLINRPGAYI LIAIESE GNFAGaA
(low birth weight and hypoxic individuals; Plush et al. (2015)). It is likely that this
improvement in piglet vigour was responsible for the reduction re-fpstering
mortality observed in the first experiment. This preliminary finding was not
confirmed in the larger commercial experiment. Rostering 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 pre
fostering mortality which would have masked any treatment effects. As a
consequence, no changen ithe number of pigs weaned was observed.

Conclusions

The use of two diets with increased magnesium levels prior to andfposiwing did

not impact sow cortisol levels, farrowing or piglet performantiese data provide
evidence that maternal magnesiusapplementation improved energy acquisition by
the piglets. Whilst small differences were observed piglet mortality prior to
fostering the addition of two magnesium sources fed to sows during the transition
phase from gestation to lactation did littte impactsow welfareor number of pigs
weaned.

Limitations

To be able to feed leernative diet pre- or postweaning there would be a
requirement to use a second siland to feed sowsndividually within farrowing
crates This therefore adds an additionexpense to the cost of production.

Recommendations

Whilst small differences were seen in piglet mortality prior to fosterthg addition

of two magnesium sources fed to sows during the transition phase from gestation to
lactation did little to impactsow welfare.As a esult of these outcomes it is not
recommended that increased magnesium levels be included in @nel post
farrowing diets.
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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 weonfined in tke period leading up to
farrowing and during farrowingQose supervisiorof the sow during
farrowingis required to ensure pigletelfare andsurvival is not negatively
iImpacted, as seen with the sows farrowing unconfined within Experiment
2.

2. Providing sows with either straw or hessian sacks-fareowing 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 postfostering. Hovever, 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 isa cost
effective and easy strategyo implement for positive sow welfare
advantagesvithin a conventional farrowing systerfurther 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 prepartum, as well as thpiglet 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 postfarrowing diets.
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