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Abstract 

The aim of the study was te investigate the effects of heat stress on ovarian resumption and 
plasma metabolites in post partum dairy cows. The study was performed in ·cows calved during two 
distinct periods, the first period was from January to April (temperature range 23 .03 - 34.41 °C, RH 
66.88%) classified as group 1 (n=16). The second period was from September to December 
(temperature range 22.74 - 32 .27 °C, RH 71.21%) classified as group 2 (n=21) . Milk samples were 
collected twice a week until the 12th week post partum or until the first AI. Blood samples were 
collected at -4 and -2 weeks before expected calving date, and then once a week up to 12 weeks 
postpartum or until the first AI to determine plasma concentration of IGF-l, NEFA and Cortisol. 
Concurrence with the blood sample BCS and body weight were measured. When the first AI was 
performed after calving, additional blood samples were taken on the day of AI and Day 21 for 
progesterone assay. In cows without return to estrus, blood samplings were performed once during 
days 30-35 post AI for Pregnancy Specific Protein B (PSPB) assay. Reproductive data, climate data 
and milk production were also recorded. 

The result showed that no significant difference of the temperature, humidity and THI were 
found between the study periods. O':t of 16 cows of group I, 81 .3% had normal ovarian resumption 
while 18.7% with abnormal resumption as delayed ovulation, persistent corpus luteum and cessation 
of ovarian activity). Out of 21 cows of group 2, 42.9% had normal resumption and 57.1% had 
abnormal resumption. The proportion of cows having normal and abnormal resumption between 
group was significantly different (P=0.04) as weIJ as the interval from calving to the first AI (P 
=0.23; 111.03 ± 13.27 d and 99 .25 ± 7 .97 d, group 1 and 2 respectively). Cows in group I had days 
open (190 ± 23 .66 d) longer (P = 0.008) than cows in group 2 (109.94 ± 15.14 d) respectively. The 
first service conception rate tends to be higher in group I compared to group 2 but not significantly 
different (7115; 46.6% and 13121; 61.9%; group I and 2, P = 0.4). Also the number of service 
preconception in group I = 2 . 19 tended to be higher to group 2 = 1.92; P =0.6). The cows in group 1 
had body weight and BCS higher than cows in group 2 (P<0.05). Plasma concentration ofNEFA and 
Cortisol of cows in group I were higher than in group 2 (P < 0.05 and P<O.OOO I, respectively) but 
not for plasma concentration of IGF-l. Milk production of group I was higher than group 2 
(P<O.OOOI). The incidence of embryonic loss of in group I was higher than group 2 (50% vs 21.2% 
respectively). Fifty percents of eml:::yonic loss in group I was further classified as non-fertilization 
or early embryonic loss (25%) and late embryonic loss (25%). While 21.2% of embryonic loss in 
group 2 was only non-fertilization or early embryonic loss. 

Keys words: dairy cow, heat stress, reproduction 
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'VIi1>'l~nLLlltf)1~U:IJ~lU1UU1:::IJlrn 400 ~llwil>'l'VI1~um11'15ff:lJ1 

'YIll'lfn,UJ 3.J &i~1," LL~::; n"iilll Ll '"'1 ~'l13J ~ (iii! il\lr~'l\l n1"i!)-ij'E.I
'i1J ..... 

f)ll:IJ1tlULL~::f)11 :IJ~uci'>'l ~ ~ fl1::'YllJ ~ tl fl11liU:IJ LL~::1::1I1JffU ~uTIlUlllltflU:IJ~ L~m• 
1U U 1:: L'Yl ",1 'Yl rJ LL1l1 f)~ f) ~ tl ~1U "lil>'l ~ntl rn'VI 11 iJ ~>'l ';)::n 1:: rJ:: L1 ~l 'Yltl>'lll>'l (Days 0 pen) rJ11 

• '\l '\l 

flll LLlltf)~f)~ tl~1U'lil>'l~ n El rn'VI11 iJ ~l fll11n>'l fll1L u~ m.tLLU~>'ll1l>'l ~11i'Yl rnfl11~U~UTI 
, '\l '\l • 

"lI tl>'llTl~f)~El~1UL~ElU~~~rn'VI11iJ~l>'lrlWij::'l-b1U ci'fll1~~m1'Yll>'l1::U1J~U~urr L vl Ell V;nLLll 
q cu ~ q 

tTlf)~ tl~1u"li'N~n1:: rJ::'YlEl>'lll>'l iu~ ~~ L vl tIL vi :lJU1:: ff'YlTIlll'l"lfll1~U~urrLL~::Lvi :lJ1l rJ1~. , 

~ ~ ..., 
n1 'l'YIU 'YI'l '"'l"i"irn.n "i'l3.J/~l'l~"L 'YI ~'Y1 Ln!,ni! il\l 

U"i::;~'YI51l1't't n1"i~l1ft"B 1uLLlltf)u:IJ"Yi'11~ n ~~~-'l tl cil>'l ~ tl L iitl>'llU'lil>'l'VI ~l rJ . . 
'Yl"'111'M-~ ~lU:lJl (Butler, 2000) fllj~~ ~>'l"ll tl>'lU1::ff'YlTI11l'l"l m1~u~uTIlUtTlU:IJ ddl~,;)l n• 
'VI~1 rJ "J ~lL'VI~11:IJrlU L'liU fll1~~Ul'Yll>'l~U1im1:IJLvltll'V11~LLlltfl~~l:IJ11flli~~~~~, , 
J1U:lJ1~~>'l:lJln YiltV;f11l:IJ~:IJl1fl'Yl1>'lfl11~U~UTI~~~>'l m1~~m1r.J>'l"llUl~1mli:TIu 

~ ~ ~, 
Utlfl,;)l n dlh~rJ'VI i1>'l~ nfl1l:IJ ~l~ill 

~ 
~ tl U1:: f%'YlTI111'1"l fll1~u~urr~ El tr';)~rJ~lUtll 'VI 1 1 . 

(Thatcher et aI., 2006) ~mU111'l"l'Yll>'lt11'15Ulfll";) 1 uLL1l1TlLtJuir,;)~rJ~~1~11!~ci'>'l~~n>'lf)11:IJ 

~:lJlJ1cl~u£lULL1l1f) ~>'ln~'YlTI'V'l~~tl'tf>'l1::tl::L1 ~11::'VIll>'lfl~ El~n"m1~nl"llflf" LL 1flll~::fll1 
'\l • 

~ ~:IJ~~ l~mu'V'l1::f)1l:IJ~:IJ~~'Yl1>'l'V'l~>'l>'llU1 U'lil>'l LL1fl"llEl"m11V;u:IJ ~"~::rltlU1V;LV;Un>'lf)ll:IJ• 
LL~fl~1>'l1::'VIll"'I"l~""lU~1~1mnfltll'VI11~nm"JJl1U LL~::'I"l~>'l>'llU~~tl>'l1iLvl Elm1~~~J1U:IJ 
bL~::bY1 Elm11ilH:ni~ Ld El1~n~1:IJ~'I"l ~>'l>'llU,;)ln tll'VI11~nUL"JJl1ulllL~ tl>'l'l"l ElrlUf)11:IJ 

http:rJULLUi;'h'lf)::LLUUf)11aJ~:lJ1I�H!!tltl>'l�h.ml
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'\AI ~>1>11U~::~:U'lJ El>111>1n1[Jt~ [J LU'\AIl::~~::~:U1 U 11J'lJ El>11'lJ:uwil::rln~>1m1i 
'\J '\J 

t~mU'\AI1::1ULL~tfl~1~1unl1l4'~ulm1iihh::~YlTIIl1W1un111,x,rlu:U~>1 ") ~::mJ1 U~1l11::~ 
'\J '\J 

~:IJ~~W5>1>11ULUUmJ 
~ 

(Negative Energy Balance: NEB) U1Unl1tfl~l,x~HH,J~~,rlU:lJlu 
1::~U<l11 (Beever et aI., 2001) 

nl')1~~:::LL"'U~~'llC1JiiUJ1J"Hl!'2.Ith')r~ (Body Condition Score: BCS) dJU1TI~~1[J... 
LL~::~ml:u~::~nn~1i1unl1th::LiJun>1n111~1lJw5">11U'lJEl"tfl (L6pez-Gatius et aI., 2003) 

LrtEl",;)ln1un11i~m1~>1~1:UU n~ LUU11.Ji.~i.~~~::rhn111~fll1:U ~:u~ ~'\AI~">11U1ULL~hHUU 
'\J ~ 

dl[J~l (Butler, 2000) LL~::LUU~[JEl:u1lJl1n1dL1.J~[JULLU~"'lJEl>1 BCS 1~mu'\AI1::1u"'lh"Vl5" 
fI~El~~ml:IJi:ul4'uinul.h::~'YlTI.nl'\A1Yll"n11~lJ~ui (Beam and Butler, 1999; Buckley et 

~ 

aI., 2003; Shrestha et aI., 2005) If>1n1d~lf1~ BCS ~"LL~::~l:UlnriElUfl~El~~h"n~ 
'U 

~~m::YllJ~mL~tfl LL~lfl~~ BCS ~l~::~i."1J:UU~::~:IJ'\XEl[JttlULLJJlfl~n BCS ~" 6JJ"~::rh1i 
'\J 

nl1nUi.~Vl5"fl~ El~~~~" LL~::tt" ~~1i~n11~ruL~[J,rl'V1,rnilmn 1uLL~lfl~nfl::LLUU BCS 
'II '" 

~llwril" 7-10 i1.J~1~'VI~"fl~El~';)::li1::[J::L1~lUlun11,;)::~~:U~~ (Pryce et aI., 2001; 

Wathes et aI., 2007) ttlulmL~tfl~n BCS=2.0 ,;)::~ElU~UEl"<?iElm1L'VIrtLlltbn1dLtJui~ 
u~::~ni.'ll1.~l~~h'YhLL3Jlf1u:u~n BCS=3.0 (Kaewlamun et aI., 2008) UElmnnUrr" 

WlJl1n1d~ruL~[J,rl'V1,rnil:Uln1Wril"1:: LI::Vl5>1f1~ El~ iJwn:ui:ul4'uinunlwn [J'lJ El>1iJ ~ em 
'\J '" 

8n~J[J (Silke et aI., 2002) m1,)~md~lUEllVll11iLLJJtfliJ BCS ~L'VIm::~:un1JLL~~::1::[J:: 

"1JEl"n1d~~~~"LUU~" ~1f1ru~~::'Yh1,xyhfll~~~~~~Lvill;1uIf>11ULL~"lJ El" LL~lfl iJ ~'lJ1l1W~ 1i
" . 

~ ~. . . 
U:IJ~" LL~::~~1I~~L1J (Mulligan et aI., 2006) 

'II 

UElmlnm1LU~ rmu1.J ~>1fl::LL ',l, Uml:IJ~:lJlJ1rn'lJ El"11>1 m [J1uLL3Jlfl~ El tilU~.nlJ::~lI~~ 
'II 'U' 

W5>1"lULUU~U~::iJnl1Lu~ LlULLU ~>1'lJ El" tmft:IJULL~::~11LlI ~lU Ell~ 'Yl6JJ>1 ~11111Cll~1::~ul~1U 

L~El~ n111m::iu"nEl>1- Non-esterified fatty acid (NEFA), ~-hydroxy butyrate (BHB), 

glucose, insulin LL~:: insulin-like growth factors-1 (IGF-I) i.~nm.tl1111iL'~muui·"aj".:fin"
'U 

~mUIl1WYll>1LlI~lUEl~on:IJ (metabolic status) 'lJEl"LL3Jtfl 6JJ>1~1:IJ11Cl~~::LUuilU,,;r~ 
L~El:IJt[J,,11.Jn>1flJll1~lIU1ru:l4'uii.~ (Kruip et aI., 1998; O'Caliaghan et aI., 2001) ml:IJ 

'\J • 

L-ll:IJ-llU'lJEl>1 NEFA LL~:: BHB ~~,,;1u~::l'i'Elul'IXL~un>1mmrnn11~>1LEl1'\A1~>1>11U~11El"mli
'U . 

~,,';)::tt"~~m::'Ylu1~LlerElll~ElflJl:IJ~lIU1rn~ui lu'lJrn::~ glucose, insulin LL~:: IGF-I Ell,;),;)::
'U • 

~~~1~ [Jm"~ El~1::iu~:u El>1 LL~::nl1Yil"lU'lJ El>1i'>1i.'ll (Wathes et aI., 1998; Beam and 

Butler, 1999) 

,;)lml LI>11UL ~ Ll1nUU1::~'YlTI-.nlW'Yll"nl1~lJ~mnuLL~lmj,:IJ1wriJ>1~~,hum WlJl1 
~ 

elml nl'H,J~:IJ ~ ~~lnnl1~~:U Lri El LL~~"Enn11LtJUi~flf" LL 1n'VI ~"fl ~ El~ '\AIU11~~~"lh::m rn 

0.45 - 1% ~EltJ (Butler and Smith, 1989; Nebel and McGiliiard, 1993; Beam and Butler, 

1997; Royal et aI., 2000; O'Farrell and Crilly, 2001) Sreenan et al. (2001) i.~ 

a 



• • 
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Yhml~m~Tillfl"JJe:J :JJ~~~11 ~,n1.l,11 ~~~:;lh:;:JJl mmjrh1'U11'1 ~11 ~~~:;LL~l1'1~1i~~ ~~~Jl1.l,:JJ• 'IJ 

11.l,1:;<illJl.h~fl ~1" ~1:JJ1 ln~'il:;~amI ml~~:JJ~~ ~L~:; 8'~11mlfl ~ El~1~11.l,1:;~'IJUfl~~" 90 

LL~:; 55% ~1:JJ~1<il'IJ ,r1.l,LL~~,,11~ti~11ml~ruL~tJ:JJlfl~" 40% 1~~ml~ruL~~dY-l'IJ~"~~ 
'U cu c:u QI '\J q 

(70-80%) 11.l,1:;'VI'h:I'-r1.l,~ 8 - 16 'VI~~'<iJlflmlc-./~:JJ 

~IVi-rU'lll>lh:; L't1~1't1 ~~~~flM-m:;"lJ e:J"~k,, e:J ci1'UL"lJ~1l aJ e:J1mT1LL'IJ'lJfe:J1.l,;ff1.l, (tropical
'IJ 'IJ 

area) LU1.l,L"lI~~iiEl m'VIllaJ LL~:;wn:JJ;ff1.l,~"~~ e:J~~"tJ ~"c-./~fll:;'Yl'IJ1~ rJm"~ mL~lfl1.l,:JJ ~"~11.l,
• 'IJ 'II 

1'V1ruii~lm~El~"lIEl"~lrJ~Wr5~l1u L-rl1.l,~lrJ~U.t1tj~~1~" mL~rJu. ~"~~m'i1Lit~e:Jci11.l,LLn'IJ 
Q.I , ,." '\J 

'VIU.1l~ii Elm'VI 11 aJ'VI1.l,11 L~1.l, L~~1flL 'VIi:hdLrimb L"JJ1:JJ1L~rJ"1u.~mu.~~~~flM-m:;e:J1mT1
• 'IJ 

~L~fl~l"'<iJlflnu.r'h ~it~ 'r111iLL~lflL'V\~ldu1'IJ<il11~LI1 fl 1~ ~1:JJ11n'Yl'U~e:J~1l1Y-le:JlmT1LL~:;111'1 

11.l,L"lJ~e:J1mT1fem1~ LL~lfl~,,1~~1:JJ11n1i~ ~ ~~~Jl'U:JJ1~e:J ci1" L~:JJ~~1 :JJf1fl~1l1Y-l'Yll" ~1 rJ 

~u.TI~nflU1lJlh":JJl ~"ll:JJlmh:;L'YlT11'Yl ~'<iJ:;~mlU1'IJU1,,~'UTI1'V\'~lfl1.l,:JJ~'Yl1.l,~ e:J~flM-m:; 
, cu " " " 

e:J1mY11'UU11.l,L111~mfl:n'ULL~iJqj'V\IL'V\~ldn rT"1~'VI:JJ~111 'r111iUl:;~'YlTI1l1Y-l'Yl1"ml~'IJ~'UTI
• 

e:J ci1'U1:;<il'IJ~ll~~:;Lil~e-l~ l~~1~ ~m"~mflM-~lfll Elm'VIllaJ~~"~\I~G'lm:;'Yl'IJ~ e:Jml 
'IJ • 'IJ 'IJ 

~U~ rJ'U~lU~""lJ e:J"tje:Jf1:JJ1.l,11.l, 1:;'IJ'IJ~'IJ~'UTI~~~:;IU Ll'IJ'IJ"lJ e:J"mjl'<iJ1ru"lJ e:J"y.J e:J~~L~~ 11.l,11'1~1~1'IJ 
• 'II v 

~~m:;'Yl'IJ'<iJ1fl e:JlmT1fe:J1.l,'<iJ:;'r111iml~'<iJ1ru"lJ e:J" dominant follicle Ln~:n'U11.l,1l11:;~~~ri11.l,~"
v 'II 

tjElf1:JJ'U~l (Luteinizing Hormone) ~ml~fl"L~~:;mt"emf1:JJ'ULe:J~~fl1~e:Je:JG'l (Estradiol) ~1 

(De Rensis and 
" ,~ Ad IU I I tv 

Scaramuzzi, 2003) 1.l,e:Jn'<iJln1.l,e:Jm'V\ll:JJ'Yl~" rJ"~" e-l~ fll:;'YllJ~Elflm1l1Y-lLLG'l:;mlY-lWJ1.l,I"lJEl" 
" c:u cu q 

~1 ri e:J1.l,1~muY-ll:;mlL'<iJ1ry~WJ1.l,l11.l,1:; rJ:;LLln "l 

'Ue:Jfl'<iJl fl 1'111 :JJbfl~ ~ ~'illn e:J rn'V\llaJ~ ~"'<iJ:;~" c-./ ~ fll:;'Yl 'IJ1 ~ ~ ~1" ~ e:J miLU~ ~1.l,LLU~\I"lJ e:J" 
• 'IJ 'II 

tje:Jf1:JJ'ULL~:;fl m1l1Y-l"lJ El\l~lrie:JU.LL&tl rT"~,, ~~fll:;'Yl'IJ1~ rJ'Yll" 5e:J:JJ~ e:Jl:;'IJ'IJ~'IJ~1.l,TI~l1.l, 'Yll"ml 

~U~ rJ1.l,~~l1 G'l""lJ e:J" ~m'UillY-l'Yll"Y-l~""I1.l,<il"~n~11:JJ1LL~1"JJ1"~'U l~muY-ll:;11.l,L"lJ~mlL~~,,~~ 
11 aJ e:J1 m T1 ~~'IJ'lJfEl1.l,;ff'U ~mm mLLG'l:;fl m1l1Y-l"lJ e:J" e:J1'V11 j1~1'IJ ~ ~m:;'Yl'IJ'<iJln miLU~ ~u.mJ~" 
'IJ • 

"lJ e:J"C]~m~ fll1~1fl1~1'IJe:J1'V\lji.~LY1 rJ"Y-l e:J 'ih1vriiml~ru ~~rJJ1'V\,rn~1 Ll~:;~ml~" Le:J1 
'\J , '\J QJ 

Y-l~""1'U~:;~:JJ"l.I El"11,,m tJ e:J e:Jn:lll1i ~"'r111i~n~ ~ ~fll:;'t1'IJ1'U~1'U~'IJ ~ e:Jmln~'IJ m'r11"11.l,"lJ e:J" 

1,,1"li'V\~"fl~El~ (resumption of ovarian activity) 8'~11fll1c-./~:JJ~~ (conception rate) L~~:; 

fll1:JJ~:JJ'lJjrn~'UTI (fertility) '<iJlnmj~m~1'<iJlfl"JJEl:JJ~nl1~~:JJLri rJ:JJ"l.Ie:J"m:JJuT1~~1 ("JJEl:JJ~ rT" 
'IJ • 'IJ • 'IJ 

1~ ~~ ~ ~~Y-l1) Y-l'IJrh ~~JJlfl ~fl ~ El~l1.l,LL~ G'l:; L~ El1.l,'<iJ:; iil'U11El"11" LL~ fl ~1" fl'U 1~ ~Y-l'IJrh lL~lfl~ 
fl~ El~1W1h"C]~'VI1.l,11'V11mi El1.l,L"JJ1C]~'V\1.l,11'<iJ:;iil'U11El"11" &'Ufl111fl~fl~ El~1W1h\lC]~fEl1.l,'V\1El

'IJ 'II 'II 

riElm"JJ1C]~fB'U~\lLL~~"11.l,lU~ 1 ~,,11.l,'Ylm"l.l~11T1i~1"lJ e:J"Ul:;L'YlY1n~~mlhX:JJ11.l,11Y1'Yll" 
1J cu "'I 

L~ rJ1 fl'U ~\lti"lJ Bn n" L~ElU.~fl~ El~'VI~El El m 'VIllaJ ii ~ ~ ~ Ell:; rJ:; ~1 ~1"r1.l,riEl"11"11.l,~~~lfl1.l,:JJ
• 'IJ 

~11WJ"L~~:;~'UnfLYlry (2548) 1~'r11ml~nM-lc-./~"l.IB"fll1:JJLfl~rJ~'il1flfll1:JJfe:J1.l,-fll1:JJ;ff1.l,~El 
~mln1l1Y-l'YlI"m1~lJ~1.l,TI~LG'l:;m11iJl1.l,:JJ"lJ El" ~LJJ1fl L~rJ"1'UL"lI~fEl'U;ff'U Y-llJ11LL~lfl~L~tJ"1'U• 

• 
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11~L~tlltmUfllJtlllilmiJ1i ~~ ~~ (~nt1ltlJ lJlnnll LLJJlfl~L~rJ~1lt11~ L~tllt~I,JJI,~flllJfllJ
- ~ ~ ~ ~ 

tllliVll1iJ LL~::~1:: rJ::L1~l"lJ tl~m1~nI,"llflf~ Lb1nVl~~fl~ tl~L11Whlh::mru. 4 1U 
~ ~ 

250 ,-------------------------------------------­
~ L1 -<II- L>1 

~;i ~200 I=:::~::::~::~~;;;;~:::::::::;::~~~ 
.!::. 150 ­
~-~~~~~ or _ 
'? 

~~ 100 +--------------------------------------------- ­
~~ 


50 +--------------------------------------------- ­

O +---,--,---,---,---,---,---,---,---.---.--~--~ 

lJ.A n.'W 1'l.A L:JJ.£J 'W.A 1l.£J n.A ~.A n.£J 61.A 'W.£J 'i'i.A 

6" A I I a..- • 

YH'I. 2549 (tlrJ'Ylli, ~~~tl~lU~l) , L 1 = lactation 1, L>1 =Lactation >1 
~ 

V' ~ 
cva,... ,:;!l d.Q.A d '" ~'O 

~~ltltn1Wln 'Blm ~ ~'Yl L n ~-;Ul n flll:kl Lfl1 rJ~-;Ulnwn lJ 1tlltLL~::fllllJ"1l'lt~ tlnl1'Yll~lU 

"lJ tl~f~l"ll n11LU~ rJltLLU~~"lJ tl~ emf[lJULL~::~11LlJmU tlhr1<1ll~ ') VI ~~fl~ tl~ -;U::L1Jlt-1JtllJ~ 
~ 

.r "'VI'" '" d' .1 VI ""d'", .."
Y'lll,;)1WYl bmln1ifl1l'V-HI.1~~ tllJnl1LmJ~"lJ tl~ u1::L'Ylf'l b'Yl mtl~'Ylm"1l'm ~~n1::'YllJ~~n~ll LL~::... 
LtJwlitllJ~1ltn11ibm1-nL~ tl L ~lJU1::~'Yln-l1l~m1~UWltTI ~~1::rJ::1ltrltl~ll~1ltLLJJlflUlJ1lt 

~ ~ 

U1::L'Ylf'llrW 

• 
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.::c• 
lJ'Yl'Yl 2 

..... tf 
a@1d'YI @l j;HJ \I 

y'hm1~m~nlulmt~lilmHnJ~'U€[eH:Hl't~um~~rJu (HF ~ 75%) ,nnvhfll"lJth'l
'IJ , 

~m~mn1 "lJ'Ul~l.h::~lrn. 400 ~1 l'U')\I~1~'Um11"1l'~m i\l~~~~~rm~mlflll 2551 ih 

'VH1M1l1flll 2552 1~rJ'yhm1~nMl1'U~~3-ihl'U~fh~lJrlEl\l~ 1 (lactation ~ 1) ~l'Ul'U 37 ~1 

~~U\lm1~m~1 El Eln L1J'Ul.'1"El\l"lh\l 

"lil\1~ 1 (n~~~ 1) fllilEl~lilm::~11\1~~El'U~n11fl~-~~MlrJ'U (~~3-ilfl~fllilEl~lwrll\1
, 'IJ 

rnmf1fa'U) ,nn"llEl~lil~u'Utin1~ rJm~tl~urJ~lYlrn1'UTI YLf1. 2547-2550 'V'llJll arn~lliJ
'IJ , , , 'IJ 

0 o cO J' 
1wrll\1ii'nfh~u~ rJ 28.49 C 1~ rJ n"lil\1"lJ tl\l tl rn~lliJi\l ~~~ 23.03 - 34.41 C nlil::~mll1"1l''U 

, 'IJ 

d 
~UfW 66.88% 

"lil\1~ 2 (n~~~ 2) flliltl~t=lm::~11\1~~tl'Un'UmrJ'U-TI'Ul1fl~ (~~lllfl~flt=ltl~lwrll\1
q 'IJ 

tl1mf1~~'U) El rn.'Vl.niilu"lil\1dnfh~u~ rJ 27 .3lC t~rJii"lil\1"1J El\l El rn.'Vl.niii\lL~~ 22.74- 32.27 
'I cu ~ cu 

o cO ..t .d 
C L~lil::~fll1~"1l''U~Ulilr.J 71.21 % 

y'hm1~~~ ~nlJ"lla~m~lil::~l El cil\1i\l L~~l.h::mrn. 1 ~~El'Uri a'UmH)~ LLlil::LnmrElll~ 
'IJ 'IJ 

';l'Un\lmT:um1i\lrla\ll'Ul'U~ 60 -90 l'U~~\I~l.'1"~ ~Llllfli.~1lJEll~111~rJfh'Ulrnmllml~ 
~El\lm1Yll\111l"1l''U::''1J a\l L~~ lil::1:: rJ:: 1i~W1rl11V"-l~~aJmU'UEJ1'Vll1'Vl m lJ'Vl ~m~lil::L~1~~1 rJ~rul 

" 
LLi\l (~qjlLL'V'l\ltn~l) yh\l"ll11 ~1El~qjl~~ (n'Uit~3-il\1) ~l.'1"~EJ1'Vll1'll'ULLrJn~l\1~lmln 

Ell~11~rJ1lJ l~rJl~LLlltfln'U'V'lfEl~ ") fl'U iiJl1in'UL~~~~1~fll1~~El\lm1 LL3-itfl't~1l.Jm1 
L~lJ\lLLlJlJll ~a lJ8l.'1"1::1Ut 1\1L1rm LL3-ilfl~'t~1l.JL~Elm-nlm1'Um1~nMl1')rJl'Uflf\lii'L1J'ULL3-ilfl~ 

1.hlf1';llni1ru~11'U1::~11\1 LLlil::~ ~\lm1fllil El~ L"li'U m1fllil El~ mn 
" 

1l11::1m)l\1LLlil::1.I~ lil n e1n Ll.'1"lJ mwhLU'U\ll'Ul,)rJii'dJ'U'tum ~"llElr11'Vlu~'·h~1 rJ';l11rJ1l.J11rn 
'IJ 

m11i'~~11~ rJ ~ln1')r.J bL vi \I "1l'1 ~ LL~::'t~~·h'Um1~';l11rn.l';l1n fl rn.::n 11~m1r11 fltl ~ LL~m1L~rJ\I 
'IJ 

y']lm1u1::~iJufl::Lm'Ufll1~~~lJ1cl"lJEl\l'h\lmrJi\l~L~riEl'Uflt=lEl~~ 4 ~~~:: 2 ~llm~ 
'IJ 

ri El'Ul'Ufl1lJr11'VlU~fllll El~~1~u1::~m1~~:IJ ~Llil::~ ~\I';llnfllll El~';)::y']l m11Vt'fl::n'U'UYln "), 
~llm~';l'Un1::rt\ln\l~U~1~~ 12 ~~\lfllilEl~ 1~rJlifl::~m'Ul'U1::lJlJ 5 fl::~m'Uhw~fl::n'U'U 1.0 

http:22.74-32.27
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'VI:IJ1 £..In.J ~ El:lJ:IJ1n ll~:fl:LL 'tl. 'tl. 5.0 'VI:lJl £..In.J 51'tl.:lJln 1 ~w,n:lJ~:L51'.1~"LIEl.Jfl:LmU~ 0.25 

(Ferguson et aI., 1994) LLlJlm1n~1L~1lJnl11.h:-:djuLL~:1~fl:-:Lmul~£..IlJflfl~ 61 L~m~~El~, , ) 

m11-:il£..l rhm11h:-:dJULL~:';)~uuiiri,xl'V1,rnlfll~£..I1i~l£..11~1EllJElnlwYln ") flf.J~rhm11i, 

~... I 

nTHn U <il '1 inn" 

m1LfilJ~1 El cil.J'tl.:lJLvl El~11';)th:-:Liium1'Yh.J1U"LI El.J1.JL'li'VI ~.Jfl~ El~ ,;):-:L11lJdilJ~1.Jm~ 
~: 2 flf.J i"LLG1~1.Im~iL1n'VI~.Jfl~El~';)un1:-:rt"~11,;)'WlJm1LUU~~LL~:-:~ ~:lJflf.J LL1n'VI1Eln.J 

~1.Im~~ 12 1umm~m1,;)LlJ'WlJm1LUU~~ 1Um1LnlJ~1Elcil.J,xlU:lJ 'Y11m1LfilJrimj,~';):-: 
~1:lJ'lK11~Lvle)1~U:lJm:lJ1.Jn~ 'Y11m11~'U.:JJ.y1.J1.J1:-::JJ1rn. 3-4 flf.J LL~11~,;)lm~lu:JJ1~1'tl."LI1~ 
'W~1~~~1~ 1'.I~1.JLL~:'Y11m1LnlJ,;)ln'Yl,fI L~l'U.:lJ 1~ £..I'Y11 m1LnlJ~1 El cil.JU:lJ1~~.J1U"LI1~'W~1~~n 

"LIU1~ 30 ii~~~~1 Ln1JL1~ _20°C ritlu'\.bL1.I~11';)1~1::~U"lJEl.Jutlf[:lJ'tl.L1.I1L,;)~L~Elhul~£..Ili 

"Il~'Yl~ ~t1lJ btl L 1';)11.1, ~ 

'Y11m1lnlJ~1Elcil.JL~f)~,;)ln'V\~El~L~El~lfl'U.'VI1.J (coccygeal vein) L~El~11,;)~11L:JJm-
UElL~'Yl1'U.L~eJ~ 'Y11m1LnlJL~El~1'U.~1.I~1~~ 4 LL~: 2 riEl'U.fl1lJnl'V1'tl.~fl~eJ~ LL~:'Y11m1Lfiu 
~1eJcil.JL~El~~1.I~1~~: 1 flf.J'VI~.Jfl~El~ ';)'U.n1:rt.JLL:JJlflL~1lJm1~~:lJ'VI1eJitl~1~~ 12 'VI~" 
fl~ tl~ 1'U.m1LnlJ~1El cil"L~tl~'Y11m1LfilJ1~ £..11i'VI ~ tl~ ~rurulmf1lJ11,;)~11nUL~ El~ lL-iJ.J~1 

q QJ Q.I q 

(EDTA) "lJ'U.l~ 9 :JJ~. 'Y11m1,jUL~eJm1wYi'VI~.J,;)lmnlJ~ 2,000 1eJu/mYi LL£..In'Wiin~m1~~" 
1'U. 'V\GHl~ microtube LL~:-:Ln1JlnU~LLV~LL-iJ.J tl,rn.'VIJl ii -20°C ';)'U.m:-:rt"'Y11m1~11';)lLml:~

~ ~ 

'Y11m1~ ~:lJL Yi I'.I:JJL~ mLlJlflLL~~.J mm1LtJ'U.i~ LL~:LnlJL~ El~L~:JJL~:JJL~ eJ1.I1::Liium1 

m£..l"LItl"~1~El'U. 1~1'.I'Y11m1LnlJ~1mh 4 flf" ~Ellul'U.~~~:lJ lU~ 12 LL~:lU~ 21 'VI~.J~~:lJ 
Lvltl~11';)utlf1:lJuhhL,;)~L~eJhULL~:lul'U.~ 30 - 45 L~tl~11,;)lm::~1J"LIEl" Pregnancy 

Specific Protein B (PSPB) 1~£..Ili'V\~eJ~LnlJL~eJ~~LlJ~~11nuL~eJ~LL-iJ.J~1 i.Jrl.JLlli 

LL-iJ.J~1 LL~1tbL1.I,j'tl.LLl'.lmm~t:JJLL~:Lnu~t:JJ~ -20°C ';)'U.n1:rt"'Y11m1~11';)lLml::~ 

... ... "" 
nl 'j\llJ G'f<il LL~:: nl'j~G'fll L'Y1 £.Ill 


'Y11m1m1';)-:illJm1LUui~1'U.:.l:-: 2 fl#.J 'J ~:-:f)tll",xtll'.lflf,,~: 30 mYi lwrl1"Li'1~~ 


(06.00 'U.) Ll~:-:~mj,l£ju~1~1 (17.00 U) 1~£..Iul£..1i~1ll'W'YlrJtl1:-:"ihvhf:lJ 'tl.eJmlnm1i.JLn~ 

m1LtJ'U.~~~.J ~tl.J"1h.JLL~1 1:'VI11.J1.IlJU~.J1'U.lh::~11'U. LriEl'WlJLLlJlflLL~~" eJlm'Huui~1U 

"151.JL1!;l1~'U.n,;):-:LL-:il"L,rl'V1,xl~~~:lJL Yi 1'.I:lJ1icill Lil.'U.m1~~:JJ lYi £..I:JJ~mr1 £..I 'Y11m1~~:JJl~ eJ'WlJl1 

LmtJui~~uii.J hh:-:ulJnTm~:lJ AM/PM ~mtJui~Lil~~:JJL£j'U. lL!;l::LtJ'\.l,i~L£j'\.l,~~:JJLil LL!;l:-: 

-ilEJnflf" 12 i1L:lJ.JG1eJ:lJ1 1~m,rl'V1,xl~~iJfl11:JJ'J51'\.l,lruLL~:1i,xlL;ffmL"15LL-iJ.J~~,hunT~
'" 

~ 

1lJ1eJ.J fl,rnJll'W 

http:1:lJ'lK11~Lvle)1~U:lJm:lJ1.Jn
http:L11lJdilJ~1.Jm
http:El.J1.JL
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Yhn111.h~lii'U.tJ1::~'Ylrrfn V'l'Yll\1 nl1iiuw'U.m, Ull~1~,;)1mhV'l111 ii l<il Elf~ El 1:: tJ::vll\1 
... 

1~whl~'Hl<illl~::m1j:,J~:IJ~1\1ll1n (intervals between calving and first AI) 1::tJ::vll\11::VI11\1 
d _ . u_ 

~~a<ilrl\lt.l~:IJ<iI<iI (intervals between calving and conception) El<il11m1~~:IJ<iI<iI (conception 

rate) ll~::~IU1U~f\l~t.I~:IJ~Eml1~~:IJ~<iI (service per conception) 1<i1tJ'Yhm1';)<ilU'U.Yin 

,yalJ~l'J1\11::uuiiuwmf"1JEJ\lll~1~~'tlln11'Yl<il~a\l ~a 'VImm~"1Jll~1~ l'U.~~EJ<iI l'U.'Yill~<iI\I 
~ , 

aln11LiJuff<illUll~~::~f\l l'U.~~~:lJ1'U.ll~~::~f\l lU~~~lJ~<iI ll~::l'U.~ii1El<il 

0­
... Il-' 

n T'j" 19l 11';) n 1 1 19l" 't1 u" 

'tlln11ml,;) y]EJ\l1'U.ll1il~ ~l~1Unl1~~:IJ llii1::l~ ~lh::l~m1n~u :lJll tJ 'U.~<iI'VI ~\In11 

~~:IJ\fu ~ 1<i1tJUltJ~<illllV'l'Yltltb::"ih ",hf:IJ ill l'U.~ 60-90 'VI~\I~~:IJ 1<i1tJnl1~l\l<il1l,;)~1'U. 
Q", Q.,;d · ...,.d ds:t .d 6' 

l'J1\11'1111'V1 Unblii1::/'VI1EJ <il1l,;) <ill tJ b~1El\l ~ ii1 Ul~tJ\Iml:IJ rI ~\I (EJ ii1 <il11"1l1l'U.)
'IJ 

... 
n11,;)<iliT,"YlntJ~3Jlm'j.h"uJ 

'Y11m1i\lll~ ::';)<iI U'U.Yi n m:IJ1 illJ l'U.:IJ~1<i1l~~ alu"1Ja\lLL~1~11 tJ Gll ~tJ <ill,{~:: 1 

1<i1mhuf11,;)lnn1::uani\llhl,~,rna-1V11tJl<i1m:lJ1rnn11~~<ilJl'U.:lJ11rJGll 

n11iT,"Yinum.'VIIl3jUi't::~113J~'"tJ1::~1-l," (THI), ... 
l~ia\lu'U.¥ina rn'VIlliillii1::~1IdJ:fi'U.e)<il1u~r1n~\Ihhlln1:IJ 1 ,x'Y11n11U'U.Yin El ill'VIflii 

, ~ 'IJ , 'IJ 

ll~::ml:IJ:A'u ') l'ln ') 1 i11:IJ\I l<i1tJ~<iI~\ll~ia\luu¥inllU111rnm\lnii11\1"1JEJ\Ih\ll1EJ'U. ~\I'<illn 
, 'IJ 

,A' 1 d .t.J' '1 d '1 ,d"" '1 1 '" lAIUlh·::mrn 2.5 UJ<il1 Lbii1:: 'U.nlWIn1!l-lm\lULLlJ ~U:IJ'YlEltJ 'U.nii1:IJ'Yl'fln'l!l-lEltJ 'U. 1\1l1El·U 
'IJ' 'IJ 

l~rJlnwtf\l'VI:IJ<iI T11'U.lillf11 THll<i1tJ1i~<il1 (Garcia-Ispierto et aI., 2007) 
~ 

THI = (0.8*Mean Temp) + (RH/100)*(Mean Temp-14.4) +46.4 

A 6'Q,J I 

n1119111';) 1 L~11::'VI <?l1 u El1" 

'Y11nT'i<il1l'<ill<i1f11~1\1 ') ~El 

• 1::~U"1JEl\lt1EJf[:IJ'U.hhl,;)~l<ilEJh'U. (Progesterone) 1uJl'U.:IJ 1<i1tJln- EIA ~ltJ"1f<il<il1l'<il, 
® 

Ovucheck Milk ELlSA(Biovet Inc., Saint-Hyacinthe, Canada) 

• 1::iumllJL"ll:IJ"ll'U."1JEJ\I IGF-1 1'U.n1::LL~l~a<il ~ltJ"1f<il<il1l,;) Active ® IGF-1 ELISA, 
(Diagnostic Systems Laboratories, Inc. Texas, USA.) 

• 1::iu~EJf~"1laii1 (Cortiso) ~ltJ1i"1f<ilml'<il Active® Cortisol EIA (Diagnostic Systems , 
Laboratories, Inc. Texas, USA) 
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• 	 1::<lllJ Non-esterified fatty acids <11'W"1f~~1T'iJ NEFA C kits (Wako Pure Chemical - . 

Industries Ltd., Co., Osaka, Japan) 

• 	 Til Pregnancy Specific Protein B <111rJ1TI- ELISA 1~rJh5"1f~~1T'iJ BOVINE PREG­
® 

• 

TEST 29 (Biovet Inc., Saint-Hyacinthe, Canada) 


nnmr1J3J1Yi1"1"'lIu"~"1~ (Ovarian resumption) 

'VIK\l~lflfll1~1T'iJ1::<llm.lEl·H'/Erf(3J'Uhhb''iJ~l~Elhluuh Yllfl11~llmn"1fit~'lJEl\l'lJEl\l 

fl11n ~lJmYll\lTU 'lJ El\l1-Jl"ll ~l3JJthL 'JU'lJEl\lfl11lU~ rJ'Ull U ~\l~ El\l1::<llmJEl f[3J 'U1U1l~ ~wilEll1'U 
'II 

fl11~lLmflll ii luteal activity V.K\lfl~El~ll~ m::<llU'lJ El\le1Elft3J'U1U1l~ ~l~Elh'U1uJl'U3J~\lll<il 
3 ng/mL mh\l,rElrJ1'U~El\l<lllEl~1\l~l1iu~~n'U bl~::nl'V1'U~1iXfl11~fll"llln~;1'U 5 1'Urimt'1'U~ 
iifl11lvi3J;1'UfI~\lll1fl"llEl\le1Elft3J'Ulu1l~~L~Elh'Umflnl1'V11Ell 'Yi1nu 3 ng/mL fl11nKum 

Yll\ll'U"lI El\l1\ll"llV. K\l f1 ~ El ~ l n ~;1'ULri El iifl11~fll"llLn~;1'U ll~::~llJlJl <111 rJl\l"\l1fl11LU~ rJ'ULLU ~\l 
'lJEl\l1\l~11\lL"ll (ovarian cycle) llUUUfl~ AElii"ll1\l1:: rJ:: luteal phase U1::mrn 2 iU~l~ LL~:: 

follicular phase U1::lJlrn 1 iU~l~ lf1~::rlfl-.ij~LiJ'Ufl~lJ~llJ'l5ii~"lIEl\l ovarian resumption
'II • 

... .J' 
~\l'U (Shrestha et aI., 2004, 2005) 


m:i3J~ 1 Normal resumption: iifl11~fli.'llLn~;1'U[)lrJ1'U 45 1'U'VIK\lf1~El~LL~::iifl11
• 
LU~rJ'ULlU~-J"lIEl\l11~11\l1"ll (ovarian cycle) LllJlJUfl~ 

n~3J~ 2 Delayed first ovulation 'VI1El anovulation: fl11~fll"llln~;1'i1.lJlflflll 451'U'VIK\l• 
f1~El~ 

n~3J~ 3 Prolong luteal phase: iifl11~flL'llln~;1'U[)lrJ1'i1. 45 1'U'VIK\lf1~El~ll<iliiEl~1\l,rElrJ 1 
1 

ovarian cycle ii luteal phase (progesterone> 3 ng/L) lJlflnll 20 1'U 

n~3J~ 4 Short luteal phase: iifl11~nL"llLn~;1'U[)lrJ1'U 45 1'i1.'VIK\lf1~El~Ll<iliiEl~1\l,rElrJ 1 

., '" ...
ovarian cycle (rJflll'U first cycle) 3J luteal activity < 10 l'i1. 

n~3J~ 5 Cessation of cyclicity: iin'11~nhiLn~;1'U[)lrJ1'U 45 1'i1.'VIK\lfl~El~ll<ill:JJii luteal· ..., ...l . 

activity> 14 l'i1. 1::'VI11\l luteal phase 'YI 1 U~:: 2 

~tl@lnl'm(n1')\'!'YL~9(f)'Hitml"t~"3J (Embryonic loss) (Humblot, 2001) 

lLU\l'l5ii~ fl11~ru l ~rJ <ll1 ~ El'U1'Ulf1'U3J1~ rJ~~11rnl~1 n1::<lllJ"lI El\l e1Elft3J'U1U1l~ffL~Ell1'U 
'II ... 

1'Ul~ El~'VI K\l ~~l.dl :lJfllJ 1::<llU"lIEl-J Pregnancy Specific Protein B ll~::U1::1~fl11LtJ'Ui~ll~:: 

fl11~~lJ 1~ rJii'VI Kfllfl rn"VI1'il.fl11LlU\l<ll\lrt' 

1. 	 Yllfll1~~:IJ1 'iI."ll1\l luteal phase: 1::<llU"lIEl\llU1l~~L~ Elh'U1'Ul~El~mnnl1 1.5 

ng/mL 1'i1.1'i1.~Yllfl11~~11 
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2. 	 L6J~n11U~ ~'\.1,TI'VI1fl~mjlill LI"lJ €h'l~l!i flln~LI~~'\.1, (Non-fertilization/Early 

Embryonic Mortality): j~~Ult1jL-;)~Llilflhull'mJnll 1.5 ng/mL 1ulu~'Yhnl"~ 

~~~LL~::l'\.1,~ 21 'VI«..:J~~~ n«ULiJ'\.1,~IiIIiI1·nElU ml";)1.3JY-lU PSPB 

3. 	 ~1!iEl'\.1,mE.J1~EJ::l1lLl (Late embryonic mortality): j::~UlUjL";)~LIiIElhull'ElEJnll 

1.5 ng/mL l'\.1,l'\.1,~l1lmj~~:lJLLiil::~Jlnnll 1.5 ng/mL l'\.1,'r'\.1,~ 21 'VI«-1~~1.I1i111-;) 
Y-lU PSPB L6Jijn11~-1y]El..:J 

4. 	 l1El-1: 1~~Ulu1L-;)~LIiIEll~uummll 1.5 ng/mL 1w-ru~l1ln11~~1.ILLiil~:l-nnnll 
1.5 ng/mL l'\.1,'r'\.1,~ 21 'VI«..:J~~1.I1i111-;)Y-lU PSPB 13Jijn11n«U~IiILL~::~~1.I-il 1i111-;) 

LLu-11~ElElmiJ'\.1,~El-1n~1.I ~El m11.l~ 1 LiJ'\.1,1~~~iilEllill'\.1,L~El'\.1,1.Iml~1.I n..:J L~ElU 
\ \ 

L1.IMltlU lliil::n~~~ 2 ~Ell~~~iil Ellilhl,b~ fl'\.1,n\tLll LI'\.1,n..:J L~ El'\.1,TI'\.1,llfl~ LLiil::Lrtfl..:J";)lnl~~~"11UIiI 
\ 

'lJEl-1 ovarian resumption bbUU Prolonged luteal phase lliil:: Cessation of cyclicity ijUEltl~..:J 

-.illilLbU-1"11UIiI'lJEl-1 ovarian resumption dJu~El-1n~1.I~El n~~ Normal resumption m~:: ml1.l 
\ \ 	 \ 

Abnormal resumption (Delayed ovulation, Prolonged luteal phase, Cessation of 

cycliccity) l1lnTj~hml::~h1l-1~n~11i1r.J1ihhlln11.1 SAS (SAS®, Version 9; SAS Institute, 

Cary, NC, USA) ilil~l'\.1,lfl~~ Normal Lliil:: Abnormal resumption bl~::1fl~~..:J'Ylfl-1-;)lnnlj 
~~1.Iflf-1bb1n (first service conception) illm1~'h~1l::'VI11i1L1 Chi square 1"11' PROC GLM ill 

.c:::to 6' I·' d A.t.. 	 . 
mjlL~1l::'VI1::LI::'VIl-11::'VIll-1fliilflliliilmh'l~~1.IIiIIiI~j..:JlL1n (Interval between calVing and first 

'IJ 
,~ 	 ~ 

.... 	 I " Q~ ""' 0 .:::t 0 .......


AI), 1::E.J::LliilTYlEl-11l-1 (days open) "lJEl~iil111.1m11lil"lll (Repeated Measure) ~ElUl'VI'\.1,n, 

BCS, IGF-1. NEFA, Cortisol l1lm11l~jl~'VI11i1tl1i Proc Mixed Analysis 
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-=t• 
lJ'Yl'YI 3 

v 

37 C1l1 
, I I ~ 

C1l111\J-n 1 bb~::itl:IJ~~\'l~C1l ~h~C1lbb~::filb'il~tI'lJtl\Jtlrn'V\1ljj fll1:IJ~U bb~::fil THI 11m~m,J,
'IJ 'IJ ~ ~ , 'IJ 

Lb~C1l\JhtC1l111\J~ 2 

bblltfllun~:IJ~ 1 ij~lU1U 16 ~1 U~::LL~tfllun~:IJ~ 2 ij~lU1U 21 ~11un~:IJ~ 1 ii . 
~ ~ ~ 

normal resumption ~lU1U 13 ~1 (81 .3%) abnormal resumption ~lU1U 3 ~1 (18.7%) lu 

I ~ d 0 Q...< 0 

n~aJ'Yl 2 :IJ Normal resumption 9l1U1U 9 C1l1 (42.9%) U~:: Abnormal resumption 9l1U1U 12 
Q.J cv I d I Q.; I ~ 

m (57.1%) ~C1l~lU"lJtl\J Normal bL~:: Abnormal resumption :lJfll1:IJUC1lnm\JnUtltl1\J:IJ 

tttl~lTlru (P=0.04) 1:: t1::V\1\J1::'V\11\J1Ufl~ tlC1l~n LL~::lu~ijnl1~~:lJflf\J LL1n1~ijfll1:IJ LLC1ln~l\J 
v 'IJ 

IV I 1.<:::11 '"" cv 0 ..... 

nm::'VI11\Jn~:IJ'Yl 1 LL~:: 2 (111.03 ± 13.27 lU LL~:: 99.25 ± 7.97 lU C1l1:IJ~1~1J, P =0.23; 
~ , 

LSmeans ± SEM) 1::LI::lmltl\Jil\J (days open) 'lJtl\Jn~:IJ-n 1 (190 ± 23.66 lU) :lJlnnl1 
~ 

tflhm~:IJ~ 2 (109.94 ± 15.14) EJcil\Jijtttl~lTlqJ (P = 0.008) 5C1l11m1~~:IJ~~flf\JU1n'VI~\J 
fl~tl~'lJtl\Jn~:IJ~ 1 (7/15; 46 .6%) ~lnl1n~aJ~ 2 (13/21; 61 .9%) bL~1~ijfll1:IJLLC1ln~1\JEJcil\J 

~ " , 
~ 

,
~ IV 0 fLo 0 Q..o .c:I: I A I Q 

aJUtI~lflqJ (P = 0.4) 9l1U1Ufl1\J'Yl~~:lJC1ltlm1~~:IJ~C1l (service per conception) "lJEJ\Jn~:IJ'Yl 1 

(2.19) ~\Jnl1n~:IJ~ 2 (1.92) LL~11lijfll1:IJbb~ n~1\J8cil\JiittLl~1f1qJ (P=0.6) 

m1Lu~LlumJ~\J"lJEJ\J,rl'V\ttn~11'U."rll\J 12 iUm~'VI~\Jfl~EJ~LL~~\J~\J1tJ~ 2 ,rl'V1ttmll
'IJ 

L'il~t1C1l~ tl~m1'Yl~~ EJ\J"lJ EJ\J LLllLfllun~:IJ~ . 1 :IJ1nnll'Ul'V\ttn~l LQ~LI"lJ8\JLL1l1f11un~aJ~ 2 
~ ~ 

(n~1J~· 1; 382.36 ± 2.92 nn., mi:IJ~ 2; 370.24 ± 2.16 nn., P=0.0013) LL6-ilf1rt\J~8\Jn~:lJij
~ ~ ~ 

Jl'V1ttn~l~~~\Jmnl'U."1il\J 1-2 itJ~l~'VI~\Jfl~EJ~ hUL1l1fln~:IJ~ 2 'V'l1Jil,rl'V\ttn~l"mJ '). ~ 

L~:IJ~'U.~\JLL~itJ~l~~ 3 9lUn\JitJ~1~~ 12 ht'lJrn::~LL~1f11un~:IJ~ 1 ijnl1~~~\J"lJEJ\JJ1'V1ttn
~ 

~11wrll\JL~ tl'U.~ 2-3 'V\ ~>'lfl~ EJ~ nl1LtJ~ LI'U.LLU~\J'lJ EJ\J,rl'V1ttn~l LtJ~ LluLLtJ~\Jm:IJ1::t1::L1~1 
(P<O.001) LL~::ijtJni:IJ~Ulh::'V\11\JL1~ln1Jn~aJ (P=<0.05) ~ EJm1LtJ~ m,J,bbtJ~\J"lJ 8\JJ1'V1ttn 
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1?111'1\1.;i 1 ~1'U,l'U,llajlf1 lactation ~ 1 ~f1fHlCil1'U,ll~~::l~E1'U,ll~::E1U~nTlnr"l.lEh'l ovarian
• 

resumption bb~~::"1l'ilCil 

'" lCilEl'U, N (il) 	 Normal Delayed pel Cessation** 

Resumption ovulation 

mUJ 1 
~ 

:lJ fl. 1 

n'W. 1 1 

'" :lJfI. 4 4 

l:lJ tI. 10 8 2 

113J 16 13 3 
I 

mUJ2• 
n .tI. 11 2 7 2 

Cil. fI. 3 2 

'V'l. tI. 1 

Ii". fI 6 5 

113J 21 9 9 2 1 

PCL = Persistent Corpus Luteum, Cessation = Cessation of ovarian activity 

o d I I 

·YnnTlf'!m~I"l.lEl\lllCil~::n~:lJ (lS means ± SE.)• 
I?l'HLlh mi3J 1 n~3J 2 P value 

tlrn'VI[)iJ~,~Cil (DC) 16.25 ± 1.32 17.62 ± 1.32 0.48 
• 'IJ • 

E1rn'VIlliJ~\l~Cil (0C) 36.00 ± 1.48 35.62 ± 1.48 0.86 
• 'IJ 'IJ • 

E1rn'VIlliJlU~tI CC) 25.97 ± 1.34 25.71 ± 1.34 0.89 
• 'IJx ~ ml :lJ"1l''U,CilI ~Cil (%) 26.62 ± 3.8 37.38 ± 3 .8 0.1 

x • 
f111:lJ"1l''U,~\l~Cil (%) 90.37 ± 0.69 94.00 ± 0.69 0.1 

'IJ • 

x .d 
f111:lJ"1l''U,lU~ tI (%) 62.42 ± 1.66 74.28 ± 1.66 0.002 

THI ~1~Cil 60.66 ± 2.28 63.25 ± 2.28 0.45
• 

THI ~\l~Cil 83.91 ± 1.67 85.30 ± 1.67 0.57 
'IJ • 

.d 
THI bU~tI 74.10 ± 2.02 75.05 ± 2.20 0.75 
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-+-- f)~lJ~ 1 -u- f)~lJvi 2 

*** 	 ** 440 
_ 420 
C) 

C 400 .... 
"§, 380 
'iii 360 
~ 
Q) 340
> 
~ 320 

300 

-4 -2 2 3 4 5 6 7 8 9 10 11 12 

Time Related to Calving (Week) 

'VI~-1mH)~ (*P <0.05; **P<0.01; "'*P<0.001) 

m1LU~tI,"LLU~-1f)::Lmtl,tnJU"HU11.Jn1t1 (Body Condition Score; BCS) "lJrJ.JLLJJ1fl-rr.J 
'U 

~rJ.JmlJJLL~~.J~.J1U~ 3 LLJJ1f)1tl,mlJJ~ 1 Jjfl::mmf)11JJ~JJU1rn"lJEl.J11.Jmtlmnnl1n~JJ~ 2 , cu q '\J 	 ~ 

~.JLL~rirJtl,f1~El~LL~::Jjm1~~~.J El r.h.J11~ b111mh.J1::tI::bL1n'VI~.Jf)~ El~ 1~ tI~ bLJJ1fl1 tl,n ~JJ~ 1, 
Jjm1~~~.J"lJtl-1f)::Lbtl,tl,f)11JJ ~JJU1rn"lJ tl.J11.Jn1 tI El cil.J 111 El brtEl.J1mn.J~U~1~~ 12 'VI tr.Jf)~ El~ 

'U 

-f)~lJ~ 1 ~f)~lJ~ 2 
4.0 ~------------------~------------~------------

3.5 +----=~----------------------------------------

*** 	 *** ~ 3.0 +-----~~------------------~--~~~~--~----

~ 2.5 ~~~~~~~~~~-=I=~~=:::~~~:i~~~~ 
m 2.0 +--------------------------------------'=­

1.5 +-----~-----------------------------

1.0 	+--.--,--.--.--,-,--.--,---,-,--,---.--,--, 

-4 -2 2 3 4 5 6 7 8 9 10 11 12 

Time Related to Calving (Week) 

(*P <0.05; **P<0.01; ***P<0.001) 

http:1n'VI~.Jf
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lu,"lJrn:;~u3Jlf'l1u,n~:u~ 2 ~mdL~1J~U,"lJEh'f'l:;Lmu,Wn:U~:UUjrn"lJEh'li1\lm rlElci1\l 
q ~ 

~mrtf)\l';)u,~\lRiJ~1~~ 12 ~~\lf'l~ f)~ d:;£J:;L1~11U,LL~~:;il\l~\ltm~ f)mdLtl~ £JU,LLtl ~\l"lJf)\l 
BCS (P<O.0001) LL~:;~tl~i:U~"ulh!fW"h\ln~1n1Jn~:u (P=<O.0001) ~Em1jltl~rJU,lltl~\l"lJEl\l

, q 

BCS 

d:;~1JWn:UL,y:u"lr"U"lJEl\l Insulin-like growth factor-1 ll~~\l~\ldtl~ 4 d:;~1J"lJEl\l IGF-1 
~ 

lu,lfm~1J~ 1 ~ 4 itl~1~riEl"uf'l~El~~\lnl11u,Ll1l1f'ln~1J~ 2 Elci1\l~hn ~1:Ud::<l11Jf'l111Jl'll1J'll~ 
q ~ q 

VI~\l,;)1mfu,"lJ El\ltt\l~El\l mi:uhj~f'l11:Ull~n~1\lnu,';)u,ri\l~tl~1lf~ 12 ~ ~\lf'l ~ El~ fi1LU~£J'lJEl\l 
q 

IGF-1 ~~El~il\l~iiim~1"lJEl\lrf\l~f)\ln~:ul~iim11JLL~n~1\lnu, (n~:u~ 1; 82 .70±7.74 nmollL, 
. ""

, 
n~1J'Yl 2; 71.69 ± 6.58 nmol/L: P=0.2) 

-+-- n~lJvl1 ~"'I- mj lJ vi 2 
200 

*,.-., 

!5150 
0 

§100 
'-' 
...... 

I 

~ 50(j ...... 

0 

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

Time related to calving (Week) 

d::~1Jf'l11111,y:u,yU,"lJEl\l NEFA lu,m::ll~l~f)~ll~~\l~\ldtl~ 5 1~rJ'W1Jl1iimjl~1J~'\.l,
~ 

Elci1\ldl~l11"lJEl\l NEFA 1"Uil\l~ ~\lf'l~ f)~ LL~::d::~1JW.n1Jl,y:u,yU"lJEl\l NEFA 1um::ll~l~El(jllu, 

Ll1l1f'ln~:lJ~ 1 ~d::<l1U~\lnl1n~:lJ~ 2 Elr.i1\liiU£J~1f1ru ~\lLL~~tl~1lf~ 2 ~~\lf'l~El~i.tl';)u,n\l
.. \J" QI 

itlm~~ 71uil\li\lll~itl~1lf~ 8 i.tl';)Uri\l~t1~l~~ 12 d::<l11J"lJEl\l NEFA l"Und::ll~l~f.)~i.ll .. " 
iiml1JLL~n~1\ln"Umh\l~ul'J~1f1qJ fi1lQ~ £J~~f)wrll\lYiiiin~1'lJEl\l NEFA ~\lLL~rif)U,f'l~f.)~ 

(0.26 ± 0.01) 

, "" 
n~1J'r1 2• 

http:l"Und::ll~l~f.)~i.ll
http:82.70�7.74
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0.6 .......,.""--________ -+- ncjl.J'1/) 1 --- n~).Jv\ 2
=r.---- ­

0 . 5 T-------~~~~------~~-------------------­
*** 

~ 0.4 1--,T-7--~t___=:__--r-~--------­

.:t: 
~0. 2 ~~------------~~t==t~__~=-~~~~~~ 
Z 

0.1 T-r-

O.O +--,--~--._~--,__,~~--~--~~--,__,--~~ 

-4 -2 2 3 4 5 6 7 8 9 10 11 12 

Time Related to Calving (Week) 

'u.lti 5 W.n~L'li'~'li''U·lH)\J NEFA l'Um::LL~L~El~1'Ulf)_#\J~a\Jmlmt\JLL~ 4 ~u~ll-i'ria'Ufl1:leJ~ 
OJ q 

~'Un\J 12 ~tJml-i'V\~\Jf)1:leJ~ (*P<0.05, ***P<0.001) 

E 
E 0 . 3 1-~~~--~~~~~~----~~~~~--~~~~ 

----------------------------------------- ­

120.0 

100.0 
;:J 
E 80.0

blJ 
c 
'-' 60.0 
"0 
fJ) 

....., 40.0 ..... 
0 
u 

20.0 

0.0 

-4 -2 2 3 4 5 6 7 8 9 10 11 12 

Time Related to Calving (Week) 

~'Un\J 12 iU~ll-i'V\~\Jf)1:leJ~ (*P<0.05, **P=0.01, ***P<0.001) 


1::~U'lJa\J Cortisol 1-\.l,m::LL~L~a~'lJEl\JIf)1'Uml~~ 1 ~\Jw.hLLJJlf)~ 2 ~1:lawlh\J 

q 'II 

1::tJ::Ll1:l1~rhm1~m~1 (1U~ 6) YilLU~tJ'lJa\J Cortisol 1 'Uml~~ 1 (81.81 ± 6.47 ng/mL) 
'II • 

~\Jw.h (P <0.0001) YilLU~tJ'lJeJ" Cortisoll'Uml~~ 2 (36.95 ± 4.83 ng/mL) 
'II • 

LLJJlf)1'Un~~~1 ~~~'h'U~i.~mnnl1LLajlf)1'Un~~~ 2 (1U~ 7) 1~tJmnnl1~\JLL~ 
• • 'II 

V\~\Jfl1:leJ~LL1:l::jJf)11lJLL~n~1"n'Umjl\Jmn (P<0.001) 1'U'1h\Jiu~1~~ 4 -6 
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25 

*** *** ** ** 20 
~ --X.. .,..

* ~ 
.x.. 

~ 
.,.. 

~32 ..... 
15 -OJ 
~. %. %. ""­ ""­

~ 
~ 10 ~ 

5 --+-f1~).J 1 -- ­ f1~).J 2 

0 I I 

2 4 6 8 10 12 

Time Post Partum (Week) 

Juri 7 mmrnnT'H.j~~nhu3J1<iHJbu~rJ~hrltt (*P<O.05; **P<O.01; ***P<O.001) 

m1~nl!n mr~m1n!m1~ru b~rJ ~1 ~ Eltt,xtt ~Ul1~~lttllUbaJlf1~l'hnl1~m~11W1h\l~ 
q ~ ~ 

1 ~lttltt 12 ~lLL~::1wril\l~ 2 ~lttltt 14 ~1 uaJlf1~f1~El~1ll.-rll\l~ 1 ij~lttltt~~\ltlEl\l,;)ln 
m1~~3Jflf\lbb1n~1ll.1ll. 6 ~1 (50%) i.;u~\ltlEl\l,;)lnm1~~lJ"f\lbL1n~lttltt 6 ~1 (50%) ~\l 
~lLL ll.nLUll.i.aJLil~m11.11)~ll.TI'VI1Elijnlj~qJ L*rJ~l ~ Elll.1::rJ::~ll.~1ll.1ll. 3 ~1 (25%) ~qJb*rJ 

~ltiElm::U::t11rJ~1ll.1tt 3 ~1 (25%) LbaJ1fl~fl~El~1ll.-rll\l~ 2 ~bLaJlfl~~\ltlEl\l,;)lnmj~~JJflf\l 
LL1n~1ll.1ll. 11 ~1 (78.8%) i.aJ~\l'l1El\l,;)lnnTH.J~JJ"f\lLbdn~1ll.1ll. 3 ~1 ~\lbUttLL;ulf1~i.aJ~ 
mjU n~ll.TI~1El~nTmruL*U~1 ~ Elll.1tt1::rJ::G1ll.~\l ~lJJ~l Ll3Jl1~lttlll.UaJlfl~Yhmj~n'l!tl,;)::~

:.J ~ '" 

,zmJ ll~n~Ul1LlaJl"~fl~El~1tt-rll\l~ 2 ijnl1~~JJ~~flf\lLL1n~\lnl1n~JJ~ 1 u~::ijmj~ruL~~
~, ~ ~ 

http:lbUttLL;ulf1~i.aJ
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q • 
lJ'n'YI 4 

lh::~Y1rr[lTW nlj~U'vruil 'U1Tl'UaJ;1'\tnu"1il,Hl~TV\ ~~Tl ~ eJ~1 uLuJ1Tl 1 'UnTi~m~lTlf~d• 
i.~'WtntJlaJ~m!l-lU'<iliL1~ L~ L11-ifeJ~nur]~m~c;l~n~11 mjLLl.l~"1il~j:: L1::L l~lmjLnmJtlaJ~1\t 

~ ~ 

LL~lf1~f1~ El~L U'UffEl~j::tJ:: ~eJ 1'ULL~lf1~Tl~Elm::'Vdl~L(jj m,taJnjlm,di~ L(jj ElmaJ1!I-l L1'U (n~aJ~
• 

1) LL~::LL~lTl~Tl~ eJ~j::'VIll~ L~ eJ'UnUtn L1\tn~L~ m,UfU llTl:JJ (n~:JJ~ 2) Lu'Unl'mll~hw
• 

Yl1ll'Hu,11l1nt:-l ~ nld~n1!l-1 LifeJ~Gl'U1lln-ifElaJ~lh::~'Ylrr[lTW mdt:-l ff:JJoWurr~ fll U 1 rn'<ill mil W1JEl aJ~ 
'\J q..., \I 

"llEl~maJtlf1i~l ~~VJlJll LL~lTllun~:JJ~ 1 ~d::tJ::1U11eJ~ll\lUl'U~ ff~LL~::LL3J1Tl~Tl~a~l\tn~aJ 
q q q lit 

~ 2 '<il::~lU'neJ\lll\li'U~ff~ludalJiJ ~~~,yElffaJaJ~hnullLL~lTl~Tl~eJ~lun~:JJ~ 1 i.~1U 
q q .-" q 

~~m::'YllJ'<illnTlll:JJ LTl1L1~'<illn eJ rn'VIlllJ LL~::mlaJ';uff\llU"1il\l~U") ~~ t:-l~~eJmdYh~l\t~. ~ ~ 

~m.Jn~"lleJ~1\l1:li LL~::d::lJlJ~lJoW'Urryhl~~ffaJ~wnl LL~::5Jl'U 'YiEh11l\lU1U~ ff~1UdElUtJL~El 

LmtJULVi L1unlJ LL~lTl~m~ El~1U"1il\l~ Elrn'VIlllJ~lnll LL~'<iJl nnld~n1!l-1itVJull~m!l-rn::. ~ 

llii Ellmf11U"1il\l ~Yhnld~nBl~~ ffEl~"1il~i.~~ml aJLL~ n ~1\lnmn nun LL~llfh LQ~ tJ"ll El\l 
'II 

mlaJ';\thm~:JJ~ 2 '<il::::JJ1nnllfilLQ~L1mlaJ';ulu"1il~~ 1 LL~Lrim~'<iJldrnlflllaJLTl1tJ~~1l::, 
Ln~~~m:::'YllJ~eJ~11fll~tJ~'<illdrnl~\lElrn'VIlliiLL~::ml:JJ';U':h:JJnUf11UlrnLUufi1 THI 'l"JU11. ~ 

;-t\lffEl~n~:JJ~fil TH I ~1.~ LL~n~l\l nu 'VI~Eln~11anUm'lrt\l1.GlllLL3JtflYirhmd~n1!l-1~~ffEl\l"1il~
• 

i.~1U ~ ~m:::'Yl lJ '<ill nTlll:JJ Lfl1 L1~~L n ~'<ill n eJ rn'VIll ii U~:::Tlll aJ';u1 n ~L~ tJ\l nu '<ill ml tJ\ll\t 
• 'II 

n1d~nl!tl~\t ") ~lifil THI LUUc;l'1fiHm::c;lUTlll:JJLfl1L1~'<iJlnTlll:JJ1a'U';'U Ymll1f1\taJ~ 
L~1uml aJ LTl1L1~'<ill n eJill 'VI 11 lJ LL~:::f11l aJ~\tff\l1l::~lh::~'Yl rrlllVJ 'Yll\l nld~U oWurr~ ~~l ~~ ~\ll'h 

q ~ ~ q 

1,x~md~ n1!l-1 n\l t:-l ~ nd:::Y1lJ'<ill n Tlll aJ LTl1L1~1l1nTlll:JJ1eJ'U';'U~anljffru L~L1tld::: ~'Ylrrl1TVmld 
~ v 

n1d~ffaJ~~ mj~m~11ulTlu:JJoWurr Holstein llltJl~ff111VJLn~~a:JJLLlJlJ subtropical climate • 
'l"JUl15mlmjt:-lff:JJ~~1'U1Tl'U:JJYiYhmd~fflI1w1\t~~filLQ~L1 THI 66 LUU 67% ffl\tlf1~ 
L~1umdt:-lff:JJlulu~~fil THI LU~L1:JJ1nn'h 78 5J5~dlnljt:-lff:JJ~~LYltJ~ 21% L~l,r\t 

d~ ""' .... A I d.- .c::..

(Ingraham et aI., 1974) "l1~ nffEl~f1~ EJ~nUn1df1n1!l-1~ EJ:JJ1'YlVJlJll EJ ~jlnljt:-l ff:JJ~~~~~\l'<illn 

66% :JJ1LUU 35% LrieJ THI L~:JJ:ffU'<illn 66 n\l 78% 1~mQVJ1:::1wlh~ 1-2 lULLjnrlEJU'1\t~~aJ 
(Ingraham et aI., 1976) md~nl!tl"llEJ\l Chebel LL~::Tlrn:: (2004) Yirh'VIu~1'V11Tl~mJ1\t 

. 
'II 

EJrn'VIllii 29°C LuULL3J1Tl~ mJlUlll1::LTl1tJ~'<illnTll1aJ1a'U (heat stress) VJlJl15mlmd~~aJ 
~ ~ 

~~~~~~'<illn 31.3 % :JJ1LU'U 23 % l\tLLlilf1~mn\tlll1:: heat stress ~\lLL~ 50 n\l 20 l\trlEJ\t 
~ 

~~aJLmLiULVitJlJnlJLL~lTl~1.3J~t:-l~m::'YlU1l1n heat stress '<iJlnnlj~nBlia:JJ~nT)~Uwmf
~ . 

'l"JU1l5mlmdt:-Jff:JJ~~"lJEl\llTlu:JJ1'Ur]~1EJ\t~fh~1 LL~::5JTlll:JJi:JJ~urrnlJj:::~lJ"lleJ\l THI l~tJ~ 
~ 
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513l11flTHHUJ~I3l~fil~h'l~13l1Utll3l'VIU11 (Huang et aI., 2008) fl11~lTl~Tl~ElI3l1Utll3lfElU'VI1El 
'II q 'II 'II 

1 U '1h-'l~~ El-rn'VI 1l5j ~-'li.~1]J ~~m::'Yl]J111fl Tl113J LTl1 £.J13l~lfl Tl113JfElU~ aI3l11fl11~~3J ~13l~l'Yh1'IX 
q 'II 'II 

'" 0 ~ ~ n... ..... I d"'d, ~I 
I3lEl-'l'Yllfl11c.J~3J'VI~1[Jm,m~::m::[J::L1~11U 'YlEl-'l11-'l (days open) U1U3J1fl"lJWlhm-'lc.Jm~[J13l El 

~ ~ fl111h:: fl eJlJ fl11"lJ Eh'l yh fJJ 

flT~~m~l fl11l'11-'llU"lJ El-'l1-'li...u'VI ~-'l Tl ~ Ell3l113l [JW~11rnl111 m::~lJ'lJEl-'ltlElf[JJUhhL11 ~L 131 e:J 

huluJ1U:lJYlUl1~I3l~lU"lJe:J>'l normal LL~:: abnormal ovarian resumption ~Tll1mLl3lfl~1>'lnU 
1::'VI11>'lLL:ulTl1Ufl~:IJ~ 1 LL~::fl~:IJ~ 2 ~lmHifll1~fl ~1~~lU3J1YlUl1~'VI~1[Ji111-.5'[J~~ ~~~e:J 

• q 

ovarian resumption 'VI~>'lTl~e:Jl3l LL~:::JjTl113J~lLlJU~~El>'ll'11fl11~fl~~IL.yj El1::'l~"lfil.I3l"lJe:J-'li111-.5'£.J~ 

~~~~ El ovarian resumption ~ El1u ~Ul>'li1~-.5'£.J~ iifl11~fl~1 LL~::YlUl1 e:J1~~::ii~~~ El ovarian 

resumption 1ulTlU:IJ'VI~>'lTl~ElI3l i111~m'VI~lti~e:J tll3lm~~Tl~al3l (Claus et aI., 1983) 1ULLUU 
'II 'II 

I .. ""1 ., ..¥ ......, ..¥ 1 I .. '" I ..
b1>'lL1aU'Yl "lfL~[J-'l~13l1 L"lfU flTH~£.J-'l Ub1>'lL1aULLUU(:.Jfl£.JUb1-'l~:::lJfl11"l::£.J::L1~1 ovarian 

'II 

resumption 1,1,lUfll1 fl1"lLttJ-'l LLUUU~ a £.JEi in:: ua fl111 flti1ulLaJ1Tl~Tl ~ a131 ~fl3J1 LL~l'V1 ~1 £.JTlf-'l 
'II 

(multiparous cows) iid113l ovarian resumption L11fll1LL:ulTl~Tl~ElI3l~flTlf-'lLL"lfl (first calving 
'II 

cows) (Opsomer et aI., 1998) aUl-'li."lnm3J1u1um1~fl~ltin>'lLLir11::c;)lLil.um1LnU~laUl-'l 
1ULLaJ1Tl 2 -nl-'l U~~-'l~El-'l-nl-'ln1aJ~Tl113JLLl3lfl~1-'l"lJa-'l~1l1Ylll5jalfl1f'1 (arn'VIll5j Tll1:IJ:%U 

'II , 'II 

LL~:: THI) 8fl-#>'lh-'lL1ElUlL~::1UlLUUfl11Lt£.J-'l"lJ El-'l-#-'l~e:J-'lfl ~a.dlLlJmLUlJL~ [J1tlU LlJulLaJ1Tl~1~ 
'II q 

~flTlf-'lLL"lfl-#-'l'VI:IJ13l ~'YlTIYl~"lJeJ>'li1~~m'VI~lti~~-'l(:.J~~a ovarian resumption ~>'lt.i.l11::L'Yh ") nu 
'II 

lu-#-'l~a-'lfl~3J Ll~£J-'l~i1~~[J~U ") 8fl~iic.J~fl1::'YlU~a ovarian resumption Ll~::laJi.~~, 
m1~fl ~1'V11am1lnuuuii fl-lle:J:IJ~1Ufl11~fl~lti ~un~ a m"lLnI3lTl11:IJ ~l3lun ~11,1,-nl-'ln aU'VI1El 

'II 

'VI~>'lTl~ElI3l'VI1aTl11:IJ~I3lUn~mm::]Ju~u ") (Fonseca et aI., 1983; Opsomer e't aI., 2000) 

111n ~~m"l~fl~lfl1"lril-'llU"lJ a-'l1-'l1..u'VI ~-'lTl~ a 131 ~111lil.Ufl1"l~n~111,1,tTlU3J~l~U3J~-'l 
'II 

(high-yielding dairy cows) Yl]Jl1au~m1rn"lJEl>'lm1lnl3l delayed ovulation aU1::'VI11>'l 5.5 ­
• 'II 

25.3% au~m1ru"lJ a>'lfll1'V1 [J13ll'11>'llU"lJ e:J\l1-'l"..u (cessation of ovarian activity) a U1::'VI11\1 
" 'II 

Q,..oA 6'. I I 

3.3-12.9% bb~:: eJUI3lfl1"llli"lJEl>'l persistent corpus luteum a£.J1::'VI11\1 7.3-35.2% (Opsomer 
, 'II 

et aI., 2000; Royal et aI., 2000; Shrestha et aI., 2004; Petersson et al. .. 2006; Samarutel 

et aI., 2008) ~ElI3lTl~e:J>'ltl]J1Ufl1"l~n~lti~YlUl1 ovarian resumption ~Yl]J3J1fl~~I3l~a, 
~ 0,.... '" I ~ , c:t • 

delayed ovulation 'VIlnYl111"lrnl"ll:IJ111fl'Yl>'l~a\ln~3Jfl11::YlU113J delayed ovulation 24% 
q . 

(9/27) Lb~::~ persistent corpus luteum 5% (2/37) n\lbbir~"l1£.J\llUl1 delayed ovulation 

LL~:: cessation of ovarian activity ~>'l(:.J~~U~e:JU1::~'YlTI1l1Yl'Yll>'lfl11~U~UTI, ~m)mlm1(:.J~3J 
~13l111nm"lc.J~:lJTlf.JbL"lfl~I3l~.Jril1Vi' calving interval U1U,rU bb~111nfl1"l~n~~llUTlf"tivml1 

bLirfl~:IJ~ 2 ~m1l'11"lU"lJa.J1,,1..uLbUU delayed ovulation 3J1flnl1n~3J~ 1 LL~fl~UYlUl1. , 
"l::[J::Ll~11U'rle:J-'l11.J"lJa.JllaJtTlfl~:IJ~ 1 U1Ufll1bl:u1Tlfl~:IJ~ 2 tl.JUe:Jfll1~i111~[J~U ") ~~ , , 
Ei'YlTIYl~ :IJ1flfll1i1~~mnflfl1"llnl3l delayed ovulation ~ (:.J ~~aTll1:IJ~lL111"lJe:J.Jm"l~~3J~l3lbl~:: 

~.Jrle:J.J l -nu blaJ1Tl~~fl1"ll3lfl1..u lnl3l,]U'VI~.J~lnlu~ 45 'VI~.JTl~ ElI3l11::f:lfl~13l1~e:J ulun~3J~ 
'II 'II q 

http:El>'ll'11fl11~fl~~IL.yj
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delayed ovulation ll~tlr.ll\1l:ifi<?l1~';ijlnnlj~m~1'Y'nJl1LL~lfl~Tu,1'VH1iiimj<?lnL"ll 1l1[Jlu 50­

60 l'U'VI~\I~~tl~ (Opsomer et aI., 2000) L'r'ljl::u::tf'U'VIlnL~iimj~jl';ij~U~<?l~~';ij::'Yhl~LL~ 
Ifl'1l'~1lJn1j~~:JJ lLiJ';hu1l1mtu "J ';ij::iimWlnL"llm:JJun~nm:JJ 'Yhl~iij::[J::b11;nlmltl\l 
. J' 

11\1'U.l'U'lJ'Um:JJm 

n1jLU~ [J'Ulltl~\I'lJ Eh'llhV\lrn~l Ll~::fl::bbUUfl11:JJ ~:JJ\ljrn'lJ tl..111..1m [J (BCS) 1 U 

nTl~mnd 'r'l'Jl1ll~1f11umi~~ l ' iimj~~~\I'lJtm,hr'l,:rn~lbb~::f111~~~Ujrn'lJ El..111\1n1 [J. ~ 

:JJ1niln~:JJ~ 2 BCS L~1Umj[Jtl~1lJ1u;nu::~LuuLflitl\l~El~iitlj::1mmlumjuj::Liiu
• a 

~[lTlun'r'l'Yl1\11il"1lulmj (Nutritional status) lulflu:JJ ~..11~[Jtln~';ij::rhnljtlj::dJufl11:JJ 
~1I1Jjrn'lJEl\lLL~1f11wli'1\1b1~1~1..1 "J "l.Itl\ll\1151~ lUj::~lJfl::Lmu 1.0- 5.0 1<?l[J~ 1.0 'VIm[Jn\l,. 
LL1l1flii~m'r'l11..1n1 [J Elr.llUL n rn~~ tl3J:JJln bb~:: 5.0 'VI:JJ1[Jn\l Lb~lfl ~f111~~~Ujrntl r.llUlnrnGYl 

. ~ ~ ~ 

Ell'U. luu~'Y]jllJnul~ [J~1Ltlrh bb~lmt:JJlwli'l\11~U:JJj::[J::Lbjn "J ';ij::tl r.llUtl1l11::~:JJ~~ 
~ . 

~~..1\11UbUU~lJ (Negative energy balance) ~\I~~~lJ~tlUj::~'YllillTVm~::mj·Yh\llU'lJEl..1 

j::1JlJ§-lJ~ulf
• 

1Un1jU 
:;.J 
n1T~\llutln ~1Uj:: ~lJ'Y'hf:JJmjUj::biiu~1111:: tl~ ~ ~'Yll\1'r'l ~\I\llULUU 

• 

jl [JillLUULiEl\l~i,~ ~::~1 n 'VI1 tl b U U i,tlL~mn brttl\l';ijln~tl..11i-nEl:JJ 
~ 
~~ l~ m-nEl\l'VI ~1 [J tl r.ll\11 U 

nTnbmr'hwml, bb~::b rtEl\l';ijln BCS iifll1~~:JJ~ulfnlJ~1l1l::~:JJ~~'r'l~\I\llUlulf1u~ ~\liin1j• 
Ur.J:JJli BCS luumjtlj::Liiul<il [J'Yll.J 5El ~'lJtl\l ~1l11::~:JJ~~V'i~.J\llUnUEl r.ll\1Ll'r'l1'V1 ~1 [J ';ijl n • 
n11~nMlhW1TI meta-analysis n\l~~nj::'YlU'lJtl..1 BCS bl~::n1jltl~[JUbbtl~..1 BCS ~tl 

u1::~'YllimV'i'Yl1\1mj§-u~u£lulflu~ (L6pez-Gatius et aI., 2003) 'r'lUll BCS rn lUfI~El~ 

Ll~::l'U.lu~~:JJfl.f..1 Lljn bUu~ltl\l1f~~n\lfl11:JJ~:JJ~ulf1::'V\'h.JtlrnU1l1'r'l'Yll\111l"1lUlmj1ulfl 

'U.lILl~::~lU1Ulm1El\lll\1 mJ1f1~ ii BCS ~~ (U1:::JJ1ru 3.5) 1 U lUfl ~ El~';ij::ii~lU1Ulm1tl..1 

11..1,rtHmilLl1l1fl~ii BCS j::~utllun~l\1 (2.5 - 3.5) LL~:: BCS ~1 « 2.5) b'liul~[Jlnulu 
l'U.~ihmj~~:JJfl.f..1lLjn Ll3Jlf1~ii BCS ~~ ';ij::~~lU1Ul'\.l,'r1tl\l11.JUEl[Jn--hbb~lfl~ii BCS 

j::il1JU1Un~1\1 'VI~Elj~~U~11ulu~~:JJ utlmnnmj~~~\I'lJEl\l BCS (~~~\lmnnl1 1.0 

Vllilr.J) lm::r.J::~u'lJEl\l lactation ';ij::rh 1 'VIlfl~~lulUlUrlEl\l11 \I Ul u1lu ~.Jn ~El~fl~El\lnu 

mj~nMl1Uflr\ld~ll3Jlfllun~~~ 1 ~mjbU~r.JUllU~\I'lJEl..1Jl'V1,:rmL~:: BCS mnnl1 bl~::ii• 
~1'U.l'U.1UrlEl\lll\1U1Unll Ll~1f11"n~~~ 2• 

LrlElLL~1f1 tl r.ll"~lll'r'l"l.ll<?l'V'l ~\I\ll" bb~::i,~1UV'i~\I..11mJ1nmjnuL~ l~ .,. [J\I'V'l El nUfl11:JJ 

~El..1mjliV'i~\I\llUtf"';ij::iinlj\t1'V'l~\I\ll"~::~:JJ~ El cil UjU'lJ tl\li,"l.I~um1i 'YilL~ii mjtlruL;[J
'lJ cu 'U QI 

J1V1un~1 BCS Ll~::'Ylj<?ll 'Ylj~~\I'VI ~\lfI~ El~ lrlEliim1~~1 [Ji,'lJ~U (lipolysis) ';ij::'Yil1V;ln~ii ~11
• 

Non-esterified fatty acids (NEFA) lUnj::bb~L~El~l~:JJ1lu j::~U"l.lEl\l NEFA lunj::LLm~El~ 
tn:JJ11[lliLuU~ltl\l:fi~1l11::mj"l.l1~'V'l~\I\llU'lJEl\l bL~lm"'~\lm1El~i,~ ~\lrhtln~hJtl\l NEFA 1 U 

~~l~m'lJEl..1LL3Jlf1El r.llU'lil\1 0.2-0.5 mmol/L 1Ujl [J~ El cilU1l11::'lJl~'r'l ~\I..11Ui,~jUbbj\l (mild 
,. '\J' 

case) 1l::ii1::iU'lJEl\l NEFA Elr.llU'li1\1j::'VI11..1 0.44-1.25 mmol/L Ll~LUjl[J~iifl11:JJj'UbL1\1
~ . 

:JJ1n~lUL'Vmj1l::iifil~\lnl1 1.04 mmol/L (Roberts et aI., 1981) ';ijlnjtl~ 4 ';ij::'V'lUl11::iu" ~ ,. 

http:0.44-1.25
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"lJa" NEFA "lJa"mlaJ~ 1 ijf11~,,~~1'U.~~tlm~~ 2 ~~"fli.1a~ LLi.1::1u.n~aJ~ 1 ijf11~,,~~1'U.
1 \I 1 q \I " 

~tlm~~ 1 tl"uann"ijm1~i.11tJi."lJutl.mnltl.'li1"d' 
1tl.m1~m~nd y.juilLLlllfl~~i.1tl~ltl.'li1"q~1atl.ij,rl~,rmLi.1:: BCS i.1~iil" mh"L~'U.i.~ 

'Il 

i~LdmmtJULfi tJunuLLlllfl~fli.1 a~1'U.'li1"q~~tl.l1 m1iil~i.1""lJa\l,rlwUmLi.1:: BCS El'l';JdJtl.
'Il 

t-Ji.1m::YlU1~ tJ<il1\l';}lmJ'1aJl mm1n'U.i.~~i.1~iil" Lrta\l,;}lnflllaJLfl1tJ<iI,;}lnfl11aJ1a'U..:fftl. 'tilli 
1~1uYI~""1tl.~i.~1ui.ll LoWV\lYl anumlaJ~tl"m1"lJa,,11\lm v ijnl1~i.11 vi."lJll'U.~~::~aJi.lm1oK 

LLi.1::~"t-Ji.11iij,}::~ufl11aJL iJaJiJtl."lJ a" NEFA 1'U.LL1ilfln£'laJ~fli.1 a<ill tl.q~1atl.mnniln~3JLL1ilfl~
q 'Il q 

. fli.1a<illtl.q~~ul1 ~\l~LL~<iI\li.1I.m·tl~ 5 ~"L~'U.i.~,;}lnm1~LLlllflij,rl~,rn~1LLi.1:: BCS i.1~iil" 
'Il 'Il 

LLiil::mjL~ aJ;}tl.El cil\l mn"JJEl"1::~uml3JL iJ3J-n'U."lJa" NEFA 1tl.n1::lL~l~El~ndJtl.i1tl,,~"t~dJ'U. 
tl cil,,~ilLllllfln ~ aJ~fl i.1 El <illtl.q~1El'U.ijj::iumlaJ1tl.ll1""lJ El"1111:: m1"lJl <ilYI ~"\!l'U.l 'U.'li1"'VI~" 

II . \I II 

fli.1 a~mnnil n ~aJ lLlllfl~ fl i.1 El<ill'U.'li1\l!]<iI'VI'U.11 ~\l,;} ::~\l r-J i.1 m::Yl U~ Elfl11 aJ ~aJu1rn0'mf"lJa" 
q 'Il 'Il q 

ll1ilflltl.'li1"Vi~"fli.1 El<il~l m itl.ntl. ,nml tJ"1tl.m1~nB1L~ tJlnu r-Ji.1m::YlU"lJ a"arn'VIll3J~ a 
q 'lJ 

uhn rnm1n tl.1.<illtl.ulll fll"luil 1'U.'li1,,~ija rn'VIlliJ ~\l"'::~" r-Ji.1n1::YlU ~Elmm rnm1n'U.i.~"lJ a" 
q 'Il 'lJ 

lm~aJ l<i1mmvuLfivunummrnmjn'U.i.~1'U.'li1\l~arn~l1iJ~1 "'lnmj~nBl"lJa" Spain LLi.1:: 
q 'Il 

flrn:: (1998) l"IUilltl.il\lElrn~llih::~il" 24-33 °C ,.,::ijmaJlmmjntl.i.~"lJEl"l~ml'IX" (dry
• 
 q 'lJ , 


matter) i.1<i1i.1\llh::mrn 6-16% ldmmtJUlYitJunutl'1mmm1nui.~~Elrn'VIl1iJ 20°C LLi.1::,nn 
q 'lJ 

m1~nBl1tl.lfl~11 ~L~tJ\l111tJl~mu.'VIlliJ 32°C mlaJ.:fftl.iaJ0''Yllr 70% ijmmmmjnul~
q 'lJ• 

"lJa"l~mllX\li.1<i1i.1"ti" 23% (Ronchi et aI., 2001) ,;}lnnlj~nBlltl.LLlllfl~fh~"l'IX'U.3J, 
(lactating cows) lttil\l~ijalmf'!L~U l~tJiiElm~l1iJLu~tJ 17.9- 29.5°C Lli.1:: THI 63.8­

, 'lJ 

76.6 LLi.1::ltl.il\l~Ellmf'!1Eltt l~tJiitlrn~lliJLu~v 22 .5-34.4°C LLi.1:: THI 72.1-83.6 YlUil 
, 'Il 

~"mmrnm1nttEllVil1LLi.1::mm rnm1l'IX,rl'U.aJi.1~i.1"<illaJa rn~l1 iJ lLi.1:: THI ~L~3J;}'U. (West
q 'Il 

et aI., 2003) 1ttlLlllfl~r'h~"li'U.3Jmmrnm1n'U.El1~11';)::LiaJ i.1<i1i.1,,~a rn~lliJtl1::aJl rn 25 
, 'Il 

-2rc ~"dl1,.,,rtJ~ ii r-J i.1 ~ El a rn'VIlliJ~l~3J n'U.al'V111i.1<i1 iil\l ~ a~lttlh::n El U"lJ a" El1Vilj (diet 
, 'lJ 

composition) ii n i.1i.nVi i.11 vtl1::m1~ Ln~m1ltl~ tJttUU i.1\l1 u. m'}<iI ElU ~tta" ~Elfl113J Lfl1V~~ 

Ln~,;}lnflll aJ1ElUL ~ El1nBl1::~U"lJEl"tlrnVilliJ11"n1 V (body core temperature) 1'lXtlcil'U. 
, 'lJ 'lJ 

j::iU~fl"~ m1i.1 <iI U'1aJl rnEl1~11~n'U."'::Yh1i i.1 ~flllaJ1Eltl.~Ln<il,;}l n nj::Ul'U.mj'VIlln 1mL3J'U. 
'lJ 

LLi.1::,;}ln m::UTU.m1LaJYllU El ~ ~aJ 'U.Eln,;}lnitl'U.lfl~i.~1u r-J i.1 nj::YlU';}l n flllaJ lfl1V~"'lnml3J 
1tl'U.,;}::ij 5~11m1VilVl;1LLi.1 ::n11n'U.,rl L~3Jmn;ttl. 1 ttl fl~ l n ~flll aJL fl1tJ~,;}1nfl113J1aU,;)::ij 

5mln1jLfl~ atti.~lVi1Elnl,}UU~1"lJa"1L3J'U.i.1~i.1"'YhliijmaJl mEllVil1 Uj::naunu lfliin1j 
'lJ 

ntl.,Illttu'1aJlrn~L~aJ;ttt 'YilliiilJ'1mrnal'V11j LLi.1::,rlL~3J mJ1ttj::UUYll"L~'U.alVilj~"t-Ji.1l 'IX 
'Il 

mmrnmjnttEllVil1i.1<i1i.1\l t-Ji.1~m3Jm"'lnmm rnmjntti.~~i.1<i1i.1\l ~ El LLlllflijfl113J~3Jmrn
'lJ ..... '" 

l"I'U.Iii.1~i.1"<illtJ (Beever, 2006) , 
IGF-1 ij1::iu ~\lri Eltl.fli.1El~LLi.1::i.1~iil"~ll 'U.'lil"LL1n~~"mW<ilLLttlf1 aEJ '1 L~3J;tu j::iu

'II 

"lJa'l IGF-1 Yi 4 itl<ill~riEl'U.fli.1a~"lJa"n~3J~ 1 ~"niln~aJfi 2 LLi.1::Vi~""'lmf'U.ni.1iijml3J
, 'lJ q 

http:j::UUYll"L~'U.alVilj~"t-Ji.1l
http:lnnlj~nBlltl.LLlllfl~fh~"l'IX'U.3J
http:U.'li1\l!]<iI'VI'U.11
http:aJ;}tl.El
http:lJll'U.~~::~aJi.lm
http:ijnl1~i.11
http:i.~1ui.ll
http:U.'li1"q~~tl.l1
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LL~n~h"n\t~\lLL~ 2 itJm,,{riemm~tl~ ';)ltii"itJ~1,,{~ 12 VI~\lfl~tl~ IGF-1 dJlt metabolic 

hormone iifl1111L~r.J1'1itl"nU1~UU~U-Wlttf[~ rJm1~\linmnmhlti,tJ rr" hypothalamus rh1~ , " " 

dl~m1rruff"nTm11V1k""lJtl\l~~Llt~\l Utlftlllt (LH) LL~~~~m1L';J1qj'lJEl\lWtl~~h~~ (Taylor 

et aI., 2003) lm~~u1\lL'll IGF-1 "lilr.Jl~\n~m1L~1I~1ltlU"lJtl\lL'11~~m1lt1~·lh llt"lJrn~~ 
'IJ 

UElftllltEllt'11~U (insulin) -:u~'lil rJ1~iim1~~~ejtJftllmtl~m1i,~tlEl~ lltmmrn~LVlm~~l1~ El 
'IJ 

m1Yl1"1ltllt1~uuau~ltTI Ll1tl IGF-1 LL~~ insulin tlci1~~U~1-:u~~,,~~1~Wtl~~L~~iim1~~~
• 'IJ 

e~ltlftllltb tl ~m1i,~ tl El ~IIILYl £J\l~ tl~ tl m1n1~~U1~Ln ~m1LtJ~ r.J LLtJ~" Vl1tlYl11~Ln~y.j El ~~ L~ ~ 
• 

~ii"lJlt1~L~n ~\l~~1V111liim1V1k,,~~tlt~\lutlft3.iullt1:;~u~\l (LH surge) LL~:;Ln~m1~nL'll
'IJ 'IJ 

mllm (Spicer and Echternkamp, 1995) ~,,1um1~m~nlltfl~\lii1llLCilm1-:Ul~1:;<ilU"lJ tl" 
insulin tl ci1"hnm:lm~'lJtl\l IGF-1 ~ m:;1J1J~U~mflltLL1l1fl~d~"fl~El~~nfl~" LL 1nm-:u-:u rJ"ii 

• • 'IJ 

,rtl~ln~11l~Ufl1111ill~ltTItlci1\li~L';)unU1:;1JU~1J~m5, L rttl\l';J1n tfl rr\lL-:U1qjL~1J1~ rJ\llll 

L~1I~rr"iimWil1q)L~U1~~tlltJ 
Cortisol LUlteJEl'f[lIlt~iifl1111~1f1qjllt11"mr.J ~Vlk\lm-:U1n adrenal glands LL~:;ii 

fll1m~ rn'1itl\ln1Jm1Yl1V1'I,h~VI~1£JtJ1:;n111lt11\lm £J L'lilt m1~ El1J~lttl\l~ Elfll111 Lfl1£J~ 

glucose metabolism LUltCillt ltEln,;)1nttlltu1l1m):;iim1V1k\l cortisol mn~ltLl1Eliim11~ltll 
LL~:;1~m11~El1V111 (Gorewit et aI., 1992; Wagner and Oxenreider, 1972) lltm1~ncnd 
~Ul11:;<il1J"lJEl\l cortisol lltmill~ 1 ii1:;<ilu~\lnl1n~1I~ 2 Ll1El~';J1')rn1fl1111bfl1£J~~m';J,;)~

• 'IJ' 

Yll1~Ln~m1~ElU~ltEl\l1~£Jm1V1k\l cortisol mn~lt ~1Jl1,):;~1J'lJEl\llliiEl1mf'f~riEll~Ln~
'IJ 

fl11 mfl1£J~ Elcillt1:;~1JL~ £J1nltVl1Ellajiifll1:IJ LL~mh\lnlt ~\li.llli1-:u:;dJlt~lL VI~"lJ El"fll111 
'IJ • 

~ ~ 

u~n ~1""lJ El\l,):;~1J cortisol "lJ El\lrl\l ~El\l n ~ 11 fll111 LL~ n~1""lJ El",):;~U cortisol "lJ El\lrl\l ~El\ln ~ 11, . 
ElTI1J1r.Jl~~r.J~,;)1')rn1-:U1nm1LtJ~r.JuLLtJ~\l"lJ El"J1V1,rmL~:; BCS ii,)1 £J\l1lt ~Yl1\l1lt~ncnllt 
Vlmihtf ~1~1Utl1V111i.llLYlr.J\l~ El-:u:;iinl1L~ lI~lt"lJ El\l1~<ilutmf1l1lt cortisol (Ventura,

'IJ 

1982) ~"~El\lfl~El~niJn11~ncnllt1flltll LL~:;lltu~:; Ll1ElYl1m1\l~1~El1V111 (fasting) ';J:;ii 
<V!1 d.J' 

1:;~U"lJEl"f]El1blllt cortisol L~lImn"lJlt (Carbonaro et aI., 1992; Samuelsson et aI., 1996) 

mjL~lI~lt"lJEl\l,):;~U cortisol lltm:;u~L~ El~1ui~1~i.~1Utl1V111i.llLYlr.J"~Eln Lvi tl1nCl'11:;~U 
"lJEl"n~1fl~1~LYlr.J\l~tl~tlmj~1j,,~i~ Llitl"~1nUYl1J1'YlVlrt\l"lJtl" cortisol ~tlm1L~1I1:;~U

'IJ 

"lJtl\ln~1fl~lltm:;LL~L~tl~ (Ward et aI., 1992; Baidoo et aI., 1992) llt1fln~1I~ 1 iim1.~~~" 
'" "lJtl\l\bVl,rnLL~:; BCS mnnl1n~lIYi 2 u\l1Jtlnii"mjlCil11J~~"\l1ltLllLYl £J\lY.HlGi Elmj, 

~1j\l~i~ LL~:;m11Vi'~ ~ ~~ ~ LL~:;iimj~~1 r.J1"lJaru~:; ~1I tl tlnm1oN cortisol 

tltlnmLvi El1nCl'1,):;~U"lJtl\ln~1fl~lltnj:;LL~ L~ tl~ 
'IJ 

mmrnm1~~~J1ltll~Elllt"lJtl"LL1l1fllun~1I~ 1 ~\lnl1LL1l1fllltn~1I~ 2 ';J1mtJ~ 7 
lit 'U 'l cu 

~ul1mmrnm')~~~J1ltll"lJtl"u1l1fllltn~1I~ 1 ~"nl1n~1I~ 2 ~"LL~VI~\lfl~tl~-:ultii\litJ~l,,{
• 'IJ , 

<V ~ 12 mjfl~ tl~Yl11~Ln~mjLtl~ £JULLtJ~"'Yl1\l~'h:;i'Ylr.J11lt1flEl ci1\lmn VI~"-:U1nfl~ El~~n~:; 
'IJ 

L~lIiin"n~~~J1ltll ~\lLUltm:;ulltmj~~tl\lloN~~\l"1multtlci1"mn LL~:;ndJlt~'Yld1Unlt 
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l~rJ~lLU'"h llaJlfl~ f) ci11,1,1::rJ::VI ~~flf1 f)~1::rJ::ll'm mmrnm1nUEllVll1"lJ f)~uaJlflLJJl ~rJWIf)
'II 

~aml1J~a\Jm1'Y'l~~~lULvif)nl11il1~i5i~m11'IX~f1~~~LLf1::n';)m1:JJ~u ') (Ferguson, 1996) 

lh1'IX~a\Jiim1~f11 rJ'Y'l~~\Jlmtl1eN f) anm1iLviahlum1~~~J1U:JJ Ll:u'"hlfl';)::ii ~mUJll'Y'l 

~a~fl~a\Jnu~~~'Y'lu1um1iiim~nd~'Wul1LLJJlfln~1J~ 1 iim:JJ1rnnl1~~~J1U:JJ:JJlnnl1n~1J, ,. ... . 
fi 2 LL~::iim1~~f1\J"lJa~ttlV1,xn~lLLf1:: BCS mnnlln~1Jfi 2 ~lrJ nl1~f11rJl."lJiJwrh1'IXii, 

I .ct. QJ d A ...,........ 


NEFA aanm~m::LL~lf1 f)~~~'Yl f)llUl mLf11'lJ1~~U 
'II 

vlnm1iiim~ndu1::~'YlTII11'Y'l'Yll~m1~lJl~\nr"1Ja\JLLaJl'11umhJ~ 1 ~~dJULLaJlfl~mw~ 
, q 

1::Vl11~L~e)'u.1Jn11fl:JJn~ L:JJ B-1 rJU VI~f)1wlh\Jt)~ftm ~1nll1fl~m~ f)~1::Vll1~ L~ aunumrmn\J 
'II 

TIUllf11JVl1a1WIh~t)~VlUld t~rJu:Jjlfl1un~:JJ~ 1 iii~tflU"lJa\Jn11n~lJ:JJli'h~lU"lJtI\J~~I."ll~ 
'II q. 

~~un~mnnl1LL:Jjlfl~flf1f)~1un~1J~ 2 111Jyf\Jii1::rJ::Ldf11dU'Yla~11~U1unl1~lrJ ,;)In, 
ifa:JJ~~i,~,;)1nm1~nB-ld tl~:%11~mUJll'Y'l'Yl1\JtJl'llmm1ii~f1~f)nl1fldl:JJ~lL1,;)"lJa\Jm1

'II 

')~n11~lU1::lJU~u~mfl1,1, yhf:JJ 1wlh~L~tlU1Jm1f11Jn~l~emL:JJB-l rJULUUL~ tlU~ii~u~n, 
\ta rJVl1t1l.aJii ~u Li~ ~ f1 ~ f) fl,ill111'Y'l Ell'V111'V1 murh1'IXtl1'V111'V1 mlJ~L~iifl rnI11'Y'l~1 LLf1::ii, 
lJl'llu::i,:JjL~ rJ~'Y'l tI~tlfldl:JJ ~tI~nl1"lJ El\J~h~m rJ l~mu l"l1::11,1,lflu:JJn ~:JJUijnl11imm rn, 
J1u1J~\Jn11~nn~1J ~~ ii fldl:JJ~EI\Jm1tJl'llu::LLf1::'Y'l~\J\J1U1um:JJl ill~ ~\Jnl1 yf\JUyJlf:JJ~

'II q 'II 

~1LUUn111,)rJiillUf1\J'VI rul~ ~11Jl1rl LfllJ l~ rJl ~f1~~~mdrJ\J tfli.~1ut)~ ~u LiiEl\J,;)ln~El-J
~ 'II• 

El1~rJJ1~U1um1,)~nl1LlU f1\J'VI rul lLl.'I::ij'VI ru1~~1 'VIlflnu m1ii Ell'VI11V1 mlJ~ijfl rnJl1'Y'l~n11 
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U1::n alJnlJfld1:JJ~El-J nl1~11f)lV111LLf1::'Y'l ~\J,nUL~ Elm1~~~J1U:JJ ii Uti rJ nl1 Ell';)';)::LUU 

~L'VI~~Y111'V11fl1umi:JJ~~EI\Jiifldl:JJ~:JJlJ1nr"lJa~~1-Jn1rJmnnll LLl.'I::tf\J ~l.'I~Elm1ii 
, ., '-I 

U1::~'YlTIJl1'Y'l'Yl1\Jm1~u~u15~~nl1 ~\Jtfum1')~n11~1Ua1'V1111ut)~u~\J'VI1El1WIh\J"1J1~ 
q 'II 

LLf1f1u1'VIlf1i.~~lJ ~11t11V111t1 rh~'Y'l f) L~ rJ\J~\JLUU~\J~~1LUU L vitl1 iU11mfhVl:JJ1 rJ"lJEl\J 
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U1::~YlTIJl1l"l 'Yl1\J m 1t1-iJ ~1,1, 15, 
ii11 rJ\Jlmh 1,1,dU:JJ1n ~11 rJ\J1 U~ l.'Im1~ m~ln\Ji1';),)rJ~ ii ~f1 ~ f)U1::~'YlTI111'Y'l m1t1-lJ~u15, 

1~rml1ml,;)1::~lJ"lJEI\Jlu1L,;)~L~t:ll1u1m~t:l~'VI1El1uJ1U:JJ L~f)U1::L~unl1Lu~ rJUUUf1\Jyf\J 
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ml,;)'Y'lULL:Jjlfl~U1::~Ufld1:JJ~:JJlVlf1d1um1~\JYiEl~i.~L11;tu PSPB LUUlu1~u~~~m1n 
binucleated cells "lJEI\J~d~E1U 1unnlt~iim1~\JYia~ PSPB ,;)::Lyj:JJ;fu1un1::ll~l~amun~• 
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j::~l\Jtlj:::lJ1rn 2-3 ng/mL 1l1t/lu"lll>'11U~ 15-35 'VI~>'Imjt-HnJ brtEl>'l'.UlmlJu1t1j~U~~lbYn:: 
~~~<il'.Uln binucleated cells 'lJEl>'l~lelElml'htfu ~>'IiimjUl1nlitlj::1t/'lnr'YllW'lflUfl 
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'lI eLI cu cv \J OJ 
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'IJ ... 
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'IJ 'IJ 
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fl11mm~El>'l dJu~ rJmJ'r1J1Un11<iljT1Jbwm::l'Iil-lmji,lliinl1t1n~urr LLi.'l::mj~rub~t/~lel ElU 
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1Utll::L l'lf1i,1'l rJ'.il::b lJWril>'1~ ii Enn1f1 L~uniln~lI~ 1, 
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, 'IJ , 'II 

fl1111;Gu ~ ii ~ i.'l nl::1'11J Ui.'l::n tlllXbn<ilfl1111bfl1rJ<illulflu~l iJ'.il~rJ~U "J niifll111i.'hf1qjL"llUrlU~ 
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, 'IJ , 
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