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UNANED
(NE199ng )

Over the past decade, swine production in Thailand has become more industrialised, and
the number of total piglets born per litter has increased rapidly. One of the most important factors
to achieve a successful “swine farming industry” is to optimise farrowing management. The key
factors for successful intensive farrowing management include, among other factors, proper farrowing
supervision, intervention for sows that need birth assistance, care of newborn piglets and
optimisation of cross-fostering management. These management practices are gaining increasing
interest in the swine research field, mainly due to the increased number of piglets born alive per
litter in modern genetic sows. “Colostrum” is the first milk secreted by the mammary gland, which
sows continuously secrete from around farrowing up to 12-24 h, before its secretion becomes cyclic
and nursery bouts start. Colostrum is a rich source of digestible nutrients and various bioactive
compounds such as immunoglobulins, hydrolytic enzymes, hormones, and growth factors, thus, it
plays a key role in piglet thermoregulation, the acquisition of passive immunity and intestinal
development. Colostrum provides the newborn pig with highly metabolisable energy and its high
content of fat and lactose is efficiently used by the newborn pig to cope with cold stress by
increasing its metabolic rate and maintaining its homeothermic balance during the first day after
birth. Accordingly, rectal piglet temperature at 24 h of age is positively correlated with colostrum
intake and is negatively correlated with the time interval between birth and first suckling. The primary
protein component of colostrum consists of immunoglobulins, including IgG, IsM, and IgA isotypes.
Immunoglobulin G is the most common bioactive compound in colostrum and is at its highest
concentration in the first few hours postpartum and decreases rapidly within 24 h. As has been
previously mentioned, piglets need to receive passive immunity from lgGs in colostrum to reduce
susceptibility to infection in the immediate postnatal period and also after weaning. The absorption
of 1gG by newborn piglets occurs before gut closure, which occurs at approximately 24 h of age. The
IsG plasma concentration in piglets at 24 h of age is positively correlated with colostrum intake.
Administration of 15 mL of colostrum after farrowing to small piglets increased their IgG plasma
concentration at 4 days of age. Porcine colostrum also contains different types of milk-borne growth
factors, e.g., the insulin-like growth factors IGF-I and IGF-ll, epidermal growth factor, insulin and
transforming growth factor-beta. Milk-borne growth factors via colostrum feeding play a regulatory
role in the stimulation of gastrointestinal tissue growth, and the maturation of its function. Colostrum
feeding also enhances intestinal macromolecule absorption, the onset of gut closure, and enhances
the repair of damaged mucosa. All these process are required for the adaptive changes of the
gastrointestinal tract during the postnatal period.

Keywords Birth weight, Colostrum, Immunoglobulin, Piglet
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Panzardi et al. 2013)
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2. \leAnwdafeiifdviwarousinahunndesfiulansusasimdnls iun dduriess
wlans YntnusnAsenvasgnans gena Sunugnansidin/asen uazdug
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Tasesn539e wiadu 2 Taseniseas Al
nsneaasn 1 Jadeniisnsnadeusunauumissignansiulawaganuduiusveaiuiudniinis
seatinuaznsiasAulaneglanieiniauuuseusy  (Factors  influencing  colostrum
consumption by piglets and their relationship with survival and growth in tropical climates)
N15VARReN 2 navesnsiasuluiularmeuidesAUsznauveniul Msaydslududunds uay

aussan mmsauiuglulalgnsifiesgn (Effect of fat and whey supplementation on milk

composition, backfat loss and reproductive performance in lactating sows)
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Uagdudmaneglumsndngnanslurhuans@eonndyd A nsudaliladnuiugnansveiuy
30 fasteusisted Wmnedazannsnsrauaruduialdlas 2 nssvauns Ae mafiudunugnans
veuusenson LaymIanszeznatlumsHangnans 1 asen (farrowing interval) (U7 1) YunAen
vosusigns (ltter size) HnsAsuuvasesnannlutimemssuiiinm  osnanmsuiuuss
ftusnssuvesusiansuianslifignaniu (high prolificacy sow)

Pigs weaned/ sow/year
|
[ 1

Pigs weaned/litter Farrowing interval
(litter/sow/year)
[—% I % 1
Born alive Pre weaning Lactation NPD Gestation
mortality
| |
[ I 1 [ 1

Total born Still born Mummies Sow Gilt
| |

[ 1 1 [ 1 1
WSI FR Wean- Entry- FR Entry-
to-cull service to-cull

UM 1 laseassanssaninnisduiugluans (NPD: non-productive days; WSI: weaned-to-service

interval; FR: farrowing rate)

fafhnsifinnaasenusnaassvesignslnnisusuussiusasldsunsiamegiein

nsglan  Taemsdnidendudiinlianseasngnantu  uiannsidelutimaneUfiiunndunuin
“nsAnEvRsgnEnInauEIuY (piglet pre-weaning mortality)” lugnavnssunisiassansialani
wulfnfgedy TnennnsAneideluvaneussmanuindnisnsvesgnansogsswing 10-209% Tu
ﬂfjmﬂizwmﬁmﬁmqmﬁdwmjﬁuﬁ (Koketsu et al, 2006; Nuntapaitoon and Tummaruk 2015;
Nuntapaitoon and Tummaruk 2018a) Tnsandeyadioliunsninuihdanmanevesgnansieu
vehuaade Wiy 12.9% lunguussimaluannimeglsy 9.4% Tulssmeflaulud uay 12.2% Tu
Uszmnelne (Nuntapaitoon and Tummaruk, 2015) (gﬂﬁ 2) 1u%mz1‘7fé’mﬂmimaiuqﬂqmawmaLLaz
ansyuLadnfl 2.6% way 2.5% muddyu (Muns et al,, 2016) doduuduyadveamsgademeand
WU DUNYATNIANNIIAAASAIINTINEVRINansNaunguInelunifuaIn 11.5% auvde 9.0%
Tngfuansuaugnansusnaseniiiindenseniadie 13 ¢ avanunsaiudindevesimiingns
Fntozidlsadonld 65 Alanduseusisel (nefuiuain 2.30 viesseussed) (Muns et al, 2016)
fedu  manngvesgnansnewnguudseldindulymilngiidluduresaisssalunsidendng
(animal welfare) uaglusnunisaaiden1aasygna (economic loss) ﬁﬁ’]ﬁzﬂuqmammmmﬂgm
ansdsnsiesmmandlusnagnieaasivnzategssniuasiusyavsnm
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U 2 ADYeInNIINIERNeTeednIINIsMEvesgnansnounguNINMsAny luklansiugiaus
15% x 893WWES WU 199,918 AseNn NuEnT 74,088 A lurhuansiesmndivdiuau 47 visu Ty
UszAlng 5313190 A.A. 2007-2013 (Nuntapaitoon and Tummaruk 2018a) (ALads = 11.2%)

N1IANEVDIPNENTABUNEIUN  HANUUANANIINAITALUINARBAYBIANANT  (stillborn
piglet) Imaaﬂammwjﬂﬂaa@ fo gnansilimela (odevonazaini) waessamuiiugeu
(periople) vuilaf iuummmu%ﬂm:}mm'ﬁmaﬁuaqqﬂqmmLﬁmmmf‘mmumﬁu lngisen
“N1SABVBRNENINOUNETUN” Taevhly “NIANYVRRNEANIAUNEIUN”  FEQNAUINAINNTTIY
$rurugnansusneaesiindindugiulumssiuainiy - awvguesnisnevesgnansieue Ly
Aaldanaungainmsinde  (infectious cause) warawniililldiAnainnisinde  (hon-
infectious cause) mmq}mﬂmiamL%aﬁauiwmﬂﬂuﬂmmLﬁ'mﬁmwumuﬁuma%LLazmmiﬁaqL%sJ
ogdlsfnuluunennd srdadulufiaummaneilildifnnnnsindevesgnansoundiuniu
vén daduaumgiinlfesnii

Toelades  50-80% %aamsma%aagnqﬂsamﬁﬂ%ﬂuﬂmé’ﬂmﬁmnwé’aﬂaam Tgtasi
ddnyitande 72 Faluausnuesdin (Koketsu et al., 2006) Jadeiilinasenisnievesgnansneung us
aelushd Ussneude thviinusneanvesgnans wuinasen afunisnaen (birth order) L
dRuviosvedlilans seezlianaaen (farrowing duration) WeRANTINTBIMIENT A1ElagwINTYRIW
ans uazanmgiiauades (Muns et al, 2016; Nuntapaitoon and Tummaruk 2018b) Huiiduds
dfdmudmummduazdmuiaUszdvhd Aduduseniheudilafieiinvesnismevesgnans
Aoungusluwsaziisy uwavdseyndldismsdanisiumsnevesgnansieuneudlunsulyinsaiv
awglinndian Wodfiudnugnansvenusiifiamning ffunisinuidesinag Tudmaedi
i adulieuadlulumsnumususlutiigiuieriuaimgmsmevesgnansneungus
wntu Tngnerenudnmmeldanngnisdesnisluiin uenanddutunsfnsuiionuuamienis
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IANTSNIUTENINNIARRALATNANTENUTDINITIANITHBNTANEVRINANTHaUNENY  (Muns and

Tummaruk 2016)

A1319% 1 FURnddsen1IMNevedanansiouned Ul (ALade + SEM) Wisumeuseningnansi

aa 1 % 2
S9ATINMUYIY 7 TU VA

Aaan (n = 631) fugnansianenigly 7 Tu videaaen (n = 59)

A3 590%I0 e P value
FruIugNEnIIINAREATAVILR/ ATDN 14.9 £ 0.14 156 £ 043  0.171
UIUFNANTUINARBATITIN/ ATON 13.0 = 0.12 133+045  0.491
VUINATBNAIENAINITEURN 13.2 + 0.07 137+0.22 0038
syezialun1seasn (L) 14.9 + 0.80 95+ 1.72 0.005
13”]1/mﬂl,l,iﬂﬂa’€]ﬂ (Alansu) 1.52 £ 0.01 1.11 £ 0.05 < 0.001
A1RUNISAADA 7.5+0.18 8.5+ 0.59 0.130
Snmaduvesila (aSyund) 66.5 = 1.34 62.5+3.68  0.381
nglaa (adniu/ndans) 49.3 £ 0.70 478 £2.69  0.605
USinasoondiaudush (%) 913 £ 0.36 90.4 £0.99  0.458
oaumgiimannuiind 24 alumdsaaen (°0)  38.7 + 0.02 38.2+0.14  <0.001

740: Nuntapaitoon et al. (2018) Asian-Australasian Journal of Animal Science 31: 237-244.

AUNAYDINITANYNDUNETUNVDIGNENS

“Wignsviugnene” WWuaumddyresmsmenoungiuugnansimududinilg) wenaini
FMUIAnaIn ANEMUIEY Wagn15UINeMNT SIuiie nsAnwnidenuinannnnisnneuesgn
gnsnouvgualulsuinmansgelsni inanulviu 33.8% gauue (low viability) 29.7% viedde
12.2% msfnite 8.1% puAaunfussia 5.5% LLazmeﬁuﬂ 10.7% (Vaillancourt et al. 1990)
Tutssimadu Koketsu et al. (2006) wuin “usisfu” uay “seune” [uanimamdnvosnsnevesgn
ansneuvunlugsansvesusemadiu Tulssimaansivenandng dsenuavnnismevesgnans
Turhduansduau 458 vhdu wud “wiiv” Wuawngddguomismednuldinnian Tagame
Ju 19U “mnuiaunfuddiin” e “gruignsiiie” Aansawuldigudiu (Easicare 1995)

Wuiifinnangnansazdasiludananuadsaiiintussrianssuiunsaaeslililans,
fian \ilesuiiofuguuplasseuilanasesunaiuiowisuieutugungilugehad uasddes
wistufiuiugnansluasenifelfudneiey uenInignansusnanendaiianinmaaisineuay
duilosnandnunznisganieiniavessnans THERIENCTRNT
Fefugnansdesulusiedldsugiduriu

idutudlsiasysal
“epitheliochorial”  vililaifinsdeihugiiduiususniay
01819AMNULGNT (passive immunity) %wizﬂauwﬁwﬁmyﬂuiﬂayﬁu 2 (immunoglobulin G %3
19G) Kuvna el (colostrum) uenanidaiimaidewudningnansusnaaenlsifiilowelutua
hna (brown fat adipose tissue) %ﬂﬁmﬁm‘]’wL*T;Jwiamﬁmmmmmﬁi'mmﬂ (thermoregulation)
mmuﬂ‘uaﬂamLamaﬂmsumumuﬂ ‘UimamumimwmmmaﬂLLiﬂﬁaa@amma Denunndu

Lu%)ﬂu’m’]ﬂﬂﬁiﬁllNﬁﬂU"UﬁNma’m’]ﬂiﬂ ‘L!E'Jﬂﬂ’]ﬂ‘LI‘EJ\‘i‘W‘U’J’]ﬁﬂﬁﬂiLLSﬂﬂﬁaﬂwﬁﬂﬁ’lu3u‘1ﬂ’ﬁﬂwu%w’ma
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Usinesimegannihligadeaudeuldine Tnsanglulugnansiifuuadnmn dundiiidma
T¥gnansusnaaeaiiuunltuiiazrunuazanevnsnelslaslsiointn

Azgamgiisemen (hypothermia) wag “nslaildsundsauiiiiose” Wuaveli
thitdfayiivinliignans “seule” uasidssdensgn “wiviu” 1N insnnevesgngnsnounen
ungdnaznulsinnlugasiuusng vdseaen ndnlasagu nismevesgnansreundiuu duinlunan
Mnnalnidudeussninesiinds 3 nau dud gnans wigns wazdaneden waznadsnanihlugms
gnusignsviuneluiian snnaladendrolfBunso izl awslaamanis 1y
awiivhlignansmenoungiuy uwiegdlsin nsldFutusndesdiliiisma oreasnduilady
‘Viaﬂ‘VWl’]I‘MLﬂ@ﬂﬁiGHEJGUENaﬂﬁﬂﬂuﬁlj’NG\uLuaﬂﬁﬂﬂﬂﬂi%ﬂﬂﬁ’]i@’]‘miLLauaiJiJIuIﬂaUau TuanInns
Lamaﬂﬂuv\lwm msUssdiuamnueansmevesgnansnounguutuegiuvinugaut gy e
Aoe uazmaniudanavennunansosndlnddn oglsfiay UssBvsnimuesnssnu (URTR) uae
M3tugnIdnuazIINEnmYBsgngnsAeufimeReunE LLeg1IATUAIY tuandudediinlu
ApavIsTE YR TiwaTavean smevesgnansnouveuudsvinldlifiusyavsamin
inwAsns dmunmd wag dmuna masnaugiiiendesduy Jsmstusnlmnuaulunsfnuanie
LLﬁSLLu’J‘VINLLm“U‘{]anW]ﬂ’]imEJ%J@Q@JﬂQIﬂiﬁ@uMEJ’m&JIﬁQJ’m%u uardndatu Wietuannsgandegn
gNILUaNIARDN LAZANAWYUNITHANENS

a

Uaduilidansnaran1snienounguuvagngns

AMRYBINMIAMERsUVETUNYEIgNans i TUBvE A vanetady  Taevhludladediil
ﬁw‘ﬁ‘waﬁiamimsmmaﬂaﬂidawﬂmmmmamﬁLLuﬂaami‘]ummﬁﬂmﬂﬂ THun Yadeiifendostu
fgnansies JadeiiAeadeatuuigns uay Jadefeadestudsnnden (Muns et al, 2016) Tu
memumﬁuaﬂanm{]wsmmsmjENmJaﬂaﬂiwuﬂﬂamimﬂﬂawmumLﬂwaﬂ Tneadowmeani
ansaduunladuiidedeny laon 3 Ussihudiy Vme dfnusneaen AU way Lne
VBINENT

dwinusnaaen
dwinusnasaaliuiiefeiidAyfigadenissendiauaznaaiyidulavesgnans  (Muns
et al., 2013; Nuntapaitoon and Tummaruk 2015) (51971 2) QﬂqmsuumLﬁﬂ%ﬁmmmmmh
ms¥nugamgiivesimenias (Theil et al, 2012) Tnsfimsidenuingnansiiddmiingatiosnn
1.80 Alansy donsIN1sendInuInna1 90% Iummsﬁaﬂaﬂiﬁﬁfwmﬁﬂﬁa 700 NSy %ﬁﬁmwmﬁ
50ATINLNES 33% (Chris et al.,, 2012) Roehe and Kalm (2000) wuin umuﬂaﬂammﬂﬂaamwamm
quiamfﬂumim&mauwmuummu (i‘U‘Vl 3) way Fix et al. (2010) WumaﬂaﬂiumuﬂLLiﬂﬂaam'}
PP EITUE T USATINS 50T IN TR AABA199NSNER UBNINTLMTINLSNAReRdinLENsTLS
TudsuanfuuSunaniuumiesiignanslésudnge (Ferrari et al, 2014)
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M13199 2 InTINIIevesgnansieuvegudlursugnsBandvduianilidulszimalng Suunaiy
ARGgYeIMINLINARBATBIYNENT (7117: Nuntapaitoon and Tummaruk 2015)

ihwidnusneaen [Flan3u) FUIUVDILLANT BNIINTNNLNBUNEUN (%)
< 1.30 642 18.8 £ 0.8°
1.30 - 1.79 8,284 15.7 + 0.3°
> 1.80 2,228 12.1 + 0.5°

o w aa

20 ¢ G NWTyNNLANANNAULAULANANDE NN TUANAEIN19EDRA (P<0.05)

<

a WSyl 7 O uit 21

(%)
>

15 4

10

BRINNTINYNDUKRYIUL

o

<1.30 1.30 to 1.79 >1.80

Umtnusnaaan (Alansu)

JUN 3 Weddudveamsmevesgnansluiuil 7 uay 21 wdwaen Suunaurindiusnaaen
sonilu <1.30 Alandu (216 @) 1.30 - 1.79 Alansu (323 f) waz >1.80 Alansu (151 /) Monws
anFiulANLANA1seE9ldedAgy (P<0.05) (717: Nuntapaitoon et al., 2018)

nsfindesudisestias Tugnansiidiwiinusnaaens Wuamguiliiiinenudesdons
meneuveunlugngns QﬂqﬂiﬁmﬁfﬂLLiﬂﬂaamﬁwzﬁé’%ﬁmamwﬁ"w Artlinaniedlanuduiugide
vinfunduidovessumes Vialnalaau wagdhmnssendinvesgnans (Amdi et al, 2013)
uenanii 1?!;’1‘1/1‘13’?1LLiﬂﬂﬁ@@ﬁﬁ’J’mﬁﬂﬁmaﬁj’NMWﬂ(ﬂ"e]ﬂ’]iﬂﬂ%ﬂﬁ@@:i@ﬂsﬂaﬂgﬂ?jﬂiLLazﬂ’mmmﬂﬂiﬂlu
MsmuANgMgIsaNY (thermoregulation) meludaluusnvdinaen nseruRueamgiisIang
Y09gNaNIaZlATUNANITNUINNNITTEMEVRIUBLNAIININRAZYI g nansiiauFanuuudun
anansfiseunesylianusaiiusléanonmnifanasd uazAzamgiisImeiinasazdma
nsgMuUsisANAINIaluN IR U lUgn1suneImns eunss (lethargy) wazgnusiviunneludign o
MsAny AT waunniuandiifiuingamainimsvindiianely 24 Hlumdseasn dan
\Redestunsmevesgnansnouneiua (Muns et al, 2013; Panzardi et al, 2013; Nuntapaitoon
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A

et al, 2018) wasdliifudngnansiigamgiimemnamiinshenadiaruausalumsniuaugungd
vosiuneiich (U 4) gnansfifuuinadnasdidnadusenineiiuiiiivesitnieroiinases
funefigin  dwaliAnemudssiensgapdonnudion  uasiilvigungiseniesaaiiiu
uenaniignansiifitminusnaseasdndueddnamunilumaddadumu wagdl
arwannsasnitlumsudstutugnansidimindannnifluesenifenty  Sehlilésusina
dusmdesantoras (Tuchscherer et al, 2000) nan5398lne Vallet and Miles (2012) WUGNEANT
fifiwiinusnasonsd axfimrwannsalunisedeulmsas esnnfiwadussamaneluauesiis
UsgAnSnen  dawansznusiennuanssalunmsdensnseduveadutssann  shilasuszdvsam

nsgauLuaziidlenialunisgnusiviuniesnniy

100 a o Y
A Baun7 [aun21

90 T

g 80 -

3

g 70 -

2

= 60 7

@

™~

2 50 ~

=

a4

& 40 -

o

g 30
20 b
10 - 5 c b
O — i

<370 37.0-38.5 > 38.5

gauniiniamnminiiigl 24 Fluwmdnaan (°C)

sUfl 4 Sasmsmeneuneuiluiudl 7 uaz 21 vdinaen Tugnans SuunngNAgAMYTMMINS
minfiainan 24 Fluwmdarasn aandu <37.0 °C (29 #1) 37.0-38.5 °C (248 #7) way >38.5 °C
(413 ¢) (#717: Nuntapaitoon et al., 2018)

uenandmuuUsununigluasenvenimingnansusnaaen  Ainanssnusodnsmanie
yosgnansieundusuiy esangnansunadnliannsowisiuiugnansisiuunalngfle vinli
gnansiiintinusnasonsi1 Sszdulasumauarseduglidudusas Tugas 2 nessuiiiiuen ns
U%’wqﬂﬁuqmimmLL;J'fqﬂsdawaiﬁlmqﬂﬂuﬁfﬂqﬁuﬁﬁwuauqﬂqﬂsmﬂﬂaamL‘ﬁ'mma%‘u Tunenduiiu

'
=

Rdsmaliuiinuegnansusnaseniuuliisias Fufnnnmsanasesuiaiiuiivesungndmiy
Tgnansilssnuazanusunamsemsiignansléiuses Quiniou et al. (2002) nuinusignsisidy
anansusnaAnenteuaLinduIIn 9 fareasen Wy 17 freasen (fiutu 88%) agihimdnamis
Ason (litter weight) Wisduifies 55% Wiy ueniniidlefimsusulssitusnssuanslifouinasen
(litter size) TnpiuagyinliAnmuulsunursimingnansuineaenfisdude esnuun

18



Y9430 MIRTLALLnvesgngnIzuandiulumuauuan1sveIlTEanSamLarnsaiaviaen
donnelusn Roehe and Kalm (2000) wuisnuuinidnaziiuszansamlumsasinianglaauas
wnlndlsignanslunngninas dewalignansluumgniishmnmaivlafianasuasivwiinusnaaea
nMsiuignsiivuavessnitlifissweiduavandnvesnsifedgmmseigdvlavesinseuniely
1ngnegad1in (intra-uterine growth restriction) dsinaluvnsausiotmindivesgnansusnaaen
wazvilvignansiimuansnsalunisauauanmgil (thermoregulation) fas

< . . .

AURVILTIVDIGNENT (piglet vitality) - |
< . . . a o (.Y v

ANUTILTIVRIGNENS (piglet vitality) Wudafidvuanuausalunsudsdiuiiowdnm
o .. A IS Na A :%’ A LY
wWiuuwazaausl (Trujillo-Ortega et al., 2007) gnaNIuTsailsnsINTTenTInNgeduieny 7 Ju
uaz 10 u (Vasdal et al, 2011) wazdn1saigiAulaaninlugnemeun (Muns et al., 2013) fuus
nMeEsTIevesgnansfigninuldlunisusafiuanuuduswegngnuineaen wazUsnaiduy
ATLLUAILLIUTIVDIaNENT Taka dnsinsdiuveaiila (heart rate) mstuivesnduiie nssy
mela  uwagarumengulunistundinaen  sulsvardlvnaludauindedniinissenuazgumall
nannsminuderaeavilsiiludlugnans  wenanil  “Aawansalunisidigauulaniusnyas
ARDA” LAY “mu/mmﬁﬂumim‘umlamwmmmwzmm 24 F2luausnve9T3n” ﬂﬂﬂU’]@J’]GL“UUW
aruudausswesgnanatuiu uenanidaiimsidenuindulsvaddmaludwinduuimaniu
LM@@QVIQﬂEjﬂﬂ@i‘U@ﬂWw (Tuchscherer et al, 2000) AMUTIsOINANT Truduiusiv
WOANTTULATNIABUAUBY INNINAABUNIUTEAIMINGT (neuro-behavior) ¥38 N1sNAABUNTS
pouaues gnansifileniasenavuaninginssuuaznisnevauesdia Weda 1 Jaruweteuly
NSANINGANTINVDINANTNAIAGDA 1¥U NITNTEAWAULY Auansalunsiadeusiniglunen
NaY (JUT 5) BuaAITaANaNNTaluN1Teg 58AT0INUINgNNTILAAINEANTIUWMAUIENTINTS

aa a a d' = a < a a

59AYINUALNITRTYAULATIFUY (Muns et al,, 2013) M5UTIUANUUIILTIVBIGNANTNETTING
LAENEANTIUAINGTY AawilugisusnAaentaruegdesldaunsaime (Muns et al, 2013)

o o I3
E‘U‘VI 5 ﬂ’]iﬁ/l@]ﬁ@‘uﬂWiLﬂaaulﬁﬁﬁJ@ﬂQﬂi’jﬂiL‘UUNﬂﬁMIUQW%USV}3\1ﬂ58UE}ﬂ
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AMALTeusIvesgngnsusnaaen  IAnuReItesiunnznsvnesndiautesgngnsvaisi
ogludesnaen (viennzvinenmamelaluszninsasn) dafndugnansidonasa (Trujillo-Ortega
et al,, 2007) LLazL‘fJummaﬁwﬁmﬁqmaqmimamﬂﬂaam (stillbirth) wazn1IAEYBIYNHNIABUNEN
uilutiady “powauysaivesaigazie” farueidesiumiuuduswegnans nmsuanasans
avfovannisaadonluifssgnansuasidssfiasiliiAnnnglafinnuasrionnzneantiau
(hypoxia) anAuudsuseesgnans uastimanadssiensnelutisiu S1enefiiaund Wy 01013
mausiuln (splay-leg) iuglassadensindelmvegnans viorundemevesszuulszam
dunanswesgnanstainaInmsvinesndau mnuRaunfusi e Wie maASIAvEILENT azan
anundaussvosgnansuasiiinlomalunisgnuiiumeldinntu uenamnianuudussesgnansd
fanuAgdestussduihmaludendnie uinamsidossidululumaieitu Tasnuiissdy
mnuduturesnglaaluidondigs (45-162 Tadnsudewndans) 1JunamnaNAIMTINLIENINNS
AADA LAY ﬂ@jiﬂaﬂ’nmvﬁmi’fuﬁw (24-30 fiadnSusewndans) Wudyaavdismeiviiuinia
ﬁazawﬁ"w (Panzardi et al., 2013; Trujillo-Ortega et al., 2007)

“AnsuIneandauvesgngnsuaiaglutasaaen” Wuladovdniilidvinasonuudauss
YIPNANTHINAGDA  1AENITVINDBNTLIUALYI I AANTIHE M8 VRITEUUUTEaMEIUNA1NYDIQNENT
luttes uarananuansalunad i Russesnandudifnmunssitigauunsiusn Sahllg
Japgamniivesssniemuaznsninens  AztuunsLduswesgnansisdauduiusiv
sefuuammaludeniiiiudu o, Mty uazarudunssludenfianas d1dunisaaen (birth
order) uazMIAABALAELEI08N (posterior presentation) tHutlidefiduiusiunisunesndiau
yosgnansvaizieglutosnasn nstusvesuagnluwsignsiiszoznatlumsnasauiwiuly azan
USinaeendiauresgnansnounaen vinliAuuleusivedgnansanas (Alonso-Spilsbury et al,
2005) waragyilidiaudssgunniulugnansiraenndsn melisesluusonilnduiiuiniuly wu
misldeesluueendlndululszimdraengnansimusnusonslieniuouin 81aviiiauwtowse
y03gnansanas lasifnnausunsazauilunvafvesuagnifiuannty

LWAYDIGNENT

nsaevesgnansneuvenuduultuiiaswuldgendnlugngnsiwad  fausiingnansiwes
%:ﬁﬂfmﬁfﬂLLSﬂﬂaavﬂlﬂaLaﬁaqm’j%wmﬁaﬁmu (Baxter et al., 2012) lng Baxter et al. (2012) 9%
wuhgnansinadeldndsnuluivssuumeatsinendume (W MInuRugamiiuarsEuy
oiduiy)  luvasiignanamadldndsonlufumaifinvnauazesdussnouessenie (e
nszvaumsidenlesivanssanmmsiviugluszeglaifiute)  dwalvignansiwegiuunliiuiiaany
FoaromsmeiiAsadesiunslindany 9y anuvundu msvieewns gusiviu way Tse)
\WuLAgIMI Panzardi et al. (2013) 3enuingnansinalileiiauainsalunisedsengeningnansine
fonadiduddey (Uil 6) eddlsifnuitounduflinuiiwavesgnansiinadedasnmsmevosgn
gnsneunguuusiagsla (Li et al, 2012)
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8 A Wiy O e
6.9

(%)
o

3.8
q - 3.7

2.7

ANIINTANYNDUNETUYN
[GN]
I

o

Fuil 3 Fuit 7
IMUIWIUNAIAADA
Uil 6 Sasnsmevesgnansluiudl 3 uay 7 vdinaon SuuRALINAYEINANT (an: FAuUasRN
y

Jauavad Panzardi et al. 2013)

drumndas

dumvdes  (colostrum)  udsdandsdausniindneeninainseuaianuanasinismda
stheseiioslutnspraenuiuds 12-24 4219 (Quesnel et al, 2012) (3197 3) Aeufiniswasaz
LU3sJuL"ﬁlmw5LLavéfaﬂ%mﬁﬂmﬁuaaaﬂamlﬂu@f'sﬂivéfu dunmdeaduunasemsiivsenoude
aﬂim‘mi‘wEJaEmsJLLavmmiaaﬂqmﬁmqmmww61 wu Buylulnayadu teuledlelaslasn sasluu
wariedeiitnslunisedaiiuln (Wu et al, 2010) muumummaaamuummmmﬂ@umsmuam
9IS 1NEaNaNs nsdwiagiiAuiuaienen wazn1simuIvesaldvegnans (Devillers et al,
2007)

t:' I3 Y al 6V @ 3 (v} %’ = goJ 1
A15199 3 p9AUsEnaUYadlytiu TUSAY wanlfd Y9kl aianue kasnasulutuuwming duulugis
WATUAIY kazUIuuUn® (Mun: Theil el al. 2014)

Yhusmdes vhusluthaddeusiu - duuund
%9AY PNy F9ne
JeuzaIvaeasn 0 h 12 h 24 h 36 h 3d 17d  SEM
aeAUszNOUNILAYl (N5U/100 N5N)
Tgiu 5.1 5.3 6.9 9.1 9.8 8.2 0.5
TUsAu 17.7 12.2 8.6 73 6.1 4.7 0.5
uanlsia 3.5 4.0 4.4 4.6 4.8 5.1 0.1
IRIRIN (dry mater) 27.3 22.4 20.6 21.4 21.2 18.9 0.6
Wi (ke/1008) 260 276 346 435 468 409 21

21



dhunmdoaduuvdewdseu  faunsosnaagyldadugnansusneaen  wasduiinalaty
wazuaalfags (s1efl 3) Wlelgnansanunsaduiledueueionanaumuaduld Tnenisiia
gnTIMIENAY kA STwaunavessngluTulInvdinaen  In153denudngamgiiniamninsmin
vosgnansil 24 Hluwdinaeadauduiusludeuantulinaniunimiesiignanslésy Devillers
et al, 2011) waefimuduiudidsauiusssznaiusinaenaunseignansannsagausildadoun
(Tuchscherer et al., 2000) WaiuTuthumudes Usenoude Buylulnayadu Téun uylulnayadu
3 (1g6) Buylulnayaduidu (M) uaz Suylulnayaduie (gA) g6 Wuaseengninisdaniniinuain
fanluihuuimdesasiamududugeiianluiimdsnsonlifdiluusnuaranasesmnianigly
24 a3 gnansusnaaeasdusedldsugiduiudionenainnisiu 1e6 Tuthusmdos tivanaiuls
sonsindendinaeauazndmeiun (Rooke and Bland, 2002) N13gndy IeG lugnansusnaaen
wiintuintudeufinssuiunisnsgetulusiulugléasiugaas (ut closer) dufntuiiogn
ansflenguszanal 24 49133 (Quesnel et al., 2012) Armduduves isG luwanaunvesgnansiteny 24
%‘Lmﬁmmé’mﬁuﬂ%ﬂmﬂﬁ’uﬂ%mmﬁ’mmm%‘aqﬁgﬂqﬂﬂﬁ%’u (Devillers et al, 2011) Muns et al.
(2014) Fonuinsaniuundes Wudgnansiiduwiinusnaaensi day 15 Sadans aunsauia
Aranduduves 1gG Tunanaunvesgnansfieny 4 Yu ¢ thusdoswesgnsdssenouseasiitaely
Ww3Aule (growth factor) Fumneinafy wu insulin-like growth factor (IGF) | waz Il epidermal
growth factor insulin Wae transforming growth factor-beta) Xu et al. (2000) wuduUsEnaud
“U’JEJI‘L!LR]‘J@ULG]UIGWIN’]U%JW]’NU’]U&JLM@@Q Junalnlunisnszdunisasqivlnvesuasimuinig
yhanvesiaBeszuunaiuonsvesgnans ueninihiuuindesiediunigafuludld nns
BudureamsUnsvesdld uaztislumsdenusuiindedioniidemednie (Rooke and Bland,
2002)  #snspuaumeismeifudssuiudmiunauasuslamessruumaduenslugmds
AADA

Quesnel et al. (2012) wuimirusmdesiignanslasuluuiualsitosnin 250 nfused
annsavhlrgnansinisiesyivlnuasldsuniduiudeneaiifioame Pierzynowski et al. (2014)
wuihuswdesfignansldfuannsanssduiaunnsvesauesdudnluueudalasnisnszdunis
dunmeilusiuluaiesasnsinunanedudusnndinaen  thuvesiignansléiudsaunse
Lﬁm:fmﬂfﬂmhumLLazLﬁuﬁmﬂﬂQﬂqﬂiﬁ 6 dUAiFE (Decaluwe et al,, 2014) Ui ituumdesi
ananslésudsnaluszezensenaiaivlavesgnans Devillers et al, 2011) USunmuuumdosd
angnslasudalimnuduiusludauiniudnsinissentinvegnansnouneuudnsie (Decaluwe et
al,, 2016) fstuaniiglag Mvhliarwaunsalunsldduiuumiemesgnansanasaziuaudes
AON1TMNEIRYNlANEINsaluNISaS AU LRanaY

HadviifiBnswadatiinaniunmasiignansldiu  Jszneude  armudauswesgnans
a1dunisaaen (birth order) 1uugnansusnaaeniidinsensen uazlayuin1sveduligns (Quesnel
et al,, 2012) AMNANTAVRIPNANTLUNTIEUAUY LLavmsmmumﬁmmLﬁwﬁaﬁﬁ’umnﬁﬁmm
Uﬁmmmuumaawaﬂaﬂﬂmu IusumvwmmLLmLstaqaﬂaﬂﬁwaﬂawmﬂaawia{]ﬂ%am il
NANsEVIUABTIIARILRaRTUNIETgNEnsaInsagauLaTausniim AU EsaufUUS
ihuwdesiignanslésu msussdussningnanslunsenieafudsansznuludsauroyimaniiu
wiestignanslasulnsiamsessslunsoniifignansimiinusnasend  flesanasenaunalig
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(large litter) azfinsdedlumapnusuaniu daudsstenisniaems wagnsgnuslansiumeann
Ty

U%mmﬁwumﬁaaﬁuajqnswaﬂ‘lﬁ (colostrum  yield) HANuUANASIUBE1NTENINMY
ansusazdn (Ul 7) faushregluameiuduarluanimilegerfouaznisiamaiieaiu (Devillers et
al, 2007) manssfuduslagnansesamngauansanseduliiAnandniuuimiesligen
ﬁ]’]ﬂﬂ’]i’sf\]EJWU’J’]U%%J’]EUU’]U@JL‘W&@WILLNﬁﬂiNﬁGll@W‘i‘Vill@@EJiuViﬁ\‘i 2.5 i1 5.0 Alansu °Lumaﬂwuaﬂ
gns 8 fv 12 o ﬂﬁmmmummaaqmLLmqﬂimamlmﬁuuﬂuumuﬂmaﬂ (litter weight) wazAIY
wsUruvesimingnansluasen (Devillers et al., 2007) Anuduwalunssdntiiuumiesainu
ansavdwmaderonisogsonuazmaiyiiulnuesgnans nasdetiuslsidfissmeluusignsiidmshl
Snsmanneneuvetungede 6 fa 179% Usinanhuumiesiiulansannsandnldtuegify wWus o1mns
U'%mmﬁﬂﬁmﬁmjaﬂ{l,é’%’u FEAUNSNIU AIUAZDN ﬁwéﬁ’uﬁawamﬂam uagdy 9 1wy Mawdeni
ARaN AIAd0l uaz gasluu (Devillers et al. , 2007) uaﬂfmmuﬂammmi post-partum dysgalactia
syndrome (PDS) %38 mastitis-metritis-agalactia (MMA) vililinAuauwaslunsliuugnlugls 3
Tuwsnuaaraenld  nsdhewdgnsludaanaentuiuly nsliemnsuuulidndaluiuusnndinaen
msAnenen s guewdeiiiunenlad wargumgidunadongs (utlhdeififiulonianiade
PDS ¢ (Muns et al., 2016)

14

12

Frequency

<15 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 9.0 >100
Colostrum yield (kg)
U 7 Yinashunvesiusiansudanswaldniely 24 $alumdseaen ann1sfnuluuslanstus
NELLaUALSY x sesnides Suau 78 i Turhsugnsidandvduiamilslulszmelne

Afuviag

HATDIAPUTBIVRLIANTABINTINIANEVRIgnansAeuveuNiliaudaudsiulunany
578974 19U Knol et al. (2002) wag Carney-Hinkle et al. (2013) wuinasunesliiinanednsinis
MBYBIGNENT WA Muns et al. (2015) wuidnsimsmevesgngnsieunealulsignsanimninlu
wignsuna uenanil SaiinsAnwmuidduiiesdiauduiusifsauiunismevesgnansieuns
(Koketsu et al., 2006) Wuiinsruiufi LL@Jqﬂsé’ﬁuﬁaqﬁ 2 uay 3 ﬁLLuﬂﬁuﬁ%mamﬁmmmﬁmqa
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miusignslungudue (Devillers et al, 2007) uazusignsddusiosd 4-6 anunsondminsmdesddgs
niuslansviosusn (Ferrari et al,, 2014) lesanuslgnsviosusnuanismdodldtesdnilianms
pevasgnansnewnsuugeiulummAdonsat gnansiiinnnuignsfesusnaglésuuimuiu
widestiosningnansiiinainuslansiios 4-6 Tun1sideves Ferrari et al. (2014) dvdugfidudulugn
ANINNUIANTUIRLHIINNTIGNANTIINULANTE I ISR INsmeneuvgunvegngnsaInul
ansuNteYnIuarensINSRTYAULlNNINgNgNsaINUlansan (Ferari et al,, 2014) uenINi
anansAnanuiansan shagihimdnusnaseasuasinnuiduduues 1g uaz 166 sndgnansi
Ananialansus (Camey-Hinkle et al., 2013) uananiansaniivsraunisaflunsaasnafitiosniy
WiaNIUNITID1IAINANTENURDTATIN I YR IgNANSoUMEULITUR  Ruediger and  Schulze
(2012)  Adenudmsansaifeenueioandsasonldinniutansun uenainiansanided
ﬂizﬁm%mwiumsﬁuﬁuéﬁmdwLLazﬁﬂﬁﬂ’;@i@ﬂﬁﬁf&JwN?aLLmﬁamﬂﬂﬂdﬁLLﬁJqﬂsmaﬁﬂ@ha
(Tummaruk et al., 2004; Tummaruk et al., 2010) (3‘1J‘v1 8)

e=Ommm Parity 1 —@— Parity 2 — A— - Parity 3 ---x--- Parity 4-11

10 ~

Number of live born/litter

6 T T T T T T T T T T T 1
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Farrowing months

5UN 8 nansevuvesgNadevuInasenlugnsaUIsuiiguiuwlgnsuns (Mun: Tummaruk et al,
2004)

Tumensafutn  dmdumsidenlinuemudiiudseniedfurioaasmsnevesgnans
feungiuy annsnesuisliinmwneseniniistunusiduiemesusansfiiintu dvinusneaon
@ﬁ"wﬁﬂLﬁﬂsﬁuw%auﬁuﬂmﬁmmmmaﬂ ﬂ’nllLLUi‘lJﬁ’m‘U’elﬂﬂj;WiﬁﬂLLﬁﬂﬂaaﬂﬂ’WEJGLUﬂiaﬂgﬂﬁmilﬂﬂfﬁu
ANUYUINATN aﬂammma 087 3u umwmammamimmmmammmmammama srelIaluns
ARBATEILIANTIDINIzAUNTulansAiTidfuResnnndY 2 (Tummaruk and Sang-Gassanee,
2013) uenniuslgnsiongundsdiszeznailumsnaeaumuiosmndluiusnnifuluuaznisdush
voandunileungnanasiasiurmndsdumaindymmanneendiaulugnansuueiegludes
paoaldntu luuslansfiengunnaziidnausuavhanldanas 41% (Vasdal and Andersen, 2012)
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AMULATYAVDILLGNT

Tudaaarindnasnuazvidsnasn (peri-partum period) (faus 4 Jureunaen B9 3 Junds
Aaen) LWusrernafiddyunlumanangnans nsruiunseeondusuiulutdliifuraunaen Tu
sewisiiuignsenagniinliessnnmsgnénedlulureneaeadaduanmwindesliuas
AULASEAINATEZUIUAITAAEA  ALLASEATENINNARDAAEYIIRSEEZaTlUNISAaen  (farrowing
duration) sty wagmsnAmiusmdosanas Sehlindsnuuaziin 166 fignansasaglésy
anag mmLﬂ%“&lﬂﬁ]’]ﬂmﬁﬂaaﬂa’ﬁlﬁiwaﬁiawqaﬂﬁillsUENLL&J'aﬂ'ﬁLLﬁ”ﬁWlUﬁﬂ’]’J”ﬂ‘i”’Jum”’J’l&JLLa‘”ﬂ’]'i
f¥ndheuiu Ssziumnuidedunisiugnansuaglilignansauy Baxter et al, 2011) Muns
et al. (2014) ‘W‘UﬁLLiJﬁﬂi“VliJLLLDI‘U@J?WmiuﬂUﬂ@W}%@aﬁWUMmmﬂLSU’lLa’lﬂaaﬂﬁlujJmiLﬂ’d@ulWJ
Feduluthmilcudounase ANUATEAYRILLINBUAREAANAR NG ANTTULALASTING1VBIGNANT
Tnsmsiasuuvasmsvienvedlelsissia (Muns et al, 2014) Muns et al. (2014) WU’jWQﬂ&!ﬂi‘ﬁl
Aranuslansfinionaedidnsnsmedeunguniigedusasindias adorafunsigenuanusaly
msmuAuguMiivesgnansiitiosas nnsdudanmsvinnuvessenlnsesdiesanauiriones
wignsneunaen

Tngurnisluusigns

Tnwunisluwsigns (sow nutrition) Suyumandgsdensmevesgngnsieuntua 1iesan
pnsilavnadeinunsvesgnansluasflusenisduiodasinansenulasnssiotiniinusn
ARBATBNNANIUALAILATNTAlUN1S0ETonUBIgNANT (Campos et al, 2012) Fetunsliewng
auilunsiansduiosnasidissgnitoannsmeresgnansfeunguunasiiumasiyivlnvesgnans
FaldsummualanninifedununlugdldAtii fmsidenuidminusneaonvesgnans
frnuduiudideuinfuUiinamdsnuiusgnsldfunaonnisduiies  (Campos et al, 2012)
uenniinsidenuiilusiansiilinandngs  nsgapdeiseulussessulilisunansenuainnis
Townsunniuly (de Vos et al, 2014) seslsfanisTilusiudionsiasydulavesgnanslunssd
ﬁmmé’ﬁ@mm%ﬂuiwdﬁaé@ﬁm (de Vos et al, 2014) mssrfaUSuawedusiunsenisia
nsnevilufiliaugaluewnsudansduios  o1auiiugtinisainisifngnansiidmiinusnaaonsii
(Kim et al, 2009) nsasaivlavesgnansluassignaluaulaensneziilulunsenaensaiu
(arginine) (Wu et al., 2011) N15L&34 L-arginine 390 L-glutamine IummﬁLL&JqﬂsmmmLﬁufmﬁfﬂ
usnasenvasgnansifesnelifodidy (Gao et al, 2012; Wu et al, 2013) usnaindemsiliaiuse
L-camitine Tusgwisduipsdsaunsoidsnimidnusnaaenlédnde (Doberenz et al, 2006)
LﬁaqmﬂmsLﬁuﬂ%mmﬂ%mmﬁﬁmaﬂﬂﬂa glucose transporter -1 Way IGF-| quﬂQﬂ (Doberenz et
al, 2006) warmswmundulonduniedutu Tumsnduiuarmannsalunisedsenvegngnsds
IesudvBnamsdenanlarunsvensl  Inenuignansiinanuignsfiaiuse  L-carnitine 3
noRnssunagauNiaty - maEduomnsfeidulamivdeusauourhlignansinginssunisgn
uuiiRtularansnainsinmagnuaiviumeiasiminiinusnaaenazanas daduiinsuiuid nn
TusfulaiBusanee1 (long-chain polyunsaturated fatty acids-PUFAs) 1Sudruusenauddaglunis
ﬁwmauaqLLawﬁﬂﬁmqa'%ﬁwm%m (de Vos et al., 2014)
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Tnvunsvasusignsduiiasszasinedanansznuseuiinaihuuvdsuazasdusznay
vosthumndad (Theil et al,, 2014) luthsduifesszosieuansimiufosnmsndnugaiioldluns
Wamdun Tasunmsenaderansenusensnantiiuumdosiinmsiaudeu Ly (mammary
gland) wazsumsnalnfimuaumavdsiuumdes msliewnsudansiuniululutsduiosing
Tumsausenssuiunssdntiuy esrnmsazauladuiinaiuly wignsfigiuasdaudun
sodugAugstrtarrenmsvudsnglaaludsteuinslunsdauesgiuanlfa  Tumandutu  nns
$ritmewnsluniansdutiessvezinsonniinanszmuidntesronandnvenimsndoniosninuignsd
Uhinundsnudisosegunn eg1slsfinan1sifoves Decaluwé et al (2013) Ffuimsdd
nsgUIUMIAATUBAAY  (catabolism) niAuluReuraeneavilfAnMsanysINuN A s
widedlel uaﬂﬁ]’]ﬂumﬂﬂa’]%’l‘ﬁﬂ‘ivLﬂﬁ/li“UiJULﬂ‘iﬂWUN@NVIENLLa”ﬂ’]ﬂMﬂaG]’]Nuiuiuﬁ’s’]ﬂﬂ’liiﬁuu
mmiaqumimammumammm Wunsudauswosdlduesgnansuaziiiudmsnisiivlauay
1iSnIINNTI0ATBINANS uaﬂmfms‘]’awmﬁmﬂwmmumqmmLﬁiﬂﬂmmﬂuﬂimmgﬁzmw
SuviosinaiteuTinmuihusdosiignanslésudnde (Theil et al., 2014)

answavesdandausanisanenaundunlugngns

QIRGIGEERLIVE

NaNEMUTBINgManon I AounguLvesgnansienaduiianiiivaiu Koketsu et al.
(2006) wuin Tuussimadunsmevesgnansneungtuy Tuggieu (nsngie - fusnou) ganingg
TUlsfE (e - fquiew) (11.6% fu 9.4% auady) luvasiinsidelusn@nmuiinismeves
gnansneunduniiageanluggruniiesnngamgiivesdandensiuazanslisuanuaionsy
iesnanenmadu (Dial et al, 1992) Inevhlugnansanunsasgludifishningamgiifvsnzanlelsl
1Ay 2 Falus gaumniivesdsuindendinanzauvesgnansfie 3¢ ssaiwaldea (Herpin et al, 2002)
gnansusnaasaiinnnuidnlanendnuvruiadunin Wesainszuuaduangamgiivessnenie
(thermoregulation) gsldauysal gnansifiaundeudunisiluduldfmidufisndndosuazlid
auulostumsgaidsrnuiouiin gnansdsindusosldsunsqualuanimuindesiiouguuazuis
iienwegsen Tnslannzegsdslutisiunsnmdsnasn ArmATenaINALMLTIEY (cold stress)
LﬁuﬁadaiﬁtﬁﬂmmLﬂ%@ﬁé’ﬁﬁmﬁamiuaﬂaﬂsu,'imﬁm (Baxter et al., 2009) 1uamwmmé’am‘7iﬁ
ammumaﬂammmmLammamimmmaLuaamﬂ gnaninesnizeglng AuldusiteLfiunm
9UBU UBN9ING Pedersen et al. (2013) wuiUSmnaiuuvdssiigngnsldfuazanaslugiedis
msauwanummwumﬂwmmmﬁmmmmmavammmmmwaaamﬂu‘iﬂagaﬂuqmjﬂﬁ Tuns
ndufuuiansiiegluundouifigungidous 18 f 20 ssmwadea Tull gumglinandaugedy
snansnanUBinamsiuemsvesutignsas vilsiusanasdaeidiominanueieaananuiou
(Malmkvist et al,, 2012) faumsiadonaineufeudsilinisdniusmiouarnimdntu
vaulgnIhazn1sasyRulnvetgngnsanas (Farmer et al., 2010) uaNANT AMALATEAINATL
YoudtenviliAnnisiasuuUamwesiansludnuvardug fe 1wy ananuduazszezinailuns
Aosgn Wunalumsmetaaneuiegsnssuaniindnrnismevesgnanaiiiosinnsgnusignsiiu
(Silva et al., 2006) fnnsitenuinnislimuteuvuiiuvesiasnasaansanse muimmimm
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AauAsgasEnittlndaasauazndenaenlugnsidalituaiuisalunisatvauaungillaves
(Malmkvist et al. 2012)

Tsa3ouy

wunvesrhiudunumdrdglunisanaiugayidevesangnsusniia (Oliviero et al., 2010)
ImEJLa?ﬂlamsmUmaaaﬂaﬂidawsimﬂum%mmmimﬂasﬁmdwﬂﬁmmmLﬁﬂ (Friendship et al.,
1986; Hoshino et al., 2009) HanTENUVBIVLATNLRBNNTABYBIgNANSADUME LB TRIAUNNS
Janndsnasauazaunnvesauaudslasunivzininlurifuvuinlug) Hoshino et al. (2009)
wuiwhsuiiusyavsnmgdudsemaduiidnnugnansmeusnaasnfianaailesaniinisianislu
dnaenfinniwfufiiuszansnimi szuulsadeunazniseenuuuiinanssnuegannsea’iad
AmuazUsEavEnIw vesmignsuaranans svuunenaaengnasnuuuNitedesiulallsignsiiugn
anslasmssifansiedoulmussuiansuasdfuiidmivgnans lasindewignsazgnirfaluaeni
Lﬁaﬁ 1.26 91319%6UM T maiuﬁuﬁﬂaﬂnm 3.54 715°91URT (Vosough Ahmadi et al., 2011) in1534¢
wuhusansfignidedluaeniigniinuansornisiifieund i danniiiuresiilanayniineudues
dogoiluuniuiaion nofnssudsauniefaUnf (Baxter et al, 2011a) Femniinseeanuuud
uanesfulunsidssuuunduuazuutiien vialdssaosddldsunsiauniiodumadentiun
\NEAINT (Baxter et al, 2012; Wechsler and Weber 2007) ag1slsfinudalaiiniadeniimunzay
fatunslnuluBondeddnadidodtn madsuwuunguanuisousnldiduassdnuas Ae naen
madssgnudeifiuunstisssviemsidsgn ulansgnuiinduuazgngauudisgnansfiunannmuaie
pon videiiiufidiunansiiaunsadilfaneusdansnaondrsnsliug madsanglulsaFeuanunse
wadurenuieneniildsunisesnuun TnsiaderenagUsznoueiiofivunn 10.48 amsaums 2y
fufifudnsuazueu gnansaziuinmuendsnnndoudeninaiunnueuguiielauliviotanses
flunon eongnasniuumaInuats TnsUnAegiifiuiiianuayUssann 7.06 msaunsvosiuiilaed

De

De

fuidmivvifdeusuuszan 2.90 mMs1auas gnansazdiudnaunendisnaniensonisiasy
arwsuguielaulnie Tansosfiuneniduiendu Tussuunsdsauuunaiuds wiansuazgnans
widedlunssionuenusiazaon Wuilide 377 nsrauns) Tneannsadndsiuiidusavionduls
wihszuunsdssuunguasiigenninduudiidansasdidasylunaadoulmuasiinn
Juldldlufisidognidussssnaun witianudsafsdulunslauwivuasmadnidedutu
viensliizeuninsgn Wechsler and Weber (2007) wuinusignsduiaslsimsegidunduluvasaasn
LwimiLLemL‘fJui’]aéf’ﬂuﬂaﬂsum@‘Lmﬁﬁﬁﬁuﬁﬁm%’uﬁw%’w‘%auauuazﬁﬁﬁmiimLLEJﬂGiNmﬂ Baxter et
al. (2012) a3unedmsinismevesgnansuun (nsynaseniiiesgnans 11 #a) dl¢i1 18.1% 19.3%
15.0% waw 17.19% Tugostiedu panily menfleenuuuiams uasss wmsl,amﬂamm RHGRIN
nsmevesgnansnounguuarlndifssiuludagszuumaides snifussuunisidsauunanuds
szuurassRugnasnuuuaeitedesfunsiugnansiurisinedusians usfinazlilatiussansna
Tun1stlesfiunmsivuinutevies Wewignsuouasninyi lasianizeg1sdddunis@nwinisme
vaagngnsneungunluvisy 112 whsuluansivernndnsiae KilBride et al. (2010) wuinwedsdy
gilsuifisufumaldssuuutdesanussuuiinansaiy (savsszuululsadousaznanauds) §ideu
a3UANLIABIUBINI TN YsgNANIABUNE AR INNsNILTUA U TRy aenslsAnm A
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dearionsmennamndu Tureadsdugaininlungudug dedwmaliisnsnisnevesgnansneunsy
wilndiAsaiu wianslusestadumludilonanzuinduuinuiuuegisulsailedouiuszuy
Fesdes Feenaviliuiinahunmiesiignansldtuanas adrendetulusestiady Baxter et al
(2009) wuhthminuesgnansusniiauazgamginiwmndnd 1 lumdeaenduiiisdmiey
sonndsnannfidrdfignlussuunadssuunaiouds egndlsfing madifasun Fusuasgau
willgdidu Liduidamnuegsenlussuunadsuuunarous umdufiniiddglussuuns
dedlulsaFou dnsfnvinuiuiansiignidsdurendoustuil 114 auils 4 Sundinaenannnan
nsmevesgnansnoungudefisufuninidssuuuldes (Hales et al, 2015) Anvuzitunanves
AonARDRuIBidEsgneTalinasenismevasgnansieundu iuneniiuds (du fumbnude i
pounInudI uaziuAndumtdeuisdn) andvgifnisainsfeauaiivvinlugnans Gu et
al., 2010) Fsfinaudestonnaiauivinnounduivesgnans wenaini mslfukuledauasieivneg
vuitumnluuinaiigngaungnanstisaneuidsswionislauivuazaundsstenisiigungiives
anansm asnisannisgaudeanufoussuinsesenvesgnansiufinfiufiaduda (Gu et al, 2010)
Tuihueudeafunsldiagiaiulurestifuenatiangtinisalvesusaiivuy (Lewis et al., 2006)

N139ANT

nsdamsiieannansemuidsauvesdadeiilidvninanonismevesgngnstoungunsad
thiauadasiu Fesdimslisduauddyuasdunoulunisdanisiefuudansuazgnanslusiia
ansidendled dalaenlugndninliruddyiunisianisluiunaenuarlutisaesiuusandsan
Areainiu mMathassandouiunstisaaen Wunmsianistuiiugruiieandiuiugnansniewsn
aaendundn (Vanderhaeghe et al, 2013) aghslsfimunisiiraenuaztunsunsdanisinddu
YIYanN1IAYoIgnansnaunguule ( (Vanderhaeghe et al,, 2013) N150A911UGNANTANBLIN
paen mafiumssendislutisiunsnuasmadiudminugiuy deasnnsitussuninihasenaiia
FaUszneusng

1. miwﬂwaﬂaﬂsmﬂﬂaaﬂmLLm

2. maasmhuswdowiothumauny uay

3. msbieen@auasusuvtiinin (White et al., 1996)

Lwiasmliﬁﬁsﬁzumawhm Tunisuiirraeadfindiiuidredu viendienssinitaziian
Usggnadldludamndudifosnifiuanugeenlunisiin eglsinutuneuiiisiugaduied
thaula wu nevilignansusnaaendauis fussleniluganisifeauuugaamnssy Christison et
al. (1997) é’qmmwudwaﬂam%iammwmsﬁmﬁaaﬂﬁﬂiﬁaLLﬁw'%aaststéleﬂﬂﬁuﬁmé’aﬂaam
Andersen et al. (2009) wag Vasdal et al. (2011) WumaﬂaﬂiLLiﬂmﬂwﬂW’;LLWLLa amwhmm
UNIANTIIUNY mmiaamamﬂmimmmaﬂaﬂ'ﬂmmammamLLUUUaaEJ snnd1iiu Andersen et
al. (2007) Lﬂsaumawauﬂamwnmm\lﬁmLamqﬂﬂuﬂszwmuasm 39 ¥15u NUIINITINGNANT
Wvmariuiiviinasauazinegnansvsusaisaansnnmanieas Tuvazfinsdiognanslve
TunaesnniuvaliemnswignslilaiidnSnasonssentin

nsdnmandsnaniiddy Tiun nafiumdsnu uar WuUnuhussdedugnans ean
aruuUsUnuresiminvesanslunsen nsdregnansvualngjesnanusidussesnamiadiels
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[ a

gnansvumanaunsandasunlasgramangauy (split nursing) ﬂLUuammiUgUmiuvxhiﬂumq

9

€

(% a o

Sunasatdufy Muns et al. (2015) nuitdnsinisanevesgnansiiuminusnaasndilafinig
Wasuudaadeovinisuenides ”LuwmﬂaUﬂumsLasmmmﬂmLmaﬂaﬂsé’wmummaawsamsLaiu
wamuwmﬂumawmmmmLwaquﬂ'ﬁmmmuumaamaﬂaﬂsmmﬂLLﬁﬂﬂaammﬂulm wagyilv
gnansiiszdu 1gG Amanzau sgndlsfinumsiniuuindountouddilitugnansdlitostaluns
Tlushda Wufivhauladh dhussdesint oelddundsgfiduilunsdesgnansls venand
lnsndelsiansnansannsaliiuumamdsniiungnanseny 22-35 dalua I oenslsffinisltlag
nAwelsdaenarsimniiuluotavilignanslrsildnnmsifinanududuveansaluiuvsudsuay
sl duiy egrlsAmuiniteunsnguldddodunniednnnissonnouagdnsinmaiiuinesgn
ansvadniiiunnniudlegnansldsuninaiutummaedunisu Muns et al. (2014) wudanisls
pnaasulugnansvuiadndeiiuumies 15 Tadans Tutiusnudsaasarilissduandudy
99 1gG ludfuegluszduimnzaudlonny 4 fu uenmiionnnisusnidssuazninaiue1ms ns
dhnidsnduuumanmsiamsilflurfndandedderunvesasoniunnnidunugua i
duagvdoifledanisaruulsusuvesimingnansusnanenneluasen Ssaniunisaiionasili
Uinanuuvdesiignanslauanawuaziilugnmaifinturesnmanelugnansieungiun wiiinas
thornaziinasenisegsenuazUszansnimvesgnans fasdivennifeaiulumuideiioafiunagns
nséorniiffian gnansidiininusnaaendiasidnnnismefiintuide desgfugngnsid
ihniinusnaaengs Aenfiviinisireninasdanuuususauvesiminfisiduaenyi Muns et al
(2014) HULIINANINANUALDIAUALADIUN NNV NV SUANNNTOAINARBNANTENUTDINA
gnsn1sgernlunsule

nsldansaneiugliigngnsusnaaeniidindiuiuannnin 14 ¢ uagasvenewusansilsing
wangs tlugnisisrurugnansunnniduuiundianansaldauldlugadedty Tuaniunisal
uiuoraduiunmsldsruuudidssmudunounisians Hu ssuvduneuien Usznoude
spuuansiinuazsruuansiunoulaslfusans 2 & Tu “ssuutunsudien” Ussnoudenmen
unsignsfiazianldidu “wsiun” 7 21 Jutfurieninnit wdgnsfildsunisdnidenayldsugnans
dufuangaudaaondalmisazasliusluisnsliuugnusll “ssuudestunau” Tiun n1suen
uunusignssadt 1 Tuduil 28 fuvesnisliuy iethanidesgnanseny 4-7 fu ndsminusignssai
2 finduugnuasiaesiiony a-7 fu TuduusiAesfiotiodesgnansinaenlvel msldssuuusuuag
Frelun1ssnuinvesgngnsdrwiulunisy egnalsiniu Baxter et al. (2013) nuaawliasd
iz‘m’NU%MWm‘fquuﬁqﬂqﬂié’famﬁﬁuﬂ%mmﬂfﬂwﬁLL@Juumamlﬁ LarAmNABIionIsIAnlsn
iesanmisvgaas fnvessruuidmunaanmun (all - in - out - out) Fudumnuidssidiulddaunn
Jurosszuumiug Ssmsinsfnwifisdnisrtumsldssuunsidesouiug Snmadenuilsfe
p1aldsruumaissaglifuumaunuunignansdruiusazgnansiiseunoaglunson adrefunisli
919 gnansdiuiunazgnansiiseunasinazgnuenidewieaglundedluuiinunenaaon
dnfiingnénelugssuunmaiiissnuuiidefiongsgwing 3-7 Fu De Vos et al. (2014) nuih gnansi
gnidssisunmaunuiinisieigiulniindendstunagilisldafuiisionny 28 Yu ulalé
S18uHansENUAesnIIN13AE De Vos et al. (2014) Saliifiudnszuunsidsafisuumnauny
Butsslevidmivgnansnuseinn Tumanssiudu Widowski et al. (2005) wupnudssiigediu
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351151 HUN15998 (Materials and methods)

N1IMAG9N 1 (Observational study) AUKUTUTILLAZA1LRAEYRIUSHIMUIULMTD LGN TUA
azdndalatunisanaanndvdlulsenelng

W1sunaaes

msiseadsivilurduansionay 4 wis (A B C wag D) lutssmalnefsuiuuiansly
HAKANTIWIN 1,500 2,600 3,000 waz 4,000 ki Mm1ua1u wrsumnvsusinsnangnsarmaunuly
fa ansarudsiudadionny 165 Fu (dnting 90 Alan3) gnsamogsugaduna 50-60 Tureuas
ondsludilsaFeunauiuslugsgnsamiinislihanfuiseluifuazewnsedslisringnisl
onstuay 2 A%t (Wsvana 3 Alansusety) Usznousetninadundesartududuussnaundn
fUsmnalusiumety 16-18% wdaau 3,000-3,400 Alausasisienlansy wazladu 0.85-1.00% ans
aneglulsudounuusruudadedgunsaiasetuasinaussuisenna - ansegluronsiuyszana
6-15 ffaABNLALIANNUIKIY 1.5-2.0 M151UATHOMA

MsnsraialSinanihuumaes

ﬁﬁﬂﬁﬁi’i’qﬁmﬂﬂqﬂqmLLiﬂﬂaa@L“‘f]m'méf'; $1u2u 5,000 2 91nUaIANT 400-500 sl AT
Aanoafiinuazidendunsy (Universal weight enterprise co. ltd., New Taipei, Taiwan) lngvin
mMsFamtinsuiivdeans wazdaimingisnadiinatssna 24 Flumdnasn ‘ﬁ’uﬁﬂ%’amaaﬂ
anssdused Taun wesud wesgn Mwfia mmummaa@ LAARN mmuaﬂammﬂmaawwm
UIUGNFNTUINARDATTIN  TIUIUGNANLULINARDA Sfudl mmimammﬂimmmummaawaﬂam
lm‘uLUusme,mmmmmﬂumuﬂmmeuiuma 24 FlevSPann LaTSEHLNARLARADAIUISY
ﬁuummmqmiﬁlﬁ%’umiﬁﬂmﬁﬁawﬂﬂﬁimEJ Theil et al. (2014):

CC (g) = -106 + 2.26WG + 200BWB + 0.111D - 1414WG/D + 0.0182WG/BWB

WG is piglet weight gain (g)
BWB is birth weight (kg)

D is the duration of colostrum suckling (min)

NIAMUIMNANENUUNLMRDIVBAIENS (colostrum yield of the sows)
USunawesuaividesignudasmnulanuiusiiunandauiuumdeweaulans

nasRM LIS
Auihuudeduuianaiionsisnuamussinslpensatialei sy wazdena

waalaluiiu Tedudafuiuuandiualssann 10-15 fadans ldastuys Tannusaande

Auluiibu 4 ssmisadoa wazdsmmanmuamiuunely 24 Falus venanddvinsusudeiiug
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vsdULaziinn1InsIvesrusenaulusiululinuuneISnsIa Fatty acid profile 1138015999 AOAC
2005

n1sinanamu lududunds

Faprmmunlufudundslunignsnounasailsiumis P2 (Uszanad 6-8 Iouflans 91nuuInans
duvddusumisdlasedgaing)  Taeldiedesdansiendalin  A-mode (Renco Lean-Meater®,
Minneapolis, MN, USA) A luiudurdaazgninnounaen (M3vaaesd 1) wagluTunguu (N3
ynaaesdt 2) vhmsssdunmsgapdoammuleiudundilasguaisosnnumunlududundaiies
ads mmmmaimummiamLaslﬁumuawaﬂmammmmﬂlﬁumuawawmUlﬂmimalﬁumuawm
riounaenAag 100 (M3vinaasil 2)

nMsdansiialy
uignsgniennlsadeuduiiestunninuulsadounaendeuasufmuanaonyszunn 1
dai Tnsreunistnousanstulsadounaoninisinendulsanlagld vermectin wuin 300
lalasndu/Alansu dhoutignslurnadh wavenutiliusans wignslésuewns 1.6 Alansu/fu Yuas
2 af wagldsududind WassuunimealutinansiudiessueanudeuliulansuulsaSounaen
delndasuivuanaen dnmsiwieunenaasn wazlalrinnliguisioundeuneunisaaon Tasunfiay
Uanelviulgninaonewmusssuyd uivinnuindinisrasnen wu ldaailuniseaeauiund 2.5
Hlus viensdifusignsilonisiiseasaudliifignanseensnidunannuiu 1 Falus agvinstaeis
gnanseenanteseaen Wiegnansnasnoonuudninmsdsniitensedunmsmela shlfeusulae
Felwinn Fadliwidlands mnduldeslignansgruutiviesnuians Wewsignsaaongn
anvne dnnnstusnsening 20 wiids 12 Hilumdsnaen Gnsesluusendlndu fag 20 gin 14h
n&aiile wiansnndald¥uenufioug Tagaumgisinieuignsniundsraendunan ¢ Tu minul
ansgaugiiseniegand 103 asaiisuledieilld dnenanliuasuidnay wignsilsvesdsngn
25-28 fu gnansiunsnudsraenazgninernnisignssidaugnanstensendiuunuaziilodn
wonvuiagnansfidvalndidestulisety Tneliansdesgnussana 10-12 fa/asen gnansvn
shegiuuignsluneniifivnnuagnszaeulimueuguuararusofuuniwdosanuansld
AABALIAN QNENT Qﬂﬁfﬁﬁfﬁ%ﬁﬂ oy 1 Tu wonfudniden dams Jeusntiostulsadeudelnans
%3a (Toltrazuril) Tutana 20 fiadn3u/Alansy Wemsdansndsrasniaia shnsdauesyuazuen
anansusnsenlismimdn degnanavgiuy  vhmsdaimiinanduiindeunelulsaSeuanseyua
guamaasgnsakargnsulasunishseTaleedmunndansanlasuindudesiulsauinuazivi
Wee (FMDV) smeiindians (CSFV) Tsafiwaiiathiites (ADV) TsansTaladaluans (PPV) fiengsewing
22 waz 30 §Unk ndsandignsitele 1 dUasignsunsazgninedansaedunasyinm 4
danvilelviansanldnrgnlsn (acclimatization) fednsdmgnsue 1 dseansan 6-10 fd
Tneluudrgnsunsiitidulfansanagnlseiuasdinmauudouynda
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N1MAaRsN 2 (Experimental study) HavasnisiasuludiunmuninadluidansduvisastoUsunaiuy
WiRaanugnInaala

N139NLUUNTIINAGDN

yhnsanwluusiansdiuiu 60 usl lasuvenguansidu 2 ngu nguag 30 wil Tungud 1 Au
91M15Un# (control) wazngudl 2 lisunsiaduludununings mauluemsusignsnaunulasiuly
nquauay tnsUfulitsaninga %"Lsumu Wiy (5197 1) maeaszes naguties imsiiaau
aussnaImnsAviuguesuslansvie 3 ngu ldud mmuaﬂaﬂmﬁﬂﬂaawwm FIUIUGNANTUTN
ARoAfldin S1uaugnansnsusnaaen s1uuiull dintinusnaaen war Uinmuiniindesfiuans
HaRle (colostrum yield of the sow) WWisuiulvdudundneunasndmguusenitnguaiuay
LaENguNAaes Wisuifisuasdusznoueniualaoiduiiviinaliuresiusanuignisening
nNauATUANLAZNAUNAABY gnansNAIsgninduyanuval w3e wasydusied W3suliieudng
N5R3Aulnvedgnans Ims*ffmnﬂﬁmﬁﬂﬁuaaqﬂqmmﬂﬂaamLﬁwﬁuﬁmﬁﬂgﬂqﬂwﬂmmﬁ 21
LLamJ%EJ‘UL‘ﬁaué’mﬁmimsdauwjmmaqqﬂqmmﬂLLaquwzaaaqﬂajm

M13199 4 FUUTENOUTDIDIMNTVBIANINFUAIUANLALNANNAGDS

dulszneu NANAIUAY NAUNAREY
Alansuw/eu lvslu (%) Alansuw/su luslu (%)
a7 350 0.46 330 0.43
dsuthdu 40 4 15 15
dhsfusring 250 3,75 250 3,75
S1azidun 120 0 120 0
mMnddsLeniUden 100 0.1 100 0.1
famdaslutui 50 1 50 1
ladu 3 0 3 0
wolnladlu 15 0 15 0
3ot 15 0 15 0
21% llulaumalBuuoains 17 0.09 17 0.09
ARy 8 0 8 0
NGk 5 0 5 0
Uandu 70% 50 0.5 50 0.5
diladlvioas - - 0.2 -
Tuuluns0® - - 50 2.5
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dndnaasanazn1sannisnaly

hnsnaaedlumhsugnslunmansfunnvesUsenelng  seninassudoneuisfouiueisy
Ingldusiansiugraunaunissiaseasnides (Landrace x Yorkshire) $1uau 147 67 lnafianduviod
\dy 1.820.4 (idy 1-2) L?ﬁyaﬂuﬂiqﬁu"luiiaL%aummmqmmﬁ (closed-housing system equipped
with evaporative cooling system) ifisannansgnuaingamgdl Tuthsfigumgiinieuenlsuiouay
SN 24.4-32.7 °C uagipnududuimg 85.1% (Thai meteorological department, Bangna,
Bangkok, Thailand) énausiansuisenasnduiian 7 Sunounasn TuAonLEnifiuT 4.5 m1aunsse
M dunneinisvesudgnslaedmunmg wiansvniidnisviiadulesiulsaeiindans (CSFV) Tty
Josulsafiwgrivtniion (ADV) wagdrdulesiulsawesialifalugns (PCV-2) reunisaaen uag
fedutlostulsamslalata (PP) fadutioatulsaunnuazvindes (FMDV) ndsnsnaen luriadieagn
TfewnsTuay 2-3 A%y (Wavan 5-6 Alanfusedsiotu) Fausznaulude 41ilne nisdavdes uas
Yau Tngemnsilusau 18.0% waseu 3,150 Alawnaasinenlansuuazladu 1.0% lunmzunid
niugnsamaunuazinmInaniotguinnd1 32 dad Sdmiingaldsind 130 Alandy edrelies
dondudndl 2 fe Tnsuandiosiomn luiueaeavhmstufin S1uaugnansusn asenvianunse
asen (TB) I1uiugnansusnaaenidin (BA) gnansmenaen (SB) uazgnnsen (MM) Tuiunegumi
nstuAnduIniuNrgULaTURANYBILIgNT

Aununvaslutiudunag

msiarnumnluiudunds 6F) lngldiedesdanswniefin A-mode (Renco Lean-
Meater®, Minneapolis, MN, USA) fiaunaen uazidlenguy (22.7+3.4 1) nevihnsiaiivdnadlass
%qmﬁwﬁwmnﬁwﬁq 6-8 1wufluns Tnednviansdng (Tummaruk et al, 2007) MANLAAEAINAIY
Aittaled msgaydelsudundanldanasunnisserineeaunvesluiudundsieunasn waz
dlevigu

N15AANGUUAENT

wianguuiansmuauvunluiudunds loun vne (12.0-16.5 Tadwns 91w 33 67) Uy
Na9 (17.0-21.5 Haduns 91uU 78 M) wasnu (22.0-24.5 Hadias 311U 33 §7) 1aInaaalUd
wignaidu 3 ngu muviavese sl éin ewnsauan S1uau 50 § eWMIATUANIERY micro
encapsulated fat filled whey (Bormofett50®) 91u3u 48 67 kare11s AUANETUNEGIUTAY 31U
50 §1 Bormofett50® findssu 5,920 wraaed/Alansy TUsAu 6.3% 181 4.1% lusiu 50% whawdey
0.2% Woanwasa 0.4% 1nan 0.4% 91531 0.13% lolwdadu 0.35% a9%u 0.55% ladu 0.49% wumls
Toflu+@ariu 0.23% wnlsloliu 0.1% Alasvarfu+lnladu 0.27% Alaszardiu 0.15% n3leily
0.39% vaulawnlu 0.1% 218U 0.33% Uazuanalfa 35.6% (Bormofett50®, Nutrifeed Co., Ltd., The
Netherlands) ndlusaiutssnaude Tushuun 1% TUsiu 12% waalda 72% enudu 1.7% wazidn
9% (Nutrifeed Co. Ltd., The Netherlands)
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N13§NARINTTVB LGN TV IAGDN

NSdINARINITIRREATaLIANTUTENBUMIY gl MuBINYesRaan (>10 Uadans)
ARAUNRYBSIUN N15AUEIMNS (WU Auevnsanas aunsevisliAue i) Glock and Bilkei,
2005) Tufufl 0 1 ua 2 usl ansifgamgiisnnnin 103 ssawusule daidild lilldlrazuuy 0 uas
lalvpruun 1 uesaIndesraon TuusaUnfuinnin 10 dadansiiaziuu 1 Undliaziuu 0
(Tummaruk, 2013) AAnUnAives WuugaNnssnia uarlifithun mashaulsznaudewnus
VLAY WINTAuNeE 19T 1 iuans oansenaulrazuuy 1 nldnuldagiuy 0 NS
Tpzuuy 0 MnAuemsUnd (>80 % vasUSunafiiuund) uaslinzuuy 1 mnduermsanas Uni
ﬁﬁﬂﬂaaﬂﬂzﬁﬂﬁiaﬂaﬂﬁﬁuﬁ;a%w (Amoxycillin Clavulanic acid, Synulox®, Zoetis, USA) Saufivgnun
dnigu (Tolfedine®, Vetoquinol, France) wazlimidusiu (Fercobseang®, Vétoquinol, France)
Tuths 3 YundsraendaUfuilagunueinsvoigns

N1SAUAIBEIIUIUY

yhmsifusegnaimanulansludansiil 2 uay 3 vesnsidssgn Tnginnuuinuduseg
7l 4-6 flowdn vharuazenuwasTuNF Bty aderus wasiauuneunisia Tuung
nsdloafinrsanldosliueantladu 10-20 1U ivihuslunefiazern usnwimedtsiumsiay
10 fadans Tioamgll 4 earmiailea Tundedlriuuazindsiesfifinisnielu 24 dalus feehs
thusnndueUALILIL 48 FpEne nduLEsY Bormofett50® $1unm 49 Foens wagnduiaiuig
TUsAuS AL 50 fre8ne YnnTRTIasiegneinuadls MikoScan 1338 (FOSS Electric, Hilleroed,
Denmark) ssrvanUTinallasiu TUsiu uaelfa uazvesudeionualagds Infrared (R) instrumental

analysis
nsATIEidayaneana

Ainsesideyanisainlagldlusunsu SAS (SAS 2002) furnradAdmssan laun Aade
drudsauuuinnsgiu (SD) fide wag menud deyaifeUiinaiing1zsisne s Multiple Analysis of
Variance (ANOVA) Sins1evidlaseiisinasionsen TB BA MM SB dhuinusniia shsmnisiasaivia
Srurugnansveun uasiudnuenun uar anumuildudunddlutsnounaen wagvienn N3
goydeludiudunas anuduiusvesnsgadeluiudunds (%) szama'n,gmqﬂ WATITELLIANAINNEN
undanan Taely General Linear Model (GLM) procedure of SAS luiaansaffiussnousmenaves
Auvuluduvagaaen (U9 U1unand wun) sinuede1ms (ngueiuay L@y Bormrfett50® wag
L@3HL8) wazAUFURUS TN A lududundsiveiine s 14 Least-square means @135y
Wiguiigunnuuansinsvestoya ﬁqﬂﬁﬁa;ﬁaﬁﬂizﬂauﬁwmiﬁlﬁﬁ (0, 1) viuaslua (0, 1) RaUunAueadn
Wy (0, 1) M3Aue s (0, 1) Tufudil uay 2 wdsraeavhmsiaszilagld Chi-squares test e
Josiu P<0.05
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Nan15938 (Results)

N151AaaW 1 (observational study) AL UTUTILLAZALRAETRIUTIIUNULLAR LN TUs
azdndalatunisansdandvdlulsenealng

A 3 & A a Y a o o d'
HANIVIaRINUINUSINMNUImaRINgnansAulaliAwage Wi 405 + 183 nSu Audves
nsns¥nevessunauLdesignansiulawandlusun 7 a1ngunudn 20.1% vesgnanslasu
5 & ° A a Yo v O =1 ~ = ]
UULLMGRIRINIUTINNAITElAsy (Quesnel et al., 2012) datugnswationalininudssionis
MBROUNEIUL Lazonaazviinisiasyiulaflifvinnaas

14 _

12

10 - 20.1%

y 3
A 4

L2

[

I
HEE
|

Sih)
(@)
1

5 nal

0 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 2800
U%mmﬁmmmﬁaaﬁwqﬂiméﬂﬁ (n3%)
U 9 mwiivesnisnsrarsvesUSnanhusimdesiignansiuld (colostrum consumption) Tu
W’li‘iu’qﬂiL‘Tj\iW’lﬂjﬁiéLLﬁﬂﬁﬁﬂuwa}ﬂiﬁ/l&l U 1,140 6

13mﬁfmt,iﬂﬂaamaqqﬂqm ARUNTARENA ﬁwmugﬂqﬂimﬂﬂaamﬁgﬂﬂm UUGNFNTUIA
ARRANTIN ATLUNIUTI §nTInsiuvesiila uwagaamgivnannswin Ianuduiusiulsuin
ihuwidesiignansiuldesnsiiivddny (1eefl 5) egndlsfin svsosgn svosnasineseninemnis
ARBAgNLAazdl  (birth interval) USinaueendiaulunsvuaiden uazd1duvieaveusgns il
aruduitusiuUSinuhusndesiignansiuld

Tunsifoaded  gmnimammsvinvesgnansdiarunieatosiunisiuuniindesesgn
qns Wiy maﬂ'mﬁ]EJﬂawmuwm'1am‘mmmwn'1i‘wmsua@aﬂaﬂimumﬂimmmuumaaw
gnansiuldedrefiduddy (Tuchscherer et al, 2000) MsAuwUWANHURgnansfidgauginig
ymsndne  danuannsalunsuSuaunadoumgiistanevesansindne  (thermoregulation
abilities) nsuuaNnadgamgiisume Wutuneuilddameedsinervesgnansuinaaeniiazyhli
ansodsadindelld gnansimentely 1 Fuvdainiirasnesninmwuinlifinnmasisaluns
Snwenmgiifivsnzanvosmsntinenlildnelu 24 §rlumdsraen namsnaassmuIIgaMnTinIg
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nnmtnvesgnansiieny 24 e Tanufgitesiudnnsnievesgnansneuneg Ll
TedAny (5UA 8) Aslly MaiiwdSinanhuumiesigngnsiulalugisiuusnudenaendsiianud

wnlusugns

)=

[

Y

<

M19199 5 anduiius (correlation) seninaUSinaniunmdesignansiule (Awade + SD = 405 +

183 N3Y) ULALAMANYULYDIATONLALYNANT

Variables Colostrum consumption
n r P value

Gestation length (days) 1,140 0.01 NS
Total born 1,140 -0.21 *xx
Born alive 1,140 -0.19 Frx
Body conditions score 1,140 0.06 *
Birth weight (grams) 1,140 0.29 o
Birth order 1,140 -0.07 **
Birth interval (min) 1,140 -0.02 NS
Heart rate (beat/min) 872 0.11 **
Blood oxygen saturation (%) 872 0.05 NS
Rectal temperature (°C) 862 0.30 X

100 ~
90 -

80 -
70 ~
60 -
50 +
40 -
30
20 ~
10 +

Mortality (%)

mDay 7 0ODay 21

<37.0

b
B
37.0t0 38.5 > 385

Rectal temperature at 24 h after birth (°C)

UM 10 dnsMIaneneuveuNvegnansiuiuil 7 uar 21 ¥aIRaen WUINGUANEUNAINIMINT

winvewngnsh 24 Tiluwdsraen lawn gnansndeamaimamnsutinsesaua (<37.0°C, n = 29)
U1unand (37.0°C to 38.5 °C, n = 248) kaw g4 (>38.5°C, n = 413) P20 anfiflfdnuyseniiunnsg
AudinuuenAegsiitedAgy (P < 0.05)
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pansnylunieauslushiugnssiuam 3 vhin wutlasadegnansanunsofutiuumies
1§ 279 + 141 n¥u (Rdy 0-940 n¥w) Angnansviamun 2399 diivimsing gnanssiuau 93 i
(3.9%) lilFuiusmdenas was $1uu 651 6 (27.1%) lesuthuumdeshindt 200 n3u gnansi
ﬁuﬁmumﬁaﬂﬁ 0-50, 51-100, 101-150, 151-200, 201-250, 251-300, 301-350, 351-400, 401-450,
451-500 wag =500 N3y ddnduiiu 7.0%, 4.4%, 6.2%, 9.5%, 14.5%, 14.6%, 14.0%, 11.9%,
7.1%, 5.2% way 5.6% nudiu (Uil 9) dadrunesgnansiinuiuswdedldsng 200 n$u Anduy
30.8, 27.7 war 19.8% lurhdu A B way C anud1du (P<0.001) (3U 11) Tneiade Uiinaiusivdes
fgnansldsuwiniu 267 277 wag 300 n3u Tushdu A B uag C muddu (P<0.001) Toyawmanil
detd Tumeaudignansdunundedildsuihunmdeshnissdunasgiu waroradudinguisd
ianansidnsinsmeneuvgues

16 -
14
T 12 -
@ 27.1%
E - »
& 10 A
o
o)
w 8-
Q
=
Z 6 -
w
(@]
o
& 4 -
2_
0_

<50 100 150 200 250 300 350 400 450 500 550 600 >600

COLOSTRUM INTAKE (GRAMS)

UM 11 YSunasdhuumdesignansiulaaingnansdtuau 2,399 63 Turhsuansidendivdludseme
Ing F9u7u 3 W5y
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3un 12
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and

30.8

A B

uresnansnlasutuumieslitia 200 n¥u Tursu A B wag C

JUN 13 nsiudeyaumiingnansilusedusneaeniiieUseluUsunauiuumiesignansiulalu

15U A
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SUN 14 msadunmsidedugnansusnaaentusedilurisu A laun nsiiraen Mstausunm
wmaluden nstuduiugnansusnaaenildin uay nstalmingnansusasineunasndsiuuy

JUN 15 Msnsndadsunaeendiaulunszuaiionvesgnaniuinaaen wagnsinanuvuilusiudy
NADILUANINOUARDA
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JUN 16 n13viddslunsy B laun mswSewlnuruwignsiieinanuvuluiudundsneunasn ns
Tusnuatuilgns nMsiiaen wazn1snTinnsiuuwiewesgnansidusiefmlaensdewues
Liusnamds anuddunisnaen

=] ] < H A 1 [
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UM 18 Mmstawminuagnisineumginmaminsvtnlugngnsi 24 lumdinaen

JUN 19 Mmsnmatudwiugnansidinusnaaen wasnistedmingnansusnaaeadusied
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157991 5 wanadeyaniaszuvduiug anuvunludiudundinounaen wazaududiuesduy
Tulnaydudluduumdewendans  lagnuitanududuvesduyliulnayiudluduumiewa

gnsliAade 72.3 = 34.1 Taansw/dadans lnedlauuUsuriuseninulansisassi A 21.8 -

242.9 Jaansu/4adans (m15199 6)

M19199 6 afATNITALARITaYavTTULAUTUG Anwlududundinounaen wazaududy

a o

vosduylulnaydudluthuumieseslans (n = 345)

Variables Means + SD Range
Parity number 34+22 1-10
Total number of piglets born per litter 139 +35 3-23
Number of piglets born alive per litter 12.4 + 3.0 3-20
Number of stillborn per litter 08+14 0-6
Number of mummified fetuses per litter 0.3+0.5 0-2
Backfat thickness (mm) 151+ 1.7 9.0 -245
Immunoglobulin G concentration (mg/ml) 72.3 +34.1 21.8 - 2429

60 -

50 -

40 -

30 -

Number of sows

20 4

10 4

20 30 40 50 60 70 80 90

Concentration of IgG in sow colostrum (mg/ml)

100 110 120 130 140 150 160 170 180 190 =200

sU# 20 NM3nsEAngivesadutuvesBuylulnaydud Tuhumviesweudgns 31w 229 67
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Herd A Herd B

Ut 21 amududulasiadsvesduslulnayaud (least-square means + SEM, mg/ml) Tuthusiwe
yosuslansfitaluausnuazdlaed 6 vdanaenlunnsu A (n = 181) uag widu B (n = 160) *°°7 fadnws
nfiwmnsnstunelurhfufeatusandernuuandnsegefitedifey (P<0.01) ANULANAIITERINg
W13 lun 9 1 Falumdsnaen a AU c (P<0.001) uag 9 6 Falumdsnaen b fu d (P<0.001)

100 -

80

70
60
50
40
30
20
10

0

1 2 3 4 5 6 7-10

Parity number of sows

colostrum (mg/ml)

Concentration of immunoglobulin G in sow

JUN 22 Anandutuvesduylulnaydud (least-square means + SEM, adn3u/ Iadans) luduy
wiewawgnsdununelu 6 Palumdinasn SuunauaRUiBadns
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N1MAARN 2 (experimental study) Havasn1siasuluiuamunmadluidansduvisstausunauy
WiRaangnInaala

panIMRaRsNUTMsEIo s lutugnnadluulans A sgnlnaludauandidluu)

Laganans Laun nasfistuvessedulutuluthususians 9n 7.8% 1 9.8% (P=0.09) maifinduves
nsalvdu 12 ¥in IuﬁmmLLﬂqm leuA caprylic acid, undecanoic acid, lauric acid, pentadecanoic
acid, heptadecanoic acid, cis-10-heptadecanoic acid, elaidic acid, oleic acid, linolelaidic acid,
heneicosanoic acid, eicosadienoic acid Wag podocarpic acid uenNHS U MsEsuoM IRl
lusfununmgdlunignaiosgnitsannisgrydelududundsluuiansviousnagaditfoddny  (7.5%
uay 2.8% lunguaiuni wagngumaaes amua1dy P<0.05) dmiugnansnuinmsiaiueivnsiiiluiu
A madluutanadesgnifinyiinanisuuniwdoddvosgnans (3021 n¥u wae 3335 niu lu
NANPUANLAENANNIARDY MUEIRU P=0.013) HAN1ITITTATIZRBIRUsEna UM IATiva L]
anslungumunulSsuiisuiungunnasiuandunisad 6

o (3 IS go/ ! v ! Y
M990 7 esAUsEneumMaAiiiiul (mean=SD) veuuslgnssvugliuuvemnguauny (lasue1ms
Unf) Wisuilsuiunguveaes (Wsuemnsninsiasuluduniivwialuanaian)

peRUsENOULIUN  nauAIuAY (n=13)  nguveaed (n=14)  A1muunneg (P value)

Tugiu (%) 78+ 2.1 9.8 + 3.8 +2.1(P=0.091)
TUSAU (%) 53+ 0.7 6.2 + 2.0 +0.9(P=0.121)
dhmauanlna (%) 55+03 51+0.7 -0.4 (P =0.053)
voudoiomn (%) 19.3 + 2.5 21.9 + 4.1 + 2.6 (P = 0.062)

MnuanIAaesUhesiUszneumaaiivesiuLiauens s henguauauay
nauveaes  laewuindedidudvedleiiy Tsiu  wazvesdewimueluihusluuiansndunnaed
wnlthnnnninnguauas (s1sil 7) Taslamzluuusmeswignslungumaassganiinguaiugy i
2.1 % (P=0.09) UstAmnmvaIe W TUAn I BB IBIiunan TRl

P13 8 uansduUsEnaVTasnIalusiy (n53/100 niuveslusfuenun) Tuuuusiansngy
muAisufisufunguneass nemseuhiimafivturesuinansaluiuluihuieiadud
wazliBudluuiansnduneass Teewuhnseluffufifiugstu 1¥ud C8:0 (Caprylic acid) C11:0
(Undecanoic acid) C15:0 (Pentadecanoic acid) C17:0 (Heptadecanoic acid) C17:1 (cis-10-
Heptadecanoic acid) C17:1 (cis-10-Heptadecanoic acid) C18:1n9t (Elaidic acid) C18:1n9c (Oleic
acid) C18:2n6t (Linolelaidic acid) C21:0 (Heneicosanoic acid) ez C20:3n6 (Podocarpic acid)
(AN91971 8)
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M193199 8 drulsznauvensaludiu (NS1/100 nsuvedluduvianan) luduuwlansnauauay

=} a [ % !
L“LJiEJULV]EJUﬂUﬂQiJVI@@BQ

nsnludiu naNAIUAN NANNARDY GRWIIRR P value
C 8:0 (Caprylic acid) 0.01+0.03 0.20+0.03 +0.19 <0.001
C 10:0 (Capric acid) 0.10+0.008 0.09+0.008 -0.01 0.558
C 11:0 (Undecanoic acid) 0.0002+0.02  0.13+0.02 +0.13 <0.001
C 12:0 (Lauric acid) 1.28+0.13 1.74+0.12 +0.46 0.009
C 13:0 (Tridecanoic acid) 0.003+0.001 0.005+0.001 +0.002 0.338
C 14:0 (Myristic acid) 4.46+0.21 4.92+0.20 +0.46 0.091
C 14:1 (Myristoleic acid) 0.19+0.02 0.21+0.02 +0.02 0.610
C 15:0 (Pentadecanoic acid) 0.09+0.007 0.11+0.007 +0.02 0.046
C 16:0 (Palmitic acid) 32.2+0.53 30.9+0.50 -1.30 0.068
C 16:1 (Palmitoleic acid) 9.02+0.53 7.78+0.50 -1.24 0.074
C 17:0 (Heptadecanoic acid) 0.17+0.01 0.21+0.01 +0.04 0.007
C 17:1 (cis-10-Heptadecanoic acid)  0.15+0.01 0.19+0.01 +0.04 0.014
C 18:0 (Stearic acid) 4.81+0.23 5.24+0.22 +0.43 0.151
C 18:1n9t (Elaidic acid) 0.06+0.01 0.09+0.01 +0.03 0.017
C 18:1n9c (Oleic acid) 28.6+0.87 32.5+0.82 +3.90 0.001
C 18:2n6t (Linolelaidic acid) 0.0006+0.01 0.07+0.01 +0.07 <0.001
C 18:2n6c¢ (Linoleic acid) 16.7+0.55 13.6+0.51 -3.10 <0.001
C 18:3n6 (Pinolenic acid) 0.16+0.03 0.20+0.02 +0.04 0.221
C 18:3n3 (Linolenic acid) 1.17+0.05 0.77+0.05 -0.40 <0.001
C 20:0 (Arachidic acid) 0.09+0.006 0.11+0.005 +0.02 0.059
C 21:0 (Heneicosanoic acid) 0.0008+0.001 0.007+0.001 +0.01 0.016
C 20:2 (Eicosadienoic acid) 0.002+£0.002  0.009+0.002 +0.007 0.025
C 22:0 (Docosanoic acid) 0.16+0.02 0.09+0.02 -0.07 0.013
C 20:3n6 (Podocarpic acid) 0.04+0.009 0.07+0.008 +0.03 0.020
C20:3n3 (cis-11,14,17- 0.012+0.004  0.017+0.004 +0.005 0.327
Eicosatrienoic acid)

C 20:4n6 (Arachidonic acid) 0.63+0.05 0.73+0.05 +0.10 0.192
C22:2 0.0007+0.001 0.002+0.001 +0.001 0.514
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M19197 9 aussanInNIsAUTuvekianslungumual LW uWsuiuNguVAaes

AUTIONINNIINSAUIUS

ANRUNad

A lududuraa@iaduns)
ﬁﬂuauqﬂqﬂiﬁ"’qmmmmaﬂ
$1unugngnsinaenidindensen
anaeuInAaan(%)

annsan(%)

hwiingnansusnaaen (Flansu)
Uinauuiumdes (nfu)
5ﬂwﬁﬂqﬂqﬂimq 1 Tu(n3w)
5ﬂwﬁﬂqﬂqﬂimq 14 Ju(n3w)
thwiingnanseny 21 Tu(n3u)
g LLsenTen

NAUAIUAL NANNARDY
59+4.2 56 £4.3
16.9 + 4.9 17.2+£58
113+ 34 10.8 £ 3.6
103+ 34 10.0 £ 3.9
6.5 7.3

2.1 1.4

1.31 £ 0.18 1.30 £ 0.24
2,999 + 1,138 3,047 + 1,153
1.41 £ 0.19 1.44 + 0.28
3.85+0.76 3.82 £ 0.79
531+ 091 538 + 1.13
7.7 £33 70+£33

M13199 10 AnuazUedgnanILINAaanLazUsEaNSNNUeInansluATENTIANLIGNINGUAIUAY

Wiguiguiuklignsngumaaes

ANWYVDIPNEANT NauAIUAY NANNARDY dune (P value)
1UIUYNEANT 309 289

5ﬁwﬁﬂqﬂqﬂmiﬂﬂaam (N33) 1,295 + 313 1,267 + 321 -

nalaaludenil 24 7lus wn/na)) 1176234 1172 +244 -
L’Jméj\‘iLLGiLﬁﬂﬁx‘iaﬂumﬂ%\‘lmﬂ(w}ﬁ) 20.9 + 16.2 242 £175 -
thwiingnanseny 24 Halas (n3a) 1,405 316 1403 +346 -
uaiundesfiAuld (n3u) 302.1 +126.8 3335 + 165.4  +31.4 (P = 0.013)
ﬁmﬁfﬂgﬂqnsmq 14 Ju(n3) 3,796 £ 1,095 3,789 + 1,157 - 7.0 (P = 0.884)
13mﬁfngnqmmq 21 Tu(n3w) 5262 + 1,391 5303 + 1,580 +41.0 (P = 0.774)
BNIINIANYNDUNEU(%) 24.9% 29.4% -4.5% (P = 0.216)
ns1InsasAulasioTu(n T/ W) 1853 +60.9  189.0 + 67.7  + 4.0 (P =0.737)

M99 9 uansanssnamMsATiuvessianslungumuay Wisuifisuiungunaaes uay
M9l 10 uansdnuazesgngnsusnAasnLarUsEAvEamYesgnanslunsondeunanuignsnags
muey Wisuifisufuwiansngumaaes MnmsmuiUEuunwdosisuldvesgnansutase
lunquveassainingualuaueeilitudAty (302.1 wag 333.5 NS AwEIRU P=0.013)
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M990 11 Anuduiusseninednsnismeneunguilugnansivimtngngnsusnanentulilans

NANAIUANLALNANNARDS

umingnagnsusnaaen (nn.)

BNIININNLABUNGUNVBIRNANT (%)  dusng (P value)

naNAIUAY NANNARDY
<1.0 25/49 (51%)* 29/55 (53%)* + 2% (0.861)
1.0-1.2 20/51 (39%)* 21/59 (36%)™ - 3% (0.695)
1.2-1.4 18/85 (21%)™ 17/76 (22%)° + 1% (0.854)
1.4-1.6 8/76 (11%)° 13/58 (22%)° + 11 (0.060)
>1.6 6/48 (12%)° 5/81 (12%)° 0% (0.965)

> uansmnuenuwansaiuvesteyanglunedudivieriuegreiidedAgniada (P <0.05)

peil 11 wansnnuduiusszrinedammaneneungiulugnansiuimdngnansusn
ARRALULIENINAUAITUANLAZNALVIAREY  AINANTNNUIIBATINMIANEReUMEUNYeIgnanTliliay
uANANSAUTEMININGNYIAAB LA NLAIUAL ANT197 12 WansnuduiusuednsInsmeneumgu
lugnansiivadunesesdansiuseumeulullanngualunuuazngunaaes

M19199 12 Anuduiusvesdnsnsieneuneunlugnansivaiuiesveswlgnsseuiieuluug

ANINAUAIVANUAYNANNARDY

GRIZANRNLNGRE SMIINTANYNOUNTULVDIRNENT (%) d1usia (P value)
NANAIUAY NAUNAREY

1 33/96 (34%)° 44/100 (449)° +10% (0.247)

2-5 11/57 (19%)° 18/70 (26%)° + 7% (0.999)

6-12 33/156 (21%)° 23/119 (19%)° - 2% (0.982)

v o

P ugmsnnuanuuanaiuveeyaluneluredulinediuegelideddgymneada (P <0.05)

MIN 13 wansenuduiusseniednsinswiuladefuiiudusnaaontiveny 21 u fu

UmtingnansusnAaenluwlgnINAuAIUALLAENEIVAREY 31NANTINUINgNgNsNiuminusnAaen
1.4-1.6 Alansy lunqunaaesiluwildugeniinguaivay (182.8 waz 2027 Asw/du anuddu

P=0.071)
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M13199 13 AnudNiusTEnIgnsnsulase Tutawsusnaaeniiveny 21 u dudmidngnansisn
AROA LULLANINALAIUANKALNENNARDY

umingnagnsusnaaen (nn.)

dnsINSRUIRa U (NSU/31)

d7um9 (P value)

NANAIUA NANNARDY
<1.0 130.5 + 12.3° 120.0 + 11.2° - 10.5(0.528)
1.0-1.2 157.6 + 10.5° 161.4 +9.2° +3.8(0.787)
1.2-14 206.0 + 7.0° 188.5 + 7.6° - 17.5(0.090)
14-1.6 182.8+ 7.0° 202.7 + 8.4° +19.9 (0.071)
>1.6 216.9 +9.2° 231.6 + 9.9° +14.7 (0.278)
ab,cd

wanaruwansiuvesteyaniglunedudinediuegaldeddgnieada (P < 0.05)
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aius1e/ 39150 (Discussion)

Tugavaneiikiun nideldfnyiaadeidrinaronuansalunisadiniuuveu
ansdsiinasioruausalunsisyiulavesgnansnounsuuegisgs  LavandnsIn1smeesgn
gnsneung1uy (Papadopoulos et al.,, 2010; Panzardi et al., 2013; Tummaruk, 2013) lulunsouds
finnsanwseesenanaldunnidn (Turnmaruk, 2013: Tummaruk and Sang-Gassanee 2013) Faruaa
fadndusdesiinsfnundatadeiifntestuanuRnundvesuignandsnasnuaznisnevesgnans Tu
yhivgnsfiogluiuiififienmados Wuiinsuiuiionadoudmansenusenandnuasansilu
glsUuazaisnismile (Suriyasomboon et al., 2006; Tummaruk et al., 2010) ioniinasonis
Auownsvesanslutndssgninliusanslaundsnuliifome nsamyerneddutng 2-3 Funds
Aaen wavilmnuduiusiunisgaydsludududundeugns In1sfnwimuin Suiugnansusniin
wazsurugnansdTinlurhdugnsluyssmalnelutiogtuiuuliiugsdu (Tummaruk et al, 2010)
msvhluslansfianuannsalunisadahusFafianuddydustneds

dagtumudn  wignsidanuvunluiudundannieunaonaziuewnsliiosadluiimes
Aren uazifiou 20% dxdionnsidosmsluaua 2 fundsnaen Tndeyatvhlimsuimaeduns
WsfunsomaiaSulaudfunmunings Bormofett50°) aglivszauanudniamnuslgnstinnnamunlusi
fundanndeudnaaen fdutiifefiduiuasdesmunslildfenumuiluiudundesuans Tu
Ussinalnefoiniedouturiliauesnenauasnisiuldvesutansifiesgnanas Tusgning
nsfinun Hoamndindelunainaisiuile 32.7 °C Anutuduivg 85.1% onaflaviliiAnaeien
neMIEdau (heat stress) luusiansuneiald navesnududeussansnmussusianslulsemelve
1nN13AN®18819n 1190218 (Suriyasomboon et al., 2006; Tummaruk et al., 2010) A UETST
Lﬁm%{umm’j’l 40% ﬁgﬂuszmLaysmqﬂLLawé’amamauﬁma&ia%mmmm (Suriyasomboon et al., 2006)
Tummaruk et al. (2010) wuidorrududiivdifuain 50% iy 80% Twaliuuinasonanas 0.8
i Bafnaneaelenanminieu wazusignsidnliauiesddmanssnudemsiaiaedld an
§rununsanls (ovulation rate) wagfiudnsinsmevessnsou (Suriyasomboon et al., 2006) Tu
msfnwiiuignsfifiluiudundunneaaonazgadeluiudundilutiaissgniosniusignsiidi
raendeluifudundmun  andeyatuandiisiuinnmelfgamgiuasenudugadilulssmelneus
ansidluiudundnsvazidiraeniuemsdsraenldind Jaaenadostunsinululssinelne
Aeuntihil (Tummaruk, 2013) Einarsson and Rojkittikhun (1993) uansl¥idfiuinusiansfiiuemisunn
Auly LLazﬁmiLﬁzy@UImmmLﬁﬂﬂhﬁ(ﬁ%ﬁjﬂﬁ@dﬁLLua‘[ﬁuchLﬁaﬂfmﬁﬂmmdﬂwﬁaqL'gmgﬂ Tu
npliomafeutu wlansiuuldufvemnslitesdmatonisaydetminluiiadssgn fafuieensd
nsussdiunulefudundauslansnounsonagnasziingg s Tumsdnwduansliifuinusansiis
Auvnlududundadesnitaunsasuiloduanuesenainausaulanndi LATAMNIMILL
Rendesiuemsfiuignslasy ImawmwmsLaiulsumuiuLmaﬂiﬂauﬂaammameiwuiuummimm
mumﬂmmaawmmuw ddnlugnans gnansusniindesnisinusegatios 200 fadans Tuuusn
(g dusndos) (Quesnel et al,, 2012) Yadofidsuarionssoniinuaznisiadnyiulnvesgnansd
vaneUszns 1wy sefuinalunssuaien 9auMQHINNY drRuNITAReA (birth order) Avasiiami
AVUANYTYRIENEAAD LarTzelia1anAnubule (Panzardi et al., 2013) MNAEAANITANEVDS
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gnansas AunTasthusignuddan smuiinaesilviuluewnsusansieunsonainsn
dialosiuluduausianslée 0.7%
Iumsﬁﬂmﬁwudwmﬂwuﬂﬂﬂué’wé’waqLL@JqﬂiﬁwaﬁiamsmUfﬁawémmaqqﬂqﬂi ns
eslutuluomsusdansannsadialuiiluduusdansld  TasewgedheBauslansfiflluifudunds
v Tnemsfnuidusenudussniifnuinavesmaaduluiiiluewnsudansiounaensotiuy
wignsluanimnisidesads Sunugngnsmenouveusanasetnaiiiudfey 1Hese1n Bormofett50®
fduszneureslutugeds 50% Feldiduundmdsnuasuslansiididy deodalutuluduy uas
anmIngvasgnansusniin gnansiinuiuswdedldunnideuileniasendiaunnin (Quesnel
etal, 2012) Iummmmauﬁuu maesulutuluomswiansieunsen azdieuianslunisadioin
fiwdanugs duielenasentisvesgnansiifiuanniude aruvuvedluiudundmeuansnon
raendinasonsgydsluiudunddudiandesgn  maadilviuluewnsudansneunasaaninsadia
seulduluiusmesusiansld dwadensiaiaivlavesgnans uazandammanigvasgnansls
fmuLﬂu{jﬁ]é’l’aﬁﬁzgsiamﬁamLLazLﬁﬁgLaﬂmeﬂqﬂi (Panzadi et al. 2013; Renaudeau
et al. 2013; Tummaruk et al. 2014) wzduuvamdsnuiiddyiignansaglasu vilidaqoud
mAfednunneesdnwuasmiladeiinadonisainiuunaresdusznautuiveuians
uenninsUudssiugnssuessimmtifielrldsuiugndensendiuinniuainedin ilideidle
5 waugnansrensendiuannty  winnuaansalunisaahundinaindy Suauamua

[

perUsvnevvaniunIndudddyetebs ‘ﬁ%s&haiﬁLLquﬂiﬁﬁmmLﬁmwasiaﬂ'ﬁm%zy@uimLLaziam
FInvegngns

‘fJa]a]wuwmammiaiwmummLmamﬂa “gnsiuaignsléFu’ vihliinsmeasaasy
9997 Swauann dWefiununmussiiuy wudeatunisinwmasedunadad Ifasuluduare
Mvsunfifivueluanadnluemisuans vildaua sty aunsafiusnsninaiyduls
vognansiardwaden s iiukandnaan  Insranisfnwmuiesdusgnauedlutuluthusluusl
ansnguitldunsiaslasiuataanmeusiifivuinlianadnluensidunnninfe 2.1% Weiley
fungueiuay #o 9.8% Tundumnaes 7.8 % Tundueiuau Samuinaenadesturuitenountiiii
nsneaeaiiiuuznin 8% Tudisdanigavinevesmsiaies lfuvdesdisedundsey
diudulu 24 Falususnudsrasn (Hansen et al. 2012) wagwuimaiasuthifudnalng 10% Tuewns
ulanstne 2 dUaineussenauisssegluuiaunsaifiuluduluthualdde 1.2% Wewssuifieus
nauilé¥uemnsun@ Uackson et al. 1995) m3fnwdeumiihdwuiimailviiugeaeluiusme sl
anssiAunfiegd 10.69% melu 48 Falumdsanon Uackson et al. 1995) Fuumsiadumsomsiite
wimalunsiiuannmeeniuuvessiansiu Ssmsaduiusidunounsen elmAnusleviuas
anusadfisuTinuresasewnsluthusldogediussandnm

“Grumindes” fe L.ma'qwé'wmﬁﬁwﬁmﬁthqﬂqmamm (suckling piglets) wnlasuusuna
uuwdesfemewiliifiusninisaaoniinuesgnansuineaen (survival rate of neonatal
piglets) Quesnel et al. (2012) wuainelu 24 Gi'}"ﬂmLLsnwé'aﬂaaﬂanans¢1151€1’%’uum§uw§aa
VEanas 200 ndusiada exfismesazaamdedunsmeroudiu Imaﬂaaawaamaiwaﬂaﬂi
¢suwniwdoadivmetiu WWud anuansalunisgauumesgnans msanaLuANsTeILMin
anaNILINAAEN L‘W@T‘MQﬂqﬂsﬁqﬂmimumuﬂuﬂsmmmLmﬂu andlymnaiAngnansfifiimdnusn
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AREAR BouLe warmelutiausnudinisaaen uazgaTnefonmamussuiwdesiia lnsnsfnw
adstinutn nsaSulasuluonmsuigns mmﬁmiwLﬁuﬂ%mmumﬁwmﬁaqﬁqﬂqﬂiﬁﬂﬁmmdmﬁjm
AIUANRY 31.4 nSusiad (335.5 N3u way 302.1 NSy lunduneasuaznguaiua Mmua1su) aely
24 Filasusnvdanaen fvngnansléfuuutmiesfismorranunsoifiudnsniaasyiulald g
aonndosiunamsfnuluadsiiinud gnansiifdminusneaenuinndt 1.4 Alanfilundguvaaes
ansINsseyiuladeTuLINNIINgUAIUAY
Tngagunsnuluadsdiliduinaesuluiiluisssesingvesnisviouarssesl

wiansaunsades ety wasiludulUldusslondld  dhliesdusznourosiualnsamyluiiy
ity SsdmareUSinuusninmdesiignanslaty uasnissyduladeturosgnans
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unasuuazdaiauauue

nsanevasgngnsneuveuuiulymatadnmdaduasndulgvmaasugia fddy
fansiestaralugramnssunisnanans wiiieziduileensuiufd ﬁmﬁnmaagnqnmsnﬂaamﬁu
Jaduvdniifinadasnsnissendinuasnisasyulnyasgngns winsmevesgnansneung
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Abstract This study investigates the effects of microencap-
sulated fat (FAT) and whey protein (WHEY) supplementation
on the milk composition, backfat loss, and reproductive per-
formance in lactating sows. A total of 144 sows were divided
according to their backfat thickness at farrowing into three
groups, i.e., low (12.0-16.5 mm, n=33), moderate (17.0—
21.5 mm, n=78), and high (22.0-24.5 mm, n=33). The lac-
tation diet was divided into three types, i.e., a control diet
(CONTROL, n=50), a diet supplemented with FAT (n=48),
and a diet supplemented with WHEY (n=50). Pooled milk
samples were collected at the second and third week of lacta-
tion. On average, the sows lost backfat 23.5 % during lacta-
tion. The backfat loss during lactation was 24.5, 22.7, and
22.8 % in sows fed with CONTROL, FAT, and WHEY diets,
respectively (P>0.05). Supplementation of FAT increased the
percentage of fat in the sow’s milk compared to the CON-
TROL (9.1 and 8.4 %, P=0.022). For sows with low backfat,
FAT and WHEY supplementation increased the average daily
gain of piglets compared to the CONTROL (244, 236, and
205 g/days, respectively, P<0.05). For sows with high
backfat, the sows receiving the CONTROL diet had a higher
total piglet mortality than those that received FAT or WHEY
(28.1, 14.1, and 13.0 %, respectively, P<0.05). It could be
concluded that supplementation of FAT in the diet of sow
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during lactation significantly enhanced the fat content in the
sow’s milk, improved the piglet’s daily weight gain, and
reduced piglet mortality.

Keywords Backfat - Diet - Lactation - Milk - Pig

Introduction

A sow’s milk composition and milk yield are important factors
in determining mortality rate and growth rate of the prewean-
ing piglets (Farmer et al. 2012). For the modern genotype pig,
as the number of nursing piglets per sows has increased, due to
genetic improvement in the prolificacy traits, the milk quantity
per piglet has decreased. This has led to a limitation in the
growth rate and weaning weight of piglets. Therefore, much
research is investigating factors that enhance a sow’s milk
composition and milk yield (Benzoni et al. 2012; Jang et al.
2013). Additionally, the health of postpartum sows, the phys-
iological state and management strategies in relation to milk
production is being intensively investigated (Quesnel et al.
2012; Tummaruk and Sang-Gassanee 2013).

In general, the inferior reproductive performance of the
postweaning sows is largely dependent on body weight and/
or backfat loss during lactation (Tummaruk 2013). Due to heat
stress, sows kept in tropical climates have a relatively poor
feed intake during lactation and have a high risk of backfat
loss. Furthermore, in tropical climates, the appetite of lactating
sows is generally too low to meet their nutrient requirements
for milk production (Renaudeau and Noblet 2001). This issue
is emphasized in tropical conditions due to the effect of heat
stress on the reduction of feed intake. An earlier study found
that giving alkyl-glycerol fatty acids to sows in late gestation
and lactation can improve the passive immunity transfer to the
piglets (Benzoni et al. 2012). Furthermore, the supplementa-
tion of live yeast in a sow’s diet elevated immunoglobulin G
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(IgG) concentration in the sow colostrum and subsequently
enhanced the plasma IgG of the piglets (Jang et al. 2013).
These findings indicate that the sow’s diet composition influ-
ences the sow’s milk quality and may also influence the
piglet’s growth and survival. The aim of the present study
was to determine the effect of microencapsulated fat-filled
whey (FAT) and whey protein (WHEY) supplementation to
lactation diet on the milk composition, backfat loss, and
reproductive performance in sows.

Materials and methods
Animal and general management

The experiment was carried out in a commercial swine breed-
ing herd in eastern Thailand in August and September 2012,
with 147 Landrace x Yorkshire F1 crossbred sows in the first
or second parity (mean parity 1.8). One week before
farrowing, the animals entered the farrowing house, which
was equipped with evaporative cooling and individual
farrowing crates. The health of the animals was supervised
by the herd veterinarian and all sows received routine vacci-
nations. Most sows were treated with antibiotics (amoxicillin
clavulanic acid), anti-inflammatory drugs (Tolfédine®), and
vitamins (Fercobseang®) during the 3 days after farrowing,
but treatment was modified according to clinical signs. During
lactation, sows fed 2—3 times a day (about 56 kg of feed/day)
with a corn—soybean—fish ration containing 18.0 % crude
protein, 3,150 kcal/kg metabolisable energy, and 1.0 % lysine.
Conventional artificial insemination was used. Replacement
gilts were bred at >32 weeks of age with body weight of
>130 kg and at the second or subsequent estrus.

Reproductive data

At farrowing, the date of farrowing, the total number of piglets
born/litter (TB), the number of piglet born alive per litter
(BA), the percentage of stillborn piglets per litter (SB) and
the percentage of mummified fetuses per litter (MM), and the
piglet’s birth weight were recorded. Cross-fostering was per-
formed within treatment groups between 24 and 48 h of birth.
At weaning, the date of weaning, the number of piglets at
weaning, and weaning weight were measured. Lactation
length was the interval (days) between farrowing and weaning
(22.7+3.5 days). Data on daily feed intake of sows in each
group was recorded daily from farrowing until weaning. The
average daily gain of the piglets from birth to weaning was
calculated: average daily gain (gram/day)=[weaning weight
(kg)—birth weight (kg)/lactation length (day)]x1,000. Pre-
weaning mortality at the individual sow level was calculated:
preweaning mortality (%)=[(number of lived born piglets
after cross-fostering—number of piglets at weaning)/number

@ Springer

of lived born piglets after cross-fostering]. After weaning, the
weaning-to-service interval (WSI) was recorded. Two sows
were culled after weaning, so 142 sows remained in the
analyses on WSIL.

Backfat thickness measurement

The backfat thickness of the sows was measured at the level of
the last rib at about 6 to 8 cm from the midline using A-mode
ultrasonography (Renco Lean-Meater®, Minneapolis, MN,
USA.). The backfat measurement was performed in each
sow at farrowing and at weaning. Backfat loss was defined
as the difference between backfat thickness at farrowing and at
weaning in each sow. The relative loss of backfat (%) was
defined as the backfat loss (mm) divided by backfat thickness
at farrowing and multiplied by 100.

Classification of sows

Of all the sows (n=147), backfat was not determined in three
sows, therefore only 144 sows were included in the analyses
of backfat loss. The sows were divided into three groups
according to backfat at farrowing as low (12.0-16.5 mm, n=
33), moderate (17.0-21.5 mm, n=78), and high (22.0-
24.5 mm, n=33). After farrowing, they were categorized into
three groups according to the type of diet as conventional
lactation feed (CONTROL, n=50), controlled feed supple-
mented with microencapsulated fat-filled whey (FAT, n=48),
and controlled feed supplemented with whey protein (WHEY,
n=50). The FAT product contained an energy of 5,920 C/kg
and high in encapsulated, spray dried fat (50.0 % fat and
35.6 % lactose, FrieslandCampina Nutrifeed, The Nether-
lands). The WHEY product contained milk protein 12 % and
lactose 72 % (FrieslandCampina Nutrifeed, The Netherlands).

Milk sample

Milk samples were collected from the sows during the second
and third week of lactation. The milk samples were collected
manually from 4-6 mammary glands from each sow. The
udder and teats were cleaned with warm water, wiped with a
dry towel, and gently massaged before collection. In some
cases, 10-20 IU of oxytocin was also applied. The milk
samples from each sow were pooled and were kept in a clean
bottle. The samples (10 ml) were stored at 4°C on ice in a
foam box and were sent to the laboratory within 24 h. In total,
48, 49, and 50 samples were obtained from the sows in the
CONTROL, FAT, and WHEY groups, respectively. The anal-
yses of milk contents were conducted using MilkoScan 133B
(FOSS electric, Hilleroed, Denmark). The milk composition
including fat, protein, lactose, and total solid contents were
determined by infrared (IR) instrumental analysis. Briefly, the
IR spectrophotometry is a measuring technique mainly used
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for quantitative analysis. The presence of compound in the
sample was determined on the basis of infrared spectra
(Luinge et al. 1993).

Statistical analysis

Statistical analyses were performed using SAS (SAS Inst.
Inc., Cary, NC). Descriptive statistics and frequency tables
were employed for all reproductive parameters. Multiple anal-
ysis of variance was conducted to analyze continuous depen-
dent variables including litter traits (i.e., TB, BA, MM, SB,
piglet’s birth weight, average daily gain, number of piglets at
weaning, preweaning mortality, total piglet mortality
[i.e., sum of MM, SB, and preweaning mortality], and
weaning weight) and sow’s performance (i.e., backfat,
backfat loss, relative backfat loss, lactation length, and
WSI) using the general linear model procedure. The
statistical models included the effect of backfat at
farrowing class (low, moderate, and high), the type of
diet (CONTROL, FAT, WHEY), and the interaction
between the backfat and the type of diet. For the pig-
let’s mortality traits (MM, SB, preweaning mortality,
and total piglet mortality), TB was also included in
the statistical models as a covariance (regression). The
means daily feed intake of sows in each week of lacta-
tion was calculated and compared between groups and
between weeks of lactation by multiple ANOVA. Least
squares means were obtained from each class of the
factors and were compared using the least significant
difference test. a P<0.05 was considered as statistically
significant.

Results
Effect of backfat thickness

Descriptive statistics on litter traits, piglet mortality, and
backfat thickness are presented in Table 1. The backfat of
sows at farrowing influenced the backfat loss during lactation
(P<0.001) and MM (P=0.006). On average, the relative
backfat loss of the sows during lactation period was 23.5 %
(Table 1). Of these sows (n=144), six sows (4.1 %) did not
lose any backfat, while 13 sows (9.1 %), 32 sows (22.2 %), 46
sows (31.9 %), 32 sows (22.2 %), and 15 sows (10.4 %) lost
backfat 1-10, 11-20, 21-30, 3140, and >40 % during lacta-
tion, respectively. Sows with a high backfat at farrowing lost
29.6 % of backfat during lactation, while sows with a low
backfat at farrowing lost 16.1 % of backfat during lactation
(P<0.001). The total piglet mortality was 18.4 % in high
backfat sows but it was 11.1 % in low backfat sows (P=
0.042) (Table 2).
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Table 1 Descriptive statistics (n=147)
Parameters Mean+SD  Range
Litter performance
Total number of piglets born/litter (TB) ~ 14.0+3.1 6-23
Number of piglets born alive/litter (BA) 12.6+3.0 2-20
Piglet’s birth weight (kg) 1.50+0.24  0.90-2.70
Piglet’s weight at weaning (kg) 7.0+£0.9 3.9-92
Average daily gain of piglets (g/day) 218+3.8 111-315
Number of piglets at weaning/litter 12.0+1.6 7-17
Piglet’s mortality
Mummified fetuses/litter (MM, %) 4.3+10.5 0-87.5
Stillborn piglets/litter (SB, %) 47+7.8 0-46.1
Pre-weaning mortality (%) 53+9.1 0-50
Total piglets mortality (%) 13.8+15.5 0-87.5
Sow
Parity number 1.8+0.4 1-2
Backfat at farrowing (mm) 19.243.2 12.0-24.5
Backfat at weaning (mm) 14.6+3.1 8.0-23.0
Backfat loss (mm) —-4.7+3.1  —5.0-+14.0
Relative backfat loss (%) —23.5+14.7 —34.5-+58.3
Lactation (day) 22.7+3.5 14-29
Average daily feed intake of sow (g/day) 4.4+1.1 2.9-6.8

Weaning-to-service interval (WSI, day) 4.6+0.8 4-8

Effect of diets and interaction between diets and backfat
thickness

During lactation, the average daily feed intake of the sows was
4.4+1.1 kg/sow/day and was increased from the first (3.3 kg/
sow/day) to the second (4.2 kg/sow/day, P<0.001) and the
third week (5.5 kg/sow/day, P<0.001) of lactation. However,
the average daily feed intake of sows in the CONTROL, FAT,
and WHEY groups did not differ significantly. The relative
backfat loss during lactation was 24.5, 22.7, and 22.8 % in
sows fed with CONTROL, FAT, and WHEY diets, respec-
tively (P>0.05). Likewise, all of the piglet’s mortality traits
and the piglet’s average daily gain did not differ between the
sows fed with CONTROL, FAT, and WHEY diets (P>0.05).

Interaction between backfat thickness at farrowing and
type of diet influenced total piglet mortality (P=0.048). In
sows with high backfat at farrowing, those receiving CON-
TROL diet had a higher total piglet mortality than those
receiving FAT and WHEY diets (Table 3). In addition, low
backfat sows fed with FAT supplementation yielded a signif-
icantly higher average daily gain of piglets than the CON-
TROL sows (Table 3). Nevertheless, the feed supplementation
did not influence the average daily gain of piglets from sows
with moderate and high backfat (Table 3).

The milk compositions of lactating sows are presented in
Table 4. On average, the milk of sows contained 8.7 % fat,
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Table 2 Reproductive performance of postpartum sows by backfat at farrowing (least squares means+SEM)

Items Backfat thickness at farrowing
Low Moderate High
(n=33) (n=78) (n=33)
Litter performance
Total number of piglet born/litter (TB) 13.94+0.5a 13.5+0.3a 15.7+£0.5b
Number of piglets born alive/litter (BA) 12.7£0.5a 12.5+0.3a 13.3+0.5a
Piglet’s birth weight (kg) 1.55+0.04a 1.51+0.03ab 1.45+0.04b
Piglet’s weight at weaning (kg) 7.0+0.2a 7.4+0.1a 7.3+0.2a
Average daily gain of piglets (g/day) 228+7.6a 240+5.0a 240+7.3a
Number of piglets at weaning/litter 12.7+0.3a 11.7+0.2b 11.9+0.3ab
Piglet’s mortality
Mummified fetuses/litter (MM, %) 1.2+1.8a 3.7+1.2a 9.4+1.9b
Stillborn piglets/litter (SB, %) 6.1+1.4a 4.4+0.9a 3.7+1.4a
Preweaning mortality (%) 4.1+1.4a 5.9+1.0a 5.8+1.5a
Total piglets mortality (%) 11.1£2.5a 13.5+1.6ab 18.4+2.5b
Sow
Backfat thickness at farrowing (mm) 14.6+0.2a 19.6+0.1b 23.24+0.2¢
Backfat thickness at weaning (mm) 12.24+0.5a 14.84+0.3b 16.3+0.5¢
Backfat thickness loss (mm) 2.4+0.5a 4.8+0.3b 6.9+0.5¢
Relative backfat loss (%) 16.1£2.5a 24.3+1.6b 29.6+2.5b
Lactation length (day) 22.8+0.6a 22.8+0.4a 22.3+0.6a
Weaning-to-service interval (WSI, day) 5.0+0.1a 4.5+0.1b 4.5+0.1b

Different letters within rows differ significantly (P<0.05)

5.7 % lactose, 5.0 % protein, and 20.0 % total solids. The
supplementation of FAT during lactation significantly im-
proved the percentage of fat from 8.4 to 9.1 % (+0.7 %, P=
0.022). The other contents of the sow’s milk did not alter in
sows supplemented with either FAT or WHEY (Table 4).

Discussion

During recent years, researchers have been trying to investi-
gate factors affecting the sow’s ability to produce adequate
milk for their offspring in order to enhance piglet growth and
reduce piglet preweaning mortality (Panzardi et al. 2013;
Renaudeau et al. 2013; Tummaruk and Sang-Gassanee
2013). In tropical climates, lactating sows may not receive
enough feed intake during lactation. Therefore, negative en-
ergy balance conditions, closely related to the sow’s backfat
loss, need to be carefully determined. In the present study, TB
(14.0) and BA (12.6) are relatively high compared to a previ-
ous report in Thailand (11.3 TB and 10.2 BA, Tummaruk et al.
2010). This might be due to the introduction of a new geno-
type of sows with a high litter size to the Thai swine industry
during recent years. Therefore, more attention on the sow’s
ability to produce milk and associated factors is an important
issue to be addressed.

@ Springer

In the present study, the percentage of fat and other com-
positions in the sow milk are within the normal range and in
agreement with earlier reports (Gourdine et al. 2006). The fat
percentage in the milk of the normal sows peaked (10.6 %) at
48 h postpartum, lactose gradually increased during the first
168 h postpartum, and protein gradually decreased after 6 h
postpartum (Jackson et al. 1995). This data indicates that the
milk composition of the sows might play an important role in
the growth and survival of piglets nearly immediately after
birth. Thus, diets supplementation should be implemented
before farrowing to achieve benefits through the improvement
of milk compositions.

The milk composition of sows is associated with the sow
diet. FAT supplementation significantly enhanced the fat con-
tent in the sow’s milk (i.e., +0.7 %). Milk is the main energy
source of suckling piglets. Newborn piglets are expected to
consume at least 200 ml of milk during the first day of life to
obtain enough energy to generate body growth (Quesnel et al.
2012). Risk factors associated with the piglet survival and
growth included blood glucose, rectal temperature, birth order,
skin color, and integrity of the umbilical cord (Panzardi et al.
2013). Beyond the piglet’s vitality, the sow’s ability to produce
good milk is extremely important for the survival of the suck-
ling piglets. FAT supplementation increased 0.7 % of the fat
content in sow’s milk. This may possibly be associated with the
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Table 3 Piglet mortality, piglet’s average daily gain, and backfat loss in
sows with low, moderate, and high backfat at farrowing by groups of
sows fed with control feed (CONTROL), microencapsulated fat-filled

whey product supplementation (FAT), and whey protein supplementation
(WHEY) (least squares means+SEM)

Parameters CONTROL FAT WHEY
Low backfat sows
Mummified fetuses/litter (MM, %) 1.2+3.1a 1.2+3.4a 1.3+2.9a
Stillborn piglets/litter (SB, %) 42+23a 5.6+2.6a 8.6+2.2a
Preweaning mortality (%) 3.5+2.7a 4.842.9a 3.9+2.5a
Total piglets mortality (%) 8.9+4.2a 10.8+4.7a 13.5£3.9a
Piglet’s average daily gain (g/day) 196+12.5a 248+14.6b 236+11.8b
Backfat loss (mm) 3.4+0.8a 1.84£0.9a 2.0£0.7a
Moderate backfat sows
Mummified fetuses/litter (MM, %) 2.0£2.0a 3.1£2.0a 6.0+£2.1a
Stillborn piglets/litter (SB, %) 3.7+1.5a 39+1.5a 5.6+1.6a
Preweaning mortality (%) 53+1.6a 7.2+1.6a 5.1+1.7a
Total piglets mortality (%) 10.5+2.8a 13.7£2.7a 16.3+2.9a
Piglet’s average daily gain (g/day) 245+9.2a 229+8.2a 247+7.8a
Backfat loss (mm) 4.24+0.5a 4.6+0.5a 5.5+0.5a
High backfat sows
Mummified fetuses/litter (MM, %) 12.843.3a 7.2+33a 8.3+3.0a
Stillborn piglets/litter (SB, %) 5.6+2.5a 1.242.5a 43+23a
Preweaning mortality (%) 10.8+2.6a 5.9+2.6ab 0.6+2.4b
Total piglets mortality (%) 28.1+£4.5a 14.1+4.4b 13.0+4.1b
Piglet’s average daily gain (g/day) 234+10.2a 246+11.9a 247+14.6a
Backfat loss (mm) 6.7+£0.8a 7.6+£0.8a 6.3+£0.8a

Different letters within rows differ significantly (P<0.05)

reduction in piglet mortality in the sows with a high backfat at
farrowing. Tummaruk (2013) indicates that high backfat sows
may be at risk of getting ill and having a low appetite and this
may subsequently lead to a negative energy balance. These
conditions may lead to the poor milk production of sows and
associated with high piglet mortality. The present study found
that feed supplementation with either FAT or WHEY may not
be completed in sows with a high backfat at farrowing, partly
due to the low appetite during lactation. Hence, it is important
that the backfat of sows be controlled before any feed supple-
mentation protocol can be implemented.

Table 4 Milk composition of lactating sows fed with conventional feed
(CONTROL) compared with those fed with microencapsulated fat-filled
whey product (FAT), and whey supplementation (WHEY) diets (means+
SD)

Milk composition CONTROL FAT WHEY
(n=48) (n=49) (n=50)
Fat (%) 8.4=1.5a 9.1£1.1b 8.5+1.4ab
Protein (%) 5.1+0.4a 4.9+0.3a 5.0+0.4a
Lactose (%) 5.7+0.2a 5.7+0.2a 5.7£0.3a
Total solid (%) 19.8+1.5a 20.4+1.2a 20.0+1.5a

Different letters within columns differ significantly (P<0.05)

During lactation, the increase of fat in the sow’s milk may
increase the energy of the piglets and enhance piglet growth.
This effect is more pronounced in sows with a low backfat at
farrowing than sows with a moderate or high backfat at
farrowing. To our knowledge, this is the first report on the
influence of FAT on sow milk contents and reproductive
performance under field conditions. Interestingly, piglet mor-
tality was also reduced in the FAT group compared to the
CONTROL group. This is due to the fact that FAT supple-
mentation provided extra energy to the sows and increased the
fat concentration in the sow’s milk and hence enhanced the
vitality of the neonatal piglets. Therefore, FAT supplementa-
tion may help sows to produce high energy milk and enhance
piglet growth and reduce piglet mortality.

Sows fed with lactation diet supplemented with 8.0 %
coconut oil during the last week of gestation secreted more
colostral energy during the first 24 h (Hansen et al. 2012).
Likewise, the supplementation of 10.0 % corn oil in sow diet
during the last 2 weeks of gestation throughout lactation
increased the milk fat percentage of sows compared to the
control diet. These findings indicate that sows are able to
digest, absorb, and utilize some extra amounts of fat (8-
10 %) during late gestation and during lactation. Jackson
etal. (1995) found that supplemental dietary fat can overcome

@ Springer
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the reduced fat percentage in sow milk caused by the induc-
tion of premature farrowing. This data implies that the sup-
plementation of fat to the sow diets during late gestation and
lactation may help to maintain high energy in newborn piglets,
especially when induction of parturition has been implement-
ed. A significant alteration of the sow’s milk composition,
especially the fat content, as found in the present study, may
have an influence on piglet growth and survival.

In conclusion, the backfat of sows at farrowing influences
their backfat loss during lactation. The supplementation of
FAT in a sow’s feed during lactation significantly increases
fat concentration in the sow’s milk, enhances growth rate of
the piglets in sows with low backfat at farrowing, and reduces
piglet mortality in sows with high backfat at farrowing.
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ABSTRACT

Piglet pre-weaning mortality (PWM) is one of the major reproductive components that affects herd
productivity in the swine industry. Knowledge of factors that influence piglet PWM are important to
improve animal welfare, to reduce production loss and to raise profits in commercial herds. The main
objective of the present work was to review the most important non-infectious causes of piglet PWM
and to present the main factors influencing them under commercial conditions. Piglet pre-weaning
mortality is a multifactorial process, the small size of piglets at birth, together with their low body energy
storage and their immature immune system, make them prone to chilling, starving, or being crushed by
the sow. In general, factors causing piglet PWM are usually classified into three major groups: piglet (i.e.,
birth weight, vitality, and gender), sow (i.e., colostrum, parity, maternal stress, and sow nutrition), and
environmental factors (i.e., season and temperature, housing, and management). Birth weight is the most
determinant factor for piglet survival with direct impact on thermoregulatory capacity and growth;
piglet vitality is also correlated with survival and growth and is strongly influenced by the degree of
intra-partum hypoxia suffered by the piglet; additionally, piglet PWM appears to be sex-biased, with
males showing greater susceptibility to causal mortality factors. Newborn piglets are highly dependent
on colostrum to use it as energy substrate for thermoregulation and growth, and also to acquire passive
immunity crucial for their future survival, however, sows' parity is a factor with contradictory effect on
PWM which requires further research; a proper sows' comfort is also important for maternal stress
around farrowing might have a negative impact on offsprings development and also increases the risk of
crushing; sows' nutrition will influence foetal development and piglet birth weight, and is determinant
to ensure a proper colostrum/milk production. Finally, ambient temperature has an important impact on
piglet survival because piglets are very sensitive to cold stress. The housing system used in the farrowing
room seems to influence the incidence of crushing. Promising results have been obtained using recent
designs that combine initial confinement of the sow with the subsequent ability to move within the
same pen. Different management strategies to deal with PWM are usually performed by producers
around farrowing. However, there is a lack of scientific evidence on techniques, such as oral supple-
mentation of piglets, cross-fostering, nurse sow systems, or artificial rearing of piglets, and further re-
search should be of interest.

© 2015 Elsevier B.V. All rights reserved.
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1. Introduction

The production target in modern commercial swine herds
nowadays is close to 30 pigs weaned per sow per year (Knox,
2005). This target has been achieved in two ways: by improving
the number of piglets born alive and reducing the farrowing in-
terval (Fig. 1). Litter size in sows has been dramatically improved
in recent decades by genetic selection for highly prolific sows
(Marantidis et al., 2013).

Despite the improvements in litter size acquired through ge-
netic selection, the mean piglet pre-weaning mortality (PWM) rate
in commercial swine herds ranges between 10% and 20% in major
pig-producing countries (KilBride et al., 2010; Kirkden et al.,
2013a; Koketsu et al., 2006; Tuchscherer et al., 2000). Indeed, re-
cent reports showed a mean piglet PWM rate of 12.9% in the
European Union (EU), 9.4% in the Philippines, and 12.2% in Thai-
land (Interpigs reports, 2014; Bureau of Agricultural Statistical of
Philippine, 2012; Nuntapaitoon and Tummaruk, 2013b, 2015). On
the other hand, the mortality rate in the nursery and finishing
phases usually reaches 2.6% and 2.5%, respectively (EU averages,
Interpigs reports, 2014). Considering these mortality values, re-
ducing the PWM from 11.5% to 9.0% in a farm with a mean of 13
live-born piglets per sow, would result in an increase of 65 kg of
live body weight (BW) at slaughter per sow per year (assuming
2.30 farrowings per year). Therefore, mortality in the suckling
period remains a major welfare and economic problem in swine
industries, which still needs to be properly addressed.

To address PWM, it is essential to differentiate between pre-
natal and postnatal piglet mortality. A proper distinction between
stillbirths and live-born piglets that died immediately after birth is
needed to properly address PWM in farm conditions. A stillborn
piglet did not breathe (lung tissue will not float in water) and has
also the periople on the claws (Baxter et al., 2009). In the present
review, only piglet PWM calculated from live-born piglets will be

considered. The etiology of piglet PWM includes non-infectious
and infectious causes. Infectious causes are mainly respiratory and
diarrhea problems (Chrisensen and Svensmark, 1997). However,
the present review will focus on the non-infectious causes of
PWM.

On average, 50-80% of piglet deaths occur during the first week
after birth, with the most critical period being the first 72 h of life
(Koketsu et al., 2006; Shankar et al., 2009). Many factors de-
termine the incidence of PWM under field conditions, including
piglet birth BW, litter size, birth order, gender, parity, farrowing
duration, maternal behaviour, sow nutritional status, and en-
vironmental temperature (Baxter et al., 2009; Muns et al., 2013;
Panzardi et al., 2013). It is important for veterinarians to under-
stand the possible causes underlying piglet PWM and to perform a
multifactorial approach of PWM in farm situations, to increase the
number of healthy piglets at weaning. Therefore, the aim of the
present work was to review current knowledge concerning im-
portant non-infectious causes of piglet PWM focusing on the main
factors found under commercial conditions. Furthermore, the re-
view aims to highlight the most common management interven-
tions performed around farrowing and their impact on piglet
PWM.

2. Causes of pre-weaning mortality in piglets

There is a general agreement that crushing is the principal
cause of piglet pre-weaning death, with chilling and starvation as
underlying causes (Alonso-Spilsbury et al., 2007; Edwards, 2002;
Herpin et al., 2002). Vaillancourt et al. (1990) found that the causes
of death for pigs before weaning were crushing (33.8%), low via-
bility (29.7%), scours (12.2%), infection (8.1%), deformity (5.5%), and
others (10.7%) in the USA. Similarly, Koketsu et al. (2006) reported
that crushing and a low viability of piglets at birth were the main

Fig. 1. Pig production diagram (NPD: non-productive days; WSI: weaned-to-service interval; FR: farrowing rate) (modified after Dial et al., 1992).
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causes of PWM in Japanese herds. In England, the cause of mor-
tality of live-born piglets in 458 commercial herds was recorded
and the results suggested that crushing is by far the major cause of
death (Easicare, 1995). Other minor non-infectious causes of death,
such as congenital problems or savaging by the sow also exist.

At farrowing, piglets have to recover from the stress of birth, to
cope with a decrease in ambient temperature, and to compete
with their siblings. However, piglets are born physiologically and
immunologically immature. Due to the epitheliochorial nature of
the swine placenta, piglets need to receive a passive immunity
supply, mainly from immunoglobulin G (IgG) in the colostrum
(Herpin et al., 1996, 2002; Tuchscherer et al., 2000). Piglets are also
born with no brown adipose tissue, which is used for thermo-
regulation (Berthon et al., 1993) and are born wet with placental
fluids and with a high surface/volume ratio, due to their small size.
As a consequence, newborn piglets are prone to chilling and
starvation. Hypothermia and deficits in energy intake are factors
that further weaken the piglet and thus increase the risk of
crushing by sows. As a result, piglet PWM, especially at early
stages, is considered to be the outcome of complex interactions
between the piglet, the sow and its environment, with crushing
being the final act in a complex chain of events (Alonso-Spilsbury
et al., 2007; Edwards, 2002). The above-mentioned interactions
make it difficult to establish single causes for piglet mortality, but
inadequate colostrum intake might be the main factor that triggers
early death in piglets due to undersupply of piglets with nutrients
and immunoglobulins (Casellas et al., 2004; Edwards, 2002; Le
Dividich et al., 2005; Quesnel et al., 2012). In farm conditions, the
assessment of pre-weaning deaths strongly depends on the
farmer's skills and observations. However, the practicalities of
production and the multifactorial nature of PWM limit the accu-
racy of identifying the underlying cause of death.

3. Factors influencing pre-weaning mortality in piglets

As previously suggested, the cause of death can be influenced
by many factors. In general, factors that cause piglet PWM are
usually classified into three major groups, involving the piglet, the
sow, and environmental factors (Fig. 2).

3.1. Piglet factors

3.1.1. Birth weight

Many studies have reported that piglet birth BW is the most
important factor for survival and performance (Baxter et al., 2008;
Fix et al., 2010; Muns et al., 2013; Rootwelt et al., 2013). Smaller
piglets also have a reduced ability to maintain body temperature
(Theil et al., 2012). It has been shown that piglets with an in-
dividual birth BW of > 1.8 kg had a survival rate of over 90%,

Fig. 2. Risk factors associated with pre-weaning mortality in piglets.

whereas piglets with a BW of 700 g had a survival rate of only 33%
(Chris et al., 2012). Roehe and Kalm (2000) found that decreasing
BW were associated with a rapid increase in odds ratios of PWM,
and Fix et al. (2010) associated low BW piglets with lower survival
during the complete production chain. Body weight is also posi-
tively correlated with colostrum intake (CI) (Amdi et al.,, 2013;
Ferrari et al., 2014; Nuntapaitoon et al., 2014a).

A reduced energy reserve in low birth BW piglets is one factor
that explains the higher risk of death. Piglets with a low BW have a
low body-mass index. Body-mass index is positively correlated
with body muscle, glycogen storage and survival rate (Amdi et al.,
2013). Body weight strongly influences an important piglet sur-
vival indicator - thermoregulation ability. Within the first hours
after birth, thermoregulation is compromised in piglets because of
evaporation of the placental fluids and consequent cooling. Sus-
ceptible piglets fail to recover from this initial temperature drop,
and hypothermia affects the latency to suckle, leading to starva-
tion, lethargy and, ultimately, to crushing by the sow (Weary et al.,
1996). Several studies indicated that rectal temperature measured
within 24 h after birth was associated with PWM (Tuchscherer
et al., 2000; Baxter et al., 2008, 2009; Muns et al., 2013; Panzardi
et al, 2013) and suggested that piglets with a low rectal tem-
perature might have a lower thermoregulation ability. Smaller
piglets have a higher surface area-to-volume ratio, resulting in a
greater susceptibility to heat loss and hypothermia (Herpin et al.,
2002). Moreover, low BW piglets require longer to reach the teat
and suckle, and are less competitive for a teat than heavier lit-
termates (Rooke and Bland, 2002; Le Dividich et al., 2005), thus
reducing their CI (Tuchscherer et al., 2000). Vallet and Miles (2012)
suggested that small piglets might move slowly due to brain
myelination impairment, which affects the speed of nerve impulse
transmission, thus compromising suckling and increasing the odds
of crushing.

In addition, the within-litter BW variation is positively corre-
lated with PWM (Milligan et al., 2002; Wolf et al., 2008), because
small piglets cannot compete with their larger littermate pigs,
resulting in low BW piglets with a low nutritional status and poor
passive immunity (Quiniou et al., 2002). Genetic selection for sows
with increased litter size has resulted in a reduction in piglets BW,
mainly due to a decreased uterine space for foetus development
and decreased amount of nutrients available per foetus (Campos
et al. 2012). Quiniou et al. (2002) observed that between sows
with 9 and 17 total born piglets (an 88% increase in litter size),
there was only a 55% increase in total BW. Moreover, with genetic
selection for litter size it has also been observed an increase in
within-litter variation in piglet BW (Lund et al., 2002; Quesnel
et al., 2008). Due to placenta size, foetal growth can vary with
differences in placenta vascularisation and efficiency. Roehe and
Kalm (2000) reported that a small placenta results in a low glucose
and fructose supply to the foetus, resulting in a decreased growth
rate and BW of piglets at birth. Placental insufficiency is a major
cause of intra-uterine growth restriction that influences BW
(Baxter et al., 2008; Rootwelt et al., 2013) and the thermo-
regulatory capabilities of newborn piglets (Mellor and Stafford,
2004).

3.1.2. Vitality

Piglet vitality determines the capacity of a piglet to compete for
a teat and to suckle (Trujillo-Ortega et al., 2007). A high vitality
piglet has been associated with an improved survival rate at 7 days
and at 10 days of life (Baxter et al., 2008; Vasdal et al., 2011), and
has also been positively correlated with piglet growth and survival
at weaning (Muns et al., 2013). There is some confusion in the
literature concerning the terminology used to evaluate piglet vi-
tality, the terms “viability” and “vitality” are used interchangeably
in different studies to designate the vigour or physical strength of
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piglets. To avoid confusion, vitality is defined in the present review
as vigour or physical strength.

Physiological variables of piglets have been measured at the
moment of birth to assess piglet vitality. A vitality score obtained
after recording piglets' heart rate, muscle tone, onset of respiration
and attempts to stand at birth have been positively related to
survival and rectal temperature one hour after birth (Baxter et al.,
2009; Casellas et al., 2004; Randall, 1971; Zaleski and Hacker,
1993b). Likewise, the ability to first suckle after birth and ther-
moregulation ability during the first 24 h of life have been used to
reflect piglet vitality and are positively correlated with CI (Herpin
et al.,, 1996; Tuchscherer et al., 2000). Piglets' vitality has also been
evaluated as the capacity to perform rooting behaviour (using a
neurobehavioural test or rooting response test) with surviving
piglets showing higher rooting capacity (Baxter et al., 2009). More
recently, the behavioural traits of piglets after farrowing (e.g., the
presence of an udder stimulation reflex, the capacity to move
within a circular enclosure) have also been recorded to represent
piglet vitality showing a positive correlation with piglet survival
and growth (Muns et al., 2013). Most of the already mentioned
physiological and behavioural vitality assessments are performed
at very instant of birth and some of them require the use of
electronic devices, only the vitality score performed by Muns et al.
(2013) is performed at the end of farrowing only by visual as-
sessment, thus easy to perform to all the piglets born in the litter
on farm conditions.

Neonatal vitality is directly related to intra-partum hypoxia (or
asphyxia during delivery) suffered by piglets at birth (Zaleski and
Hacker, 1993b; Trujillo-Ortega et al., 2007), which is one of the
most important causes of stillbirth and early PWM in piglets. The
integrity of the umbilical cord is also related to piglet vitality. Al-
teration or rupture of the umbilical cord reduces blood perfusion
to piglets, with the associated risk of causing anemia and/or hy-
poxia, reducing vitality and increasing the risk of early mortality
(Rootwelt et al., 2012, 2013). Clearly, any congenital malformation
and physical abnormality (e.g., splay-leg) that will impede piglet
movements, or any damage to the foetal central nervous system,
triggered either by intra-partum hypoxia, congenital causes or
maternal stress (Herpin et al., 1996), will reduce piglet vitality and
increase the odds of crushing. Finally, neonatal vitality has also
been related to blood glucose levels at birth, but controversial
results are found in the literature. High blood levels of glucose
(45-162 mg/dL) at birth are considered to be a consequence of
suffering during parturition, and low concentrations (24-30 mg/
dL) are a sign of low glycogenic body reserves; both circumstances
that might negatively influence piglet vitality and survival (Herpin
et al,, 1996; Mota-Rojas et al., 2011; Nuntapaitoon and Tummaruk,
2014a; Panzardi et al., 2013; Trujillo-Ortega et al., 2007). However,
other studies failed to correlate blood glucose concentration at
birth with piglet survival (Rootwelt et al., 2013, Tuchscherer et al.,
2000).

Intra-partum hypoxia is the main factor that influences piglet
vitality by damaging the foetal central nervous system and low-
ering the capacity to compete for a teat and increasing the time
interval between birth and first suckling, which can lead to hy-
pothermia and starvation (Randall, 1972; Trujillo-Ortega et al,,
2007; Zaleski and Hacker, 1993b). Low piglet vitality score at birth
has been associated to increased blood lactate level, blood partial
pressure of CO,, and reduced blood pH (Herpin et al., 1996). Birth
order and posterior body presentation at birth are both factors
that have been positively associated with intra-partum hypoxia
and shown to be influencing piglets' vitality (Herpin et al., 1996;
van Dijk et al., 2005). Uterine contractions in sows with a long
farrowing duration also reduce the oxygenation of prenatal piglets,
compromising their vitality (Alonso-Spilsbury et al., 2005; Root-
welt et al., 2013; Zaleski and Hacker, 1993a), with a higher risk for

piglets born later during farrowing (van Rens and van der Lende,
2004; Motsi et al., 2006). Indeed, Nuntapaitoon and Tummaruk
(2014b) observed that birth intervals of > 30 min significantly
increased the proportion of piglets suffering from hypoxia. The
overuse of oxytocin (i.e., the routine administration of oxytocin
immediately after the birth of the first piglet or overdosing) can
also compromise piglet vitality by increasing the frequency, in-
tensity and duration of uterine contractions (Mota-Rojas et al.,
2005, 2006, 2007).

3.1.3. Gender

Piglet PWM is suggested to be sex-biased, with male piglets being
at greater risk of death, despite being born with a higher BW (Herpin
et al.,, 2002; Baxter et al., 2012a). Baxter et al. (2012a) suggested that
females invest energy resources in specific physiological systems
(e.g., thermoregulation and immunocompetence), whereas males
invest energy resources in body size and body composition (pro-
cesses linked with reproductive fitness in adulthood), consequently
predisposing male piglets to causal mortality factors that are mainly
associated with energetic demands (chilling, starvation, crushing or
even disease). Similarly, Panzardi et al. (2013) found that female pigs
had a higher early postnatal vitality than males; however, Li et al.
(2012) found no gender effect on piglet mortality.

3.2. Sow factors

3.2.1. Colostrum

Colostrum is the first milk secreted by the mammary gland,
which sows continuously secrete from around farrowing up to 12-
24 h (Quesnel et al., 2012), before its secretion becomes cyclic and
nursery bouts start (Auldist et al., 2000). Colostrum is a rich source
of digestible nutrients and various bioactive compounds such as
immunoglobulins, hydrolytic enzymes, hormones, and growth
factors (Rooke and Bland, 2002; Wu et al., 2010), thus, it plays a
key role in piglet thermoregulation, the acquisition of passive
immunity and intestinal development (Devillers et al., 2007).

Colostrum provides the newborn pig with highly metabolisable
energy (Le Dividich et al,, 1994) and its high content of fat and
lactose is efficiently used by the newborn pig to cope with cold
stress by increasing its metabolic rate and maintaining its home-
othermic balance during the first day after birth (Herpin et al.,
2005; Le Dividich et al., 1994). Accordingly, rectal piglet tem-
perature at 24 h of age is positively correlated with colostrum
intake (Devillers et al., 2011) and is negatively correlated with the
time interval between birth and first suckling (Tuchscherer et al.,
2000). The primary protein component of colostrum consists of
immunoglobulins, including IgG, IgM, and IgA isotypes. Im-
munoglobulin G is the most common bioactive compound in co-
lostrum and is at its highest concentration in the first few hours
postpartum and decreases rapidly within 24 h (Herpin et al., 2005;
Markowska-Daniel and Pomorska-Mol, 2010; Vallet et al., 2013).
As has been previously mentioned, piglets need to receive passive
immunity from IgGs in colostrum to reduce susceptibility to in-
fection in the immediate postnatal period and also after weaning
(Rooke and Bland, 2002). The absorption of IgG by newborn piglets
occurs before gut closure (Bland et al., 2003; Quesnel et al., 2012),
which occurs at approximately 24 h of age (Rooke and Bland,
2002). The IgG plasma concentration in piglets at 24 h of age is
positively correlated with colostrum intake (Devillers et al., 2011).
Accordingly, Muns et al. (2014b) observed that administering
15 mL of sow colostrum after farrowing to small piglets increased
their IgG plasma concentration at 4 days of age. Porcine colostrum
also contains different types of milk-borne growth factors (e.g., the
insulin-like growth factors IGF-I and IGF-II, epidermal growth
factor, insulin and transforming growth factor-g). According to Xu
et al. (2000), milk-borne growth factors via colostrum feeding play
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a regulatory role in the stimulation of gastrointestinal tissue
growth, and the maturation of its function. Colostrum feeding also
enhances intestinal macromolecule absorption, the onset of gut
closure, and enhances the repair of damaged mucosa (Rooke and
Bland, 2002; Xu et al., 2000). All these process are required for the
adaptive changes of the gastrointestinal tract during the postnatal
period.

Quesnel et al. (2012) estimated that 250 g CI per piglet should
ensure an optimal growth and passive immunity to the animals.
Pierzynowski et al. (2014) also reported that CI stimulates the
development of the hippocampus structure by the stimulation of
brain protein synthesis and brain development during the early
postnatal period. Colostrum intake also increases the piglet BW
gain at weaning (Decaluwé et al., 2014; Devillers et al., 2004; Le
Dividich et al., 2005) and up to 6 weeks of age, suggesting that it
has a long-term effect on piglet growth (Devillers et al., 2011).
Indeed, CI has been positively associated with piglet survival rate
at weaning (Decaluwé et al., 2014; Devillers et al., 2011). Any cir-
cumstance that impairs piglet colostrum intake capacity will in-
crease the risk of mortality or diminish its growth capacity. Factors
that influence CI include piglet vitality at birth, birth order, the
number of piglets born alive per litter, and sow nutrition (Quesnel
et al., 2012; Nuntapaitoon et al., 2014a,b; Theil et al., 2014a). The
ability of piglets to reach the udder and to suckle causes an in-
crease in CI (Amdi et al., 2013). As has already been presented,
reduced piglet vitality at birth or any other factor that affects the
interval from piglet birth to first suckle and the ability of a piglet to
stimulate a teat will negatively influence piglet Cl. Competition
between littermates has a negative effect especially on the piglets
of the litter born with lower BW, because a high litter size in-
creases the number of fights at suckling (Milligan et al., 2001) and
increases the risk of starvation and crushing of the small piglets.
However, colostrum yield is highly variable among sows, even
within the same breed and in the same conditions of housing and
management (Devillers et al.,, 2007; Farmer and Quesnel, 2009).
Fraser (1984) suggested that the appropriate stimulation of the
udder by piglets might be important to elicit a maximum colos-
trum yield by the sow. The total sow colostrum yield varies be-
tween 2.5 and 5.0 kg in a litter of 8-12 piglets (Farmer et al., 2006).
Colostrum yield is independent of litter size, and is slightly influ-
enced by litter weight and piglet BW variability (Devillers et al.,
2007; Foisnet et al., 2010; Quesnel, 2011; Decaluwé et al., 2013). A
reduction or failure to produce colostrum or milk by the sow
would have a negative impact on piglet survival and growth. It is
suggested that insufficient milk production or lactation failure in
sows might account for 6-17% of PWM (Alonso-Spilsbury et al.,
2007). Colostrum yield depends on the breed, feed and water in-
take, energy status, sanitary status, and parity of the sow, and on
other factors such as farrowing induction; environment and hor-
mone status can also influence colostrum production by the sow
(Devillers et al., 2007; Quesnel, 2011; Decaluwé et al., 2013; Ferrari
et al., 2014). Besides, post-partum dysgalactia syndrome (PDS) or
mastitis-metritis-agalactia (MMA) is a multifactorial process with
a considerable prevalence among herds, causing lactation failure
usually during the first 3 days after farrowing. Late transferring of
sows to farrowing facilities, ad libitum feeding during the first days
of lactation, dystocia (Papadopoulos et al., 2010), constipation,
poor floor hygiene, and high ambient temperature (Kirkden et al.,
2013b) are factors that have been observed to increase the odds for
PDS.

3.2.2. Parity

The effect of parity on piglet PWM can be contradictory: on one
hand, Knol et al. (2002) and Carney-Hinkle et al. (2013) found no
influence of parity on the survival rate of piglets, but Muns et al.
(2015) observed a lower piglet PWM in primiparous sows than in

multiparous sows. Moreover, different studies reported a negative
correlation between parity and PWM (Koketsu et al., 2006; Li et al.,
2010, 2012; Nuntapaitoon and Tummaruk, 2012, 2013a,b, 2015). It
is known that second and third parity sows tend to have a higher
colostrum yield than other parities (Devillers et al., 2007), and that
sows from parity 4-6 have higher colostrum yield than primipar-
ous sows (Ferrari et al., 2014). The apparent lower colostrum yield
in primiparous sows might explain the negative correlation be-
tween parity and PWM observed by some authors. Accordingly,
piglets from primiparous sows consumed less colostrum than
piglets from sows with parity 4-6 in the experiment of Ferrari
et al. (2014). Therefore, immune protection in the progeny of
multiparous sows might be greater than in primiparous sows,
resulting in a lower piglet mortality and increased daily gain be-
fore weaning (Ferrari et al., 2014). Moreover, piglets born from
primiparous sows have a lower birth BW and lower serum con-
centration of IgA and IgG than piglets born from multiparous sows
(Carney-Hinkle et al., 2013). Marchant et al. (2000) suggested that
lower experience in primiparous sows at farrowing negatively af-
fects piglet survival rate. Ruediger and Schulze (2012) reported
that primiparous sows suffered greater post-farrowing stress,
which declined in multiparous sows. Furthermore, primiparous
sows show poorer reproductive performance and are more sen-
sitive to environmental factors compared to multiparous sows
(Tummaruk et al., 2010).

On the other hand, the absence of a relationship between parity
and PWM or the lower PWM observed in primiparous sows in the
experiments of Knol et al. (2002), Carney-Hinkle et al. (2013), and
Muns et al. (2015), might be explained because litter size increases
together with increases in parity (Roehe and Kalm, 2000). The
number of low BW piglets increases together with an increase in
litter size, although the mean piglet birth BW also increases.
Therefore, the BW variability within a litter also increases with an
increase in litter size. This situation is evident with older sows
(> 6th parity), as observed by Wientjes et al. (2012), who ob-
served that 0- to 7-day-old piglets were particularly at risk of
death when they were reared with old sows. The duration of far-
rowing in first parity sows is shorter than in sows with a
parity > two (Tummaruk and Sang-Gassanee, 2013). In addition,
older sows have a longer farrowing duration, due to the presence
of excessive fat and reduced uterine muscle tone, which increases
the probability of intra-partum hypoxia (Zaleski and Hacker,
1993a). Finally, older sows usually have a reduced and more
variable function and accessibility of teats. A 41% reduction in the
number of functional teats was found in high-parity sows (Vasdal
and Andersen, 2012). Further studies on the effect of parity on
piglet PWM should be carried out.

3.2.3. Maternal stress

The peri-partum period (from 4 days before and up to 3 days
after farrowing) is a sensitive period in piglet production. The
parturition process starts a few days before farrowing. During this
period, sows might be stressed due to the new environment in the
farrowing pen and due to the parturition process (Baxter et al.,
2011b; Muns et al, 2014a; Yun et al, 2015). Stress during the
farrowing period increases the duration of farrowing and de-
creases colostrum production, thus reducing the energy and IgG
supply to piglets (Edwards, 2002; Oliviero et al., 2008). The stress
of farrowing can also affect the behaviour of the sow and lead to
restlessness and even to aggressiveness (Kalantaridou et al., 2004),
which increases the risk of crushing piglets and prevents suckling
(Baxter et al., 2011a). Muns et al. (2014a) found that sows with a
tendency for higher cortisol level after entering the farrowing stall
showed an increase in activity one day before farrowing. Maternal
pre-partal stress can affect behavioural and physiological aspects
of the offspring by altering their hypothalamic activity (Kaiser and
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Sacher, 2001; Kranendonk et al., 2007; Muns et al., 2014a). For
example, Muns et al. (2014a) observed that piglets born from
stressed sows had a higher mortality and reduced daily gain at
weaning, probably due to a reduction in their thermoregulation
ability caused by an inhibition of thyroid function due to maternal
pre-partal stress (Berthon et al., 1993).

3.2.4. Sow nutrition

Maternal nutrient provision might play an important role in
piglet PWM due to its influence in foetuses development during
pregnancy, with direct impact on piglets' birth weight and vitality
(see reviews of Campos et al. (2012), de Vos et al. (2014a), Yuan
et al. (2015)). Therefore, dietary supplementation in pregnant and
lactating sows to reduce piglet PWM and enhance piglet growth
have been intensively investigated during recent years (Kalbe
et al., 2013; Quesnel et al., 2014; Tummaruk and Sumransap,
2014). On one hand, birth BW of piglets is positively related to
energy intake of sows throughout gestation (Campos et al., 2012).
Besides, early embryonic loss seems not to be influenced by
overfeeding in the modern hyperprolific sow (de Vos et al., 2014a).
Nonetheless, protein availability for foetal growth is more im-
portant during gestation (de Vos et al., 2014a). Gestation diets
with protein restriction or unbalanced amino acid profile might
increase the incidence of piglets born with a low BW (Kim et al,,
2009; Wu et al., 2006). Foetal growth is controlled by the amino
acids in the arginine family (Wu et al,, 2011). Indeed, supple-
mentation of diets with r-arginine or L-glutamine significantly
increased birth weight of piglets (Gao et al., 2012; Raghavan and
Dikshit, 2004; Wu et al., 2013). In addition, diets supplemented
with r-carnitine during pregnancy significantly increased BW of
piglets (Doberenz et al., 2006). The reasons might be due to an
increase in intrauterine nutrient supply of glucose, glucose trans-
porter-1 and maternal IGF-I (Doberenz et al., 2006) and to an in-
creased muscle fibre development (Musser et al., 2006). On the
other hand, piglet vitality is also indirectly influenced by sow
nutrition. Piglets born from sows supplemented with L-carnitine
improved their suckling behaviour (Birkenfeld et al., 2006). Sup-
plementing sows with tuna or salmon oil increased suckling be-
haviour of their piglets and reduced the crushing incidence despite
also reducing their birth weight (Rooke et al., 2001a,b). It is known
that long-chain polyunsaturated fatty acids (PUFAs) are important
in the development of the brain and other physiological functions
(de Vos et al,, 2014a).

The nutrition of sows during late gestation can also influence
colostrum yield or colostrum composition (see review of Theil
et al. (2014b)). During late gestation, sows have a high energy
demand for mammary development and nutrition might affect
colostrum production both via mammary gland development and
via mechanisms that control colostrum secretion during late ge-
station (Farmer and Quesnel, 2009). Overfeeding sows during ge-
station has a negative impact on mammogenesis, due to excessive
fat deposition (Farmer and Serensen, 2001). Fat sows have a high
insulin resistance that disrupts glucose transport to the mammary
gland for lactose synthesis (Shennan and Peaker, 2000; Pére and
Etienne, 2007). On the other hand, feed restriction at the end of
gestation might only have a small detrimental effect on colostrum
yield, because sows already have a large body energy reserve
(Dourmad et al., 1999). However, the results of Decaluwé et al.
(2013) and Loisel et al. (2014) suggest that an excessive catabolism
before farrowing might be detrimental for colostrum yield. Fur-
thermore, dietary-fat supplementation during gestation and diet-
ary supplementation with glutamine during lactation increased
milk production of sows, enhanced piglet's gut health and in-
creased growth rate and survival rate of piglets (Laws et al., 2009;
Jackson, 2004; Rooke et al., 2001a). In addition, it has been ob-
served that feeding sows with a high amount of dietary fibre

during gestation had a beneficial effect on the CI of piglets (Theil
et al., 2014a).

3.3. Environmental factors

3.3.1. Season and temperature

The seasonal effect on PWM is controversial. Koketsu et al.
(2006) found that PWM during the summer period (11.6%, July-
September) was higher than in spring (9.4%, April-June). On the
other hand, some reports observed that PWM was highest in the
cold season because of a low ambient temperature and cold stress
(Dial et al., 1992; Maderbacher et al., 1993). Piglets have a lower
limit of the thermoneutral zone at 2 h of life close to 34 °C (Herpin
et al., 2002). In general, newborn piglets are very sensitive to cold
stress, due to incomplete thermoregulation at birth, few sub-
cutaneous fat reserves and because they are poorly insulated.
Piglets require a warm and dry environment for survival, espe-
cially during the first days after birth. It is well established that
cold stress is the most important stressor in newborn piglets
(Baxter et al.,, 2009; Shankar et al., 2009). Under low ambient
temperature environments, piglets are at more risk of being cru-
shed by the sow (Shankar et al., 2009), because the piglet stays
close to the udder in search of a heat source. In addition, Pedersen
et al. (2013) found that CI decreases during cold exposure, ex-
acerbating the likelihood of starvation and reducing im-
munoglobulin concentrations in neonatal piglets. On the other
hand, sows have a thermoneutral zone ranging from 18 °C to 20 °C
(Silva et al., 2009). High ambient temperature can decrease the
feed intake of lactating sows due to heat stress (Li et al., 2010;
Malmkvist et al., 2012). Therefore, heat stress compromises co-
lostrum and milk production in sows and growth performance in
piglets (Farmer and Quesnel, 2009; Farmer et al., 2010). Moreover,
heat stress can also cause alterations in sows, reduce the frequency
and duration of nursing periods, increase the time spent urinating
or defecating and finally, increase piglet mortality due to crushing
(Silva et al., 2006). It has been observed that floor heating in far-
rowing pens can act as a stressor during the peri-parturient period
in sows with limited ability to perform thermoregulatory beha-
viour (Damgaard et al., 2009; Malmkvist et al., 2009; Malmkvist
et al, 2012). In farrowing pens, it has also been observed that
maintaining the heat lamp in the side creep area instead of in the
front creep area during the first days after farrowing, can reduce
sow feed intake (Hrupka et al., 1998).

3.3.2. Housing

The size of the herd can play a significant role in minimizing
neonatal losses (Oliviero et al., 2010). On average, PWM in large
herds was lower than that in small herds (Friendship et al., 1986;
Hoshino et al., 2009). The effect of herd size on PWM is related to
post-partum management and the quality of stockpeople, which is
usually better in large herds. Hoshino et al. (2009) found that
high-performing herds in Japan had a lower number of stillbirths
due to better farrowing management (farrowing supervision and
assistance) than low-performing herds. The housing system and
its design has a strong impact on different aspects of sow and
piglet welfare and performance; however, it is out of the scope of
the present paper to review the different existing farrowing sys-
tems or their designs and their welfare implications, but to high-
light their main characteristics in relation to PWM. Conventional
farrowing crates were designed to prevent crushing by restricting
sow movements and to provide a zone of retreat for the piglets. On
average, sows are restricted within a crate with 1.26 m? of avail-
able floor space, placed within a pen area of 3.54 m? (Vosough
Ahmadi et al., 2011). It has been demonstrated that sows kept in
conventional farrowing crates show signs of an impaired welfare
state (e.g., heart rate and stress-hormone responses, negative or
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abnormal behaviours) (see review of Baxter et al. (2011b)); for this
reason, different designs of group- and individual loose-housing
systems have been developed as alternatives to the conventional
farrowing crate (Baxter et al., 2012b; Wechsler and Weber, 2007).
Nonetheless, no commercially viable/feasible option has emerged,
and therefore, their commercial use is limited (Van Nieuwamer-
ongen et al.,, 2014; Vosough Ahmadi et al,, 2011). Two main dif-
ferent group-housing systems can be identified for sows during
lactation or part of lactation (see review of Van Nieuwamerongen
et al. (2014). Sows can be grouped with their litters (multi-suckling
system), or offered a communal area that is only accessible to sows
for the whole lactation period (get-away systems). Indoor alter-
natives can be classified into pens and designed pens (see review
of Vosough Ahmadi et al. (2011)). On average, pens consist of a
uniform floor space of 10.48 m? with no distinction between ex-
cretory and lying areas. Piglets are provided with a separate creep
area with supplementary heat via a lamp or mat. Designed pens
contain different types of pens, but typically occupy a whole area
or 7.06 m? of floor space, with a designated area for nesting/lying
of approximately 2.90 m? of this space. Piglets are also provided
with a separate creep area with supplementary heat via a lamp or
mat. In outdoor systems, sows and piglets are usually kept in-
dividually in arks or huts (mean floor space of 377 m?), with access
to individual or group paddocks.

Although group housing systems provide more environmental
complexity and freedom of movement for the sows and the pos-
sibility for extended lactation periods, they have an increased risk
of crushing and early cessation or disruption of nursing (Van
Nieuwamerongen et al, 2014). Indeed, Wechsler and Weber
(2007) concluded that sows should not be group-housed at far-
rowing, but individually, in large pens with separate nesting/lying
and activity areas. Vosough Ahmadi et al. (2011) observed similar
total piglet mortality rates (including stillborn piglets) among 145
studies that included conventional crates (18.2%), pens (18.4%) and
designed pens (16.5%). Accordingly, Baxter et al. (2012b) described
a total piglet mortality rate (corrected for a standardised litter size
of 11 piglets) of 18.1%, 19.3%, 15.0%, and 17.1% for conventional
crates, pens, designed pens, and outdoor systems respectively. In
their review, Baxter et al. (2012b) also observed a similar PWM
(corrected for a standardised litter size of 11 piglets) among con-
ventional crates (11.3%), pens (12.8%), designed pens (10.2%), and
outdoor systems (14.3%). As presented, the PWM rate is similar
among the different individual farrowing housing systems, except
for outdoor systems. Crates were especially designed for pre-
venting posterior crushing (beneath the sow's hind quarters), al-
though they are not as effective in preventing ventral crushing
when lying down from a sitting position (beneath the udder and
rib cage) (Andersen et al., 2005; Pedersen et al., 2011; Wischner
et al,, 2010). More specifically, in a cohort study of PWM per-
formed on 112 breeding farms in England by Kilbride et al. (2010),
conventional farrowing crates were compared with three different
loose-housing systems (including indoor and outdoor systems).
These authors concluded that the risk of PWM due to crushing was
lower in conventional farrowing crates. Nonetheless, the risk of
death from other causes was higher in conventional farrowing
crates, resulting in a similar level of PWM among the different
farrowing systems. Sows in conventional farrowing crates also
present higher number of teats with sever lesions in comparison
to loose-housing systems (Verhovsek et al., 2007), which might be
detrimental for piglets' CI. Similar to in conventional farrowing
crates, Baxter et al. (2009) observed that piglet birth BW and rectal
temperature 1h after birth were the most significant postnatal
survival indicators in outdoor systems. However, latency to reach
the udder, a teat and to suckle, were not useful as survival in-
dicators in outdoor systems, whereas they are important in-
dicators in indoor conventional systems. Recent studies found that

a pen design that allows for confinement of the sows from day 114
of gestation until 4 days after farrowing reduced PWM compared
to gestation and lactation loose-housing systems (Hales et al.,
2015; Moustsen et al., 2013). In the same studies, no alteration of
the farrowing progress was observed.

More particularly, floor characteristics of the farrowing pen or
the creep area might influence piglet PWM. Floors with rigid
physical features (i.e. slatted iron floor, partial concrete and partial
round-weld mesh floor) increase the incidence of foreleg skin le-
sions in lactating piglets (Gu et al., 2010; Mouttotou et al., 1999)
with negative effect on piglet's pre-weaning growth (Johansen
et al, 2004). Besides, the use of neoprene mats placed on the
slatted iron floor of the piglet suckling area reduced the risk of
crushing and the risk of piglet’s hypothermia by reducing the
temperature gradient between the piglet abdomen and the con-
tact floor surface (Gu et al., 2010). Similarly, the use of enriching
substrates in the farrowing crates might also help to reduce the
incidence of teat lesion (Lewis et al., 2006).

3.3.3. Management

In order to minimize the negative impact of the most important
factors influencing PWM presented above, there are some man-
agement priorities and procedures, concerning sows and piglets,
commonly established in commercial swine herds. Producers
usually try to concentrate their efforts on the farrowing day and
during the first two days after farrowing.

Farrowing supervision together with manual birth assistance
are management practices mainly oriented to reduce the number
of stillbirths in swine herds (see review of Vanderhaeghe et al.
(2013)). Nonetheless, good farrowing supervision and manage-
ment protocols at birth also contribute to reduce piglet PWM
(Holyoake et al., 1995; Vanderhaeghe et al., 2013). Reduction in
number of stillbirth, improvements on survival during the first
day, and increased weaning weight have been obtained with ela-
borated farrowing supervision protocols that included drying the
newborn piglets, oral administration of 12 ml of bovine colostrum
and oxygen administration through an oral mask (White et al.,
1996). But such farrowing supervision protocols are hard to im-
plement at commercial settings due to their complexity. None-
theless, more simplified protocols have also been studied. Drying
piglets at birth has been proved to be useful in commercial herds.
Christison et al. (1997) observed that survival was improved when
piglets were dried or placed under the heating lamp immediately
after birth. Andersen et al. (2009) and Vasdal et al. (2011), after
comparing different protocols around farrowing, also found that
drying newborn piglets and placing them at the udder was the
management combination with higher reduction in piglet mor-
tality in loose-housed sows. Accordingly, Andersen et al. (2007),
after comparing the records of an entire year from 39 Norwegian
farms, observed that placing the piglets at the udder immediately
after birth and assisting them to find a teat reduced mortality,
whereas shunting the piglets inside the creep area while feeding
the sow did not have any influence on survival.

The most important management strategies performed after
farrowing are oriented to increase the energy status and CI by the
piglet, and to reduce piglet BW variability within litter. On one
hand, removing larger piglets in a litter from the dam for a set
period of time to allow the smaller piglets adequately access to
udder (split nursing) is a practice often practiced in commercial
herds during the farrowing day. However, that does not seem to
have a real impact on litter performance. Donovan and Dritz
(2000) only observed a decrease in variation for piglet's average
daily gain in large litters ( > 9 piglets born alive) with no effect on
IgG plasma concentration or mortality rate when performing split
nursing of the heaviest 50% of the piglets in the litter for 2 h.
Additionally, Thorup (2006) and Muns et al. (2015) did not reduce
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low BW piglets' mortality through split nursing. On the other
hand, oral supplementation of piglets with colostrum or com-
mercial energy boosters is commonly performed to increase low
BW piglets CI and ensure a proper IgG level in commercial herds.
However, limited studies performed under commercial conditions
can be found in the literature. Gomez et al. (1998) observed that
porcine immunoglobulins and bovine colostrum could be used as
immunoglobulin sources in artificial rearing of colostrum-de-
prived newborn piglets. Emulsified medium-chain triglycerides
have also been administrated as energy substrate to 22-35 h-old
piglets with no clear effect on their growth and survival (Wieland
et al., 1993a,b). Besides, administration of emulsified medium-
chain triglycerides in excess could lead piglets to coma by in-
creasing the concentration of circulating fatty acids to toxic levels
(Wieland et al., 1993a). Nevertheless, a few authors have observed
increased survival and growth rates in small piglets supplemented
with colostrum under commercial conditions (Pinsumrit et al.,
2004; Muns et al., 2014b, 2015). Indeed, Muns et al. (2014b) ob-
served that supplementation of small piglets with extra 15 ml of
colostrum early after birth ensured a proper level of serum IgG
concentration at day 4 of life. In addition to split nursing and oral
supplementation, cross-fostering is a management practice
usually adopted in commercial farms when litter size outnumbers
functional teats and/or to deal with BW variability within litters,
situations that might limit CI by the piglet and lead to increased
PWM. Although cross-fostering has a strong impact on piglet
survival and performance (Muns et al, 2014b), there is some
controversy in the literature concerning the best cross-fostering
strategy. Heim et al. (2012) found no negative effects of fostering
in adopted piglets after cross-fostering. However, Kilbride et al.
(2014) showed that fostering piglets later than 24 h after birth
increases the risk of mortality, and Deen and Bilkei (2004) found
increased mortality of low BW piglets when cross-fostered with
high BW piglets. Besides, Muns et al. (2014b) and Milligan et al.,
(2001) observed that litters cross-fostered to uniform litters dou-
bled their BW coefficient of variation at the end of lactation.
Nonetheless, Deen and Bilkei (2004) pointed out that low BW
piglet survival is more related to litter size after cross-fostering
than to the BW of their littermates. Finally, Muns et al. (2014b)
suggested that farm's sanitary conditions/health status could
strongly influence the impact of the cross-fostering strategy per-
formed on farm.

The use of high prolific breeds delivering more than 14 live
born piglets and the implementation of hyper-prolific breeding
programs has led many farms to systematically produce greater
number of piglets than the number of functional teats available in
the same batch. In such situations, farms might implement the use
of nurse sows systems following two main management proce-
dures: one-step system, involving one sow, and two-step system
or “cascade fostering”, involving two sows (see review of Baxter
et al. (2013)). Briefly, the one-step system consists of weaning the
litter from a sow (nurse sow) at 21 days of lactation or more. The
selected nurse sow will then receive the surplus piglets from the
newly farrowing batch and will nurse them for a new lactation
period. The two-step system consists of weaning the litter from a
sow (interim sow) at usually 28 days of lactation. In the second
step, a 4-7 day old litter from a second sow is fostered to the in-
terim sow. Finally, the second sow will receive the surplus piglets
from the newly farrowing batch. The use of nurse sows systems
clearly helps to maintain the surplus piglets in the farm. However,
according to Baxter et al. (2013), the mismatch between piglets
requirements with the milk supply of the nurse sow, and the risk
of disease transmission due to the interruption of “all-in-all-out”
systems are the more evident risks of nurse sows systems. More
scientific studies should be done on the use of nurse sow systems.
As an alternative to the use of nurse sows systems, producers in

high prolific herds might implement artificial rearing systems
using milk replacer to rear the surplus and weak piglets in a far-
rowing batch. Although milk replacer can be offered as a supple-
ment feed in the litter (similar to creep feed), surplus and weak
piglets are usually allocated separately in a different facility or in
nest boxes (i.e., brooders) placed above the farrowing crates. The
animals are usually moved to the artificial rearing systems be-
tween three and seven days of age. De Vos et al., (2014b) found
that artificially reared piglets had similar growth and enhanced
gut maturation at 28 days of age compared to sow reared piglets,
but they did not report the effect on mortality. De Vos et al.,
(2014b) also suggested that artificially rearing systems are bene-
ficial for piglets from all birth categories. On the other hand, Wi-
dowski et al. (2005) observed higher risk for redirected suckling
behaviour in artificially reared piglets fed through a plastic trough
compared to piglets fed through artificial nipples. However, there
is a need for scientific research on the use of artificial rearing of
piglets.

4. Conclusions

Piglet PWM is a serious and important welfare and economic
problem of great concern in swine production. Although it is well
established that piglet birth BW is the main factor that influences
piglet survival and growth, PWM has a multifactorial aetiology and
is influenced by different factors. Through understanding and
knowledge of the different causes and factors that influence piglet
PWM, we can therefore reduce PWM by nutritional intervention
(see review of De Vos et al. (2014a)) or management strategies (see
reviews of Baxter et al. (2013), Kirkden et al. (2013a,b)) of farm
conditions. As observed, it is important for veterinarians and
producers to understand and properly diagnose the factors that
influence piglet PWM on their farms, in order to develop an effi-
cient intervention protocol. However, despite the importance of
piglet vitality there is a lack of vitality assessment protocols or
strategies that can be performed by producers to a large number of
piglets in sow commercial herds. Moreover, given the importance
of colostrum as only energy source available and its role in pro-
viding passive immunity to piglets, producers should focus on
ensuring a proper colostrum intake by the piglets after birth, as
well as on providing a comfortable environment and proper nu-
trition to sows around farrowing. Besides, confusing factors such
as the impact of sow parity need to be further studied. Further-
more, most of the studies on the factors that influence piglet
survival are performed in temperate or cold climates and further
research in hot or tropical climates is necessary to assess the final
impact of factors that influence piglet PWM, which might be dif-
ferent and require different management approaches to piglet
PWM. In addition, from the literature, we can conclude that in-
dividual loose-farrowing systems show similar PWM levels to
those of conventional farrowing crates, with designed pens offer-
ing promising perspectives for future implementation at a com-
mercial scale. Notably, recent studies suggested that an individual
farrowing pen design, which combines the initial confinement of
the sow with the subsequent ability to move within the pen, offers
the potential to become a more suitable farrowing environment to
meet biological needs and production goals; nonetheless, further
studies are required. Finally, more feasible farrowing protocols
should be of great interest for producers, and more studies on oral
supplementation to low birth weight piglets are of great interest
(e.g., colostrum supplementation or oral supplementation using
commercial boosters). Besides, the impact cross-fostering on PWM
also needs further reasearch to better understand its proper im-
plementation in different situations (e.g., in farms with poor
health status). Equally important, although their practice is mainly
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limited to high prolific herds, scientific research on nurse sows
systems and artificial rearing of piglets is of great interest.
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Review Article

Management strategies in farrowing house to improve piglet

pre-weaning survival and growth

Ramon Muns Vila and Padet Tummaruk*

Abstract

Post-partum and lactation are the most complex periods in the swine production chain. Newborn pigs are
highly vulnerable due to relatively low body weight at birth and physiological immaturity. Most of the management
strategies performed in farrowing houses are oriented to ensure a proper level of colostrum intake by the piglets.
Colostrum is essential as an energy source and to provide passive immunity to piglets. Different farrowing supervising
protocols have been comprehensively investigated to reduce early mortality as well as to assist newborn piglets in
obtaining an optimal amount of colostrum and milk. However, little is known of the benefits of oral supplementation
in newborn piglets. Cross-fostering is also widely performed in general swine commercial herds to deal with highly
prolific sows and has a strong impact on piglet survival. In order to prepare piglets for weaning, creep feeding is
provided after the first week of lactation. Although the number of animals that actually consume the creep feed is not
clear, creep feed consumption might influence feed intake after weaning. Finally, the attitude and skills of a stockperson
might play an important role in the piglet’s ability to cope with stressors. Positive and gentle human contact with
newborn piglets might positively influence the piglets” emotional response to human handling and thus their welfare.
The objective of this review was to present the most relevant management strategies performed in farrowing houses
(i.e. oral supplementation, farrowing supervision, cross-fostering, creep feeding, and human-animal interaction) and
their effect on piglet pre-weaning mortality and growth.
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Introduction

With the use of highly prolific sows in
commercial herds, high piglet pre-weaning mortality
(PWM) remains an unsolved problem in pig
production. Recent reports have shown average piglet
PWM rates of 12.9%, 9.4%, and 12.2% in the European
Union, the Philippines and Thailand, respectively
(Bureau of Agricultural Statistical of Philippines, 2012;
Interpig, 2014; Nuntapaitoon and Tummaruk, 2013).
On the other hand, the mortality rate recorded during
the rearing and finishing phases reached 3.3 and 2.8%,
respectively (Interpig, 2014). Moreover, piglet PWM is
one of the major reproductive components affecting
herd productivity in the swine industry. It has been
demonstrated that a 1% reduction in piglet mortality
increased the sow annual output by €7.1 in a highly
productive country such as the Netherlands (Chris et
al., 2012). Therefore, the mortality of piglets in the
suckling period is a major welfare and an economic
problem in the swine industry which still needs to be
addressed.

Neonatal piglets are very vulnerable at birth.
They are characterised by a high surface to body mass
ratio, limited reserves and poor immunity status.
Among the different causes of early death, low
colostrum intake is probably the most influential
(Muns et al., 2016b). Colostrum intake is crucial for
piglet growth since it provides piglets with the energy
and passive immunity necessary at a very early stage
(Quesnel et al., 2012). Moreover, piglets have to
compete with littermates for a teat to suckle. Among
other factors, alterations of piglet body weight (BW) at
birth associated with an increased litter size might lead
to high PWM. The use of highly prolific sows resulted
in increased crowding in the uterine horns during
gestation (Rutherford et al, 2013). Intra-uterine
crowding may result in some piglets experiencing
intra-uterine growth restriction or reduced BW at birth,
therefore increasing litter birth weight variation (Yuan
et al., 2015). Within-litter variation in birth weight
strongly affects PWM, especially during the first 72
hours of life (Alonso-Spilsbury et al., 2007). In addition,
a high ambient temperature around farrowing
negatively affects the sow’s welfare and performance,
with a negative impact on piglet weaning weight
(Muns et al., 20162). Many management routines are
performed in a farrowing house during the first two
days post-partum to enhance piglet survival. In
countries with a tropical climate such as Thailand such
practices are of great importance for herd performance.
In practice, during the peri-partum period,
management is focused on helping piglets to minimise
heat loss and maximise colostrum intake.

Colostrum: Colostrum is secreted by the mammary
gland starting shortly before parturition and for a time
interval of approximately 12-24 hours in most sows
(Quesnel et al., 2012). Piglets obtain colostrum freely
for 0-24 hours after farrowing. After 24-48 hours post-
partum, the physiologic cyclical pattern of suckling
and milk ejection is established (De Passillé and
Rushen, 1989). Colostrum is a source of highly
digestible nutrients and various forms of bioactive
compounds such as immunoglobulins, hydrolytic

enzymes, hormones, and growth factors (Rooke and
Bland, 2002; Wu et al., 2010). Additionally, colostrum
is the first and only food available for piglets after
birth. Colostrum is crucial in providing energy for
thermoregulation and body growth (Devillers et al.,
2011; Herpin et al., 2005; Le Dividich et al., 2005). In
addition, passive immunity supply in pigs mainly
occurs from immunoglobulin G (IgG) in colostrum,
providing newborn animals with passive humoral
immune protection. Newborn piglet absorption of IgG
happens before gut closure (Quesnel et al., 2012),
which takes place at approximately 24 hours of age
(Rooke and Bland, 2002). Therefore, the first 12-24
hours after birth are crucial for the piglet’s colostrum
intake.

However, colostrum yield is limited.
Colostrum yield was shown to be independent of litter
size, but moderately influenced by piglet BW and BW
variability at birth (Devillers et al., 2007). Moreover,
colostrum yield and IgG concentrations were shown to
be highly variable among sows, even within sows from
the same unit (Devillers et al., 2011; Quesnel, 2011). In
addition, it was observed that the amount of colostrum
ingestion during the first 24 hours after birth was
highly variable among littermates. In one study, the
average colostrum intake varied from 250-300 grams,
but ranged from zero to 700 grams (Quesnel et al.,
2012). Newborn piglets directly compete with their
littermates for access to a mammary gland, preferably
the anterior and middle glands. The posterior
mammary glands may produce fewer beneficial
proteins than the anterior glands (Wu et al., 2010).
Additionally, piglets from the same litter indirectly
compete for milk intake during lactation, and piglets
that are better at draining, massaging and stimulating
the teat will favour local blood flow together with
hormonal and nutrient investment, thus increasing the
teat’s milk production (Algers, 1993). Therefore,
management of the litter is important to ensure that all
piglets have proper colostrum intake.

Farrowing supervision: Most of the management
routines studied in literature consist of practices
performed around farrowing, including farrowing
supervision, and are oriented to cope with two main
challenges: piglet thermoregulation capacity and piglet
colostrum intake. Drying piglets at birth has proven
useful in commercial herds. Christison et al. (1997)
observed that survival was improved when piglets
were dried or placed under a heating lamp
immediately after birth. Vasdal et al. (2011) compared
different protocols around farrowing in loose housed
sows and found that drying newborn piglets and
placing them at the udder were the winning
management combination with greatest reduction in
piglet mortality. Practices to ensure colostrum intake
by piglets have also been studied. Andersen et al.
(2007) compared records of an entire year from 39
farms in Norway. They observed that placing the
piglets at the udder and assisting them to find a teat
reduced mortality, but shutting the piglets inside the
creep area while feeding the sow did not improve
survival. Improved survival during the first day of life,
reduction in the number of stillbirths at farrowing and
increased weaning weights were obtained with more
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complex protocols that included drying the newborn
piglets, oral administration of 12 ml of bovine
colostrum and oxygen administration through an oral
mask (White et al,, 1996). Good supervision when
farrowing also improved pre-weaning survival
(Holyoake et al., 1995). On the other hand, split nursing
(i.e. removing the larger piglets in a litter for a set
period of time, allowing the smaller piglets free access
to the udder) is another practice performed on
commercial farms to enhance colostrum intake in low
birth BW piglets. Yet, this practice has little impact on
litter performance. Donovan and Dritz (2000) found no
effect on IgG plasma concentration or mortality rate
when performing 2-hour split nursing of the heaviest
50% of the piglets in the litter. Donovan and Dritz
(2000) only observed a decrease in the variation of
piglet average daily gain in litters with more than nine
pigs. Thorup (2006) did not obtain a drop in low birth
BW piglet mortality through split nursing either.
Dewey et al. (2008) observed an increase in pre-
weaning growth and survival when combining oral
administration of 12-20 ml of colostrum with split
nursing in a “‘maximal care treatment’. More recently,
Muns et al. (2014) found that supplementing low birth
BW piglets after birth with 15 ml of the sow’s colostrum
improved piglet IgG levels on day four compared to a
control group. However, it only tended to improve
growth and survival of small piglets at weaning in non-
homogenised litters at the time of cross-fostering, but
not in homogenised litters. In another study, Muns et
al. (20159) only observed improvement in BW at 24
hours of life in low birth BW piglets born from
primiparous sows after being supplemented with 15
ml of the sow’s colostrum. But such effect was not
maintained at weaning. In the same study, they found
no effect of colostrum supplementation on low birth
BW piglets born from multiparous sows, suggesting
that piglets born from primiparous sows might have a
higher need for colostrum intake than piglets born
from multiparous sows. More recently, Viehmann et al.
(2015) observed that daily supplementation of piglets
with bovine colostrum during the first three days after
birth extended life in low birth BW piglets but did not
influence pre-weaning survival. Similarly, Declerck et
al. (2016) observed that providing direct energy
(commercial ~ energy  booster) through  oral
supplementation to small neonatal piglets (< 1 kg of
birth BW) reduced their mortality without improving
colostrum intake.

Cross-fostering: Cross-fostering is an important and
common management practice performed on
commercial farms. Cross-fostering has become
indispensable to deal with highly prolific sows
delivering large litters at farrowing. There are many
reasons to perform cross-fostering (Baxter et al., 2013)
including to foster surplus piglets when a sow has
more piglets than functional teats, to foster small
piglets to create litters with similar birth weights or to
create litters with low weight variation, death of a sow
at farrowing, and when a sow attacks its own offspring.
Concurrently, cross-fostering can be performed at a
minimum extent (transferring as few piglets as
possible), in order to adjust litters by the number of
piglets according to the number of functional teats. On

the contrary, cross-fostering can be performed at a
greater extent (transferring a high number of piglets
and involving most of the litters in the batch), adjusting
litters by BW of the piglets, transferring animals based
on parity of the dams (piglets from gilts transferred to
middle-aged sows), etc.

Cross-fostering should be performed after
piglets ingest colostrum from their biological dams,
but before teat order is established in the litter (Heim
et al,, 2012). As previously stated, colostrum decreases
after 12 hours post-partum. After the initial phase of
continuous colostrum ejection, cyclical milk let-down
instauration progressively occurs. Thereafter, within
the first week after birth, a stable teat order among
littermates is established (De Passillé and Rushen,
1989). Consequently, technical recommendations and
routine farm procedures aim to perform cross-
fostering between 12 and 24 hours after farrowing.
Moreover, during the first day after farrowing, sows
accept alien offspring without disrupting their litter
suckling patterns, without impairing piglet or sow
welfare and without becoming aggressive towards the
adopted piglets (Robert and Martineau, 2001).

In literature, cross-fostering has been widely
studied, with diverse results. Heim et al. (2012)
observed that survival and growth were not impaired
in fostered piglets. They also observed that litters
composed exclusively of adopted piglets had no
impairment of behaviour, survival or growth. Bierhals
et al. (2011) found that piglets nursed by primiparous
sows had lower BW at day 21 of lactation than piglets
nursed by parity 5 sows. Akdag et al. (2009) and
Milligan et al. (2002) associated increased birth weight
variation with low survival rate, whereas other studies
did not (Bierhals et al., 2011; Milligan et al., 2001). Deen
and Bilkei (2004) found that mortality of low birth BW
piglets increased when they were cross-fostered with
high birth BW piglets. They also stated that low birth
BW piglets had a higher chance of survival in small
litters irrespective of the birth BW of their littermates.
On the contrary, Muns et al. (2014) found that
standardisation of litters at cross-fostering (adjusting
litters by BW of the piglets) did not prevent them from
having the same BW variability at weaning compared
to non-standardised litters. They also found that non-
standardised litters did not impair the growth or
survival of small piglets compared to small piglets in
standardised litters. On the other hand, Robert and
Martineau (2001) observed that repeated cross-
fostering through lactation reduced the weight gain of
both adopted and resident piglets and increased the
sow’s aggression towards alien piglets.

It is a common practice on different farms to
synchronise and induce farrowing, especially in
multiparous sows, in order to concentrate and optimise
tasks. With synchronised farrowing, cross-fostering
becomes easier to perform. Nonetheless, the
advantages and disadvantages of farrowing induction
are outside the scope of this review and have recently
been documented (Kirkden et al., 2013). Finally, cross-
fostering might lead to transfer of pathogens from one
litter to another; moreover, it can be critical for the
success of immune transfer (humoral immunity and
cell-mediated immunity) from a biological dam to
newborn piglets if performed too early. However,
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long-term impact of cross-fostering on piglet health
and immunity has not been well examined (Bandrick
etal., 2011).

Creep feeding: Once producers have focused on
enhancing the early survival of newborn piglets by
ensuring optimal colostrum intake, and once cross-
fostering has been performed, all efforts are oriented to
maximise piglet BW at the end of lactation and to
prepare the animals for weaning (transition from milk
consumption during the suckling period to a solid feed
diet after weaning). For that purpose, after the first
week or ten days of lactation, piglets are frequently
given a highly palatable and highly digestible diet
(creep feeding). The creep feed intake of piglets is
usually not very high and it is inversely related to the
sow’s milk production. Consequently, creep feed
offered during the lactation period does not have a
high impact on sow performance or piglet growth at
weaning (Bruininx et al., 2004; Sulabo et al., 20102). It
was observed that only a low proportion of piglets
consumed feed during lactation (Sulabo et al., 2010b). It
was also observed that creep feed intake was variable
between and within litters (Bruininx et al., 2002;
Wattanakul et al., 2005). Nevertheless, piglets that
consume creep feed during lactation improved post-
weaning performance through a shortened onset of
feed consumption (Bruininx et al., 2002) and an
increased feed intake and BW gain during the first days
after weaning (Bruininx et al., 2004; Sulabo et al., 2010;
van den Brand et al., 2014). Early introduction of creep
feeding influences the proportion of piglets eating
creep feed. Sulabo et al. (2010P) observed a lower feed
intake and lower number of eaters in litters offered
creep feed for two days, and a lower feed intake in
litters offered creep feed for six days, when compared
to litters offered creep feed for 13 days. In addition,
lactation length seems to influence creep feed intake.
Callesen et al. (2007%) observed an increase in creep
feed consumption of between 137 and 266% in piglets
weaned at 33 days of age compared to piglets weaned
at 27 days of age. Subsequently, they found that creep
feed might benefit post-weaning growth of piglets after
longer lactation. A number of researchers have studied
strategies to improve creep feed consumption and the
proportion of piglets eating creep feed. van den Brand
et al. (2014) observed that piglets younger than 18 days
of age preferred pellets with a large diameter (10-12
mm vs. 2 mm diameter pellet). Despite lowering the
weaning BW, performance of intermittent suckling
increased creep feed intake and improved growth in
the first week after weaning in piglets that ate creep
feed (Kuller et al, 2004, 2007). As suggested by
Wattanakul et al. (2005), the method of creep feed
presentation is very important in the initiation of
feeding behaviour. Accordingly, offering creep feed
with different flavours or using a feeder that stimulates
piglet exploratory behaviour are strategies that might
enhance creep feed intake during lactation (Adeleye et
al., 2014, Kuller et al., 2010). A recent study has
suggested that providing liquid milk replacement to
piglets during lactation might have a positive influence
on post-weaning survival (Park et al., 2014).

In addition to the management practices
mentioned above (colostrum supplementation, cross-

fostering and creep-feeding), weaning age is also an
important factor determining future performance of
the animals. In past experiments, lactation of 21 days
increased wean-to-finish average daily gain and
survival compared to shorter lactation (Main et al.,
2004), and lactation of 33 days improved piglet growth
after weaning compared to lactation of 27 days
(Callesen et al., 20072). It is known that longer lactation
increases weight and physiologic maturity of piglets at
weaning (Main et al., 2004). However, with the current
multisite pig production system and its specific pig-
flow, little decision capacity is left concerning weaning
age.

Human-animal interaction: Intensive husbandry and
housing practices in animal production also affect the
nature and amount of human contact that the animals
receive. Compared to other phases, lactation demands
more human handling of sows and piglets.
Implementation of good practices by trained
employees and positive experiences with human
interactions may have powerful influences. Good
practices and positive experiences might have an effect
not only on the productivity and welfare of the animal,
but also on how the animal responds to aversive
routine practices (Hemsworth and Coleman, 2011;
Muns et al., 2015%). On one hand, the negative effects of
negative emotional states such as fear on the welfare of
animals are well known (Gonyou et al, 1986;
Hemsworth et al, 1981, 1987, 1989). Routine
interactions between stockpeople and their animals
can result in farm animals becoming highly fearful of
humans and, through stress, their productivity and
welfare might be impaired (Hemsworth, 2003). The
attitude and behaviour of stockpeople when handling
and interacting with sows and piglets may have
implications on both the productivity and stress
physiology of the animals (Gonyou et al., 1986;
Hemsworth and Coleman, 2011, Hemsworth et al.,
1989). In addition, it was observed that handling pigs
early in life might influence their subsequent
behavioural responses to humans (Hemsworth and
Barnett, 1992). On the other hand, there are limited
data indicating the impact of positive emotional
responses of farm animals in the presence of humans
on subsequent experiences when in the presence of
humans. Precisely, Muns et al. (2015) observed that
positive human contact after birth reduced piglet
escape behaviour at subsequent stressful events. Early
handling of piglets (tactile stimulation performed daily
from day 5 to day 35 of age) resulted in piglets that
were more active and less fearful in a novel
environment, and less fearful of people in general (de
Oliveira et al., 2015). Zupan et al. (2016) also observed
that handling (tactile stimulation performed daily from
day 5 to day 35 of age) increased piglet locomotor play
and handling half of the litter increased social
exploratory behaviour of the entire litter. They
suggested that handling all or half of the piglets in the
litter might be beneficial for the piglets’ emotional state
after weaning, thus increasing their welfare. However,
the mechanisms underlying the influence of positive
early contact are unclear. Additionally, secondary
management practices commonly performed in
farrowing  facilities  (e.g.  castration,  iron
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administration, vaccination, ear clipping, tail docking,
etc.) might have an impact on piglet and sow welfare
and performance. Therefore, they should also be
considered when planning or suggesting a protocol for
management routines in the farrowing house. Finally,
environmental factors (e.g. facility design, housing
system, climatic conditions, etc.) also play an
important role in the success of the management
performed in the farrowing house.

Conclusion

Most of the management protocols studied so
far are too complex and laborious, or they need to be
performed too close to farrowing to be effective. Two
of the simplest practices that have been studied, drying
piglets at birth and placing them at the udder or under
a heating lamp, successfully reduced mortality. While
the importance of proper colostrum intake by piglets is
completely assumed, very few studies have been
performed under farm conditions regarding oral
supplementation of piglets. Oral administration of
colostrum (with manually milked sow colostrum
obtained from the same herd) to low birth BW piglets
guarantees a proper level of IgG, while direct energy
supplementation reduces the mortality of low birth BW
piglets.  Therefore, a combination of oral
supplementation using sow colostrum and a
commercial energy booster might enhance both piglet
energy and immunity status. Such management
practices could reduce on-farm PWM and should be
further studied. On the other hand, cross-fostering has
been proven to strongly influence PWM. However,
more conclusive studies are needed to clearly
understand the effect of cross-fostering on piglet
performance, especially on the reduction in litter
weight variation. In addition, more studies of the effect
of cross-fostering combined with other husbandry
practices (e.g. oral supplementation) are necessary.
Concerning the use of creep feeding, there is a lack of
knowledge about whether the more vigorous or the
smaller piglets are consuming creep feed during
lactation. Recent studies have suggested that creep
feed consumption can be enhanced by stimulating
piglet exploratory behaviour and/or by modifying
creep feed presentation. Further studies of the
motivation that leads piglets to consume creep feed are
of great interest and could help enhance post-weaning
piglet adaptation. Furthermore, recent studies have
suggested the benefits of positive human handling on
piglet welfare, behaviour, and fear response. Given the
amount of management and manipulation that piglets
suffer during lactation, better understanding of the
piglet emotional response to human handling could
become an important tool to improve pig welfare and
handling during lactation and after weaning. Indeed,
improved knowledge of the piglet emotional response
to human handling could strongly influence the
producers’ approach to the skills and attitudes of
stockpeople, as well as lactation management
planning. Finally, it would be of great interest to study
the impact of the reviewed management strategies on
farms differing in their sanitary status or on farms
under different climatic conditions, thereby comparing

the impact of similar management strategies in
different countries or continents.
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Objective: Piglet pre-weaning mortality is an important variable indicating the efficacy of farrow-
ing management and animal well-being during lactation. The present study determined the
association of newborn traits measured soon after birth with piglet pre-weaning mortality and
growth.

Methods: In total, 805 piglets born from 57 multiparous sows were investigated. Their blood
oxygen saturation, blood glucose and rectal temperature at 24 h after birth (RT24h) were moni-
tored. Birth order, sex, skin color, integrity of the umbilical cord, attempts to stand and birth
intervention were monitored. Piglets were weighed at day 0, 7, and 21 to evaluate average daily
gain (ADG).

Results: Piglet pre-weaning mortality for lactation period was 12.6% and cumulative mortality
during the first 7 days of age was 8.6%. A higher proportion of piglets with pale skin color died
compared to piglets with normal skin color (26.7% vs 7.7%, p<0.001). A higher (p<0.001) pro-
portion of piglets that attempted to stand after 5 min (38.5%) died compared to piglets that
attempted to stand within 1 min (6.3%) after birth. Piglet body weight at birth (BW7j), blood
glucose and the number of piglets born alive (BA) were correlated with ADG (p<0.05). Piglets
with BW}, <1.30 kg had higher (p<0.001) mortality rate than piglets with BW;>1.80 kg (19.0%
vs 3.3%) and piglets with BW;, 1.30 to 1.79 kg (4.0%). Piglet with RT24h <37.0°C had higher
(p<0.001) mortality rate (86.2%) than piglets with RT24h >38.5°C (3.9%).

Conclusion: Low BW} and low RT24h compromise piglet survival during the lactation period
in the tropical conditions. Piglets in the litters with a high BA, low BW}, and low blood glucose
have reduced ADG.

Keywords: Average Daily Gain; Birth Weight; Mortality; Newborn Traits; Pig

INTRODUCTION

In modern swine industry, producers expect up to 30 pigs weaned per sow per year [1]. However,
in practice, a high proportion of piglet mortality occur during pre-weaning period [2]. Thus, fac-
tors associated with piglet pre-weaning mortality are becoming a major concern in swine industry
worldwide [3]. One of main reason for a high proportion of piglet pre-weaning mortality is the use
of high prolific sow genetics, which improved the number of piglets born alive per litter among
swine commercial herds worldwide during the past 10 years [1]. Litter size (LS) is an important
sow factor related to piglet survival and growth [2]. Nuntapaitoon and Tummaruk [2] demon-
strated that piglet pre-weaning mortality in the litter with 13 to 15 littermate pigs (24.1%) was
significantly higher than the litter with 1 to 7 (11.9%), 8 to 10 (11.8%), and 11 to 12 (14.6%) litter-
mate pigs, respectively. Large LS also increases the body weight at birth (BW},) variation among
the piglets within litter [4]. Hence, the proportion of piglets with low BW}, is also increased [5].
Vallet and Miles [6] observed that low BW/, piglets had a higher risk of being crushed due to their
slower speed of movement and reflexive actions. Intra-partum hypoxia is a main factor influenc-
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ing piglet vitality as it damages the foetal central nervous system
[7]. Thus, several indicators can be used in newborn piglets to
evaluate the level of intra-partum hypoxia suffered during the
birth process. In addition, piglet vitality determines their capacity
to suckle and compete for a teat and is also positively correlated
with piglet growth and survival until weaning [8]. One reason
for reduced piglet vitality might be related to nutrients and oxygen
supplies via umbilical cord from dam to fetus. Blood oxygen,
blood glucose concentration, and time to stand after birth have
been used as indirect measures of intra-partum hypoxia and neo-
natal piglet viability [9].

Factors influencing piglet pre-weaning mortality under field
conditions include sow factors (e.g., breed, parity, nutritional
status, farrowing duration, maternal behavior and LS), piglet fac-
tors (e.g., BWy, birth order and sex) and environmental factors
(e.g., ambient temperature and stocking density) [2,9]. To our
knowledge, most of the studies on risk factors associated with
piglet pre-weaning mortality were performed in cold or moderate
climates [10-12]. Additional information in hot and humid climate
countries is required to improve farrowing management and care
of newborn piglets. The objective of the present study was to de-
termine the effects of piglet neonatal traits and physiological
characteristics measured soon after birth on their pre-weaning
survival and growth.

MATERIALS AND METHODS

Animal care

The experiment followed the guidelines documented in The Ethi-
cal Principles and Guidelines for the Use of Animals for Scientific
Purposes edited by the National Research Council of Thailand,
and was approved by the Institutional Animal Care and Use Com-
mittee (IACUC) in accordance with the university regulations
and policies governing the care and use of experimental animals
(approval no. 1431063).

Herd and management

The present study was carried out in a 3,500-sows commercial
swine herd in the western part of Thailand between June and
August 2013. The average ambient temperature during the experi-
mental period ranged from 25.8°C to 30.0°C. The minimum and
maximum temperature ranged from 21.1°C to 26.3°C and from
28.1°C to 37.6°C, respectively. The average relative humidity varied
from 72.0% to 96.0%. Sows were kept in individual crates (1.2 m*)
during gestation in a conventional open-housing system and were
provided with fans and individual water sprinklers to reduce the
impact of high ambient temperature. During gestation, sows were
fed a commercial gestation diet that met or exceed their nutri-
tional requirement estimates (19.7% crude protein, 5.8% fat, 3.8%
fibre, and 14.0 metabolizable energy, MJ/kg) [13]. Feed was
provided twice a day following a standardised feeding pattern,
resulting in an average of 2.5 kg per sow per day. During lacta-
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tion, sows were fed twice a day with a commercial lactation diet,
increasing the daily amount of feed offered, until ad libitum feed
was reached after one week of lactation. The animals were re-
ceived water ad libitum in a continuous water channel. Pregnant
sows were moved to the farrowing house about one week before
their expected farrowing date. Sows were kept in individual far-
rowing crates (1.2 m’) placed at the centre of the pens with a
space allowance of 4.2 m”. The pens were fully slatted with con-
crete at the centre for sows and with steel slats at both sides of the
farrowing crate for piglets. Each pen was provided with a creep
area for piglets (0.60 m”) placed on the floor on one side, covered
by a plastic plate and heating lamp during the first week after
farrowing. The heating lamp was usually turned on during the
night or when the environment temperature fell below 30°C. The
temperature in the creep area was between 30°C to 36°C.

Supervision of parturition process

The parturition process was carefully supervised by the first author
(M. Nuntapaitoon). Briefly, sows were interfered with as little as
possible during parturition, and birth intervention was performed
only when dystocia was clearly identified. Dystocia was considered
when an interval of >30 min elapsed from the birth of the last
piglet, and when the sow showed intermittent straining accom-
panied by paddling of the legs or when the sow expelled small
quantities of foetal fluid together with marked tail switching for
>30 min without any piglet being born. Routine procedures per-
formed on piglets included weighing, tail docking, tooth clipping
and 1 mL (200 mg) iron supplement administered intramus-
cularly (Gleptosil, Alstoe Ltd. Animal Health, Leicestershire,
England) on the day of birth. Piglets were orally administered a
coccidiocide of 20 mg/kg body weight (Baycox [Toltrazuril 5.0%
oral suspension], Bayer Inc., Mississauga, ON, Canada) to con-
trol neonatal coccidiosis at 3 days of age. In total, 805 piglets born
from 57 LandracexYorkshire crossbred sows were included. The
mean parity was 4.0+1.6 (ranged 2 to 7). Lactation length was
on an average of 23.0+2.0 days.

Data collection

The following reproductive variables of the sows were recorded:
farrowing duration (i.e., time between the first and last born
piglets), total number of piglets born per litter (TB), number of
piglets born alive per litter (BA), and mummified foetuses, still-
births and number of piglets at weaning per litter. The piglets’
heart rate and blood oxygen saturation (SatO,) were monitored
within 5 min after birth by using a veterinary pulse oximetry
(EDAN VE-H100B Pulse Oximeter, Edan Instrument Inc., San
Diego, CA, USA). Thereafter, blood samples for glucose analysis
were collected from piglets within 5 to 10 min after birth (i.e.,
before first suckling). A small amount of blood sample (a mixture
of venous and arterial blood) was obtained from the cut umbili-
cal cord. Few drops of blood sample were used to determined
blood glucose concentration by using a portable test kit of human
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glucometer (Accu-Chek Performa, Roche, Mannheim, Germany).
Birth order, birth interval (the time elapsed between each piglet
born), sex, and time elapsed from birth until first attempts to
stand (3 groups: <1 min, 1 to 5 min, and >5 min) were recorded
for each piglet. Also, birth assistance was recorded (yes or no)
if required by piglets. Skin color of the piglets was recorded at
birth and was classified into 2 groups (normal or pale). Integrity
of the umbilical cord of each piglet was examined and classified
into two groups (intact or broken). Rectal temperature was mea-
sured at 24 h after birth (RT24h) with a digital thermometer
(Microlife, Microlife AG Swiss Corporation, Widnau, Switzer-
land, with a display resolution of 0.01°C and +0.1°C accuracy).
All piglets were individually identified by an ear tattoo. Body
weight of the piglets was measured immediately at birth. Litters
were equalized to 13 or 14 piglets per litter after 24 h and within
48 h after birth. The LS was defined as the number of piglets after
cross-fostering. Piglets were weighed again at day 7 and 21 after
birth. Mortality rate of the piglets was also determined at day
7 and 21 of lactation. Creep feeding and drinking water were
provided to the piglets from 7 days of age until weaning.

Statistical analysis

All statistical analyses were performed using SAS 9.0 (SAS Inst.
Inc., Cary, NC, USA) [14]. Descriptive analysis (mean+tstandard
deviation [SD] median and range) and frequency analysis were
obtained for all reproductive parameters. To identify the potential
indicators for piglet mortality and piglet average daily weight
gain (ADG) at days 7 and 21 of lactation, each recorded factor
was individually tested using univariate analyses. Continuous
variables indicating the neonatal piglet characters (i.e., TB, BA,
LS, birth order, BWy, birth interval, heart rate, SatO, and blood
glucose concentration) were compared between piglets dying and
surviving at days 7 and 21 of lactation by using Student’s ¢ test
(PROC TTEST). The association between categorical variables
(i-e., sex, skin color, attempts to stand, umbilical cord integrity
and birth assistance) and the piglet mortality (dead or alive) were
analyzed using Chi-square test. The effect of these categorical
variables on ADG at days 7 and 21 of lactation was analyzed using
the PROC GLM of SAS. Pearson’s correlation was performed to
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study collinearity among the continuous variables in the uni-
variate models.

For multivariate analyses, generalised linear mixed models
(GLMMIX macro) with the dependent variable (mortality)
modeled as a binary outcome (dead or alive) was conducted.
Factors with significant levels of p<0.10 were included in the final
models. Highly correlated variables were not included in the same
multivariate analyses models. Then, the final multivariate GLM-
MIX models for piglet mortality at days 7 and 21 of lactation
included BWj, of the piglet classes (<1.30, 1.30 to 1.79, and >1.80
kg) and RT24h classes (<37.0°C, 37.0°C to 38.5°C, and >38.5°C).
The classification of the independent variables was made accord-
ing to frequency distribution with some minor adjustment based
on biological reliability. Similarly, general linear mixed models
(PROC MIXED) were conducted to analyze piglet ADG at days
7 and 21 of lactation. The final multivariate MIXED models for
piglet ADG at day 7 and 21 included BWj, classes (<1.30, 1.30
to 1.79, and >1.80 kg), blood glucose concentration classes (<24
and >24 mg/dL), BA classes (<12, 12 to 14, and 215 piglets), sex
and attempts to stand (<1, 1 to 5, and >5 min). In all models, sow
or litter were introduced as a random effect. Least squares means
were obtained from each class of the variables and were compared
using Tukey-Kramer adjustment for multiple comparisons. p<
0.05 was regarded to be statistically significance and 0.05<p<0.10
was considered as a tendency for statistically significance. Piglets
were defined as experimental units.

RESULTS

Of the 805 piglets, 81 were stillborn (10.1%), 34 were mummified
fetuses (4.2%) and 690 were BA (85.7%). Descriptive statistics
of newborn piglet traits and piglet performance are presented
in Table 1. On average (means+SD), TB, BA, and the number of
piglets at weaning were 14.2+3.7, 12.1+3.4, and 11.7+1.7 piglets,
respectively. The duration of farrowing averaged 217.8+83.7 min,
and the average birth interval between piglets was 16.4+24.1 min.
Overall, piglet pre-weaning mortality was 12.6% and cumulative
mortality at day 7 was 8.6%.

Table 1. Descriptive statistics of 690 piglets evaluated at birth and during the lactation period

Variables N Mean+SD Median Range

Birth weight (kg) 690 1.49+0.38 1.48 0.46 t0 2.71
Heart rate (bpm) 685 66.2+33.20 57.0 23.0to 250
Glucose (mg/dL) 687 49.1+£17.72 47.0 11.0to 159
Oxygen saturation (%) 685 91.2+8.85 92.0 10.0 to 100
Rectal temperature at 24 h (°C) 670 38.7+0.57 38.7 35.5t040.3
Weight at day 7 (kg) 632 2.67+0.71 2.7 0.75t0 4.64
Weight at day 21 (kg) 602 6.09+1.51 6.1 1.88 t0 10.07
ADG at day 7 (g/d) 632 163.7+67.32 164.6 —7.9 t0 340.7
ADG at day 21 (g/d) 602 216.8+63.05 2133 24.0t0376.9

SD, standard deviation; ADG, average daily gain.
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Univariate analyses

Factors associated with piglet pre-weaning mortality until day 7
after birth: Factors influencing piglet pre-weaning mortality rate
until day 7 after birth are presented in Tables 2, 3. Both BWj, and
RT24h influenced piglet mortality until day 7 after birth (p<
0.001). Piglets that died before day 7 of life had a lower birth in-
terval (9.5 vs 14.9 min, p = 0.005) and were reared in litters with
a higher LS (13.7 vs 13.2 piglets, p = 0.038). The total number
of piglets born per litter, BA, birth order, heart rate, SatO,, and
blood glucose concentration did not influence piglet survival
(p>0.05, Table 2). A higher proportion of piglets with pale skin
color died compared to piglets with normal skin color (26.7%
vs 7.7%; p<0.001, Table 3). A higher proportion of piglets that
attempted to stand after 5 min (38.5%) died compared to piglets
that attempted to stand within 1 min (6.3%, p<0.001) and within
1 to 5 min (9.2%, p<0.001, Table 3). Birth intervention, sex and
umbilical cord integrity had no effect on piglet mortality until
day 7 after birth (p>0.05, Table 3).

Factors associated with piglet pre-weaning mortality until day
21 after birth: Factors influencing piglet pre-weaning mortality
rate until day 21 after birth are presented in Table 3, 4. Both BW)
and RT24h influenced piglet mortality until day 21 after birth
(p<0.001). Piglets that died before day 21 of life were born from
sows with a higher TB, were reared in litters with a higher LS, and
had lower birth intervals (p<0.05, Table 4). Birth order, heart rate,
SatO, and blood glucose concentration did not influence piglet
survival (p>0.05, Table 4). A higher proportion of piglets with
pale skin color died compared to piglets with normal skin color
(36.7% vs 11.5%; p<0.001, Table 3). A higher proportion of piglets
that attempted to stand after 5 min (41.0%) died compared to
piglets that attempted to stand within 1 min (10.8%, p<0.001)
and within 1 to 5 min (10.8%, p<0.001, Table 3). Birth interven-
tion, sex and umbilical cord integrity had no effect on piglet
mortality until day 21 after birth (p>0.05, Table 3).

Factors associated with average daily gain until day 7 after birth:
Piglet BW/, (p<0.001) and blood glucose concentration (p<0.001)
positively influenced piglet ADG at day 7 (r = 0.172, p<0.001,
Table 5). Piglets born from sows with higher TB and higher BA

Nuntapaitoon et al (2018) Asian-Australas J Anim Sci 31:237-244

Table 3. Categorical variables influencing piglet pre-weaning mortality at day 7 and
21 after birth

Piglet pre-weaning mortality (%)

Variables
Day 7 Day 21

Skin color

Normal 1.7 11.5°

Pale 26.7° 36.7°
Time attempted to stand

<1 min 6.3° 10.8°

1105 min 9.2° 10.8°

>5 min 38.5° 41.0°
Birth intervention

No 9.0° 13.4°

Yes 5.1° 6.3°
Sex

Male 8.0° 13.6°

Female 9.1° 11.6°
Umbilical cord integrity

Intact 8.9° 13.0°

Broken 7.8° 11.9°

*®Values with different superscripts within the same column within variable differ
significantly (p<0.05).

had alower ADG at day 7 (p<0.001, Table 5). Piglets without birth
intervention had lower growth than piglets with birth interven-
tion (161.1+2.8 vs 182.4+7.7 g/d, p = 0.010, Table 6). Male piglets
had higher growth than female piglets (169.1+3.7 vs 157.6+3.9
g/d, p = 0.032, Table 6). Piglets that attempted to stand after 5 min
(127.1%13.6 g/d) had lower growth than piglets that attempted
to stand within 1 min (165.9+2.9 g/d, p = 0.006) or within 1 to
5 min (156.3+13.6 g/d, p = 0.071, Table 6).

Factors associated with average daily gain until day 21 after
birth: Piglet BWy, (p<0.001) and blood glucose concentration (p
=0.009) positively influenced piglet ADG at day 21 (r = 0.106,
p<0.01, Table 5). Piglets born from sows with higher TB and BA
had lower ADG at day 21 (Table 5, p<0.001). Piglets without birth
intervention had lower growth than piglets with birth interven-
tion (214.3+2.7 vs 235.1+7.3 g/d, p = 0.008, Table 6). Piglets that
attempted to stand after 5 min (190.3+13.1 g/d) had lower growth

Table 2. Potential indicators for piglet pre-weaning mortality (means=standard error of the mean) comparing surviving piglets from birth to day 7 of lactation (n = 631) with dying

piglets (n = 59)

Variables Surviving Dying p-value
Total number of piglets born per litter 14.9+0.14 15.6+0.43 0.171
Number of piglets born alive per litter 13.0+0.12 13.3+0.45 0.491
Litter size after cross-fostering 13.2+0.07 13.7+0.22 0.038
Birth interval (min) 14.9+0.80 9.5+1.72 0.005
Birth weight (kg) 1.52+0.01 1.11+0.05 <0.001
Birth order 7.5+0.18 8.5+0.59 0.130
Heart rate (bpm) 66.5+1.34 62.5+3.68 0.381
Glucose (mg/dL) 49.3+0.70 47.8+2.69 0.605
Oxygen saturation (%) 91.3+0.36 90.4+0.99 0.458
Rectal temperature at 24 h (°C) 38.7+0.02 38.2+0.14 <0.001
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Table 4. Potential indicators for piglet pre-weaning mortality (means+standard error of the mean) comparing surviving piglets from birth to day 21 of lactation (n = 603) with dying

piglets (n = 87)

Variables Surviving Dying p-value
Total number of piglets born per litter 14.9+0.14 15.9+0.33 0.010
Number of piglets born alive per litter 12.9+0.12 13.7+0.32 0.028
Litter size after cross-fostering 13.2+0.07 13.6+0.18 0.042
Birth interval (min) 15.2+0.83 9.3+1.37 <0.001
Birth weight (kg) 1.53+0.01 1.16+0.05 <0.001
Birth order 7.5+0.19 8.1+0.45 0.319
Heart rate (bpm) 66.9+1.39 61.4+2.71 0.076
Glucose (mg/dL) 49.5+0.71 46.6+2.13 0.156
Oxygen saturation (%) 91.2+0.37 91.3+0.80 0.872
Rectal temperature at 24 h (°C) 38.7+0.02 38.3+0.10 <0.001

Table 5. Pearson’s correlations among the most significant potential predictor measured during farrowing and soon after birth and average daily gain (ADG) of the piglets from birth

until 7 and 21 days of age

8 BA BI BW, HR GLU
BA 0.798*** -
Bl ~0.138*** ~0.128*** -
BW, ~0.309%** ~0.348*** 0.180%**
HR ~0.092* ~0.077* -
sat0, - - - - ~0.179%**
GLU —0.118** ~0.136%** 0.146%** 0.187%**
RT24h - - 0.128*** -
ADG7 —0.272%* ~0.283%* 0.430%** 0.172%**
ADG21 ~0.197%** ~0.284*** 0.431%** 0.106**

TB, total number of piglets born per litter; BA, number of piglets born alive per litter; BI, birth interval; BW,, birth weight; HR, heart rate; GLU, blood glucose concentration; SatO,, blood
oxygen saturation; RT24h, rectal temperature at 24 h after birth; ADG7, average daily gain from birth until day 7; ADG21, average daily gain from birth until day 21.

Significance levels: * p<0.05, ** p<0.01, *** p<0.001.

than piglets that attempted to stand within 1 min (218.0+2.8 g/d,
p = 0.039, Table 6).

Table 6. Categorical variables influencing average daily gain (means=standard error
of the mean) at day 7 and 21 after birth from univariate analyses

Average daily gain (g/d)

Variables
Day 7 Day 21

Skin color

Normal 163.6+2.7° 217.0+2.6°

Pale 164.4+14.4° 210.6+14.5°
Time attempted to stand

<1 min 165.9+2.8° 218.0+2.8°

1t0 5 min 156.3+8.7% 215.9+8.3"

>5 min 127.1+13.7° 190.3+13.1°
Birth intervention

No 161.1+2.8° 2143+2.7°

Yes 182.4+7.7° 2351473
Sex

Male 169.1+3.7° 219.1+3.6°

Female 157.6+3.9° 214.4+3.7°
Umbilical cord integrity

Intact 160.4+3.2° 215.6+3.1°

Broken 170.6 +4.7° 219.4+4.5°

2 VValues with different superscripts within the same column within variable differ
significantly (p<0.05).

Multivariate analyses
Average daily gain: The final multi-covariate model for ADG at
day 7 included BW;, (p<0.001), blood glucose concentration (p<
0.001), BA (p = 0.025), sex (p = 0.087), and attempts to stand (p
=0.093) (Table 7). At day 7, the piglets with BW,<1.30 kg had
a lower ADG than the piglets with BW;>1.80 kg (p<0.001) and
the piglets with BWy, 1.30 to 1.79 kg (p<0.001, Table 7). The pig-
lets with a blood glucose concentration of <24 mg/dL had a lower
ADG at day 7 than the piglets with a blood glucose concentra-
tion of >24 mg/dL (p<0.001, Table 7). Furthermore, the piglets
with a low BA (<12 piglet) had a higher ADG at day 7 than the
piglets with 12 to 14 BA (p = 0.087) and the piglets with 215 BA
(p = 0.030, Table 7). The male piglets tended to have a higher ADG
at day 7 than the female piglets (p = 0.087, Table 7). The piglets
that stood within 1 min tended to have a higher ADG at day 7
than the piglets that stood after 5 min (p = 0.075, Table 7).
Based on a multivariate statistical model, factors significantly
influencing ADG of the piglets at day 21 in the final model includ-
ed BWj (p<0.001), BA (p<0.001), and blood glucose concentration
(p = 0.042). The statistical model revealed that, at day 21, the
piglets with a BW}; of <1.30 kg had a lower ADG than the piglets
with a BWj, of 21.80 kg (p<0.001) and the piglets with a BW; 1.30
to 1.79 kg (p<0.001) (Table 7). The piglets from litters with a low
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Table 7. Predictive factors included in the final models for average daily gain (least
square meansstandard error of the mean) from birth until 7 and 21 days of life from
multivariate analyses

Average daily gain (g/d)

Variables
Day 7 Day 21

Number of piglets born alive per litter, piglets

<12 150.6+11.09* 226.8+9.88°

12t0 14 126.4+11.39%* 190.6£9.60°

>15 1213+11.16° 192.8+9.94°
Birth weight (kg)

<130 88.9+9.72° 165.5+9.01°

130 t0 1.79 1453+9.52° 210.5+8.45°

>1.80 164.2+10.59° 234.2 £9.40°
Glucose (mg/dL)

<24 107.8+15.32° 190.3+15.95°

>24 157.8+6.16° 220.6+4.99°
Sex

Male 136.5+9.45" NS

Female 129.1+9.53 NS
Attempt to stand (min)

<1 141.8+8.27" NS

1t05 140.2+£10.78"® NS

>5 116.4+13.87° NS

**<Values with different small superscripts within the same column differ significantly
(p<0.001).

* Values with different capital superscripts within the same column tended to be
differences (0.05<p<0.10).

NS, the variables were not significant (p>0.01) and were not included in the final
models.

BA (<12 piglets) had a higher ADG at day 21 than those from
litters with a BA of 12 to 14 (p<0.001) and >15 (p<0.001). The
piglets with a blood glucose concentration of <24 mg/dL had a
lower ADG at day 21 than the piglets with a blood glucose con-
centration of >24 mg/dL (p = 0.042). Sex and attempts to stand
did not influence ADG of the piglet at day 21 (p>0.10).

Piglet pre-weaning mortality: The final multivariate model for
mortality at day 7 included BW and RT24h (p<0.001). At day
7, the piglets with BW,;<1.30 kg had a higher (p<0.001) mortality
rate (19.0%) than the piglets with BW;>1.80 kg (3.3%) and pig-
lets with BW}, 1.30 to 1.79 kg (4.0%, Figure 1). The piglets with
RT24h < 37.0°C had a higher (p<0.001) mortality rate (86.2%)
at day 7 than the piglets with RT24h 37.0°C to 38.5°C (7.3%) and
RT24h >38.5°C (3.9%, Figure 2).

Based on a multivariate statistical model, factors influencing
piglet mortality at day 21 included BW}, (p<0.001) and RT24h
(p<0.001). At day 21, the piglets with BW<1.30 kg had a higher
(p<0.001) mortality rate (26.4%) than the piglets with BW;>1.80
kg (6.0%) and the piglets with BW} 1.30 to 1.79 kg (6.5%, Figure
1). The piglets with RT24h <37.0°C had a higher (p<0.001) mor-
tality rate (89.7%) at day 21 than the piglets with RT24h 37.0°C
to 38.5°C (12.9%) and RT24h >38.5°C (7.0%, Figure 2).

DISCUSSION
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Figure 1. Percentage of mortality at days 7 and 21 for all piglets classified into low
(<1.30 kg, n = 216), medium (1.30 to 1.79 kg, n = 323) and high (>1.80 kg, n =
151) birth weight categories. **** Values with different superscripts within the same
day differ significantly (p<0.05).

The main objective of this study was to determine the effect of
certain newborn piglet traits measured soon after birth on piglet
pre-weaning mortality and growth. As expected, BW and RT24h
were the most influential postnatal survival factors at both day
7 and at weaning. Furthermore, BW,, BA and blood glucose con-
centration significantly influenced piglet growth during the whole
lactation period, while sex and time spent attempting to stand
had some impact on their growth up to day 7.

In agreement with our results, many studies have identified
piglet BW,, as the main predictor for both survival and growth
during lactation [9,15]. Piglet BW}, is positively associated with
their physiological maturity and, in turn, correlates with differ-
ent physical and physiological parameters such as colostrum
intake capacity and thermoregulation ability [3]. Small piglets
usually have decreased viability and a lower capacity to compete
for a teat [16]. Johansen et al [17] found that piglets with a low
BW;, often have lower ADG in the suckling period. In addition,

Figure 2. Percentage of mortality at days 7 and 21 for all piglets classified into low
(<37.0°C, n = 29), medium (37.0°C to 38.5°C, n = 248) and high (>38.5°C, n =
413) rectal temperature categories at 24 h after birth. **°*“ Values with different
superscripts within the same day differ significantly (p<0.05).
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low BW,, piglets are less able to maintain body temperature [18]
which leads to starvation, lethargy and increased risk of crush-
ing by the sow. Therefore, lower BW}, piglets may also show a low
nutritional status and poor passive immunity [19]. In agreement
with our results, rectal temperature after birth was identified as
an important indicator for piglet survival [9,16], indicating that
piglets with low rectal temperature after 24 h might have lower
thermoregulation abilities. Thermoregulation is a crucial physi-
ological event for all newborn piglets. The piglets that die during
the first days of life are not able to maintain optimal rectal tem-
perature during the first 24 h of life [10]. In the present study,
RT24h was significantly associated with mortality rate but was
not related with ADG. In contrast, Panzardi et al [9] identified
RT24h as an indicator for piglet growth at weaning. Likewise,
Pedersen et al [20] found that piglets with low RT24h had low
ADG from birth to weaning. One possible explanation might be
due to that the piglets with low RT24h may consume less colos-
trum than the piglets with high RT24h. Thus, growth rate of these
piglets might be compromise.

In the current study, BA was observed to influence piglet
growth. Likewise, other studies found that BA negatively cor-
related with the piglet weaning weight [20]. This might be due
to the fact that there is also an increase in the number of small
piglets in the litter with an increased BA [21]. The present study
also demonstrated that BW|, of the piglets was significantly de-
creased when TB increased (Table 5). Competition between
littermates might have a negative impact on piglet colostrum
intake, especially in the small piglets, resulting in reduced growth
during lactation [3]. Moreover, BA was not related with mortality
in the present study, whereas in the previous study, there was a
positive relationship between the number of piglets in the litter
and piglet mortality [2]. Nonetheless, Muns et al [8] and Pedersen
et al [20] found a relationship between BA and piglet growth, but
not between BA and mortality rate.

In the present study, blood glucose concentration at birth was
a significant predictor for piglet ADG at 7 and 21 days of life but
not for piglet mortality. Accordingly; studies failed to demonstrate
a correlation between blood glucose concentration in newborn
piglet and their survival [10,15,16]. However, Panzadi et al [9]
found that either too low (24 to 30 mg/dL) or too high (45 to 162
mg/dL) levels of blood glucose in neonatal piglets were associated
with an increased pre-weaning mortality. In the present study,
piglets with high glucose concentrations at birth might have high
energy reserves and, subsequently, enhanced capacity for suckling
and growth. This implies that some source of glucose or energy
supplementation in neonatal piglets maybe needed to improve
the suckling capacity and growth performance in the neonatal
piglets.

In the multivariate models for ADG at day 7, time from birth
to first attempts to stand was also identified as a predictive factor.
In the present study, piglets spending >5 min from birth to first
attempts to stand had low ADG. Decaluwé et al [12] also found

AJAS

that piglets spending a long time from birth to suckling had a
lower ADG during the lactation period than those spending a
short time from birth to suckling. Moreover, neonatal piglets
spending a short time from birth to first attempts to stand resulted
in a low pre-weaning mortality [9,10]. However, Leenhouwers
et al [22] found no relationship between time from birth to first
attempts to stand and piglet mortality rate during the first week
of lactation. Nonetheless, time elapsed from birth to first suck-
ling significantly influences colostrum intake of the piglets [23].
Therefore, “the time elapsed from birth to first suckling” has been
included in a formula for estimating colostrum consumption in
piglets [23]. In the present study, piglets spending a short time
period from birth to first attempts to stand are probably faster
at first suckling, thus increasing their colostrum consumption.
The colostrum consumption of the neonatal piglets significantly
influence the piglet survival and passive immunity [24]. There-
fore, in practice, newborn piglets spending more than 5 min to
first attempt to stand need special cares.

In conclusion, low BW} and low RT24h compromise piglet
survival during the lactation period in the tropical conditions.
In addition, piglets in the litters with a high number of BA and
piglets with low BW} and/or low blood glucose concentration
have reduced body weight growth during lactation.
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ABSTRACT

Carbetocin is an oxytocin-like molecule with long-acting properties. The present study determined the efficacy of
prostaglandin F2alpha (PGF5,) combined with carbetocin compared to PGF,, alone for the induction of par-
turition. A total of 2395 piglets born from 183 sows were included. Sows were randomly allocated into three
groups: (1) control group (n = 80): sows farrowed naturally; (2) PGF group (n = 50): farrowing induced using
PGF»; and (3) carbetocin group (n = 53): farrowing induced using PGF», and carbetocin. At day 114 of ge-
station, sows in the PGF and carbetocin groups were administered 2 ml of a PGF», analogue. After 24 h, sows in
the carbetocin group were injected with 0.6 ug/kg of carbetocin. Animals were monitored during the farrowing
process. Farrowing duration, birth interval, rectal temperature and birth weight of the piglets were recorded.
Colostrum intake of the piglets and colostrum yield of sows were estimated. The farrowing duration
(274 £ 209 min) and birth interval (20.7 *= 55.8 min) did not differ among groups (P > 0.05). The percentage
of sows that farrowed during working hours (0700 to 1700 h) were 51.3%, 70.0% and 98.1% in the control, PGF
and carbetocin groups, respectively (P < 0.001). The proportion of stillborn piglets was 6.1%, 4.0% and 4.7% in
the control, PGF and carbetocin groups, respectively (P > 0.05). The colostrum yield of sows in the carbetocin
group (4050 *+ 207 g) was lower than the control (4836 = 148 g) and PGF (4896 =+ 229 g) groups (P < 0.05).
Farrowing induction using PGF,, in combination with carbetocin successfully concentrated farrowings during
working hours but reduced colostrum intake of the piglets. Thus, it should be performed along with proper
neonatal care.

1. Introduction

prostaglandin F2alpha (PGF,,) are commonly used in breeding herds
worldwide to induce and control the onset of parturition in sows. Once

Over the past decade, swine production in Thailand has become
more industrialised, and the number of total piglets born per litter has
increased rapidly. One of the most important factors to achieve a suc-
cessful swine farming industry is to optimise farrowing management.
The key factors for successful intensive farrowing management include,
among other factors, proper farrowing supervision, intervention for
sows that need birth assistance, care of newborn piglets and optimisa-
tion of cross-fostering management (Muns and Tummaruk, 2016).
These management practices are gaining increasing interest in the
swine research field, mainly due to the increased number of piglets born
alive per litter in modern genetic sows (Muns et al., 2016b).

Intensive farrowing management requires well-educated workers to
take care of both the postpartum sows and the newborn piglets. The
gestation length and duration of farrowing varies among sows, and the
majority of sows farrow at night, therefore, farrowing supervision is
difficult under commercial conditions. Hence, natural and synthetic
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the farrowing time can be synchronised and predicted, the peri- and
postpartum management of sows becomes easier. Furthermore, cross-
fostering and care of the newborn piglets can be performed properly
and more efficiently, thereby reducing the risk of neonatal mortality.
One of the most common hormones used to induce parturition in
sows is PGFy, (De Rensis et al., 2012). In general, administration of
PGF,, to sows to induce farrowing is recommended via intramuscular
injection and not any earlier than 2 days before the expected farrowing
date. Additionally, oxytocin has been used together with PGF,, to
minimise variation in the onset of parturition among sows. It is re-
commended that oxytocin be administered 20-24h after PGF,, ad-
ministration to induce uterine contractions (Cassar et al., 2005). Al-
though oxytocin can reduce variation in the interval between PGF,,
administration and the onset of parturition, there is a concern regarding
the adverse effect of oxytocin on the proportion of stillborn piglets and
neonatal piglet vitality (Alonso-Spilsbury et al., 2004). Previous studies
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reported that the use of oxytocin in combination with PGF,, increased
the proportion of stillborn piglets in the litter (Alonso-Spilsbury et al.,
2004; Mota-Rojas et al., 2005). Additionally, piglets born after oxytocin
administration can show signs of slow or undetectable heart rate (Mota-
Rojas et al., 2005). One of the limitations of oxytocin observed under
field conditions is its very short-acting effect on uterine contractions
(Kirkwood, 2015). Recently, carbetocin has been suggested as an al-
ternative to oxytocin (Gheller et al., 2011).

Carbetocin is an oxytocin-like molecule with long-acting properties
which targets the same receptors on the myometrium as oxytocin. The
Society of Obstetricians and Gynaecologists of Canada recommended
the use of carbetocin for the prevention of postpartum haemorrhage in
humans (Schuurmans et al., 2005). Based on the literature, controlling
parturition in swine through the combination of PGF,, and carbetocin
is an interesting and novel strategy with promising expectations for
swine production (Kirkden et al., 2013). The aim of the present study
was to determine the efficacy of the combination of PGF,, and carbe-
tocin to induce parturition compared to the use of PGF,, alone. Ad-
ditionally, the impact of carbetocin administration on sow reproductive
performance (time of parturition during the day, farrowing duration,
proportion of stillborn piglets and colostrum yield) and piglet char-
acteristics (colostrum intake and body weight at 24 h of life) were also
evaluated.

2. Materials and methods

This experiment followed the guidelines of The Ethical Principles
and Guidelines for the Use of Animals for Scientific Purposes by the
National Research Council of Thailand, and was approved by the
Institutional Animal Care and Use Committee (IACUC) in accordance
with the university regulations and policies governing the care and use
of experimental animals.

2.1. Animals, housing and general management

Sows were kept in a conventional open-housing system and were
provided with fans and individual water sprinklers to control the
temperature and reduce the impact of high ambient temperature. The
ambient temperature inside the barn during the experimental period
ranged from 25.8 to 30.0 °C. The minimum and maximum temperature
ranged from 21.1 to 26.3 °C and from 28.1 to 37.6 °C, respectively. The
relative humidity varied from 72.0 to 96.0%. In total, 2395 piglets born
from 183 Landrace X Yorkshire crossbred sows were included. The
parity of sows ranged from 1 to 5. The number of primiparous sows and
sows with parity 2-5 were 57 and 126, respectively. During gestation,
the sows were kept in individual stalls (1.2 m?) and were fed a com-
mercial gestation diet twice a day following a standardised feeding
pattern. On average, the sows received 2.5 kg of feed per sow per day to
meet or exceed their nutritional requirements (NRC, 2012).

Gestating sows were moved to the farrowing house approximately 1
week before the expected date of parturition. The sows were placed in
individual crates (1.5m?) at the centre of the farrowing pens (4.2 m?).
The pens were fully slatted with a concrete base at the centre for sows
and with steel slats at both sides of the farrowing crate for piglets. Each
pen was provided with a warm creep area for piglets, which was placed
on one side of the pen (0.60 m?). A heating lamp was provided to piglets
in the creep area during the first week after farrowing. The heating
lamp was turned on during the night or when the environment tem-
perature fell below 30 °C. Feed offered to sows was reduced to 2.0 kg for
2-3 days before farrowing. After farrowing, the amount of feed offered
to sows increased daily according to the litter size and body condition
of the sow until ad libitum feed was reached after 1 week of lactation.
Sows and piglets had ad libitum access to water by one nipple drinker
for the sow and one nipple drinker for the piglets. The parturition
process was carefully monitored. The sows were interfered as little as
possible during parturition. Birth assistance was performed only when
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an interval of 30-60 min had elapsed from the birth of the previous
piglet. The birth assistance included the stimulation of uterine con-
traction by palpating dorsal wall of vagina (Ferguson reflex) and
manual extraction of the piglets. All of the sows were treated with
antibiotics and antipyretic drug after the end of the farrowing process.
The sows were treated with an flunixin méglumine (50 mg/ml) 2.0 mg/
kg (Fluxinic®, T.P. Drug Laboratories, Bangkok, Thailand) and amox-
icillin 8.75 mg/kg i.m. (140 mg/ml amoxicillin trihydrate and 35 mg/
ml clavulanic acid, Synulox™, Zoetis, USA) for 3 days postpartum. The
routine procedures performed on piglets included weighing, tail
docking, teeth clipping and 200 mg (1 mL) of iron dextran administered
intramuscularly (Gleptosil®; Alstoe Ltd. Animal Health, Leicestershire,
England) on the first day of life.

2.2. Experiment development

Sows were randomly allocated to one of the three treatment groups:
(1) control group (n = 80): sows farrowed naturally; (2) PGF group
(n = 50): farrowing induced using PGF,,; and (3) carbetocin group
(n = 53): farrowing induced using PGF,, combined with carbetocin. On
day 114 of gestation, sows in the PGF and carbetocin groups were
treated with 2ml of a PGF,, analogue (cloprostenol 175 ug; Planate’;
MSD, Dublin, Ireland) injected intramuscularly in the cervical area. The
sows were treated with PGF,, analogue at 0800-0900 h on day 114 of
gestation. After 24h (at 0800 h on day 115 of gestation), sows in the
carbetocin group were injected intramuscularly with 0.3 ug/kg of car-
betocin (0.05 mg/ml Decomoton’; Laboratorios Calier, Barcelona,
Spain) (1 ml for gilts and 1.5ml for sows). The sows that farrowed
within 24 h after PGF,, administration were included in the PGF group
(n =17). The animals were individually monitored during the far-
rowing process. Sows that farrowed between 0700 and 1700h were
defined as sows that farrowed during working hours.

The sow parameters recorded during the experiment were backfat
thickness (measured the day before parturition at the last rib and
6-8 cm from the midline using A-mode ultrasonography; Renco-Lean
meter’; Minneapolis, MN, USA), gestation length (calculated from the
date of first insemination to the date of farrowing), farrowing duration
(defined as the time interval between the expulsion of the first and last
piglets), total number of piglets born per litter (NTB), number of piglets
born alive per litter (NBA), number of stillborn per litter and mummi-
fied foetuses per litter. The occurrence of birth assistance was also re-
corded.

Piglet parameters recorded during the experiment consisted of the
birth interval (min), birth order and rectal temperature 24 h after birth
measured using a digital thermometer (Verridian Dual Scale 9-Second
Digital Thermometer Model 08-357; Verridian Healthcare Co. Ltd., IL,
USA; display resolution of 0.01 °C and + 0.1 °C accuracy). Piglets were
weighed immediately after birth and again at 24 h using a digital scale
(SDS® IDS701-CSERIES, SDS (Yangzhou) Digital Scale Co. Ltd.,
Yangzhou, China). All piglets were individually identified by an ear
tattoo performed at birth.

Individual colostrum intake of the piglets was estimated by an

equation published by Theil et al. (2014): Colostrum consumption
(g) = -106 + 2.26WG + 200BWB + 0.111D-1414WG/
D + 0.0182WG/BWB, where WG is piglet weight gain (g), BWB is birth
weight (kg) and D is the duration of colostrum suckling (min). The
colostrum yield of the sows was defined as the sum of individual co-
lostrum consumption of all piglets in the litter.

2.3. Statistical analysis

The statistical analyses were carried out using SAS (version 9.0, SAS
Institute Inc., Cary, NC, USA). Descriptive statistics were generated
using the MEANS procedure of SAS for sow and piglet characteristics
including the number of non-missing values, mean values and range.
The distribution of the data was determined using the UNIVARIATE
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procedure of SAS. Sow parameters (backfat thickness, gestation length,
farrowing duration, NTB, NBA and colostrum yield) were analysed by
general linear models using the GLM procedure of SAS. The statistical
models included the treatment group (control, PGF and carbetocin) as
the main effect and parity group (primiparous and multiparous) as a
fixed effect, as well as the interaction between parity group and treat-
ment group. The percentage of sows that farrowed during working
hours (0700-1700h) were compared between groups using a chi-
square test. The incidence of birth assistance and the proportion of sows
that farrowed after 115 days were regarded as binomial traits and were
analysed by a generalised linear model using the GENMOD procedure
of SAS. The statistical models included the treatment group as main
effect. Parity groups (primiparous and multiparous) were introduced as
a fixed effect and the interaction between parity groups and treatment
groups were also introduced. Differences in least square means were
compared by the least significant difference test.

Piglet parameters (birth interval, body weight, rectal temperature
and colostrum intake) were analysed by general linear mixed models
using the MIXED procedure of SAS. In all models, the sow was con-
sidered the experimental unit and was introduced as a random effect
nested within treatment. In all models, the treatment group was in-
troduced as the main effect. Parity groups (primiparous and multi-
parous), body weight of the piglet at birth (=< 1.35, 1.36-1.60
and > 1.60 kg), birth order (1, 2, 3, 4, 5, 6, 7, 8,9, 10, 11, 12, 13, 14,
15 and = 16) were introduced as fixed effects, and the two-way inter-
actions were also introduced. Difference of least square means were
compared using the Tukey-Kramer test. A P-value < 0.05 was con-
sidered statistically significant.

3. Results
3.1. Sow parameters

The effect of treatment on sow reproductive parameters is presented
in Table 1.

3.1.1. Farrowing duration

On average, the farrowing duration of the sows was 274 + 209 min
(4.6 h). Of all the sows (n = 183), 8.2% (n = 15), 49.2% (n = 90) and
42.6% (n=78) had a farrowing duration of 30-119, 120-240
and > 240 min, respectively. The farrowing duration did not differ
between primiparous (302 * 32min) and multiparous
(259 + 19min) sows (P = 0.248). Likewise, the duration of farrowing

Table 1
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did not differ between control (289 = 24 min), PGF (294 + 37 min)
and carbetocin (259 * 34 min) groups (P > 0.05). The proportion of
sows that spent more than 240 min farrowing were 36.3% (n = 29),
54.0% (n = 27) and 41.5% (n = 22) in the control, PGF and carbetocin
groups, respectively (P = 0.272).

3.1.2. Gestation length

On average, the gestation length of the sows was 114.9 = 0.91
days (mean * SD). Gestation length did not differ between primi-
parous and multiparous sows (114.8 = 0.13 and 114.9 = 0.08 days,
respectively; P = 0.559). Fig. 1 shows the distribution of gestation
length in the control (1a), PGF (1b) and carbetocin (1c) groups. As
shown in the figure, the gestation length varied from 112-118,
114-117 and 115-116 days in the control, PGF and carbetocin groups,
respectively. The proportion of sows that farrowed after 115 days in the
control group (24/80 sows, 30.0%) was higher than in the PGF (3/50
sows, 6.0%, P = 0.002) and carbetocin (4/53 sows, 7.5%) groups
(P = 0.003). Furthermore, the variability in gestation length was re-
duced in the carbetocin group with 92.5% of sows of this group far-
rowed at day 115 of gestation while 62.0% of sows in the PGF group
farrowed at day 115 and 32.0% at day 114 and in the control group
35.0% of sows farrowed at day 115 and 21.3% at day 114 (Fig. 1).

3.1.3. Proportion of sows that farrowed during working hours

After the injection of PFG,,, the onset of parturition occurred at
39.9 + 21.0h and 39.0 = 2.8h in the PGF and carbetocin groups,
respectively. In the carbetocin group, the interval from carbetocin in-
jection to the onset of parturition was 3.3 + 2.7 h. Fig. 2 shows the
distribution of the onset of farrowing during the day in control (2a),
PGF (2b) and carbetocin (2c) groups. The percentage of sows that far-
rowed during working hours in the control group (47.5%) was lower
than in the PGF (66.0%, P < 0.05) and carbetocin (98.1%, P < 0.001)
groups. The PGF and carbetocin groups had a higher proportion of sows
farrowing during working hours than the control group (+ 18.5%,
P =0.039 and + 50.6%, P < 0.001; respectively). Furthermore, the
proportion of sows farrowing during working hours in the carbetocin
group was higher than in the PGF group (+ 32.1%, P < 0.001).

3.1.4. Colostrum Yyield

The average colostrum yield of sows was 4788 = 1374g. The
maximum colostrum yield was 8610 g. Colostrum yield in the control,
PGF and carbetocin groups was 4836 * 148, 4896 = 229 and
4050 + 207 g, respectively (Fig. 3). The colostrum yield of sows in the

Reproductive data of sows and piglets that farrowed naturally compared to those that were induced using prostaglandin F5, (PGF5,) or PGF,, in combination with

carbetocin (least squares mean = SEM).

Variables Natural farrowing Induced farrowing P-value
PGFyq PGF,, + carbetocin

Sows n =80 n =50 n =253

Gestation length, days 114.8 = 0.1* 114.7 = 0.2° 115.1 = 0.1* 0.175
Parity number 2.2 + 0.1? 2.0 + 0.2% 2.1 = 0.2° 0.707
Backfat thickness, mm 14.7 + 0.3% 15.6 + 0.5% 15.7 + 0.5% 0.150
Farrowing duration, min 289 = 24% 294 + 37% 259 + 34° 0.723
Total number of piglet born/litter 13.5 = 0.4° 13.5 = 0.6° 13.3 = 0.5% 0.909
Number of piglets born alive/litter 12.3 + 0.3% 12.7 + 0.5° 12.1 + 0.5% 0.769
Stillborn, % 6.1 + 0.87° 4.0 = 1.36" 4.7 = 1.23° 0.396
Colostrum yield, g 4836 + 148" 4896 + 229% 4050 + 207° <0.001
Birth assistance, % 33.8% 50.0* 73.6" <0.001
Piglets n = 1058 n =652 n = 685

Birth interval, min 17.1 = 1.22 20.7 = 1.9% 19.3 + 1.7¢ 0.238
Rectal temperature at 24 h, °C 385 * 0.1° 38.1 = 0.1° 37.9 * 0.1° <0.001
Body weight at 24 h, kg 1.52 * 0.01° 1.51 + 0.02% 1.46 * 0.02° 0.007
Colostrum intake, g 423.7 + 10.0° 409.2 + 15.2° 355.2 + 12.9° <0.001

@b Different superscript letters within the same row differ significantly (P < 0.05).
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Fig. 1. Distribution of gestation length (days) in sows that farrowed naturally (a) compared to those that were induced by prostaglandin F5, (PGF2) (b) or PGFs, in

combination with carbetocin (c).

carbetocin group was lower than in the control (P = 0.018) and PGF
(P = 0.006) groups. The colostrum yield of multiparous sows was
higher than primiparous sows (5020 = 115 and 4767 + 196g, re-
spectively; P = 0.002).

3.1.5. Stillborn piglets and birth assistance
On average, the proportion of stillborn piglets was 6.1%, 4.0% and

4.7% in the control, PGF and carbetocin groups, respectively (Table 1).
No significant difference in the proportion of stillborn piglets was ob-
served among groups (P > 0.05). Of the 183 sows, 92 (50.3%) did not
require any birth assistance. Among the sows that needed birth assis-
tance, the number of piglets that needed assistance at birth varied
among litters, ranging from 1 to 11. The proportion of birth assistance
was 33.8%, 50.0% and 73.6% for the control, PGF and carbetocin
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groups, respectively (Table 1). The incidence of birth assistance was 3.2. Piglet characteristics
higher in the carbetocin group than the control (P < 0.001) and PGF
(P = 0.011) groups, respectively. The effects of treatment on piglet characteristics are presented in

Table 1. The piglets birth interval (20.7 *+ 55.8 min) did not differ
among treatments (P > 0.05). The body weight of the piglets at 24 h in
the carbetocin group was lower than piglets in the control group
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(P = 0.005) and tended to be lower than the piglets in the PGF group
(P = 0.061; Table 1). The rectal temperature at 24h in the control
group was higher than in the PGF (P = 0.045) and carbetocin
(P < 0.001) groups, respectively (Table 1). The average colostrum in-
take was 411.6 + 174.9 g (range 8.9-1581.0 g). The colostrum intake
of piglets in the carbetocin group was lower than in the control
(P < 0.001) and PGF (P = 0.025) groups (Table 1).

4. Discussion
4.1. Proportion of sows farrowing during working hours

The present study revealed that the induction of parturition using
either PGF,, alone or in combination with carbetocin can increase the
proportion of sows that farrow during working hours by up to 66% and
98%, respectively. Furthermore, these treatments also reduce the pro-
portion of sows that farrow after 115 days gestation. Earlier studies
reported that only 50-60% of sows treated with PGF,, alone farrowed
during the working hours of the day (Kirkwood and Aherne, 1998; De
Rensis et al., 2002; Cassar et al., 2005). Interestingly, the use of car-
betocin after PGF5, administration significantly improve the efficiency
of farrowing induction by increasing the proportion of sows that farrow
during the working hour. This enable farrowing supervision to be
performed effectively. The reasons might be associated with a long-
action oxytocin-like properties of carbetocin that stimulate uterine
contraction and initiate the farrowing process of sow. In the present
study, the onset of farrowing occurs at 3.3 h after carbetocin treatment.
Furthermore, the variation of the timing of farrowing after PGF5,
treatment is significantly reduced after carbetocin administration.
Therefore, the combination of PGF,, and carbetocin could be an option
for controlling the time of parturition in sows. Gunvaldsen et al. (2007)
demonstrated that induction of farrowing can increase labour effi-
ciency, minimise weekend farrowing and promote all-in/all-out man-
agement. Moreover, Nguyen et al. (2011) found that 75% of sows that
received PGF,, alone farrowed during working hours. As a result, the
prevalence of stillbirths was lower for sows that had induced farrowing
and assistance on the day of farrowing than those that were not induced
and provided a minimal amount of assistance. In addition,
Kirkden et al. (2013) found that the induction of farrowing using PGF,,

increased the synchrony of farrowing, making it more economical to
provide continual supervision as well as making cross-fostering man-
agement easier and more effective. In agreement with our results,
Gheller et al. (2011) observed that the application of carbetocin 24 h
after the administration of PGF,, resulted in a higher proportion of
sows farrowing during working hours compared to the application of
PGF,, alone (88.7% and 62.0%, respectively). Likewise, Leike and
Hiihn (1992) found that the combination of cloprostenol and carbetocin
increased the number of sows that farrowed during the day time. In the
present study, induction of farrowing by a combination of PGF,, and
carbetocin increased both the synchrony of farrowings and the pro-
portion of sows farrowing during working hours.

4.2. Farrowing duration

The present study revealed that the duration of farrowing in sows
(274 £ 209 min) is relatively long and varies considerably among
animals (from 30 to 1763 min). This is in agreement with earlier studies
that found that the average duration of farrowing for sows housed in
pens or crates ranged from 78 to 1410 min (van Dijk et al., 2005;
Bjorkman et al., 2017). Furthermore, the duration of farrowing has
increasing over the past decade due to increased litter sizes in the
modern swine industry. In Denmark, where the total number of piglets
born per litter is 19.0 piglets, the mean farrowing duration is as long as
580 min (Muns et al., 2016a). In Thailand, Tummaruk and Sang-
Gassanee (2013) demonstrated that the farrowing duration among in-
dividual sows varied considerably from 76 to 500 min, with an average
of 178 min. It has been demonstrated that a longer farrowing duration
negatively influences the sow's health and may increase the risk of
neonatal death of the piglets (Tummaruk and Sang-Gassanee, 2013). A
recent study indicated that a prolonged parturition also impairs pla-
centa expulsion and can lead to retained placenta in sows
(Bjorkman et al., 2017). Thus, the control of parturition is important. In
a previous study, the total duration of parturition could be reduced
from 240 to 150 min by administering oxytocin (Mota-Rojas et al.,
2005). Interesting, the average farrowing duration in the present study
was slightly longer than that observed in a previous study by our re-
search group (178.0 = 73.5min) (Tummaruk and Sang-
Gassanee, 2013). One possible explanation may be the increased litter
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size in the present study compared to the previous study (13.4 versus
11.1 piglets per litter, respectively). The duration of farrowing is in-
fluenced by many factors including breed, age of the sow, gestation
length, number of piglets born, housing system, body condition of the
sow and incidence of constipation (Oliviero et al., 2010). On average,
sows with constipation had a 28-min longer farrowing duration than
sows with normal to soft faeces (213 versus 185 min, respectively)
(Pearodwong et al., 2016). Furthermore, among sows with a long far-
rowing duration (> 300 min), 80% had moderate to very severe con-
stipation on the day of farrowing (Pearodwong et al., 2016). Moreover,
it was found that the proportion of stillborns and the duration of far-
rowing were strongly correlated (van Dijk et al., 2005). An earlier study
suggested that sows that were allowed to move freely before farrowing
had a reduced incidence of constipation and did not show excessive
fattening during late pregnancy, which lead to a reduction in farrowing
time (Oliviero et al., 2010). In Thailand, most gestating sows are kept in
stalls, therefore, the movement of gestating sows is limited. As a result,
the risk of a long farrowing duration is high. In the present study, the
proportion of sows with a long farrowing duration (> 240 min) was
considerably high in all groups (36.3-54.0%). However, we found no
significant effect of farrowing induction on the farrowing duration in
the present study. Although the incidence of birth assistance in the
carbetocin group was higher than the control group, most of the sows
(98%) in the carbetocin group farrowed during working hours, making
farrowing assistance possible.

4.3. Colostrum yield and colostrum intake

Devillers et al. (2007) observed that colostrum yield was reduced by
up to 15% when farrowing was induced on day 113 of gestation. On the
other hand, Foisnet et al. (2010) found no impact of farrowing induc-
tion on day 113 of gestation on colostrum yield. In the present study,
farrowing was induced on day 114 of gestation, and the use of PGF,,
alone did not influence either the colostrum intake of piglets or the
colostrum yield of the sows. However, significant reductions in both
colostrum intake by piglets and colostrum yield of sows were observed
when farrowing was induced by a combination of PGF,, and carbe-
tocin. This indicates that carbetocin might have a negative effect on
colostrum production and/or the ability of the newborn piglets to
suckle during the first 24 h postpartum. Nevertheless, the mechanism
behind the negative effect of carbetocin on colostrum production and or
intake remains unknown. Declerck et al. (2017) also demonstrated a
negative effect of oxytocin administration during farrowing on the co-
lostrum intake of piglets. It was hypothesised by these authors that
hormonal imbalance resulting in prolonged farrowing requiring the use
of oxytocin may be the mechanism underlying the lower colostrum
production. The lower colostrum intake could also be related to the
consequences of oxytocin use, including intrapartum asphyxia, which
impairs the vitality of piglets and compromises their colostrum intake.
Likewise, the same mechanisms might be responsible for the results
observed with carbetocin, although further studies are needed. In the
current study, multiparous sows had a higher colostrum yield than
primiparous sows. Similarly, second- and third-parity sows showed a
tendency toward greater colostrum production compared to primi-
parous or older sows in a study by Devillers et al. (2007).

Low vitality of piglets at birth, especially due to hypoxia suffered
during delivery, might impair their ability to successfully extract co-
lostrum from the teats (Trujillo-Ortega et al., 2007; Kammersgaard
et al., 2011). The amount of colostrum ingested increases with birth
weight and decreases if any complications occur, such as a ruptured
umbilical cord, breathing difficulties or splay leg (Delivers et al., 2007).
Mota-Rojas et al. (2006) found that the piglets that were born from
oxytocin-treated sows had more than a 5-min delay in standing on their
feet at birth, indicating severe anoxia and extreme weakness. In the
present study, the colostrum intake of piglets from sows that had un-
dergone farrowing induction using PGF,, in combination with
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carbetocin was lower than the other groups. This could be because
carbetocin is a long-acting oxytocin analogue which stimulates pro-
longed uterine contraction. Therefore, like oxytocin, carbetocin can
also cause adverse effects on the piglets. However, studies investigating
the use of carbetocin observed no adverse effect on the frequency of
farrowing assistance (Gheller et al., 2011) or on piglet blood pH (an
indicator of intra-partum asphyxia) (Wehrend et al., 2005). According
to our study, there was no significant difference in the proportion of
stillborn piglets among the groups. Nevertheless, the present study is
the first to demonstrate the negative effect of carbetocin treatment on
piglet colostrum intake. Based on our results, piglets born after carbe-
tocin treatment should be supervised carefully. If possible, colostrum
consumption should be enhanced by providing extra colostrum or en-
ergy booster supplementation (Muns et al., 2017).

Farrowing supervision and care of neonatal piglets are important
management strategies to increase the colostrum intake of the piglets.
Enhanced assistance of weak piglets can improve their vitality and
ability to suckle (Boulot et al., 2008). However, preparing the sows
before parturition (e.g., reduced fatness and constipation) is essential to
reduce the farrowing duration and minimize birth assistance, thereby
reducing the number of weak and hypoxic piglets at birth
(Oliviero et al., 2010).

In conclusion, induction of parturition by PGF5, in combination
with carbetocin administered 24 h later increased the proportion of
sows that farrowed during working hours. However, piglets born after
induction of parturition using PGF,, in combination with carbetocin
had a lower colostrum intake compared to piglets from natural far-
rowings or induction by PGF,, alone. Thus, the care of newborn piglets
should be increased when the combined protocol (PGF,, + carbetocin)
is implemented.
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ABSTRACT

The major objective of this work was to investigate the shedding of porcine circovirus type 3 (PCV3) in sow
colostrum. PCV3 titers in the serum and colostrum samples of 38 sows were determined using qPCR.
Interestingly, this is the first report regarding the identification of PCV3 from the colostrum samples. In the
studied farm, the prevalence of PCV3 in the colostrum samples was 44.74% (17/38). When sows were grouped
based on the PCV3 titers in the serum into the “High-viremic”, “Low-viremic” and “Non-viremic” sows, it was
shown that the High-viremic sows showed significantly higher PCV3 colostrum prevalence (100%; 9/9) with the
PCV3 titers ranging from 4.01 to 7.33 genomic copies/mL. The results indicated that PCV3 in the colostrum
might be partly influenced by the viremic stage of the infection. However, the results also showed that ap-
proximately 41% of sows shedding PCV3 with low titers in the colostrum (7/17) were non-viremic sows. In
conclusion, this study identified the presence of PCV3 in sow colostrum. Clinical impacts and mechanisms of
colostrum shedding of PCV3 should be further investigated.

1. Introduction

Porcine circovirus type 3 (PCV3) is a newly emerging virus in pigs,
which has been reported worldwide. Although the pathogenesis of
PCV3 is still unknown, the virus has been detected in pigs with several
clinical outcomes including reproductive failure in sows (Palinski et al.,
2017; Tochetto et al., 2017; Wang et al., 2017), aborted/mummified/
stillborn fetuses (Faccini et al., 2017; Ku et al., 2017; Palinski et al.,
2017), myocarditis (Phan et al., 2016), porcine dermatitis and ne-
phropathy syndrome (PDNS) (Palinski et al., 2017; Wang et al., 2017),
diarrhea (Zhai et al., 2017), respiratory disease (Kedkovid et al., 2018;
Phan et al., 2016; Shen et al., 2017), and neurologic disease (Chen
et al., 2017; Phan et al., 2016). The virus can also be found in clinically
healthy pigs (Kedkovid et al., 2018; Zheng et al., 2017).

* Corresponding author at: 39 Henri-Dunant Road, Pathumwan, Bangkok 10330, Thailand.

PCV3 has been detected in pigs of different ages (Kedkovid et al.,
2018; Kwon et al., 2017; Palinski et al., 2017; Stadejek et al., 2017).
However, PCV3 transmission in the infected herds has not been well-
characterized. In general, vertical transmission of the virus could be
extremely crucial to maintenance and spread within a herd. Previously,
it has been shown that PCV2 transmission via colostrum has played a
major role for the infection of suckling piglets and the virus could
consequently be found in weanling pigs later via horizontal transmis-
sion (Dvorak et al., 2013; Ha et al., 2010).

It should be noted that PCV3 shedding via the colostrum has not
previously been reported. In this study, we describe the first known
identification of PCV3 from colostrum samples of sows in a PCV3-in-
fected herd in Thailand. The relationship of PCV3 titers in serum and
colostrum samples was investigated and discussed.
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2. Materials and methods
2.1. Samples and data collection

Matched serum and colostrum samples for this study were used with
permission from a previous study by Juthamanee et al. (2017). The
samples were collected cross-sectionally from 38 sows of parity 1-6,
from a farm in Ratchaburi province, Thailand, in 2017. Both serum and
colostrum samples were collected within 6h after parturition. The
sample collection protocol has been reviewed and approved by Chula-
longkorn University Animal Care and Use Committee (Animal use
protocol number: 1731064). In this farm, porcine reproductive and
respiratory syndrome virus (PRRSV) and PCV2 are endemic and sow
vaccinations against these viruses are routinely performed. PCV3 was
previously identified in this farm by PCR during farm monitoring. Re-
production parameters of the studied sows including total born (TB),
born alive (BA), stillborn (SB), and mummified fetuses (MF), were re-
trieved from the farm records.

2.2. Virus detection and quantification

Virus nucleic acid was extracted from the serum and colostrum
samples using NucleoSpin RNA Virus Kit (Macherey-Nagel, Germany).
Prior to the extraction, the fat layer was removed from the colostrum
samples by centrifugation at 900g for 10 min, as previously described
(Ha et al., 2010). The serum was used directly for the extraction. For
each extraction reaction, 150 pL of the samples were used. For PCV3
detection and quantification, a previously published TaqMan-based
gPCR assay (Wang et al., 2017) targeting nt 1351 to 1428 of PCV3
genome (ORF2) was used with minor modification. Briefly, the PCR
reaction was performed using QuantiFast Probe PCR Kit (Qiagen, Ger-
many) and MyGo Pro (IT-IS Life Science, Ireland) instrument. DNA
fragment covering nt 601 to 1626 of PCV3 genome was generated using
previously published PCR assay (Palinski et al., 2017) and used in the
standard curve generation. This DNA fragment was also used as a po-
sitive control for the qPCR assay. The standard curve was generated
using 10-fold serial dilutions ranging from 10% to 10" copies/pL of the
positive control DNA fragment. Copy number calculation of the target
DNA was done using the internal software of the instrument. The de-
tection limit of the assay was 4 log genomic copies/mL. PCV2 detection
was done using a previously published conventional PCR assay tar-
geting PCV2 ORF1 (Paphavasit et al., 2009) with minor modification.
The PCR reaction was performed using DreamTaq Green PCR Mas-
terMix (Thermo Fisher Scientific, USA). The PCR product of 356 bp was
determined using 1.5% agarose-gel electrophoresis.

To confirm the presence of PCV3 in the colostrum sample, DNA
sequencing was performed. A colostrum sample showing high PCV3
titer was randomly selected. PCR targeting partial ORF2 region (nt 1 —
363 of the full 645nt ORF2) of PCV3 was done using a previously re-
ported assay (Palinski et al., 2017). The PCR product was submitted to
First BASE Laboratories Sdn Bhd (Malaysia) for sequencing. The se-
quence was analyzed using BioEdit 7.0.9.0. The sequence of this Thai
PCV3 was named PCV3/Thailand/RB01/17 and deposited in GenBank
(www.ncbi.nlm.nih.gov/genbank/) with the accession number
MH158731. Nucleotide identity calculation and cladogram generation
were done using MEGA 5.2. Previously reported ORF2 DNA sequences
of PCV3 (n = 177), PCV2 (GenBank accession number AF027217), and
PCV1 (GU799575) were retrieved from GenBank for nucleotide identity
calculation. For cladogram, PCV3 ORF2 sequences used (n = 51) were
from 1) PCV3 previously characterized into four subgroups: al, a2, b1,
and b2 (n = 40) (Fux et al., 2018); 2) PCV3 strains showing high nu-
cleotide identity (over 99.00%) with PCV3/Thailand/RB01/17 (n = 4);
3) a previously reported Thai PCV3 (n = 1); and 4) recently reported
PCV3 strains from Italy and Denmark (n = 5).
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2.3. Statistical analysis

Statistical analysis was performed using GraphPad Prism 5. The
overall prevalence and virus titers of PCV3 between the serum and
colostrum samples were compared using McNemar test (for prevalence
comparison) and Wilcoxon signed rank test (for titers comparison). The
relationship between the PCV3 titers in the serum and colostrum
samples was determined using Spearman’s rank correlation test. The
strength of the correlation was interpreted from the Spearman’s rho
values as follows: 0.00-0.19, very weak; 0.20-0.39, weak; 0.40-0.59,
moderate; 0.60-0.79, strong; 0.80-1.00, very strong. Pigs were divided
into three groups based on the PCV3 titers in the serum including “Non-
viremic” (PCV3 was not detected), “Low-viremic” (PCV3 titers below
the median of the positive serum titers), and “High-viremic” (PCV3 ti-
ters above the median of the positive serum titers). Prevalence and ti-
ters of PCV3 in the colostrum were compared among these three groups
using Fisher’s exact test (for prevalence comparison) and Kruskal-Wallis
H test (for virus titers comparison). Comparisons of reproduction
parameters between PCV3 positive and negative animals were done
using Mann Whitney U test. Statistical significance was set atp < 0.05.
Mean values were reported as mean * standard deviation.

3. Results
3.1. PCV3 prevalence in serum and colostrum samples were not different

The prevalence of PCV3 in the serum and colostrum samples was
determined to provide an initial data on PCV3 viremia and colostrum
shedding status. The numbers of PCV3-positive serum and colostrum
samples using qPCR from all sows are shown in Table 1. The prevalence
of the PCV3-positive serum and colostrum samples were not statistically
different (Fig. 1A). The virus titers between these sample types were not
statistically different either. The average PCV3 titers in the serum and
colostrum of the positive animals were 5.06 + 0.44 (n = 18) and
5.02 + 1.08 (n =17) log genomic copies/mL, respectively. When
taking both types of samples into account, the prevalence of PCV3-
positive animals (in at least one type of the samples) increased to
65.79% (25/38). However, it was not significantly different from the
single sample prevalence. PCV3 prevalence in the sows of each parity is
shown in Fig. 1B.

The presence of PCV3 in the colostrum samples was confirmed by
DNA sequencing. Partial ORF2 DNA sequences of PCV3/Thailand/
RB01/17 showed 95.04-99.17% nucleotide identity with the other
PCV3 strains. However, the virus showed 54.41 and 52.92% nucleotide
identity with PCV2 and PCV1, respectively. PCV3/Thailand/RB01/17
showed 97.80% nucleotide identity with the previously reported Thai
PCV3. The cladogram showed that PCV3/Thailand/RB01/17 clustered
in PCV3a subgroup (Fig. 2).

3.2. PCVa3 titers in the serum and colostrum samples were positively
correlated

To gain more information regarding the relationship between PCV3
in the serum and colostrum samples, correlation between the PCV3
DNA from both sample types was determined. From the data of all sows,
a significant positive correlation of PCV3 titers between the serum and

Table 1
PCV3 DNA detection results from the serum and colostrum samples.
Serum
Positive Negative Total
Colostrum Positive 10 7 17
Negative 8 13 21
Total 18 20 38
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colostrum samples was found, with the correlation coefficient of 0.49.
The colostrum shedding was then characterized in more detail re-
garding to the PCV3 viremia level.

Sows were further divided into three groups based on the viremia
status, including High-viremic, Low-viremic and Non-viremic sows. The
serum virus titers of the serum-positive animals ranged from 4.36 to
6.15 log genomic copies/mL with the median of 5.04 log genomic co-
pies/mL. The prevalence and titers of PCV3 in the colostrum samples of
the Non-viremic, Low-viremic, and High-viremic sows are shown in
Fig. 3. The PCV3 titers in the colostrum of the non-viremic and viremic
pigs ranged from 4.06 to 4.42 and 4.01-7.33 log genomic copies/mL,
respectively. The prevalence and titers of PCV3 in the colostrum sam-
ples of the High-viremic sows were significantly higher than the other
groups (Fig. 3A and B, respectively). It should be noted that PCV2 was
not detected in any of the colostrum samples tested.

3.3. Performance of sows with different PCV3-viremic and PCV3-shedding
statuses were not different

To describe the clinical impact of PCV3 viremia/shedding status in
this farm, sows’ reproduction parameters were determined. The num-
bers of TB and BA were not significantly different between the PCV3-
viremic sows (12.94 = 2.78 and 12.61 *+ 2.75, respectively) and non-
viremic sows (12.30 *+ 4.26 and 10.85 * 3.36, respectively). The
numbers of TB and BA in the sows with PCV3-colostrum shedding (12.
53 + 3.41 and 11.59 * 2.62, respectively) were not significantly
different from the non-shedding sows (12.67 * 3.83 and
11.76 = 3.62, respectively).

4. Discussion

This study was conducted to investigate the colostrum shedding of
PCV3 in sows from a PCV3-infected herd in Thailand. An association
between colostrum shedding and viremia status, and the colostrum
shedding patterns of sows of each parity were also described.
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Fig. 1. Prevalence of PCV3 in the serum and colostrum sam-
ples of sows. Overall prevalence of PCV3 in each sample type
(A) and PCV3 prevalence in different parities of sows (B) were
measured using qPCR. Percentages of PCV3 positive samples
are shown above the graph. Number of positive animals and
total animals are shown in the parenthesis.

At present, vertical transmission of PCV3 is not well characterized.
From previous studies, two routes including trans-placenta and direct-
contact transmission could be implied. It has been shown that PCV3
could be detected from sows showing reproductive failure and also
from the mummified and stillborn fetuses (Faccini et al., 2017; Ku et al.,
2017; Palinski et al., 2017; Tochetto et al., 2017), suggesting trans-
placental transmission. Direct-contact transmission might occur from
the virus shedding via oral fluids. A work from Kwon and colleagues
showed that PCV3 can be found in the oral fluid samples of naturally
infected pigs (Kwon et al., 2017). Additionally, PCV3 DNA can also be
detected in the salivary gland (Kedkovid et al., 2018). In this study, we
showed the first evidence of shedding of PCV3 via colostrum.

Interestingly, there was a relationship between the colostrum
shedding and the viremia status. In the studied farm, the PCV3 pre-
valence in the colostrum was not different from the serum (approxi-
mately 45-47%). The results further showed that the virus titers in the
serum and colostrum were positively correlated. These results indicated
that, as could be expected, PCV3 shedding in the colostrum might in
part be influenced (directly or indirectly) by the virus in the blood
circulation. However, the degree of correlation between the colostrum
and serum titers was found to be only ‘moderate’. This could be partly
explained by the pattern of PCV3 shedding in the colostrum observed in
this study. Apparently, when the serum titers were above the median
value (5.04 log genomic copies/mL), all sows shed PCV3 in the colos-
trum. When the serum titers were below the median value, the colos-
trum virus titers, if present, dropped rapidly to the baseline level, rather
than gradually decreasing. It was also shown in this study that ap-
proximately 41% of pigs (7/17) showing PCV3 in the colostrum were
non-viremic pigs. All of these pigs shed low amount of PCV3 in the
colostrum. Similarly, shedding by non-viremic pigs could also be ob-
served in PCV2-infected pigs (Schmoll et al., 2008), and could occur in
the late or recovery stage of sows, before farrowing. However, the
mechanism for this has not yet been clarified. For PCV3, further studies
should also be conducted to investigate the mechanisms of colostrum
shedding, especially in the non-viremic pigs.
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Fig. 2. Maximum likelihood cladogram of PCV3/Thailand/RB01/17 and other
PCV3 strains based on partial ORF2 nucleotide sequences. The tree was con-
structed based on the general time reversible model with G + I. Bootstrap va-
lues (1000 replicates) for each node are displayed next to the branch if > 50%.
PCV3 strains are shown with the GenBank accession numbers, the country of
origin, and the collection year. PCV3/Thailand/RB01/17 is labeled with a black
triangle. The previous Thai PCV3 is labeled with a black diamond. PCV3 strains
with high nucleotide identity (> 99.00%) with PCV3/Thailand/RB01/17 are
labeled with black circles. PCV3 strains previously classified into subgroups; al,
a2, bl, and b2 (Fux et al., 2018); are shown with prefixes indicating the sub-
group.

The colostrum titers of PCV3 observed in this study is comparable to
a previous study of PCV2. Dvorak and colleagues have shown that in
five studied farms, average PCV2 titers in the colostrum ranged from
approximately 4 to 7 genomic copies/mL (Dvorak et al., 2013). In the
present study, PCV3 titers in the colostrum also ranged from 4.01 to
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7.33 genomic copies/mL. In this study, the prevalence of PCV3 shed-
ding in the colostrum of the primiparous sows was approximately 71%
while the multiparous sows showed approximately 33-43%. Not only
that, lower parity sows tend to have more positive animals than higher
parity sows based on the presence of PCV3 in the serum and colostrum.
This is in line with our previous study (Kedkovid et al., 2018). In PCV2,
the clinical impacts of primiparous sows were also reported (Fraile
et al., 2009). It was shown that piglets from primiparous sows had
higher risk of PCV2-PRRSV coinfection compared with the multiparous
sows. The impacts of PCV3 shedding in primiparous sows should be
further investigated so effective management and control can be iden-
tified in the future.

Clinical impact of PCV3 shedding in the colostrum was not observed
in this study. The sow performance parameters were not different
among sows with different PCV3 statuses. It is possible that the number
of sows used in this study is not sufficient to detect a small or infrequent
effect. More importantly, it should be noted that data regarding PCV3
(and other pathogens) identification and clinical signs in the suckling
piglets of these sows were not available in this study. Pathological study
of PCV3 infected pigs during suckling period is still limited. In one
study, PCV3 has been identified in a 19 days old pig (Phan et al., 2016).
Clinical signs of the pigs included severe dyspnea and neurologic dis-
ease. Microscopic examination showed interstitial lymphocytic myo-
carditis, histiocytic interstitial pneumonia and acute bronchitis. To-
gether with PCV3, porcine astrovirus 4 and equine hepacivirus were
also identified from that pig using metagenomic approach. It is not clear
whether PCV3 was the major pathogen (or a pathogen) in the diseased
pig or not.

It is also possible that protective antibody against PCV3 is present in
the colostrum. It is well-known that PCV2 maternal immunity protects
the piglets against porcine circovirus associated disease (PCVAD), but
not the PCV2 infection. PCVAD can become apparent after the decline
of the maternally derived immunity (Calsamiglia et al., 2007; Dvorak
et al., 2013; Madson and Opriessnig, 2011; McKeown et al., 2005).
Early PCV3 infection (from PCV3 in the colostrum) might affect pigs at
later stages of production. Recently, it has been shown that PCV3 could
be involved in porcine respiratory disease complex (PRDC) in grower
pigs (Kedkovid et al., 2018). In the previous study, PCV3 infection
occurred as early as 5 weeks of age (the earliest age of the study).
Subclinical infection of PCV3 was also identified in that study. There-
fore, PCV3 infection during suckling period might result in a more se-
vere outcome in the nursery and grower periods.

Colostral shedding of PCV2 was not observed in this study while the
shedding of PCV3 was found in approximately 45% of the tested sows.
Interestingly, it has been previously shown that coinfection between
PCV3 and other viruses especially PCV2 could be observed (Ku et al.,
2017; Zhang et al., 2017; Zheng et al., 2017). The absence of PCV2 in
the colostrum in this study may be partly due to the routine sow vac-
cination against PCV2 (Madson et al., 2009). It has been shown that
PCV2 dynamics could be affected by co-infection with other pathogens
(Sinha et al., 2011). It is unknown whether PCV3 shedding pattern
would be altered or not if animals were co-infected with other patho-
gens. Further studies are needed to clarify the effects of co-infection on
PCV3 shedding.

Previously, it has been suggested that PCV3 can be classified into
two major groups PCV3a and PCV3b (Fux et al., 2018). PCV3 identified
in this study belongs to PCV3a as the virus clustered with the previously
proposed PCV3a (Fux et al., 2018). It would be interesting to determine
whether PCV3 genetic variation could affect colostrum shedding or not.
Further studies are needed to clarify this issue.

5. Conclusion
In this study, the results showed that PCV3 can be shed in the sow

colostrum. In the studied farm, 44.74% of the studied sows shed PCV3
in the colostrum. PCV3 titers in the serum and colostrum samples were
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positively correlated. However, it should be noted that non-viremic
sows also shed low levels of PCV3 in the colostrum. The clinical impact
of PCV3 shedding in the colostrum should be further investigated.
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Carbetocin is an oxytocin-like compound with long acting properties that has recently been introduced
to both human and domestic animal obstetrics. The aims of the present study were to evaluate the effects
of carbetocin administration after the first piglet was born on farrowing duration, birth interval, colos-
trum consumption and vitality index in newborn piglets. In total, 186 sows and their offspring (n = 2611
piglets) were distributed into three groups: 1) CONTROL: sows were allowed to farrow naturally (n = 66);
2) OXY: sows were administered oxytocin 20 IU intramuscularly after the first piglet was born (n = 62);
and 3) CARBE: sows were administered carbetocin 0.6 pg/kg intramuscularly after the first piglet was
born (n = 58). The reproductive data of sows including farrowing duration, total number of piglets born
per litter (TB), number of piglets born alive per litter (BA), proportion of stillborn piglets per litter (SB)
and proportion of mummified fetuses per litter (MF) were recorded. Piglet vitality index including skin
colour, integrity of the umbilical cord, heart rate, blood oxygen saturation, screaming score, udder
stimulation score, movement capacity and number of completed circles around enclosure were deter-
mined. Birth weights of the piglets were measured immediately at birth and again at 24 h thereafter to
determine the individual colostrum intake of the piglets. On average, the farrowing duration, birth in-
terval and BA were 188.0 +95.7 min, 12.5 + 18.3 min, and 12.3 + 2.9 piglets per litter, respectively. The
farrowing duration of the sows was reduced in CARBE group (151.2 +11.9 min) compared to OXY
(180.2 + 11.5 min, P = 0.003) and CONTROL (227.7 + 11.2 min, P < 0.001) groups. Birth interval of piglets in
all categories of birth weight in the CARBE group was shorter than those in the CONTROL group
(P<0.05). However, the colostrum yield of sows in CARBE group (2398 + 133 g) was lower than CONTROL
and OXY groups (3371 +125¢g and 3549 + 128 g, respectively; P < 0.001). Similarly, colostrum intake of
piglets in the CONTROL and OXY groups was higher than in the CARBE group (2764+11.0¢g,
286.4 + 13.6 g and 225.3 + 14.0 g, respectively; P < 0.05). The percentage of stillborn piglets in CARBE was
higher than OXY (8.7 + 1.1% vs 5.3 + 1.1%, P < 0.05) but did not differ significantly compared to CONTROL
(7.5+1.1%, P> 0.05). The piglet movement capacity in CONTROL was lower than CARBE group (1.36 vs
1.48, P < 0.05) but was not different compared to OXY group (1.40, P> 0.05). In conclusion, administration
of carbetocin after the birth of the first piglet reduced the farrowing duration of sows, but increased the
number of stillborn piglets and reduced the colostrum yield of sows.

© 2019 Elsevier Inc. All rights reserved.
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1. Introduction

The aims of farrowing supervision in sows are to reduce
newborn piglet mortality and preserve sows’ health postpartum.
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Successful parturition can be generally defined as a farrowing
without evidence of dystocia, with no stillborn and with vigorous
newborn piglets. Understanding of the farrowing process is crucial
to reduce the risks of postparturient disorders in sows and mor-
tality of newborn piglets [1,2]. The use of exogenous hormones to
promote uterine contraction is one of the most practical procedures
used under field conditions to control the farrowing process.
Oxytocin is usually administered to assist in prolonged farrowings
and/or when dystocia occurs. However, oxytocin has been observed
to increase the number of stillborn piglets in some circumstances
[3] but not in others [4]. Administration of oxytocin 30—40 IU at the
onset of fetal expulsion significantly increases the number of intra-
partum stillbirths, increases the degree of meconium staining on
skin and increases the evidence of ruptured umbilical cords [5].
However, no significant effect of oxytocin administration on um-
bilical cord morphology, degree of meconium staining and the
number of stillborn piglets per litter was observed when 10 IU of
oxytocin was used [4]. Additionally, the use of oxytocin can reduce
the piglet vitality and increase uterine inertia in some sows [6].

Carbetocin is an oxytocin-like compound with long acting
properties that has recently been introduced to both human and
domestic animal obstetrics [7,8]. Carbetocin treatment is claimed to
be safer and more effective than oxytocin [9]. While there are few
studies on the use of carbetocin to induce parturition [8,10], no
comprehensive studies on the clinical use of carbetocin to assist the
farrowing process and the colostrum production in pig have been
done to date. Therefore, the aims of the present study were to
evaluate the effects of carbetocin administration, compared to
oxytocin, on farrowing duration, birth interval, colostrum produc-
tion, and piglet survival and vitality.

2. Materials and methods
2.1. Experimental design

The present study was carried out in a 3000-sow commercial
swine herd at the western part of Thailand. The study included 186
Landrace x Yorkshire crossbred sows and their offspring (n =2611
piglets). The sows were randomly distributed into three groups: 1)
CONTROL (n = 66): sows were allowed to farrow naturally; 2) OXY
(n=62): sows were administered oxytocin 20 IU intramuscularly
(1 ml of oxytocin sterile injection, VetOne®, Idaho, USA) after the
birth of the first piglet, and 3) CARBE (n = 58): sows were admin-
istered carbetocin 0.6 pg/kg intramuscularly after the birth of the
first piglet (0.05 mg/ml, Decomoton®, Laboratorios Calier, Barce-
lona, Spain) (1.5, 2.0 and 2.5 ml for sows with a body weight of 200,
250, 300 kg, respectively).

2.2. Animals, housing and management

The present study followed the guidelines documented in The
Ethical Principles and Guidelines for the Use of Animals for Scien-
tific Purposes edited by the National Research Council of Thailand,
and was approved by the Institutional Animal Care and Use Com-
mittee (IACUC) in accordance with Chulalongkorn University reg-
ulations and policies governing the care and use of experimental
animals (animal use protocol no. 1731063).

The average ambient temperature during the experimental
period ranged from 25.8°C to 30.0°C. The daily minimum and
maximum temperatures ranged from 21.1°C to 26.3 °C and from
28.1 °Cto 37.6 °C, respectively. The average relative humidity varied
from 72.0% to 96.0%. Sows were kept in individual stalls (1.2 m?)
during gestation in a conventional open-housing system and were
provided with fans and individual water sprinklers to reduce the
impact of high ambient temperature. During gestation, sows were

fed a commercial gestation diet twice a day following a standard-
ized feeding pattern, resulting in an average of 2.5 kg per sow per
day to meet or exceed their nutritional requirements [11]. At day
109 of gestation, sows were moved to a farrowing room and allo-
cated to individual farrowing crates (1.5 m?) placed at the center of
pens with a space allowance of 4.2 m?. The pens were fully slatted
with concrete at the center for sows, and had steel slats at both
sides of the farrowing crate for piglets. Each pen was provided with
a creep area covered by a sack or a plastic plate for piglets placed on
the floor on one side of the pen (0.60 m?). A heating lamp was
provided at the creep area during the first week after farrowing.
The heating lamp was usually turned on during the night or when
the environment temperature fell below 30°C. In general, the
temperature in the creep area was between 30 and 36 °C. During
farrowing sows were not offered feed. The farrowing process was
carefully supervised by a research team for 24 h. Birth intervention
was performed only when dystocia was clearly identified. Dystocia
was considered when an interval of 30—60 min elapsed from the
birth of the last piglet, or when the sow showed intermittent
straining accompanied by paddling of the legs or when the sow
expelled small quantities of fetal fluid together with marked tail
switching for 30—60 min without any piglet being born. The birth
assistance included the stimulation of uterine contraction by
palpating dorsal wall of vagina (Ferguson reflex) and manual
extraction of the piglets.

During lactation, sows were fed twice a day with a commercial
lactation diet to meet or exceed their nutritional requirements [11].
After farrowing, the amount of feed offered to sows increased daily
according to litter size and body condition, until ad libitum was
reached after one week of lactation [12]. Sows and piglets had ad
libitum access to water by one nipple for the sow and one nipple for
the piglets. Routine procedures performed on piglets included
weighing, tail docking, tooth clipping and 1 ml (200 mg) iron sup-
plement administered intramuscularly (Gleptosil®, Alstoe Ltd. An-
imal Health, Leicestershire, England) on the first day of life. Piglets
were orally administered a coccidiocide (Baycox®, Bayer Pharma
AG, Berlin, Germany) on the third day of life. Weaning took place at
23.0 + 2.0 days after farrowing.

2.3. Data collection

The sows average parity number was 4.5 + 2.4 (ranged 1-9). The
following reproductive variables of the sows were collected during
and 24 h after farrowing: farrowing duration (i.e., time between
first and last piglet birth), total number of piglets born per litter
(TB), number of piglets born alive per litter (BA), proportion of
stillborn piglets per litter (SB) and proportion of mummified fetuses
per litter (MF). Backfat thickness of the sows was measured on the
day before parturition at the last rib at 6—8 cm from the midline
using A-mode ultrasonography (Renco-Lean meter®, Minneapolis,
MN, USA).

For each piglet born alive, birth order, birth interval (the time
elapsed between each piglet born), and sex were recorded. Also,
whether piglets required birth assistance was recorded (yes/no).
Skin colour of the piglets was recorded at birth and was classified
into two groups (normal and meconium staining). Integrity of the
umbilical cord of each piglet was examined and classified into two
groups (intact and broken umbilical cords). The piglets were
monitored for heart rate and blood oxygen saturation within 5 min
after birth using a veterinary pulse oximetry (EDAN VE-H100B
Pulse Oximeter, Edan Instrument Inc®, San Diego, CA, USA). Rectal
temperature was measured at 24 h after birth (T24h) with a digital
thermometer (Veridian 08—357 9-s digital thermometer, Verid-
ian®, Illinois, USA, with a display resolution of 0.01 °C). All piglets
were individually identified by ear tattoo. Birth weights of the
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piglets (Bwt) were measured immediately at birth and again at
18—24 h after birth using a digital bench scale (SDS IDS701-C SE-
RIES Bench Scale, SDS® (YANGZHOU) DIGITAL SCALE CO., LTD,
Yangzhou, China). The piglet vitality was evaluated at 30 min and
24 h after farrowing using the piglet vitality score measurements
scale of Muns et al. [ 13]. The definition of the vitality scoring system
is presented in Table 1. Individual colostrum intake of the piglets
was estimated with the equation developed by Foisnet et al. [14]:
Colostrum intake (g) = —217.4 + (0.217 * t) + (1,861,019 * BW2/
t) + BW * (54.8—1,861,019/t) * ((0.9985—3.7 * 10—4 tFS) + (6.1 *
10—7 * tFS2)); where BW is body weight at birth (kg), BW2 is body
weight at the second weighing (kg), t is time elapsed between the
first and the second weighing (min) and tFS is the interval between
birth and first suckling (min). According to Devillers et al. [15], the
tFS can be estimated between 15 and 30 min without major error.
Therefore, in the present experiment the tFS was estimated to be
15 min. The colostrum yield of sows was calculated by summing
colostrum intake of each individual piglet within the litter.

2.4. Statistical analyses

The data were analyzed using SAS (SAS version 9.0, Cary, NC.
USA). Descriptive statistics, i.e., means, standard deviation (SD),
range, and frequency tables were conducted for all reproductive
parameters. Continuous data were presented as mean +SD and
range. The data were classified into two groups, i.e.,, sow data
(n=186) and piglet data (n=2611). The sow data included gesta-
tion length, parity number, backfat thickness, farrowing duration,
TB, BA, SB, and MF. The piglet data included birth interval, birth
weight, body temperature at 24 h, body weight at 24 h, and colos-
trum intake. The sow data were compared among groups using
one-way analysis of variance (ANOVA). Least square means were
obtained from each class and were compared by the least signifi-
cant difference (LSD) test.

Continuous data of piglets naturally farrowing (control) were
compared with those controlled farrowing using oxytocin or car-
betocin by multiple ANOVA using the general linear models pro-
cedure (PROC GLM) of SAS. The dependent variables in the
statistical models included treatment groups (CONTROL, OXY,
CARBE), sow parity category (1, 2—5, 6—9), piglets’ birth weight
category (<1.35, 1.36-1.60, >1.60kg), and the two-way in-
teractions. Least-square means were obtained from each class of
the factors and were compared using the LSD test. In addition, the
data were also classified according to bodyweight at birth of the
piglets and the general linear models procedure was performed to
compare the birth interval among groups.

Categorical data including vitality index, (i.e., screaming, udder
stimulation, stillborn (yes/no), birth interval >30min (yes/no),
farrowing assistance (yes/no), umbilical cord rupture (yes/no),
meconium staining (yes/no), and proportion of piglets with blood

oxygen saturation <95%) were analyzed using the generalized
linear mixed models procedure (GLIMMIX) of SAS. The statistical
models included treatment groups (CONTROL, OXY, CARBE), sow
parity category (1, 2—5, 6—9), piglets' birth weight category (<1.35,
1.36-1.60, >1.60kg), and the two-way interactions. Sow was
considered the experimental unit and introduced as a random ef-
fect nested within treatment group. Least-square means were ob-
tained from each class of the factors and were compared using the
LSD test. Vitality score data (i.e., movement capacity (0—3) and
number of completed circles around enclosure (0—2) were
analyzed using Kruskal-Wallis tests. Pairwise comparisons were
made using Wilcoxon's rank sum test. For all statistical tests,
P < 0.05 was considered to be statistically significant.

3. Results
3.1. Sow performances

The reproductive data of sows for the different treatment groups
is presented in Table 2. The gestation length did not differ among
groups (P> 0.05). Frequency distribution of the farrowing duration
of sows in CON, OXY and CARBE groups is presented in Fig. 1. The
farrowing duration of the sows was reduced in the CARBE group
(151.2 + 11.9 min) compared to OXY (180.2 + 11.5 min, P=0.003)
and CONTROL (227.7 + 11.2 min, P<0.001) groups. Similarly, the
duration of farrowing after dividing by the total number of piglets
born was higher in the CONTROL than in OXY and CARBE groups
(P < 0.05, respectively). However, the colostrum yield of sows in the
CARBE group (2398 + 133 g) was lower than CONTROL and OXY
groups (3371 + 125 g and 3549 + 128 g, respectively; P < 0.001). On
average, the colostrum yield of sow parity numbers 1, 2—5 and 6—9
were 2915+209g, 3077+110g and 3195+ 115g, respectively
(P>0.05).

3.2. Piglet characteristics

Factors affecting the percentage of stillborn piglets included
treatment group (P=0.102), parity number (P < 0.001) and birth
weight of the piglet class (P < 0.001). The percentage of stillborn
piglets in CARBE was higher than OXY (8.7 +1.1% vs 5.3 + 1.1%,
P<0.05) but did not differ significantly from the CONTROL
(7.5+1.1%, P> 0.05). The percentages of stillborn piglet per litter
were 3.8%, 6.4% and 10.5% in sow parity numbers 1, 2—5 and 6-9,
respectively (P<0.001). Factors affecting birth interval included
treatment group (P=0.02) and birth weight of the piglet class
(P<0.001). Birth interval in the CONTROL sows was higher than
that in OXY and CARBE groups (P < 0.05) (Table 2). The proportion
of piglets with a birth interval >30 min was higher in the CONTROL
group than in the CARBE group (P < 0.05) (Table 2). Furthermore,
the percentage of farrowing assistance in the CARBE group was

Table 1
Definitions of the behavioral parameters evaluated to establish the vitality scores of the piglets (adapted from Muns et al. [10]).
Variable Score Description
Screaming 0 Piglet did not scream within 30 s after testing
1 Piglet screamed within 30 s after testing
Udder stimulation 0 No head movement or searching for udder within 30 s after testing
1 Head movement or searching for udder within 30 s after testing
Movement capacity 0 The piglet cannot stand within 30 s after testing
1 The piglet can stand but cannot move within 30 s after testing
2 The piglet can stand and move slowly
3 The piglet can stand and move quickly within 15 s after testing
Number of completed circles around enclosure 0 The piglet cannot move for one circle within 30 s after testing
1 The piglet can move for one circle within 30 s after testing
2 The piglet can move for two circles within 30 s after testing
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Table 2

Reproductive data of sows and piglets (least squares mean + SEM) for the different treatment groups: sows that farrowed naturally (CONTROL), and sows treated with oxytocin

(20 1U/sow, OXY) or carbetocin (0.6 ug/kg, CARBE) during the farrowing process.

Variable CONTROL OXY CARBE P value
Number of sows 66 62 58

Gestation length (days) 115.0+0.2 1149+0.2 1149+0.2 0.928
Parity number 42+03 4.7+0.3 4.8+0.3 0.349
Backfat thickness (mm) 15.0+04 149+04 149+04 0.997
Total number of piglets born/litter 146+0.3 13.8+04 13.7+04 0.149
Number of piglets born alive/litter 12.7+0.4* 12.7 £04% 11.6+0.4° 0.071
Stillborn piglet/litter (%) 75+1.1% 53+1.1° 87+1.1° 0.095
Mummified fetuses/litter (%) 3.5+0.6% 24+06° 33+0.6° 0.476
Farrowing duration (min) 227.7+11.22 180.2 +11.5° 151.2+11.9° <0.001
Duration farrowing/piglets born (min) 159+ 1.0° 13.8 + 1.0%° 11.7 £ 1.0° 0.011
Colostrum yield (kg) 3370 + 124* 3549 + 128 2398 + 133" <0.001
Number of piglets 967 850 794

Birth interval (BI) (min) 14.1+£0.8* 12.5+0.9% 11.2+1.0° 0.063
Bl in piglets born with <1.35 kg (min) 12.0+0.8° 9.4 +0.9° 8.4+09° 0.006
Bl in piglets born with 1.36—1.60 kg (min) 15.1+1.2° 13.9+1.2% 106 +1.3° 0.034
Bl in piglets born with >1.60 kg (min) 16.4+1.2° 154 +1.2% 12.5+1.2° 0.067
Piglets with birth interval > 30 min (%) 14.1° 11.3% 8.8" 0.002
Farrowing assistance (%) 16.5° 14.1%° 11.0° 0.004

b different superscripts within row differ significantly (P < 0.05).

lower than in the CONTROL group (P < 0.05), but did not differ
significantly compared to OXY group (Table 2).

In addition, birth weight of the piglets also influenced birth
interval (P < 0.001). Across treatments, piglets born with <1.35kg
had shorter (P<0.001) birth interval than 1.36—1.60kg and
>1.60 kg piglets (9.9 + 0.6 vs 13.1 + 0.8 and 14.7 + 0.7 min, respec-
tively). Birth interval of piglets in all categories of birth weight in
the CARBE group was shorter than those in the CONTROL group
(P <0.05), but in the OXY group, only the piglets with <1.35 kg of
birth weight had a shorter birth interval than the CONTROL group
(P<0.05) (Table 2). A lower proportion of piglets in the CARBE
group needed farrowing assistance than in the CONTROL group
(P<0.001) (Table 2). The percentage of stillborn piglets by birth
interval is presented in Fig. 2. The risk of being stillborn was below
10% when birth interval was less than 15 min in all groups. How-
ever, when birth interval was more than 40 min, risk of being
stillborn in the CARBE group was increased up to 22—50%.

Vitality measures of piglets from the three treatment groups are
presented in Table 3. The proportion of live born piglets with um-
bilical rupture in the CARBE and OXY groups was higher than in the
CONTROL group (P <0.001). The incidence of umbilical rupture of
piglets with >1.60 kg of birth weight in both CARBE (76.3%) and

OXY groups (83.9%) was higher than the CONTROL group (67.1%,
P<0.05). The incidence of umbilical rupture of piglets with
<1.35 kg and 1.36—1.60 kg of birth weight in the CARBE group was
higher than the CONTROL group but did not differ significantly
compared to OXY group (Table 3). Body temperature of piglets at
24 h was lower in the CARBE group than in the CONTROL group
(P<0.05). Similarly, colostrum intake of piglets in the CONTROL
and OXY groups was higher than in the CARBE group (276.4 + 11.0 g,
286.4 + 13.6 g and 225.3 + 14.0 g, respectively; P < 0.05).

The influences of carbetocin and oxytocin treatment on the
piglet vitality scores measured at 30 min and 24 h after birth (day
0 and 1) are presented in Table 4. On day 0, the screaming score in
the CONTROL group was higher than the OXY group (P < 0.05), but
did not differ significantly from the CARBE group (P > 0.05). On day
1 postpartum, piglet movement capacity in the CONTROL group
was lower than the CARBE group (1.36 vs 1.48, P < 0.05) but was not
different from the OXY group (1.40, P> 0.05). Similarly, completed
circles capacity in CARBE was higher than in the OXY (P < 0.05)
group but not the CONTROL group (P> 0.05). However, the
screaming score in the CARBE group was lower than both the OXY
and CONTROL groups (P < 0.05).
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% 50| 455  P=0.086
g 40 -
: S0 P=0016
£ 30
20 12.1
10 -
0 .
30-180 181-420

Farrowing duration (min)

Fig. 1. of sows with short (30—180 min) and long (181—420 min) farrowing durations in control (CON, n = 66), oxytocin (OXY, n =62) and carbetocin (CARBE, n = 58) groups.
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Fig. 2. of stillborn piglets by birth interval in control (CONT), oxytocin (OXY), and carbetocin (CARBE) groups. Black arrow indicates the onset of farrowing assistant performed

during farrowing process.

4. Discussion
4.1. Effect of carbetocin on the sows

A previous study demonstrated that the administration of
oxytocin during parturition increases the number, intensity, and
duration of myometrial contractions [16]. Bjorkman et al. [16] also
demonstrated that a prolonged parturition was associated with
increased incidence of retained placenta in sows and negatively
associated with the number of live born piglets. Therefore, a clinical
approach to reduce the duration of parturition is important. The
present study successfully demonstrated that the use of carbetocin
treatment after the birth of the first piglet significantly reduced the
duration of parturition by 77 and 29 min compared to control and
oxytocin sows, respectively. Likewise, birth interval between each
piglet was reduced from 14.1 to 11.2 min with the use of carbetocin.

Carbetocin is a synthetic octapeptide analogue of oxytocin and
can bind to the oxytocin receptor in the myometrium. A previous
study has shown that oxytocin-treated sows had a decreased far-
rowing duration and birth interval [17]. A recent literature review
suggested that carbetocin could be used as an alternative to
oxytocin since it is long-acting, safe, and effective [18]. In the pre-
sent study, the rapid onset of action and prolonged duration of
carbetocin reduced the farrowing duration in sows. Thus, the
uterine response is sustained with contractions of high amplitude
and frequency [19]. Accordingly, the present study achieved a 33.4%

Table 3

reduction (from 228 to 151 min) in farrowing duration. Adminis-
tration of carbetocin in sows accelerates the parturition process by
reducing the birth interval between the piglets [10]. Gheller et al.
[20] and Zaremba et al. [21] also found a shorter farrowing duration
in the carbetocin treated sows. Another explanation for the pro-
longed activity of carbetocin might be associated with lipophilic
properties that cause a longer half-life at the receptor compartment
[22]. The present study also found that the percentage of farrowing
assistance in the carbetocin group was lower than in the control
group. This might be related to carbetocin reducing the birth in-
terval of piglets, especially in piglets born with high body weight,
therefore decreasing the risk of manual extraction.

4.2. Effect of carbetocin on the piglets

In the present study, the percentage of stillborn piglets
increased when the birth interval increased. This evidence was
most pronounced in the sows treated with carbetocin. The reason
could be due to that carbetocin increase the amplitude and fre-
quency of the uterine contraction for a long period of time. The
piglets that remain in the uterus for a longer period might have got
more pressure due to uterine contraction. In humans, carbetocin
caused contraction of the uterus at a higher amplitude and fre-
quency than oxytocin [19]. In pigs, administration of oxytocin at
early phases of parturition increased the duration and intensity of
uterine contractions but decreased placenta perfusion and

Vitality measures of (live born) piglets from the three treatment groups: sows that farrowed naturally (CONTROL), and sows treated with oxytocin (20 IU/sow, OXY) or

carbetocin (0.6 pug/kg, CARBE) during the farrowing process.

Live born piglets CONTROL OXY CARBE P value
Umbilical cord rupture (UR) (%) 66.0° 74.8° 75.1° <0.001
UR in piglets born with <1.35 kg (%) 64.3% 65.9? 73.5° 0.033
UR in piglets born with 1.36—1.60 kg (%) 67.2% 74.9% 75.8" 0.062
UR in piglets born with >1.60 kg (%) 67.1° 83.9° 76.3¢ <0.001
Meconium staining (%) 62.42 67.1° 68.0° 0.028
Blood oxygen saturation (%) 88.3+0.6 88.4+0.7 88.7+0.8 0.888
Piglets with blood oxygen saturation < 95% (%) 714 71.4 69.3 0.748
Heart rate (bpm) 80.8 +3.1 88.9+3.8 79.8 +4.1 0.169
Body temperature at 24 h (°C) 384+0.17 38.3+0.1%° 38.1+0.1° 0.029
Body weight at 24 h (kg) 1.54+0.01%° 1.55+0.02° 1.50 +0.02P 0.105
Colostrum intake (g) 2764 +11.0° 286.4 + 13.6° 225.3 +14.0° 0.004

ab< Different superscripts within row differ significantly (P < 0.05).
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Table 4

Results of the vitality scores of piglets from the different treatment groups: sows that farrowed naturally (CONTROL), and sows treated with oxytocin (20 IU/sow, OXY) or

carbetocin (0.6 pg/kg, CARBE) during the farrowing process.

Vitality score CONTROL OXY CARBE P value
Day 0 (30 min after birth)
Screaming (%) 34.5° 293P 31.6%° 0.076
Udder stimulation (%) 97.4 96.0 97.0 0.252
Movement capacity (mean + SD) 1.43 +0.56 1.40+0.55 1.45 +0.56 0.166
Completed circles (mean + SD) 0.59+0.69 0.56 +0.70 0.59+0.71 0.483
Day 1 (24 h after birth)
Screaming (%) 36.7° 40.1* 31.5° 0.003
Udder stimulation (%) 94.7 93.8 94.6 0.736
Movement capacity (mean + SD) 1.36 +0.597 1.40 +0.54* 1.48 +0.55° <0.001
Completed circles (mean + SD) 0.60 + 0.69%" 0.57 +0.67% 0.66 +0.71° 0.098

b pifferent superscript within row differ significantly (P < 0.05).

produced adverse fetal outcomes [23]. Zaremba et al. [21]
demonstrated that the use of 35ug or 70 ug of carbetocin was
equally effective for induction of parturition in sows. Thus, the
lower dose was recommended. In the present study, the doses of
carbetocin were 75 pug (1.5 ml), 100 ug (2.0 ml) and 125 pg (2.5 ml)
in sows with a body weight of 200, 250 and 300 kg, respectively.
Therefore, to reduce the deleterious effect of carbetocin on the
number of stillborn piglets, a lower dose of carbetocin should be
considered. Stillbirth in pigs can be classified into two types based
on the time of death. Type 1 stillbirths are when a piglet dies just
before the end of gestation and the cause of death is often due to
infection. Type 2 stillbirths are when the piglet dies during partu-
rition (intra-partum) and the cause of death is mostly a non-
infectious etiology. Most of the type 2 stillbirths are due to a lack
of oxygen, which can happen when the umbilical cord is twisted or
ruptured [24]. Studies have demonstrated that myometrium ac-
tivity has an impact on the circulatory physiology and survival of
piglets. For instance, fetal hypoxia can be the result of intense
uterine contractions which cause a significant decrease in blood
flow and gas exchange in the placenta [25]. Under field conditions,
the use of oxytocin during parturition resulted in a higher number
of stillborn piglets per litter and a higher number of piglets with
ruptured umbilical cords [4,17]. However, the influence of oxytocin
administration on the number of stillborn piglets per litter was
significant when the dose of oxytocin was higher than 30 IU [5,17],
while it was not significant when the dose of oxytocin was 10 IU [4].
In the present study, the proportion of piglets born with meconium
staining was significantly increased when oxytocin or carbetocin
was used at the beginning of the parturition process. During
asphyxia there is blood redistribution from the intestine to vital
organs which causes an increase of intestinal peristalsis and a
relaxation of the anal sphincter. These two responses to hypoxia are
followed by the discharge of meconium into the amniotic fluid. The
passing of meconium into the amniotic fluid can be an indicator of
fetal distress [26]. Piglets suffering from asphyxia are often born
covered in meconium [26]. The use of 30—40 IU oxytocin in sows
after the expulsion of the first piglet increases myometrial activity
and can cause rupture of the umbilical cord and increase the extent
of meconium staining and intra-partum stillbirths [3]. For carbe-
tocin, studies demonstrated that the use of carbetocin in combi-
nation with PGF,,, for induction of parturition in sows reduced the
proportion of stillborn piglets per litter [8,21]. In contrast, Gheller
et al. [20] observed a higher stillborn piglet per litter when carbe-
tocin or oxytocin was used for induction of parturition in combi-
nation with PGF,,. The difference among these studies could be due
to the difference of farrowing supervision among herds. Therefore,
intensive farrowing supervision as well as proper neonatal care is
strongly recommended when using carbetocin or oxytocin before
or during parturition in sows.

In the present study, the piglet vitality score was evaluated.
These behavioral traits are useful to identify weak piglets or piglets
at high risk of neonatal death [13]. The movement capacity and
completed circles scores in the carbetocin group were higher than
control and oxytocin groups at day 1 post-partum. At birth, piglets
have to overcome the sudden drop in temperature and the extreme
change of environment at the same time that they begin breathing
and moving. Newborn piglets take an average of 13.7 min to first
reach the udder [27], and in the vitality test adapted from Muns
et al. [13] piglets were only evaluated for 30s. The lack of differ-
ences at day O is probably due to the short duration of the vitality
test and the close proximity to birth. However, at day 1 postpartum,
a treatment effect was observed. Interestingly, carbetocin piglets
not only had the highest vitality scores but also the lowest colos-
trum intake. This finding suggest that the vitality score adapted
from Muns et al. [13] might be related to the level of intra-partum
hypoxia suffered by the piglet rather than to the amount of colos-
trum ingested during the first 24h of life. However, the blood ox-
ygen saturation, the proportion of piglets with blood oxygen
saturation <95.0% and the heart rate of the newborn piglets did not
differ significantly among groups. Likewise, Nuntapaitoon et al. [28]
did not observe any association between blood oxygen saturation
and heart rate of the newborn piglets and the piglet survival rate
during the first 7 days after birth.

4.3. Effect carbetocin on colostrum intake

At least 50% of piglet pre-weaning deaths occur within 3 days of
birth [29]. Those piglets are characterized by a low birth weight and
a low weight gain, which is related to a low colostrum intake [30].
Low colostrum intake is one of the major causes of neonatal death
[29,31]. Neonatal piglets require a colostrum intake of at least
160—170 g per kg of body weight [15]. Colostrum intake by piglets
depends on their ability to extract colostrum from teats and the
ability of sows to produce enough colostrum for the whole litter. In
the present study, colostrum intake in the oxytocin group was
higher than in the carbetocin group. Our results are in agreement
with Boonraundgrod et al. [8] who observed a reduction in colos-
trum intake in piglets born after inducing farrowing using carbe-
tocin in combination with PGF;, (compared to control and PGFy
groups). According to Maged et al. [8], in human medicine, the
uterotonic treatment with carbetocin in caesarean sectioned
women resulted in a reduction of blood pressure due to a decrease
of systemic vascular resistance, while heart rate remained stable
[9]. This may decrease blood venous return for a certain period.
Thus, the colostrum production might be interfered. Another
mechanism might be associated with a competition between car-
betocin and oxytocin to bind with oxytocin receptors in the
mammary gland of sows. Since oxytocin is associated with milk
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letdown, if carbetocin was able to bind with oxytocin receptor, the
milk letdown process might be altered. In general, colostrum pro-
duction is under hormonal control and factors that affect colostrum
yield are less known than those affecting milk yield [32]. Milk
letdown is the process by which milk is removed from the mam-
mary gland during lactation by the nursing offspring. In general,
prolactin release from anterior pituitary gland is important for milk
synthesis and secretion, while oxytocin from posterior pituitary
gland is required for milk letdown. Milk letdown in sows occur
before parturition and before an increase in the concentration of
circulating oxytocin, suggesting that the mammary tissue has
increased sensitivity to basal oxytocin concentrations [33]. The
binding oxytocin with its receptor is time-dependent with equi-
librium attained by 2 h at 24 °C [33]. Furthermore, the binding is
also a concentration-dependent and saturable [33]. The concen-
tration of oxytocin binding site for the mammary tissue increased
during milk let down period (114 days of gestation) and remained
elevated until 3 h postpartum [33]. For the uterus, it has been hy-
pothesized that a high concentration of oxytocin can cause myo-
metrial tetany and result in uterine dystocia [33]. Likewise, this
mechanism can also occur with the mammary tissue. These data
indicate that if carbetocin was able to bind with oxytocin receptor,
some physiological responses of the mammary tissue might have
been altered due to saturation of oxytocin receptor. Thus, the
colostrum production might be compromised through the inter-
ruption of milk let down process. Therefore, a low dose of carbe-
tocin should be considered when using during milk let down period
(114 days of gestation) until 3 h postpartum. Moreover, the negative
effect of carbetocin on the colostrum production might be more
severe, when the number of piglets born per litter was increased. In
the present study, the average colostrum consumption of the pig-
lets was 224 g/piglet when the number of piglets born alive per
litter averaged 11.6. Therefore, it is recommended that intensive
postpartum care of piglets should be enhanced when carbetocin is
administered. For instance, Muns et al. [34] demonstrated that
administering two doses of an oral supplementation product
within 8 h postpartum could enhance the level of IgG at day 5
postpartum of the piglets. Furthermore, Moreira et al. [35]
demonstrated that feeding up to 200ml (50 ml every 6h) of
colostrum through an orogastric tube provided sufficient IgG con-
centrations at 24 h of life in low-birth-weight piglets (body weight
at birth between 800 and 1200 g). These management practices
could be applied when carbetocin is used.

5. Conclusions

In conclusion, administration of carbetocin after the birth of the
first piglet significantly reduced the farrowing duration and birth
interval of the piglets. Furthermore, some of the piglet vitality in-
dexes increased and required farrowing assistance was lowest with
carbetocin administration. However, piglets born after carbetocin
administration had a lower colostrum intake than control animals.
Therefore, postpartum management to enhance the colostrum
consumption of the newborn piglets should be implemented when
carbetocin is administered to reduce farrowing duration. However,
further studies are needed to confirm the findings and to establish
best practices.
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Abstract

Colostrum is crucial for the survival and growth of suckling piglets. However, both the quantity and quality of colostrum are
highly variable among sows. The aim of the present study was to determine the impact of sow parity number and housing
conditions on concentration of immunoglobulin G in sow colostrum. A total of 358 colostrum samples were collected from two
commercial swine herds in Thailand. The colostrum samples were collected from all teats at 1 and 6 h after the onset of farrowing
and kept at — 20 °C until analysis. The concentration of IgG was determined using ELISA. The concentration of IgG in colostrum
at 1 h after the onset of farrowing was greater than the concentration of IgG at 6 h after the onset of farrowing (P < 0.001).
Moreover, herd A had a greater colostral IgG concentration than herd B (P < 0.001). The concentration of IgG in primiparous
sows (64.0 mg/ml) was lower than that in sow parity numbers 3 (75.1 mg/ml, P=0.05) and 6 (79.2 mg/ml, P=0.04). In
conclusion, the variation in colostral immunoglobulin concentration in the sow colostrum was influenced by their parity number
and housing conditions. The concentration of IgG declined significantly within 6 h after the onset of farrowing (P < 0.001).

Keywords Colostrum - Farrowing - Immunoglobulin - Piglet - Sow

Introduction

Colostrum is crucially important for the survival of suckling
piglet by providing energy for growth and thermoregulation as
well as immunoglobulin for disease resistance (Le Dividich
and Noblet 1984; Herpin et al. 1994; Sangild 2003). However,
both the quantity and quality of colostrum are highly variable
among sows. The colostrum yield is reported to range from
3.5 to 6.6 kg (Devillers et al. 2007; Decaluwé et al. 2013;

>< M. Nuntapaitoon
Morakot.N @chula.ac.th

Department of Obstetrics, Gynaecology and Reproduction, Faculty
of Veterinary Science, Chulalongkorn University, Bangkok 10330,
Thailand

Swine Reproduction Research Unit, Chulalongkorn University,
Bangkok, Thailand

Department of Anatomy, Faculty of Veterinary Science,
Chulalongkorn University, Bangkok, Thailand

Department of Veterinary Medicine, Faculty of Veterinary Science,
Chulalongkorn University, Bangkok, Thailand

Published online: 29 January 2019

Ferrari et al. 2014; Krogh et al. 2015). Similarly, colostrum
immunoglobulin G (IgG) is highly variable, ranging from
20.0 to 176.0 mg/ml (Foisnet et al. 2010; Bovey et al.
2014); the heritability of colostrum IgG concentration aver-
aged 31.0 to 35.0% (Balzani et al. 2016; Declerck et al. 2017).

Immunoglobulin G in sow colostrum declines rapidly with-
in 24 h after the onset of parturition (Markowska-Daniel and
Pomorska-Mol 2010; Quesnel 2011; Amdi et al. 2013;
Decaluwé et al. 2014). Markowska-Daniel and Pomorska-
Mol (2010) demonstrated that IgG declined from 98.2 to
71.4 mg/ml from 1 to 6 h after the onset of farrowing.
Furthermore, the concentration of IgG in sow colostrum after
the onset of farrowing and before the first suckling was strong-
ly associated with the concentration of IgG in piglet plasma
(Kielland et al. 2015).

Factors influencing colostrum IgG included the physiology
of the mammary gland, parity, vaccination, management, and
nutritional status (Quesnel 2011; Kirkden et al. 2013; Theil
et al. 2014). Moreover, the negative influence of tropical cli-
mate on piglet pre-weaning mortality was more evident in
primiparous sows (Nuntapaitoon and Tummaruk 2018). We
hypothesised that sows that were reared in an evaporative
cooling system would have a greater IgG level in the
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colostrum than those in a conventional open-housing system,
because heat stress negatively influences animal physiology.
The average daily temperature in an evaporative cooling-
housing system is usually 1.0 to 3.0 °C below the ambient
temperature, and the temperature as well as the humidity in-
side the house is usually more stable than that in the open-
housing system (Stinn and Xin 2014). Lontoc et al. (2016)
compared sow reproductive performance in an evaporative
cooling system and open-housing system and found that the
sows kept in the evaporative cooling system had a higher
piglet birth weight and shorter weaning to oestrous interval
than sows kept in the open-housing system. To our knowl-
edge, no comprehensive study of the impact of sow parity
number and housing conditions on the concentration of IgG
in the colostrum has been reported, but such knowledge may
be used to improve management strategies for enhancing pig-
let survival. The aim of the present study was to determine the
impact of sow parity number and housing conditions on the
concentration of IgG in sow colostrum.

Materials and methods

The experiment followed the guidelines documented in the
Ethical Principles and Guidelines for the Use of Animals for
Scientific Purposes edited by the National Research Council
of Thailand and was approved by the Institutional Animal
Care and Use Committee in accordance with the university
regulations and policies governing the care and use of exper-
imental animals (approval number 1731064).

Housing and general management

The present study was carried out in two commercial swine
herds in the western part of Thailand. The breed of the sows
was Landrace x Yorkshire F1 crossbred. Herd A sows were
kept in individual crates (1.2 m?) during gestation and lacta-
tion in a conventional open-housing system equipped with
fans and water sprinklers to reduce the impact of high ambient
temperature. Outdoor temperature and humidity data were
obtained from an official meteorological station within
100 km from the herds. Daily 24-h average temperatures dur-
ing this period were 29.8 °C. The average minimum-
maximum daily temperatures were 26.7 to 34.0 °C. The 24-
h average humidity was 75.8%. Herd B sows were kept in
individual crates (1.2 m?) during gestation and lactation in
an evaporative cooling-housing system. The automatic tem-
perature and relative humidity regulation in the housing dur-
ing the experimental period were set at 27.0 °C and 75.0%,
respectively. During gestation, sows in herds A and B were
fed a commercial gestation diet to meet or exceed the nutri-
tional requirements (NRC 2012). Feed was provided twice a
day following a standardised feeding pattern, resulting in an
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average of 2.5 kg of feed per sow per day. The animals re-
ceived water ad libitum in a continuous feed and water chan-
nel. During lactation, sows were fed twice a day with a com-
mercial lactation diet to meet or exceed their nutritional re-
quirements (NRC, 2012), increasing the daily amount of feed
offered according to litter size and body condition of the sow,
until ad libitum was reached after 1 week of lactation.

The routine vaccinations were applied in replacement gilts
and sows, i.e. classical swine fever, foot and mouth disease,
porcine circovirus type 2, Mycoplasma hyopneumoniae, por-
cine parvovirus, Aujeszky’s disease, and porcine reproductive
and respiratory syndrome (Table 1). The sows received rou-
tine vaccinations after mating and farrowing and received
mass vaccination every 3 months for some specific diseases
according to the herd veterinarian recommendation (Table 1).

Sample collection

A total of 358 colostrum samples were randomly collected
from two commercial swine herds in the western region of
Thailand (n =221 and 137 in herds A and B, respectively).
The colostrum samples were manually collected from all func-
tional glands at 1 (=149 and 81 in herds A and B, respec-
tively) and 6 h after the onset of farrowing (n =58 and 79 in
herds A and B, respectively). Oxytocin (0.3 ml, 10 IU/ml,
Bimeda-MTC Animal Health Inc./Santé Animale Inc.,
Ontario, Canada) was administered intravenously for colos-
trum sampling at 6 h after the onset of farrowing, according to
Krogh et al. (2016). The colostrum samples from all function-
al glands were pooled and filtered through gauze. Colostrum
samples were kept in a clean bottle (30 ml) and were stored on
ice in a Styrofoam box (4 °C) during the collection process.
The samples were kept at —20 °C until analyses.

Determination of IgG concentrations in the sow
colostrum

The colostrum samples were centrifuged at 15,000xg for
20 min at 4 °C (Centrifuge 5810 R, Eppendorf AG,
Hamburg, Germany). Thereafter, the fat was discarded, and
the remaining liquid was collected. After that, the liquid part
was diluted 1:500,000 with a sample conjugate diluent
(50 mM Tris buffer, 0.14 M NaCl, 1%BSA, and 0.05%
Tween 20). The concentration of IgG was determined using
ELISA. The ELISA plate was coated with polyclonal anti-
body of Pig-IgG (Bethyl Laboratories Inc., TX, USA).
Briefly, 100 pl of anti-IgG antibody was added to each well
and incubated at room temperature (25 °C) for 60 min and
washed five times with washing buffer (50 mM Tris buffer,
0.14 M NaCl, and 0.05% Tween 20). After that, 200 pl of
blocking solution (50 mM Tris buffer, 0.14 M NacCl, and
1%BSA) was added into each well and incubated at room
temperature (25 °C) for 30 min and washed five times with
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Table 1 Routine vaccination

programme in replacement gilts Time period

Herd A

Herd B

and sows in swine commercial

herds A and B Week of age

10
11
12
13
14
15
16
18
19
20
21
22
23
24
25

26
27
28

29

30
31
32

2 weeks after mating
12 weeks after mating
2 weeks after farrowing
At weaning date

Mass vaccination every 3 month

Foot and mouth disease
PRRS

Foot and mouth disease
PRRS
Classical swine fever,

Porcine parvovirus
Aujeszky’s disease

PRRS

Foot and mouth disease
Aujeszky’s disease
APP

Foot and mouth disease
Porcine circovirus type 2
Foot and mouth disease
Aujeszky’s disease
PRRS

Classical swine fever
Foot and mouth disease
PRRS

APP

Atrophic rhinitis
Aujeszky’s disease

Porcine parvovirus

Porcine circovirus type 2
PRRS

Porcine circovirus type 2,
Mycoplasma hyopneumoniae
Classical swine fever,
Porcine parvovirus
Aujeszky’s disease

Porcine parvovirus

Foot and mouth disease

Porcine circovirus type 2,
Mycoplasma hyopneumoniae
Foot and mouth disease

Foot and mouth disease Foot and mouth disease
Classical swine fever Porcine parvovirus
Porcine parvovirus

Aujeszky’s disease PRRS

PRRS Classical swine fever

Foot and mouth disease

APP, Actinobacillus pleuropneumonia; PRRS, porcine reproductive and respiratory syndrome

the washing buffer. Thereafter, 100 pl of a standard solution or
colostrum sample was added to each well and incubated at
room temperature (25 °C) for 60 min and washed five times
with washing buffer. The concentrations of IgG in the stan-
dard solutions were 500.0, 250.0, 125.0, 62.5, 31.25, 15.6,
and 7.8 mg/ml. All samples were analysed in duplicate.
After that, 100 pul of horseradish peroxidase and antibody
was added. The plates were incubated for 60 min at room
temperature and were washed five times with the washing
buffer. One hundred microliters of TMB (3,3',5,5'-
tetramethylbenzidine) substrate solution was added to each
well and incubated in the dark at room temperature. After
15 min, the colorimetric reaction produced a blue product,
which turned yellow when the reaction was terminated by
adding 100 pl of 0.18 M sulphuric acid. The absorbance

was recorded at 450 nm using an ELISA plate reader (Tecan
Sunrise’", Minnedorf, Switzerland). The IgG concentration in
the colostrum samples was quantified by interpolating their
absorbance from the standard curve generated in parallel with
the colostrum samples. The inter- and intra-assay coefficients
of variation were 6.9% and 2.3%, respectively.

Statistical analyses

The statistical analyses were performed using SAS (SAS Inst.
Inc., Cary, NC, USA). Descriptive statistics (i.e. number of
non-missing values, means, standard deviation, and range)
of the data were analysed using the MEANS procedure. The
frequency distribution of the concentration of IgG in colos-
trum was obtained using the FREQ procedure. Regardless of
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the herd, box plots were used to explore and describe the
colostrum IgG concentration at 1 and 6 h after the onset of
farrowing from herds A and B. The effect of parity and hous-
ing conditions on concentration of immunoglobulin G in sow
colostrum was analysed using the general linear model (GLM)
procedure. The final model included sow parity number (1, 2,
3,4,5,6,and 7 to 10), herd (A and B), time from the onset of
farrowing to sample collection (1 and 6 h), and interaction
between herd and parity number and herd and time from the
onset of farrowing to sample collection. The concentration of
IgG was classified into three classes (less than 50 mg/ml, 50—
80 mg/ml, and greater than 80 mg/ml). The classification of
the IgG was made according to frequency distribution with
some minor adjustment based on biological reliability. The
effect of parity and housing conditions on concentration of
immunoglobulin G classes in sow colostrum was analysed
using the GLM procedure. Least square means were obtained
from each class of the variable and were compared among
groups using the least-significant difference test. P <0.05
was regarded to be statistically significant.

Results
Concentration of immunoglobulin G in colostrum

Descriptive statistics on sow reproductive performance and
total IgG concentration in the colostrum of sows are presented
in Table 2. The mean colostrum IgG in all samples was
71.1 mg/ml. The frequency distribution of the concentration
of IgG in all samples is illustrated in Fig. 1. Of all the colos-
trum samples, 46.4% had an IgG concentration less than
60.0 mg/ml and 14.1% had an IgG concentration above
100 mg/ml. On average, the concentration of IgG in colostrum
at 1 and 6 h after the farrowing was 77.6 +35.4 and 60.1 £+
28.5 mg/ml (P < 0.001), respectively. The ranges of IgG con-
centration were 21.8 to 242.9 and 21.8 to 180.4 mg/ml at 1
and 6 h after the onset of farrowing, respectively (Fig. 2).
Regardless of the time of colostrum collection, the concentra-
tion of IgG in the colostrum in herd A (79.1 +39.8 mg/ml)
was greater than in herd B (60.8 +28.5 mg/ml, P =0.002).

Table 2 Descriptive statistics of sow reproductive performance (n=
358) and total immunoglobulin G concentration in the colostrum of sows

Variables Mean = SD'  Range

33+£22 1-10
13.6 £3.5 3-23

Parity
Total number of piglets born/litter

Number of piglets born alive/litter 123 £3.0 3-20
Backfat thickness (mm) 14.6 +£2.7 9.0-24.5
Immunoglobulin G concentration (mg/ml)  71.1 £33.9  21.8-242.9

1'SD, standard deviation
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Factor influencing immunoglobulin G in colostrum

The concentration of IgG in colostrum at 1 and 6 h after the
onset of farrowing by herd is illustrated in Fig. 3. The figure
shows that herd A had a greater concentration of IgG in the
colostrum than herd B at 1 h (82.5 vs 71.8 mg/ml, P=0.03)
and 6 h (72.3 vs 53.4 mg/ml, P=0.001) after the onset of
farrowing. The concentration of IgG in primiparous sows
(64.0 mg/ml) was lower than that in parity numbers 2
(66.2 mg/ml, P=0.70), 3 (75.1 mg/ml, P=0.05), 4
(65.7 mg/ml, P=0.76), 5 (66.9 mg/ml, P=0.64), 6
(79.2 mg/ml, P=0.04), and 7 to 10 (73.1 mg/ml, P=0.19).
Figure 4 shows the concentration of IgG in sow colostrum in
herds A and B by parity classes. The concentration of IgG in
herd A was greater than in herd B in parity numbers 1 (76.2 vs
51.7 mg/ml; P<0.001), 2 (78.1 vs 54.2 mg/ml; P=0.01), and
5(76.9 vs 56.7 mg/ml; P =0.04) but did not differ significant-
ly compared with parity numbers 3 (78.6 vs 71.6 mg/ml), 4
(69.4 vs 62.0 mg/ml), 6 (81.6 vs 76.7 mg/ml), and 7 to 10
(81.0 vs 65.2 mg/ml) (P> 0.05). Table 3 illustrates the impact
of herd on the concentration of IgG classes in sow colostrum.
For the concentration of IgG greater than 50 mg/ml class, herd
A had a greater concentration of IgG in colostrum than herd B
both at 1 and 6 h after the onset of farrowing, respectively.

Discussion

The present study revealed that the concentration of IgG in the
colostrum of sows varied considerably among individual
sows. The concentration of IgG postpartum in the sow colos-
trum is reported to range from 20.0 to 316.2 mg/ml at 1 h after
the onset of farrowing (Foisnet et al. 2010; Markowska-Daniel
and Pomorska-Mol 2010; Kielland et al. 2015; Moreira et al.
2017; Souphannavong and Sringarm 2017) and from 39.8 to
196.8 mg/ml at 6 h after the onset of farrowing (Markowska-
Daniel and Pomorska-Mol 2010; Decaluwé et al. 2013;
Souphannavong and Sringarm 2017). The range of IgG con-
centrations both at 1 (21.8 to 242.9 mg/ml) and 6 (21.8 to
180.4 mg/ml) h after the onset of farrowing in the present
study was within the normal range and comparable with that
in previous studies (Foisnet et al. 2010; Markowska-Daniel
and Pomorska-Mol 2010; Decaluwé et al. 2013; Kielland
et al. 2015; Moreira et al. 2017; Souphannavong and
Sringarm 2017).

Colostrum IgG concentration declines rapidly within the
first 24 h after the onset of farrowing (Markowska-Daniel
and Pomorska-Mol 2010; Hurley 2015). The present study
indicated a reduction of 25% in colostral IgG concentration
in the first 6 h after the onset of farrowing, which is within the
range of values reported in previous studies (Markowska-
Daniel and Pomorska-Mol 2010; Foisnet et al. 2010).
Previous studies demonstrated that colostrum IgG decreased
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by 23 to 28% from 1 to 6 h after the onset of farrowing. The
amount of IgG in piglet plasma is strongly correlated with the
level of IgG in sow colostrum. Kielland et al. (2015) found
that every 1 mg/ml of IgG in colostrum increased the piglet
plasma IgG by 0.1 mg/ml. Being born late following intra-
partum hypoxia suffered during the birth process affects piglet
vitality after birth (Herpin et al. 1996). Piglets with low via-
bility spend a long time from birth to first attempts to stand,
resulting in low colostrum consumption (Nuntapaitoon et al.
2018). The present study revealed that late-born piglets had
ingested colostrum with lower levels of immunity. Therefore,
those piglets had a high risk of mortality in suckling period
due to received low immunity. Management strategies for
highly prolific sows should attempt to reduce farrowing time
and help piglets receive adequate colostral immunoglobulin as
soon as possible.

The effect of parity on the concentration of IgG in sow
colostrum was investigated in the present study. Regardless
of the time of colostrum collection, primiparous sows had
lower IgG than multiparous sows. This may be because older
sows had received more vaccinations than primiparous sows,
which would have affected the level of immunoglobulins in
the sows’ bloodstream and colostrum (Bourne et al. 1975).

Fig. 2 Box plot of colostrum
immunoglobulin G (mg/ml)
concentration based on 358
colostrum samples collected at 1
and 6 h after the onset of
farrowing, regardless of the herds

Concentration of IgG in colostrum in all samples (mg/ml)

The effect of parity on colostrum IgG concentration is contro-
versial. Although multiparous sows had a greater IgG than
primiparous sows in previous studies, the differences were
not statistically significant (Devillers et al. 2007; Quesnel
2011; Decaluwé et al. 2013; Kielland et al. 2015).
Furthermore, the present study found that herd A had signif-
icantly greater and more stable colostrum IgG than herd B.
Therefore, strategies to enhance colostrum immunoglobulin
with stable health performance in the herd should be
investigated.

Herd management is a crucial factor influencing sow co-
lostrum IgG concentration. The present study found that the
range of IgG concentrations in sow colostrum differs between
farms. In another study, Kielland et al. (2015) found that the
colostrum IgG in four herds varied due to different manage-
ment characteristics. Management solutions in gestating sows
that improved colostrum IgG concentration include vaccina-
tion programmes and farrowing environment (Kirkden et al.
2013; Yun et al. 2014). The effectiveness of the immune sys-
tem was reduced by suppression of immune cells, and this
decreased the IgG level in sow colostrum (Couret et al.
2009). Yun et al. (2014) found that provision of nest-
building materials to pre-partum sows contributes to better

1h

6h

Collecting time
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environments in lactation pen and enhanced IgG concentra-
tion in newborn piglets. The present study was carried out in
different types of housing in a tropical climate (i.e. open-
housing system (herd A) and evaporative-cooling system
(herd B)). Surprisingly, the concentration of IgG in the colos-
trum in herd A was greater than in herd B in this study. In
contrast to our finding, previous study reported no effect of
housing conditions on IgG concentration in colostrum (Zhao
et al. 2013). It can be concluded that different management

(i.e. housing system, vaccination programme, and farrowing
environment) approaches may influence colostrum IgG con-
centration and should be investigated in the future.

In conclusion, the immunoglobulin concentration in the
colostrum of sows averaged 71.1 mg/ml. Among all the co-
lostrum samples, 46.4% had an IgG concentration less than
50 mg/ml and 14.1% had an IgG concentration above
100 mg/ml. During the first 6 h after the onset of farrowing,
4.1% of the colostrum samples had an IgG concentration less

Table 3 Effect of herd and

collecting times on concentration Concentration of IgG in sow colostrum lh 6h

of immunoglobulin G in sow

colostrum in each Herd A Herd B Herd A Herd B

immunoglobulin G concentration

class (mean + SEM) Less than 50 mg/ml 41.8+1.9 454+1.6 41.0£1.6 37.0+12
50-80 mg/ml 65.1+1.1° 60.7+1.3° 63.7+1.5" 59.2+1.3°
Greater than 80 mg/ml 118.0+£4.4" 116.4+6.8° 112.4+7.7° 110.5+14.3°

b Different superscript letters indicate significance between herd differences (P < 0.05)

SEM, standard error of mean
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than 20 mg/ml. On average, the concentration of IgG in the
colostrum at 1 and 6 h after the onset of farrowing was 77.8 =
35.2 and 60.1 +28.5 mg/ml, respectively. The IgG concentra-
tions ranged from 21.8 to 242.9 and from 21.8 to 180.4 mg/ml
at 1 and 6 h after the onset of farrowing, respectively. The
variation in the immunoglobulin concentration in the colos-
trum of sows was influenced by sow parity number and herd.
Management strategies for enhancing the immunoglobulin
concentration in the colostrum of sows under a tropical cli-
mate should be emphasised in primiparous sows.
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ARTICLE INFO ABSTRACT

Keywords:

Average daily weight gain
Colostrum

Newborn traits

Piglet mortality

Inadequate colostrum consumption increases preweaning mortality and reduces body weight gain. The aim of
the present study was to determine which factors influence piglet colostrum consumption and to study their
relationship with the piglet survival and growth in tropical climates. At birth, 1018 piglets from 1 to 7 parity
sows were monitored for heart rate, blood oxygen saturation, blood glucose concentration, birth order, birth
interval, sex, standing time, integrity of the umbilical cord and rectal temperature 24 h after birth (RT24h).
Piglets were weighed at birth and postnatal days 1 and 21. The mortality rate of piglets was determined on day
21 of lactation. On average, individual colostrum consumption was 426 g. Litters with less than 12 piglets born
alive, a low birth weight (BWB), birth order greater than 9 or standing time greater than 5 min had significantly
lower colostrum consumption (P < 0.001) compared to those with a greater number of piglets born alive, higher
BWB and shorter standing time. Sows with a low litter birth weight had low colostrum yield (P < 0.001). High
mortality at postnatal day 21 was found for piglets with colostrum consumption less than 400 g and RT24h less
than 38.5°C (P < 0.05). Moreover, piglets with colostrum consumption less than 400 g and low BWB had
reduced average daily weight gain (P < 0.001). In conclusion, the number of piglets born alive, BWB, RT24h,
birth order and standing time influenced piglet colostrum consumption, with litter birth weight representing the
most influential factor for colostrum yield in a tropical climate.

1. Introduction

Colostrum represents a rich source of nutrients, immunoglobulins,
enzymes and hormones (Rooke and Bland, 2002), and plays a key role
in thermoregulation and passive immunity acquisition of piglets
(Devillers et al., 2011). Colostrum also contains a high number of cells
including polymorphonuclear cells, lymphocytes, macrophages and
epithelial cells, which are also very important in the protection of the
neonatal piglet (Evan et al., 1982). In sow, immunoglobulins cannot
cross the placenta during pregnancy, thus neonatal piglets are agam-
maglobulinemic at birth (Salmon et al., 2009). Therefore, the survival
of the neonatal piglet is largely dependent on the acquisition of ma-
ternal immunity via colostrum and milk. Moreover, colostrum IgG is
reported to stimulate brain protein synthesis and brain development
during early postnatal life (Pierzynowski et al., 2014). The survival and
growth of piglets has been positively associated with colostrum

consumption (Decaluwé et al., 2014). Quesnel et al. (2012) observed
that colostrum consumption is highly variable among littermates, ran-
ging from 0 to 700 g/kg.

The huge variation in colostrum consumption and limited capacity
for colostrum production by sows highlight the importance of a more
comprehensive understanding of the factors that affect colostrum con-
sumption. Piglets with low vitality at birth have a longer interval from
birth until their first suckle, with an impaired ability to suckle properly
(Amdi et al., 2013). Moreover, the degree of intrapartum asphyxia and
the umbilical characteristics of piglets have also been used to reflect
their vitality after birth (Trujillo-Ortega et al., 2007). Damage to the
umbilical cord can lead to intrapartum hypoxia, reducing piglet vitality
and colostrum consumption (Devillers et al., 2007; Panzardi et al.,
2013).

The sow's parity number, backfat thickness and litter size can also
affect the consumption by piglets (Quesnel, 2011; Decaluwé et al.,
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2013). Previous studies have reported that sows in parities 2-3 tend to
produce more colostrum than primiparous and older sows (Devillers
et al., 2007; Decaluwé et al., 2013). In addition, colostrum yield of the
sow seems to be limited and poorly influenced by sow body condition
before farrowing and the process of farrowing (Quesnel, 2011). The
technical parameters associated with colostrum yield included parity of
sows and back fat change from day 109 of gestation to day 1 post-
partum (Decaluwé et al., 2013). Furthermore, one third of sows do not
produce sufficient amount of colostrum (Decaluwé et al., 2013). Earlier
studies demonstrated that sow body weight prior to farrowing, litter
birth weight and the number of live-born piglets are positively corre-
lated with colostrum and milk production (Declerck et al., 2015;
Vadmand et al., 2015). However, Deviller et al. (2007) found that co-
lostrum yield was not affected by litter size but tended to be influence
by parity and was lower when farrowing was induced. The mammary
glands are thought to be modified tubular sweat glands (Frandson et al.,
2009). Thus, high ambient temperatures could be expected to increase
the amount of blood directed toward the subcutaneous tissue sur-
rounding the mammary glands, rather than increasing the nutrient
supply to the mammary epithelium, particularly in sows reared in a
tropical climate, which may consequently impair the production of
colostrum and milk. Additionally, the impaired feed intake due to heat
stress also negatively influence the colostrum and milk production of
sows in the tropics (Ribeiro et al., 2018).

In larger litters (i.e., 13-15 piglets per litter), an increased number
of fights between littermates during suckling was found to reduce co-
lostrum consumption, enhance the risk of starvation, and increase
piglet mortality before weaning (Milligan et al., 2002; Nuntapaitoon
and Tummaruk, 2015). Additionally, while the rectal temperature of
neonatal piglets is dependent on the environmental temperature
(Kammersgaard et al., 2011), colostrum also plays an essential role in
enabling thermoregulation (Devillers et al., 2007). Piglets with a high
rectal temperature (>38.1°C) in their first day of postnatal life were
reported to have lower mortality (Panzardi et al., 2013). Knowledge of
factors that influence colostrum consumption and colostrum yield are
important to reduce preweaning mortality and increase growth of
piglets; however, this remains to be clarified under hot climatic con-
ditions. The objective of the present study was to evaluate which traits
of newborn piglets in a tropical climate are important for piglet co-
lostrum consumption and sow colostrum yield, which in turn affect
preweaning mortality and piglet growth.

2. Materials and methods
2.1. Animals and general management

The experiment followed the guidelines documented in the Ethical
Principles and Guidelines for the Use of Animals for Scientific Purposes
of the National Research Council of Thailand, and was approved by the
Institutional Animal Care and Use Committee (IACUC), in accordance
with the regulations and policies of the university governing the care
and use of experimental animals (approval number 1,431,063).

The present study was performed on a commercial swine herd in the
western part of Thailand between June and August 2013. The number
of productive sows in the herd was 3500. The average ambient tem-
perature during the experimental period ranged from 25.8 to 30.0 °C.
The minimum daily temperature ranged from 21.1 to 26.3°C, and
maximum daily temperatures from 28.1 to 37.6 °C. The average relative
humidity varied between 72.0% and 96.0%.

Sows were kept in individual crates (1.2 m?) in a conventional open-
housing system during gestation, and provided with fans and individual
water sprinklers to reduce the impact of high ambient temperature.
Pregnant sows were moved to the farrowing house approximately 1
week before their expected farrowing date. In the farrowing house,
sows were individually kept in farrowing crates (1.2 m?, 0.6 X 2.0 m)
that were placed at the centre of a 4.2 m? pens. The pens were fully
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slatted with concrete in the centre for the sows, and contained steel
slats on both sides of the farrowing crate for the piglets. Each pen was
provided with a creep area for piglets (0.60 m?), which was placed on
the floor on one side of the farrowing crate and covered with a plastic
plate without any heating source. A heating lamp was provided to
piglets in the creep area during the first week after farrowing. During
gestation, sows were fed a commercial gestation diet to meet or exceed
their nutritional requirements (NRC, 2012). Feed was provided twice a
day following a standardised feeding regimen, resulting in an average
feed of 2.5 kg per sow per day. During lactation, sows were fed twice a
day with a commercial lactation diet to meet or exceed their nutritional
requirements (NRC, 2012). The daily amount of feed offered increased
depending on the litter size and body condition of the sow, until ad
libitum feeding was reached after 1 week of lactation. The animals
received ad libitum water in a continuous feed and water channel.

The parturition process was carefully supervised. Interference with
sows was kept to a minimum during parturition. Birth intervention was
performed only when dystocia was clearly identified. Dystocia was
considered when an interval of 30 min elapsed from birth of the last
piglet, accompanied by the sow showing intermittent straining with
padding of the legs, or with the sow expelling small quantities of fetal
fluid, together with marked tail switching without the birth of any
piglets. Routine procedures performed on piglets included weighing,
tail docking, tooth clipping and intramuscular administration of a 1 ml
iron supplement (Gleptosil®, Alstoe Ltd. Animal Health, Leicestershire,
England) on the day of birth. Piglets were also orally administered
coccidiocide (Baycox’, Bayer Pharma AG, Berlin, Germany) and in-
tramuscularly administered an antibiotic on postnatal day 3. The mean
lactation length was 23 = 2 days.

2.2. Data collection

A total of 1160 piglets born from 85 Norwegian Landrace x Finnish
Yorkshire crossbred sows (the numbers of sow parities 1-7 were 28, 13,
13, 10, 11, 3 and 7 sows, respectively) were included in this study. The
following reproductive variables of sows were recorded: farrowing
duration (time between first- and last-born piglets, total number of
piglets born per litter (TB), number of piglets born alive per litter (BA),
mummified fetuses, stillborn piglets, and the number of piglets at
weaning per litter. Within 5 min of birth, the piglets were monitored for
heart rate and blood oxygen saturation by veterinary pulse oximetry of
the left ear using a neonatal probe (EDAN VE-H100B Pulse Oximeter;
Edan Instrument Inc’, CA, USA). Blood samples for glucose evaluation
were collected from the umbilical cord of piglets before their first
suckling, and contained a mixture of venous and arterial blood. Blood
glucose concentration was evaluated using a portable human gluc-
ometer (Accu-Chek® Performa; Roche, Basel, Switzerland). The umbi-
lical cord was tied and cut 5cm from the abdominal wall.

For each piglet, the birth order, birth interval (time elapsed between
the birth of each piglet), sex and standing time (time elapsed from birth
until their first attempt to stand) were recorded. We also recorded
whether piglets required birth assistance. The skin colour of piglets was
recorded at birth and classified into two groups (normal or pale). The
integrity of the umbilical cord of each piglet was examined and clas-
sified into two groups (intact or broken). Rectal temperature was
measured 24h after birth (RT24h) with a digital thermometer
(Microlife®; Microlife AG Swiss Corporation, Widnau, Switzerland;
display resolution of 0.01 °C with = 0.1 °C accuracy). All the measure-
ments including the skin colour, integrity of the umbilical cord and
rectal temperature of the piglets were carried out by the same person
(i.e., M. Nuntapaitoon) to standardize the measurement. All piglets
were individually identified by an ear tattoo. The birth weight (BWg) of
piglets was measured immediately after birth and again 24 h after birth
of the first born piglet (range: 18-24 h after birth). The sum of BWjy for
all the live-born piglets in the litter was defined as the litter birth
weight. Cross-fostering was performed 24-48h after birth, and the
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number of piglets within each litter was adjusted to 12-14 piglets per
litter. The litter size (LS) was defined as the number of piglets per litter
after cross-fostering. Piglets were weighed again at day (d) 21 of lac-
tation, at which stage any piglet mortality was recorded. The backfat
thickness of the sows was measured at the last rib, 65 mm from the
dorsal midline, using A-mode ultrasonography (Renco Lean-Meater;
Minneapolis, MN, USA). The backfat measurement was performed in
each sow at farrowing and at weaning.

The individual colostrum consumption of each piglet was estimated
by a previously reported equation (Theil et al., 2014): Colostrum con-
sumption (g) = —106 + 2.26WG + 200BWg + 0.111D - 1414WG/
D + 0.0182WG/BWjg, where WG is piglet weight gain over 24 h (g),
BW3 is birth weight (kg), and D is the duration of colostrum suckling
(min). The colostrum yield of the sows was defined as the sum of in-
dividual colostrum consumption by all piglets in the litter.

2.3. Statistical analysis

All statistical analyses were performed using SAS 9.0 (SAS Inst. Inc.,
Cary, NC, USA). Descriptive statistics and frequency tables were gen-
erated for continuous and categorical data, respectively. To identify the
potential indicators for colostrum consumption, each recorded factor
was subjected to univariate analysis using a generalised linear model
(PROG GLM). Categorical variables (i.e., sex, skin colour, standing time,
integrity of the umbilical cord and birth intervention) were individually
tested by including one factor at a time. Continuous variables (i.e., TB,
number of piglet born alive, BWp, birth interval, RT24h, piglet heart
rate, piglet blood glucose concentration and birth order) were measured
for collinearity using Pearson's correlation.

The categories for number of live-born piglet and BWg were based
on our previous study (Nuntapaitoon and Tummaruk, 2015). The three
classes created for number of live-born piglet were: less than 12 piglets/
litter, 12-14 piglets/litter, and more than 14 piglets/litter. For BWg, the
categories were: low (less than 1.30kg), medium (1.30-1.79 kg), and
high (more than 1.79 kg). The categories for standing time (less than
1 min, 1-5min, and more than 5min) and birth order (less than or
equal to ninth, and greater than ninth) were based on
Panzardi et al. (2013). The categories for RT24h and litter birth weight
were created by frequency analysis. The three classes of RT24h were:
less than 38.5 °C, 38.5 to 38.8 °C, and more than 38.8 °C. The litter birth
weight of sows were classified into three groups: low (less than
16.0 kg), medium (16.0-20.0 kg), and high (more than 20.0 kg). Parity
of sows were classified into four groups, i.e., 1, 2, 3 and 4-7. Colostrum
consumption and colostrum yield were compared among parity groups.

Colostrum consumption and colostrum yield were analysed using
the generalised linear mixed model procedure (PROC MIXED) of SAS.
The mixed models included both fixed and random effects, and used
restricted maximum likelihood (REML) as the estimation method. Non-
significant factors with P > 0.10 were removed from the models in a
stepwise fashion. The fixed effects in the final models included effects of
number of live-born piglet, BWg, birth order and standing time on co-
lostrum consumption, and effects of number of live-born piglet and
litter birth weight on colostrum yield. Sow identification number was
added into the statistical model as a random effect when analysing
piglet colostrum consumption.

The analyses of pre-weaning mortality and average daily weight
gain until postnatal d 21 (ADG21) were conducted using generalised
linear mixed model procedures (GLIMMIX macro) and general linear
mixed model (PROC MIXED), respectively. The independent variables
included colostrum consumption class (<400 and >400 g), skin colour
(normal and pale), RT24h (38.5, 38.5-38.8 and >38.8°C), birth in-
tervention (no, yes), BWp class (<1.30, 1.30-1.79 and >1.79kg) and
two-way interactions. In addition, multiple ANOVA was used to eval-
uate the effect of BWj, litter birth weight or RT24h (regression) on
colostrum consumption, colostrum yield, preweaning mortality and
ADG21 after birth. Least-squared means were obtained from statistical
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Table 1
Descriptive statistics of 85 sows and 1018 piglets evaluated at birth and during
the lactation period in a commercial swine herd in Thailand.

Variables N Mean + SD Range

Sow data

Parity 85 3.0 =19 1-7
Backfat thickness at farrowing (mm) 85 15.0 = 3.1 8-22
Backfat thickness at weaning (mm) 85 12.1 + 2.4 7-19
Relative loss of backfat (%) 85 189 + 89 0-41.2
Number of total born piglets 85 13.8 * 3.5 7-21
Number of piglets born alive 85 12.0 = 3.1 4-19

Litter size 85 129 £ 1.5 9-16
Number of piglets at weaning 85 11.6 = 1.6 7-15
Farrowing birth interval (min) 85 15.7 = 22.2 0-38
Farrowing time (min) 85 213.2 + 80.0 71-558
Gestation length (day) 85 115.2 = 1.0 113-118
Piglet data

Birth weight (g) 1018 1.5 * 0.36 0.5-2.7
Heart rate (bpm) 1009 64.8 = 31.75 23-250
Blood glucose (mg/dl) 1018 51.7 = 25.56 10-485
Oxygen saturation (%) 1009 91.6 = 8.26 10-100
Weight at day 1 (g) 987 1.6 + 0.39 0.4-2.9
Weight at day 7 (g) 932 2.6 = 0.66 0.7-4.6
Weight at day 21 (g) 891 59 + 1.43 1.9-10.1
ADG" day 0 to 1 (g/day) 987 69.3 = 102.17  —440.0 — 545.0
ADG day 1 to 7 (g/day) 932 156.2 = 63.90 —16.4-340.7
ADG day 1 to 21 (g/day) 891 207.6 + 60.43  24.0-376.9

@ ADG, Average daily weight again (g/day); *Reference values of heart rate,
blood glucose and oxygen saturation in newborn piglets are 158 bpm, 40.6 mg/
dl and 76.3%, respectively (Panzardi et al., 2013).

models. Values with P < 0.05 were regarded as being statistically
significant.

3. Results

Descriptive statistics for sow reproductive performance and piglet
performance are presented in Table 1. From the 1160 piglets included
in the experiment, 96 were stillborn (8.4%), 46 were mummified
(4.0%), and 1018 were BA (87.7%). On average, the colostrum yield
was 4957 = 1228 g (range 1694-7319 g). Piglet preweaning mortality
amounted to 127 piglets (12.5%), and the number of dead piglets ond 1
and 21 of lactation was 31 (3.1%) and 96 (9.4%) piglets, respectively.
The mean colostrum consumption for each piglet was 426 + 5g, with
6.6% of piglets having ingested less than 200g, 38.6% ingested be-
tween 200 and 400 g, and 54.8% ingested more than 400 g of colostrum
(Fig. 1). The piglets delivered after birth assistant had a higher colos-
trum consumption than piglets delivered without birth assistant
(462 + 14 and 422 + 5 g, respectively, P = 0.006).

3.1. Factors associated with colostrum consumption

3.1.1. Univariate analysis

Colostrum consumption was influenced by number of live-born
piglet, BWp, birth interval, birth order, piglet heart rate, piglet blood
glucose concentration, birth intervention and standing time (P < 0.05).
The correlation analysis showed colostrum consumption to be posi-
tively correlated with BWj, birth interval, RT24h, piglet heart rate, and
piglet blood glucose concentration (Table 2). On the other hand, co-
lostrum consumption was negatively correlated with TB, number of
live-born piglet and birth order. Sow parity, farrowing time, sow
backfat thickness at farrowing, piglet blood oxygen saturation, piglet
skin colour, piglet sex and integrity of umbilical cord were not found to
be correlated with colostrum consumption (P > 0.10). The regression
analysis showed a relationship between colostrum consumption and
number of live-born piglet, BWp, birth order and blood glucose con-
centration (Fig. 2).
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Fig. 1. Frequency distribution of individual colostrum consumption (g) in 987 neonatal piglets (excluding 31 piglets that died before 24 h) born from 85

Landrace X Yorkshire crossbred sows in a commercial swine herd in Thailand.

3.1.2. Final multivariate model

The final multi-covariate model for colostrum consumption in-
cluded number of piglet born alive (P < 0.001), BWg (P < 0.001), birth
order (P < 0.001), standing time (P = 0.002) and parity classes
(P<0.001). Colostrum consumption decreased when number of piglet
born alive, birth order or standing time increased. On the other hand,
colostrum consumption increased as BWy increased (Table 3). Colos-
trum consumption of piglets born from primiparous sows was lower
than those from sows parity 2, 3 and 4-7 (362 = 11, 413 + 13,
425 + 13 and 422 + 9 g, respectively, P<0.001).

3.2. Factors associated with colostrum yield

3.2.1. Univariate analysis

Colostrum yield was influenced by number of piglet born alive and
litter birth weight (P < 0.001). However, sow parity, sow backfat
thickness at farrowing and farrowing time were not correlated with
colostrum yield (P > 0.10). Colostrum yield of primiparous sows was
lower than sows parity 2 and 3 (4532 = 225, 5372 + 331 and
5505 + 331 g, respectively, P < 0.05), but did not differ significantly
compared to sows parities 4 — 7 (4936 + 214, P = 0.198).

3.2.2. Final multivariate model

Litter birth weight was found to influence colostrum yield
(P = 0.012). The colostrum yield of sows with a low litter birth weight
(4975 = 1321 g) was lower than that for sows with a medium litter
birth weight (6009 + 1343 g; P = 0.001) or a high litter birth weight

(6548 = 1321 g; P < 0.001).

3.3. Association between colostrum consumption and mortality at day 21
postnatal

Piglets with colostrum consumption greater than 400 g had a lower
mortality rate. The mortality rates were 88.8%, 73.3%, 15.1%, 6.3%
and 0.5-1.5% for piglets with colostrum consumption of 0-100,
101-200, 201-300, 301-400 and > 400 g, respectively (P < 0.05).
Piglets that died before d 21 had a lower colostrum consumption than
piglets that survived until weaning (263 = 15 and 445 + 5g, respec-
tively, P < 0.001). The factors found to significantly influence pre-
weaning mortality in the final model included BWg (P < 0.001), co-
lostrum consumption (P < 0.001), RT24h (P = 0.030), birth
intervention (P = 0.017), skin colour (P = 0.045) and the interaction
between colostrum consumption and RT24h (P = 0.045; Table 4).
Moreover, the amount of colostrum consumption influenced RT24h
(Fig. 3), with RT24h increasing with higher colostrum consumption.
Piglets with colostrum consumption less than 400 g and RT24h less
than 38.5°C (17.5%) had a higher rate of preweaning mortality com-
pared to the other piglets (Fig. 4).

3.4. Association between colostrum consumption and average daily weight
gain until day 21 postnatal

The factors found to influence ADG21 in the final model included
BA (P < 0.001), BWy (P < 0.001), colostrum consumption (P <

Table 2
Pearson's correlation coefficients (r) among factors associated with colostrum consumption by neonatal piglets.
TB BA BWg BI BO RT24 HR Glu
BA 0.823
BWg —0.282 -0.331
BI —0.139 —0.126"* 0.164
BO 0.328 0.311 —0.102
RT24 0.126
HR —0.092 —0.082
Glu —0.124 —-0.121 0.137 0.159 0.106
CC —0.345 —0.424 0.615 0.074* —0.234 0.258 0.074* 0.086

Abbreviations: TB, total piglets born; BA, piglets born alive; BWj, birth weight; BI, birth interval; BO, birth order; RT24, rectal temperature 24 h after birth; HR, piglet
heart rate; Glu, piglet blood glucose concentration; CC, colostrum consumption.
Significance levels:.

= po< 0.001.
= P < 0.01.
* P < 0.05.
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Fig. 2. Relationship between colostrum consumption and (a) number of piglets born alive, (b) birth weight, (c) birth order and (d) piglet blood glucose concentration

in 987 neonatal piglets (excluding 31 piglets that died before 24 h).

Table 3

Results of multiple analyses of variance (ANOVA) using the general linear
mixed model procedure (PROC MIXED) for factors influencing piglet colostrum
consumption.

Table 4

Results of multiple analyses of variance (ANOVA) using the generalised linear
mixed model procedure (PROC GLIMMIXED) for factors influencing piglet
preweaning mortality.

Variables N Colostrum consumption (g) Variables N Preweaning mortality (%) 95% CI

Number of piglets born alive per litter Piglet's birth weight (kg)
<12 272 4607 <1.30 290 9.9% 5.0-18.9
12-14 421 402° 1.30-1.79 499 3.0° 1.4-6.1
=15 293 369" >1.79 198 2.7° 1.1-6.5

Piglet birth weight (kg) Colostrum consumption (g)
<1.30 290 305°¢ <400 446 10.3% 5.3-19.1
1.30-1.79 498 425° >400 541 1.8 0.8-3.9
>1.79 198 5017 Rectal temperature 24 h after birth (°C)

Birth order <38.5 338 6.87 3.2-13.6
<9 675 423 38.5-38.8 333 2.6° 1.1-5.9
=10 311 397° >38.8 316 4.7 2.2-9.6

Standing time (min) Birth intervention
<1 858 4377 Yes 127 2.4° 0.9-6.8
1-5 89 412° No 860 7.6% 4.5-12.6
>5 39 382° Skin colour

Normal 948 2.8° 1.6-5.0
Different superscript letters within the column indicate significant differences Pale 39 6.7% 2.6-16.4

(P < 0.05).

0.001), and the interaction between BWg and colostrum consumption
(P = 0.018; Table 5). An influence of colostrum consumption on
ADG21 by BWj classes is evident in Fig. 5, which shows that piglets
with colostrum consumption equal to or less than 400 g had a lower
ADG21 than piglets with colostrum consumption more than 400 g in all
BWj classes (P < 0.05). Moreover, piglets with colostrum consumption
more than 400 g and a high BWg (246 g/day) had higher ADG21 than
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Fig. 3. Influence of colostrum consumption on rectal temperature 24 h after birth.

piglets with colostrum consumption greater than 400 g and a low or
medium piglet BWg (200 and 227 g/day, respectively; P < 0.001).

3.5. Regression analysis

All of the regression models related to colostrum consumption, co-
lostrum yield, preweaning mortality and ADG21 included BWjg
(Table 6). Results indicated that 38% of the variation in colostrum
consumption was explained by BWjg, showing a positive regression
coefficient of 0.271. There was a positive regression coefficient between
litter birth weight of live-born piglets and colostrum yield. In contrast,
the regression coefficients for piglet birth weight, RT24h and colostrum
consumption were negatively correlated with mortality. Overall, BWg,
RT24h and colostrum consumption explained 14% of the variability in
preweaning mortality, and BWg and colostrum consumption explained
27% of the variability in ADG21.

4. Discussion

4.1. Colostrum consumption, ability to thermoregulate and neonatal piglet
mortality

Colostrum consumption is crucial for the survival and growth of
piglets in commercial herds. In the present study, piglet mortality
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decreased with increasing intake of colostrum until 400 g, above which
piglet mortality was consistently below 2%. From these findings, we
can conclude that 400 g of colostrum consumption per piglet during the
first 24 h after birth is recommended to minimise the risk of death and
to enhance growth performance until weaning. The recommended co-
lostrum consumption from this study is considerably greater than that
previously reported by Quesnel et al. (2012), who found that 200 g of
colostrum was required to reduce piglet mortality. The reason for this
discrepancy is mainly due to differences in the prediction equations
used by the two studies. The prediction model used in the current study
estimates colostrum consumption higher than the equation developed
by Devillers et al. (2004) (437 + 153 g vs 305 + 140 g/day; Theil et al.,
2014). The reason is mainly due to different techniques used (i.e.,
mechanistic model using D,O dilution technique versus empirical pre-
dictive model developed for bottle-fed piglets) for developing the esti-
mation model to quantify colostrum consumption of the piglets
(Theil et al., 2014). It was suggested that the previous empirical pre-
dictive model underestimates colostrum consumption of sow-reared
piglets by 30% (Theil et al., 2014). In the current study, the colostrum
consumption of the piglets was estimated from the new mechanistic
predictive model. Thus, the cut-off value for optimal colostrum con-
sumption of the piglets should be considered. Based on the present
results, piglet preweaning mortality was significantly reduced when the
colostrum consumption estimated from the new mechanistic predictive
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Fig. 4. Influence of colostrum consumption (<400 or >400g) on preweaning mortality for different classes of rectal temperature determined 24 h after birth
(<38.5, 38.5-38.8, and >38.8°C). Different superscript letters indicate significant differences (P < 0.05).
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Table 5

Results of analyses of variance (ANOVA) using the general linear mixed model
procedure (PROC MIXED) for factors influencing average daily weight gain at
postnatal day 21.

Variables N Average daily weight gain at day 21 (g/day)

Number of piglets born alive per litter

<12 257 218°

12-14 385 187°

=15 247 202%°
Birth weight (kg)

<1.30 226 183°

1.30-1.79 472 2117

>1.79 191 2137
Colostrum consumption (g)

<400 362 181"

>400 527 2247

Different superscript letters within the column indicate significant differences
(P < 0.05).

model was greater than 400 g. Therefore, the optimal level of colostrum
consumption should be as high as 400 g when the new mechanistic
predictive model was used.

Rectal temperature in piglets after the colostral period is associated
with the amount of colostrum consumed (Tuchscherer et al., 2000).
Colostrum plays an important role in the thermoregulation of piglets
during the neonatal period (Rooke and Bland, 2002). This is in agree-
ment with current findings, whereby piglets ingesting more colostrum
had higher rectal temperature 24 h after birth. Moreover, the piglets
with low colostrum consumption and a rectal temperature less than
38.5 °C 24 h after birth had greater mortality (up to 17.5%). From these
findings it can be concluded that 400 g of colostrum consumption per
piglet during the first 24 h after birth and rectal temperatures of more
than 38.5 °C 24 h after birth are recommended. Therefore, management
strategies for increasing colostrum consumption or keeping them warm
during the colostrum period should be prioritised.
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Table 6

Regression models determined through stepwise regression with a backward
elimination approach for colostrum consumption (CC), colostrum yield (CY),
preweaning mortality (PWM) and average daily weight gain during the 21 days
(ADG21) after birth.

Regression model R?

CC (g) = 22.8 + 271 x piglet birth weight (kg) 0.38

CY (g/day) = 1596 + 194 x total litter weight at birth (kg) 0.46

PWM (%) = 2.3—0.1 x piglet birth weight (kg) — 0.05 x RT24h" 0.14
(°C) — 0.0004 x CC (g)

ADG21 (g/day) = 93.3 + 20.9 X piglet birth weight (kg) + 0.18 x CC (g) 0.27

& RT24h, rectal temperature of the piglet at 24 h postnatal.

4.2. Colostrum consumption and growth performance of piglets during
lactation

Colostrum is important for piglet growth performance and health
during the lactation period (Rooke and Bland, 2002; Le Dividich et al.,
2005). Current findings indicate that piglets consuming more than
400 g of colostrum had a higher growth rate during lactation than
piglets consuming less than 400 g of colostrum, and this higher growth
rate was especially evident in high-birth-weight piglets. High-birth-
weight piglets therefore seem to have a greater ability to consume,
digest or utilise colostrum for growth than low-birth-weight piglets
(Quesnel et al., 2012; Amdi et al., 2013; Ferrari et al., 2014). Piglets
with high colostrum consumption were previously reported to show
greater growth performance both before and after weaning (Declerck
et al., 2016; Krogh et al., 2016; Muns et al., 2016). The present results
confirm that piglet birth weight and colostrum consumption influence
piglet growth performance during the lactation period.

4.3. Factors affecting colostrum consumption and colostrum yield

4.3.1. Number of live-born piglets

A larger litter size increases the number of fights between piglets at
suckling, increasing the risk of starvation and crushing of small piglets.
Consequently, litter size is an important factor for neonatal piglet
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Fig. 5. Influence of colostrum consumption (<400 or >400 g) on average daily weight gain until day 21 after birth for piglets classified into low (<1.30kg),
medium (1.30-1.79 kg) and high (>1.79 kg) birth weight classes. Different superscript letters indicate significant differences (P < 0.05).
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survival (Milligan et al., 2002). In the present study, piglets in smaller
litters had greater colostrum consumption. Likewise, an earlier study
reported that litter size is negatively correlated with colostrum con-
sumption (Anderson et al., 2011). Muns et al. (2016) reported that
individual colostrum consumption was reduced in larger litters, espe-
cially in low-birth-weight piglets. Moreover, in high competition litters,
piglets squealed more intensely before and after udder stimulation and
during suckling. It was previously found that the squealing of piglets
terminates suckling, and this especially during the first 24 h postpartum
(Illmann et al., 2008). As a result, piglets likely do not consume an
adequate amount of colostrum. Additionally, colostrum production is
highly variable among sows (Quesnel, 2011). In the present study, litter
weight at birth influence sow colostrum yield. Moreover, the number of
live-born piglets tended to be related with increased colostrum yield.
Previous studies showed that colostrum yield is related to litter size and
birth weight (Devillers et al., 2007; Quesnel, 2011; Declerck et al.,
2015), and is also associated with within-litter birth weight variation
(Farmer et al., 2006; Devillers et al., 2007; Quesnel, 2011). Moreover,
Vadmand et al. (2015) reported a positive relationship between litter
weight at birth and total sow colostrum yield. From those and current
findings, it is apparent that management of highly prolific sows is im-
portant for increasing colostrum consumption by piglets and colostrum
production in sows. In a recent study, Muns et al. (2017) reported that
energy boosters can increase the immunity and reduce mortality of
piglets. Moreover, oral supplementation with colostrum, split suckling
and cross-fostering are management strategies that may enhance co-
lostrum consumption and improve the survival and growth perfor-
mance of piglets (Donovan and Dritz, 2000; Cecchinato et al., 2008;
Muns et al., 2014).

4.3.2. Piglet birth weight

Piglet birth weight was positively related to the amount of colos-
trum ingested by newborn piglets. In the present study, birth weight
and litter weight at birth were the most influential factors for colostrum
consumption by piglets and colostrum production in lactating sows.
Wang et al. (2005) demonstrated that the weight of the stomach, small
intestine and small intestinal mucosal were significantly lower in low
birth weight piglets than normal birth weight piglets. Results of the
present study showed that piglets with high birth weights (more than
1.80 kg) consumed 1.6 times more colostrum (501 vs 303 g) than piglets
weighing less than 1.30kg at birth. Moreover, the regression analysis
indicated that every 100 g increase in piglet birth weight was associated
with a 50 g increase in ingested colostrum. Many studies reported the
use of different approaches to enhance either piglet birth weight or
colostrum consumption, for instance, arginine supplementation in sow
gestation diet (Che et al., 2013). Feeding a high-fibre diet to late
pregnant sows may favour the consumption of colostrum in small pig-
lets (Loisel et al., 2013); however, this is not likely to be a good solution
for tropical climates as a greater fibre intake increases sow heat pro-
duction and reduces sow appetite (Danielsen and Vestergaard, 2001).

4.3.3. Birth order, standing time and birth assistant

Piglet birth order and standing time were negatively associated with
colostrum consumption in the present study. In contrast, others re-
ported no relationship between birth order and colostrum consumption
(Devillers et al., 2007; Declerck et al., 2016). Late-born piglets may
suffer from intrapartum hypoxia as a result of uterine contractions,
especially during prolonged farrowing, which may cause low viability
(Herpin et al., 1996). A longer interval between birth and first suckling
(i.e., standing time) was observed in late-born piglets (Tuchscherer
et al., 2000; Baxter et al., 2008; Mota-Rojas et al., 2012). Accordingly,
in the present study, birth order was positively associated with standing
time, and both traits were negatively associated with colostrum con-
sumption. Indeed, it is known that individual colostrum consumption
depends on the piglet's ability to reach the teat and suckle. A reduced
standing time may result in a shorter interval between birth and first
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suckling. In the present study, piglets with a standing time of less than
1min ingested 55g more colostrum (equivalent to a 14% increase)
when compared to piglets with a standing time of more than 5 min.
Piglets born later with a shorter standing time also had a shorter in-
terval between birth and the first suckling. However, piglets born later
acquired a lower level of immunity from colostrum due to decreased
colostrum quality (Klobasa et al., 2004).

Piglets are often hypoglycaemic during the postpartum period due
to a lack of hepatic enzymes (Odle et al., 2005). However, the blood
glucose concentration of piglets may increase during the peripartum
period because catecholamine hormones induce gluconeogenesis when
piglets lack oxygen during uterine contractions (Herpin et al., 1996).
Interestingly, the present study demonstrated that the piglets born after
birth assistant had a higher colostrum consumption than those born
without birth assistant. The reason could be due to the fact the piglets
born with birth assistant received special care immediately after birth,
e.g., put at the udder of the sows. Therefore, they might have had a
short standing time and are able to obtain colostrum earlier than gen-
eral piglets.

4.4. Limiting factors affecting colostrum Yyield

Colostrum production in sows is highly variable due to differences
in breed, nutrition, sows, litter and farrowing characteristics, hormonal
status and environmental factors (Quesnel, 2011; Theil et al., 2014;
Declerck et al., 2015; Vadmand et al., 2015). The effect of temperature
is of particular concern regarding colostrum production in tropical
climate because heat stress may affect the endocrine status of the sow.
Heat stress may increase the level of cortical hormones and influence
the oxytocin released during parturition (Malmkvist et al., 2009), and
subsequently increase farrowing duration and reduce colostrum pro-
duction. Furthermore, the high temperatures characteristic of tropical
climates may result in decreased blood supply to the mammary epi-
thelium. In pigs, mammary glands are modified sweat glands
(Frandson et al., 2009), and blood may be directed toward the sub-
cutaneous tissue rather than the mammary epithelium when the sow
body temperature becomes too high. Knowledge on the impact of
temperature on mammary blood flow and colostrum production is
currently lacking. The positive association between litter size and co-
lostrum consumption suggests that colostrum removal is likely a lim-
iting factor for sow colostrum yield. To our knowledge, no compre-
hensive studies on the limiting factors of colostrum yield have been
performed in a tropical climate.

5. Conclusion

Increasing colostrum consumption is crucial to reduce piglet pre-
weaning mortality. In tropical conditions, high litter size and low birth
weight compromised colostrum consumption by piglets, thereby redu-
cing their ability to thermoregulate, reducing piglet growth and in-
creasing piglet mortality during lactation. Management actions per-
formed the first day after birth aimed at increasing colostrum
consumption by individual piglets (i.e., cross-fostering, feeding low-
birth-weight piglets with colostrum collected from other sows, split
suckling or helping piglets with warmed and dry areas) could sub-
stantially increase piglet colostrum consumption and reduce mortality.
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Introduction

Colostrum is first milk secreted by the mammary gland
that piglets can absorb to gut only within the first 24 h
of age. Insufficient colostrum consumption is one of the
major problem causing an increased neonatal piglet
mortality. Colostrum provides neonatal piglets with
both energy and immunoglobulins, thereby playing an
essential role on piglet survival. Adequate colostrum
consumption of neonatal piglets is therefore ensuring
optimal passive immunity for piglets [1]. In addition,
colostrum also provides the newborn piglets with high
metabolisable energy, i.e., fat and lactose. These
energies are efficiently used by the newborn piglets to
cope with cold stress and maintaining its homeothermic
balance during the first day of life. Quesnel et al. [2]
estimated that 250 grams of colostrum consumption per
piglet should ensure an optimal growth and passive
immunity to the animals. A previous study found that
colostrum consumption stimulates the development of
the hippocampus structure by the stimulation of brain
protein synthesis and brain development during the
early postnatal period [3]. The aim of the present study
was to investigate management factors associated with
colostrum consumption of the neonatal piglets.

Materials and Methods

The study included 1,140 neonatal piglets from 80
Landrace x Yorkshire crossbred sows. The experiment
was conducted in a commercial swine herd in the
eastern part of Thailand in June 2017. Factors
associated with piglet colostrum consumption
determined included body weight at birth of the piglet,
birth order, birth interval, heart rate, blood oxygen
saturation, rectal temperature at 24 h, gestation length,
total number of piglets born per litter (TB), number of
piglets born alive per litter (BA), sow body conditions
score and sow parity number.

The sows were moved to the farrowing house before
their expected farrowing date about one week. The feed
was provided twice a day (2-5 kg per day) during
gestation. During lactation, the sows were fed 3 times a
day (about 3-6 kg of feed per day). The sows were
vaccinated against CSFV, ADV, PPV, PRRS and
PCV2. All gilts and sows was performed FMD vaccine
every 4 months. The herd was a PRRS seropositive
herd.
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Rectal temperature 24 h after birth measured using a
digital thermometer (Verridian Healthcare Co. Ltd., IL,
USA). Piglets were weighed immediately after birth
and again at 24 h using a digital scale (SDS® Digital
Scale Co. Ltd., Yangzhou, China). All piglets were
individually identified by an ear tattoo performed at
birth. Individual colostrum intake of the piglets was
estimated by an equation published by Theil et al. [4]:
Colostrum consumption (g) = -106 + 226WG +
200BWB + 0.111D - 1414WG/D + 0.0182WG/BWB,
where WG is piglet weight gain (g), BWB is birth
weight (kg) and D is the duration of colostrum suckling
(min). The colostrum yield of the sows was defined as
the sum of individual colostrum consumption of all
piglets in the litter.

Statistical analyses were carried by using SAS.
Descriptive statistics and frequency analysis were
conducted. The associations among these factors and
colostrum consumption of the piglets were analyzed by
using Pearson’s correlation. The effect of sow parity
number on the colostrum consumption by piglets was
analyzed by using general linear model procedure
(PROC GLM) of SAS. Values with P < 0.05 were
regarded as statistically significant.

Results and Discussion

The results revealed that the colostrum consumption
averaged 405 + 183 grams. Frequency distribution of
colostrum consumption by piglets are presented in
Figure 1. As can be seen, 20.1% of the piglets received
colostrum below optimal level [2]. Thus, these piglets
might have had a high risk of being death or had a poor
growth rate.

Figure 1 Frequency distribution on colostrum
consumption of piglets in a commercial swine herd in
Thailand (n = 1,140)
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Body weight at birth of the piglet, birth order, TB, BA,
body conditions score, heart rate and rectal temperature
were  significantly  correlated  with  colostrum
consumption of the neonatal piglets (Table 1). On the
other hand, gestation length, birth interval, blood
oxygen saturation and sow parity number were not
correlated with colostrum consumption.

In the present study, the piglet rectal temperature is
associated with colostrum consumption. Likewise,
Tuchscherer et al. [5] found that rectal temperature in
piglets is associated with colostrum consumption.
These findings indicate that piglets with low rectal
temperature at 24 h might have low thermoregulation
abilities. Thermoregulation is a crucial physiological
event for all newborn piglets. The piglets that die
during the first day of life are not able to maintain
optimal rectal temperature during the first 24 h of life.
Nuntapaitoon et al. [6] found that rectal temperature at
24 h of life was associated with piglet pre-weaning
mortality rate. Therefore, increasing colostrum intake of
neonatal piglet during first day after birth is very
important in swine herd.

Table 1 Correlation between colostrum consumption
(mean + SD = 405 + 183 grams) and litters and piglet
characteristics

Variables Colostrum consumption
n r P value
Gestation length (days) 1,140  0.01 NS
Total born 1,140 -0.21 HokE
Born alive 1,140 -0.19 wRE
Body conditions score 1,140  0.06 *
Birth weight (grams) 1,140  0.29 hkk
Birth order 1,140 -0.07 *ok
Birth interval (min) 1,140  -0.02 NS
Heart rate (beat/min) 872 0.11 **
Blood oxygen saturation 872 0.05 NS
(%)
Rectal temperature(°C) 862 0.30 Hkk

*P<0.05, ** 0.05<P<0.01, *** P<0.001, NS= P> 0.05

Figure 2 demonstrates colostrum consumption of
piglets by parity number of sow. It was found that
colostrum consumption of piglets was highest in sow
parity number 3. The piglets reared by primiparous sow
had a lower colostrum consumption than the piglets
reared by sow parity number 3 (P<0.05). Likewise,
piglets reared by sow parity number 5 also had a lower
colostrum consumption than piglets reared by sow
parity number 3.
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Figure 2 Colostrum consumption of piglets by sow
parity numbers.

In conclusion, the body weight at birth of the piglet,
birth order, total born, born alive, body conditions
score, heart rate and rectal temperature at 24 h of life
were significantly associated with piglet colostrum
consumption in the swine herd.
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Introduction

Colostrum is a rich source of immunoglobulin and
nutrient for newborn piglets. The concentration of
total immunoglobulin G (IgG) in sow colostrum is
associated with many factors (i.e., breed, parity and
environment) [1]. Moreover, the concentration of
IgG in colostrum is dramatically decreased after
farrowing [2]. Therefore, the quantity of sow
colostrum and time elapse from farrowing to first
suckling are important for piglet survival and
growth [3]. Knowledge concerning factors
influencing the concentration of IgG in sow
colostrum is important to reduce the proportion of
piglet pre-weaning mortality and improve growth
performance under field conditions. The present
study was performed to investigate the
concentration of IgG in colostrum and to determine
the association between the time interval from
farrowing to sample collection, sow parity number
and IgG concentration in colostrum.

Materials and Methods
The present study was performed in a commercial
swine herd in the western part of Thailand in
February 2017. A total of 161 colostrum samples
from 81 sows were investigated. The sows were
classified into two groups, i.e., primiparous (n =
16) and multiparous sows (parity number 2-6, n =
65). The sows were kept in an evaporating cooling-
housing system. The sows were moved to the
farrowing pens about one week before the expected
farrowing date. The colostrum samples were
collected manually at 1 and 6 h after the onset of
parturition. Colostrum samples were collected by
hand from all functional mammary glands and
were pooled. The samples kept in a clean bottle (30
ml) and were stored at 4 °C on ice in a foam box
during collection process. The samples were
cryopreserved at —20 °C within 24 h after
collection until analyzes. Colostrum were thawed
at room temperature for 2 h and were centrifuged at
15,000 xg for 20 min at 4 °C (Centrifuge 5810 R,
Eppendorf AG, Hamburg, Germany). Supernatant
was collected and was used for IgG assay. The fat
was discarded and the remaining liquid was
collected. Thereafter, the liquid part was diluted 1:
500,000 with sample conjugate diluent (50 mM
Tris buffer, 0.14 M NaCl, 1%BSA and 0.05%
Tween 20). Immunoglobulin G was determined by

using ELISA. The ELISA plate was coated with polyclonal
antibody of Pig-IgG (Bethyl Laboratories Inc., Texas,
USA). The absorbance was recorded at 450 nm using
ELISA plate reader (Tecan Sunrise™, Minnedorf,
Switzerland). The IgG concentration in the colostrum
samples were quantified by interpolating their absorbance
from the standard curve generated in parallel with the
colostrum samples. The concentration of IgG in colostrum
at 1 and 6 h after farrowing were analyzed by using the
general linear models (GLM) procedure of SAS. The
statistical model included the effect of sow parity number,
time interval from the onset of farrowing to sample
collection and interaction. Least square means were
obtained from each class of the factor and were compared
by using Student’s ¢ test. P < 0.05 was regarded to be
statistically significant.

Results and Discussion
On average, the concentration of total IgG was 61.1 + 28.8
mg/ml (range 20.8—-201.7 mg/ml). Frequency distribution of
the concentration of total IgG in the sow colostrum is
demonstrated in Figure 1.
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Figure 1 Frequency distribution of the concentration of total
IgG in sow colostrum

Both sow parity number and collection time influenced the
concentration of IgG (P < 0.05) but no effect of interaction
between sow parity number and collecting time was found
(P > 0.05). The concentration of IgG at 1 and 6 h after the
onset of parturition were 66.1 + 3.8 and 48.8 = 3.8 mg/ml,
respectively (P < 0.001). The concentration of IgG in sow
colostrum in primiparous and multiparous sows are
presented in Figure 2. The figure illustrated that multiparous
sows (63.2 + 2.4 mg/ml) had a higher concentration of IgG
in colostrum than primiparous sows (51.8 £ 4.8 mg/ml, P =
0.03).
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Figure 2 The concentration of total IgG in
colostrum in primiparous and multiparous sows
&b significant difference (P < 0.05)

In conclusion, the concentration of IgG in
colostrum was decreased 26% from 1 to 6 h after
onset of parturition. Multiparous sows had a higher

concentration of IgG in colostrum than primiparous
sows under field conditions in Thailand. Therefore, piglet
should receive colostrum as soon as possible after birth
especially in late-born piglets. In addition, the
supplementation of colostrum in piglets born from
primiparous sows is recommended.
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Introduction
Nowadays, the size of swine commercial herd in
Thailand has dramatically increased and become more
industrialize due to a high competition. One of the most

important componentsfor increasingthe sow
productivity is the number of piglets at weaning per
litter  [1]. Utilizing  superior  reproductive

performancesow is an important strategy to enhancethe
number of piglet at weaning.

Reproductive performances of sows are determined by
age, body weight, body condition score, estrus
expression and backfat thickness [2.3]. Backfatconsists
of water, collagen and lipid. Triacylglycerol is the main
composition of lipidthat reserves in sow body [3].
Duringfarrowing, some sow lose part of their backfat
for body maintenance,body growth (especially in
gilt),the development of fetus and, the most important
for piglet survival, the synthesis of colostrum and milk.
Therefore, milk yield is one of the important factor that
might be associated with backfat thickness in sow. Milk
yield depends on genotype, feeding, stage of lactation,
health statusand age of the sow. There is a lacking of
study that determinethe influence of backfat thickness
before farrowing and backfat loss after farrowing on
milk yield in sows.The aim of the present study was to
determine the influence of backfat thickness before
farrowing and backfat loss after farrowingon milk yield
in lactating sows.

Materials and Methods

The experiment was performed in June 2017 in a
commercial swine herd in Thailand. Sows are reared
ina continuous weekly system. In total, 80 Landrace x
Yorkshire sows (parities number 1 to 6) were included
in the study.Sows were kept in individual crates during
gestation in an evaporative housing system equipped
with individual water sprinklers. During gestation, sows
were fed a commercial gestation diettwice a day and
during lactation the sows received a lactation diet 4
times a day.

After farrowing, a daily amount of feed was offered to
the sows until ad libitumfeed was reached after one
week of lactation. The induction of parturition was not
applied, and farrowing interventionwas kept to a
minimum. Manual extraction was not performed.
Cross-fostering was not performed in the present study.
The pens were fully slatted with concrete at the center
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for sows and with steel slats at both sides of the
farrowing crate for piglets. Each pen was provided with
a creep area for piglets (0.60 m?) placed on the floor on
one side, covered by a plastic plate and heating lamp
during the first week after farrowing. The heating lamp
was turn on during the night time.

Backfatthickness of the sows was determined at P2
position ( approximately 6-8 cm away from dorsal
midline at the last rib curve) by using Renco® lean-
meter [2]. An average value from both sides was used.

Milk yield of the sows was determined by weighing the
body weight of the piglets at Days 0, 1, 3, 10 and 17 of
lactation. The milk yield was predicted following a
previous study in Denmark [4]. Milk sample(20 ml)
was collected from each sow on day 3, 10, 17 of
lactation to evaluate the milk compositions. Samples
were collected by administrating 10 IU oxytocin and
manually milking. The milk samples were immediately
frozen at -20°C and analyzed by using an infrared milk
analyser( Milko Scan 133B, Analyser; Foss Electric,
Hillerod, Denmark).

Statistical analyses were performed using SAS 9.0
(SAS Inst. Inc., Cary, NC, USA). Descriptive statistics
(mean, SD, median and range) were calculated.
Pearson’s correlation was usedto determine correlation
between milk yield and backfat thickness. The effect of
backfat loss and backfat thickness before farrowing on
milk yield of sows were analyzed by regression
analyses.

Results and Discussion

On average, backfat thickness of sows before farrowing
was 14.0 £ 2.6 mm. After farrowing, the backfat
thickness of sows at days 1, 3, 10, 17 and 21 were 13.7
+2.5,13.7+28,143£3.1,13.8+2.5and 13.4+2.4
mm, respectively. The backfat loss and the relative
backfat loss from day 0 to 17 of lactation were -0.34
mm and 1.4%, respectively. Of all the sows, 12.8% loss
backfatfrom 0-17 days of lactation more than 20%.

The estimated milk yield of sows fromdays 3 to 10 of
lactation was 10.4 + 2.2 kg (3.9 to 15.1) and from days
10 to 17 of lactation was 12.8 + 2.1 kg (6.2 to 17.2) per
SOW.
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Table 1 Pearson’s correlation between milk yield of
sows and backfat thickness (BF) before farrowing and
at 17 days of lactation, and backfat loss during lactation

Milk yield (kg)

Day 3-10 Day 10-17
BF before farrowing  r=0.316%* r=0.183"
BF at day 17 r=0.007"8 r=0.054"8
BF loss r=-0.381** r=-0.186N

The correlation between milk yield of sows and backfat
thickness variables are presented in Table 1.

Regression analyses on the effect of backfat loss during
0-17 days of lactation and BF before farrowing on milk
yield of sows 3-10 days of lactation. Backfat loss was
negative associated with milk yield but backfat before
farrowing was positive associated with milk yield. The
sow with an increased]l mm of backfat before farrowing
was associated with an increase milk yield of sows
between 3 and 10 days of lactation ( P= 0.008). In
addition, for every 1 mm of backfat loss from farrowing
to day 17 of lactation, the milk yield from days 3 to 10
was decreased 403 grams (£=0.002).

Table 2 Regression analyses on the effect of
backfat(BF) loss during 0-17 days of lactation andBF
before farrowing on milk yield of sows 3-10 days of
lactation

Predictor Intercept Slope P value
BF loss 10,273 -403.7  0.002
BF before farrowing 6,640 271.2 0.008
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Backfat loss in sows is occurred due tobody
maintenance, fetal development and milk synthesis. A
negative association between milk yield and changes in
backfatduring days 85-1090f gestation could be seen
because of a high energy demand of sows for mammary
glands development and mammogenesis [5]. Besides,
weight loss due to fat and protein mobilization is
common in lactating sows. Sows are unable to consume
sufficient energy and protein to meet their requirements
for maintenance and milk production, resulting in a
severe negative energy and nitrogen balance. In
conclusions, decreasing of backfatfrom 0 to 17 days
after farrowing affect milk yield of sows. Thus,
appropriate management.,e.g., nutrition, environment
and stress, play an important role onbackfatthickness of
postpartum sow.
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Introduction

The modern hyper-prolific sow is a new population of
sows in swine breeding herd, in which their genotype
has been selected for an extremely large litter size at
farrowing. As a result, the number of piglets born alive
per litter (BA) has increased up to 16-18 piglets per
litter. Under field condition, litter size at farrowing
comprises a variety of measurements, i.e., the total
number of piglets born per litter (TB), BA, stillborn
piglets (SB) and mummified fetuses (MM) per litter. Of
these variables, BA is the parameter most correlated
with the number of piglets weaned per litter. Litter size
at farrowing in pig is affected by ovulation rate,
fertilization rate, and embryonic/ fetal survival. The
fetal survival of the piglets is highly correlated with
size of the sow uterus (r = 0.9) [1]. Litter size depends
on both genetic and environmental factors. The genetic
impact on most reproductive traits is relatively small
[2], while environmental factors, e.g., management,
parity, climate, lactation length and nutrition, are
known to have a relatively high impact on litter size [3].
The present study aims to determine the variation of
litter size and to analyses potential factors influencing
litter size in a modern Landrace x Yorkshire hyper-
prolific sows under field conditions.

Materials and Methods

Data were collected from a 12,000-sow commercial
swine herd in Thailand. The data included sow
identities, farrowing date, parity number, BA, SB, MM,
litter birth weight and number of piglets at weaning per
litter. The total number of piglets born per litter (TB)
was defined as the sum of BA, SB and MM. The data
were collected from sows that farrowed from January to
December 2017. The raw data were carefully
scrutinized for accuracy. The analyses data included
23,517 litters from 11,961 Landrace x Yorkshire sows.
The replacement gilts were produced within the herds
using their own grandparent stock, imported from
Denmark.

The gilts and sows were kept in individual crates during
gestation. Pregnant sows were moved to the farrowing
pens about 1 week before farrowing. In general, the
gilts were mated at 8 months of age with a body weight
of > 135 kg at the second or later observed estrus.
Artificial insemination was used for all gilts and sows.
Feed was provided twice a day
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(1.5-3.5 kg per day) during gestation. The gestating
feed contained 16% CP, 2,800 kcal’kg ME, and 0.9%
lysine. The sows were fed 2-4 times a day during
lactation (5—6 kg per day) with a corn-soybean-chicken
ration. The lactation feed contained 18% CP, 3.250
kcal/kg ME, and 1.1% lysine. Water was provided ad
libitum by water nipples. The health management was
carried out by veterinarians. Both gilts and sows were
vaccinated against CSF, AD, PPV, FMD and PRRS.

Statistical analyses were carried by using SAS.
Descriptive statistics and frequency analysis were
conducted. General linear models (GLM) were used to
analyze factors associated with TB and BA. The models
included parity number (1, 2, 3, 4, 5, 6, 7 and >8),
farrowing month and unit (1 and 2) as independent
variables. Least square means were obtained from each
class of the factor and were compared by using least
significant difference test. Values with P < 0.05 were
regarded as statistically significant.

Results and Discussion

Descriptive statistics on the reproductive performances
data of sows are presented in Table 1. Frequency
distribution of TB are presented in Figure 1. As can be
seen, 24.1% of the litter had TB >16 piglets/ litter
(Figure 1). Likewise, the proportion of the litter with
BA >14 and > 16 piglets/litter was 34.7% and 9.9%,
respectively.

Figure 1 Frequency distribution on the total number of
piglets born per litter in sows in a commercial swine
herd in Thailand (24.1% of the sows produced >16
piglets/ litter) (n = 23,517 litters)
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Factors influencing both TB and BA of sows included
parity number (P<0.001) and farrowing month
(P<0.001). The unit of farrowing (i.e., housing and
management) significantly influenced TB (P<0.001)
but not BA (P=0.813). Low TB was observed in
September (12.9 TB) and October (12.9 TB), while
high TB was observed in March (13.4 TB, P<0.001).
Likewise, the same tendency was also observed for BA
(12.3 vs 11.8 BA, P < 0.001). This indicated that a 0.5
piglet/ litter reduction of BA was observed during the
farrowing that occur in late rainy season. These sows
had been inseminated since late hot season (i.e., May).
The reason might be due to that heat stress are able to
directly induce autophagy in the porcine ovaries during
follicular development [4]. An increased in ambient
temperature during hot season are potentially
compromise oocyte integrity and reduce developmental
competence of embryo. Hence, the litter size at
farrowing was reduced. A recent study demonstrated
that a steadily increasing of room temperature from
20.0 °C to 31 °C for 5 days during follicular phase are
able to alter some ovarian proteins (e.g., Beclin 1,
microtube associated protein, ATG5 complex and
BCL2L1) that play a role on autophagy and apoptosis
of oocyte and granulosa cells [4]. Furthermore, an
increase of room temperature during hot season may
reduce feed intake of sows during lactation and
subsequently compromise oocyte quality. Therefore,
sow body weight loss or backfat loss during lactation
should be carefully monitored during hot season.

Table 1 Descriptive statistics (n=23,517 litters)

Variables Mean + SD Range
Parity number 3.82+£2.20 1-14
Total born/ litter 13.2+£33 1-29
Born alive/ litter 12.1£3.1 0-25
Stillborn (%) 6.0 0-100
Mummy (%) 2.2 0-100
Weaned piglet/ litter 11.7+1.6 0-—18
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Both TB and BA reached a plateau in sow parity
numbers 3 and 4 and significantly declined after parity
number 5 (Figure 2). Interestingly, primiparous sow
had a larger TB than sow parity numbers 7 and >8 and
had a larger BA than sow parity numbers 6, 7 and >8
(Figure 2).

Figure 2 Litter size at farrowing in Landrace x
Yorkshire sows by parity numbers

In conclusions, the modern hyper-prolific sows in
Thailand produced up to 29 TB and 25 BA. Both TB
and BA reach a plateau in sow parity numbers 3 — 4 and
significantly declined after parity number 3.
Interestingly, primiparous sow had a larger TB than
sow parity numbers above 7 and had a larger BA than
sow parity numbers above 6. Season significantly
compromise litter size at farrowing in the hyper-prolific
sows in Thailand.

Acknowledgements
Financial support was provided by a grant for
International Research Integration: Chula Research
Scholar, Ratchadaphiseksomphot Endowment Fund.

References
1. Pérez-Enciso et al., 1996. Anim Sci. 63:255-264.
2. Rothschild 1996. Anim Reprod Sci. 42:143-151.
3. Tummaruk et al., 2004. J Vet Med Sci. 66:477-482.
4. Hale et al., 2017. Biol Reprod. 97: 426-437.



Thai J Vet Med, 2018. 48(Suppl) :151-152

Association between meconium staining of the skin and incidence
of stillborn piglets

J. Udomchanya', A. Suwannutsiri', K. Sripantabut’, P. Pruchayakul' P. Juthamanee’, M. Nuntapaitoon®,
P. Tummaruk’®*

IFifth year student academic year 2017 and’Department of Obstetrics, Gynaecology and Reproduction, Faculty of
Veterinary Science, Chulalongkorn University, Bangkok, 10330, Thailand
*Corresponding author e-mail address:Padet.t@chula.ac.th

Keywords: Meconium, Piglet, Skin, Stillborn, Sow

Introduction

Stillborn pigs remain a major problem in intensive
managed pig farms and account for 5% to 10%
mortality in most commercial herds worldwide[1,2].
Factors associated with stillborn piglets includes
umbilical status, sow parity number and skin color
(meconium staining). Meconium staining of the skin
and aspiration of meconium are clinical indicators of
prolonged or severe intrauterine hypoxia in aborted
fetuses and stillborn [3]. It has been demonstrated that
all intrapartum stillbirths (100%) were stained with
meconium, and 60% had meconium visible grossly in
the oropharynx and 40% in trachea and bronchi [4].The
objective of the present study was to determine the
associationbetween skin color (meconium staining) and
the incidence of stillborn piglets.

Materials and Methods
The experiment was carried out in a 2400-sow
commercial swine herd in Thailand in June 2017.The
sows were housed in an evaporative cooling system.
Gestating sows were moved from breeding to farrowing
unit within 1 week before parturition. Skin color
(meconium stained) was collected from 992 newborn
piglets from 80 Landrace x Yorkshire crossbred sows.
Meconium stained was divided into 3 scores: 1, 2 and 3
(Figure 1). Score 1 was defined as the skin without
meconium staining. Score 2 was defined as the skin
having a small amount of meconium staining (light
yellow). Score 3 was defined as the skin having a lot of
meconium staining (dark yellow). Meconium staining
was determined immediately after the piglets was born.

Figure 1Grades of meconium stained on piglet’s skin

SAS (SAS version 9.0 Cary, NC, USA) was used to
analyze descriptive statistics (mean, standard deviation
and range). Chi-square was used in the comparison
between stillbirth (binomial trait) and meconium
stainingscore.P< 0.05 was regarded to be statistically
significant

Results and Discussion

Descriptive statistics on reproductive performances of
sows included in the study are presented in Table 1. On
average, the incidence of stillborn piglets was 6.6%.
Descriptive data on piglets with meconium staining is
presented in Table 2.The associationbetween skin color
(meconium staining) and the incidence of stillborn
piglets was significant (P = 0.004). It was found that
the piglets born with the score 3 of meconium staining
had a higher risk of being stillborn (Figure 2).

Table 1 Descriptive statistics on reproductive
performances of sows (n=80)
Variables Means+  Range
SD
Parity number 28+188 1-6
Gestation length 1156 £ 113 -121
(days) 1.52
Total born 175+ 3-26
3.78
Born alive 153+ 1-21
3.71
Stillborn piglets 1.3£1.72 0-10
Mummified 1.0+1.97 0-15
fetuses
Stillborn (%) 6.6 -
Mummified 5.4 -
fetuses (%)
Farrowing duration (min) 331+314 58—
1,818
Body condition score 30+0.12 27-34
Backfat thickness (mm) 14.1+ 8.0—
2.62 24.0

151
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Figure 2Incidence of stillborn in relation with the skin
conditions of the neonatal piglets (n=992)

Table 2 Descriptive data on piglets with different score
of meconium staining (n=992)

Score Score 2 Score 3
1
Born alive
Number of 766 137 28
piglets 94.8 91.3 824
Percent
Stillborn
Number of 42 13 6
piglets 5.2 8.7 17.6
Percent

152

In conclusion, increasing of score of meconium
stainingon the skin of the newborn piglets
wassignificantly associated with theincidence of
stillbornpiglets.
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I ntroduction

Concentration of immunoglobulin G (IgG) in the
sow colostrum is important for protecting newborn
piglet from various pathogens in the farrowing house.
Metabolic status of sow at farrowing is associated with
their colostrum production (1). Backfat thickness is used
for indicating the sow nutritional status at different
stage of reproductive cycle (2). Knowledge concerning
the association between backfat thickness and the
concentration of 1gG in the sow colostrum is therefore
important. The present study was performed to investigate
the association between the concentration of 1gG in
colostrum and backfat thickness of sows before farrow-

ing.

Materialsand Methods

The present study was conducted in a commercial
swine herd in the western region of Thailand. In total, 145
colostrum samples obtained from postpartum sows were
investigated. The sows were classified as primiparous
(n=51) or multiparous sows (parity numbers 2-6, n=94).
Backfat thickness of the sowswas measured at the level of
the last rib at about 6 to 8 cm from the midline using
A-mode ultrasonography (Renco Lean-Meater®,
Minneapolis, MN., USA.) (3). The backfat measurement
was performed in each sow at farrowing. The sows were
classified according to their backfat thickness into 3
classes: low (9.0to 13.0 mm), moderate (13.5 to 16.0 mm)
and high (16.5 to 24.5 mm).

Sows were kept in individual crates during
gestation in aconventional open-housing system. The sows
were moved to the farrowing pens about one week
before the expected farrowing date.

The colostrum samples were collected manually
at 1 h after the onset of parturition. Colostrum samples
were collected by hand from all functional mammary
glands and were pooled. The sampleskept inaclean bottle
(30 ml) and were stored at 4°C on ice in a foam box
during collection process. The sampleswere cryopreserved
at -20°C within 24 hours after collection until analyzes.
Colostrum was thawed at room temperature for 2 h and
was centrifuged at 15,000 x g for 20 min at 4°C
(Centrifuge 5810 R, Eppendorf AG, Hamburg, Germany).

Supernatant was collected and was used for
IgG assay. The fat was discarded and the remaining
liquid was collected. Thereafter, the liquid part was
diluted 1: 500,000 with sample conjugate diluent (50
mM Tris buffer, 0.14 M NaCl, 1%BSA and 0.05%
Tween 20). Immunoglobulin G was determined by using
ELISA. The ELISA plate was coated with polyclonal
antibody of Pig-lgG (Bethyl Laboratories Inc., Texas,
USA). The absorbance was recorded at 450 nm using
ELISA plate reader (Tecan Sunrise™, Mannedorf,
Switzerland). The IgG concentration in the colostrum
samples were quantified by interpolating their
absorbance from the standard curve generated in parallel
with the colostrum samples. The concentration of 1gG
in colostrum at 1 h after farrowing was analyzed by using
the general linear models (GLM) procedure of SAS.
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The statistical model included the effect of sow parity
number, backfat thickness at farrowing classes and
interaction. Least square means were obtained from each
class of the factor and were compared by using Student's
t-test. P<0.05 was regarded to be statistically significant.

Result and Discussion
Descriptive statistic on reproductive data is
presented in Table 1. On average, the concentration of
IgG was 82.3+36.6 mg/ml (range 21.8-242.9 mg/ml,
Table 1).

Table1 Descriptive statistic of the sow (n=145)

Parameter Mean + SD
Parity number 32+22
Total number of piglet born/ litter 138+ 35
Number of piglet born alive/ litter 123+ 3.0
Backfat thickness (mm) 146+27

The concentrations of 1gG in primi-parous and
multiparous sow were 79.7+5.9 and 81.9+4.1 mg/ml,
respectively (P>0.05). A previous study has demon-
strated that sow parity numbers >4 have a higher 1gG
concentration than other parities (10).

The concentrations of 1gG in the sow colostrum
associated with backfat thickness are presented in Fig. 1.
The concentration of 1gG in the colostrum of sow with
low (87.5+5.6 mg/ml) moderate (80.4+4.8 mg/ml) and
high backfat thickness (74.5+7.8 mg/ml) did not differ
significantly (P>0.05).

The concentrations of 1gG in primi-parous and
multiparous sows by backfat thickness at farrowing are
presented in Figure 2. It was found that the concentration
of 1gG in colostrum did not differ significantly among
groups (Fig. 2).
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Figure 1 Concentration of immunoglobulin G (mg/ml) in
colostrum of sows with different backfat thickness at farrowing.
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Figure 2 Concentration of immunoglobulin G (mg/ml) in
primiparous and multiparous sows by backfat thickness at
farrowing.

No effect of backfat thickness on 1gG in sow
colostrum was found in the present study. On the other
hand, a previous study has demonstrated that changes in
backfat thickness during late gestation influence both
the colostrum production and the concentration of 1gG
in colostrum (1). Catabolic sows in late gestation seemed
unable to produce optimal colostrum production and low
IgG concentration in colostrum. However, excess back
fat thickness before farrowing associated with low
reproductive performance (4).

In conclusion, sow parity number and backfat
thickness at farrowing did not influence the concentration
of 1gG in colostrum.
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Introduction

Lactogenesis is associated with the levels of
progesterone, prolactin and estrogen. High serum
progesterone concentration in postpartum sows inhibits
lactogenesis and compromise piglet performance (1).
A previous study found that high serum progesterone was
associated with a reduced colostrum production in sows
(2). The detection of progesterone in several sample types,
e.g., serum, feces and milk, has been reported (2, 3).
However, the association between colostrum production
and progesterone concentration in the sow milk has not
been demonstrated. The present study was performed to
investigate the association between the concentration of
progesterone in milk and colostrum production in

primiparous and multiparous sows.

Materials and Methods

The present study was conducted in a commercial
swine herd in the western part of Thailand. In total,
49 milk samples collected at day 3 postpartum were
included. The sows were classified as primiparous (n=
17) and multiparous sows (parity numbers 2-6, n=32).
The sows were kept in individual crates during gestation
in a conventional open-housing system. Individual birth
weight of the piglets was measured immediately after
birth and again at 24 h by using an electronic balance.
The colostrum yield of the sows was defined as the sum of

individual colostrum consumption of all piglets in the

litter. Individual colostrum consumption of the piglets
was estimated: colostrum consumption (g) = -106 +
2.26WG +200BWB + 0.111D -1414WG/D + 0.0182WG/
BWB, where WG is piglet weight gain (g), BWB is birth
weight (kg), and D is the duration of colostrum suckling
(min) (4). Milk samples were collected by administrating
10 U oxytocin and manually milking at day 3 postpartum
from all functional mammary glands and were pooled. The
milk samples kept in a clean bottle (30 ml) and were stored
at 4°C on ice in a foam box during collection process. The
samples were cryopreserved at -20°C within 24 h after
collection until analyzes. Milk was thawed at room
temperature for 2 h and was centrifuged at 15,000 x g for
20 min at 4°C (Centrifuge 5810 R, Eppendorf AG,
Hamburg, Germany). Supernatant was collected and was
used for progesterone assay. Progesterone concentrations
in the milk were determined by using ELISA (5). The
concentrations of milk progesterone were classified into
2 groups, i.e., low (<2.5 ng/ml) and high (>2.5 ng/ml).
The statistical analysis was performed by using general
linear models (GLM) procedure of SAS. The statistical
model included the effect of parity number (1 vs 2-6),
milk progesterone concentration (low and high) and
interactions. P<0.05 was regarded to be statistically

significant.
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Result and Discussion

On average, the colostrum production was
6.1+1.5 kg. The milk progesterone concentration
averaged 3.0+1.4 ng/ml (range 0.7-5.4). The colostrum
production in primiparous and multiparous sow were
4.8+0.7 and 5.4+£0.5 kg, respectively (P>0.05).
The colostrum production was associated with the
concentration of milk progesterone (P<0.05). The
colostrum yield in the sow with low milk progesterone
concentration was higher than the sow with high milk
progesterone concentration (6.1 vs 4.2 kg, respectively,
P=0.04). The colostrum yield in primiparous and
multiparous sows associated with milk progesterone is

presented in Fig. 1.

& »Low High

Colostrum production (ke)

1

n

Primiparous sow Multiparous sow

Figure 1 Colostrum production in low and high concentration
of milk progesterone in primiparous and multiparous sows,
“P<0.05.

The colostrum yield in multiparous sows with low
progesterone concentration was higher than those with
high milk progesterone concentration (6.6 vs 4.3 kg,
P = 0.03) but did not differ significantly in primiparous
sows (P = 0.38). However, the previous study found
that high serum progesterone in primiparous sow was
associated with a reduced colostrum production (2).

In conclusions, the level of progesterone in the
sow milk and sow parity number influenced colostrum
production. High concentration of progesterone in milk
is associated with a reduced colostrum production in

multiparous sows.
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Introduction

In general, stillborn account for 3-8% of all piglets
had born (1). The major cause for the death of piglets
during delivery is hypoxia during prolonged expulsive
stage (2). During the past 20 years, swine production in
Thailand has become more industrialized, and the number
of total piglets born per litter has increased rapidly.
The key factors for successful intensive farrowing
management include proper farrowing supervision,
intervention for sows that need birth assistance and care of
newborn piglets (2). The present study aims to determine
the influence of birth order on the incidence of stillborn
piglets in primiparous and multiparous sows under field

conditions.

Materials and Methods

The present experiment followed the guidelines
of The Ethical Principles and Guidelines for the Use of
Animals for Scientific Purposes by the National
Research Council of Thailand, and was approved by the
Institutional Animal Care and Use Committee (IACUC).
The experiment was performed in a commercial swine
herd in the western part of Thailand. In total, 183 sows
(parities 1-5) and 2,395 piglets were included in the
experiment. The sows were housed in a conventional
open housing system both during gestation and lactation
periods. The farrowing process was carefully monitored
individually. Data from each piglet were collected. The data
included the onset of parturition, birth interval, body

weight at birth, birth order, total born and born alive
per litter (4). The incidence of stillborn piglets (0, 1) was
analyzed by using logistic regression under GLIMMIX
macro of SAS. The statistical model included parity (1 vs
2-5), birth order (1, 2, 3,........ ,14 and 15-20) and two-
ways interaction. P<0.05 were regarded to be statistically
significant.

Results and Discussion

Of all the piglets born, 2,250 (91.7%), 145 (5.9%)
and 59 (2.4%) were born alive, stillborn and mummified
fetuses, respectively. Reproductive data of primiparous and
multiparous sows are presented in Table 1. The effect of
birth order on the incidence of stillborn piglets is presented
in Figure 1. The present study demonstrated that the risk
of being stillborn was increased as the birth order increased
in both primiparous and multiparous sows (P<0.001).
As can be seen from the Figure, intensive care of the
neonatal piglets as well as the birth interval should be
raised after the 8" piglet was born in primiparous sows
and after the 10" piglet was born in multiparous sows

(Fig. 1).
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Table 1 Reproductive data (mean+SD) of primiparous and

multiparous (parities 2-5) sows 1.
Parameters Primiparous  Multiparous

Number of sows 57 126 2.
Number of piglets 752 1702

Backfat (mm) 148+2.8 15.2+3.0 3.
Farrowing duration (min) 304 + 293 260 + 156

Birth interval (min) 18.7+314 18.2+30.9 4.
Total born 13.7+25 144+3.0

Born alive 127+24 13127

Birth weight (g) 1386 +326 1449 + 350

Figure 1 The incidence of stillborn piglets by each
categories of birth order
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Introduction

The reproductive management of the replacement
gilts is important factors driving reproductive performance
and longevity of sows in the swine commercial herds
(1, 2). Age at first estrus, mating and conception in gilts
are associated with their subsequent reproductive
performance, longevity and the reasons for culling (3).
The proportion of gilts culled due to reproductive failure
increased from 18.0% to 24.5% when the age at first
conception increased from 200 to 300 days (4). Under
tropical climates, 44% of the culled gilts are removed
from herds due to failure to exhibit standing estrus (5).
The present study was performed to determine some
significant factors associated with the variation on age at
first estrus (i.e., puberty) in gilts under field conditions.

Materials and Methods

The study was carried out in a commercial swine
herds in western region of Thailand. The number of sows
in production was 12,400 sows. The replacement gilts
were produced within the herd. The data included 1,106
LY crossbred Landrace x Yorkshire gilts that entered
into the herds from February to June 2018. A fence line
boar contact was applied to the gilts for estrus induction
twice a day between 140 to 210 days of age. The detection
of estrus and boar exposure was performed on a daily
basis until the gilt exited the gilt pool at 203 days of age.

Estrus detection was carried out by the observation of
vulvar symptoms and the back pressure test with the
presence of a mature boar. Gilts expressing a standing
response in front of the boar with clear vulvar symptoms
were defined as estrus (1). The estrus was monitored by
experienced stock persons; and the days of standing estrus
were daily recorded into the herd book. The gilts were
weighed once when exiting the gilt pool. Growth rate
(9/d) from birth to exiting the gilt pool was calculated (1).
Data were analyzed by using SAS. Descriptive statistics
and Pearsonis correlation analyses were conducted.
P<0.05 was regarded to be statistically significant.

Results and Discussion

Of all the gilts (n=1106), 960 gilts (86.6%)
exhibited first estrus naturally without any hormonal
treatment (Table 1). The age at first observed estrus
was 196.2?16.7 days (range 140-289 d). Frequency
distribution on age at first estrus is presented in Fig. 1.
Age at first estrus in gilts was positively correlated with
body weight (r=0.161, P<0.001) and negatively correlated
with growth rate (r=-0.339, P<0.001). This indicated
that gilts with superior growth rate attain puberty earlier
than those with inferior growth rate. Thus, one selection
criteria for gilts recruitment should include growth rate.
Based on individual gilts, the age at first estrus of LY
crossbred gilts in Thailand varies between 138 and 317
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days (1, 3). Thus, the data observed in the present study

are within the normal range.

25 4

Percentage

15 4

89

Age at first observed estrus (week)

Figure 1 Age at first observed estrus in Landrace x Yorkshire crossbred gilts in a commercial swine herd in Thailand (n=960).

Table 1 Descriptive statistics

Variable n Mean + SD Range
Gilts exhibit 1106 86.6 - L
natural estrus 2
(%)
Age at first 960 196.2+16.7 140-289 3
estrus (days)
Body weight 392 124.5+11.2 93-166 4
(kg)
Average daily 986 641.5+58.3 403-875
gain (gram/day)
Number of 422 14.4+0.6 14-16
teat
Gilts induced 117 117/1106 -
estrus by (10.6)

gonadotropin (%)
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Introduction

Porcine reproductive and respiratory syndrome
(PRRS) virus primarily infects macrophages during acute
infection (1). The macrophages from many tissues are the
primary cell type that sustains the in vivo replication of
the virus (2, 3). Using immunohistochemistry evaluation,
about 66-100% of the lung tissue of pig infected with PRRS
virus was observed (4). The objective of the present study
was to determine the immune-expression of PRRS virus
in the uterine and ovarian tissues associated with PRRS

vaccination in gilts.

Materials and Methods

A total of 51 gilts (Landrace x Yorkshire x Duroc)
ages 22 - 26 weeks were included in the experiment.
The gilts received normal saline (control, n=26) or
PRRS-MLV (Fostera® PRRS, Zoetis, USA, n=25), 2 mL
intramuscularly at 22 week of age. Uterine and ovarian
tissue samples were collected at 22, 24 and 26 weeks of
age at slaughter house. Immunohistochemistry was
carried out according to the previous studies in the uterine
(3) and ovarian tissues (5). The tissue sections were
defined as épositivei if they contained at least one
positive cell (brown intracytoplasmic staining, Fig. 1).
Additionally, the tissues were also classified into 4
score: 0, no positive cells; 1, 1-2 positive cells on the whole

tissue; 2, moderate number of positive cells; 3, large

amount of positive cells. Score of immuno-histochemical
staining of PRRS virus in the ovary and uterine tissues of

gilts were compared by using Kruskal-Wallis test.

Results and Discussion

Immuno-expression of PRRS virus in the uterine
and ovarian tissues of the gilts age 22-26 weeks was
demonstrated (Figure 1). PRRS virus was detected in
71.2% of the uterus and 90.2% of the ovary in gilts. The
percentage of the uterine and ovarian tissues containing
PRRS virus did not differ between non-vaccinated and
vaccinated gilts (72.0 vs 70.3% and 88.5 vs 92.0,
respectively, P>0.05). However, the severity tended to be
lower in the vaccinated than the non-vaccinated animals
(Fig. 2). At 24 week of age, the score of PRRS virus
detection in non-vaccinated gilts tended to be higher
than vaccinated gilts (2.3 vs 1.4, respectively, P=0.067).

Apparently, the present finding indicates that
the replacement gilts remained a risk of introducing PRRS
virus into the breeding herd even though vaccination has
been done. Moreover, under field condition, some of gilts
might be mated when the virus remained in their uterine
tissue. Therefore, their reproductive performances might
be compromised.
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Figure 1 Immuno-expression of PRRS virus in an ovarian tissue
of gilt.
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Introduction

Stillborn piglet is one of a major problem in a
modern swine industry. In general, the incidence of
stillborn piglets varies from 5.0% to 10.0% in most swine
commercial herds worldwide (1, 2). Stillborn is caused by
hypoxia during the piglet delivery (3). The predisposing
cause of hypoxia during the piglet delivery is associated
with uterine contraction, placental efficiency, umbilical
cord integrity and vitality of the fetus (4). The objective of
the present study was to evaluate the association between
umbilical cord integrity and the incidence of stillborn

piglets under field condition.

Materials and Methods

The study was carried out in a 2400-sow
commercial swine herd in the eastern region of Thailand
in June 2017. The sows were housed in a closed housing
system equipped with an evaporative cooling system to
reduce heat stress. Gestating sows were moved to the
farrowing barn at one week before parturition. At
farrowing, the umbilical cord integrity of the newborn
piglets was determined in 989 newborn piglets from 80
litters. The integrity of the piglet umbilical cord was
classified into 2 groups: intact and broken (Fig. 1). The
umbilical cord integrity was evaluated within 5-10 min
after the piglets were born. The piglets were classified
into 2 groups: lived born and stillborn. The association
between the umbilical cord integrity and the incidence of
stillborn piglets was analyzed.

Figure 1 Umbilical cord integrity in newborn piglets
(a) broken umbilical cord (b) intact umbilical cord

The statistical analyses were carried by using SAS
version 9.0 (SAS Inst., Cary, NC, USA). Descriptive
statistics (mean, standard deviation and range) were
calculated. The umbilical cord integrity was compared
between lived born and stillborn piglets by using Chi-square
test. P<0.05 was regarded to be statistically significant.

Result and Discussion
Descriptive statistics on reproductive performances

of sows were shown in Table 1.
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Table 1 Descriptive statistics on reproductive perfor-
mances of sows (n=80)

Variable Means + SD
Parity number 2.8+1.8
Gestation length (days) 115.6+1.5
Total born 17.5+£3.78
Born alive 15.3£3.71
Stillborn piglets 1.3+1.7
Mummified fetuses 1.0£1.9
Stillborn (%) 6.6
Mummified fetuses (%) 5.4
Farrowing duration (min) 331+314
Body condition score 3.0+0.12
Backfat thickness (mm) 14.1+2.62

Broken umbilicus was found in 46.8% of stillborn
piglets and 24.1% of lived born piglets (P<0.001) (Fig. 2).
The reason might be due to that the high frequency and
intensity of the uterine contraction during farrowing
process may cause compression of the umbilical cord.
Thus, the umbilical cord may be trapped between the fetal
body and maternal pelvis. Piglet mortality and postnatal
viability may be related to the time when the umbilical
rupture occurs (5). Anoxia in neonatal piglets can be caused
by umbilical cord rupture and therefore sudden death
occurs during parturition or by the temporary obstruction
of the umbilical cord producing subacute anoxia (6).
Temporary hypoxia during birth may cause permanent
brain damage and reduce lived born piglets. Pig fetuses
are very susceptible to intrauterine asphyxia. In the present
study, the total number of piglets born per litter and
parity number of sows were 17.5+3.8 piglets and 2.8+1.8,
respectively. The highest percentages of stillbirths
occurred at birth order =9. Stillbirth rates usually occur
in large litters and in the piglets born in the last third of
the litter.

50 - 46.8
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=3 401

2 3

B 30 1 24.1
£.8

in l
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55 10

£

£5 o

Born alive Stillbom
Figure 2 Percentage of broken umbilical at birth in lived

born and stillborn piglets

Table 2 Descriptive data on piglets with intact and broken
umbilical cord (n=989)

Umbilical cord integrity

Intact Broken
Lived born
Number of piglets 704 223
Percent 75.9 24.1
Stillborn
Number of piglets 33 29
Percent 53.2 46.8

In conclusion, of the percentage of piglets born with
broken umbilical cord is higher in stillborn piglets than

lived born piglets.
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