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Abstract 

Manipulation of the level of dietary sodium salt concentration 


on milk production in crossbred Holstein cattle 


The objective of the present experiment was to study the effect of 

supplementation in different concentrations of dietary sodium on milk production and 

milk compositions of crossbred Holstein cattle. Six multiparous 87.5% crossbred 

Holstein cattle, two months postpartum, were used in the experiment. They were 

randomly divided into three groups of two cows each. Two replication 3x3 Latin square 

(3x3) design was used in this study. Each period lasted for 21 days; the adjusting and 

collecting periods were 5 and 16 days, respectively. The experiments were performed in 

both mid lactating and late lactating periods. Animals in each group were fed with total 

mixed ration (TMR) at the mixture of silage and concentrate at the ratio of 40:60 (OM 

basis). Three types of diets composed of a basal diet (control) and two treatment diets 

were the same except for the difference of the sodium (Na) concentration, which were 

varied by using Na2CO] for adjustment in diet. The concentrations of sodium in the 

control diet and two treatment diets were 0.2% (F1), and 0.60/0 (F2), 1% (F3), 

respectively. 

During mid lactation, dry matter intake and milk yield were significantly 

increased by increasing the sodium concentrations of 1%(F3) and 0.60/0(F2) in diet. 

Animals fed with diet supplementation with 1 % Na, showed slightly increased in water 

intake in comparison with animals fed withO.20/0 Na (Fl), and 0.6% Na (F2). The body 

weights were not affected during the course of experiment. Packed cell volume values 

were not affected for animals given different concentrations of sodium in diet during 

mid-lactation. while it increased during late lactation. The values of platelet and white 

cell volume in all groups were in normal ranges, but animals fed with diet 

supplementation with 1 % Na had tendency a low white cell volume in comparison with 

animals fed \\"ithO.20/0 Na, and 0.6% Na. 
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Milk yield of animals fed with diet supplementation with 1 % Na increased by 

approximately 11 % during mid-lactation in con1parison with animals fed withO.2% Na, 

and 0.6% Na, while milk yield decreased as lactation advanced to late lactation in all 

groups. The percentages of milk composition: fat, protein, lactose and SNF were not 

significantly affected. The values for somatic cell count of animals fed withO.6% Na, 

and 1.0% Na had tendency to decrease in mid-lactation, but somatic cell count increased 

as lactation advanced to late lactation. During mid-lactation, the mean arterial plasma 

concentrations for acetate were largely unchanged throughout periods of study in all 

groups. As lactation advances, the A-V differences and extraction ratio of acetate across 

the mammary gland were higher in animals fed with diet supplementation with 1 % Na 

than those of animals fed withO.2% Na. The mean arterial plasma concentrations for ~

hydroxybutyrate, the A-V differences and extraction ratio of ~-hydroxybutyrate were 

not affected during treatment with different types of diet supplementation with Na in all 

groups. The arterial plasma glucose concentrations were largely unchanged throughout 

periods of study in all groups. The A-V concentration differences and extraction ratio for 

glucose of animals fed with diet supplementation with 1 % Na were higher than those of 

animals fed with diet supplementation with 0.20/0 Na and 0.6% Na by approximately 

25%. 

The mean arterial plasma concentrations for triglyceride were unchanged 

throughout experimental periods in all groups. The A-V differences and extraction ratio 

of triglyceride of animais fed with diet supplementation with 1 % Na were higher than 

those of animals fed with diet supplementation with '0.20/0 Na and 0.6% Na. The 

mean arterial plasma concentrations for triglyceride of all groups were increased in late 

lactation as compared with mid-lactation, while the A-V concentration differences and 

extraction ratio for triglyceride of animals fed with diet supplementation with 1 % Na 

were lower than those of animals fed with diet supplementation with 0.20/0 Na and 0.6% 

Na. No significant differences were observed in plasma concentrations of Na, K , CI 

and Mg when animals fed with diet supplementation with 0.20/0- 1 % Na in either mid

or late lactation. The value of urinary Nal creatinine ratio sho\ved an increase animals 

fed with diet supplementation with 1 % Na, than those of animals fed withO.2% a!1d 

0.6%Na. The concentri:ltion of fecal K was lower, while the concentration of fecal Na 

increased in animals supplen1ented with 10/0Na, 
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These findings suggest that animals fed with diet supplementation with Na in 

crossbred Holstein cattle increase in both dry matter intake and milk yield, but it would 

not affect to n1ilk composition and plasma electrolytes . 

... 
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. I 


'jI • 

fl1~~IlJ'W 1fll'H~ (J~ 1 fl'W lJ 1hi U~~ ~'Vlftl 'Vl (J 1 'W!~~ 11 ~ fl11 UUUfJ~~lH!~~1~lJ 1~ ~ ~ l'WiJ 
q ~ 

• , iI tjJ , 

fl11lJ ~ 1!~ 'W ~el~ ru'W !fl(J1 tlU fll ~ t'~lJ ~ ~ ~ ~ ~r1~D~lJ TillU1'W lJ U~ ~fl 
q 
ill f11~ 'W lJ 9f ~ 11~!~ 'W 

, 'jI 

U~ ~ 1 (JG)fu1 'W 'Vll~~ ~ ~~ el tfu~lf1fl!!~ ~ 1 'W 'Vl1~ flellJ~ el ~ 1(J1~6ijel~ !fl1:J~ ~ fl~li ~~(J~1fl'WlJ ~llJ 
'U 


'jI 'jI , 


11~ el ~ {1'111 fl~ ~ lJ'W lJ~1(J fl1 ~ ~~(J~ 1 fl 'W lJ 1'W {1' fl1~U1~'ti'ellJ el cil-3D ~ ~!'Vlft' 'Vl (J fl11lJfli 1)~
q 'U 

• lJ • 1 v 

fl1~ ~~ fl1~~1'W eJ 111 l~li1GJ1t~ (J~ 1flU lJ ~ eJ!~'W!~ eJ ~ ff1fltlJ 1 'U fl1~ !~lJ ~~ ~~~U l'WlJ 

'jI • 'jI 

~'W~~U~ 30:70 i)~ 40:60 (eJ1111~11I'J1U: eJ1H1~tI'W) fl11!{1'~lJ{1'1~eJ1111~!~el'GJ1!~(J~1fl 
,iJ " 

'W lJli 111't.h'U lJlJ 1 fl! ~'W!~el~li!fl1:J~ ~ fl~1fl 'U lJ U~~,rfllf19!'U 1 fl1 ~ ff~11rffl11lJ {1''U 111 lJ 11 rn (J 

~ ~ eJ~ fl1~! {1'~ lJ ~1 ~ eJ 1111 ~!~'W riTU U~ ~ fl eJ U1'W eJ 1111~ ~ ff1flt1J eJ ci1~11~~ fielfl11lJ! ~lJ~'U 

6jJ eJ ~ U1111~~!~ 1-H1~1'W U~ ~ fleJ Ulu eJ 1111 ~ fll ~ l'11~ 1'U 6ij eJ ~u~ 111~ 11~iJ ~~~ eJ ~~'lJ'U fll~ cieJ(J
q q 

'jI 'jI • 

eJ1111~ fl1~~~~lJ{1'1~eJ1111~!GJJlrij1~fl1(J fl1~{1'j1~f1iJr1lJtl'W !~'W~'W 1'Wff~1!~(Jl!fleJ~li
'U 'U 'U q 

1 ~U'Vl {1'!~(JlJ 1eJ eJ eJ'U lJ 1fl!fl'W 1U11 ~n~~~ eJ fl1 ~ ~~9flJ"lJ eJ ~ U j 111~G)fU~~'U' 1-,1 ~ ~'lJ'lJ'Vl1~ !~1-,1
'U q 

eJ1111~!~'WUlJflU!~CJlJ'eleJeJ1-,I (Greene, et al. 1983~ Chiy and Phillips, 1993) !~1-,1~ 

l'JeJlJ ~U tl1-,l ~11DU ~'yj1 19f!~(Jlj 1 eJ eJ 'W !~1-,1 U j 111~ ~ fl9f'iJ ~ 11i!~ ~iJU'Vl1J 1'Vl ff1flru 1 'W ff~l~ 
~ u 

• 'jI • 

fl1~ ~ ~~lJ UlJ flU !~(JlJ 1el eJ eJ 'W 11-,1 ~ ~ U U'Vl1 ~ !~1-,1 eJ 1111~1~~U~ ~'W ~~1j fl1~ 1 riiJ (JYiiJ !fl~eJ 
,- ~ Q 

.)J ,. 9J 

19f!~ (JlJ ~ ~ 1'W!! U~ ~ l1tY1Y11 ~!~ (J~ 1 fl ~ ~ eJ! ~ lJ fl1 ~ ~~ ClflJ UlJ flU !~(JlJ '1 eJ eJ eJ'U lJ 1fl~'W(Chiy 

and Phillips, 1993) UlJ flU !~(JlJ1el eJ B'W f11 (J 11-,1 ~ 1~ fl1 (J~~!~ 1-,1 U j 111~ ~ ~ 1!~ 'W ~ eJ fll ~ 
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• 


'JI 

fl1 tI 1U fi 'j ~ t~ 1~ 'j tlJU 1) ~ iJ ~ ~ 111 fJU fJ~ fi1 'j ~~9$lJ ttlJ fil1!~tllJ 1) 1 fi'j ~U U'Yl1~ !~U eJ 1111 'j ~~ 
~ ~ 

• 'JI • 

!fi~ eJ 1 C}f!~ tllJ 1U eJ 1111 'j 1 flU lJt~eJ tlU i 111 ~ iJ fl1 'j ~~ fi1'j ~~!~eJ 11 tn~1U t~1U lJyh111~ l'U lU 
JI 'JI 'JI • 'JI 

somatic cell 1'U'Ul'WlJ~~~~ Vh1t1flrufl1'VfU1UlJ~~U fi1'jf1fi1:nl<Utl1'Wt~eJ~111'W 1fl'WlJ 
q 

'JI 

U 'j ~ ~U eJ eJ 'ff 1lJ ~ f) U~ ~ tl~ lJ 1~ 'j 6ij eJ ~ t11 ~ 1 'WeJ fill 1 fi ij fi1 'j ~ ~ 9flJ 'ff 1 'j eJ 1111 'j !GJ1U f) ~ 1 fl 'ff 
~ ~ 

1 tl 'J ~ 'W ! ~ fl ~ l6ij jj''W 111 f) J ~ 1J 1J '\Ill ~ t~ 'U eJ 1111 'J 1) ~ ~ l1J 1U tl1J fi1 'j !fl ~ eJ U 6ij eJ ~ 1 C}f t~ tllJ 1eJ eJ eJ U• 

!~'!-rrilu 1 l1tY (Cunningham, 2002) ~~1~~~flriT1rJlJ~'Wttl1Jfll1lJt~lJ~'W 6ijeJ~ 1C}ft~tllJ1U 

'j ~ 1J 1J '\Ill ~!~ 'W eJ 111 1'J lw 1 fl 'W lJ ~ ~ ~eJ ~ iJ 1J ~ lJ 1 ill 1 C}f! ~ tJ lJ lJ 1fi ~ eJ ~ 1) ~ tI fi ~ ~ ~lJ j llJ 1U tlU 
~ ~ 

• 'JI 'JI 

'ff 1 'j eJ 111 1 'J Yi 1) ~ \) fl111l tl 1 ~1 'U fi1 'J ~ il~ 111 U lJ ~ ~ iJ fi1 'j t~ lJ t fl aeJ U j ~ 1 ~ ~ 'j llJ ~~ t fi ~ eJ 

1C}f!~tllJ1'WeJl111'J11eJ~1f1'WlJ (Belibasakes and Triantos, 1991) Utl~'UtC}f~~..tlltl 1)~iJ 

f)~1tl f) l'J!fI ~ eJ 'W 6ij eJ ~ 1C}ft~ tllJ 1eJeJ eJ'W ~ ~t!~tC}f~ ~eJ fl tl'W fl tltC}f~ ~u~ tlt 11~ tI'W tl1J 1 ~ U'\Il ff! ~tllJ 
9J. 1 0'1 19J .J 0 ~I 9J 19J Q.I I Q.I Q.I

!1111;!flltl 'U!C}f~~ ~tI 9f Na-K pump C}f~1)l!LJU~fl~ 9f~~~~l'WU~~Ul1~~~~~~lUl1~fi 
'JI 

fll (J 1'W! C}f ~ tffi eJ f) ~1fI 'ff 1'W 6ij ru ~!~ (J ') tl 'W tl ~ 1 fl 'ff n!11 'W 'ff 1 'J ~~ ~lJ 1lJ tl 'J ~ 1J 1'W tl1 'J 'ff f 1-:J 
~ ~ 

JI 'JI 

ril'W 1J 'J ~ f)eJ 1J 111U lH! ~ fl1 ~ {1' fl1 (J 1'W! C}f~ ~~ fllJ111lJ lJ fl1 'j fttl1:J 1 tl1 'J U j tJ 'j ~~tJ fll1lJ t~lJ ~'U 
• • <JJ , 

6ij eJ ~ 1C}f! ~ tllJ 1'U eJ 111 1'J II ~ iJ ~ ~ ~ eJ tl1 'J !fl ~ fl 'U 6ij eJ ~ 'ff 1 'j eJ 1111 'j ri t C}f ~ ~~ eJ lJ 111 'W lJ t ~ eJ 
~ 

'JI • 'JI 

ft~! fl 'J 1~tfril'W U 'J ~ tleJ 1J 111l-UJ U~ ~!~ lJ U~lJ 1tu111 'W lJ 1'U 1 fI U lJ ~ tl ~ 'ffJJ 1 eJ~ 'ffl~ 11 iJ UeJ tI 
~ 

1Jltl 

l"l eJ !~ (J -:J ~ e:J f) 1 'J ~ il~ 'W lJ 1 'U 9f 1 ~ e:J ~ , 'W 'j ~ (J ~ tl1 'J lH' 'U lJ 1'W 1 fl U lJ ( Me Dowell, 1 985 ) . ~ 

'iI • 

e:J ~ rl tJ 'J ~ fi e:J 'U 1'U U1'W lJ 1) ~ iJ tl1 'j ttl atI 'U U U ~ ~ 1) 1 f) Ull,)tll1 ~ 1 tI fl ~ 1 ~ t t-U "y 1 tI ~'W.fi1 fl 'W lJ 
<l 

I 
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1 f1'U lJ tl~1j5~) 1f)l'H~l ~~ 1tlJ ff1) eJ 1111) fi 1v1 'U ~h-:J f)lVff -:Ju~~ulr1lUlJ 1'l-.ri 1-:J f)lVlhu'll'Vi
u ~ 

9.1 

~ ..:::..c!I ~ d ~..:::.
1 1

f111lJ!lJ'U f))~ !f)~ GlJ'U 'W q~) eJ 'U f1'U lJ tl ~!f1) V~ tl1 f)fffi 1~ eJ 1 f11ft) eJ'U f)1) !f)~ ff il1~f111lJ 

!~'U f)) ~, 'L-J'i 1~ f)lVtl ~!n~~'U iY~ltl ~1j f)1)~ eJ lJ ff'U eJ~ L~eJ~~ il11~ f) 1)!tJ'W fl'J~ L9f'W !~lJ 
19.1 . 

5~) 1f)1) 111V1tlLV; eJilJVl ~ CO tl1 f)11 eJ~ ~ ~eJ lJ fllJ f)1) )~lJ 1Vfll1lJ~eJ'U 'VI 1~) ~lJlJ111tl1 tl
2 

n1) 111eJ 1111) ~ 1j! f) ~eJ 19>'!~ VlJ ~ eJ! l1lJ 1 ~ tl ~9fl va ~ il11~ Lfl~ V~ tll f)fll1lJ f eJ 'U 1 ~ viY~1 
eJ 1il tl~ n'UJ1L~lJ~'U ttJ'U ftl'U 11 it~1'U f)1)) ~lJ1Vfll1lJ ~eJ'U )llJ,f~'Vl 1111t n~) ~ lJ 1J 11yJ n~ eJ { 

ff llJ 1) tI 1'U f) 1) 11 i'lJ f111lJ! tJ 'U f)) ~ ! lJ ff ill V1 'U ~h -:J f) 1V tl1 f) f) 1) 111'!f) tl eJ (Block ,1994) 
9.1 9.1 9.1 

'UeJf)tl1f1iJ~1~f)lVtl~ljf)1)11i'lJ~~6f))~ ~1~ !9f'Uf)l)ilJ H+ Vl~L9f'U ilJVl-:J'VI1-:JiJffff11~ 
q 

1~ vu ~ f) nlJ f) 1) LfI ~ eJ 'U 6JJ eJ ~ 19>'!~ VlJ 1 eJ eJ eJ 'U! ~1!9>'~" fll) 11 flJ~ 
q 
~6fl) ~ ~ 1-:J 1 'W ~ 1~ f)1 V'Vl 1 

I 'jJ 'jJ 'jJ I 

1rf! 9>' ~ ~1111 iJ 'l'11 ~ 1hi ~ ~ 'U ) 1lJ 1'1~ tCJf ~ ~\9i eJ lrw l'U lJ (Edman ,1988 ) ~ ~ f11 ) ft f1 'l:J 1f11 ) t v:i lJ 
I 'jJ I 

iJ ~ JJ 1ru 1CJf! ~VlJ 1'U el1111) 6JJ el ~1fI 'U lJ tl ~ iJ ~ ~ \9i eJ f11)! v:i lJ ~ ~ ~ ~~ 'W1 'U lJ Lv:i lJ 111lJ 1 ru f) 1) n hi 
'jJ 'jJ I 'jJ 

u1111)U11-J (OMO )llJ1'1~ft1'U11)~f)ellJ'W1'UlJ t9f'U lGlJ:U'U'UlJ ua~ total solid tl~Lv:ilJ~'U 

(Phillips et aI., 2000; West et ai., 1992; Sanchez et al, 1994; Belibasakis and 

Tnantos, 1991 )uUl~ 11) n\911lJ) 1v,n'U1~m~Vl fllJ f) 1)111t fl~ell CJf!~ VlJ 1'U el1111) 1 fl1-J lJ nlJ 
I JI 'jJ . 

f) 1) tv:ilJ ~~ ~~\91 U1h1 lJ 1~V! 'Q ~ 1~ 1'U 1 f1'UlJ ~ f)~fflJ V-:JiJuelV fll) !~V~ 1 fI'UlJ 1'W11) ~!'VI fl'1 'VI v 
'U 

el1111) ~!YflJ 1~ ~lJ1hi 1f1'U lJ (l fl~fflJ1hi 9fl~) ~ V~\9i1 ~ ~ GlJ el~ fl1) 111'U1J V~ 111iJ fl1)) 1V~ 1'U 
'U 

'jJ 'jJ I 

tl ~ tJ) ~ ~ -J flGlJ el ~ f11) 1~V1hi fI f ~iJ!V; eJ ftf)l:J 1H 1)11 t! lJlJ iY~ ftl'U f) 1)!ff~ lJ ff1) eJ 1111)!! ~ 
q ~ 

I 'jJ _ _ . . _ _ I <j; 

1i -1\911 CJ1!~ tJlJ Vll~!~ tJ~ 1 fI 'U lJ ~ f) ~fflJ n1J eJ~) 1f) 1)11~-:J 'W1'UlJ ftTW U) ~ f)ellJ U~ ~f1 rufi l~GlJ el ~ 
~ ~ q 


JI 'jJ 


U1 hi lJ f111lJ ~lJ lJ) WGlJ el ~ fl1) 'l'11-:i 1'U 6JJ el ~\9i eJlJ'Wl'U lJ f)1) 1~ff1) eJ 1111 )11~f)il 1 f)~ a 1ff11 1 
'U 

I 'jJ 'jJ 'jJ 

t=W el if~! fI ') 1~ rffJ ~ flU) ~ f) ellJU1'UlJ 1~ tJ\9i eJlJ 'Wl'U lJ ) llJ 1'1~ftf)'l:J 1D~ U)~1tJ9fUGlJ el ~ fl1) U i'lJ 

if~ ri1hl 1J el ~1CJf!~ tJ11 nlJ eJ\91) 1f)l) nhl 1~ell111) U11~ 6lJ el ~ 1 fl'UlJ a fl~fflJ1€Jffl~u 
'U 

., 

I 
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- I 

.

OJ t! ~ d'dd ~Q.I Q.I1 
iIVll'Y1vHH)~: flfH~H)fl fl'UlJ~llvH1'lHr1tJVfU'Ii'VllJ'ff1tJHH)~ Holstein Friesian 87.5% 

~ q 

'j/. • 

~l'Ul'U 6 ~1 ihll'l1lrn~ltU~tJ 486-498 nf11~tJlJ'J~tJ~n1'J'r1'UlJtjlJ''Uil~'J~tJ~~'U (2 

OJ t! Q.I d' ~I I 

ell'H11iIVll'Y1vHH)~: eJ 1111'J (1'\9Il'Vl~~ eJ ~tu'U eJ 1111'J ~(1'lJ 'JllJ 'J ~1111 ~ eJ 1111 'J 11 tJ11JU ~ ~ 

eJl111'J~'U (Total mixed ration, TMR) 1~tJlJiY~ril'UeJ1111'J11tJ11J~eJeJ1111'J~U!'vhn1J 

40:60 eJ 1111 'J11 tJ1iJ 1~~U GJJ 111 ~~ ~ 'fflJ fl1 n t1'tJ iJ ~ 'J~ 11lJ n eJ 1111 'J GJJ U 1 ~n1 n5':n11 ~ eJ ~lJU 

B~ t~~ i 1~~ ~~ tJ~u ~ ~tlJ ~~ ~ 1tJt~U rilU iJ 'J ~ n eJ1J11a n 1 ~ ut.J1lJ liJ 'J ~ neJiJ ~~U eJ 1111'J N'fflJ 

'JllJ (TMR) \9I1lJiY~rilU iJ~1J~ a~~lUU~~ 1 iJ'J~U1n~~~tJ~nu H~iJ5iJ'J~~iJfll11H~lJ~'U 

6ij eJ ~ 1C1f t~ tllJ 1 ~ tJ t~ lJ 1C1f t~ tJ lJ fl1 { 1J eJ tU \91 (Na., co, ) \9I1lJ (1' \91 'J eJ 111 1'J 1 ~ tJ lJ ri1 'U iJ 'J ~ n eJ 1J 
-..\ ~ 

'j/ • 

l\91Q~1J~l~ ~ ~~\9I1lJ':hrn:rnurr~ (\9I1lJ\9I1'J1~1l 1 U~~ 2)iJfiJ~\9I'JeJ1111'J 1~tJt~jlJ'J~~iJ 

fll1lJt~lJ~'Uui'Ii1\911C1ft~tJlJU\9ln~1~nU 3 'J~~1J fleJ'J~~1Jfll1lJ!~lJ~U6ijeJ~ 1C1ft~tJlJ 0.2% 
q 

(F 1), 0.G%(F2), U~~ 1.0% (F3), 

,r'WVlellHll'~ftf1141: UiJ ~ n cilJ 1fl UlJ eJ eJ nt~U 3 n cilJ \9I11J n1'J fYn1:l19fiJ~ eJ 1111'J ~ftlJ
q q 

'JllJ (TMR) ~lJ n1'J 1J~iJ 'ff\9l'J eJ 1111'J 1~m'ffjlJ'J ~~1Jfll1lJt~lJ~UU~ 'Ii 1\911 C1ft~tJlJU\91 f1~ 1~ nu 
~ q 

'j/ 'j/ 

3 'J~~1J tt~~~ncilJ\I~lJ1fl'UlJ~1'Ul'U 2 ~llf1'UlJr1':} 3 n~lJ\I~t1f1'MnUeJl111'JN'fflJr1':} 3 
q q ~ 

Y11tJ (Late Lactation) b)H)~f11'J1MUlJ f11'J'Vl~~eJ~ttIUUiJ1J 2 replication 3x3 Latin square 

design 1 flU lJ U~ ~~ n~lJ 1 MnU eJ 1111 'J GJJUU~ ~ ~ 1;!\9I 'J 1 U U~ ~~il~ n1'J 'Vl~ ~ eJ ~1~'J ~ tJ~ n~ 1 

21 lU ~~UU~eJeJf1!~U 2 'J~tJ~l~tJ 5 lUU'Jn!~'U'J~tJ~neJunl'J'Vl~~eJ~tJcieJtJ1Mll'UlJ 

'Vl ~ ~ eJ ~ tJ i'1J~1 1Mt ~1il1J'fffl1~ Ul~ ~eJlJU ~~ eJ 1111 'J'Vl~ ~ eJ~!! ~~ 'J ~ tJ~ Y1~ ~ eJ ~ \I ~ 1~tl~ 1 16 

l'U 'Vl1n1'Jl~fl1'Vll':}'ff~'Jl'Vl£J11U1U~ 18 ~~ 20 sueJ~n1)"Y1~~eJ~1uu~~~il~6ijeJ~n1)"1M 
I ') 0 ~ 'J} Q.J 

eJ1111'JU\9l~~1;!\9I'J !~tJ'Vl1n1'J!\l1~!~eJ~\l1n coccygeal artery U~~ \l1n milk vein ~)"eJlJn'U 

ilL I 'J} ~ cl 1 11 d d ~I _~ ~ cl ~Q.J

!u U~lUtJlltneJ~~f1iJ 'ff UH~eJ~'VllJ heparin !u'U'ffl)"1JeJ~n'Ut~eJ~usu~ (25 iullJ~J(JeJ~) 

':11 1tJ\9I 'J l\l111f11'Vl1 ~ 1~l1\911'Vl tJ1U ~ ~ ril'U tJ)" ~ f1 eJ 1J tfllJ 1 'U ~ n 1 'fflJ 1 l'l1 n1 'J U'U Vi nB\9I)" 1f11)" 
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. I 

I 'j) 'j) I I 'j) 

• I 
l1~~th'UlJ n~~~fi1J~"rel~h~Ul'UlJ1'Ul'UVi 18 ~~ 20 n~eJffflrnril'UU'j~fH)1J1'UU1'UlJ1'Uu~ 

~ ~il~ 6lJ eJ ~ fll'jYl~ ~ eJ ~ lJ lfl fl1'J 111'eJ 1111 'J!!~ ~ ~ ff\9l 'J 
'U 

I 'j) 

1) 1Jl-.I'Vl fl1J~lJ1ru eJ1111'jl1 fl'U'~ U~~U~lJ 1ru tJ1'UlJ 1 'Uil~ 14 l'U ff~.n1rJ6lJeJ~ fll'J 1 M 
~ 

flU eJ1111'J U~~~ff\9l'j
'U 

'j) I I 

2) 1Jl-rVlfliJ~lJ1rutJ1l1f)'U'~1~rJ!l!~rJ (1J'UYlfl~~~eJn'U!~'U!l~l 31'U) 
'j) 

3) 1J'UYlfltJ111Ufl1fl'UlJYlflffiJ~1t1 
~ 

~ Q.J , 

f111!f11J~1uUl-lul1111 : 

nl 'Hfl13~leJ~1~eJl111'J 9fl~ 141'Uff~.n1rJ~eJ~nl'j'Mul111)U~~~9fU~ 1~rJ 
~ 

I 'j) 

1) rilJ!n13~leJ ~l~u 1111)Vi!11~u 1 'U H~Cl~l'U (fleJU 1MeJ 1111)11eJ U) n)
~ 

eJ1111J" ll~ufl fil~~~~l'U1U)~'U 16ijllU ADF NDF !fl1 19f!~rJlJ 1tl~ff!qfrJlJ U~~fl~eJ 1)~ 

f1111Yl~~11f111'H~-3Jll-nJ: 1J'U Yl flU~lJ 1ru fl1'J 1 MU lJ6lJeJ ~ 1 fl 'U lJ ~ fl ~fflJ ,.uu~ ~ ~ 
'U 

• 'j) • 
cl 

w'U 15.00 'W. U'U Yl fle1\9l) 1fl11"11~~tJ1U lJ 1~ rJfl1) i'~Jl1t111~~ lJ1fl~ ~'U lJ \9l ~ eJ~) ~ rJ~ n 1) 

1'j) cl 0 1 d 

Yl~~u-:j 1~rJ 9f"lJl~!fl13UlJlJTW1'U 60lJo. ~rJlJff1'J bronopol (2-Bromo-2-nitropropane
• 'j) 

1,3 diol) (0.02w/w) ~l'Ul'U 0.1 lJ~.!n13lu~!v'U (4°9f)!~eJrnriluiJ)~flu'UtJ1UlJ~eJLltl
'U . 

~ ~ 

f1111!fl11~lhil'l-fU1~f1U1Jl-il'UlJ: ~leJ (11 ~tJ1'W lJ~ 13 tJ1lJ 11!fl 'J 1~ rfrilU tl) ~ fl eJ 13 
'jJ • 

ll1'UlJ!n(Jln13 eJ -:jrltl 1" ~fleJ13l1~fl!!~ ~ u~rltl) ~ flu13) u -:J 1~un 
• 'j) jI 

fll'J111 Total solids 1~rJi'~~leJ~1~111'UlJ~13'ril'U crucible vil1Mll1UlJHM-:j 1~tI 
'jJ • • 

fl1'J~lJ1'U~1~l-hfeJ'UH~~!~lu13~u~fl 2 i'11lJ~Vi~eJ13 
'U 

100 eJ~fl'l!9f~!qfrJff !~l-Hl~l 2 
• 'jJ 'jJ 

i'11lJ~ 11~~'illfl,:r'UtJ1lJ1fl1Ulru1116lJu~U~~)llJl'Ul-h'UlJ~13 (total solids) 

fl1)111f111lJ!~lJ~U6lJu~16lJ1J''LrulJ (Milk fat) 1~rJ11i6lJeJ~ Gerber (Clunie Harvey 

and Hill, 1967) 

fl1)111fll1lJ!~lJ~'U"lJeJ~U~fl1\9lff 1~rJ11i6lJeJ~ Tele U~~f1ru~ (1978) 

fll)111fll1lJ!~lJ~'U~eJ~ 1iJ1"~'U'h!1il'WlJ 1~ 1~rJ'~ infrared 1~mfl~u~ Milkoscan 
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jI jI I I 

f)1'J'I11U ~1i1~ 
q 
lUl-hlJlJ~u1~(J' ~rillJ'W1lJlJl1!~lJ 6ij el~!'I1~l!Wf)16ijlJlJ 1~(Jl~iJlJ 

I jI 

!'111 (J ~ 'W1 1tJ '111 fll1lJ ! ~lJ ~lJ 6ij el ~19fL~ ~ lJL ! ~ ~ 1'V'4 L L Yl ff!9f (J lJ1lJ ij llJ lJ 1~ (J1~ Frame 

~ ~ iii cI~-l 1 ~ 
photometry fllllJ!6ijlJ6ijlJ6ijel-:jfl~el !'J~ elelellJ ~(.ILfI'Jel~Chloridometer (Coming Co.) 

f)1'J1vHi1'W11'J~f)el'U~flij1lfYHntn,h: ~1 el ~1~!~el~ ~ ~lJ LW f)ffTU 'V'4 ~ 1ff:U11.11lJ1111 

~ ~ 1 1 ~d 9 ~ iii cI 
fll1lJ!6ijlJ'llJ6ijfl~f)~ flff ~(Jl1ienzynlatic oxidation ~'t'!fllJ ~9flJ glucose oxidase fllllJ 

!~lJ~lJ6ijfl~Triglyceride''U'V'4~lfflJ11~(.Ienzymatic colorimetric test (Triglyceride 

liquicolorffiono SU-TRIMR, Gennany) fl11lJ!~lJ~lJ6ijfl-:j ~-hydroxybutyrate 'lJ'V'4~lfflJ1 

1~(J ~-hydroxybutyrate dehydrogenase (Sigma Chemical Co.) fllllJ!~lJ"'U6ijfl~acetate 
~d ~ ~ ~ ~ d11~(.I11i chromatographicmethodfl11lJ!6ijlJ6ij'U 6ij fl ~fllllJL6ijlJ 6ij'U 6ijfl~ 9fL~ (.IlJ L L ~~ 

lVH! 'Vl ff!~(JlJ llJ 'YHnfflJ 11~ (J 1~ Flame Photometry fll1lJ L~lJ~'U 6ij fl~ UlJ f)iJL~(JlJ1fl flfllJ1lJ 

'V'4~lfflJ11~(JAtomic Absorption (Perkin Elmer) fl11lJ!~lJ~lJ6ijfl~fI(lel 1'J~1flflfl'U 1~(J 

Chloridometer (Coming Co.) 

f)1'J1Vlril'YI1~1(;lMVl1'Y1t11: l~lJjlJ 1~) 6ij el ~!~~!~fl~!!~ ~ tJj lJ l~) 6ij fl ~!~~ !~el~6ij11 

~1 hemoglobin A1 hematocrit !!(l~~l'Ul'U platelets l~(.I!fI~fl~ Full Automatic 

Haematology Cell Counter (Melet Schloesing Laboratories, France) 
\II jI 

fll'JfllU1Wf)1'J1~ {Jl'JUJU'YIUel 1{;l'fl IVltl~el1Jlhu1J 1~(.Il~ 'lJ 1f)~ 1~ 1~~ ~~U: 
~ ~ III "'9 ~ 

fl11lJ!6ijlJ6ij'U"fl~!lJUYl'lJfl !t'lYl !'U!(lfl~U~~ = A 

jI 

fl11lJU ~ f)~ l~"fl ~!lJ UYl'lJ eJ lhnl1 'L-H~ eJ~U~ ~ Ut'l~!tieJ~~ l11lf)~ eJlJl-h'U lJ = A-V 
'li 

-ff~ffJ'Uf)1)'~ffl)!lJUYl'lJeJ1t'l'V11~(J~eJlJij1'UlJ = A-VI A 

'li 

fll'J1!f1'Jl~cH,jel1J{;l'YI1~{Ja~: f)l) 1 L fI) l~tf~eJ lJ t'llu f) 1) Yl~ (l tl ~ 11~YflJ ~ 
~ ~ 

f) 1)1LfI) 1~tffl11lJU 'Lb U) 1'U )~Yfll-:J f)~lJ'1~ t'l tl ~ (Analysis of variance) LtJ~ (J'lJ!Yi(.l'lJfll1lJ 

u~n~ l~6ijeJ-:J~ 1!l!~(J(Mean±SD)1'Uu~t'l~f)~lJ'Vl~ t'leJ~ l~LJl~ Unpaired t-test l~(Jfh11'U~ 

)~~'lJt!(Jrllrlty~ P<O.05 ~1(J1U)Uf))lJ SAS (1985) 



14 

'jI 

~llJ 'LhrrUfH!l1~''LH)1'Hl'J 3 ft~'J 
'U 

1 F2 F3 


o q 

'Jl{;"l~teJtl<f1 

!lJ~~t11tl 

~l'HtllU 

!<f1Ufl~H;tljJ 

f1 'J ~~ frIlu 
'U 

q= 0' 

l'1'JlJfl95 


1l'1 UVI ft!;tllJfl ~ eJ ! 'J ~ 


195!~ tllJrl1{U eJ! 'U ~ 


39.5 

17.2 

16.8 

13.2 

6.9 

2.4 

1.2 

1.2 

1.2 

0.33 

0.26 

0.0 

39.4 39.4 

17.2 17.2 

17.0 16.9 

13.2 12.7 

7.2 7.7 

0.9 0.0 

1.2 1.2 

1.2 1.2 

1.2 1.2 

0.33 0.33 

0.26 0.26 

1.0 2.0 

l'1~iJf1qf lb~fleJUfi'ltl : l~liJ'W!eJ 2,400,000 iu l~liJ'W{j 500,000 iu l~liJ'U 8 
12 

2 lJfl. 

l~liJ'W~ 500 iu UlJ~flli1~· 8 fl~lJ ~~f1~i18 f1~lJ !'H~fl 10 fl~lJ V1eJ~U~~ 2 fl~lJ lfl'lJeJ{;"l~ 

400 lJfl !eJ leJ~'W 400 lJfl UlJfli1!;tllJ 26.4 fl~lJ ;~rWtllJ 40 lJfl ''W~~iJflqf 1 flfl.) 
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•• 'j/ 11 

~ 11 1~ Vl 2 el11111 f:-H1'lJ 1 llJVl1 ~1 'U fl1 1 'Vl~HH) ~ijfi 11fl9f'U~~ llJ'W111lJflU,r~~~~ el 1UU 

(Jfl1 FI (Jfl1 F3 
'U 'U 

~~~~1'U (Mcallkg) 


1U1~'U (%) 


ADF (%) 


NDF (%) 


16)JlJ'U (%) 


~D.l (%) 


19H~{JlJ (0/0) 


1U~~!95{JlJ (0/0) 


f1iJel ~h~ (%) 


1.6 

16.2 

23.2 

34.3 

4.9 

7.2 

0.2 

1.2 

0.2 

l.6 l.6 

16.2 16.2 

22.4 22.0 

33.6 33.2 

4.9 4.9 

7.0 6.8 

0.6 1.0 

1.2 1.2 

0.2 0.2 

.
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\If 
QJ ~ iI QJ ~ 0 

el~)lfll)fllHn'Hl)U'H-l el~)lfll)fl'U'Ul 

, 
.:t 

(~1)1-l11 3) 

tl1f1~~6ij5~f11)ftf11:J 1UTI'~~lw~1) Vl~ 3 1 frU1J~ 11~TI'1J 1 ~~TI'l~u~ fl'LHl1111) ~TI'1J~ 
'U 

ij)~~'lJfll11J!,J1J,J'U6ij5~ 1C}f!~tJ1J 1% (F3) U~~ 0.6% (F2) 1'U~1~)~tJ~f1~1~6ij5~f11'~1,r'U1J 

(Mid-Iacation) !riel~~eJ~ )1f11) fl'UB 1111) U,r~~51'U1'U f1ri1J~ fl'U 51111) F3 u~1J1f1f111f1ri1J 
'I 'I 

fll'lJfl1J~ 1 ¢i'~'lJ51111) ~ lJfll11J !,J1J,J'U Gij B~ 1 C}f!~ (J1J 0.2%( F 1) 5 th~lJUtJri1f1ru'Vl1~TI'i1~ 
'I u 

'j) 

(P<0.05) 11~1'U) ~ U~ f1~ 1~U~~ )~tJ~Y(1UGij eJ ~ 111) 1tr'UlJ til f1~~~~ f)ri 1Tt11 1 treJ~) 1f11) fl'U 
'j), , 

l-h~Bl'U1'Uf1~1J 1ftl-JlJl1n'UeJ1111)ftl11J!~1J~'U6ijeJ-:J 1C}f!~tJ1J 1.00/0 il~rW1JlJ1nfll1 f1~1J 1ft 
'I 'I 

'j) 

11 )~lJ lUI 7% U~~9% 11~ 1'U) ~ U~ tl~ l~U~~) ~tJ~YlltJ6ij5 ~ f11) lH'U lJ~ llJ ih~'lJ ril'U f1~lJ 1fl 
'I 

'j) 'j) " 

f11)fll-J'Lh~Bl'W ll.Ju~f1~l~tl'U n 1'U 1'KUf1~1) ~1111-:J f1rilJ 1 fl'UlJl1 f)'W B111 1)l1lJ)~~'lJ
'I 

'j) 

1C}f!~U1JU~ f1~ 1-:J tl'W11~ 3 f1~lJ l:u!!~ tl~ 1~ tltHHh~iJutJ,hf1ru'Vl1~fffl~ 
~ u 

" , 
fil'Yll-l1~M~i'YltIl1U fl~lJ1 fl'UlJflO'Uf) 1'Hl)flij)~Yl1Jfl11lJ!,j'lJ,j'U1Je1~19f!~£JlJflu~f1~h~nu 

Q 

, 
.:t 

(~1)1-l'Yl 4) 

tl1f)~~6ijeJ~tll)ftf11:J1UTI'~~''U~1)1~~ 4 1fl'W1J~f1~{1'lJ~~ 3 f1~lJ ~1¢i'1'lJeJ1111)~iJ
'U q 

• 'j/ ;J 

Gij eJ~ f11) 1 tr'U 11 U~) ~U~Y(1UGij eJ ~ f11) 1tr'UlJn 1!~~!~ eJ~U~-:J el~UU'U tI~iJf11!cWlJ~'W 11~ 3 f1~lJ 
'l 

'j) , , 

iJ~}J 1~) !~~ t~B~!!fl~ 1'W 1 flU lJ11~ 3 f)~1J111 ¢i'~'lJ eJ 111 1)111h ~~'lJ1C}f!~tJ1JU~ f1~ 1~ tl'W \1~ 
q 

'lI 

)~~'lJ 1C}f!~tJ1J 0.2 %u~~ 0.60/0 eJtJl~1)n~llJf1111~lJ1~)!~~!~eJ~Gij116ijB~ 1fl'U1J11~ 3 f)~1J
q 

'j) , 

iJri 15 ci1 'U ~l~!f)ru evlD f1~ ) llJ11-:Jf11 U11J 1~) Platelet ViiJri 15 ci1 'U~l~!f)UI evlUf)~6ij5 ~1ft'W1J 
'U 'U 

'j), • 

11\J 3 f1 ~ 
q 
lJ 111¢i'111 eJ 1111 ) 111h ~~11 1 C}f !~ tJ lJ U~ f1 \9i 1-:J rl'U 



17 

• v ,. 

e1~~ln1~11~~tb'UlJ'Uf)cilJ 1f1UlJftfl~'H"lJ-vi'~1'Uel1111~-vilJ~~~'U 19>'!~fJlJ 1~fo ~~ 
q 'U 


,'j/ I , , 


!~lJ~U 11 % dJ~!'YifJ'Un'UflcilJ-vi1r1fl'Up.)1111~-vilJ~~~'U 19>'!~fJlJ 0.2 % U~~ 0.6 % iU~~fJ~q . 

'j/ 'j/ • 

~~fJ~fl~l~ ~~ 3 flcilJ U~~lJri1'~u~fl~h~n'U ri11,Jlh~flel'Uth'UlJ!nfJ1tl'Ufl11lJ!~lJ~'U
q 

'j/ 'j/ 

~el~ '~iJ'U'UlJ fl11lJ!~lJ~U~el~ 11h~'U iuu1'UlJ U~~fl11lJ!~lJ~'U~el~U~fl1~ff1 'UU1'UlJ 
'j/ • • 

~el~ flcilJ 1 fI'U lJ~~ 3 flcilJYi 1 ~~'Uel 1111~-vilJ ~ ~~'U 19>'!~fJlJU~fl~ 1~nu ~~lJri1 ,:Uu~ fl~h~nu 
q q 

'j/ 'j/ 'j/ 

~~1'U ~~fJ~fl~l~U~~~ ~fJ~Y11fJ~el~ fl1~1 r1'UlJ rtJel{!9>''U~6ij eJ ~ U~~~~11lJ~1'UU TWlJU~~ 
• jI 

!D el{t9>''U ~6ij el~ U~ ~ !},h1JJ lulJ''U 'U JJlJri 1 1~!lJ~tJ'U UtJ ~ ~~ eJ ~ ncilJ 1 fI'U lJ11~ 3 flcilJ 
~ q 

'jI • 

lljlJ 1UH9>'~ ~19>'lJ 1~ fl 1'U 'W 1k! lJ1hi ~~(J~ n~ l~~eJ -:j fl1~1r1'UlJ ll~ ~ U'U 11t!lJ~ 11hi ncilJ 1 fI'UlJ 
q 

I V V I , 

19>'lJ 1~ flll ~!~ lJ ~'U 1'U 1fit.! 1.1 11~ 3 n ci 
q 
lJ Vi' r1eJ 111 1~ -vi iJ ~ ~ ~'U 19>'t~{llJU~ fl~ 1~ n'U 

) ~vlUfll11J!~lJtI f).,:j ill)!lJUl1U f)' ~111U! ~f)V1UVl.,:j fll1lJUVI f1~ l.,:j )~'trjl.,:jfl111J!~lJ~U tlf).,:j 

ill) !lJU'YIUel1 ~114U! ~f)Vl UVl.,:jH~~vh 'ill f1viellJ J 1 'U lJ(A- V)U~1::~ tlVldlU f11111rill)!1J Ul1U el 

1~ntlel.,:j~f)lJJ1UlJ(Vll)1.,:j~6&7 ) 

jI 'jI 

acetate 1~ CJ~ eJlJU l'U j/ljjU~ fl~ 1~ n'U ~~11':h~ n ~1J 1flt.!1J ~ nvH1'1J11~ 3 ncilJ U~, 'U ~ ~fJ~Y11(J
~ 'U q 

." 
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GJ 91 deS 91 91 1 eS GJ Q.I <:!i II) eS 
fl1'J !rH)1111'J'YllJfll1lJ!6ijlJ6ijU~Je)~ CJf!~HJlJ !U'J~~1J 0.20/0 tl~ 1% !UlJ~Hl~fJ'J~~1J 

f111lJ!~lJ~U 6lJ fJ~ p-hydroxybutyrate1U ~ (;11 ~Ul!~fJ~U~~ f11f111lJU~ fl~1~'J~l1i1~f111lJ 
~ 

91 91 ~ 0 Q.J' 191 A l' ' 0

!6ij:lJ6lJ'U6lJfJ~!{;1 fJ~U~~U{;1~~ l(A-V) U{;1~~~ftlU fl1'J 9f ~-hydroxybutyrate ~~tJ~fJ]J'I...,! 1'Wl! 
3J • " v 

6ijfJ~ If1'Wt;l1~ 3 fl~lJ i1nUfJl111'Ji11h~~1J 19f!~tJlJl1U~fl~h~flU1Jri1'UU~fl~1~flUr1~lU 
q 

'J ~ (J~ fl{;11~ U{;1~ 'J ~ (J~r11tJ6lJ fJ ~ fl1'J 1 r1U lJ 

til fl ~{;1 fl1'J flflfd 1!! ~~ ~1U ~1'J 1~~ 7 1:u~ 1Jfll1lJ!!~ fl~ 1~ 6ij fJ ~ 'J~~1Jfll1lJ!~lJ~U 6lJ fJ ~ 
'j/ , , 

fl{;11f1~1'U~{;11ft:U1!~fJ~H!~~6ijfJ~ If1UlJ{;1fl~ftlJr1~ 3 fl~lJ i1nUfJ1111'Jl11J'J~~1J 19f!~tJlJ 
'U 'U q 

, Q.I 

U~fl~l~fl'U 

'j/ " 

ff~ril'W fl1'J 1 ~fl{;11 fI ~1~ tJ~ fJ lJ111U lJ l'U fl ~lJ1f1UlJ (;1 fl ~ftlJl1 n'iHl1111 'J Yl1J 'J~~1J i 9f!~tJlJ 
'U q 'U 

" 'j/ 

1% 'U~n~lff~f)llf)~lJ If1'iUJYln'WfJ1111)Vlnl9f~~tJlJ 0.2% Uo~ 0.6% 11~1'U'J~(J~fl{;11~U{;1~
'U q 

, 91 deS 91 91 1 eS 1 9 91 II)
fl1'J 11fJ1111'J'YllJfll1lJ!1J:lJ6ij'U-UfJ~ 9f~~(JlJ 0.20/0-1 o/u 'W'J~tJ~fl{;11~6lJeJ~fl1'J !11'WlJ !:U 

iJ~~~fJ'J~~Ufll1lJ!~lJ~U -U fJ ~ triglyceride1u ~ {;11ff:U l!~fJ~ U~ ~ ri 1f1111JU~ fl~l~'J ~l1i1~ 
'j/ 

fll1:lJ!~:lJoU'W 6ij fJ ~!~fJ~U~~!! (;1~~ l(A- V) ut:i:;:: if~ ril'W f)1'J 1~ triglyceridel~tJ~ eJlJ't.A1t!lJ lw 

f)~lJ If1U:lJ{;1fl~ftlJ~n'WfJ1111'J~iJ'J~~'U 19f!~(JlJ 1% 1I~iJri1ff~fll1flrilJ If1UlJ~flUeJ1'H1'J~ 
q 'U 'U q 

, 'j/ , 

triglyceride1 'U ~n1ffti1!~fJ~U~ ~ 1I~ tvhJiJudJeHl1tJU flU 'J ~tl~ fl{;11~6ij fJ~ fl1'J 1 r1'WlJ 1t! fl~lJ1fI 

'W lJ~ nt! fJ 111 1'J ~iJ 19f!~(JlJ 0.2% U{;1 ~ O.6% !!{;1 ~ 1I~ !~lJlJ 1flfli1 flrilJ 1 f1t!lJ~nt! eJ1111'J~iJ 
q 

'j/ 

!~fJ~U~~U {;1~~ l(A-V) U{;1~ if~ril'U fl1'J 1~triglyceride1~(J~ fJlJ'Wl'U lJ1'W fl~lJ 1f1'UlJ~ fl~fflJ 
I' ,.. 

Vin'WfJl111)ViiJ'J~~u lC))!~(JJJ 1% 'U~lJri1\9l1f)11f)~lJ lf1'WlJVinl,lfJ1111'JViiJl9f!~(JlJ 0.20/0 
~ 
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. I 

. I 
• I 

, 

(l\1g+2 )'elelel'Ult!1~tJ~fl~1~ U~~1~tJ~nltJ "el~fl111M'U'lJ 1'Ulfl'U'lJ~fl~~'lJ (Yll'Jl~n 8 U~~ 

9) 

vH1 fll ~ ftfl1:J1 1'W ~ 1~ l~~ 8 u (1'~ ~ ilfll ~ 1t1eJlI11~~ljfll1lJ~~lJ~'W "lJeJ~ 1 CJft~ t1lJ 0.2%

1%u n1 fl'WlJ(l fl~(1'lJ l~ ~~W; eJ~ ~~1Jfll1lJt~lJ~'U1'UVf" l(1'~VUeJ~1 CJft~(JlJ(Na+ )1 ~u'Vl(1'~;t1lJ
<u 

'j/ 

2
(K-), fl(ltJL1~~ (C() U(l~ UlJflU!;(JlJ (Mg+ )ltJeJtJ'W 1'U1fl'WlJ~f1~(1'lJ 11~1'W~~t1~fl(ll~ 

, 'j/ 

3J 13J 1 c! 3J 1 0<:S Q.I 3J
t~~~~~t1:::;'Vlltl'lltJ~f11~ l1'UlJ ,\)lf1~(lfll~fYfl'hll 'W~1)1~'Vl9 )~~1Jfll1lJ!"lJlJ"lJ'W 'U'Ul'W1J'lItJ~ 

19f~~t1;jJ (Na ), 1'Wu'Vl(1'~;tJlJ (K), fl~tJ \Jh~ (CI) l~iJfll1:uu~n~i1~1)lnnl)'t1tJl111~~iJ 

v' 'v vV1 ,c! +, c! + 
elYl'JHl1'U'J:::;'H11~'J~VlUf)11'lJ!"'lJ"'U H"el~ A9HVltJ'lJ (Na ),rY'H!'YI~!qfU'lJ (K ), U~~fl~el 

,)~ (CO nu'J:::;vlU fl~el:::;~U1-!1'UiJ~~11~ H~:::; 'J~vlUrl11'lJ!,j''lJ,j''U1'U,.()~19H~tJ'lJ (Na+), 

l'WH't1~!9ftJ'lJ (K+ ), u~:::;f)~()''J~ (Cf) ''Uf,}~~l'J:::;''el~lf1~fl~~'lJ 1'U'J:::;tJ:::;fl~1~ (Mid 
, 

Lactation) ~()-.'1fll'J1M'U'lJ 1'U ( Yll'~n~n 10) 

ncilJ 1fl'WlJ~1~f1JtJ1111~~iJ~~~u 1CJft~t1lJ 1% 1'U)~t1~n~1-:}'lIeJ~fl1~1t1'W:u '\)~iJfh 

111 1 

~ 

5~ ~ 1rid'W Na:Creatinine 1'W iJ (1'(1'11~ (1' ~ fli 1fl alJ ,g'U~ 1 ~j'U tJ 1111) ~iJ ~ ~~'U 1 CJf!~ t1lJ~ 1 
<u 0 . 

v , 9J I 

fll1 fl1 ) ~lJ 'Vi ~1CJf !~ tJ lJ ~l tJ eJ eJ 'W 'Vl1 ~ eJ 
q 

'\) '\) 1 ) ~ !Vi lJ ~ 'W 1'U ff~ ~j U !fl t1 eJ 1CJf! ~ t1lJ 1 'W tJ 1111 ~ 

(P<0.05) 
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, ~ 


~1'~ 1~V13 U'ff~'HH"l~El~ fll'J 1 MiltJ Ell'Kl'H'HUJr1~ 3 'ff~ 'J ~ El eJ~ 'J lfl15 fl'W Ell'Kl'J UM~~Ell'W 

'U 

~ ~ 

(OMI) eJ~'Jlfll'Jfl'W'l-h~Ell'U(WI) U(l~tJl'KUfWll%(BW) 1'U'J~(J~fl(l1~ (Mid Lactation) 

U(l~'J~tI~r11tl (Late Lactation) 6ijEl~fll'J1M'UlJ 1'U 1fl'WlJ(lfl~'fflJ
'U 

'ff~(HnVil1 
'U 

P-value 
I 

Fl (0.2%Na) F2 (0.6%Na) F3 (1.0%Na) 

Mid Lactation 13.8+ 0.9 
a 

15.6+ 1.2 b 15.9 + 0.9
b 

0.005 
OMI (kg OM/d) 

Late Lactation 13.4+1.7 
a 16.0+1.3 b 16.3+1.4 b 0.007 

WI (Lid) 
Mid Lactation 

Late Lactation 

45.9 +8.6
a 

46.1 +9.2 a 

45.9+ 6.6 
a 

46.2+7.8 J 

49.1 + 6.7 a 

50.2+7.5 a 

0.691 

0.623 

BW (kg) 
Mid Lactation 

Late Lactation 

492 + 5.9 
3 

501+ 7.9 
a 

497 + 6.0
3 

504+5.9 
a 

498 + 5.9 
a 

503+6.1 a 

0.206 

0.736 

ffi1~ (P>0.05) 


IP-value= ru~tJ'U!YitJ1J~l P 'J~Vill 'H·m'tJf)~fll1111'f)lVil1~!t\91fl\pi1'Hl'W 3 ~U~ l~tJfln'Yl~'fff)'U F-test 


.
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• 'JI 

~l'jl,rVi 4 Uff~~~~6ijentll'j1t1ntHl1111'j~H"lJl1'~ 3 ff~'j ~fJ 1~M~i'Vltll, ~l'WJ'W~~~ 1~M~ 
'U . I 

U~~ (RBC) ~l'Wl'W!~~ 1~M~6ijl1 (WBC) r11Hemoglobin, Hematocrit U~~~l'Wl'W 

platelets 1'W'j~V~n~1~ (Mid Lactation) U~~'j~v~Yi'ltl (Late Lactation) 6ijfJ~tll'j111'WlJ 1'W 

1f1'UlJ~tl~fflJ 
'U 

P-value ' 
FI (0.2%Na) F2 (0.6%Na) F3 (I.O%Na) 

a+ a + aHematocrit (%) Mid Lactation 32.3 _ 2.9 29.0 _ ILl 30.8 + 6.3 0.767 

Late Lactation 35.8 + 1.3 a 34.9 + 8.3 a 34.4 + 5.7. a 0.912 

All 34.04 + 3.07 31.68 + 9.39 32.45 + 5.41 

a+ a + aRed blood cells Mid Lactation 5.65 _ 0.58 5.07 _ 2.08 5.41 + 1.27 0.787 

Late Lactation 6.12 + 0.39 a 5.78 + 1.20 a 5.68 + 0.94 a 0.686 
- I 

All 5.88 + 0.52 5.39 + 1.62 5.53 + 1.00 

+ aWhite blood Mid Lactation 12.54 + 2.18 a 11.32 _ 4.69 10.20 + 4.24 a 0.587 

cells (IO 
3 
luI) Late Lactation 12.69 + 2.09 a 9.61 + 1.99 a 10.16 + 2.64 a 0.071 

All 12.61 + 2.42 iO.54 + 3.59 10.18 + 3.70 

a aPlatelets Mid Lactation 102.67 + 95.00 84.00 + 75.03 a 102.67 + 98.67 0.919 

Late Lactation 190.50 + 156.50 a 349.80 + 404.18 a 72.20 + 36.35 a 0.192 

All 146.58 + 159.87 204.82 + 296.40 88.82 + 74.97 

{1'i1~ (P>0.05) 


'P-value= !uj tJD!YitJDrll P 'J~l1':i1 'HH'1~eJ~f)n 111'eJlt1l'~~U~fI~i1 'Hl'W 3 9fiJ~ 1~tJfll'J'Vl~{yeJD F-test 


.

.. 
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'JI , 'JI 

Uff~ ~ f~'Hl6ij eJ ~ fl1 'i 1l1'n U eJ 1111 'i vHllJ ~~ 3 ff~'i ~eJfl~'i1fl1'i11~~111UlJ U~~ 
'U 

'JI 

I rilUlh~f1eJ1J1ul1TUlJ 6ijeJ~ iflUlJ~flvHYlJ~W~1HUlJ1U'i~(J~fl~1~ (Mid Lactation) U~~)~(J~ 
r 'U 

VIlli (Late Lactation) 6ijeJ~f)1'i1M'UlJ 

Milk Yield 

(kg/day) 

Fat (g%) 

Protein (g%) 

Lactose (g%) 

Total Solid 

(g%) 

Solid Not Fat 

(g%) 

Mid Lactation 

Late Lactation 

All 

Mid Lactation 

Late Lactation 

All 

Mid Lactation 

Late Lactation 

All 

Mid Lactation 

Late Lactatiun 

All 

Mid Lactation 

Late Lactation 

All 

Mid Lactation 

Late Lactation 

All 

Fl (0.2%Na) 

13.65 + 5.49 a 

11.22 + 3.63 a 

13.86 + 3.64 

3.30 + 0.67 a 

+ a4.10 _ 0.98 

3.73 + 0.93 

3.63 + 0.49 a 

+ a3.92 _ 0.52 

3.78 + 0.52 

4.63 + 0.35 a 

4.19+0.85 
a 

4.40 + 0.69 

12.63 + 1.69 a 

12.91 + 1.44 a 

12.78 + 1.54 

+ a8.96 _ 0.69 

8.81 + 0.65 a 

8.88 + 0.66 

F2 (0.6%Na) 

13.72 + 6.83 a 

11.31 + 2.73 a 

13.33 + 4.61 

3.48 + 0.68 a 

+ a3.78 _ 0.74 

3.64 + 0.72 

3.81 + 0.59 
a 

3.80 + 0.38 a 

3.81 + 0.48 

4.64 + 0.38 a 

4.28 + 0.80 a 

4.44 + 0.66 

+ a12.50 _ 1.30 

12.56 + 1.29 a 

12.53 + 1.27 

9.16+0.74 
a 

8.78 + 0.65 a 

8.95 + 0.71 

F3 (1.0%Na) 

15 .20 + 6.13 a 

11.70 + 3.69 a 

14.79 + 4.85 

3.53 + 1.03 a 

4.35 + 1.07 a 

3.94 + 1.11 

3.71 ± 0.63 a 

3.72 + 0.37 a 

3.72 + 0.51 

4.58 + 0.50 
a 

4.47 + 0.47 a 

4.52 + 0.48 

+ a12.53 _ 1.53 

+ a13 .24 _ 1.49 

12.88 + 1.53 

8.99 + 0.67 a 

8.90 + 0.67 a 

8.95 + 0.66 

P-value
l 

0.887 

0.966 

0.876 

0.586 

0.863 

0.724 

0.965 

0.796 

0.988 

0.711 

0.699 

0.952 

.

.'" 

Somatic Cell Mid Lactation 

.1 

Count (x 10 ) Late Lactation 

All 

822.6 + 783 .0 a 

+758.4_1201.2 a 

792.7 + 1604.2 

483.3 + 521.1 a 

1052.6+ 1389.3 a 

655.9 + 925.9 

559.8 + 689.0 a 

1272.8 + 2198.8 

781.4 + 1374.9 

0.665 

0.865 
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~nl-!l~ 6 'J~f1'lJfldllH.ulJ.uU lU~~o~H!~-!l (A), fldllJH~f1~ln~'Hl1-!lfldllJ~.ulJ.uU hH~O~U~-!lW~l~~~O~~11)1f1~OlJJ1UlJ 
QI' '!J 0' cl 0' 1 ~l ' 0 " 1(A-V) HC1~{1'~{1'dU~ o<H9fU~fll1 '}j' ~(J~olJU1UlJ '\Jo-!l acetic acid UC1~ f3-Hydroxybutyric Acid U'J~(J~f1C11~ (Mid) 

" UC1~'J~V~.y{lV (Late) 'Uo-!lf11'J111'UlJ1U lflUlJC1f1r-l{1'lJnUol'Hl'Jr-l{1'lJl1-!l 3 {1'~'J
~ ~ 

,!~'JoTh I'J 
P-va[ue I 

FI (0.2%Na) F2 (0.6%Na) F3 (1.0%Na) 

a a a
A 1.29 ± 0.68 1.41±0.74 1.09 ± 0.38 0.676 

a a a 
Mid V 0.27 ±0.15 0.38 ± 0.22 0.22 ± 0.08 0.242 

a a aLactation A-V 1.02 ±0.55 1.03 ± 0.60 0.88 ± 0.32 0.849 

a a a
% Extraction 78.56 ± 4.93 69.24 ± 16.03 79.80 ± 4.30 0.170 

a a a
A 0.96 ±0.47 0.72 ± 0.25 1.09 ± 0.52 0.344 

Acetic Acid a a a 
Late V 0.23 ±0.13 0.21 ± 0.07 0.20 ±0.10 0.877 

(mmollL) 
a a aLactation + .A-V 0.73 ± 0.37 0.52 ±0.20 0.89 _ 0.43 0.214 

ab a b
% Extraction 75 .94 ± 8.60 70.43 ± 7.40 81 .30 ± 3.56 0.047 

A 1.12 ± 0.58 1.10 ± 0.66 1.09 ± 0.43 

V 0.25 ± 0.13 0.30 ± 0.18 0.21 ± 0.08 
All 

A-V 0.87 ± 0.47 O.RO ±0.52 0.88 ± 0.35 

% Extraction 77 .25 ± 6.82 69.78 ± 12.28 80.48 ± 3.51 

a
A 1.74±1.29 

a 1.97 ± 1.07 a 1.56 ± 0.50 0.783 

Mid V 1.26 ± 1.28 a 1.30 ± 0.78 a 1.00 ± 0.35 a 0.820 

Lactation A-V 0.48 ± 0.16 a 0.67 ±0.32 a 0.57 ± 0.17 a 0.379 

% Extraction 34 .24 ± 12.40 d 35.47 ± 7.47 
a 

36.47 ± 6.30 a 0.914 

A 1.48±0.66' 1. 17 ±0.41 a 1.49 ± 0.46 a 0.498 

J3 -Hydroxybutyric Late V 1.01 ±0.59 
d 0.75 ± 0.28 a 0.90 ± 0.25 a 0.548 

aAcid (mmol /L) Lactation A-V 0.48±0.15 0.42 ±0. 15 a 0.59 ± 0.22 a 0.720 

% Extraction 35.14 ± 9.76' 35.70 ±7.46" 39.20 ± 3.44 a 0.596 

A 1.61 ± 0 .99 1.60 ±0.90 1.53 ± 0.46 

V 1.13±0.96 1.05 ± 0.65 0.95 ± 0.30 
All 

A-V 0.48 ± 0. 15 0.55 ± 0.28 0.58 ± 0.19 

% Extraction 34.69 ± 10.65 35.58 ± 7.08 37.71±5.16 
.. '" 

rhl91dw'U~e:J~lWwdt~(JdnU~~fttl!~f11:Jru (a . b) L'Hi1e:Jl91dw'U~mlJe:Jun'Wu{1'~-!lrh~l~U~f1~h~nuYll-!l{1'(l~ (P>0.05) 

IP-value= L'!J~(J'lJrY;(J'lJrh p 'J~'Hil-!lr-lC1'Ue:J-!lf11'Jlr1e:Jl'Hl'J~U~f1\Oil-!lnU 3 'lfW~ 1~(Jf11'JYl~{1'e:J'lJ F-test 

http:37.71�5.16
http:1.13�0.96
http:0.48�0.15
http:1.48�0.66
http:1.74�1.29
http:1.41�0.74
http:fldllJH~f1~ln~'Hl1-!lfldllJ~.ulJ.uU
http:J~f1'lJfldllH.ulJ.uU
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.d 'JI'JI1 ~ I 'JI'JI1 ~ ~ 0Q/ I 

~nl~'Vl 7 ~~~1Jfl11lJt6ijlJ6ij'U 'WmeJ~u~~, fl11lJU~fl~1~~~'l111~fl11lJt6ijlJ6ij'U 'Utt'leJ~U~~Ut'l~!t'leJ~~l 
'lI 'JJ 

I 0 Q/ I U 0' 0' 1'JIl ' 0 1
~lfl~eJlJ'Ul'UlJ Ut'l~~~~1'Ut eJ';i!9f'U~fll~ G)j' ~tl~H)lJ'Ul'WlJ 6ijeJ~ glucose Ut'l~ Triglycerides 'U~~tl~ 

.. I 
flt'll~ (Mid Lactation) Ut'l~~~tl~r1'ltl (Late Lactation) 6ijeJ~fll';il,r'WlJ 1'W lfl'WlJt'lfl~~lJn'WeJl'l11';i~f{;llJ

'U 

'JJ 

~~ 3 ~~~ 
'U 

fJ~'HnHl'J 
I

P-value 
FI (0.2%Na) F2 (0.6%Na) F3 (1.0%Na) 

a a a
A 57.73 ± 11.48 61.84 ± 8.93 62.77 +_ 6.91 0.613 

a a a
Mid V 47.54± 10.97 51.43 ± 10.39 49.62 ± 5.82 0.772 

Lactation A-V 10.20 ± 6.73 
a 

10.42 ± 4.03 
a 

13 .16±4.54 
a 

0.535 

a a a
% Extraction \8 .27 ± 12.14 17.35 ± 8.33 20.83 ± 6.51 0.800 

A 61.28 ± I 1.00 a 58.95 ± 2.44 a 59.8"1 ± 2.68 a 0.838 

Late V 50.44 ± 7.52 a 50.15 ± 2.96 a 47.76 ± 5.38 
3 

0.547
Glucose (mg%) 

Lactation A-V 10.85 ± 7.84 a 8.80 ± 1.36 a 12. 11 ± 4.34 a 0.572 

% Extraction 16.63 ± 1 1.18 a 14.96 ± 2.46 a 20.29 ± 7.25 a 0.533 

A 59.51 ± 10.88 60.53 ± 6.67 61.45 ± 5.39 

~ I V 48.99 ± 9.70 50.85 ± 7.61 48 .77 ± 5.42 

All 


A-V 10.52 ± 6.97 9.68 ±3.09 12.68 ± 4.26 


% Extraction 17.45 ± II. 16 16.26 ± 6.22 20.58 ± 6.50 

3A 31.23 ± 17.93 a 44.28 + _ 8.09 a 45.12 ± 24 .65 0.334 

Mid V 19.83±10.97 
J 

27.68 ± 9.98 a 22 .32 ± 19.84 a 0.645 

JLactation A-V 1 1 AO ± 1 0 1 : :6.GD±12.47 
a 

24.14 ± 25.52 
3 0.431 

% Extraction 33.46 ± 17.47 
3 

35.78 ± 26.63 a 43.17±37.68 
3 

0.808 

b bA 62 .64 ± 15.49 53 .79 ± 10.33 32.76± 14.87' 0.003 

+ aTriglycerides Late V 34.58 ± 22.64 a 25 .06 ± 8.01 a 15 .86 _ 8.76 0.107 

a(mg% ) Lactation A-V 28.06 + _ I 7. 1 9 28.73 ± 13 .76 a 16.90 ± 13 .96 
a 0.341 

.

% Extraction 46.47 ± 26 .86' 51.45 ±20.89 
a 

47 .29 ± 25.39 
3 

0.929 

A 46.93 ± 22 .90 48.06 ± 9.63 39.87 ± 21.03 

V 27.20 ± 18 .63 26.49 ± 8.79 19.02 ± 14.62 
All 

A-V 19.73±16.02 22 .12 ± 13.92 20.85 ± 20.45 

."" % Extraction 39 .96 ± 22.65 42.90 ± 24.41 45 .04 ± 31.18 

~l~lU;'l'lJ~eJ~lww:nL~tJltl\..I~iJ~tl!~f1'l:Jru (a. b) nn1eJ~lL"'\J~mlJeJl..l n'WH{y~~r11~ hiU\9l n~i1~n'W'Vll~{y{)~ (P>0.05) 

IP-value= LLl'1tJ'ULfltl'tJr11 P 'J~'Hll~~"'\JeJ-:]nl'J1,reJl'Hl1~U\9ln~1~n'W 3 'lftJ~ l~(Jnl'J'Vl~{yeJ'U F'"test 

http:19.73�16.02
http:10.3332.76
http:15.4953.79
http:43.17�37.68
http:6.GD�12.47
http:19.83�10.97
http:13.16�4.54
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• v 

~l'jl~Yi 8 Uff~~NfPUel~fll'j1MfhJell111'jNfflJr1~ 3 ff~'j ~el'j~~1Jrll1lJ!~lJ~'Ult.fVHnfflh
<u 

6lJel~!9f!~tllJ (Na+), !'WUYlff!;tllJ (K- ), rl~ell'j~ (cr )u~~ UJJflih;tllJ (Mg+2 
)lelelel'U1'U 

'j~tl~fl~l~ (Mid Lactation) U~~'j~tl~Vi'ltl (Late Lactation) 6lJel~fll'j1M'UlJ 1'U !fI'UlJ 

t'Y ~ 'HJ1111 'j
<to I

P-value 
Fl (0.2%Na) F2 (0.6%Na) F3 (l.O%Na) 

Mid Lactation 137.0+2.1 
a 

137.1 +2.1 
a 

137.4 + 2.5 
a 

1.000 
Na+ (mEq/L) 

Late Lactation 137.8+2.2 
a 

137.8 + 1.6 
a 

138.0 + 2.9 
a 

0.985 

Mid Lactation 4.3 + 0.3 a 4.32 + 0.32 a 4.10 + 0.36 
a 

0.384 
K· (mEq/L) 

Late Lactation 4.7 + 0.4 a 4.94 + 0.7 
a 

4.99 + 0.4 3 0.935 

3

Mid Lactation 96.5 + 1.6 a 95.0 ± 1.6 94.9 + 1.8 a 0.211 
C( (mEq/L) 

Late Lactation 99.2 _ + 2.4 a 98.6 + 3.1 a 101.0+3.3 
3 

0.368 

3 3
Mid Lactation 2.36+0.37 2.40 + 0.33 2.38 + 0.27 a 0.978 

Mg 
q

- (mg/dL) 
Late Lactation 2.54 + 0.36 

3 

2.46 + 0.28 
3 

2.23 + 0.26 
a 

0.218 

~ l~JU'16(J~ eJ~hmtlJ~~uJn'W ~ijiYT.1Jc1f)lHlr (a . b) rY!UeJ\9lJW6(J~rY!jjeJ'Wn'Wm1~-:Jfil~ 1l.iuCflf)~11-:Jn'WYl1-:J ~i1~ (P>O.05) 

I P-val ue= !tl~ tJ1HliU'lJfi1 P )~l1··.h-:JYHl6(Jil-:Jf)1) 111'il1l11)~UCflf)~1-:Jf)'W 3 'In:;'fll~tJf)l)Y1~ ~il'U F-test 

... 

http:2.36+0.37
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• I • ')I ')I 

~1~1-:]Yl9 Uff~-:]vH1~H)-:]fll~1Mfh-JeJl111~fWrrlJi-:] 3 ff~~ ~eJ~~~1Jfll1lJL~lJ~'Ul'UUl'UlJ 
. ~ 

'1H)-:] lC})'L~(JlJ (Na+), l~U'VIffL9f(JlJ (K+), Ut'1~ flt'1eJ'~~ (cr) 'eJeJeJ'Wl'W~~(J~flt'11-:] (Mid 

Lactation) U~~~~(J~Y11(J (Late Lactation) 6ijeJ-:]fll~1M'UlJ 1'W lfl'WlJ~flv-lfflJ 
~ 

tY~'Hnl1n 
'U 

P-value
1 

Fl (0.2%Na) F2 (0.6%Na) F3 (1.0%Na) 

Mid Lactation 31.47+6.40 :1 33.69+6.40 a 37.95+7.30 a 0.267 
Na+ (mEq/L) 

Late Lactation 43.28+8.71 a 45.84+7.18 a 45.96+15.14 a 0.893 

Mid Lactation 46.48+9.38 a 46.46+3.12 a 42.81+10.69 a 0.691 
K+ (mEq/L) 

Late Lactation 55.58+6.47 a 57.30+4.49 a 56.64+6.08 a 0.873 

Mid Lactation 30.85+4.51 a 32.45+4.51 a 33.08+5.14 a 0.707 
cf (mEq/L) 

Late Lactation 33.75+5.12 a 34.22+4.23 a 35.56+6.32a 0.830 

~ Wldw'\J~€l~1'WUfldL~Vdtl'W~ij 1:Yt1jcif)l:Jru (a, b) tl1ii€l~d!"'\J~mjj€l'W n'WHff~N~l~ l~H~f)~i1.:Jn'W'Vll'H,'i1~ (P>O.05) 

'P-value= !mV'tJLYiV'lJ~l p ~~'}r11.:J~m'\J€l.:Jf)1~h1€ll111'i~H~f)~1.:Jn'W 3 'b"Wf11f1Vf)1'i'Vlf1ff€l'U F-test 

http:34.22+4.23
http:33.75+5.12
http:33.08+5.14
http:32.45+4.51
http:30.85+4.51
http:56.64+6.08
http:57.30+4.49
http:55.58+6.47
http:42.81+10.69
http:46.46+3.12
http:46.48+9.38
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• 

~l'Jl-:J~ 10 ~~·:nci'-;1'l.J'J~1111-:J'J~~'lJfllllJ!~lJ~'Wl'W"eJ-:J i9ft~tJlJ (Na +-), i'V'lU'Vl~t~tJlJ (K+), Uf1~flf1eJ 

~b~ (CO nlJ'J~~lJ fI~eJ~~Uhllh1iJ~~11~ Uf1~ 'J~~'lJfllllJt~lJ"J\/lhl"eJ-:J i9ft~tJlJ (Na+), 

i'V'lU'Vl~!;tJlJ (K+), Uf1~flf1eJ1'J~ (C01'W~\)\)1'J~1'W')~tJ~f)f11-:J (Mid Lactation) "eJ-:Jf)1'J1-H'WlJ !U ifl 
. ~ 

UlJf1f)~fflJ Yi1-Hfl'WeJl111'J~~lJl1-:J 3 ~~'J 
~ ~ 

~~'JeJl111'J 
~ I

P-value 
Fl (0.2%Na) F2 (0.6%Na) F3 (l.O%Na) 

UrineNa+/creatinine ratio 5.4+6.1 a 7.9+8.4 a 8.6+9.1 a 0.769 

UrineK- icreatinine ratio 24.8+6.5 a 34.3+5.3 b 33.8+5.5 b 0.020 

UrineC( Icreatinine ratio 10.5+3.8 a 11.0+4.8 a 10.6+4.9 ,a 0.980 

Fecai-Na-'- (%) 0.27+0.15 a 0.54+0.24b 0.59+0.19 b 0.028 

Fecai-K-'- (%) 0.95+0.34 a 0.45+0.15 ~ 0.40+0.07 b 0.001 

Fecai-C( (%) 0.29+0.07 a 0.38+0.15 a 0.39+0.09 a 0.247 

... 


http:0.39+0.09
http:0.38+0.15
http:0.29+0.07
http:0.40+0.07
http:0.45+0.15
http:0.95+0.34
http:0.59+0.19
http:0.27+0.15
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I ~ 

fll~ ~~ fll~ ~l'U eJ lrfl ~ iY~ 111 ~!~'U iJ 1) ~(J11 ~fI 1 'U fll~ !YilJ ~~ ~~~Ul'UlJ 1'U 1 fI'U lJ 

ffl'U U~ ~ fleJD 1'U eJ 1111~iY~11~mu~ l~~~ilDU1111~ 1)~iJffT\.r,hflUJ !9f'U 1 C1f!~(JlJ1eleJ eJ'U 
q u 

~ 

1'U ell 111 ~ 1) ~ iJ ~ ~ ~ eJ ~ ~ iJ iJ V eJ (J €J 111 1~ 1 hll fI hllJ ~ llJ ~~ fll ~ ~ ~ 9flJ 'ffl ~ eJ 111 1~,hi ~ ~ iJ iJ 
cu 

~ 'jJ ~ e:! 'jJ loA Q.I <I 

'Vl1 ~ !~ 'U eJ 1111 ~ ~ 1 (J C1f ~ II ~ lJ ~ ~ 'Vll ~ eJ eJ lJ ~ €J fll ~ hll 'ff 1 ~ eJ 1111 ~ !~ eJ fl1 ~ 'ff .:J !fI ~ 1 ~ 11 
~ I 

ffl'U U~ ~ fI€J iJGij eJ.:JU lh1lJ Gij'U 1~fll1lJ!~lJ ~j'tJ Gij €J ~ U111 1~ 
q 
1 C1f!~ (JlJ i eJ eJ eJhll1!11lJl~'fflJ 1) ~iJ 

~ I 

(Erdman, 1988) 1)1f1~~fl1~'Vl~~eJ ':l'U~D11 fl1~!'ff~lJ lC1f!~(JlJ1'UeJ1111~ lflhllJ~fI~'fflJl1iJ 
. cu 

~ 

lC1f!~EJlJ 1.0% U~~ 0.6 % 1)~n'UeJ1111~!rhJ~h.JeJV1~iJ11t1chflUJ
u 

U~~1)~iJ~~~eJeJ~~1f11~ 
. .~ 

11 ~~ 'W1 U lJ eJ ch ~ i'~ !1) 1-J 1 f1 (J 1 'U fI ci 
q 
lJ 11 111eJ 1111 ~ iJ 1 C}$ !~ tI lJ 1.0% Gij eJ .:J eJ 1111 ~ ~ llJ (TMR) 

I ~ 

eJ~ ~ lfl1~111h1 lJ 1)~!cWlJ~lj U~ ~lJ 1ru 11 %el V1 ~ iJ 11tI r:flfli1J'Yl1~ 'fft1~1hi ~~ tI~ fI~ 1~ GijeJ ~ fll ~ 111 

'UlJ !rleJ!11t1DniJ'ff~~eJl111~~iJ1C}$!~tllJ 0.2% U~~ 0.6 % 1)1f1~~il~flci11 fteJ~fI~el~nD 
cu 

• I ~ 

f11~ ~ 1(J~ 1'U Gij el ~ Phillips !!~~flru~ (2000) fl1~~ eJD 'ff'U eJ ~~ el fl1 ~ !YilJ eJ~ ~ 1fl1~11~~U 1h1lJ 

U~ 1 fit) 1 'U 9fl ~ 2 ell VI ~ 6f11 tll1 ~~ fll ~ 111'B1111 ~! 'ff~ lJ 1 C}$! ~ (JlJ 1hi ~ ~ tI~ fI ~ 1~ Gij B~ fl1 ~,11hi lJ 

I A 'jJ I 'jJ 9 'jJ 1 'jJ de:! 'jJ 'jJ

U~!lJ el! Gij 1'ff~ ~ tI~ Yl1 tlOU el ~ fl1 ~ !11 'U lJ (Late Lactation) fl1 ~ 11 ell1111 'VllJfll1lJ! 6ij lJ6ij'U 6ij el ~ 
cu 

• ,rp . 

1 C}$!~ (llJ 1 'U B1111 J 1'U ~ ~ilD~ 1~~ 'j)~ 1~ iJ ~~~ el fl1 ~ !YilJ eJ~~ 1fl1~ 11 ~~U lhl lJ 9f.:J! ~'U1U1~ 
~ 

111hi 9f 1 ~ ~ ~ tJ ~ t1'1 tJ Gij el ~ ~ ~ tJ ~ fl1 ~ 111'hi lJ fll ~ 'Vl1.:J 1'U Gij el ~ ~ ellJ t.!1 'U lJ !! ~ ~ fll ~ !~ 1 ~ ~ 1 UJ 
u 

'ff1 ~ B1111 ~ f)1 tJ 1 'U 11 ~ fl1 tJ 1) ~ ~ ~ ~ ~ fl1 ~ ftflfJ 1 fl1 ~!~ lJ fll1lJ! ~lJ "hi Gij eJ ~ 1 C)f!~ tJlJ 1el el el hi 1hi 

el11111 til111fh~1~f111lJU~ fI~ 1~ ~ ~ 11 11 ~ flcilJU ~ 111~U ~ ~ 1)iJlf1 niJ tb ~ 1) ~ D 1 'U el1111 ~ 
q q q q 

I 'j/ 

(Dietary cation-anion differentce, DeAD ) !VilJfhlu1'U'Vl1~Dlf1 ~llJl1~~~ilDfll1lJ 
'j/ ~ de:! 

!;JlJ r1J'U Gij eJ ~1C1f!~ tJlJ i el el fl'U 1'U fl1 'J ftflfJ 11 'U fI ~~iJ lJ fi 1ff 
cu 
~ fill 'J ~il1J 0.05-0.12% YllJ fl1 'J 

.." ~1(J ~ l'U 11! ~ 'U ~ ~ ilD Gij el ~ fll ~ ou 1~ 1C1f! ~ (J lJ 1el el el 'U 

fll ~ ~1 elD 1Y 'U eJ ~ Gij eJ ~ 11 ~ fl1 (J 'j) ~ !n ~1'U ~ ~ (J ~ fI ~ 1~ (M id ) Gij eJ ~ fll ~111'U lJ ! ! ~ II ~1Jj ! n ~ 
. .~ 

1'UJ~tJ~t1'ltJGijfJ~fl1J111'hllJ (Delaquis and Block, 1991) eJ~'J1f11'J11~.:JUlh1lJVllJlf1f1111'U 

flcilJlIilrr'J~ilD1C1f!~tJlJ 1% !rlB!VltlDn1Jfl1'J111'J~ilD1C1f!~tJlJ 0.2 11~el 0.6 % 1)~!~hliu
q 

http:0.05-0.12
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l'U 'Vl1-:J ~~ tlltl'U ~iJ vH'l'vh 111'fi lfll llJU~ n~ 1-:J"U eJ -:Jf1 1 llJ t,JlJ,J'U"U en ntll fI ff) ~ 11 i 1-:J 1 'U ~~ eJ ~ 
'U 

V V V v 

U~-:JUtl~1'U ~~eJ~~ 11l1n~eJlJU1'UlJlJf11ff-:J~'U )llJ~-:Jn~ril'U n1) 1~ntll flff 1~ tI~ eJlJU l'UlJ fi 
'U 'U 

V V , 

1I ~ lJ fi llJ 1 n ~ 'U ~ -:J l'U ) ~ tI ~ n tl1-:J U tl ~) ~ tI ~ 111 tI"U eJ -:J n1) 111''U lJ 1 'U n ri lJ Vl 1 Mfl 'U eJ 111 1)"
'I 

1CJ$L~tllJ 1% !~'U '1 iJ '1 ~i1 f11) !~lJ) ~~llfll1lJ!,JlJ~'U"UeJ-:J1CJ$!~ tllJ '1 eJ eJeJ'U! 'U eJ 111 l)ij V-I b1~eJ 

n1) ~ ~ cJflJ"U eJ -:J 1CJ$! ~ tllJ '1 eJ eJ eJ 'U lJ 1 n ~'U el'U !~ 'U V-I ~ 111'lJ nl) tfI ~ eJ 'U"U eJ -:J 1CJ$! ~ tllJ '1 eJ eJ eJ 'U! ~1 
'U 


rI I 'j) 'j), rI.dQ 'j) 'j) 


~ CJ$ ~ tl ~ llJ fI 1 llJ U~ n ~ 1-:J 'll eJ -:J fI 1 llJ !"U lJ "U 'U ) ~ 11 1 1-:J f11 tI 'U eJ f1 t 9f tl ~ 'VllJ fI 1 llJ! "U lJ "U 'U "U eJ -:J 

1CJ$!~ tllJ '1 eJ eJ eJ'Uff -:J ni 1f11 tI 1'U!9ftl ~ U~1'U tlfll'W tJ n~!9ftl ~~1'1 tJ 1I ~lJ n1) i'nlJ 1) ~~Ufl 1 llJ 
'U 

,v , 
rlQQ 'j) 'j) ~ 1 lrJ ~ 'j) 1'j) Q.I 1 I 

f11t1 1'U!CJ$tl~'VllJfll1lJ!"UlJ"U'UlJln"U'U !~{Jntl !nNa - K Pump 9f-:J~eJ-:J 9f'Wtl-:J-:Jl'U !~tlU11tl-:J 

'YHl-:J -:J 1'U 11 ~n '1 ~un n ~ 1fl bt' n1 'JLfl ~ eJ 'W 'll eJ -:J 1CJ$! ~ tI lJ '1 eJ eJ eJ 'W 11lJ nun ~ 1fl ff! ~1 ri! CJ$ ~ rfl ~ tI 
'U 'U 'U 

, v 

eJ 1fltl~ ~-:J-:J 1'W!~'W~ nn~ 'l n11if -:J !~'W Co-transport (Block, 1994) 1'W~ fJlJU 1'W lJ) ~~Ufll1lJ 

!~lJ "'Wf11 tI 1'W!C))'~ ~ ntll fl bt''W eJ nll1 nll ~!~ 'W U11 ri-:J 'W ~-:J -:J l't-H! ~1 ntll fl ffV-:J tl nt.'h '1 iJ 19f! ~ 'W 
'U 'U 'U 

V , 

Q.I 'j) 1 Q.I rI 1 ~ 1 ~I rI~ I 0 Q.I 1
ff1)~-:J~'W 'Wn)~Ul'Wn1Jb(-:J!fl)1~11U~fI ~ff 9f-:JUtlfl ~b(!lJ'UeJ-:JfllJ)~neJUbt'lfl~ 'U 

v v v , 

UI'U lJ 1'U nl) -rnlJ 1U) -:J~'W eJ eJ b( llJclfbt'lI ~ij n1) ~-:J111~ llJ '1 tJ~lt1Yl1 1 MtJ~ lJ 1U! 1.1 1'U lJ!VilJ lJ 1 n 
v v , 
~ 'j) 'j) 1 1 0 ~ lrJ I ~ IQ ~ I
"U'W (Linzell and Peaker, 1971) fll1lJ!"UlJ"U'U"UeJ-:J!!{;'\fI !~bt'f11t1 'U'UTUlJlI-:J !lJ!lJ(ltl'UUlJtl-:J 

!!~1I ~ 111'eJ 111 1)~ij) ~ ~U1CJ$!~ tllJ U~n~ l-:J tl'W n1) 1MeJ 111 1)~ ij fll1lJ! ~lJ~'U"U eJ -:J 1CJ$!~ tllJ~ 

U~ n~l-:J fl'W '1~ij Ntl~e:)'J ~~Ufll1lJ!~lJoU'W"U eJ -:J n ~ 1fI bt'1 'U ~ ~ 1~1~~eJ~ U~-:J u~fi 1V-1tl~ l-:J"UB-:J 
'U 

, v • I • 

!~:u~'Ul'U lf1'WlJ~1r1eJ1111)l11h~~Ufll1lJ!~lJ~'U"uB-:J lCJ$!~tllJ 1 % lJ1nfr:il1f1l1111'eJ1111) 

'lleJ-:J lCJ$~~tllJl'WeJ1111) eJci1-:J'1)n~llJ n1)!~lJ)~~U 19f~~tllJl'Ue}l111)11]JnUn1)!i'ntllflbt'
'U 

• v V • • v 

!~]J~'U1~tI~ eJ lJU 11,,1 lJ '1~ bt'llJ 1) tl! ~lJ el~) 1n1) 11 ~-:JU 1'UlJ l'U)' ~tI~111(J (late lactation) 

v v • 

a-:J tfl)' l~rfril'W iJ)' ~ fl eJ U! 'U 'W 1'U lJ 1 ~ tit CJ$~ rf~ eJ lJ'W 1'U lJ 1I ~ ~ ~ f.-:J!lJB! ~1~) ~ tI~111t1~ 1J eJ-:J 

nl)!11''WlJ 

1) 1 n Ntl n1), ffnfJ 1)' ~~Ufll1lJ!~lJ ~ 'W 'll eJ -:J 1CJ$!~ tllJ 1'U eJ 111 1) '1~ ij Ntl~ eJ )'~~Ufll1lJ 
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'j/ 

'UeJfltllfli1B~~~~'VlEJ.:J!~'Uut1ri.:J1ti~~·.:J.:J1'U ATP 1'U1.:Jtl1!f11Uff (Creb cycle) u~~'ti 
1 cl '" '" , 't

NADPH lfltJ~l'W!eJ'U1C}flJ isocitrate dehydrogenase ''U cytosol SUeJ.:J~C}f~~~H)lJ'Ul'UlJ 
d d~cl 1 "'" cl .::11 "'" ~ 

~ 1 fl ~ f1SU eJ.:J fl11 f1' fl fJ 195' 11 ! t1 'U 11 eJ ~ C}f! ~ 'Vl dJ 'U ff 11 'Vl95 1 tJ! ~ 1lJ , 'U fl1 ~ 1J 1'U fll 'j ff 11.:J 
'j/ 

ri1'U 111 ~ fl eJ U ~ eJ.:J U1'U lJ 1fl tJ ~ Q ~ 1~, 'U 1 ~ l1'U 'U lJ f11 f111lJ! ~ lJ ~ 'U ~ eJ ~ 1 ~ l1'U 'U]J l:u 
• 'j/ • 'j/ 'j/ 

!11~tJ'Uu11f1.:J11.:J 3 ~~111lJ1 ~~U 1C}f!~tJlJU~ fl~ 1.:J fl'U eJ1t1! ~'U 111 1 ~':h' 'U fl11flflfJ l' 'Ufl ~.:JU
~ . 

'j/ • • 'j/ 

lJtl11 1 11eJ 1t111TMR~!n1 fll1.:J3tlrilJl1 lJf111 ~ ~lJADFlJ 1tl tli121 % ~.:J tI ~i1tJ1'U tl11!~ tJl 
'I 


'j/ 'j/ 


!~eJ.:J tl11 ~~~Ul~lV tl11DvJrrJ eJ {f11t11'Urumen tI~iJ ri1'Ui1VUeJ.:J fl'U tl11 f1fl'j~~Ufll1lJ 

!~lJ~'USUeJ.:J i suiT'U'UlJ i~ (NRC, 1989) 

til fl ~ ~ SU eJ .:J tl11 fl tl fJ 1~ U i 1 tl11' 11eJ 1 t111 ~ 1 ~ ~U 1 C}f !~ tJ lJ ~ .:J tI ~ lJ·~~ ~ eJ 1 ~ ~U 
~ 

'j/ •• 

Somatic cell count (SCC) !UtJl'UlJ 1flV~lUTU SCC lJu'U11UlJ~ltli1flrilJl1'ti1~~u 
'I 

• • 'j/ 'j/ 

1C}f~ ~ VlJ! 'U eJ 1'111 UeJ (J ~.:J! ~eJ tl'U i 11 ~ ~U 1 C}f ~ ~ VlJ 1 'U tJ1 'U lJ eJ 1~ ~ ~ lJ ~ f1 ~ eJ tl11 EJU EJ.:J tl11 
'j/ • 'j/ 

!~~ty!~U 1 ~ SU eJ.:J l~eJUUfI~!~ tJ lJ tl1111V.:J 1'U fl11!~lJfl11lJ!~lJ ~'U ~ B.:J 1 C}f~~ VlJ' 'U t) 11111!~ V.:J 
'j/ ~I 'j/ 

!~eJtI~ff1lJ11tlEJUEJ.:Jtl11!tI~t1J!~U 1~~eJ.:JUUfll1!~Vl~ (Arney et al., 1998) ~eJlJtJ1'UlJi1t) 
• 'j/ 'j/ 

!~ 'U eJ -1 tJ 1 ~ f1 1V, 'U ~ 1.:J fl1 tJl1 lJ ri1 U' 'U fl11 i 1 tJ fl11 f11U fllJ tl11 ~U Yl.:J 1 C}f! ~ tJlJ 'Vl1.:J tJ1 'U lJ 
'I 

'j/ • 

'UeJfltl1n~~nn114JuYi.:J1C}f~~VlJieJeJeJ'Utl1tl11.:Jfl1V1fltJ'Vl1.:Jfl'U !i'U'Vl1.:J iJffff1l~ eJtltl1'j~
'I 

'j/ • 'j/ 'j/ • 'j/ • 

Uf1~ 'Vl1.:JtJ1~ 1tJ fl11 !~lJ~'U SU eJ.:J 1 C}f!~ tJlJ 1'UU1'U lJ fllJ fl1111V.:J 1 'U 1'U 1fl 'U lJ11111fi'U tJ1~ lJ 
'j/ 

!fl~eJ lC}f!~tJlJa~~ltJeJ~ (Mussenden et aI., 1977) 'UeJfltl1fli1fl11!~~lJ 1C}f~~tJlJ1'UeJ1'111
~ 

tI ~n riTt-Hr1rlill' 'U fl1 'j ~flfJ 11 ~~U 1 C}f!~ tJlJfl1V' 'U ~ 1.:J fl1 tJ' 'Uf1 11~!~1'U lJ eJfl! ffU 1 fl tJtI ~n fl11 
u 

• ' j/. 

!fl ~B'U SU eJ.:J 1C}f! ~ tJ lJ til fll\j a 1 ~ lJ 1 ~ 1'U 111 ti tJ 1'U lJ 1fl tJ! fl ~ eJ 'U ~ l'U 1 fl tJ 1~ paracellular 
'j/ •• 

(Linzell and Peaker, 1971) ~.:Jir'UU1fl~~fl11flflfJ11~~U SCC l1afl~.:J!'UflrilJ11111eJ1t111 
'I 

!~~ lJ ~lJ 1 ~~U 1 C}f!~ tJlJ {1'.:J eJ 1tI tI ~ 1 11!~ 11 1 ~ U U f1iJrllJ fl'U f1 1tJ 1'U 11.:J fl1 tJ 1 fl tJfl11 !~lJ 1 ~~U 
~ ~ 'I 

• 'j/ • 

~eJ.:JUlJ tlU!;tJlJf11tJ' 'U 11.:J f11Vt1~ eJ fll1! ~lJfll1lJ!~lJ~'U SU eJ.:J 19f!~ tJlJ' 'U U1'U lJV1lJ r~~' 'U fll1 
'j/ 

Q.I Q.I c:1 c:1 

tJU tJ.:J UUfl 'VB 1 tJ 

~ 1fl ~ ~ SU B.:J fl11 1 til C}f!~ tJlJ 1tHJ1 t111!'U 1~~Ufl11lJ!~lJ ~J\j ~U~ fl~ 1.:J fl'U ~ ~ l:UlJ ~~ 

~eJ1~~1Jfl111H~lJ~'USUeJ.:J Na ' , K+, cf U~~ Mg-+' 1'U~~1~lh~~1:Uu~fl~1.:Jfl'Ul'Ufl~lJ 

il~l'Vlfl(leJ.:J~.:J 3 nrilJ ~~~1~ffeJflfl~eJ.:JtlU~afl11ftflfn1'U lfl'UlJ~'tieJ11111~ff~1l 
'I 
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'lA'~~~lqA'lC;I~~q I NaHC0 .ci~,~ I~t,~q ,~NaHC03~'Wlifl 0.8 010 (Arambel etal1988) rldUU rI Hbld.t-J fl ..HlJudnJWYI3 

fllllJ~~lJ~'W~B~ lClf~~1t:JlJ1t1)~~U 0.3% , 0.5 % U~~ 0.9 % 1)~1:uiJf'H'l~Bfll1lJ!~lJ~tI~B~ 

Na-!- ,K+ 1'W~~lff:Ul (West et aI., 1992) 

fl~lJ1fl 'WlJ~ 1 ~~UBl111)~iJ) ~~U1C)f~~ (JlJ 1 % 1'W) ~ (J~ fl~ l~~ B ·~ fll'J 1 MhllJ 1)~iJ
q 

. jI 

11 fU~l~B~~1~ fl1(J lu ~W~1~~UB 1111) !ff~ lJ 1Clf!~(JlJ 1)~iJ f) l)iuYl~1Clf!~ tllJril'W!f1t1 B B f) 
jI , jI jI 

Yl1~1Jffff11~ U~~ Yll~UTUlJ!jjB~l~fl1(Jl~~U!fl~B lClf~~(JlJlJlf)~hI fl1)~UYl~ lC)f!~(JlJ 

1 ~f U B 1111)! ff~ lJ! f) ~B1C)f ~ ~ (J]J UB(J Uffifl ~ 1M!'11 'W i 1fl1) ifl iflclflJ 1Clf ~ ~ (JlJ 1 B B B hi ~ 1hi Yll ~ 
'U 

, 'JI 'JI 'JI 

) ~ 'lJU'V11~!~ 'U B1111 'J !YilJiJ If)~'U~ ~BlJ nuiJ fl1) ~'lJ Yl ~1C)f!~ (JlJ l'11 ~ B 
q 

1) 111 'J ~lJ 1fl~'U (Moms, 

1980) 111 flN~~~ fl ~ rH~ ft'~~ i1U fl1);rU11 ~~1C)f!~ (JlJ 1 B B BhI fl1(J 1 'W) ~ U'lJ 'V11~!~'U B1111 'J 
'JI 

(Endogenous secretion) 1ifl (JU ~ flnu fll'J~iflclflJ K " Yll~ 'J~U l.1l'11 ~ !~hI B1111 'JlJ 1fl~hI ~ ~ ~U 

9J9J ') ct 1 ~ 9J Q.I -=!1
fll1lJ t~ lJ 6ij 'U ~ B~ t~ U'V1 ff! C)f tllJ 'U B 

q 
11111) ~ ~ ifl ~ ~ C)f ~ ft' Bifl fI ~ B~ flU N ~ fl1 'J f1' fl1:l16ij B~ Clive 

U~~ flW~ ( 2000 ) 

N~ fll) flfl1:l1~)
q 
tJ '1~i 1fl1) !ft'~lJfll1lJ! ~lJ ~'W 6ij B~U ~ 1) 1~ 

q 
1C)f~~ (JlJ 1'U B 1111) Nft'lJ 

'JI jI . 

U~DbJuN~~ BB~r1l1) ~ flB 'lJ6ij B~U1h1lJ ) llJr1~rl1 electrolyte lu til eJ~ 
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