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Studies of body water metabolism in relation to management of
ambient temperature and methods to reduce the effect of heat stress on

milk production in crossbred dairy cattle in Thailand.

Narongsak Chaiyabutr and Somchai Chanpongsang

Abstract

The aim of this study was to determine how evaporative cooling modifies body
function concerning water metabolism and other variables relevant to milk synthesis of
crossbred cattle. The study was conducted on 87.5% crossbred Holstein cows which
were divided into two groups. Cows in the first group were housed in open-sided barn
with a tiled roof as the non-cooled animals and cows in the second group were housed in
the close-sided barn under an evaporative cooling system as cooled animals. Cows in
each group were fed twice daily in the form of total mixed ration (TMR) throughout
stages of lactation (early, mid and late lactation). The mean average of the maximum
ambient temperatures and relative humidity for normal shade were 33°C and 61% and for
evaporative cooling barn were 28°C and 84%, respectively. Rectal temperatures,
respiration rates and THI of non-cooled cows were higher (P < 0.05) than those of the
cooled cows. The DMI of cooled cows were higher than those of non-cooled cows while
the water intakes were lower (P<0.05) in the cooled cows than those of non-cooled
cows. The mean absolute values of plasma volume, blood volume and extracellular fluid
of cooled cows were significant higher (P<0.05) than those of non-cooled cows in
different stages of lactation. Total body water in the evaporative cooling cows tended to
be higher than those in non-cooled cows throughout periods of lactation. The packed cell

volume, plasma osmolarity and the concentrations of plasma sodium, potassium, and



chloride were not different between cooled cows and non-cooled cows. The milk yields
of cooled cows were higher than those of non-cooled cows by average 34- 45%
throughout periods of lactation. The milk yield of animals in both groups declined as
lactation advances to late lactation. No significant changes in the concentration of milk
fat, milk protein and lactose between groups at different stages of lactation. The mean
arterial plasma concentrations, the arteriovenous concentration differences (A-V
differences) and extraction ratio across the mammary gland for acetate, glucose
triglyceride of the evaporative cooling cows were not significant different as compared
with those of non-cooled cows in different periods of lactation. The mean arterial plasma
concentrations for P-hydroxybutyrate and the arteriovenous differences (A-V
differences) in the evaporative cooling cows were lower than those of non-cooled cows.
Hormonal levels of plasma triiodotyronine (T3) and Insulin like growth factor-1 of
normal shaded animals and the evaporative cooling animals were no significant
different, while cortisol and thyroxine(T,) levels were lower in in the evaporative cooling
cows than those of non-cooled cows. The results in this study suggested that adaptive
response to increase in milk yield by the effect of evaporative cooling would occur, in
part, through the mechanism causing preferential increased in TBW, ECW and blood
volume, which partitions the distribution of nutrients to the mammary gland for milk
synthesis. The decline in milk yields in spite of higher body fluids during advanced
lactation of cooled cows would be attributed to a local change within the mammary

gland.
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MIMANUANTUVD I U1 (Milk fat) TA83TVU09 Gerber (Clunie Harvey and Hill,
1967)
MmN uTuvoanlaa TnsiTvod Teles Lazane (1978)
Y ¥
msmanuauauve TUsauluriumg Salaeld infrared Taoin3eq Milkoscan
J 3 a Y 1 ¥ A 3 o as
nsrnssigluiiuuauTaeldaruwiiunniduveunaluenluiulaeds
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F2ozAUVDINIT 1 UN( Early lactation)ag 113395513149 2-3 iAo UMBrAINaDA
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o . [ % 4
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=~ % . . o o_ . g
N1TRAUIYT sodium thiocyanate (10%) 31UIU 20 UA [WviaeaLdoAMm jugular 11979
- y . 2 .
Usu1asve9tnelus19menIvua (total body water) lAgRATITASANY antipyrine

o o . o a3 o .
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Thiocyanate A1435U89 Medway and Kare (1959) 11agANnNA Nt U84 antipyrine TUN
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1 asy . o ! ~ Y [ 2 1 2
AAUINUITVUDI Weiss (1958) LﬂﬂWlblmﬂﬂWU’Jﬂ!‘I’ﬂﬂﬂJWﬁSU’ENWZﬂﬁZﬂ ﬂiiﬂ@li
¥ J a 1 J ¥ aa . .
Urueontyaa(ECF) LLEW‘]JHJWI?‘Lﬂﬂ1fJi‘IJiNﬂWEJ‘VN‘H?Jﬂ(TBW)IﬂEJ’J‘ﬁ dilution

technique

% \ ] U d \J Z
v) m3amudseneuniilunarmiuarmsly smsmunve lan Inaneninum:
(Y] 1 A A J 1 % ]
M3 IR IN19a33 MM 1% enswnve layi Tagseuiiuy luunayszezuag
Y o A . . 9 (% Y
M3 Uy Tagnsezaenan coccygeal artery Q& 919 milk vein Wi’f’)llﬂuhlﬂ 1an
< 1 ~ I (% < o
wenaeanylaluriaeanil heparin (Huasilosnudoauds 25 wwa.dea) 1l
asnmaaiulsznevnil lunaran aredrudeanyuenagIUnaIdu1HININA
Y 9 ad 8 p . 9 d .
AnudutTuoIng Ind 1ae35 enzymatic oxidation 15101 93] glucose oxidase AW
1l uﬂlﬁlﬂTriglycerideiuwﬁ”l’s’f ulag enzymatic -~ colorimetric test (Triglyceride
liquicolor™ SU-TRIMR, Germany) A2 1MUUT U049 p-hydroxybutyrate lunaiau lag
B-hydroxybutyrate dehydrogenase (Sigma Chemical Co.) ANUANT UV acetate IABTT
. Yy 9 9y 9 =y =
chromatographic method AIMANTUYBIANTWANIUVDY Iyasuuaz TnuneiTon i
4
wareau1laely Flame  photometry A2 1udNYuUvednael5A leasulay
Chloridometer(Corning Co.)
o v d v : 2 B |
MIMHIUMSIIT senve lan Ineneniium Tagiaaiaiee:
y 9 o A
ANMUANTUUBUNLNDE Jani ldeaLAd = A
9y 9 4 A o ' 2
AN NNV NUe Jal ludeadinnaeNtiuyg = v
1 I o 1 %’
ANULANANVBUNLNUE Tan ludeauaaz@eafmnnAeNIuN = A-V

[ 1 o J %
ﬁ@]ﬁ’)‘l&ﬂﬁnlsff}ﬁﬁ!mmﬂ’f)]laﬂiﬂfJG]’E]iJ‘LH‘LliJ = A-V/ A

(Y [ d
) M3IA3ZAVANMMINTUYDI90511U Thyroxine (T,) Triodotyronine (T,), Cortisol
uae Insulin like growth factor-T Juwaiaan
! Y o o ~
Tunaazszozueamsliuy HIN51LIa0AN coccygeal artery HINa1@NIN
9 2 d' A d' ) < Sld' a o [ [y
uen ldninmstumisadeangnmibmmenuazinu 1ingauvgll -20C hwiaszay

4
ANUUTUYDIFDS T Thyroxine(T 4), Triodotyronine(T,) 1ae75
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Electrochemiluminescence method 19 Elecsys 2010 analyzer 9935 1uUCortisol 1Ae7T
RIA kit 1azd03 1y Insulin like growth factor-I 1a®25 Chemiluminescence

. y A .
1mmunoassayclﬁb' 1509 Immulite analyzer

a d Aaa
MIIATIzHRVNANa DA
a 9 3’/ =\ 1 =
M3AAIITHYOYa TUMINAaDINIMUA 1 8UMIUVDIA IR AY(MeanESD) VY04
1 a J 1 1 9 . [ @
uAaz NN Iuaazngunaand lag]ly Unpaired t-test 1A8MIHUATZAVAIIY

1 =% o % a

HANANNTIIAYNNADAN P<0.05
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M319N1 ueasdauilsznouingavemsneuuaze1msTulue s Naus I

a 3 o
(TMR) ARNY umumﬁﬂumma

gAYy (%)
Audn Tnanaumadidesanin 42.1
MmN INAed 19.1
Nudilznas 10.3
$1az1000 8.7
waathe 12.8
PRICTIANY) 2.4
launason 4.0
nyzanu 1.4
nuru 1.2
Witind 0.1

a o a a a a A a a
(Wilng Usznouaae : I01i1e 2,400,000 iu 3AHUi} 500,000 iu 301U B,, 2 un.
a a = o o = [ <3 @ [ J
’mmu%’ 500 1u LBUNNMUET 8 DTN aINSH 8 NTU LUAN 10 NTU NDILA 2 DTN Tﬂﬂﬁ]ﬁ@

400 10 loToRu 400 un LUNNTToY 26.4 NTU Farion 40 un TUWITNT 1 nn.)



~ A EY A % o Y v 1 cgl
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Tnvuzy gas
WA (Mcal/kg) 1.6
T1l5au (%) 16.2
ADF (%) 23.2
NDF (%) 343
laiu (%) 49
191 (%) 7.2
Tadeu looou (%) 0.2
Tnunengouloaowu(%) 1.2
nao 134 looou (%) 0.2

] 4
wennskausvi Idninmsdszneugasudalda Insuzainan lides Inuunaa

Y 3 A o o a3 A
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!!a35583w18m93ﬂ1311’iu3~1 !!@Luaﬂ']uamlﬂu@]'llﬂaﬂﬁ@u']WUﬂ@fﬂuﬂquiﬂuumEN



18

v 9
moelulsausoutlaiinu ugennguidesmelulsasouilaua hinanaeedied

@ < o ] 1 Qdy 1 1
gAY NNADN f’n!,llﬂLS@ﬂLlﬂ\iﬂﬂlluullagﬂT@'E]ﬁIllQTQ@ﬂuWﬁTﬁﬂJTﬁZ'ﬂjWQIﬂHN

g 1 1 1 v & 9 9 Y
mzﬂ’qublmmﬂmﬂﬂuwﬂuiwwu NaN LLﬁ%iSﬂ%ﬂTﬂﬂl@Qﬂ?ﬁiﬁuﬂ

& d
PSunasvearimarinamealusiame fSnasveariaduensaaifSaunasvaauviainialu
d c.; dq’ A a dq’ A a Y
wad vadlaungnwann @aamelulsuseuilanaz@aanalulsausewilaluszazdy
t% t% d’
STHLNAWAL ITIZMYVBIM T IHUN(A519N 6)
Y v ' ' v Y
YTasveamanuanielusnama(total body water) U9INgNIAUNTNIRE
A a a1 1 1 d'dy A a g}l 9
molulsaseutlasziagannnguiiasanelulsusoudansluszozdn natway
s2azMevIms Iduna lifianuuanageasiiodinynieana (mﬁmn 6) 1o
1 % (= 1 1
unliesveshnanuanieluiemedesimings luianuuand 196195
v o o Aana =y ° 4 . 1 L 2
HedAnnNana Pinasvesinuenwad (Extra cellular fluid) voIngu Iauuiiaes
A a = c!' 1 1 d' dy A a\ L] =Y o (%
melulsaseudlalinnndsgannngulauuin@einislulsaGeuilaeg1alivediAgy
aa 3’; 9 9 Y
N0 NIlUszezAUP<0.001) 528:Na19(P<0.01) 1AL ILILNY(P<0.05)V0In15 14
T { H 7= %} J 1 %} YY) 1 g.}I 1
Uy g femasveIliniasvetihiuenwan Ao UINNNAITEHIN IAUNN2NgY
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d' dy A a) A a A ) J [ an 3};
gnwanideslulsasoudanazIsasoudla  wlim luuanannunwananluszey
9 9 Y
AU SZIZNA AL TZEZNBVINT I UL
TumsAnEITEALANNANTUYBY triacylglycerol lunanaltdoaLAY luszey

a

v Y y ' PRI A Aa

AU 58ﬂ%ﬂﬁNLLﬁ%iSﬁﬂgﬂTEﬁU’ﬂﬁﬂﬁﬁlﬁuu W‘]J’NIﬂL!iJ“I/]L’ﬂﬂﬁiﬂiiﬂliﬂﬂﬂh@ﬂ!ﬂcﬂuu
9) { 1 % 1 1 % 9 9 . ]

ﬁmw,nﬂa’emﬁ!,!,mmqﬂu"luijWamimummmmmm trlacylglycerolGlUWﬁTe’fiﬂ
1 1 1 9 o [ 1

Lﬁammq mﬂ:nmmﬂssmﬁzWmmmmm%’ummgﬁaﬂumuazm(A-V) HagaaaIu

1 Ho} 1 gl} 1
M3 19 triacylglycerol Ingaouiiun lungu Iauugnuaunidesngy

(Y] d
5ZAUANMINYUVDI805IUY Thyroxine (T,) Triiodotyronine (T,), Cortisol #1az Insulin
like growth factor-I 115ze1zna19 tazszazMe Y@IMITUN (M15190 11)
4 a | 1 1 @ Y 9
msaes IauugaraululsaSouiauaz TsaGoutlaluling doszauanududu
s . ! . o 2
V93305 1y Thyroxin (T4)’ Triiodotyronine (T,), 148 Insulin like growth factor-I naluszes
A1 T2e2NaN LATIZIZMeV0INT 1H UL FIUTZAVANUAINTUVDI Cortisol THNATAUN
~ dy A a A Y A1 o 1 A dy A ) d Y
vod Iauun@eslulsausoutatuud Tuuiasinn Iauunaealu Isaseutlanissezdu
v v o Y 9 @ )
TTELNANUATILIZMBVOINI MUY T2AUANMTNTUVDI80F 1Y Thyroxin (T,) 11
a2 4 oo b 42 “ o 2 v
natau1ved InunnassluIsussuiaiadinnlavunaealulsaseulaniszezau

v 3

52e2Na19UBIN I I uNed s a N e an (P<0.05)

)
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A | A a Y Y
A1 1NN 3 LlﬁﬂﬂﬂﬂﬂﬁEJ‘IJ’ENQQA“H{]?JLL’J@@@NﬂiZL‘]thL‘VN (Dry bulb temperature)

a Y = § o v .
Qmwgmr’maauﬂizrﬂwm&ﬂ (Wet bulb temperature) ANVFUTUNNS (Relative

humidity) eluTsaseudlavaz Isaseutlanazensimsmielannaidszana 1400 v

.Q . - LENELITY
Tsasoudla  Tsaeuila o
wavs ia
Dry bulb tem. (°C) Average 334125 27.8%1.2 P<0.001
Wet bulb tem. (°C) Average 26.9F1.5 26.4%1.0 NS
Relative humidity (%) Average 61.517.1 84.016.8 P<0.001
THI (%)
Average 85.0 4.9 8012.8 P<0.05
Rectal
temperature(°C) Average 39.710.6 38.710.5 P<0.01
Respiratory rate
(breaths/min.) Average 86112 64111 P<0.01

4
P-value'= 1f5ouifieun P szninmavesmsae lnungnuanlulsauseutlavas Isuseuila



22

{ a 1" W [ a %} T W
@l']ﬁ']ﬂﬁ4 Llﬁﬂ\iWﬁ@ﬂi?ﬂ?iﬂﬂ@']ﬂ']illﬁjﬁﬁﬂﬂu (DMI) @ﬂﬁ"lﬂ"liﬂl!l!']@]@'JU(WI) Iag
%,‘ v o Y . . . FY
Wniingd luszesszezau (Early Lactation) N9 (Mid Lactation) a2 328N (Late

9
Lactation) ¥93m13 19 uy TuTaungnwanvesmsnesluTsusoudanaz Isa5outla

" - . - T5ai50U'
Tsasouwila  Tsasouila oL
1avs ia
Early Lactation 54 t21 105%24 NS
- : 8.3t1.4 10.912.5
DMI (kg /d) Mid Lactation NS
_ 8.110.6 114124 P<0.01
Late Lactation
Early Lactation  93.61 35.77 57.2% 14.1 P<0.05
WI (L/d) i +
Mid Lactation ~ S+4+27.5 544157 P<0.05
+ -+ <().
Late Lactation 753194 60.0112.5 P<0.05
+ +
Early Lactation 3650l H4ha s NS
BW(kg)  MidLactation ~ 358%33 396142 NS
Late Lactation 374142 402127 NS

E2
P-value'= f5ouiioun P szninamavesmsides lnuugnuanlulsaSoudlauaz Isausouila
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d' 2 ! ) A d'dy
TIN5 !!ﬁﬂ\‘]ﬂih']@lisll’f]\‘]‘wa']ﬁiﬂl,l,ag“]JiiJWli!,ﬁ@ﬂﬁlUTﬂUMQﬂNﬁiJ Magenalu

A a dy A a 9y 9y Y
Tsaseutavazimeanmelulsasewtaluszezau szeznald HazIzezMev0IN1s 1MUY

Tse5eu'
Tse5owila Tse5eutla
wavs ia
Hematocrit (%) Early lactation ~ 26.1+2.6 251127 NS
Mid lactation 28.0 2.7 29.1%1 1.8 NS
Late lactation 27.8%3.7 285123 NS
Plasma volume Earlylactation  19.00%3.13 25.2112.88 P<0.01
L) Mid lactation  19.69% 3.76 23.70 £ 4.79 P<0.05
Late lactation ~ 19.7132.79 22.8312.54 P<0.01
Plasma volume Earlylactation 5.3211.08 5.72%0.58 NS
(L/100kg) Mid lactation ~ 5.48 +0.86 5.98F 1.11 NS
Late lactation — 5.41% 1.05 5.80 £0.92 NS
Blood volume Earlylactation — 23.77%£5.89 33.7214.40 P<0.01
L) Mid lactation — 26.5715.45 33.6817.05 P<0.05
Late lactation ~ 26.0612.27 31.9914.13 P<0.01
Blood volume Early lactation ~ 7.20%1.4 7.6210.52 NS
( L/100kg) Mid lactation 7.40 = 1.20 8.50% 1.62 NS
Late lactation ~ 7.071 0.46 7.8211.19 NS
Plasma Osmolality ~Earlylactation ~ 278.5 *4.1 276.313.2 NS
(mOsm/kgH,0)  Mid lactation 270.8%3.7 273.0%5.3 NS
Late lactation 272.0%1.0 274.2712.8 NS

9
P-value'= 1f5ouifiona P sznimavesmsiaes lnungnuanlulsauseudlauas Isuseuila
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{ = 3 2 ' =
@ni']\‘iﬁ 6 LLﬁﬂ\?ﬂiiJWlﬁﬂlf)\‘]Uﬁ’NWiJﬂﬂ?EJG])“L!i'NﬂTEJ(TBW) ﬂﬁu1ﬂiﬂl@ﬂﬂl@ﬁﬂ’iﬁ’)u€]ﬂ

¢ a ¢ 4 & a
waa(ECF) Usunasveurainelusaa(ICF) vod Inuugnueaui hesnielulsausouila

dy A A 9 Y 9y
vazasanelulsaseunlalussezdu szeznal az sz e MeUsINT 11U

Tsa50u'
Tsa5euila Tsa5euila

wavs ta
TBW Early Lactation ~ 257.5326.1 295.7142.9 NS
(L) Mid Lactation ~ 236.4140.9 270.5£33.0 NS
Late Lactation  265.2140.7 282.9144.7 NS
TBW Early Lactation ~ 74.5532.71 66.816.1 NS
(L/100kg)  Mid Lactation 66.5112.2 68.518.9 NS
Late Lactation 70.615.2 69.419.5 NS

ECF Early Lactation ~ 93.0%3.9 133.4%13.9 P<0.001

(L) Mid Lactation ~ 103.7£7.5 119.318.3 P<0.01

Late Lactation  105.2117.7 124.9%14.5 P<0.05
ECF Early Lactation 272135 30.615.7 NS
(L/100kg)  Mid Lactation 29.3%1.9 29.812.6 NS
Late Lactation 28.213.2 29.612.3 NS
ICF Early Lactation ~ 164.5327.7 162.3142.3 NS
L) Mid Lactation 132.9137.9 168.0125.4 NS
Late Lactation 160.2%41.1 157.3143.4 NS
ICF Early Lactation 47.4%3 4 36.214.7 NS
(L/100kg) Mid Lactation 37.2110.6 42.8%7.6 NS
Late Lactation 42.318.4 38.419.6 NS

9
P-value'= 1f5ouifiona P sznimavesmsiaes lnungnuanlulsauseudlauaz Isuseuila



d' 1 d' [ Yy 9 = + = +
A1319717 ANRABVOITEAUA NN TUYRY TaRey (Na ), TnundiFon (K) uag Aao
4 - 1
156 (c1) losoulunanauirluszozdu(Early Lactation) 5582na19 (Mid Lactation)

[
9 . 9 A A A
1aT282NY (Late Lactation) ¥93M 3 WUy vo3 Inuuganauiiaelulsasouila

waz Isaseuila
T5ei50u'
Tsa5oudla  T595eutla

wWavs ia

Early Lactation ~ 132.8%2.6 135.812.5 NS

Na (mEq/L)  Mid Lactation  134.8%1.6 134.813.2 NS

Late Lactation ~ 136.1%1.9 135.712.1 NS

Early Lactation  4.610.4 437%0.6 NS

K (mEqL)  Mid Lactation 44303 4.110.6 NS

Late Lactation 3.970.6 3.810.4 NS

Early Lactation ~ 110.034.7 110.014.7 NS

CI (mEg/L) Mid Lactation 110.0%4.7 105.04.9 NS

Late Lactation 102.513.4 100.3£5.7 NS

v
P-value'= fFouiiioun P szniawavesmsiass lauugnaaululsusouianas Tsusouta



26

H [ cb %} ! %J 2
M31N 8 BT IMInasiuy uazaulsenauluiuy voalaungnmeay vars Inuyly
9 . . . Y .
382U (Early Lactation) 38¢N19 (Mid Lactation) L8328 N18 (Late Lactation) YDINT

9
TdunlumsiesTaungnwanlulsusowdanaz Iss5ouila

T5e50u'
Tsasewilae)  Tsuseuiae)  wlavsia

Early Lactation 12.6 £2.54 17.9+2.84 P<0.05

Milk Yield  Mid Lactation 11.8%3.15 16.114.52 P<0.05

(kg/day) Late Lactation 7.9%3.06 14.213.77 P<0.01
Fat (gm%)  Early Lactation  4.0432.08 3.7310.52 NS
Mid Lactation 3.38%0.70 3.28%0.65 NS
Late Lactation  4.00 10.77 3.6070.66 NS
Protein Early Lactation ~ 3.327%0.18 3.35%0.12 NS
(gm%) Mid Lactation 3.19710.24 3.4310.24 NS
Late Lactation 3.45%0.19 3.51%0.17 NS
Lactose Early Lactation  4.8610.17 5.02%0.35 NS
(gm%) Mid Lactation 4.9010.40 5.0610.25 NS
Late Lactation 4.8110.30 4.7910.38 NS
Total Solid  Early Lactation ~ 12.92%2.22 12.8010.85 NS
(gm%) Mid Lactation 11.55%0.76 12.23%0.91 NS
Late Lactation ~ 12.711 1.44 12.76 +1.29 NS
Solid Not Fat Early Lactation  8.8830.21 9.0710.43 NS
(gm%) Mid Lactation  8.95 + 0.48 9.18 £0.26 NS
Late Lactation  8.91 = 0.65 8.98 £ 0.65 NS

9
P-value'= 1f5ouifiona P sznimavesmsiaes lnungnuanlulsauseudlauas Isuseuila
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M13uN 9 wavesmsiaes lnuugnraululsuSoudauaz TsauSeuila aoszauarmaiuduly

ADALAY (A), ANUUANANNTZHINANUTUTU I UEDALAAZAARIINABNINUY (A-V) HazdadIu

s I ' 3 . . . . .
1o51wUa laeaou1 MY Vo4 acetic acid 1agB-Hydroxybutyric Acid Tuszezdu (Early Lactation)

. . Y . Y
luszeznaly (Mid Lactation)tag 528Ny (Late Lactation) YOIMS3 1 U

- - . - Tsai50u'
Tsasouwila  TsaGouila oL
wavs ia
A 0.78%0.08 0.8210.19 NS
Early \Y% 0.4910.32 0.2010.05 NS
Lactation A-V 0.58%0.10 0.6210.17 NS
% Extraction 73.818.6 74.916.59 NS
A 1.01£0.16 1.01%0.54 NS
Mid \% 0.25£0.08 0.23%0.15 NS
Acetic Acid Lactation A-V 0.75%0.11 0.7710.40 NS
(mmol/L) % Extraction 746%8.0 777154 NS
A 0.791£0.52 0.8710.51 NS
Y 0.19%0.15 0.25+0.21 NS
Late- A-V 0.6010.56 0.6210.41 NS
Lactation

% Extraction 72.5%6.1 69.0£17.8 NS

A 0.89£0.19 1.24%0.25 P<0.05

Early Y% 0.5710.18 0.9010.19 P<0.05
Lactation A-V 0.33%0.14 0.347+0.11 NS
% Extraction 37.0t14.8 27.3%6.9 NS

A 1.6130.45 1.04%0.46 P<0.05
_ Mid \% 0.97%0.40 0.54%0.39 NS

3 -Hydroxybutyric
: A- + +

Acid (mmol)  Lactation Y, 0.6410.19 0.4610.11 NS
% Extraction 40.0%5.1 41.8%18.5 NS

A 1.9930.92 1.1130.09 P<0.05

Late- v 1.12%0.18 0.6810.13 P<0.001
Lactation A-V 0.88+0.78 0.4310.07 NS
% Extraction 46.2F15,6 38.918.3 NS

9
P-value'= 1fSouiioun P szvawavesmsines Inuugnuaululsusowdanaz Isusoutle
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d‘ dy A a = a 1 [ Yy 9
MINN 10 waveIms@edlaungnwaululsaseutlatazIsasouila doszauanuuuinly
A ' ! Yy 9 A A ° ' 3
@PALAT (A), ANVUANANTLHINANUAINTU I LR oALALAZIADAA19INADNHIUY (A-V) LIaY
o 1 P L ' H . . .
dadiudosiFua lagaoutiuml vod glucose 10 Trlglycerldesiuizﬂzﬁ}u (Early Lactation)

5202NA 1 (Mid Lactation) 1182 52829110 (Late Lactation) 409013 1¥unlu Tnuugnwa

. - . - JENELITE
Tsasouwila  TsaGouila o
wavs e
A 60.91 3.9 83.49% 12.15
\Y% 468134 64.13 + 10.63
A-V 141173 19.361 6.87 NS
% Extraction 2341126 23.11% 8.15 NS
A 65.2712.55 67.1514.31 NS
\Y 51.0912.56 52.46F4.16 NS
Glucose (mg%) Mid-lactation
A-V 14.1812.18 14.6812.46 NS
% Extraction 22.013.0 219134 NS
A 61.6912.83 62.4613.67 NS
\Y 51.7712.33 50.5615.14 NS
Late-lactation
A-V 9.92+1.68 11.9012.48 NS
%Extraction  16.0512.42 19.2%43 NS
A 1331 8.7 11.8E7.1 NS
\Y% 10.0£9.9 55127 NS
A-V 33t 14 631 5.7 NS
% Extraction  33.8%£19.7 4941142 NS
A 12.713.9 12.512.3 NS
Triglycerides \% 7.014.1 9.1t1.7 NS
Mid-lactation
(mg%) A-V 57142 34124 NS
% Extraction 42171181 2591152 NS
A 13.3%6.6 8.63+1.99 NS
\Y% 10.316.2 6.1412.24 NS
Late-lactation
A-V 27115 2.4911.14 NS
% Extraction 30.143.2 29.7%13.8 NS

9
P-value'= 1fSouiioun P sz nawavesmsines Inuugnuaululsusowdanaz Isusoutle
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d' dy A a) A a) J o
AT N1 Ll’g’fﬂi‘lWﬁell’éNﬂﬁ!,ﬁENIﬂuMQﬂNﬁuﬁluiiﬁliﬂutﬂm!agTiﬂliﬂuﬂﬂ ABDITAUNITY

!flgl} p\ Glslj HUDITD ﬁﬂJ U Thyroxine (T 4)’ Triodotyronine (T,), Cortisol 0% Insulin like growth

v . . . Fd
factor-I  IUTLHLAU (Early Lactation) 3¢8¢Na1d (Mid Lactation)itag 32 8¢N18 (Late

Lactation) ¥94m3 1¥unluTaungnmeu

T5950u

T5950ula T5950utla
Wavs la’
Early 11.2813.28 7.2610.94 P<0.05
T, Mid 11.2813.28 8.0511.42 P<0.05
(pg/d) Late 9.3412.86 7.21%1.41 NS
Early 167.7132.5 173,522+ NS
T, Mid 172.7%43.4 186.5134.1 NS
(ng/dl) Late 176.5125.3 150.4%10.6 NS
Early 2.5311.82 0.8010.26 NS
Cortisol ~ Mid 1.1010.63 0.5810.46 NS
(ug/d)  Late 0.88%0.58 0.6410.29 NS
Early 98.40157.67 57.20133.95 NS
IGF-1  Mid 81.54%31.26 86.14122.95 NS
(ng/ml)  Late 99.8019.99 80.58122.03 NS

4
P-value'= fSouiiioun P szriawavesmsiaed Tauugnuanlulsuseuwtlanaz Isusouila
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onis1ema
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ﬂﬁﬁﬂ‘kﬂwﬁell’é]\‘lqQAW@]NLL’J@]Z‘]@NWUNGI,U%’NUWJ (13.00-14.00 U.) L‘].]U“H’N‘Vl

=] a Y] a 9 4 a 4 9
UAQUNYNFIgA 1INMTIAgugiuIadoy Tasmes lulmasnszlizunaly

o % 1

A a = 1 A a 1 A o dy [ v A
Tsasowla agimunnnlsuseullaogelivediny uannusudunns lulsusou
a ~ 1 A a [ 1T v A a 4911 & 3|
Yavzuninnnvealsusowdla 91nn1siamariigurginudu (THD aziilu
[ 1 ci‘ a = v ¢ d o 1 a [ 1
artiiarmsmaanuasealudad Wunasinmsmiuiunnaigurgitindounua

dy [ v J 1 1 A = S 1 1 A = 1 1
ANuruFung Usingna THI TuTsaseudaiisigennlulsausoutla uavd1als
3 1 A g’/ [y ] [ d' v A ) Y d' dy
AauA1 THIMe Tu TsaSounsaeanuudioglussaunay ndaumamIn launndes
pg IUANINAN1IZUIARDNAINAIUAAADINATEA | (Haln and Mader, 1997)

= g}./ cil I~ -4 o A % gl.: 1
msane luns et du Taungananamenugua 87.5% miounumni 2 ngu
d' dy A a A a [y g.ll A A v @ o’d‘
fasalulsaseutanaz Isasoulea A UNANTABUAUDININATTINGININAITAIN

' o =2 ¥ dy 9 1 & v R A A A
!,mﬂGINﬂumﬂﬂﬁﬁﬂ‘]ﬂﬂlmiﬂuhliJGle'L‘]JuNﬁﬁﬂﬂ’s’ﬂ&lWUﬁ “NiJﬂﬁﬂEJ(ﬂuIﬂTliJﬁw

a

v I @ =\ 1 1 (%
‘wu‘gﬁnmqﬂu%zuﬂ’Jmmumﬁmwu’mé’auqmwmgﬂmmmwﬂuiu(Yeck and

U
[l
==

Stewart, 1959) 91nA1A%1 THI Anmgemelulsausowila Tauwszlinmsnouduoine

'
a =

anwiadouguulgunesnyInanuseun1eluinene (Yousef, 1985)1aon1s

u

A [ o Iy Y 1 9 9y ax
L‘Wll@ﬁ'i']ﬂ']ﬁ‘ﬁ'lﬂclﬁ] ‘Vncl,ﬁllﬂ']ﬁigﬂ'lflﬂ'ﬂllﬁ@u@@ﬂ‘ﬂ']\iﬂﬂﬂﬁﬁu@uﬂﬂﬁﬂﬁ‘ﬁﬂ'ﬁﬁglﬁﬂ
9 Y [
UYDIU(evaporative heat loss)lﬂﬂﬁu(Thatcher and Collier,1986) MINNDATINMTH8 19

1 Y v
Ml ldndanuiiunnvu(McDowell et al, 1972) A9NUMIADUTUDIVDI

a o

' a2 A A Y = o
sumeved Iaunnaeslulsausowtaluanimgargige M naundevesonsinis

U

v 4 ]
WTEJGlﬁ]LLﬂZQMWQN%TQ‘V]?T?WUﬂ!WN%N ﬂTiﬂ@Uﬁu’E]\ﬁli’)\ﬁ?flﬂTﬂLﬁ’EJigUTEJﬂ'JTN%}@u
1 < 1 1 1 9 1
’E]’E]ﬂﬂ1ﬂ51\1ﬂTfJIﬂfJV]”NiZ‘]J‘]J“VHfJGlﬁ]l‘]Juﬁ'JHGl?TﬂJU 3J1ﬂﬂ'31ﬂTiiglanﬂ’JnJi@uTﬂfJNTU
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¥ o a3 1 ¥ =2 o Yo Y ¥y o2 2 A
ileWNllﬂTiqmuLﬁfJu']ﬂ']ﬂi'Nﬂqﬂiﬂﬂﬂqﬁuﬂluﬂ ﬂqmqiﬁﬁﬁjﬁﬂqﬂTiUHWjJGUuLW’E]

a =

= sol [ ' = o Y ~ g A a\
FAFeMIgIasInIna1d 39 In lauunaeslulsaseuilaluanimgungigel

u u

9 [}

a Y 0 o 1 a ko 4
dasimsnutigeduunnNlulseaSoutla wannmsAnu luaistiasandeen

v Y
51891UVDIBernabucci tazAnz(1999) Tag TaunnmesluIsaseunlaazionsimanu
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% 1 [ a Y 9 1 d' tgl A a
11INNIALONTINTNUDIHITUHIN 8N IauunaeeluT5a5oulla N5
~ dy A a A A 9 A 9
AoUaUeIvDd lauu A luIsuseutaniszuvannnusounelulsassuaie
== %)J S =Y QU ('7 1
FMsszieveigloamaviglatas guuginianniningini lalulsuson

ﬂﬂ(Abelardo et al., 2004; Armstrong et al., 1993; Chen et al., 1993 and Huber et al.,

a

1994). Msnfasuuilasvesgaurginianniminanravedsnislasuuilasguvigi

U

Y A 1 J @ 1 dy @ Aa 1 & =\
wadeugdluTauurenglniludiurlumsliuaagungivesiamedazing
1 a a 9 9 a A 49{ =~
aam3 TuwasquanTe szozlvuy Tulauudguuginiannsmuay 1 % szinaan
a A Y A o
DATINTNULAEHANAANIUY (West, 1999)  Tuamwilnaonsimsmelaveslauue

1 1 g}.a = A @ g’/ ~ 1 o Jd
g§$ﬁ31\115-30 ATI/UIMN ﬂWﬂWNE]@]iTﬂTTW"IfJGlﬁ]gO@O ATI/UIN ﬁﬂ??ﬁ@]ﬂﬂgiﬂﬂ?']%

a

A @ [ YA a (Y
Lﬂ%ﬁlﬂ(stowell, 2000) ﬂ']ﬁ!fl/\l1]’8']15]5']ﬂ']i“l’i']ElcleﬂﬂgﬁMWUTﬂUL%QU’JﬂﬂUQﬂ!WﬂM

RY

1IndoN(Eigenberg et al ,1999) MatueasINTHIelanazgurninams lugia
szozminaaeved launlulsuseoudlaliaigannlulsauseutlaediesany naaq

' o a A o a 3 3
aﬂﬂﬁmmmdiﬂﬂﬂuqqumnﬂﬁ}auqq ﬂ’]ﬁlWiJ’f)ﬁﬁ’]ﬂ’]ﬁﬂuu']HJUﬂ'lﬁﬁfJUﬁu@QV]'N

a

a {o & 1 { 1w
disamenlunnzidaiogluammnedouiguualges 11NHaNSANEINDIOAT

a % 1% a %} 1 Y] a a 1 1
manuihazdasimsnuiaesasimsnuvesIaunlulsusoudlaiaigeninlauu
lulssGoullaodralitiodAnymedda(P<0.01). (NRC, 1989).
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% 1
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