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ABSTRACT

In the modern swine industry, the number of piglets born alive per litter is dramatically
increasing due to genetic improvement of litter traits. However, knowledge on post-partum
management is inadequate to reduce piglet preweaning mortality. The present study aimed
to investigate piglet preweaning mortality in a commercial swine herd in Thailand in relation
to the number of littermate pigs and piglet birth weight. Data included 11,154 litters from
3,574 sows farrowed from January 2009 to December 2012. Littermate pig was defined as the
number piglets after cross-fostering. Number of littermate pigs was classified as 1 - 7, 8 — 10,
11 - 12 and 13 - 15 piglets/litter. Mean birth weight of the piglets was classified as low (< 1.30
kg), medium (1.30 — 1.79 kg) and high (> 1.80 kg). Piglet preweaning mortality was calculated,
logged transformed and analyzed by general linear mixed models. On average, piglet
preweaning mortality was 14.5% (median = 10.0%). Piglet preweaning mortality in the litter
with 13 - 15 littermate pigs (24.1%) was significantly higher than the litter with 1 — 7 (11.9%, P
< 0.001), 8 - 10 (11.8%, P < 0.001) and 11 - 12 (14.6%, P < 0.001) littermate pigs. The litters
with a low piglet birth weight had a higher piglet preweaning mortality rate (18.8%) than the
litters with a medium (15.7%, P < 0.001) and a high piglet birth weight (12.1%, P < 0.001). In
conclusion, to reduce piglets preweaning mortality in commercial swine herds, special care
needs to be taken in litters with more than 13 littermate pigs and with piglets with birth weight
below 1.30 kg.

Keywords: Pig, Preweaning mortality, Litter size, Birth weight, Colostrum
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wwindatesagyihlignsinismevesgnansneuneuuindy 20 wWeswuddlaWeuivansaiind
s TN | Jo a | S| v & Ay o
Wmndvingay (Machebe et al,, 2012) uenanfifalsenuinisAndeniusulgnsniludu
dundaunsawiilentanazdonsinisaneneunegunaadunig (Mckay, 1993) Liewinulgnsnesay
AaengnansdumtndesuazUTinaunilangnsineuliiisweuasiusunagiduiusivi
Talonanisiniievesgnanslaietu

N13IANTVULARDA

SE8¥IMTBINIARDALAY SEEZIMTBIgNAN LA RER TR LA T UL AR NULignTAss
usn dldanuudanmanievesgnansneuveuufiazanniu (Tuchscherer et al,, 2000) Tngtanny
Tugnansiinaenoeninlurasiineveansaaen (Rootwelt et al, 2012) ilssangnansimaniiilenta
evendiauliginiifianoneenindey  matienaeauaznstiewdelignanslduumtinies
Siudsdinnudndu nsldsosumioiheraenlilddlisammanevesgnansieungiuuanag
usdzdigann1smIewsnaaen (stillbom) uazhlilnunsnsanusahnaenuazglaulgnIvdinaen
I¢utiu (Nguyen et al, 2011) uenanidafimsisenuiaseniifidndruvesgnansnadogeass
Sammsmeneungutsnnniiaseniiignansineaggs (Rekiel et al, 2012)

n1sdern

n15818en (cross fostering) aztitansnsINIsAenaurgIuLaLld (Bowman et al., 1996) 1ng
msdothngnaninielu 1-3 Tundsanen (Wattanaphansak et al, 2002) azananinandnansme
ﬂawmumlmmmwmsmwma 7 YU uaﬂmﬂummmmaﬂmmummaﬂﬂmamamiiaﬂmmmaﬂaﬂi
ity Tnefimsideinedngnansutamuintinduaslfiisuugnansseiy nuiasendifignans
thwiindannnt 1.6 Alanfuuaregsiuduinnnd 12 fildemmaneneungiuugeniingudd
Siniessiaderiosnin 1.6 Alandy (Enelish and Bilkeit, 2004) tilosaninsutedulunisugaiu
nuLgLarsuLsannnignansiitimdndesntt  dfunisquagnansluasendifiimiindigauas
nunndwludesdinsguaidufivawgudeiv

nanlngaguuLImImsinnsifioansnsinssenouvein Uszneusne  nseeliignans
¥suwnimdonditu mslimmeuguuignansediadivme Tnsewiglurag 12 fuusnudsaaon
maguagnanslukififidduiosmnnnd1 5 wasnisguagnansidasensualygiufives i
namsnidudrumilswesnsdanisfianunsatiluszgndlilunisuftymnsmedoungugaly
Wsuansle

WA IYDIULENS
NsNgnansITaNInTasegiulsncige 1”ﬁfu%"uagjﬁ’uﬂ%mmqﬁﬁuﬁ’uﬁqﬂqmadﬁ%’umﬂuﬁqm
WHIAADA gNANIANINANTNGN (@NAY) Asengiiquiusnge Tazaenannuiindignazsiedini



smMaustindes (colostrum) whiy thusmesislansisgauludenddusuriame uonanduylu
Tnaydu  (immunoglobulin) && Yuuveaignsdssenaudne  wadidndenumaiindulled
(lymphocyte) lalalail (cytokines) famdlalng (nucleotides) wazansissnisiasgiulndngiig
(growth factor) siinasioszuunfiduiuvesgnanvdenaen Suylulnayduidienesanuiansgan
ansdugiiduiuiignadiatunuuusimesolsaundlse nsaruduiuiituiulszaunisaivesusans
Tunsléduifalsasinen ey dafugnansiildfumsnienonnfdufuuuuduyiulnaydumnainu
ansfiaziinfidutuamedelsaiiuianaineduiaudvinduy Wuiiignanseaonsenin gnansiasld
fusfatuidelsnsan flegludanndon nsmevauesmaniduiuuuulidunzvesgnansdoidelsn
snen  mandseildlii  fesngnansusnaaendldfinsinuvessruuniduiuiine  Feu
pidufuldsunmseneannuignsiumsuaiwdesdsdianuduiuogas (Rooke and Bland,
2002; Markowska-Daniel and Pomorska-Mol, 2010; Quesnel, 2011) @uﬂ’cjﬂﬁwaﬂﬁuamgiuiﬂaga
unnudeseignshumeiidldenszuaunasulaldlaawuulisime (non-specific
endocytosis) LLazmzmumiam%mzéuqmmmEf[,u 24-36 Hlue vdsduafuuimEss (Sangild,
2003) MMTENUIIITINTTEATinTesgnanstutuiinaIMaesTignanslésu (Devillers et
al, 2011) USinawesduylulnaydulaeiane 1gG WussAUsznoudfglunisuntlesgnansainds
wUanUaeusinen uenanieil Iga Fevimidilesfugngnsandatanuaeusineg vinamdadeilen
#1949 (mucosal surface) 1y wWijsanld [Wudu

120

100

Concentration of immunoglobulin (mg/mL)
(o))
(@]
1

0 T T T T . T —_—T T |

1h 6 h 12 h 24 h 6 d 12 d 18d 28 d

Times after parturition

JUN 1 USunaduylulnayduiesiieg Tuuniivdesewlgnsvdinaen Nszeziansiigeg

fithdovasedsiifinarouiinavesduyulnayduluiuimesians wu aeiug diduvies
uarAanadon  duiulunsfnwiidesnauieuiisutinasuyulnayduluuiansiiosnugu
Hadosneg wanirvileutugie el 5ﬁﬂﬂsﬁﬂmﬂ%mmaaémgiuiﬂagausuﬁm I9G IgA Laz IgM
Tuthuswesutlansfissozinairine funudr Gunuduyllneyduesisedugeanniely 1 Falumds



AADA LazABYY anUsINAaY uazsateg s aaunds 24 $alu (gﬂﬁ 1) Inglugaausne 1gG Jusuneu
winfign TaeAndu 75% vesiinaduyiulnayduimun uwilussesiines fus 6 Tundsaoniu
#lU 1A aziidadiugefigaAnidu 50-60% vesduylulnayduimun (U 2) (Markowska-Daniel
and Pomorska-Mol, 2010)

100

90 =0—gG ——IgA IgM

60 -
50

20 A u\.\‘

10 A

Relative contents of immunoglobulin (%)

1h 6h 12 h 24 h 6 d 12 d 18d 28 d

Times after parturition

sUN 2 dadruvesBuylulnayfuluumihmienssesiaineg vasnaenluuigns

NnMsIFenuinUsinasuylulnyaunnulngefigalutae 1 Slumdseasn uazseRuiiinlédl
ANUUANATLNNINTENINULENTUARLAT 18U Markowska-Daniel and Pomorska-Mol (2010) @nwn
WuIUsI 166G Titnlususnudsnaenwdsintu 982 fiadnsusediaddns wiamnsowlsUTIY
seriaulans 16dousl 48.4-134.9 Tadnsusiefiadans Wudu uenainddamuinuulsusuves
Uhinaduylulnayduiifuiuiladonisuondug fe wu genia diduasen ugnsse nsvhiadu
WaEANANY VBRI (Rooke and Bland, 2002) Usunauvesduylulnayduvie 1gG dwgalu
Prausnuazsadiutimds assiwiu 1gA GUA 2) esananuamsalunisgada I9G 109NENS
Mmaduemsgnasuadenaziugaasmely 24-36 dalumdsanon nMaAsuiasivoniiuuusl
qﬂimaamﬂaENmJmmmmamaqgﬂqﬂﬂums@ﬂf?m G uanaNENFAITedmuIUTIN 1gG anas
90 98.2 fiadnSusiefiadang wie 19.7 fadnsusefiadans nelu 24 Srlumdsaasn (Markowska-
Daniel and Pomorska-Mol, 2010) wenaninisAnuiusemanSaansanuseiuves IgG Tuuy
fwmﬁaﬂul,njfjmmﬁu 623 fladniusiofadans Tuthluwsnudsnaen wavanauvide 16.8 fadndy
Aofiadansyl 24 Taluandsraen (Quesnel, 2011)

Tnsaguuuthvdeduwiansussnaudeduylulnayausia 166 Hundnlugag 24 daluswsn
wdanaen vimntuandu 16A Wudnilvg) (>500%) Tnseududuvesduglulnayduvinemag
wianinugafianniglu 1 2lumdinaen wavanseduasesnamindaniglu 24 42l Ui 1gG Tign
anslesuazvimidlsigiduduunanans Tuvaedl IsA asshmithitunteadeilienannnsitunvesds
wanuaeuseg seiuvesduylulnayduiiuandiifuiannsolfifuwamdunsfinudug fiaem



wwnlunsiindiinaesssrugiiauiuluuidnviowsemdadeninansenusoUsuabuyly
Inayduluuinimaeseuignslasely



unil 3
159 UUNT5IY

WsunNAaDY

yhnsAnwilurhiugnaviewsifusauia 1,500 usl wimidunangiusenvesseimelne
Wsuneaeain1santuiinn1sdnnsansanInauny wazwinugidraen  warlissuunstuiinteya
melusunsupauiumasuudinunit 10 U wuguesansdrulvadugnsiuduaussninsuaunisy
LazEaINLTYS

vaya

msiivdeyaainszuuiivdeyanisnauiawmesvesiisy (PigLIVE®, u3en lafl Bunesiufdn
o w < Py = = A o
911in, ngamne, Useinelng) Wussoziian 4 Uasuiiow unsiay A.A. 2009 89 RousuIaw A.A.
2012 Tayafuu1aIn 12,594 ATENN 3,860 wil Toyaiiliusenaume lwesuians Turaen iy
109 I1UINGNANTUINARDATTIN (BA) I1uugNgNIAIgLsNAfeAsanTan (SB) Iuiuliuildensen
(MM) dnidnusniindusiensen Anafeuiningngnsusnaaensieds S1urugnansdiedn (g
AU Jungun AnafedmtngngnsveuaagIuILgnansguNsenseon

AIINGNADIYEITOYA

‘v‘hmamwaau%’auﬂaﬁuﬁwmﬁluLwiazmaﬂ i%&J%L’Jﬁ’]Lg‘ENQﬂ WUNBRY SETANRILARADN
quimgu. Fedimingt 21 U (n = 1,219, 9.7%) Wae 11nn1 28 Tu (n = 85, 0.7%) 2zl
sulumsiieseideya doyaiinuiriawain ldun Swiugnansmerumsieasendindy 0 (n = 100,
0.8%) %38 ¥1NAI1 16 (n = 2, 0.01%) 1?mﬁfﬂqﬂqﬂimhuuﬁmdw 3.0 Alansu (n = 13, 0.1%) %30
111131 15.0 Alansy (n = 3, 0.02%) LLazﬁmﬁfﬂqﬂqﬂsLLSﬂﬂaaﬂG?ﬁﬂdw 3.0 Alan5u (n = 18, 0.1%)
wldihinsinlunisiaszideya %@;ﬂaﬁmm 1,440 Asan (11.4%) alddrunsidlunisiiasie
Hoyaneadn fuiudeyaililunisinuTasznavdedoyarionun 11,150 asenan uanssiuam
3,574 6

mMsSnaly
ansanuazansuignidssegnislulsndeugnsduosifidnvuzifulsaiounuuda
(conventional open housing system) LLazﬁizUUmsamqmmﬁma‘lu‘liqﬁaué’wﬁmamasﬁmaa
wignsgndsegnreluneniusiefmasnnisguiies (37 3) wignsduviesgninerinirvesnaon
Uszanamiladunsinoufisiimunnaen (U 4) lnefiflufiouinasen wuia 4.5 msnaunsdens ans
anmaununanduedurhiy (Uil 5) Taevhlugnsaninauieny 224 $u July wasiitdmiinlsides
a1 135 Alandu uazasranumadudpuudiedneonantads lmanauioasisluansanuazung
Tornstuay 2 ads (Wawanm 1.5 - 3.5 Alandudetu) nasanisdusies uslansanuazuslésu
wuuliidrdanis§uii wiansanmaunuuaransunsazldsuiaduostulsnefinndans (classical
swine fever virus (CSFV)) fiwataUfien (Aujeszky’s disease virus (ADV)) w151ala54 (porcine



parvovirus (PPV)) wazurniinides (foot-and-mouth disease virus (FMDV)) ansquyieslasuingy
dosrulsanuiidesneunaenuayiatutlesiulsaeiindansuaznislalfandsnaen Tadud ey
Tsaftvaiuiifeuagyiine 4 Weu wisuiviinsine fnadenduuinselsafionsendiea (porcine
reproductive and respiratory syndrome (PRRS)) ualallavinindu Iusd’NL?gﬁjEN@uﬂiﬁmmﬁuaz 2 %
(WUszan 5 - 6 AlanfuseTu) druusenavresemsidu 9n-duvdeslnvu Sadilusiu 18.0% uay
W&911 (metabolizable enerey) 3,250 Alaunasi/Alansy uazladu 1.10% Ineshlunisdaiiau
ansagyihuslewsignstidrduiesnnniy 6

gil n3 T,iqLiauamawawmﬂwmvmu‘limamwmﬂ@ (conventional open housing system) wag
fve UUﬂ'}'ﬁamqmmuma’Lu‘haLiaumawmauLLaszaa LLuqﬂﬁgﬂmagma‘tuﬂamﬂuswmmaaﬂms
quviDg

AI919AA U

“dIuIugngnIuInAaen (total number of plglets born per Utter ma TB)” #1880 WA
VBIPNANTUINARDALTIN Qﬂqﬂimwﬁﬂﬂaammvmum mmuaﬂammammmaﬂ (littermate)”
MANEEN NATINYDIYNFNTUINARBANTIANAINITEERN Tnsunanstrernasinely 48 $alus
waInaen IuIugnansdnerngniuiinynasen dlufinsdnernazdusindu “0” drfinnsdrern

I v =2 1 A 1 al v Y o a a L C =

sandnuallaaziuiinidu -1 -2 -3 uag Buq WwmetuAdnsdrerniiuaniuilaazgniudin
Wu. +1 42 +3 waz 9u9 “N13R18v03gnansnauneg Ul (pre-weaning mortality)” #u1889
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Wesiudvasgnansusnaaenadiinnasnisiedinfinnenusnaenaudiangiuy Jeduwandusew
MUEAT: N1TNBVBIRNFNTNOUNEIUY (%) = (FIUIUGNTLALIHBATON — I1UIUGNANTNEIUN) /
IUGNIRLIseATeN

JUT 4 lsadeugniraeniiidnuazilulsaiounuuda (conventional open housing system) waedl
szuunisangamniniglulsaseumeinauuazdiven wlansgndeedaigluaanvuin 4.5 a1319
LUATHOMT AABATEEELIAINITHELIGN

MTUUINGU

Tunslaseiveyan1vada srauvieswiansgnuuadu 3 nau ldun 1 2 - 4 wag 5 - 9 vun
AsonuUndu 4 ngu ldun 1-7 8- 10 11 - 12 uag 13 - 15 ¢ Anedeutnusnasenuuadu 3
nau 1A i (< 1.30 Alan3a) Ununana (1.30 - 1.79 Alan3u) uazga (> 1.80 Alan3u)

MsnTIITUInTeyagunInanivasnaon
ATIaLaztunngumniisnanty Mty MIBNIEAUTENAIUN UATEIRAAIAIAADAYRILIENT
Juna 4 Ju ndseaen WensvasuanuiinUnfAveudans Jngaumalissneugnslagldusenin

ldwuudInea (Microlife MT 3001 Useinaainwasuaus) waznsaatuiintayanisiisvedualansyn
i

11



MTUATIFVIVOYaN1Nas

AAs1gnteyan1anmlaeldlusunsy SAS (SAS Institute Inc., Cary, NC, USA) G?J’a;gaﬁlﬁ
wananalduAeisLazN15WINKIIAIILE (frequency analysis) 3uAs1erianduius (Pearson’s
correlation) sgwinnsmeneunguLLaz s TmesmesruuAUTus Thun dwdnusneaeauas
$ruugniiasadenson inTgiaruulsUsiu #1838 General linear mixed model TngdiAs gy
Hadeiiinaredniinisnieneunguy Tnedmualidnsinisnenounduandududsaiy
(dependent variable) NaUN153LATITRTBLATININITNAGDUN1TNTEANVRITRYRLAElY “residual
plot” dnwaig Kurtosis Skewness az A1INAFBULUY Kolmogorov-Smimov gaiunldlunis
TATILVNTNTEANLVDIMUTANY N1INT2AN8VRITRYAVRITATINTANEABUNE LY Tayasugnulad
Juen log Aeuimsiaseyt Jadouazufduius (interaction) finaasuazastilulumadnei P <
0.1 Imimmaamﬁwﬂivﬂauﬁw S1duvies (1 2 - 4 uax 5 - 9) tminusnaaen (1 U1unats g9)
mmuaﬂmammamaﬂ (1-7 8-10 11 -12uay 13 - 15) uazUfduiudsewindiviesuas
dwidnusnaaen sduviosiagdiaugniiisstensen wagduaugnilissdensenuaztiminusn
Aaen wignsgnitvualindudiwusdy uananailudn Least-square means waziU3euiiieulngldis
Tukey—Kramer test firnuuanaen1siedfan1adai P < 0.05

i'th/l 5 ﬁﬂiﬁ’]’]‘ﬂ@lLWIUVIN@WU‘ULENELUW'WQJ Iﬂﬂﬂﬁlﬂﬁﬂﬁﬁ’]’]ﬁ]“ﬂﬂNﬁllW‘L!ﬁLiJ’e]EﬂEJ 224 U ‘EJ“L!VL‘U wazd
‘Ll'Wi‘lJﬂliJU’e]EJﬂ’J’] 135 Alansu LLﬁuWi?%WUﬂWiLUUHWNWLLa’JBEJN‘LJE]EJﬁENﬂN
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uni 4
NANISVNAABY

nsMAaeadl 1 MImevesgnansieuvduavessugnsluUsemealne
aOATINTTA

afAenssann Useneuse Aade (mean) drudssuuinnsgiu (SD) uay fide (range) veq
Uszansnmnaszuuduiudueaudansuanslunsed 1 lnsladednsnismenoungiummindy
14.5% (A1nans = 10.0%) UAl 6 LARINIINTEANBAINUAVBINITANIADUNEIUNYBIGNANT 27N
sUuandlfifiuin 49.1% vosnsenaziidnsinsmeneungutogi 0 - 10% uay 21.6% wildnT1N3
ponounguNegil 11 - 20% lnsladssuugnansidinfiudansiswionsonuity 10.9 + 2.1 &
sonsen Mevidanstrodn wWesidusivesgnansiiswionsen 1-7 8-10 11 - 12 wag 13 - 15
fslansoniniu 6.0% 32.7% 43.4% uag 18.0% mNAIRU SuIugNgNIVELIRAY 9.2 + 2.1 §
(Anans = 10 #) NM3nszanBYeInAYeIgnansuuLLanslugUl 7 aanguuandliifiuin 17.2%
Yoslgnsanansavguula 11§ war 10.5% Veduilansaunsaneuugnansia = 12 fa/aAsen 910
Srurugnansviamaiidng 70.5% gridesdousiflituin (biological mother) wazlnsiade 47.8%
vosnsendidnulaifinisdredingnansias Tasgnansiavunegfuudflidudanitu Suugnans
usnanoniiTAnfigniieslneudyasssy WifisurngnansvesutBuLFes) Sanuudsusiusewin 1
fl4 14 dhvlenson (3UA 8) MsnszanBueInNIALATALdazANvRITIUIUgNANsTignénernnuansly
;:;U‘ﬁ' 8

M19199 1 BRI TUUIYRITN YA TEUUAUTLS Yasloya 11,154 ATEN INUUFNTTILIU
3,574 ¢ luanafiaaensenined a.a. 2009 - 2012 Tursugnsludsewmelny

fruys Aade + SD AINAN et
AUV 3.6+ 1.9 3.0 1.0 -9.0
ﬁwuauqﬂqﬂmﬁﬂﬂaamﬁy’wmeiamaﬂ 12.0 + 2.9 12.0 1.0 - 24.0
UIUGNENIUINAaEALTINseATEN 10.7 £ 2.6 11.0 1.0 - 19.0
Wesidudiuiisiensen (%) 38+ 7.2 0 0.0 - 91.7
Wasiduinsmeusnaasn (%) 6.1 + 8.8 0 0.0-875
dhinusneaen (Alansu) 1.62 +0.23 1.61 0.7 - 3.2
ssezidegn (Fu) 20.9 + 14 25.0 21.0 - 280
RIINITANYNDUNRE UL (%) 145 + 15.9 10.0 0.0 -929
UgNENIULUNFBATEN 9.2+ 2.1 10 1.0 - 16.0
hwiinvguugnans (Alan3u) 6.72+ 1.1 6.70 3.1-150

aviauius (correlation)
nIAnevesgngnsnaung Uy (log transformation) dauduiusegaditeddniunadiuiu

Y '
1 a

anilidesenseniazdmingnansusnaaen (15199 2) lngnudndleduiugngnsiiaessonsoniity
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WINTUNITANEVRIgNANINEUNNUTUALLUME (r = 0.339, P < 0.001) TumansesdunIsnIeves
aNgNINoUNEULILANALT DU IMTNLINAIOAYBIGNANIANTY (r = -0.185, P < 0.001) tl8N15011E

YDIGNANIAOUNE UL TUTIUGNgNINELLNIzanaseglitud ey (r = -0.396, P < 0.001) 71
Wauls fe wugnansuguarenseniauduiusluduinduiuiugnansimuausnaaen (r =
0.326, P < 0.001) IMUGNANIUINARBALTIRABATEN (r = 0.195, P = 0.001) UALIWIUGNTIALIMD

Asen (r = 0.583, P < 0.001)

60

q
50

Percentage

40
30
21.6
20 13.9
10 74 i
0 B =

0.1

Piglet preweaning mortality (%)

9.1
0-10 11-20  21-30 3140 41-50 51-60 61-70 71-80 81-90

91-100

JUN 6 MINTEIYVDIANUIVRITATINIMERBUNEUNYDITBYE 11,154 ATEN NUIGNTTII

3,574 ¢ lutisnaniiraeasewingd a.a. 2009 - 2012 Tuvhsuansludszmelne

25 23.1

Percentage

1 2 3 4 5 6 7 8 9 10 11 12 13 14

Number of piglets at weaning

18.5
20 17.2
15 123
10 79 7.7
4.6
5 3.2
. 17 2.1

01 05 m l 0.6 01 004

0 e e R -

16

JUN 7 N19nszangveImutvesgngnIngunveteya 11,154 ATeN NULENTIWIU 3,574 67

Tuthsnanfiraensewingd aa. 2009 - 2012 Turh$ugnslulsemalne
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M19197 2 andusiug (Pearson’s correlations) 5813198M5INTNEVBIINANTABUNEIUY (log
transformation) KALENTINNINNNNTAUTLS Yostaya 11,154 aTan NULANTIUIU 3,574 67
lugrsaaiiraensendned a.e. 2009 - 2012 Tursugnsludsenalne

Wfmes AnduUsvansanduius () P value
anduiusiBeuan
UIURNANTUSNARBATIIUNARBATEN 0.205 < 0.001
uugnansiyinsensen 0.195 < 0.001
uIUgnansiuiifessiensen 0.339 < 0.001
Fuugnansigean 0.114 < 0.001
anduius ey
Wmtinusnaaenvedgnans [lansu) -0.185 < 0.001
uIUNFNTUL UL -0.396 < 0.001
Uminuegunvesgnans (Alansu) -0.135 < 0.001
60 - - 100
- 90
50 - 80
B0, ——Cumulatve% | 79 €
40 - g
g, - 60 &
€ 30 - - 50 32
0] )
O )
g - 40 :Es
20 - s S
| - 20
N >2 392 - 10
020307 9 < 14080402
0 I I I 1 T I_I T T T T T O

10987 6543210123456 78 9101214
Number of piglets cross-fostered
JUN 8 N3nsra1evesduIUgnansignéterin Tu 11,154 asen nnuagnsdtwiu 3,574 67 Tugas
ainaensEningd A.A. 2009 - 2012 Tunsugnsludsenalne

tTodeiinasion 15 vesgngnInNaUNE L

M15LAT1291#2838 general linear mixed model uansliifuinduaugniiiiswionsen (P <
0.001) thuiinusnAneATaIgNans (P < 0.001) warUFduwus (interaction) sewinsdrdutiosuas
Srnugnildesiensen (P = 0.032) fadenismevesgnansieunsunestsdideddy egdlsin
a1euviaavedwi (P = 0.143) ﬂﬁé’uﬁuﬁ‘iw’mé’ﬁuﬁaqLLazﬁmﬁfﬂLLiﬂﬂaamaqgﬂqﬂi (P = 0.599)
warUfduitussevindugnilifissionsenuaztvinusnaaenvesgnans (P = 0.635) luifinasio
NSANgYeIgNENINeuUnNEUNeg el dAny
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wawaw"’mugﬁgﬁiﬁzﬁjym@ﬂian (littermate)
Snsmamevesgnansnounduuluusazasenfiieuunnssvossiulugniidssioason
wansly an51a7 3 Mnmsuansliifiuinnisaevesgnansneundualunsendisign 13 - 15 ¢
(24.1%) ganinluasendiilgn 1 - 7 #3 (11.9% P < 0.001) 8 - 10 (11.8% P < 0.001) uag 11 - 12
fsieason (14.6% P < 0.001) aeslsfrnisamevesgnansieundualuasendiiign 1 - 7 dasie

'
o w (% )

Asenlifimnuwansveg1sliieddyiuaseniiign 8 - 10 faseasen (P = 0.316)

d' L2 1 1 d‘d o ! U
M990 3 9AIINITAILNBUREIUL (%) IUﬂi’f]ﬂVlQJ"U’WU’JUQﬂE!ﬂiLW]ﬂW]\Tﬂu

Puugnansnieluasen d1uuATaNn PRI INSAEnaUnE 1LY (%)
1-7 670 11.9 + 0.8°
8-10 3,642 11.8 + 0.4°
11-12 4,839 14.6 + 0.4°
13 -15 2,003 24.1 £ 0.6

o w

2 b ¢ gnwseniunnsanuluaeduilifeiiulansisnuuanseeg1silitedfey (P < 0.05)

HavesIinusnAAEAYeIGNGNT

nsmevesgnansnouneusluaseniiiiimiinusnaaons (18.8%) ganiilunsendiiiiniin
wsnAaaAUIUNAN (15.7%, P = 0.002) LLaziuﬂiaﬂﬁﬁﬁﬁﬁﬁﬂLLiﬂﬂaamqa (12.1%, P < 0.001) (11314
il @) Bslunirdumanevesgnansnoungiunluaseniithimdnusnasontiunarsgenitluaseniid
hwinusnaaeagenitegtsidedidy (P < 0001) M319 5 wansUfduiussEnineseniesiuagn
fidesonsonuaziminusnasenuasgnansnuinsevesgnansieune s iinduidiosuaugni
Aowionseniistuluynduvesimiinusnaaen luaseniftutnusnaaeatunats uazluasendi
‘ljl;’]‘iiiﬁﬂl,lﬁﬂﬂaaﬂéjﬂ mimaﬁuaqqﬂqﬂidaummmLﬂ'm%uasmﬁﬁfaﬁwé’q;l,ﬁ'aaﬁ’wmugﬂﬁLﬁym > 10 M2
sionson (379 5) egslsfinnu luasendiilimiinusnaaoad 1N1IM18VeIQNANTNBUNE UL
Lﬁm%uasmﬁﬁfaﬁﬁmLﬁaai’wmugﬂﬁL?:m > 13 fhseAsen (M319i 5)

M15199 4 TINNTINERBUNETUNYRINANTIUINGUMUTmMTNLINARBALRRY

thwiinusnaaen UIULLENS BnIINIANYNDUNE 1LY (%)
i 642 18.8 + 0.8°
Uunand 8,284 15.7 + 0.3
GN 2,228 12.1 £ 0.5°

o w

2 b ¢ grysanfuanssiulumedulifenuLansdinuLmnaseeltsdfgy (P < 0.05)

HAYDIA I UYDIYBIULIFNT

§amsmevesgnansnouve i 15.9% 14.5% uay 16.3% Tuusignsdidusiesil 12 - 4
uay 5 - 9 MuEU (P = 143) egnslsfimunaves fauiusseninsssninddurieaasduiugnans
ﬁLgaqﬁaﬂiaﬂﬁiaé’mﬂmimamaqqﬂqﬂiﬁﬁaﬁﬂﬁm (P = 0.032) Uﬂ%’hé’mwmsmamaqqﬂqﬂﬂumaz

o v v

aAuviBIeslTuiuIIwIugN A wanTon
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M1399 5 GnTINIRNeneungIuNTasgnansklinguauimvnmLsnAaenkardwIugnansaiely
AsONLFIEINY (littermate)

Iuugngnsneluaseniieiu hwinusnaaen
i NA 2
1-7 12.7 + 2.5%4 12.1 + 0.8 8.9 + 1.0°"
(n = 46) (n = 386) (n = 238)
8-10 14.6 + 1.3*" 10.9 + 0.3°4 8.7 + 0.5
(n = 183) (n = 2,539) (n = 920)
11-12 16.7 + 1.1%4 14.6 + 0.3*8 11.3 + 0.5°8
(n = 229) (n = 3,749) (n = 861)
13- 15 29.8 + 1.3%8 24.5 + 0.4%¢ 18.0 + 1.0%C
(n = 184) (n =1,610) (n = 209)

a, b,C v a ¢ & = | [y «1 a Ly =2 ' 1 ANV o W
DNYINUNLANUNNHANAWNAULULLOILALINULLEAIENAIULANA WY NN UYAALY (P < 0.05)

Y

A B Shwsiusilugeniuansnsnuluaeduilifeadunansismiuuanssegsitedfey (P < 0.05)

dl v 1 ! ! U o U ¥ 1
A1519% 6 dnINseneneunguNlugngnIuUINguAINE1AUTIBIDILgNT (1 2 - 4 uag 5 - 9)
uwardnnugngnsneluaseniediiu (littermate)

uugnansnsluasenieIiy aduveIaLans
1 2-4 5-9
1-7 12.3 + 1,14 10.2 + 1.2%4 13.1 + 1.4°4
(n = 223) (n = 271) (n=176)
8 - 10 12.9 + 0.6 10.7 + 0.6 11.8 + 0.7%4
(n =737) (n=1,710) (n =1,195)
11 -12 15.4 + 0.7%8 13.4 + 0.6*° 15.0 + 0.6*°
(n = 635) (n =2,511) (n = 1,693)
13- 15 23.0 + 0.9%¢ 238 + 0.7%¢ 25.4 + 0.9%¢
(n = 420) (n = 952) (n = 631)

ab c a ¢ & =] | [y = [y = 1 1 A v o W

B¢ ghusfinnitdneniuananenulula R nulanstenuLAnA1eg1s tadn 3l (P < 0.05)

A B ¥ a 1 c{' ' % v ¢ a 9 = ' 1 o o W

’ @ﬂ@iWQJWKIMQJJEJﬂ‘l/lLLG\ﬂG]’NﬂuI‘L!ﬂ’eJaﬂJ‘LlL@EJ'JﬂULLﬁQQﬂQﬂ’J’IﬂJLLG]ﬂG]’N@EJ'NlI yanmey (P < 0.05)

M99 6 wansdnTINsmevesgnanslulsiddiuYiosdl 1 2 - 4 wag 5 - 9 luusazduaugnil
Aesronson nmsAnunuisuugnansidsstensen Tunduusiansddusiesd 2 - 4 fshsns
mevesgnanIneung NI lunguutdWuiesd 1 uay 5 - 9 egaiiduddy (197 6) oesls
ﬁﬁmmummﬁwaqLwiazﬂajmé"]ﬁuﬁawaqLL;szﬂiaﬂﬁastLﬁaﬁi’ﬂmugﬂﬁL?;Jm@iamamﬁu%{u lagly
yndrduttes Smsnismevesgnanaifintustieditoddnydeduugniidesieonsen > 11 #sie
ATeN (MT991 6) M9 7 uanINATBIAFUTIBIYBILIANTHESATIN T YBIgNANSIDUME LI
patviinusnAaen ﬁuqauiaﬁaé’mwmﬁmaﬁumauﬂzjﬂ3ﬂ'auvisiwumzamaaa&mﬁﬁaé’ﬁ@,ﬁaﬁmﬁﬂ
wsneaeafistuluynd1duties (Mafl 7) nmsremuh SammsmevesgnansnouveLusiign

17



degngnsiidminusnanengauazifedluiddiuionm 2 - 4 (10.6%) WagdnIsIN1IneVDIaNANs
feuvgunIzgengailognansiininusnaaendmuazifedulalaiuviosn 5 - 9 (P < 0.001)
M13199 7 8RTINIIngneunguNveIgnans (%) luaseniidhimilngnansusnaaens Uunans uag
49 WUINGUMNAAUYIDIVDIANT

GRIZNENIENIEGE 51mﬁ’ﬂqﬂqﬂiLLiﬂﬂaam
i nNa 2
1 18.4 + 4.8% 16.1 + 0.4%* 13.1 + 1.0°*
(n = 395) (n = 1,392) (n = 228)
2-4 18.1 + 1.4°* 14.8 + 0.3*" 10.6 + 0.57
(n = 145) (n = 2,539) (n = 1,286)
5-9 20.0 + 1.6*" 16.3 + 0.4%" 12.7 + 0.6°"
(n =102) (n =2,879) (n=714)

]

a,b v a ¢ & = | 1Y «1 a [y = 1 1 N o [
DNYINUNLANUNNHANAWNAULULLILAGINULLETANENAIULANA WNDYINUUYAALY (P < 0.05)

N v o

A ¥ a 1 PN 1 [y % ¢ a LY =< ! i v
@ﬂﬂiWMWKIﬁZQEJﬂ‘I/ILLGmG]’Nmﬂu@laﬁllumﬁnﬂULLﬂﬂx‘mQﬂ’ﬂllLLG]ﬂG]’N@EJ'NiJUEJﬁ’] Y (P <0.05)

n1snaRasil 2 navesdduipeignIreUiaunwEesiinanlduarunidesiignanslaty

Tnewedonuignanslasuusdnndes  Wssinammimdnidiutunely 24 209 e
133.5+92 findans AtAndu 9.5% %aaﬁmﬁfﬂmﬂﬂaamaqqﬂqm Tginduduiugngnsiidinse
ATONWINTU 10.3 + 2.0 i1 (fide 6-14 ) AndnduvesUTinauuthmdesiignanslésuuandlusuil 9

30

25

20

15
O T T T T T . T l_\

0-49 50-99 100-149  150-199 200-249  250-299 300-520

Percentage

S}
1

Individual piglet colostrum intake (ml)

JUN 9 USunauunimiaesngnansusazsialasu (Haddng)

KA IFNEINUIUTINMUITmERINgnansiasuduiusiudminusnaaen (r=0.13, P=0.019)
waldduiusivadunisraen (P=0.52) uay Faia1lunisraenvedgnanswiassi (P=0.40) lnewade
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wilgnsusasinanundnriedlaiady 1,306 + 554 Taddns (Wde 380-2,870 fadans) A1veduy
Unvieigngnslisy uazundindesiiulgnndald wlainguauadusios 1 2-5 wag 6-8 uandlu
M5 8

a i 3 & A Yo H A A a v | ! o v v
M1919N 8 ﬂq%@QUNUWLMaBQWQﬂ?jﬂﬂ,ﬂi‘U LLaS‘UN‘U']LW@@QVILL@JQﬂiNaWIW LLUQT"IQNWWN@W@‘UV}@Q 12-5
ey 6-8

Auus GRANEN

1 2-5 6-8
UIUULENT 9 13 11
uugnansiiin/asen 10.7 10.4 9.7
1IUYNENT 93 128 104
thwinusnaaen (n3) 1.37 1.54 1.49
Usinuuuiwidesiignanslésu @addng) 109.2° 155.2° 128.3°
uuiuwides: dwiing (%) 8.2° 10.5° 9.2°
uuuwdosiindels/ wil @addng) 1,129 1,528 1,190

25 upnanvegneiitdAglulanfendiu (P<0.05)
HaMTITeUsdivsiinauandosiuansudeld wazustvesiignansldsudiaa

wsUsugann fdunmsifeimadunsinutiadeiidmansenulunmsausoviiausniwdedy
wigns  wasmwuanaudlalpsmsanenudesiivsilignansldfuundhvdesieniuly Tu
msfnwafsiinuiusignsvioausn uasgnansiiiiiniinusnasonsinnudesiessdnuutimedld
LdiiganasionufanIsvedgnans

o v aa ! 2 g A d' VY
n1snaaasn 3 Yadeniinadeusinauaimaesignanslasu
lunmsaaesliusinauldmvisiananslasu Mn1sussiuaingnsnedl

Colostrum intake (gram) = -217.4 + (0.217*) + (1,861,019*BW24h/t) + BW*(54.8-
1,861,019/1)%((0.99853.7 *10™**tFS) + (6.1*10 *tFS?)

BW=birth weight (kg)
BW24h=body weight at 24 h after birth (kg)
t= time elapsed between the first and the second weighting (min)

tFS = the interval between birth and first sucking (min)
fisn: Foisnet et al. (2010). J. Anim. Sci. 88:1684-1693.

INNINARRINUTNABLALANTUARZAILATULNUMADY 245 + 167 N3 (0 - 595) FuUshdl
AnuigIdesiuTinauwiomigngnstisuwandunsdl 9 fudmang NinaseUsunauy
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(%

Undesfignansleisu Useneuse dusies drdiunisaaen stogiasEuilanIsAaengnansusaz
¢ thwingnans?l 24 Srluwdnaen S1uaugnansiitin Sunugnansaun wasthmindailiiuty
Tu 24 Falususnudsnaen (P < 0.05) agslsirlumanaassadsinuimiminusnaaeauarszesa
Tunseaeatiouelaifnansenudeuinansiimdesiignanslaiu

a v aa = Y o a S a A Yo
a15719% 9 Yadenienuieidesiuusunauniindesianansisu (n=95)

AauUs AduUssavsanduius (0 P value
a1nUvias (parity) -0.551 <0.001
a19un13eaan (birth order) -0.296 0.004
f&’m?‘NQﬂEjﬂiLLiﬂﬂaaﬂﬂgﬂﬂmﬂﬁi@ﬂiaﬂ -0.347 <0.001
UUGNANTUINARBATTIN -0.310 0.002
JEHEUNTEIINNITAADA 0.381 <0.001
dhminfiutu 0.988 <0.001
thwiindteny 24 dalu 0.503 <0.001
drmusnaaen 0.132 0.214
3wznafﬂumsﬂaamﬁgwm 0.041 0.691

nMsnaaedil 4 navesnavisnhnaensdogtinisalvesaearieunn Aeendiaulunszuaidon A
anududuroingladlunszuadon wasUTinuuniuwdosfigngnslésy
aussnamenIsiuiuduasUiinansthvmiesiignanslésulunduansiignindentinsen
Wisuiflsuivansiiraeanudnduandunsed 1 I@EJLa?{ﬂwudﬂaﬁamiaimmmiﬁzhaﬂaamaz
Homaneariounnnuliosnitlugnansiinaeninnuiansfignindeniieaen (P < 0.05) uenainil
mwmwaﬂaﬂsmaaﬂmﬂLmaﬂimmummﬂaameﬂaiﬂaiuﬂvaLaLaaﬂmaﬂmLLiﬂﬂaamLam 24
Hlumdsaasaininansiinaonunfedsiifivddny  egslsfinsmioniraenlidsmansznusie
Uhinuuaiwesiignanslésu (maadl 10)
mawdenhnmsnsenluusignaiueiediolunisianmsuuunieiienailoniatielunisan
Jymmsmevesgnansusnaaenla Tunsenwassinuinsuioniinmseaendmwaliin
gUANsalvesaeashounnls wazanmnnudndureinglaglunssuadon nanisnwiuansliiuii
maihaaendmuddgselusunsumaviloninaen  lasasumamioniaaoniiingdinisaives
mstwaaen wavanaadudureingladlunszuaden uslidmanszmudeuTinuuaiwdosiian
anslasu ﬂ’lﬁlﬂ’lﬂaaﬂaEJ"N’izﬁ@ﬁz’?ﬁﬂﬂ’ﬁﬁ’mﬂﬂ%ﬂ‘lﬁﬁﬂﬂiLLﬂ'ﬁZJﬂ’]iLWjEJ’Jﬂ’]ﬂaE]ﬂiuLLJJQHi
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M990 10 AUTIONINNINMIAURUTHas SN IMEeIgNanslasu (mean = SEM) lugnsd
wilgtheaeaSuuiisuiuwlgnsinaonnuung

Auls NANAIUAL naumileathaaen
(n =37) (n = 58)
aRUTed 4.2 + 0.3° 3.7 +0.1°
ﬁi"m’mqﬂﬁﬂSLLiﬂﬂaaﬂﬁgﬂﬁuﬂﬁiaﬂiaﬂ 10.8 + 0.4° 15.7 + 0.5°
uugnansiyinsensen 10.1 + 0.4° 14.7 + 0.4°
svpzatlunisnaen (F3l9) 162.0 + 11.0° 211.0 + 10.9°
dmihusnaaen (n$w) 142 + 0.04° 161 + 0.04°
nstenaen (%) 3/37 (8.1%)° 20/58 (34.5%)"
aeazfouan (%) 1/35 (2.9%)* 9/50 (18.0%)°
Aeendlaulunszuadon (%) 925 + 1.5° 89.3 + 1.6°
Anglaglunseuaidonutsnaaen (1n./aq.) 53.9 + 2.0° 45.7 + 1.6°
Angladlunszuaident 24 Halus (un./na.) 112.7 + 6.9° 95.7 + 3.8°
U‘%mmumﬁ’lmﬁmﬁqﬂqﬂﬂﬁ%’u (n33) 233 + 28° 252 + 21°

25 grwsnuanannululanfnuuanasiueglitedfgy (P < 0.05)

mneaasil 5 sveznatlunisaaen Juvmdinaen wagnsgeydeanumunlududunaslunians
Viogusn uazwlansviatgduviedluuniou

AUTTONNNNNTAUITLS  AnwiiaUnAvdsaen  warnisgadsludiudundslundansviowsn
uazuignsvaneviesuandlunsad 11 Tnsadeusiansldnatlunsraen 114.5 + 60.2 unit (Rde 30
- 373 wi¥) FreEIaluNIIARBAYRILIENTYB kAN Saeviasliwansneiuee el dAny
Wefldudvesgnansmeusnasenlulsiansifiszeznanlunsaaonuiunii 4 alus (ade 287.9 wi)
geniusiansfifiszeziailunisaaeniiindy 2 $alus (ede 855 unil) ednafldedey (29.2% uaz
7.9% anuaay P<0.044)

Tugaslaiflfisnuan suidenanstuneuhiudiovssdutadeiifnansenudeauanuisn
voawignsviazndminaliifomerognans  ileflenifiudnmniasiyiivlmesgnansuazannis
anydereuvsnuy lulsumaaniou guvpiuazaruiuiigeentasduamguilsivhlinisiuewns
ﬁuaqLL;JqﬂiG‘i’mdmmigwuslumqL?ﬁquﬂ?iwaiﬁlﬁmm’gzsumamawé’amu (negative energy balance)
Tunsfnwadsiiansiesusngyderumunluiudundannnignvaneiies  Gaenatilugan
Fuamesszuuduiusiounld  fufulsastiuinisqueansiiraesviosusniufiay  uenaini
msfnvadsiuandiifuiniou 50% vesanaviowsnssnsiildogauiieiudl 3 visaon (e
11) fetfunslfemdanaen iy s10fTus srandniau uagimiu Sssldeniidamnmgedniul
gnIvioausn
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M13197 11 Jaynmdseaenluusansviostsn wWisuisuiuwignsvaiedduvios (LSmeans+SEM)

U3 LGN TYIDIIN WENINAIEYI
(n=42) (n =39)

AUTTONINNITFUIG
ANUnUlviudunasnounasn (uu.) 20.8+0.5° 21.6+0.4°
‘-j’m’mgﬂ?jﬂiLLiﬂﬂaaﬂﬁ'ﬂﬁﬁuﬂ/ﬂiaﬂ 11.3£0.7° 11.6+0.6
FIUIUPNANTHINARDALTIN/ATEN 9.5+0.9° 10.5+0.7°
ANELINARDNA (%) 16.3+4.1° 13.7+3.2°
Sl (%) 5.2+3.8° 0.8+2.9°
syagalunsAaen (U9) 175+6.7° 185+5.2°
auvinlusfudundsdt 21 Ju () 17.4+0.8° 20.5+0.7°
nsasydglududunas () 3.4+0.9° 1.1£0.7°
Weslwuifigande (%) 15.7+3.9° 4.8+3.1°

AUANUNAVIAIAADA
Juldlusudi o 85.7° 66.7°
Duldluud 1 59.5° 51.3°
Duldlutui 2 50.0° 3337
Duldluiui 3 48.8° 18.8°
wupslalutuil 0 19.1° 7.7°
wupslualutud 1 57.1° 53.8°
wupslnalutuil 2 57.1° 82.0°
wupslualutud 3 38.1° 64.1°
Joemslusud o 52.4° 23.1°
Joemslutud 1 57.1° 41.0°
Joemsluiud 2 40.5° 33.3°
Joemslutud 3 33.3? 23.1°
w0 28.6° 41.0°
w1 59.5° 61.5°
uausraluSud 2 69.1° 76.9°
w3 64.3° 82.1°

[y

a 1 1 s s o
n1IMAaRL 6 N13nevasanansneungusluniugnslulsewelng: iavasuuaiuLaraRy
ATBNVBILENS

lngva il munevesnsusulseiugluansiiingussasaielvduuiansen/uil/l aangn lng

9 q
Naa

wdg vhiuanslulsemalne anansandngnansidinlauseunn 11-12 dv/asen luvagnanansnel
wule®l 9-10 A/asen Msgadugnansneungruudinsgelunisy 8ns1N1sMIEYeIgNansNaung UL
(PWM) 8g581319 11.0-14.3% Fafisuilunisgaydeniuasvgiadednsinisaenoungiuy 1.0%

Wiy €7.07 U2d86199) 19U S1AUT09909uaNT gauniiawIndeulazIuInATaNIAINNNeITeY
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NUNTANENBUNE UL ’E’mqﬂizmﬁﬁuaqmiﬁﬂwﬂuﬂ%’aﬁﬁaﬁﬂ‘mmiLﬁmmimafiawﬂmﬂuqﬂqm
melumsnvaslseinalvelasduiusivounarisuagainuyioaveuiagns

nsfnwafaiifudeyaaniuansiulsemelnediuou 21 widulusendned aa. 2007-2010
Audeyawignssemaingrudeyalulusunsuvesisy (PisLIVE®, usem ladl Sunaswfin 1,
Uszinalne) Foyaisnuainain 150,487 asen 1nkilans $1uau 60,176 §1 in1sasiadeudeya
Auuartayaneszuuduiudnowinnisinseils Auiudnsnsmensunguudusieuiaingas
BNIINTANLNDUNEUU (%) = [(ai’wmuqmqmﬁﬁawiamam - Srunugngnsvietun) /Surugnansd
Avsronson] ﬁwuaugﬂqﬂsﬁlﬁaqﬁiamaﬂ AUIUINAINTILIUGNANTUINARDATTINTINAUTINIUGN
anstenn doyatilianysal (Bu Aseniifisvesidssgniosndt 15 Suvdoninnit 35 fu S1uaugn
ansusnmaendTAnfifiawinfugudvieninndt 26 f/asen SuaugnansVgIULANINNIY 16 )
AsEN UAYENIINITANEBRDUNELLAINIIgUIYIeNINNIT 100%) 9gndneean (n = 30,157 Ason)
sﬁaagaﬁiﬂumﬁmiwﬁﬁga?:u 120,330 AF0N NUAFNT 71U 52,484 Wil kalanIgNRUInINaey
vieulu 6 ngu laun 123 4 5 uay 26 wuavesrhsugnuundu 2 nqu liwn suvuadn (373-
712 wil/150) wagvualug (1,731-10,348 wil/W15u) viin1saasigrinsanslaglalusinsy SAS
MInsEanevesteyasnsINmeRouneLuuanslusUll 10 Snsimsmeneungusilduvandudeya
Tusuuuy log Uagiin1s3Aseaeds multiple ANOVA Tagl4is general linear model procedure
vaslusunsa SAS luimavesmsiiasizivszneusme vunarsy sauiuluudagyunn weud
naen UiiAaen d1fuATEN LAY interaction SxMidIRUTIIAzIROUTInGDA drduATENLAT IR
Wdu wazifeuiinaenuazvuansy Least-squares means T431A512916838 Tukey-Kramer @1 P
< 0.05 foNvayaiiauuandegrelidydAyn1eaia

60000

50000 -

40000

AUD

30000

20000 -

10000

0 1-10  11-20 21-30 3140 41-50 51-60 61-70 71-80 81-90 91-100

PHTINTAIYNDUNLIUN (%)

5UT 10 N13NT¥MLANUNVRITNTINTANEABUNE UL (n = 120,330 ATEN)
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aussanmyInsAuiugueausiansuandlumsedl 12 msnsearevesdnsnsmeneung
uazsuugnansmeuNLandlugul 10 uaz 11 auddu ShsmsmeneunguNiads 12.2% uawdl
AMAULUTUTINTENIINISU Raud 5.6 - 20.6% (P < 0.001) Jadeiidnadednsinismenounguu
Usznavluseddusios (P < 0.001) lieuiinasn (P < 0.001) Iiaasn (P < 0.001) YurANIFH
(P<0.001) 1uruvfuluudazauia (P < 0.001) Ufduiiusszninsdduviesnasifiouiinaon (P =
0.002) dfuriaanazauIadi (P < 0.001) uaziieufinaenuazyuIawsa (P < 0.001)

M13199 12 @UIINIMNNNSAUITUTVRIMNENS (n = 120,330 ATeN)

fuls Aade + SD Wefe
aeuvied 33+ 20 1-14
uugnansiiin/asen 10.7 + 2.6 1-24
UIUGNGNIUINAGDA/ATEN 11.7£27 1-26
Wesldudgnansmeusnaaen 56+93 0-100
wWosigusiid 2.6 + 8.0 0-100
hwiingnansusnaaen(@laniy) 1603 1-3
JUgNENIULIUL/ATEN 9.4+ 20 0-16
BnIINIANENaUNE UL (%) 12.2 + 15.2 0-100

ulgnsandiuviesd 1 Tnsinseenouveiuy (12.8%) geninuignsaduviosd 2 (11.9%, P <
0.001) way 3 (12.1%, P = 0.003)

40000
35000
30000

25000 -

o
A7Ua

20000 -

15000 A

10000 A

5000

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
IUUPNENIVLUNFBATEN

sUN 11 N19ns¥aneveInNnILIUgNENTVEULBATEN (N = 120,330 ATEN)

Tngindsdnmmsmenesungsluvhiuvunlng whiu 14.7% @ide 7.3% - 20.2%) Faganii
WSuvWIALEN (10.4% R 5.5% - 17.7% P < 0.001) agsiltodfey (m15199 13)
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A5 13 dnsInsaneneune Ul (least-squares means) turhsuauinluguazauadn

vsuaunlng) WsuvwInen
W5u 71U 9RTINITANUNDU 5w U INIINITANUNDUY
neuy (%) neUL (%)
A 3,463 14.8 | 623 10.5
B 10,348 13.4 J 667 8.4
C 5,474 17.7 K 712 8.2
D 9,440 15.0 L 674 17.7
E 3,811 20.2 M 396 7.5
F 1,731 9.2 N 655 10.9
G 8,097 7.3 M 672 14.9
H 2,796 20.0 N 373 12.6
O 444 15.2
P 572 7.6
Q 561 9.6
R 380 6.3
S 603 55

HRIININLADUNEIULLUINUEAUT DM VUIANSHLEASIUAIS1N 14

A151991 14 drsn1saneneungul (least-squares means) lusisuvuinan (1Rde=563 usl/x5u)
wazaua g (1Ae = 5,605 wil/v1sw) neuuangumuasuasen

auviad Wsuvualvg) WsuvuIaLan
1 14.9 + 0.1° 10.7 + 0.2°

2 13.8 + 0.1° 10.1 + 0.2°

3 14.5 + 0.1° 9.7 + 0.3°

4 14.9 + 0.1° 10.5 + 0.3°

5 152 +0.2° 11.6 + 0.4°
>6 14.9 + 0.1° 9.6 + 0.5°

T
Y

20 gnwsenNLANANAUTZHINLOITAMNLANA1seENETBd1 AR P < 0.05

ns@nwIATatasudn dnsnismieneungruiadely 21 wsululssmelnewiniu 12.2% lagdl
ANuMUTUTIUTERIIEThSuegluYie 5.6 - 20.6% (P < 0.001) lnsladednsinisangneuve ety
suvnavganndhsuvuean waznuluslgnsaiduiosd 1 unnniudansludeiuvien 2-4

N1INARRIN 7 NavedsrEzviesEINAreniuUTInueendlulunsrLadenlugnans

nmsveenameglaseninsnaenluanmmaniunismeusnaaensuuliifin@eaziilugnis
menaunguy 8alunintu n1su1neIn1Anelaaskiiugl I dsinaugauNATILeN Falinavinli
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Snmmaasyiulnanauanfiumnelugnans iinueendadlunsvuaideslugnansifuined
MssenUeIgngnIndanasn Usinuoondiaulunszuaidenlugnansiiainit 90% uansfenisvim
91nA JoyadesuTinaeendiulunszuaienlugnansiiieadestussosinessninanasadalsid
51897 "‘;’mqﬂizaqﬁﬁuaamﬁmsnﬂ%ﬂﬂiﬁaﬁﬂmmaﬁuaa53sJw’wqwm'wﬂaamﬁ’uﬁ%mmaaﬂ%mﬂu
nszuadenlugngns

nsnaaasivinlusiiugnsuinunianz uanvesUssmalneludinioufiguisuiiai ou
damAw 2556 ﬁi’wmuqﬂqmﬁgmmﬁﬁwmiﬁﬂmmu 1,009 fa1nUsaNs 85 ual LLﬂ?jﬂiﬁgﬂﬁuﬂagj
melulsufeunvudauanidsddunenuuuifisnasnssernaiissgn wignsduiioszéediaen
raennauumvuanaenUszuia 1 dUn1v vauzaaealiuldansaasnies wazlavinnisidinaee
AADALIAT YINNITINDRNTINITAUTEILD (bpm) LazszauoanTaulunszualaon (%) Viurnainasn
U?L%MIU@I@HI‘%W%@Q Pulse oximetry (EDAN VE-H100B Pulse Oximeter, Edan Instrument Inc®,
CA, USA) 20 0UNNNANSYasiIesenIngmnann “919aandiau” Ap U%mmaaﬂ%wuiuﬂizLLﬁLﬁ@ﬂquﬂ
qmﬁﬁ’miﬂ 90% ALAT1TNN1980RA21835 General Linear Model (GLM) Chi-squared test wag
Pearson’s correlation Inglalusunsu SAS

uansvRaasnUgnansiisanaiuvesiilande 64.8 = 31.8 afyunfl (23-250 adyund)
uaz sziveendiaulunszuadonads 91.6 + 8.3% (433 10-100%) srezsinaseninsnaoniade 14.8
£ 189 W17l (423 0 - 213 un¥i) MmanszaneArwAvessziusendiaulunszuaiden (%) wayszozving
syyinsmaeauansluguil 12 uay 13

60 7

49.6

a0

s

¢ 2
ILYUR

30 A

e

10 52

<79 80-89 90-99 100
seAuanLaulunsELadan (%)

JUN 12 nsnszangaudvesseiveandlaulunszuaiden (%) lugngnsusnaaen $1uu 1,009 i
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40 ~

34.7

35 | 333

30 A

25 7

&

& @
ILYUR

20 A

e

3.2

<5 5-15 16-30 31-60 >60
JYETNNTEIINIAaDn (W)

JUN 13 N1snszaneANivesTEEzieszninnaen (U1 lugnansusnaaen 31u3u 1,009 67

A15199 15 ANANUFURUSTENINNUSUIUNTLAUTUNT L LALRDARALDATINITAUTDINILD TLULIN
JEPINNPADA FRTINITANENDUNELUWAZUSUIUUNULMA DRl

W510nes USuaeandiaulunseidiaon
Correlation coefficient P value
RIINTAUVBINILY -0.16 <0.001
JLYLUNTLNINAADA -0.07 0.030
RTINITAEADURYIUN 0.02 0.600
Usinashunmdesiinule -0.04 0.270

NAN1SNAARINUINUSUueandaulunseladon luduiusfudnsInIsanenaung 1 UNLAY
USuaunvaesnnule dalaudutusAUSLeERIITENINnISAan tASNUI I BTL8LINITENINg
nspaeaiuTulINueendulunseuadonnazanategsiitud 1Ay (15199 15)

A58 16 Usunaeen@iaulunszuaidon (Least square means + SEM) LWUIRILTZ8ZUINTEWIN
Aaea (n = 1,009)

JLUENTENING CRive! USunueandiaulunseuaidon (%) LU@%L%uﬁéuanﬂfjmﬁ
AaOA (W17) Y1NDDNYLAU (%)
<5 390 92.0+ 0.4 36.8°

6-30 470 91.7+0.4 40.0°

31-60 121 90.4+0.8 50.8°

>60 28 90.3+1.6 46.4%°

20 ghwsenfuana i usERINARaNTANLANAIeE el AN P < 0.05
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9INNINAaBITINUENINUBSIIUAT019NANITIVINDONTIAUITFITUL 0328 LINTENINNIS
AARAILTUAIN <30 Wl W 31-60 wiil aguldnszezinssenineraeniinans Usunaoendiauly
NIELALEen WeTreeraseninmaen >30 W nugNgnIvIneenTauiuIy

naaaasdl 8 SnsnissenTinvesgnansusnesendiiusiumnududuresinalunszuadon

Snvugynamen Wy dwdnusnaaes gumgistsnis Sammasiuvesidla sxduoandiau
lunszuaidion s1dunisaaon 3 Snvnzvesasite uay msduturesihmaluden fanufedes
fusnsnissentinvesgnansusnanen  Anududuresinaludenvesgnansuanaisguninuas
siundsnudsedluiuniovesgnansusnasen  seduanududurenivialudenvesgnanun
aaonfisiAuly viegaiuly e1afinansenuiensdnsmsmeneundnlugnans ogslsAndslsid
senuAntuteyavesmududuresimalunszuaienvesgnansresninissendinlugnans
andeu  Tnguszasduesnsfinuiliiiefnumaresauduturesivialuidendesnnssentin
Y0IgNgNIwINAROALUINTY

msneaewitlunfugnsidamndvduimidunans fusnvesUszimalngludafouiguisu
Dunoudmiau 2556 fﬁwmugﬂqﬂsﬁwmﬁﬁwmsﬁﬂwmm 1,160 frannusians 85 ual uslansviavin
onglulsadounuulanazidedlunenaaonuuuiisanaensrernisidesgn wignsduriesazdnedn
enmaaAnoufruanaenUszanal 1 dUai vazaaenliinsiiraenlagliuignsnasnies e
gnansnaen ymsiiviegadenanavasiieilused Y dengnsilfimninanndutures
ihmaludenmeiriosiamuiduduresimialudonuuunnm (Accu-Check® Performa, Roche
(Thailand) Co. Ltd., Bangkok, Thailand) Lﬁmﬁfﬂqﬂqﬂﬂﬁuswﬁa Aty 5 wivdsraes luinis
frerngnansaunseiangiuy viinsussdiudnsinissendiniieny 1 uaz 7 fu Iinsizving
ANMNEFUNUSN9@DRALAAT Chi-squared test

M990 17 §931N1550ATI0 (%) V0eanansey 1 uaz 7 JundinaenwlannuseRuaudutuYes

thanaludon

vhanaluiden U PRIIN1T50ATIN (%)
Nadn3u/inTans 91g 1 U 918 7 U
<25 50 22 (44.0)° 19 (38.0)°
26-40 244 220 (90.2)° 208 (86.3)°
41-50 308 284 (92.2)° 267 (86.7)°
51-60 251 233 (92.8)° 217 (86.5)°
>61 251 224 (89.2)° 214 (85.3)°

ab & d' I ! v ea 1 I Ao o o a
7 ANWIYNNANANAUITUINADANUNAIULLANANDY WNUULFIAYN P < 0.05

nansnaasnuIanududuresialudeavosgnansuanaaendenads 510 + 193
fiodn$u/Andans (Wdo 10 - 216 fadn3u/edans) Shmdmvesaudutureninaludonlugnans
usnAaeAradIugnansivimsAnwnanduzufl 14 Sasinsaeavasluiudl 1 uaz 7 ndsnaon
Wiy 2.7% ua 8.5% mudidu anudutureshmaludesvesgnansinnuduiusiudngns
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o

JoATINIUIUN 1 Uay 7 ndseaen (AN51991 17) gnansifiumtnusnaaensindy 25 dadnsu/ndans
8n3INITRATINAUDA 7 Twiiles 38%

350 A
308
300 A
251
250 A

200 186

AUD

150 A
110

100 80
52

18 14

10 20 30 a0 50 60 70 80 90 100 110 >111
ANULNTUTRIIMALUEER (adNSU/ATans)

JUN 14 nsnszanganudvesrdntuvesimaluden (@adnsu/nddns) lugnansusnaaen
J1u7u 1,114 61

571991 18 WansA odd ratio YedMIINNTIEATINYBIgNANTTIDTy 1 uay 7 Tu ndsrasaul
paszduamdndurenimaluden ﬁ]ﬂﬂmﬂi’NWU’hff@i’]ﬂ?ii@ﬂ%ﬁ@l%@ﬂ@ﬂ@ﬂﬂﬁwﬁu 16 Wi iile
st ninalufenifintunn < 25 fadn3u/indans Wy 51 - 60 Sadniu/adans (P
< 0.001) fhuFsanunsnagulai anududuvesimaludeninanesnsinmsseniinuasgnansusn
ARDN

M13197 18 §n31N1359ATINVBIRNENT (0dds ratio uaz 95% confident interval) 101g 1 uay 7 Tu
PAIARBALUINNUTEAUANUTINTUYBIUINNA L ULEDR

vhanaluden SNIINTT0ATIN (%)

(Hadn3u/ndans) 918 1 U 918 7 U

<25 1.0 (NA) 1.0 (NA)

26-40 11.7 (5.8-23.5)* 9.8 (4.8-19.5)*
41-50 15.1 (7.5-30.1)* 10.6 (5.5-20.5)%
51-60 16.5 (7.9-34.4)* 10.4 (5.3-20.5)*
>61 10.6 (5.3-21.0)* 9.4 (4.8-18.4)*

4
v o [y o

* uanenegnaditeddny (P < 0.001) Wisuiguiunauiniiseautinia <25 Taansu/wnaans
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nmaaasii 9 navasarmduduresimaludesdeuiinaruumdesiifuldlugnansusnaaen

aududuresinialudesamsadufvsinmsegseandsaaenld seduandudures
ihmaludenvasgnansusnaaesiisniAuly videguiuly Tuadenismevesgnansieuvenus Fowy
snnlutheiudl 3-7 vinaen Inevhlugnansmslafuiuumiesednaion 250 nfw/i Ssasfivme
Tumnasyivlwagduniulse Sslifisemuioafuloyaresandudurenimaludon i
Uinanhuuvdesiifuldlugnansusnaaen agusrasdvasnisinuilifiofnwmaveseududy
vonhnaludensouiinaruumiesiinulflugnansusnaaen

insfnwlunisuansusnuniansiuanveslssmalnglutisisuliquisuisioudmnay
2556 ﬁiwu’mqﬂqﬂsﬁgwmﬁﬁwmsﬁﬂms’m 1,160 ¢ 21AuLaNT 85 Wyl LLajqﬂiﬁ”’wmagmﬂu
Tssdounuulauazdedlunonnaeauuuiisanaensyoynsiasgn wignsguiiasazdeLiinenaaen
AoufvuanaenUsEaIa 1 dUn19 mmvﬂaamlmmmiLﬁﬂﬂaawimlmmmﬂaamLaq dlegnans
Aaan innsiiudeg1ndonananeazie dused mLaamaﬂwﬂmmmammmlfumusuaammaiu
doadasiniosfanuiduduvesitnialuidenuuunnmni (Accu-Check® Performa, Roche
(Thailand) Co. Ltd., Bangkok, Thailand) aelu 5 wivividsnaen lajﬁmss?wmﬂgﬂqﬂsauﬂisﬂ"wéﬂ
ui imsUszifiudasnssendinileny 1 uay 7 Yu %"aﬁmﬁﬂqﬂqﬂsmﬂﬂaamwsﬁaﬁuﬂwa‘”ﬂﬂaaﬂ
wazvhmsdadnasudle 22.4 + 1.2 $2lus ndsraengnanssusnvesusiasasenlngliiniosdsninea
ihdeyaildundumamumnadumiesiifulilugnansusnaaondunedlagligas: Ui
‘ﬁum:umﬁaﬁﬁﬁulmuqﬂqﬂmiﬂﬂaam (N3Y) = -217.4 + (0.217*) + (1,861,019*BW2/t) + BW*(54.8 -
1,861,019/0% ((0.9985-3.7*10FS) + (6.1¥10 *tFS); Iae BW= tvitinusnaaon (Rlansu), BW2=
ihningnansidedeadeiiz @Flantu), t= svosihsveanansznitanmsdaimiinadausnuazaded 2
(D) uag tFS = srornadausiAnuldfuiumdosndausn i) “msldfuiuumenfisme”
mueds Uimnausvdesiifuldlugnansusnaaeauinndt 250 ndu “nsldsudiummedl
digane” nueds Usinausmdesiiduldlugnansusnaaontiosndn 250 nfu JiAsgsing
ANEUNUSN9@DRALAYIS Chi-squared test

anududureniimaludeniadis 51.0 = 193 fadn3u/indans @d 10 - 216 Hadndu/
LATENS) LLaw%mmﬁm:umﬁaaﬁﬁulﬁlugﬂqml,lﬁﬂﬂaaﬂLaga 237.2 + 160.1 n3u (Weg 0 - 901 nN3W)
Snsrduveaiinuihuumiesiifulflugnansusnasensosaugnansiiviinisinuiuanslusud
15 ngUnUIgnans 53.9% lésuihumndoadivme
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16 15.3

14 1277 e

" 11.76
5 10.23 9.73
& 10 1 gag
5 7.49
> 8 6.69

5.47

6

q

2

0

50 100 150 200 250 300 350 400 450  >450

Unauvidesignanslasu (ns)

U 15 MInsenennudvessyiuUsinaunmaesignanslasu (nsu) aingnans 91w 1,160

e €a

g

A15199 19 dadure3gngnstASUUTIIAUNUIMRDUNEIND (%) WUINIUTEAUAUTUTUTDY

dhanaluden
srfuamududuresinaluden U $ruruvesgnansfildTuiinaniiu
HadnIU/\9TENT) R NeINe (%)
<25 50 7 (14.0¢
26-40 244 115 (47.1)°
41-50 308 156 (50.7)°
51-60 251 134 (53.4)°
>61 251 117 (46.6)°

o v A

ab ¥ i v ] v e ' I Ao
~ ANWILNNLANAIINUTENINIADANUNAIULANADY1UUBEIAYN P < 0.05
szauaMntureninalufenduiusiuniseysenvesgngnsiiiesainszesiainislasy

S & ) P P A S A A ve - v ¥ = P
UULLME D4R IN L TUT T NafeUTIN AN ULLYERMLATY (115199 19) Asuisanunsaasulan
AnudntuvenihaludenvegngnsinadeUsunanihuumaesiiulalugnansusnaaen
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unii 5
unazuuaziansal

nsfnulunsduandiiiiiuin Sinugnansiifiesionseniinansznudesnsnismenesgn
gnsnoune Ly 5ﬂﬁ§1uauqﬂqﬂsﬁ§mﬁiaﬂsaﬂ >10 ¢ %:ﬁé’msﬂmimmaqqﬂqﬂidawﬂmmLﬁmsﬁu
2.8% uardrsuiugnansiiassionson »13 ¢ SammInevesgnanneungIuLafiuty 12.3%
Sofieufuaund (@10 11.8% TuswaufiAssdenson < 10 fadeasen n1s1ef 3) mafnwaded
wansliitudn Sasnismevesgnansneungiuaduiimunsuaugnansveu ididnyann Fely
Tugnamnssunisidesgns desdinsdansiimtuiieannadomeesgnansiideuazans nsnms
mevesgnansteunguuliiAntutiosfian msfnwdeunhinuignansiinluasonuuialugi
Tomadesfiaziinnuaiusalunissendinalutieusn (Tuchscherer et al. 2000; Panzardi et al.
2013) ilosnngnansiiistunsenvualugfinaliinarlunisaasasniuiu Tnsiamzedrada Tugn
ansiAndavie g (Tuchscherer et al. 2000) gnansiisouueiiavmnuianmsvinenmneladsd
NasieNgANTINN1IAAUY Bg9lsAAkTaEdinsUTuUTINRugnIsuvaIT LI Ugnansusniinsansen
inunsnsdsasiaddanunenemegadunmnndaulunmsuimsiamsvesiansviinasauasgn
gnsludnnaen

nsfnwluadsuandiidiuin dwdnusnaaendiilugnismensundun aenndasiuna
nsAnuneuwtiil (Tuchscherer et al. 2000) Roehe and Kalm (2000) WUiWQﬂqmﬁﬁﬁmﬁ'mLiﬂ
Aaon 1.8 1.5 1.2 uay 1.0 Alan3u aziidndusionismenouveuuiigenin (odd ratio = 1.4 2.7 7.0
Lag 16.1 A1UET9Y) LﬁaLﬁauﬁuqﬂqﬂiﬁﬁﬁmﬁﬂmﬂﬂaaﬂ 2.1 Alan3u Vallet and Miles (2012)
wuigngnsfiiimiintosasd myelin basic protein mRNA Tuauastiasnitlugnansiifitimiinun
Tushusdndiinatonudlumsdinssuadsyann dadu gnansfidudnnhasiimaedeulmuagns
nevaussitiningnansdilng annavesnismeneungunlugnansaulvajiinainusignsi
(Kirkden et al. 2013) n15id1uIuv89 myelination Alugnansvuiadndserailuganudsaves
miﬁqﬂqﬂi%gﬂLL;quﬁumsmméﬁu (Vallet and Miles 2012) Bsluniniiu Qﬂqﬂiﬁﬁ%mmﬁmzﬁ
arwaninsolumadmnduilddintuarldsuunaniuumiestiosniiBnie (Tuchscherer et
al. 2000) LHuiinsuiuin Shsnssestinvesgnans dulnyiuiuinumdes msegnansasldsy
Qﬁﬁmﬁ}umﬂﬁfmumaaﬂﬂuwﬁﬂ (Markowska-Daniel and Pomorska-Mol 2010; Vallet et al. 2013)

Tneihaly nislésuenmsliiifisswernounasnazdwaliivinusnaaenvesgnansanas an
wadvoudoboiiuy wazannisaiianiug lunsdiudninvesgnanslusies Ssfesiinisine
Fadaiemiafeiisimedenafisdminusnasealaenss IHud arsemnsiiastisfiunseua
Feniilugan uenannil nisAnwideunthiinudt nmsmedeungiuuazannsaanadd didinish
Aaon (KilBride et al. 2012; Panzardi et al. 2013) A3AAUguaniluszansamluszninsnaen
LﬁuumeﬂummLLawamaaﬂmsﬂmﬂgummléflwmmmamammaﬂma QuagngnakInAaen
Fatunsinnsndsnaeniimanzandmiugnansiminusnaasasie199anAI LB Y8 N5
vosgngnsnouveusle lavasu nsannismeneunduslursugnsasnsemintanisguagnsly
AsoNTiABIgNINANTY 13 Marensenuasgnansiitiumiinusnasaasdindy 1.30 Alandy
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Gl

TAELRAYDNTINITANYNDUNEULLVINAU 14.5% (A1Na19 = 10.0%)

9NTINTANLVRIGNANTNOUNEULLAAY 15.9% 14.5% uar 16.3% Tuualgnsdiuvio 1 2 -
4 uay 5 - 9 AERY

17.2% vosuslansanunsaveuula 11 61 uag 10.5% vosulansanansaveuugnansle »
12 f/asen

Tunsugns 70.5% veswgngnsiinungnifemeuainlvniile (biological mother) uag
UIUPNANTHINAADALTINTIgNIFel AR UAETTN (WINFUNgNansVeIUldUL LG 4
ANUBUTUTIUTENIN 1 89 14 fsieasen

[
] [V

nIMevesgnansiouneuNiiauduiuseg sl Tedfyiurisduugniibeonsenuas
ihwilngnansusnaAaen

nsannisnneneuvgudlumiugnsamsasenindanisguaansluaseniliiesgnuinnii 13
MmseAsenuargngnsniluminusnaaendinil 1.30 Alany

o

Tneradsusiansusiasimanuniivdedfads 1,306 « 554 fiaddns (de 380-2,870
1adans)

Tnenadonuitgnanslasuusinmies Wssmnammimdniifistunely 24 $3lu9) i
133 5+92 findans AiiAnidu 9.5% maaﬂfmﬁmmﬂaammgﬂqm

fhudsvdng nareuiunnunidosiignanslétu Usznaude drduies idunisnaen
sgpvnAEIINNIsAREngNaNTuiah tintingnans 24 dalumdsaaon S1uaugnansd
Win ﬁwuauqﬂqﬂsﬁy’wm wazthmiingafiindulu 24 Faluausnudsaaon (P < 0.05)
mawilenieseslidmanssmudeuSnuuniuniosiignanslatu
Tngdswignsldinanlunisaasn 114.5 = 60.2 udi (fide 30 - 373 ui)
iiefvziiusnsnisasydulavesgngnsuazannisgaydeneundiuy Tulsemeaniou
’qm‘wgﬁLLazﬂaﬂu%uﬁqaaﬁmzL‘flummawﬁqﬁﬁﬂﬁmiﬁummwmLLajqﬂiﬁmdmwmgm
TuﬁzmLﬁquﬂdqwaiﬁ&ﬁmmwumamawé’mu (negative energy balance)
ansiesusngadeanuvnlududundannnitansvanevios ﬁﬂﬁ?ﬂ%ﬂﬂ?ﬂﬁﬂﬂ’ﬁ@%ﬁ@ﬂﬁﬁ
aaeaviosusnilufilay Inenisliemdanaen 1wy e1UfThue snandniay uayinidiu Al
AMNINES

danmsmeneunguudanuuUsususeninewhiegluag 5.6 - 20.6% lneladesnins
meneungusgdlurhiuvelnainnimnswuiadn uaswuluwsgnsaduriod 1
unniusiansluduriead 2-4

syogissyininaeniinasioUTuoondnulunsuaidion Weszervinsszninanaen >30
unilagvhlinugnansuaeendauiaiy
amnududureninmaludenvosgnansiinadouiinaiunviesdinuldlugnansusnaaen
LaEEnTINN3TONTINVRINANTIUYIe 7 Julsnudsnaen
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Introduction

Piglet pre-weaning mortality is a major problem in
swine industry nowadays?. Most of the pre-weaning
mortality occurs during the first three days of life*. Low
colostrum intake appears to be a major cause of pre-
weaning death. The role of colostrum includes
thermoregulation, passive immunity and intestinal
development'. The colostrum production depends on
both the ability of the piglet to stimulate the teat and the
sow ability to produce colostrum. Under the tropics, no
study has been carried out to determine the total
colostrum yield by sow and the individual piglet’s
colostrum intake. The present study aims to determine
individual piglet’s colostrum intake and colostrum yield
in tropical sows.

Material and Method

The present study was carried out in a commercial
swine herd in the central region of Thailand during
March-April 2013. A total of 15 sows and 151 lived
born piglets were included. All of the sows were kept in
a conventional open-housings system. During this
period, the outdoor 24-h average temperature was
30.0£0.6°C (range 22.7-38.5°C) and humidity was
64.2%. The sows were kept in individual crate during
gestation and in individual farrowing pens during
lactation. Pregnant sows were moved to the farrowing
pens about one week before the expected farrowing
date. Supervision of the parturition process was under
taken by the first author (M. Nuntapaitoon). The sows
were interfered as less as possible during parturition.
Individual birth weight of the piglets was measured at
farrowing and at 24 h after farrowing by using
electronic digital balance (Universal Weight Enterprise
Co. Ltd., New Taipei, Taiwan).The body weight gain of
the piglet during the 24-h period was defined as an
individual colostrum intake. Sum of the individual
colostrum intake was defined as the colostrum yield of
the sows. Descriptive statistics including frequency
distribution, mean+SD and range of the data were
calculated.

Result

On average, the duration of farrowing was 2814213 min
and number of piglets born alive per litter averaged
10.142.7 (ranging from 7 to 15 piglets). The percentage
of mummified fetuses and stillborn piglets were 1.3%
and 8.6%, respectively. The mean birth weight of the
piglet was 1.7140.32 kg (range 1.0-2.6). The mean
colostrum intake of piglet was 65.8 ml, ranging from 0
to 340 ml. Frequency distribution of individual piglet’s
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colostrum intake (ml) is presented in Figure 1. As can
be seen from the figure, 53.6% of the piglets received
colostrum <50 ml, while only 8% of the piglets received
colostrum >200 ml.

On average, the sows produced 662+476 ml of
colostrum. Nevertheless, a large variation of the
colostrum yield was observed among the sows. The best
sow yield 1710 ml of colostrum, while the worst sow
yield only 110 ml of colostrum. The total colostrum
yield in primiparous and multiparous sows is presented
in Table 1.
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Figure 1. Frequency distribution of individual piglet’s
colostrum intake (ml) (n=151 piglets)

Table 1. Total colostrum yield (ml) of primiparous
(n=8) and multiparous sows (n=7)

Sows Mean+SD Range
Primiparous 670+£545 200-1710
Multiparous 6544427 110-1265

Discussion and Conclusion

The individual piglets colostrum intake observed in the
present study was much lower than earlier report in
France (i.e., 300 ml)'. Inadequate colostrum intake is
one of a critical factor determining piglet mortality.
Under tropical climates, awareness on individual
piglet’s colostrum intake and the sow ability to produce
colostrum should be raised. The sows in the present
study seem to produce inadequate colostrum. Further
studies are needed to understand factors influencing
colostrum yield in tropical sows.
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Introduction

Low colostrum intake is a major cause of piglet pre-
weaning mortality’2. Colostrum is the main energy
source and provides passive immunity to the newborn
piglets. The colostrum production depends on both the
sow ability to produce colostrum and the ability of the
piglet to stimulate the teat. The present study aims to
determine factors influencing individual piglet’s
colostrum intake under field conditions in Thailand.

Material and Method

The present study was carried out in a commercial
swine herd in the central region of Thailand during
March-April 2013. A total of 15 sows and 151 lived
born piglets were included. All of the sows were kept in
a conventional open-housings system. During this
period, the outdoor 24-h average temperature was
30.0+0.6°C (range 22.7-38.5°C) and humidity was
64.2%. The sows were kept in individual crate during
gestation and in individual farrowing pens during
lactation. Pregnant sows were moved to the farrowing
pens about one week before the expected farrowing
date. Farrowing process carcfully supervised by the
veterinarian (M. Nuntapaitoon). In general, the sows
were interfered as less as possible during parturition
unless dystocia occurred. Birth order of each individual
piglet was recorded. Individual birth weight of the
piglets was measured at farrowing and at about 24 h
after farrowing by using electronic balance (Universal
Weight Enterprise Co. Ltd., New Taipei, Taiwan). The
body weight gain of the piglet during the 24-h period
was defined as an individual colostrum intake.
Pearson’s correlation was conducted to analyze the
association between the individual piglet’s colostrum
intake and gestation length, birth weight, birth order and
number of piglets born alive per litter (BA). The
correlation coefficient was calculated and value with
p<0.05 was regarded to be statistically significant.

Result

On average, the duration of farrowing was 2814213 min
and BA was 10.1+2.7 piglets (range 7-15). The average
birth interval between each piglet was 30.7 minutes.
Gestation length averaged 116.5+1.2 days (range 113-
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118). Birth weight of the piglet was 1.71+£0.32 kg
(range 1.0-2.6). The mean colostrum intake of piglet
was 65.8 ml (range 0-340). The correlation between
individual piglet’s colostrum intake and gestation
length, birth weight, birth order and BA is presented in
Table 1.

Table 1. Correlation between individual piglet’s
colostrum intake and gestation length, birth weight,
birth order and number of piglets born alive per litter

(BA)
Variables Coefficient () p-value
Gestation length 0.11 0.192
Birth weight 0.22 0.006
Birth order -0.25 0.002
BA -0.27 <0.001

Discussion and Conclusions

The individual piglet colostrum intake significantly
associated with piglet birth weight, birth order and BA.
Piglets with a high birth weight had a higher colostrum
intake than those with a low birth weight. This is in
agreement with earlier studies>’. It has been
demonstrated that colostrum intake was increased 28 g
for every 100 g increase in the piglet’s birth weight'.
The reasons might be that heavier piglets may have a
competitive advantage to access colostrum over the
lighter ones®. In addition, we also found that earlier-
born piglets had a higher colostrum intake than later-
born piglets. Likewise, piglets from the larger litter had
a lower colostrum intake than those from the smaller
litter. These findings indicate that special care on
colostrum intake of the piglets should be performed in
the piglets with low birth weight, born later within the
litter and those from the large litter.
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Introduction

Piglet mortality is one of the most important
reproductive trait indicating both economic loss and
animal welfare concern. Colostrum intake plays a
crucial role on piglet survival. The colostrum yield and
the concentration of immunoglobulin are highly
variable among sows!'. However, factors causing this
variability are not fully understood. The present study
aims to determine colostrum yield and piglet colostrum
intake in relation to sow’s parity number, birth order
and birth interval.

Materials and Methods

The present study was carried out in a commercial
swine herd in the eastern part of Thailand in January
2013. In total, 33 Landrace x Yorkshire crossbred sows
(mean parity number 4.0+2.4, ranged 1-8) and 323 lived
born piglets were included. All of the sows were kept in
a closed-housing equipped with an evaporative cooling
system. The sows were kept in individual crate during
gestation and in individual farrowing pens during
lactation. Pregnant sows were moved to the farrowing
pens about one week before the expected farrowing
date. The whole farrowing process was supervised and
birth order of the piglets was recorded. The sows were
interfered as less as possible during parturition.
Individual birth weight of the piglets was measured at
farrowing and at 24 hours of age. The body weight gain
of the piglet during the 24- hour period was defined as
an individual colostrum intake. Sum of the individual
colostrum intake was defined as the colostrum yield of
the sows. Cross fostering was not performed during the
first 24- hour after birth. Data were presented as
mean+SD. Correlation among colostrum intake, number
of piglet born alive per litter (BA), birth weight, birth
order and birth interval was calculated by using
Spearman’s correlation. Effect of parity number on
individual piglet’s colostrum intake and colostrum yield
were analyzed by one way ANOVA. P<0.05 were
regarded to be statistically significant.

Results

On average, the piglets received colostrum of 133.5+92
ml (ranged 0-520). This is 9.5% of the piglet birth
weight. BA was 10.3+2.0 (ranged 6-14) piglets. The
proportion of individual piglet’s colostrum intake is
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presented in Figure 1. Individual piglet’s colostrum
intake significantly correlated with birth weight (r=0.13,
P=0.019) but did not correlate with birth order (P=0.52)
and birth interval (P=0.40). The average colostrum
yield per sow was 1,306+554 ml (ranged 380-2,870).
Individual colostrum intake and colostrum yield in sow
parity numbers 1, 2-5 and 6-8 are presented in Table 1.

Table 1. Individual colostrum intake and colostrum
yield in sow parity numbers 1, 2-5 and 6-8

Items Parity

1 2-5 6-8
Number of Sows 9 13 11
Born alive 10.7 10.4 9.7
Number of Piglets 93 128 104
Birth weight (grams) 1.37 1.54 1.49
Individual piglet’s 109.2¢ 155.2° 128.3*

colostrum intake (ml)

Colostrum intake: birth 8.2 10.5* 920
weight ratio (%)

Colostrum yield/ sow (ml) 1,129 1,528 1,190

ab different superscript within row differ significantly
(P<0.05)
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Figure 1. Individual piglet’s colostrum intake (ml)

Discussion and Conclusion

The colostrum yield was highly variable among sows
and piglets. More attention has to be done for
minimizing risk factors that negatively affect colostrum
intake, i.e., sow parity number and birth weight.
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Introduction

In general, breeding goal of swine herds aims to maximize litter size at weaning per sow per year. On
average, swine commercial herds in Thailand produce 11-12 piglet born alive/ litter, while only 9-10 piglets
remain until weaning (1). Under field conditions, the loss of piglets during the pre-weaning period is still high.
Pre-weaning mortality (PWM) in pigs ranges between 11.0-14.3% (2, 3). It has been demonstrated that the
economic value of 1% piglet mortality is €7.07 (4). Many factors, such as, parity number of sow, environment
temperature and herd size have been shown to involve with PWM. The present study aims to determine an
occurrence of PWM of piglets in selected swine commercial herds in Thailand in relation to herd size and sow’s

parity number.

Materials and Methods

Data were collected from 21 commercial swine herds in Thailand during 2007-2010. The individual data
of each sow were obtained from computerized data-base of the herd (PigLIVE®, Life informatics Co., Ltd., Thailand).
The data included 150,487 litters from 60,176 sows. The raw data were carefully determined for correctness of
the data entry and reproductive performance data. PWM of piglets at the individual sow level was calculated:
PWM (%) = [(number of litter mate - number of piglets at weaning) /number of litter mate]. The number of litter
mate was calculated from number of piglets born alive per litter (BA) plus number of piglets cross-fostered.
Incomplete data as well as error data records (e.g., litters with lactation length lower than 15 days or above 35
days, number of total piglets born per litter equal zero or above 26 piglets/ litter, number of piglets at weaning
above 16 piglets/litter and PWM below zero or above 100%) were excluded (n=30,157 litters). The edited data
included 120,330 litters from 52,484 sows. The sows were classified according to parity number at farrowing to
six groups, i.e., 1, 2, 3, 4, 5 and =6. Size of the herd was classified into two groups as small (373-712 sows per
herd) and large (1,731-10,348 sows per herd). Statistical analyses were performed using the SAS procedures (SAS,
2002). Due to a skew distribution of PWM data (Figure 1), the PWM data were log transformed and were analyzed
by multiple ANOVA using general linear model procedure of SAS. The statistical models included size of the
herd, herd nested within size, farrowing month, farrowing years, parity number, and interaction between parity
number and farrowing month, parity number and herd size and farrowing month and herd size. Least-squares
means were obtained for each class of effects and combination of effects and were compared using Tukey-Kramer

tests. P<0.05 were regarded to be statistically significant.
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Results and Discussion

Descriptive statistics of sow reproductive performances are presented in Table 1. Frequency distribution
of PWM and number of piglets at weaning are demonstrated in Figure 1 and 2, respectively. PWM averaged
12.2% and varied among herds from 5.6% to 20.6% (P<0.001). Factors influencing PWM included parity number
(P<0.001), farrowing month (P<0.001), farrowing years (P<0.001), herd size (P<0.001), herd nested within herd
size (P<0.001), interactions between parity and farrowing month (P=0.002), parity and herd size (P<0.001) and
farrowing month and herd size (P<0.001).

Table 1. Descriptive statistics (n=120,330 litters)

Variable Mean+SD Range
Parity number 3.3+2.0 1-14
Piglet born alive/ litter 10.7+2.6 1-24
Total piglets born/ litter 11.7+2.7 1-26
Stillborn piglets (%) 5.6+9.3 0-100
Mummified fetuses (%) 2.6+8.0 0-100
Piglet’s birth weight(kg) 1.6+0.3 1-3
Piglets at weaning/ litter 9.4+2.0 0-16
Pre-weaning mortality (%) 12.2+15.2 0-100

Primiparous sows had a higher PWM (12.8%) than sows parity 3 (12.1%, P=0.003) and 5 (13.4%, P<0.001).

High PWM in primiparous sows is in agreement with earlier studies [1, 5].

Figure 1. Frequency distribution of percentage of Pre-weaning mortality (n=120,330 litters)

Figure 2. Frequency distribution of number of piglets at weaning per litter (n=120,330 litters)

On average, PWM in large herds (14.7%, ranged 7.3%-20.2%) was higher (P<0.001) than small herds (10.4%,
ranged 5.5%-17.7%) (Table 2). This is in accordance with earlier studies in USA (7, 8). The different among herd
size might be related to post-partum management and quality of stock persons. Hoshino et al. (8) demonstrated

that high-performing herd in Japan had a lower number of pig born dead than low-performing herd.
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Table 2. Least-squares means of pre-weaning mortality (PWM) in large and small herds (n=number of sows)

Large herds Small herds
Herd n PWM(%) Herd n PWM(%)

A 3,463 14.8 | 623 10.5
B 10,348 13.4 J 667 8.4
C 5474 17.7 K 712 8.2
D 9,440 15.0 L 674 17.7
E 3,811 20.2 M 396 7.5
F 1,731 9.2 N 655 10.9
G 8,097 7.3 M 672 14.9
H 2,796 20.0 N 373 12.6
O 444 15.2

P 572 7.6

Q 561 9.6

380 6.3

S 603 5.5

PWM by parity number and herd size are presented in Table 3.

Table 3. Least-squares means of pre-weaning mortality in small (mean=563 sows/herd) and large (mean=>5,605

sows/herd) herds by parity

Parity number Large herds Small herds
1 14.9+0.1° 10.7+0.2°
2 13.8+0.1° 10.1+0.2°
3 14.5+0.1° 9.740.3
4 14.9+0.1° 10.5+0.3"
5 15.2+0.2° 11.6+0.4°
>6 14.9+0.1° 9.6+0.5

Difference lower case letters (a and b) indicate significant difference within row (P<0.05)

In conclusion, PWM averaged 12.2% and varied among herds from 5.6% to 20.6% (P<0.001). PWM was

higher in large herds than small herds. Primiparous sows had a higher PWM than sows number 2-4.
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Introduction

Colostrum provides energy source and passive immunity
to the neonatal piglets. Inadequate colostrum intake
reduces body weight gain and increases pre-weaning
mortality (1,2). The colostrum production depends on
both the sow ability to produce colostrum and the ability
of the piglet to stimulate the teat (3). The present study
investigates factors associated with colostrum intake in
neonatal piglets under field conditions in Thailand.

Materials and Methods

The present study was performed in a commercial swine
herd in the eastern part of Thailand in January 2014. A
total of 95 neonatal piglets were investigated. The sows
were kept in a conventional open-house system. The
sows were moved to the farrowing pens about one week
before the expected farrowing date. Farrowing process
and the piglet’s birth weight were carefully determined.
Farrowing intervention was performed if necessary.
Birth order and the time elapsed between piglets
delivering were monitored. Bodyweight of the piglets
was measured at about 24 h after farrowing by using
electronic balance (Universal Weight Enterprise Co.
Ltd., New Taipei, Taiwan). The body weight gain of the
piglet during the first 24 h period of life was calculated.
An individual colostrum intake of the piglets was
calculated (4): Colostrum intake (gram) = -
217.4+(0.217*t)  +  (1,861,019*BW2/t)+BW*(54.8-
1,861,019/t)*((0.9985-3.7*10™**tFS)+  (6.1¥107*tFS?));
where BW=birthweight (kg), BW2=bodyweight at the
second weighing (kg), t= time elapsed between the first
and the second weighting (min), and tFS = the interval
between birth and first sucking (min). The statistical
analyses were carried out by SAS. Pearson’s correlation
was used to analyze the association between the
colostrum intake and all possible related factors, i.e.,
farrowing interval, birth weight, body weight gain, birth
order, total piglet born per litter (TB) and piglets born
alive per litter (BA). P<0.05 was regarded to be
statistically significant.

Results

Mean colostrum intake of the piglets was 245+167
grams (range 0-595). Factors associated with colostrum
intake are presented in Table 1. The major factors
associated with colostrum intake in neonatal piglets
included parity number, birth order, time elapse between
piglets, birth order, body weight at 24 h after birth, TB,
BA and body weight gain (P<0.05). Birth weight and the
total farrowing duration were not associated with
colostrum intake (P>0.05).

Table 1.Factors associated with colostrum intake in
neonatal piglets (n=95)

Variables Correlation P value
coefficient (r)

Parity number -0.551 <0.001
Birth order -0.296 0.004
Total born -0.347 <0.001
Born alive -0.310 0.002
Time elapsed between  0.381 <0.001
piglets delivering

Body weight gain 0.988 <0.001
Body weight at 24 h 0.503 <0.001
Birth weight 0.132 0.214
Farrowing interval 0.041 0.691

Conclusions and Discussion

The present study demonstrated that colostrum intake in
neonatal piglets positively correlated with time elapsed
between piglets delivering and bodyweight at 24 h of
life, but negatively correlated with sow’s parity number,
birth order, TB and BA. This is in accordance with
earlier studies (2,3). In addition, the present study found
that piglets born earlier had a higher colostrum intake
than those born later. Likewise, piglets from the larger
litter had a lower colostrum intake than those from the
smaller litter. The reason might be due to that piglets
born later as well as those in the large litter have had a
higher competition to obtain the teat than those in a
smaller litter or those born earlier. Time between each
piglets delivering also positively associated with
colostrum intake. This might be due to that piglet care
might be better when the time was extended. This
reflected the importance of farrowing supervision under
field conditions. In could be concluded that, to enhance
colostrum intake in neonatal piglets, special care of the
new born piglet be focused on those born with old sows,
later-born piglets, and those in the large litter.
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Introduction

The induction of parturition in pig is generally conducted
by prostaglandins F20 administration. The practical
purpose of induce parturition is to increase the
synchrony of farrowing facilitating farrowing
supervision. Nevertheless, the induction of parturition
sometime increases the risk of piglet mortality (1). The
present study aims to investigate the effect of induced
parturition on the incidences of umbilical rupture, blood
oxygen saturation, blood glucose concentration and
colostrum intake in newborn piglets under field
conditions.

Materials and Methods

The present study was performed in a commercial swine
herd in Thailand in January 2014. A total of 95 piglets
were investigated. The sows were kept in individual
crate in a conventional open-house system. The sows
were moved to the farrowing pens about one week
before expected parturition. The sows were randomly
assigned into 2 groups: control and induced parturition.
The induction of parturition was carried out by
administration of 1 ml (87.5 pg) of cloprostenol
intravulvosubmucosa (Planate”, MSD) on the due date
of parturition. Farrowing process was carefully
supervised. Farrowing intervention was performed if
necessary. Birth weight, farrowing interval, the
occurrence of umbilical rupture, blood oxygen
saturation, blood glucose concentration and body weight
of the piglets at 24 h after birth were determined. An
individual colostrum intake of the piglets was calculated
according to a previous study (2). The statistical analyses
were carried out by SAS. Student’s ¢ test were used to
analyze the effect of induced parturition on blood
oxygen saturation, blood glucose concentration,
farrowing interval, birth weight, total number of piglet
born per litter (TB) and number of piglets born alive per
litter (BA) and colostrum intake. Chi-squared analysis
was used to analyze the effect of induced parturition on
the evidence of farrowing intervention and umbilical
rupture. P<0.05 was regarded to be statistically
significant.

Results

Reproductive parameters and colostrum intake in
newborn piglets after induced parturition compared with
normal parturition are shown in Table 1. The incidence
of farrowing intervention and umbilical rupture was
higher in the piglets born from sows induced parturition
(P<0.05). Moreover, piglets born from sows induced
parturition had a lower blood glucose concentration both
at birth and at 24 after birth. Nevertheless, the induction

of parturition did not influence the colostrum intake of
newborn piglets (Table 1).

Table 1.Reproductive parameters and colostrum intake
in newborn piglets (mean = SEM) after induced
parturition (treatment) compared with normal parturition

Variables Control Treatment
(n=37) (n=58)

Parity number 4.2+0.3" 3.7+0.1*

Total born 10.8£0.4*  15.7+0.5°

Born alive 10.1£0.4*  14.7+0.4°

Farrowing interval (h) 162+11.0°  211+10.9°

Birth weight (gram) 1.42+0.04*  1.61£0.04°

Farrowing intervention 3/37 20/58

(%) (8.1%)* (34.5%)"

Umbilical rupture (%) 1/35 9/50
(2.9%)" (18.0%)"

Blood oxygen saturation ~ 92.5+1.5% 89.3+1.6°

(%)

Blood glucose at birth 53.942.0°  45.7+1.6°

(mg/dl)

Blood glucose at 24 h 112.746.9°  95.7+3.8"

(mg/dl)

Colostrum intake (gram) 233+28° 252421°

b different superscript within row differ significantly

Conclusions and Discussion

Induced parturition is a management tool that can reduce
piglet mortality (1). In the present study, the induction of
parturition increased the incidence of umbilical rupture
and decrease blood glucose concentrations. This
indicates the importance of farrowing supervision in the
sows induced parturition. It could be concluded that
induction of parturition increase the incidence of
farrowing intervention and reduced blood glucose
concentration but did not reduce colostrum intake of
newborn  piglets.  Farrowing  supervision  was
recommended in sow induced parturition.
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Introduction

During the last decade, the management of sows in the
lactation period has changed dramatically due to many
reasons such as genetic improvement, health status and
nutrition (1). Studies on the management of tropical
sows to minimize the incidence of post-partum
dysgalactia syndrome (PDS) need to be explored. The
objective of the present study was to determine the
incidence of postparturient disorders and backfat loss in
primiparous and multiparous sows in the tropic.

Materials and Methods

The study was conducted in a swine commercial herd in
the eastern part of Thailand during May to July 2013. In
total, 81 sows were included. The duration of parturition
and postpartum clinical signs were carefully determined.
The sows were categorized according to parity number
into two groups: primiparous (n=42) and multiparous
sows (n=39). The rectal temperature, the presence of
abnormal vaginal discharge, PDS, appetite of the sow
were determined on Days 0, 1, 2 and 3 postpartum
according to our previous study (4). Backfat thickness
was measured at farrowing and at 21 days postpartum.
The data were analyzed by Chi-square test (postpartum
disorders) and general linear models (litter size and
backfat loss). P<0.05 was considered as statistically
significant.

Results

Reproductive performances, postpartum disorders and
backfat loss in primiparous and multiparous sows are
presented in Table 1. The duration of farrowing was
114.5+60.2 min (range 30 to 373 min). The duration of
farrowing did not differ significantly between
primiparous and mutiparaous sows (P>0.05). Stillborn
piglets in the sows with a long duration of farrowing (>4
h, mean 287.9 min) was significantly higher than those
with a short duration (<2 h, mean 85.5 min) of farrowing
(29.2% and 7.9%, respectively, P<0.044).

Conclusions and Discussion

During recent years, a number of researches are trying to
determine factors influencing the sow’s ability to
produce adequate milk for their offspring in order to
enhance piglet growth and reduce piglet pre-weaning
mortality (1-4). In the tropic, high temperature and
humidity may cause suboptimal feed intake in lactating
sows and resulted in negative energy balance conditions.
In the present study, backfat loss in primiparous sows
was higher than multiparous sows. This may lead to
inferior ~ subsequent  reproductive  performances.
Therefore, special care needs to be emphasized in

primiparous sows. The present study also found that
nearly 50% of primiparous sows still have fever until
Day 3 postpartum (Table 1). Therefore, postpartum
medications, e.g., antibiotic, anti-inflammatory drug and
vitamins, using a high quality of medicine are specially
recommended in primiparous Sows.

Table 1.Postparturient disorders in primiparous sows
compared with multiparous sows (LSmeans+tSEM)

Items Primiparous  Multiparous
SOWS SOWS
(n=42) (n=39)
Performance
BF at farrowing (mm) 20.8+0.5" 21.6+0.4"
Total born 11.3+0.7% 11.6+0.6"
Born alive 9.5+0.9" 10.5+0.7*
Stillborn (%) 16.3+4.1° 13.7+3.2%
Mummy (%) 5.243.8" 0.8+2.9°
Farrowing duration (min) ~ 175+6.7° 185+5.2°
Backfat at 21 days (mm)  17.4+0.8°  20.5+0.7°
Backfat loss (mm) 3.4+0.9° 1.1£0.7°
Relative backfat loss (%)  15.7+3.9°  4.8+3.1°
Postpartum disorders
Fever DO 85.7° 66.7°
Fever D1 59.5° 51.3*
Fever D2 50.0° 33.3°
Fever D3 48.8 18.8°
Discharge DO 19.1* 7.7°
Discharge D1 57.1° 53.8°
Discharge D2 57.1° 82.0°
Discharge D3 38.1° 64.1°
Low appetite DO 52.4° 23.1°
Low appetite D1 57.1° 41.0°
Low appetite D2 40.5° 33.3*
Low appetite D3 33.3% 23.1*
PDS DO 28.6" 41.0°
PDS D1 59.5° 61.5"
PDS D2 69.1° 76.9°
PDS D3 64.3" 82.1°
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ABSTRACT
The present study aims to determine pre-weaning mortality (PWM) rate of piglets in a
commercial swine herd in Thailand in relation to season, number of litter mates, sow’s parity
number,and piglet's birth weight. Data were collected from 8,874 litters born during a period from

January 2009 to December 2011. PWM of piglets of each litter was calculated: PWM (%) = [(number of
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litter mate - number of piglets at weaning) /number of litter mate]. PWM was analyzed by using
general linear mixed model procedure. The fixed effects included season (hot, rainy and cool), sow’s
parity number (1, 2, 3, 4, 5 and 6-9), number of liter mate (<7, 8-10, 11-12 and >13) and birth weight
(<1.30, 1.30-1.79 and >1.80 kg) and interaction between season and parity number, season and
number of litter mate and season and birth weight. It was found that, on average, PWM was 13.4%.
Factors influencing PWM included parity number (P=0.015), number of litter mate (P<0.001), piglet's
birth weight (P<0.001) and interaction between season and parity (P<0.001). PWM in parity 1 (16.1%)
were higher than parity 2 (14.1%, P=0.003), 3 (13.8%, P=0.004), 4 (13.7%, P=0.002), and 6-9 (14.5%,
P=0.003). PWM in litters having >13 piglets (22.5%) was higher than PWM in litters having <7 piglets
(11.2%, P<0.001), 8-10 piglets (10.3%, P<0.001) and 11-12 piglets (13.7%, P<0.001). Piglets with birth
weight <1.3 kg had a higher PWM (17.5%) than piglets with birth weight 1.30-1.79 kg (14.3%, P<0.001)
and >1.80 kg (11.5%, P<0.001). PWM was more pronounced in primiparous sows during hot and rainy
seasons, while it was more pronounced in multiparous sows during cool seasons. In conclusion, during
hot and rainy seasons, PWM was high in primiparous sows, while during cool season, PWM was high in
multiparous sows. Awareness on postpartum care of sows and piglets should be based on sow’s parity

number, number of litter mate, piglet’s birth weight and seasons.

INTRODUCTION

Pre-weaning mortality (PWM) remains a big problem in swine industry worldwide. A number of
earlier studies have demonstrated that piglets PWM in modern swine commercial herds varies between
11.0-14.3% (Tuchscherer et al., 2000; Bowman et al., 2001; O'Reilly et al., 2006; KilBride et al., 2012).
Gardner et al. (1989) found that birth weight, sow’s parity number and litter size were important factors
influencing the PWM during the first 7 days of life. It has been demonstrated that 50-80% of the piglets
mortality occur during 1-7 days after birth (Koketsu et al., 2006; Shankar et al., 2009).

In general, old sows have high PWM because they usually have large litter size at birth, as well
as a high variation piglet birth weight within the litter. Season significantly influence PWM. Thermal
stress was the most important stressor in newborn piglet (Shankar et al., 2009). Moreover, birth weight
of the piglets also influences PWM (Tuchscherer et al., 2000). It has been demonstrated that the
newborn piglets with an individual birth weight of more than 2 kg had a survival rate of over 95% (Chris
et al.,, 2012), while piglets with a birth weight of less than 1.0 kg at birth has a survival rate of 80%
(English and Bilkeit, 2004). The present study aims to determine PWM rate of piglets in a commercial

swine herd in Thailand in relation to season, litter mates, sow’s parity number, and piglet’s birth weight.



MATERIALS AND METHODS

The herd in this study was located in the eastern part of Thailand. The breed of sows was
mainly Landrace x Yorkshire crossbred sows with a small amount of purebred Landrace and Yorkshire
sows. The replacement gilts were produced within the herd. Number of sow on production was 1,700
sows. All of the sows and gilts were kept in a conventional open-housings system with some equipment
to reduce the impact of high ambient temperature such as fan and water springer. Lactation length was
24.8 + 1.4 days. Data of 8,874 litters were collected from the computerized recording system of the
herd (PigLIVE®, Life informatics Co., Ltd., Thailand). The litters born during a period from January 2009
to December 2011 were included in the analyses. The data included sow identity, farrowing date, sow’s
parity number, average birth weight, number of live born piglet/litter, number of cross-fostering piglets,
and number of piglet at weaning. Number of litter mate was defined as number of live born piglet/litter
plus number of cross-fostering piglets. PWM of piglets at the individual sow level was calculated: PWM
(%) = [(number of litter mate - number of piglets at weaning) /number of litter mate]. Six parity groups
were formed: 1, 2, 3, 4, 5 and >6. Season of farrowing was classified as hot (February-May), rainy
(June-September) and cool (October-January) seasons. The average temperatures were 27.8 °C, 27.6
°C and 26.1°C, the average relative humidity were 77.5%, 83.8% and 74.4% and the average
Temperature-Humidity Index (THI) (Tummaruk et al., 2010) were 79.0, 79.5 and 76.3, in hot, rainy and
cool seasons, respectively. Litter sizes at birth were classified in to 4 groups, i.e., <7, 8-10, 11-12 and
>13 piglets. Average birth weight of the piglets were classified as 0<1.29 kg, 1.3-1.79 kg and >1.8 kg.
PWM was log transformed and was analyzed by using general linear mixed model procedure. The fixed
effects included season, parity number, number of litter mate and birth weight and interaction between
season and parity number, season and number of litter mate and season and birth weight. Least-
sguares means were obtained for each class of effects and combination of effects and were compared

using least significant difference test. P<0.05 were regarded to be statistically significant.

RESULTS

Descriptive statistics, including number of non-missing values, arithmetic means, standard
deviation and ranges of sow reproductive performance, are present in Table 1. The average PWM was
13.4%. Factors influencing PWM included sow’s parity number (P=0.014), season (P=0.078), number of
litter mate (P<0.001) and piglet’s birth weight (P<0.001), and interaction between season and parity
(P=0.001), season and number of litter mate (P=0.1995), season and piglet's birth weight (P=0.8182).
PWM in primiparous sows (16.1%) were higher than sows parity numbers 2 (14.4%, P=0.004), 3 (13.5%,
P<0.001), 4 (13.2%, P<0.001), 5 (15.4%, P=0.155) and 6-9 (14.4%, P=0.004). PWM in cool seasons
(15.0%) was higher than hot (14.7%, P=0.886) and rainy season (13.5%, P<0.039). PWM the litter with

litter mate >13 piglets (22.4%) was higher than those with <7 piglets (11.1%, P<0.001), 8-10 piglets



(10.3%, P<0.001) and 11-12 piglets (13.7%, P<0.001). PWM in the litters with the average piglet’s birth

weight of below 1.29 kg (17.4%) was higher than those with an average birth weight of 1.30-1.79 kg

(14.2%, P<0.001) and those with average birth weight of above 1.80 kg (11.5%, P<0.001).

PWM by season, sow’s parity number, number of litter mates and average birth weight are

presented in Table 2. Low birth weight piglets (<1.29 kg) had a higher PWM compare to those with a

high birth weight (>1.80 kg) in all seasons.

Table 1 Descriptive statistics on reproductive performance of sows in a commercial swine herd in

Thailand during 2009-2011 (n=8,874)

Reproductive performance Mean + SD Range
Pre-weaning mortality (%) 13.4+15.2 0-92.9
Percent of piglets cross-fostering 51.8 -
Lactation length (days) 24.8+1.4 21-28
Parity number 3.4+1.8 1-9
Total number of piglets born per litter 11.812.8 0-23
Number of piglets born alive per litter 10.7£2.2 1-22
Mummified fetus per litter (%) 3.7+7.5 0-91.7
Stillborn piglets per litter (%) 5.94+9.1 0-100
Piglet’s birth weight (kg) 1.6+0.3 0-3.2
Number of piglets at weaning 9.1+2.6 1-19
Body weight of piglets at weaning (kg)* 6.7+1.3 1-13.1

*n=8,809



Table 2 Effect of sow parities 1, 2, 3, 4, 5 and >6, birth weight and number of litter mate (<7, 8-10, 11-

12, >13 piglets) on pre-weaning mortality by season.

Hot Rainy Cool

Parity 1 17.7¢0.6™  (n=734)  16.0t0.7""°  (n=476)  14.4:0.7"° (n=584)

a

2 15.2¢0.7"  (n=631)  14.0¢0.7" (n=563)  13.0£0.8" (n=394)
3 13.3:t0.8°”  (n=433)  12.0¢0.8™  (n=417)  16.2+0.7"" (n=581)
4 15.1+0.8°"  (n=442)  12.4:0.8™  (n=380)  13.7+0.8" (n=388)
5 14.3+0.9°°  (n=365)  13.6¢0.9°  (n=331)  16.6+0.9" (n=366)
>6 14.7¢0.7°°  (n=690)  13.7¢0.7°  (n=560)  15.2+0.8™ (n=526)
Birth <1.29 19.3+1.1°  (n=185)  16.6¢1.0°  (n=239)  16.7+1.2" (n=158)

weight  1.3-1.79  13.9:0.4%"  (n=2,316) 13.4+0.4°“  (n=1,951) 15.7£0.4°“  (n=2,085)

>1.8 11.9¢0.6>  (n=794)  10.9x0.7™ (n=537)  12.1£0.6™ (n=596)
Number 0-7 12.0¢1.1°  (n=204)  11.3+1.1°  (n=172)  10.0+1.0™ (n=240)
Of litter ~ 8-10 10.8+0.6™°  (n=1,161) 9.6+0.6"" (n=919)  10.9+0.6" (n=1,065)
mates  11-12 14.040.5°  (n=1,395) 13.3x0.5"°  (n=1,122) 14.120.6°®  (n=1,092)
>13 235+0.7°°  (n=535)  20.3+0.7°°  (n=514)  24.1+0.8°°  (n=442)

Difference lower case letters (a and b) indicate significant difference between season (P<0.05).

Difference capital letters (A, B and C) within a column indicate significant difference (P<0.05).

DISCUSSION

PWM in Thailand was similar to that reports in other countries, which had different management
and climates (Van Rens et al., 2005; Koketsu et al., 2006; Loncke et al., 2009b). In Thailand,
temperature varied among seasons. Across parity, PWM was highest in hot season. This is in
agreement to earlier studies in Japan and USA (Koketsu et al., 2006; Li et al., 2010). However, in
Europe, PWM was highest in cool season (Maderbacher et al.,, 1993). This difference is due to the
different in climatic factors, endemic diseases, housing and management among countries. In general,
neonatal piglets are very sensitive for temperature stress (Shankar et al., 2009). Under low temperature
conditions, piglets are risky to be crushed by the sows. On the other hand, under hot climate, the sow
feed intake was decreased (Li et al., 2010). Furthermore, the present study found that PWM was higher
in primiparous sow than multiparous sow. The reason is due to the fact that primiparus sow was
inexperience for first farrowing and first lactation. However, this finding is different compare to a
previous study in Japan (Koketsu et al., 2006). They found that PWM was higher in sow’s parity number
>3 compared with primiparous and the 2" parity sows. Interestingly, we also found that primiparous
sow had a higher PMM during hot season than cool season, while multiparous sows had a higher PMM

during cool season than hot season. Tummaruk et al. (2010) found that primiparous sows are more



sensitive to heat stress than multiparous sow. Management of replacement gilts to obtain adequate
body weight, age and health conditions are therefore important. Furthermore, postpartum care of sows
and piglets should be adjusted according to the sow’s parity number and seasons. Intensive care of
primiparous sows farrowed during hot season should be emphasized.

The present study demonstrated that low birth weight piglet had high PWM. This is in
agreement with earlier studies (Tuchscherer et al., 2000; Barry et al., 2002; Van Rens et al., 2005). The
reason might be due to that low birth weight piglet may reach the teat later and took colostrum less than
those with high birth weight. It is known that the survival rate of piglet is largely dependent on colostrum
intake because the piglets receive immunoglobulin mainly through colostrum intake (Markowska-Daniel
and Pomorska-Mol, 2010).

Large litter size was associated with high PWM. This finding was in consistent with earlier
studies (Tuchscherer et al., 2000; Van Rens et al., 2005; Wolf et al., 2008; Hoshino et al., 2009; Loncke
et al., 2009a). The reasons might be due to that large litter size lead to a long duration of farrowing and

may increase number of weak piglets (Tuchscherer et al., 2000; Rootwelt ef al., 2012).

CONCLUSION
During hot and rainy seasons, PWM was high in primiparous sows, while during cool season,
PWM was high in multiparous sows. Awareness on postpartum care of sows and piglets should be

based on sow’s parity number, number of litter mate, piglet’s birth weight and seasons.
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Introduction

Blood glucose concentration is an indicator for
postnatal survival (1). It has been demonstrated
that both too low (24-30 mg/dl) and too high
(45-162 mg/dl) blood glucose concentration at
birth are associated with greater chance of
mortality up to 3 to 7 days after birth (2). In
general, the neonatal piglets should consume at
least 250 grams of colostrum to ensure an
optimal growth and passive immunity (3). Data
on blood glucose concentration in newborn
piglets associated with individual colostrum
intake has not been elucidated. The present
study aims to determine the effect of blood
glucose concentration on individual colostrum
intake in newborn piglets.

Materials and Methods
The present study was carried out in a
commercial swine herd in the western part of
Thailand between June and August 2013. In
total, 1,160 piglets born from 85 sows were
included. All sows were kept in a conventional
open housing system. The sows were kept in
individual farrowing pens during lactation.
Pregnant sows were moved to the farrowing
pens about one week before the expected
farrowing date. The farrowing process was
supervised. The sows were allowed to farrow
naturally. Blood samples were collected from
umbilical cord. Blood glucose concentration was
evaluated by a portable human glucometer
(Accu-Check® Performa, Roche Diagnotis
(Thailand) Co. Ltd., Bangkok, Thailand) within
5 min after birth. All piglets were not cross-
fostered until weaning. Survival rate of the
piglets was determined at 1 and 7 days of age.
Individual birth weight of the piglets was
measured immediately after birth and again at
22.4+1.2 h after the first piglet was born by
using an electronic balance. An individual
colostrum consumption of the piglets was
estimated: colostrum consumption (g) = -217.4 +

(0.217*t) + (1,861,019*BW2/t) + BW*(54.8 -
1,861,019/t)* ((0.9985-3.7*104*tFS) + (6.1*10-
7*tFS?)); where BW=birth weight (kg),
BW2=body weight at the second weighing (kg),
t= time elapsed between the first and the second
weighting (min), and tFS = the interval between
birth and first sucking (min) (4). Colostrum
intake more than 250 grams were defined as
“adequate colostrum intake” otherwise it was
defined as “inadequate colostrum intake”. Data
was analyzed by Chi-square test.

Results and Discussion
On average, the blood glucose concentration
was 51.0£19.3 mg/dl (range 10-216 mg/dl) and
the individual colostrum intake was 237.2+160.1
g (range 0-901.0 g). The proportion of
individual colostrum intake of piglets is
presented in Figure 1. The proportion piglets
that had adequate colostrum intake were 53.9%.
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Figure 1 Frequency distribution of individual
colostrum intake (grams) in neonatal piglets
(n=1,160).
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Table 1 Proportion of piglets received adequate
colostrum intake (%) by blood glucose
concentration classes

Piglets received

Glucose, adequate

mg/dl 1 colostrum intake
n (%)

<25 50 7 (14.0)

26-40 244 115 (47.1)b

41-50 308 156 (50.7)b

51-60 251 134 (53.4)b

>61 251 117 (46.6)°

abdifferent superscript within column  differ
significantly (p<0.001)

Low blood glucose concentration related with
low viability due to increase first sucking time
influencing colostrum consumption [2, 3]. It can
be concluded that blood glucose concentration
was significantly influenced the colostrum
intake of the piglet.
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Introduction

Physiological parameters such as birth weight,
rectal temperature, heart rate, blood oxygen
saturation, birth order, skin color, integrity of
the wumbilical cord, and blood glucose
concentration are associated with neonatal
piglet survival (10. Blood glucose concentration
of the piglets is related to health status and
energy reserve of newborn piglet (2). It has been
demonstrated that too low (24-30 mg/dl) or too
high (45162 mg/dl) blood  glucose
concentration in the newborn piglets increase
the risk of piglet's pre-weaning mortality (3).
However, data on blood glucose concentration
in newborn piglets under tropical climates
associated with their survival has not been
elucidated. The present study aims to determine
the association between blood glucose
concentration and survival rate of the neonatal
piglets under field conditions.

Materials and Methods

The present study was carried out in a
commercial swine herd in the western part of
Thailand between June and August 2013. In
total, 1,160 piglets born from 85 sows were
included. All sows were kept in a conventional
open housing system. The sows were kept in
individual farrowing pens during lactation.
Pregnant sows were moved to the farrowing
pens about one week before the expected
farrowing date. The farrowing process was
supervised. The sows were allowed to farrow
naturally. Blood samples were collected from
umbilical cord. Blood glucose concentration was
determined by a portable human glucometer
(Accu-Check® Performa, Roche Diagnotis
(Thailand) Co. Ltd., Bangkok, Thailand) within
5 min after birth. All piglets were not cross-
fostered until weaning. Survival rate of the
piglets was determined at Days 1 and 7 after
birth. Data was analyzed by Chi-square test.

Results and Discussion

On average, the blood glucose concentration
was 51.0+19.3 mg/dl (range 10-216 mg/dl). The
blood glucose concentration of the piglets is
presented in Figure 1. Cumulative mortality rate
at Day 1 and Day 7 after birth were 2.7% and
8.5%, respectively. Blood glucose concentration
of the newborn piglets significantly influenced
the survival rate at Day 1 and Day 7 (Table 1).

350 1 308

300 A
251

3]
W
(=]

186

353
(=3
(=]

Frequency
9
(=]

110
80

(=3
=}

52
26 2618 o 14

W
=1
I

10 20 30 40 50 60 70 8 90 100 110 >I11
Blood glucose concentration (mg/dl)

Figure 1 Frequency distribution of blood
glucose concentration (mg/dl) in neonatal
piglets (n=1,114)

Table 1 Survival rate (%) of piglet at 1 and 7
days after birth by blood glucose concentration

Glucose Survival rate (%)
mg/dl n Day 1 Day 7
n (%) n (%)
<25 50 22 (44.0) 19 (38.0)2
26-40 244 220 (90.2)b 208 (86.3)b
41-50 308 284 (92.2)b 267 (86.7)b
51-60 251 233 (92.8)b 217 (86.5)°
>61 251 224 (89.2)b 214 (85.3)b
abdifferent  superscript within column  differ

significantly (p<0.001)



160

Table 2 Odds ratio of the survival rate of the
piglets at Days 1 and 7 after birth by blood
glucose concentration (blood glucose <25 mg/dl
was set as control)

Glucose Survival rate (%)
mg/dl Day 1 Day 7
Odd ratio Odd ratio
(CI95%) (CI95%)
<25 1.0 (NA) 1.0 (NA)
26-40 11.7 (5.8-23.5)* 9.8 (4.8-19.5)*
41-50 15.1 (7.5-30.1)* 10.6 (5.5-20.5)*
51-60 16.5 (7.9-34.4)* 10.4 (5.3-20.5)*
>61 10.6 (5.3-21.0)* 9.4 (4.8-18.4)*

CI=Confidence interval; NA= not applicable.
*differ significantly (p<0.001).

Table 2 presented odd ratio of the survival rate
of the piglets by blood glucose groups. Piglets
with blood glucose below 25 mg/dl were set as
control. The survival rate of the piglets increases
16 times when blood glucose at birth increase
from <25 mg/dl to 51-60 mg/dl (p<0.001). It can
be concluded that blood glucose concentration
was significantly influenced the survival rate of
the piglet.
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Introduction

Major goal of swine production in pig industry
aims to maximize the number of piglets weaned
per sow per year. Stillbirths are one of the main
problems causing economic loss. The
percentage of stillbirths per litter (SB) is
generally 3-8% (1). Several studies has been
reported the factors influencing SB, such as litter
size, sow’s parity, gestation length, sow’s body
condition, piglet’s birth weight, farrowing
duration, birth interval, environment and
diseases  (1-4). However, the studies
investigating stillbirth and its affecting factors in
Thai swine herds has been still limited and
usually performed in few herds. The present
study aimed to investigate the influence of SB-
relating factors, i.e., number of total piglets born
per litter (TB), average of piglet’s birth weight
(PBW) and sow’s parity number, on SB in Thai
swine commercial herds.

Materials and Methods
The reproductive data of sows during 2008-2009
were collected from 15 swine commercial
breeding herds (A to O) in the central, eastern
and northeastern parts of Thailand. The data
consisted of 93,053 farrowing from 41,081 sows.
Those with recorded parity more than 10 or no
piglets born or TB more than 25 were excluded
from the dataset, leaving 92,972 farrowing from
41,053 sows for analyses. SB was calculated by
number of stillbirths per litter divided by TB
and multiplied by 100. PBW was calculated by
the litter birth weight divided by number of
piglets born alive per litter. The relationship
among SB, TB and PBW were analyzed by using
Spearman’s correlation. SB were compared
among groups of TB (<10, 10-13 and >13
piglets/litter), PBW (<14, 1.4-1.7 and >1.7 kg),
parity number (1, 2-3, 4-5 and 6-10) and season
(November-Febuary: cool, March-June: hot,
July-October: rainy) using general linear model

with Tukey-Kramer adjustment for multiple
comparisons. The statistical models included the
effect of herd, parity, season, TB classes and
PBW classes. Values with p<0.05 were
considered statistically significant.

Results and Discussion

On average, SB was 6.0%, which was varied
among herds from 3.8% to 10.5% (p<0.001)
(Figure 1). SB positively correlated with TB
(r=0.25, p<0.001). In addition, TB negatively
correlated with PBW (r=-0.22, p<0.001). SB by
TB classes, PBW, parity and season are
presented in Table 1. SB was highest in sows
with TB more than 13 piglets/litter (8.8%), PBW
less than 1.4 kg (7.5%) and parity 6-10 (7.3%),
nonetheless; it was lowest in sows with TB 10-13
piglets/litter (5.1%), PBW 1.4-1.7 kg (5.2%) and
parity 2-3 (5.2%). Seasonal differences did not
dominate SB (p=0.594).
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Figure 1 The percentage of stillbirths per litter
by herds.

The present study demonstrated the percentage
of stillbirths per litter in Thai swine commercial
herds. This is in agreement with previous
studies (3, 4). It has been reported that larger
litter size was associated with prolonged
farrowing duration and resulted in higher risk
of fetal hypoxia (1, 5). Moreover, since TB was
negatively related to piglet’s birth weight, the
larger litter size might be associated with lower
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piglet’s birth weight, causing the higher risk of
stillbirth. In addition, piglets with low birth
weight had smaller umbilical cords, resulting in
higher risks of umbilical rupture and hypoxia
during parturition (1, 6). In contrast, the smaller
litter size might be associated with higher
piglet’s birth weight, entailing the higher risk of
dystocia caused by fetal oversize and hypoxia
caused by prolonged farrowing duration (1). In
agreement with previous studies, the
percentage of stillbirths per litter was highest in
old sows (parity 26) (1, 2, 4). In conclusion, the
percentage of stillbirths per litter was lowest in
sows with TB 10-13 piglets/litter, PBW 1.4-1.7
kg and in sows parity numbers 2-3.

Table 1 The percentage of stillbirths per litter
(SB) by the total number of piglets born per
litter (TB), average piglet’s birth weight (PBW),
sow’s parity number and seasons.

Variables ~ Level n SB (%)
TB <10 19,093 5.42
10-13 54,747 5.1b
>13 19,132 8.8¢
PBW <1.4 24,162 7.5
1.4-1.7 46,299 5.2b
>1.7 22,511 5.8¢
Parity 1 21,573 6.22
2-3 32,934 5.2b
4-5 23,833 6.0
6-10 14,632 7.3¢
Season Cool 29,100 5.9
Hot 34,749 6.0
Rainy 29,123 5.92

abe Different superscripts within column of each
variable indicate statistically significant differences
(p<0.05).
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