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Iffects of manipulattng the anion-cation balance 
in rations :for prepartwa dairy 00W8 • 

on ,~cemic parturient paresis 

Bè l'me Leolerc H.Sc. Animal Science 

A_ trial '"as conducted to investigate the response of 

prepartua dairy cows to reducing the leve). of dietary anion-

cation balance by measuring the concentration of plasma 

aacroainerals, the apparent absorption of aaacrominerals and 

the incidence of millt fever. Twenty prepartum Holstein co"s 

"ere randoaly allocated to 4 dietary treatments designated 

. control, diets 1, 2 and 3 1 wi th a dietary anion-cation 

balance MaBuxed as Ileq [( Na + K) - (Cl + S)] per kg of 

ration dry matter (DM) of +394.31, +120.65, +104.89 and 

+62.20 reapec'tive1y. The total ration DM contained 1.38% 

oaloium (Ca), and 0.76' phosphorus (P). lncidence of milk 

fever was lower 'for OOlfS fed diets 1, 2 and 3 (60' incidence) 

than for cows red the control di,t (80~ incidence). Reducing 

the level of dietary anionl\'"cation balance decreased t.he , 

severity of the deoline of plasma Ca during the 

periparturient period and delayed the time of obaerving the 

lowest ooncentration of plasma Ca. Strong negative 

oorrelat.ions were observed during the pe~ipart.urient period, 
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particularly at parturition, between the level of dietary 
, 

anion -cation balance and the concentration of plasma Ca and 

plasma ID881lesium (HIÎ). Appa:r;ent absorption ôTCa and Hg were 

not influenced bl" dietary treatment during period 1 (fro. 

day-24 to dal"-21 prep\rtum) , however, apparent absorption was 
-

reduced in cows fé<! diets 2 and 3 compared to OOWS fed the 

control diet and appa,rent absorption of Hg was reduoed in 

cows fe(fdiets 1. 2 and 3 compared to cows fed the oontrol 

diet during period 2 (from day-7 prepartum until day-l 

postp.,.rtum) . 

Results showed that reducing the level ,of dietary anion-

cation balance influenoed the concentration of plasma Ca and 

Hg as weIl as their apparent absorption. This effect was more 
~- 4 

aocentuated during the periparturient period and .al" be 
• . 

beneficial in the prevention 0"1 milk "lever. 
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L'influepce de la manipulation de la balance des anions et 
des oations dans les rations prè-vêlages pour vaohes' 

laitiéres sur là parésie h7Pooalcémique de parturition 
,,~ ~".,. 

lI,' 

RISI" 

BèlèDe Leclerc M.Sc. Zootechnie 

Une expèrience fut menèe at.in d'analyser Iii' rèaction cœ-s 

vaches' laitières A une diminution de la balabce alimentaire 

entre les anions et les' cations dans les rations prè-vêlages, 

en I18surant la concentration des aacrominéraux dan~ le 

plaslUl, l'absorption apparente de ces aacrominéraux et 

l'incidenoe de la fi~vre vitulaire. Pour cel~. vingt vacbes 

taries Holstein furent assignèes alèatoirement à 4 diffèrents 
\ 

traitement~alimentaires 4èsignès comme tèmoin, rations l, 2 

et 3, ,avec une balance alimentaire entre les anions et les 

cations mesur~ comae .illiéquivalents [(Na + K)-(Cl + S)] 

par kg de aatiére séche (MS) de la ration" avec une valeur de 

+394.31, +120.65, +104.89 et +62.20, respectivement. La 

ration totale mélang~ (base MS) oontenait 1.38~ de calcium 

(Ca) et 0.76% de phosphpre CP). L'incidence de la fièvre 

vi tulaire fut .oins élevée pour les vaches oonsOIIUIUlDt les 

rations 1,." 2 et 3 (incidence de 60') que pour les vaches 

conao .. ant la ration témoin (~noidence de 80'). Une réduction 

, de la balanoe alilientaJ.re entre les anions et les cations a 

att~nuè la diminution de la concentration du calcium (Ca) 
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dans le ·plasma durant la pèriode pèr1partale et a retard~- le 

,., moment ota la plus faible conoentration du Ca dans le plasma 
1 

est observèe. Des ~orrèiations nègat~-';'furent observèes 

durant la pèriode pèriparta1e, particuli~rement ~ la 

parturition, 
... / 

entre la balance alimentaire d'anions et de 
/ • 

cations et la concentration du Ca et du magnésium (Hg) dans 
..... 

le plasma. L'absorption apparente du Ca et du Mg ne furent 

pas in~luencèes par les traitements alimentaires durant la 

pèriode 1 (à partir du jour-24 jusqu'au jour-21 prèpartum), 

cependant, durant la pèriode 2-- (la partir du jour-7 pr~partum 

jusqu'au jour 1 postpartum), l'absorption apparente du Ca fut 

diainuée pour les vaches COosoall@Dt les rations' 2 et 3 

" 
comparèe aux vaches consommant la ration tèmoin, et"-

l'absorption apparente 

/ consoœaant les ratiOnS 

du Hg fut dimiDuèe pour 

1, 2-~~ 3 coaparëe 

'" consOiaant la ration témoin. 
# 

les vaches 

aux vaches .. 

Les rèsultats ont dèmontrè qu'une rèduotion de la balanoe 

alimentaire entre les anions et les cations influenoe la 
.-

concentration du Ca et. du, Hg dans le yIasll8 ainsi que leur 

absorption apparente. 
1 

~et effet fut plus aocentuè durant la 
.. . -----....... .-/ 

période përipartale et. peut ~re avantageux dans la 

prèvention de la fièvre vitulaire. 
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M1lk f.v.r (hypoc.lc.mic p.rturi.nt para.i • 

• febrile metabolic di.ord.r that i. typicaily ••• oci.t.d with 

parturitio~ and th. on •• t of l.ctation. Animais th.t d.v.lop 

milk fever are unAbla to meet the sudd.n d.mand for c.lcium 

(Ca) that is lost from blood for .ynth •• ia of colo.trum, 

which occura At • fa.ter rate than it 1& repl.c.d 

(Brai thwai te, 1976) . In fact, appro~imat.ly 2.~ g of C. i. 

e~tracted from blood for each kg of colo.trùm produc.d. Thi. 

\ is appro~imately equal ta th. total amount of C. pr ••• nt in 

o the blood at Any given tim •• Th.refore, a dalry cow producing 

2~ kg colo.trum will have ta replace h.r tot.l blood C •• v.ry 

hour (Horst, 1986). Although a d.cline in conc.ntration of 

plaamA Ca ia a normal .vent in cow. at parturition, th. 

d.cline is significantly great.r in cow. with milk f.v.r 

• 
(Br.ithwaite, 1976) • Mor.ov.r, milk fevar, which i. 

charActerized by hypocalc,~ia, i. g.n.r.lly ••• oci.t.d with 

hypopho.ph.temia. Typical symptom. of th. di ••••• includ. th. 

inability to ri •• , • typical r.cumbant pO.ition, low.r.d 

temp.r.tur. cf .Mtr.mlti •• , grinding of t •• th .nd in.pp.t.nc. 

1 (Block,- 1984). 

Milk f.v.r i. a Il h .... m.n-induc.d " di ••••• b.c.u.. it 1. 

a&sum.d that no .uch di •••••• ~i.ted two or thr.. c.nturi •• 

o 

~
. 

". 
~- ~._~~ 
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a;o (Fi.h, 1927), but b.gan to b. known Nh.n human .tart.d 

to f •• d an~ •• lect cpw. fpr higher milk producing capacity. 

Ml1k f.v.r N •• fir.t m.ntion.d in the li~ratur. in aarmany 

by Eb.rhardt in 1793 a. r.portad by Hutyra ~~ !l. (1938). 

Sine. th.t tim., ther. hava b.an numeroua thaori •• as ta tha 

c.u •• of milk f.v.r. Hibb. (19~O) li.t.d .oma thirty theori •• 

in hi. r.vi.N article on milk f.var, most of them being 

di.proved Along the Nay. An important finding wa. that blocd 

C. d.cl i n.d by a. m'Jch a. 60X in animais Ni th mi 1 k faver 

(Littl.dik. and WriQht, 192~). Thi. ob.ervation lad ta a n.w 

form of tr.atm.nt for milk fav.r, wher. calcium salt. Nera 

inj.ct.d intrav.nou.ly to comb.t th •• ffecta of hypocalcamia. 

Althaugh improved t.~hniqu •• for tr •• ting th. di •• as. ~av. 

d.cr •••• d th. martality of cow., th. cau •• and prev.ntion cf 

th. di •••••• till re~ain obscur.. Today, th. incidence of 

milk fevltr v.ri, •• greatly on an individua! h.rd basi. but 

repr ••• nt.d ~X af th. dairy cowa in Unit.d States (Horst, 

1996) .nd 8X of Swedi.h d.iry cattl. (Jon.acn, 1978) • It ia 

•• aaci.t.d Nith .n important .canomic 10.. du. to the 

r.part.d 14X la •• of th. sub •• qu.nt milk production (Black, 

1984), th. reduced produçtive life of a dairy CON of 3 to 4 

y •• r. (Curti. !~ ~!., 1983) .nd th. incr ••• ad v.terin.ry and 

l.bor ca.t.. "arecv.r, it w •• r.port.d (Hor.t, 1986) that 
• 

\ 
caw. with milk fev.r Wltr. thre. to nin. ti ... mare lik.ly to 

contr.ct other po.tpartum diaord.r. .uch •• dy.toci., 

diaplaced aba..su., r.taln.d pl.c.nta, k.to.i. and ma.titi •• 

\ 
\ 
\ 

\ 
\ 
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II. LITERATURE REVIEW 

---
A. Factor. contributinQ to milk f.ver 

~ ------------------------------~---
• 

1. Age 
) 

Milk fevar i. unccmmon b.for. th. third lact.tion and it. 

incidence i. highe.t from th. fifth ta the .iQhth l.ct.tion 

(Curti. !!~ !!., , 1984). Dishington (1974) h.d r.port.d a 

d.cr ••• ing t.nd~ncy to ccntr.ct mitk f.v.r in th. old •• t 

group a& wa. alao found by ~onn.on (1960) with cow. at th.ïr 

t.nth .nd lat.r lactAtion.. Po •• ible .~plan.tion. conc~r~g 

the increa.ed tandancy to contract milk f.v.r for cow. .t 

their third or gr.atar l~ctation, may include raduc.d 

.fficiencyof C. utilization (Bu.h !~ .1., 1970), a r.duc.d 

rat. of bon. turnover .nd a r.duced .iz. of th. 

a~chang •• bl. Ca pool in older .nim.l. (Br.ithwait., ,1976). 

(19~4) had r.port.d a r.duction in th. tru. 

dig •• tibility of C. •• anim.l. ag.d, combined with an 

incr •••• d .mount of .ndog.nous facal C., indicatinQ that th. 
1 • 

~ cld.r animal. not only ab.crb.d 1 ••• but al.c r.tain.d 1 ••• 

C. th.n th. younQ.r animal •• 

J 

'. 
__ 1 J.:r! ....... 

j 
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2. Br •• d 

i 

Th •.• u.c.ptibility ta ml1k f.v.r app •• r. to diffar Mlth , 

br •• d •. Numarou. r •••• rch.r. have faund th.~~,r •• y br •• d to 

have th. high •• t incid.n~. (Bush ~ !!., ~970. Littladik.!~ 

~!., 1981) with th. Gu.rns.y And th. Holst.in br •• da b.ing 

1984) • 

3. a.n.tic 

.. 

to Jonn.on (1978) , . 
/ 

!!., 1984; Black, 

cl.ar-eut 

h.r.ditary pr.dispasition to milk f.v.r~ Ba •• d an analysi. of 
1 ~ 

bull-daught.r group., herit.bility wi ••• tim.t.d .t 0.13, /: --,' 
pr.sumably", th. figure wauld ~ .• v.n hiQher if .nalysi. ~.ra. 

, 
" . 
" " 
t 

~. 
. ' 

" 

LIU:, -p 

;'>:'. -
"'.~ 

ba.ed an cawldaughtar .n.ly.i. and con •• qu.ntly, jn SW.dan, A 

CaM ~'!. di.qualified •• Adam of '.n AI bull if .h. h •• 

--cantr.ct.d milk f.v.r. 

4. Hormanal .t.tua 
(,/ 

~ 

lev.la of e.troQen have b •• n report.d ta be 

.1gnificantly hiQher for .nimal. th.t d.velop milk f.ver than 

1981) • m •• sured by pl.sma lev.ls of 

hydroMypralin., atarted ta incr •••• far th. p.r.tic .nim.la 

...... Itn pl __ a l.v.la of eatragen .tart.d ta d.cr ••••• eatrag.n 

( 
1 

• '\ 

-
~ .\\ ',':., ._Ïo 
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, ( St.rn , 1969). Thar.f or. , Holli. !~ ~!. C19B 1) .uQQ.sted ~hat 

the lag pariad far paratic caw. in th.ir .kel.tal re.pon •• 

may b. due to high concentration. of e.troga~ in th. blood 

supply to the .kel.ton. Howayar, Muir!~~! (197~) did not 

find Any effect of a.trogen or progesterone an bon. 

r •• orption whan th.y a)( c:r.t ion of 

hydro)(y~rolin. and, ~.ith.r .strogen or progesterone w.r. 

found to influenc:e th. inc:idence of milk fev.r 

~dminist.r.d to cow. for •• varal day. before parturitl0n /, 

Concentrations of pl •• m~ cortisol'w.re ob.erved ta b. 

higher in, cows that contract milk fever than in h.althy cow. 

(Wa.ge !!~ !!., ·,19B4). Althcugh th~ m.chani.m 1. unk,:,own, th. 

Authors pla.ma cortisol 

conc.ntration may inh1bit int •• tinal ab~orption of Ca. Th. 

f.var la atjll in qu.stion. It may be that cortisol allow. 

th., .nimal to respond b.tter to a C. .tr ••• (Horst and-

Reinhardt, 19B3), a. r.c:ent data .uQQe.t.d that cortisol m.y 

1979). This respon.e~ay .Hplain th. prot.c:tive .ffect bf 

corUsol agtilinst 

J orgllfl •• n , 19B2). 

'---

1 

induc.d hypocal~~mi. Qo.t. (--(Horst 

f" 

and 

---

1 
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5. Nutrition~l implicAtion. 

5.1. Cazp ratio and ~bsoluta quantlty 

Primary work on the influ.nce of variouli amounts,and r~tios 

of C.. ~nd P on the i nci dence of mi 1 k f ever w~s donliit by Boda 

and Cole (1934). They suggliitsted that the Ca to P ratio (C~:P) 

of the prlilpartum dililt had a direc::t affect on the incIdence of' 

mllk faver. Jonn.on (1978) .howed numerouli eXperlmliitnts that 

have ba.n carri ed out ... i th di fferent Ca. P and ... i th normal and 

hlgh lntaka of Ca. Although results wers confllctlng and 

inconclu.ive, thity .ugg ... ted a higher lnc1dence of mllk 

f.vlilr wh.n feeding high 18Ve1& of C. in prapartum dieta wlth 

no, or only minor importance Of tha C.ïUP. Braithwaite (1976) 

.tipulat.d th~t there ... a. little agr.ement on an opt1mum 

di .tary Cal P, probabl y bec.usa the rati 0 of avallabl e Cas P i li 

more important than th. total amount of the.e elementli ln the 

di.t. Some atud1as amphasiz.d tha importance of the Ca:P 

rAtio rAther than th. ab.olute amount of both .lamenta. In 

(1968) reported An incidence of milk fttvlilr of 

4S'X when cow ..... re fed a ratio of CiUP of 4.311 or 0.9.1, but 

" ..... r.duced to S% whan the ratlo was 2.3. 1. 

Gardner (1970) also sp.c:ulated that the optimum ratie ahould 

b. 2.311 sine. it i. approximately the r~tio of CalP in bone. 

Ho~ver, same r.c.nt studi •• have demon.trated tha importance 

o 

il . '. 
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of the Olbaol ute qUOlnh t y of C. ,and P. Schroeder ( 1973) 

conc1uded thilt thera was no indu:,ati on th .. t a nArrow ratio 

( 1 : 1) 

comp,ared to Ol wi de r,atlO (6.8: 1), but they oba.rvltd aom. 

benaflcial a-ffect. on pl Ollim,a C. whan cow. w.r. fed a 

prep,artum dl et 10w in COl. Wori< done by Ki c:huril !~ !!. 

(1982) supports the previouli findlng .inea they found th .. t a /-. 
\ 

prepartum dlet 10w in Ca (9.:5 g/day), regilrdle •• of'di.tary 

intaks of P, wl1l dacrease the i nel dance of mi 1 k f .ver. Wh.n 

cows receivad a prepartum dlet high in C,a (1:50 g/dilY), th.y 

had il hlgher blood Ca le,,&l prepartum but ..... ra 1.51ii ,able to 

malntSln gerum C,a levaI. through p.rturition. Cow. dld not 

have an increOl.e ln urinary hydro)(yprolin. a)(eration n •• r 

parturltion illii did cowa fed the prapartum dlat low in C. 

1973). A prepOlrtum diet low in P (10 g/dOlY) 1n 

the prasanea of high levaIs of. Ca Will help to prav.rit mllk 

fevar comparad to a prapartum di et high 1n C. Olnd P (Kichura 

1982). In thia 10lttar cOl.e, th. i mportilnee of the 

abaolute qUOlnti ty of Ca and P rilther thOln the COl: P raU 0 1 li 

.tr •••• d Slnca the pr&pOlrtum diat hlgh inCA and 10"" in P had 

,a wlda C,asP ratlo (8.611) ,and the prep.rtum dlet hlgh in Ca 

ilnd P had ,a narrow Ca:P ratlo (1.0~ll). Hi gh i ntOlk. of P i. 

known te .uppr ••• kidn.y formation of th. l ,25(OH) 2D:3 n •• ded 

for th. produeti on of c,alc:ium-bindin9 prot.in ln th. 

intestine (Reinheardt And Conrad, 1980). 

·1 
-fi 
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~. 2. Magn •• i um 

Evid.nc. of an .)(i.1:ing link b.twe.n mAgn.stum .tatus of 

th. cow and mi 1 k favlI,. haa ba.n .mph.si zad by varioua 

... ark.,. •• In.a r.view a,.ticl., 

fAct. clinic.al, expert mllntill that support 1 th. e)( i atenc. of 

th.or.ti cal ~v~nce fo,. a betw •• n th. \ 
~~ 

occurrenca of aubcl i ni c.al hypomagnesaami.a and mi 1 k f IIvar. 

Vi t.mi n O::s (P..ayna !!!: !!., 1970) and 1 -hyd,.o)( yVl tami n 0 3 hava 

bath b •• n found to be ineffactiva whan admini.tar.d ta cows 

that w.ra mldl y hypomagnllsae",i c _ Wh lin c:attla war. 

hypomagnasallmi c , th.y .... r. 1 ess ab 1. to mobil i sa Ca thiln 

normo-m.gnas.emic .. nim.also in raspon •• to an artificially 

induc.d hypoc.lc:ami.a (S.anaom!!:. !!!., 1982; Cant,.eras @~ !!!.., 

1982) • Tha effect of th. magn.sium statua of the animal on 

th. i nci d.nce of mi 1 k fever moly .. lao b. ral.ted to th. aga of 

th •• n1 mal becaua .... orkar. (Sansom !!:. !!!., 1982, Contraraa!!: 

~!.. , 1982) aho .... d thiilt hypom .. gne ... emi. ,.educad the C.a 
't 

mobilis.tion rat. in older animal. by a gr •• ta,. proportion 

than i t r.duced i t for young.,. .ni miill.. Magne.i um has b •• n 

" 
shown to play an importiilnt roi. in the .aynth •• i • .and/or the 

,..1 •••• of parathyroid hormone (PTH), and in the acti on of 
"l' 

PTH upon th •. Qaat,.oint •• tinal tr.ct or bone in r.ata (An .. at !!: 

!!!.., 1 9721 Rud. !!:. !!!.., 1 976) • 

E., Jo..I., ...... 

\ 

" 

..... .. 
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~. 3. High-grain .nd high- protein di.t 

An 

from 

1ncr.a.e in th. cont.nt of gr.1n in pr.partum ration 

o. ~ to 1.0 p~nt of body w.ight ha. b •• n ,..,.ported to 

beafflitcti". in the pravlitntion of milk f."er (I(andall.t !!.., 

1966). Oth.r r •••• rch.ra (Curti •• t al., 1984) found .n 
-- -- tJ 

in".rslI r.lationahip b.t""lIlitn fellding high lav.l. of gr.in in 

re.ulta wer. not canfirm.d in other atu"di •• ""h.r. a high.r 

incidence of milk f.v.r "" •• noted wh.n conc.ntrat •• w.,..,. 

added to a roughage di.t du,..,ing th. dry p.,..,i ad (Ema,..,y !!~ !!.., 

1969, G.,..,dn.r, 1969) Bllneficial .ff.ct. of high Qr.1n di.t. 

f.d p,..,.partum on the inc:i denc. of mi 1 k f."er m.y b. du. te .n 

acidifying .~f.ct of the di.t. Thi ....... upport.d by •• tudy 

by H.rmon and Bri tton (1983) ""ho ob •• r"ed a di.turb.n::. in 

th. acid-ba.e bal.nc. (d.creasad blood pH and bicarbonat. 

in l.mb. f.d a high grain di.t, an iner •••• in tha .Mcr.tion 

of urin.ry Ca and an iner .... in the .Mcration of urin.ry 

hydro>c yprol i ne. 

lntakll of high level. of prot.in during th. pr.p.rtum pariod 

(Curti. !~ !!._, 1984). ln th. r.t, a hiC;h protein di.t w111 

iner ••••• Mcration of urinary Ca by incr ••• ing th. int •• tin.l 

ab.orption Cl:f di.tary Ca and by .hifUnQ th. rou~a of 

.>ccr.tian of endogenou. Ca from th. fac •• ta the urin.. No 

\ 



·0 

. 0 

---
IO 

.ffect 
1 ... ere ob.ervad on bon., ra.orption (Bell !!~ !!. , 

Wh i t i n9 and Dr aper, 1981). 

B. Th. calcium hom.oatatic mechaniam Idth sp.cial re.f.r.nce 

ta milk fever 

Calcium ham.oatasia i. regul.t.d through thre. major 

m.chani .m •• ab.orption by th. int •• tinal muco.a c.lla; 

urinary Ca r.~b.orptionl and bon. r.aorption. In th. 

tran.ition from pregnancy ta lact.tion, the maternal drain o.f 

Ca to th. f.tu. c ••••• but it increa ••• to a gr.at.r .xtent 

... ithin • f.w hours for the formation of colostrum. B.eause of 

d.lay. inherent in th.· feedback pathway., hypoealc.mia 

develop. in mo.t .cow. at the on •• t of lactation but more 

sever.ly far co .... that contraet milk fev.r (Ramberg, 1984). 

1. Int •• tinal ab.orption of calcium 

Th .. phy.iologieal need for Ca by t.ne a~i mal and th. cent.nt 

_ ~f C. in the diet will d.t.rmin. thl .ffic:i.nc:y of C. 

ab.o,.~tion (Hor.t, 1986) • Furth.rmere, th. a;_ of ~ anl.-l 

will have a .i gni f i c:ant in.fluenc. on the ability of the 

int.atine ta adapt ta Ca .tr •••• A. an animal ,ag •• , the 

effic:i.ncy of int •• tinal ab.orption of C. in r •• pon •• ta C • 

, 

• .---
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.tr... will be 1 ••• than for a young.r AnimAl (Hor.t!~ !~, 

1978). The absorption of C.'from th. gastroint •• tinAI trAct 

mainly occur. in th. upp.r int •• tin. (Hor~t, 1986). Calcium 

is absorb.d by two proc...... Activ. tran.port And pa •• iv. 

diffusion wh.re 1,2~(OH)2 03 AppeAr. to influ.nc. both 

the .ynthe.i. of calcium-binding prot.in, which control. 

active Ca transport into the mue o •• c.ll of the int •• tine. 

Transport of Ca out of thé -cel 1 i ta .gai nst a conc.ntratt on 

gradient and is accomplished via a high affinity CA-activat.d 

1981). D.pendanc. on intestinal absorption of Ca to recov.r 

from hypocalc.mia during the p.riparturi.nt r.pre •• nt. a 

precarioua .ituation that'may leAd to An unstable r.apona. 

(Ramb.rg !~ !!, 1984). In fact, hypocalc.mia may d.cr.a •• gut 

motility as weil a. th. mev.ment of C. from th. rum.n -to 

ab.orption site. in tha amall int.stin. (Moodi., 1960) 

b.cauae .mooth muscl. is dep.nd.nt on .~tr.c.llular Ca for 

its contractile activity (Ramb.rg !~ !~, 1984). Anor.~iA hA. 

al.o be.n reportad to occur at th. on.et of lactation 

(Marquardt !~ ~!, 1977), which will d.crea •• the .u~ply of Ca 

for int •• tinAI ab.orption. D.v.lopm.nt of milk f.v.r, if 

related to An impairment o..f- th. int.stinAI absorption of CA, 

ainc. it WAS shown that it r.sponds appropriat.ly And rapidly 
~ 

in pAretic cows (Horst ~~ Al., 1978, Hor.t and Reinhardt, 

»- :. 
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? 

lQS3). Th. d.lay in r.span •• , if it .Mi.ts, .hould b. r.lat.d 

ta an int.stinal targ.t organ r.sponaiv.n ••• to blood-born. 

f •• dback si9nals (Ramberg .~ Il., lQS4). 
~ 

.' 
Calcium mobilizatian fram bon. to support the concentration 

o-f plaama C. i. under th. influence o-f the hormones, 

1,2~(OH)2 D:s and PTH (Horst, lQSé) • At the onset of 

lactation, th. abili ty of bon. to re.pond by rellorptiv. 

proc ••••• i. .om.what r.fractory ta the sti mul u. o-f PTH tand 

1,2~(OH)2D:s thu., re.orpt.i on of bone may play a minor role 

-for t.h. maint.nanc. of pla.ma Ca until 1 or 2 w •• ks 

post.partum (Ramb.r9 ~~ !!., 1984). How.v.r, if COMa Ar. f.d a 

prepart.um di.t low in Ca, -th. bon. will contribute to the Ca 

paal. Th.r. is only ~ IImall fraction of the Ca of bone t.hat. 

i. rapidly .Mchan9.abl. wit.h th. ionic Ca in blood and .aft 

ti.su., and th •• ize of th •• Mchancheabl. Ca pool hall b.en 

.hown t.o b. r.duc.d ~ith av. (Brait.hwait., 197b). It ha. b •• n 

d7·trat.d 

~nc.ntr.tion 

that par.tic c:ow. will hava incr •••• d 

1978) and lowar conc.ntration of plasma ealeitonin than non-

paretic animal. (Mayer .~ !!., 

will have an acut. inAbility t.o r.sorb ç. from ban. (Hor.t., 

19S6) • Microradiographic and hi.t.ologieal .valuation of 

cortical and t.rabecular ban. tak.n fram milk f.var-pron. cow. 
1 

---
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suggested .an impilirment of o.teocl •• t function po •• ibly 

resulting from eithar a lack of or A m.Uunction in monocyte. 

(Horst, 1986) ~ 

Thi 15 metabol i ta appaars to be i n'loI ved in th. proca •• of bone 

form.ation (Norman, 1980), A n.gativ. corralation hA. b •• n 

e.tablished betwliten pl.asma 24,2~(OH):zD:s and conc-.ntrat10n of 

plasm.a Ca (Smith @~ !i., 1982). Al ~!J, BArton.~ Il. (1984) 

have shown,. 1Ithilt in j ectl ng phar macol og i c-al dose o.f 24,2:5 (OH) :3 

D:s ta diliry cows .around pilrturition r.sulted in an incr •••• d 
t>: 

incidence of milk fever. Howaver, Horst ~~ ~l. (1979) did not 

ob.erva si g."i fi c.ant di Herenc.s in pIA.m. 24,2:5 (OH):aD:s 

batween paretic or non-par.tic cow •• Th.re.for., Hor.t (1986) 

liUfiul ated thilt under physiol ogi cal condi ti on., 24,2:5 (OH) :aD:s 

is unlikaly to pl.ay Any miljor rol. 1n th. incidence of milk 

f.ver.. 

3. CAlcium excration 

3.1. Urinary calcium 

The bovine kidn.y is highly efficient in con •• rvinCjl cAlcium 

si nea _ 997. of th. gl omerul ar fil ter.d C.. 1. r.ab.orb.d 

1976) • In cattl., urinary .xcrGUon of Ca 

do.. not vary wi th di etary' i nt.ke of Ca (R.mb.rCjl !!~ !l., 

~~J'~ "Ti/-p ~ ~ ~ 

, '". 

, . ,. 
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o 1975) , it i. substAnU.lly incr •••• d with P 

d.4 i Ci ency (Nel ~~ !! , 1974) or .4t.r tha inga.tion 04 .cidic .. 
• ub.t.nc •• (V·gfil !~ !!, 1970) • Tharefora, it i. an i_mport~nt 

route 04 .Mcr.ti on in Um •• of .tre •• (Brai th ... ai t., 1976) • 

Howaver, urinary QMcretion of C. plays only • minor roi. in \..o.. 

combaU ng hypocal cemi .. (Ramb.rg .~ ~!., 197:5) ; i ta roi. may be 

mor. import.nt in allavi.tin; hyparcalcamia (RAmbarg~; ~!., 

197~D • 

3.2. Endog.noua 4.cal calcium 

---------------~~------

Endog.nou. b.en raport.d to 

incr.... Un.arl y w~ th f •• d intake but i t i. i nd.pendilnt of 

,0 
intake 04 dietary C. CSraithwait., 1982). Th. phy.iologic~l 

.tat •• of pregnancy or 1 actati on di d not al ter th •• ndogenou. 

10 •• 0* f.cal C. (BrAith ... ait., 1982), ho ... ev.r, this los. 

incr •••• d .Ughtly in cow. made hyp.rcal cami c by the 

adm! ni.trati on 04 parAthyr'oi d eMtract (Mayer !~ ~!., 1967). 

r 

3.:i. Calci um 10 •• in colo.trum 

, ~ o.trum contai n. twi c. a. much Ca •• IIi 1 k, thu. 

'-~.Uon of ona litra Df colo.trum would remov. aIl the 

the 

Ca 

cont.i nad in 24 li tr.. of pla •• a, aqui val.nt ta th. p l •• ma in 
) 
~ .. SOO k; CON (Raatb.r; !!~ !!., 197:5). Studi •• 04 th. movem.nt 

) . 
__ ./' of radioactive Ca indicated a delay of 6 hour. b.t ..... n pla.ma 

./ 

( and .. ilk, which •• y r.pr •• ant a C. compartment in th. 

fi~ 

." 
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o • (I(ronfald !!: !!!, 1971>. Slitcr.tion of Ca into colo.trum i. not 

6-
19:50) and may actually b. 

rlitducliitd (Nurmio, 1968). Calcium ramoval from th. blood to 

colostrum bliitgina during the pr.p~rtum p.riod, and th. r.t. of 

th!a .~tr~ction of Ca mOly b. importànt in contributing to th. 

dlitvelopm.nt of hypocalcemia (Ramb.rg ~~ !!, 197~). 

C. Prev.nt.i on of mil k f.ver 

--------~--------------

Prev.ntion i. th. mo.t. de.irable mean. of reduclng the 

o liitconomic loa.e. occurring from milk f.v.r. S.caua. of th. 

importance of calcium m.taboliam in the etiology of milk 

• ~ f.ver, prav.ntativlit approach.s hava b.en focu •• d in thi. 
- . ~ 

dir.ction. Diatoary m~nipulation. a ..... 11.. inj.ction. of 

vit.~min D3 and ita m.tabolit. •• h~v. been r.port.d in th •. 

lit.r~t.ur. as po.sibl. m.thods for r.ducln~ th. incidence of 

mi lk f.var. 

L~rg. oral dose. of vitamin D~ (20-30 million unit.) Qiven 

.t. le.st:S d.ys prior to pArturition And for no more thAn 7 

deys, have succ •• afully prev.nted ml1k f.ver CHibba and 

o 
• 
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Çonrad, 1960). Alac, a .ingle lntramu.cular do.e of 10 

million unit. of vitamin D3 Qiven within 10 day. prepartum 
. 

afforded reasonabl. prot.ction against milk fever (Payne and 

Man.ton, 1967). ~owev.r, accurate prediction of t~. date of 

parturition i. n •• ded, otherwi.e, repeat.d tr •• tments may 

1.ad to tOMicity probl.M. (Littledik. and Horst, 1982). 

Moreover, auch tr.atments will aignificantly reduce the 

incid.nce of milk fever for cowa prone to the disorder but 

ma~ inerea.. the incidence in normally h •• lthy cows and 

therefore, ha. the di •• dvantage that it cannat be u •• d for 

aIl animala in a herd 

statement place. the oral treatments at a 

di.advantag.. The r.cent diacovery of active met.bolite. of 

vitamin D3 ha. l.d to r.new.d inter •• t in the pr.vention of' 

~ilk fever .inee .the •• metabolite. hava advantage. over 

vitamin D3 it.elf. They aet more quickly, are r.quir.d in 

amaller amount. and are m.tabollzed fa.ter. 

can b. applied at more fr.qu.nt interval. (Braithwaite, 

1,2SCOH)aD~ and of 1 -COH)D~ and found th.t, fer the .ame 

do .. , pla.ma 1,2SCOH)aD3 will peak higher at a fa.ter rate 

when injected th. 1,2S(OH)a D~ than when injected with 1 

COH)D3. Th.y al.o obs.rved that the d.clin. from peak 

concentration will occur more slowly after an oral treatment 

~of either on. of the ~tabolite.) than 
J 

aft.r .· .. n 

intr • .uscular tre.t .. nt. Thi. latt.r finding m.y have 



o 
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import~nca .inc. Hor.t (1986) ob •• rved an inhibitory eff.et 

of th ••• compound. on ki dn.y 1, hydro)Cyl ••• and a dependane. 

hypoeal~,mia. It .e.ms that a po •• ibl. r ••• on, for delet.riou • 

• ff.et. of p~rentar~l injection. of ph~rm.locogical do... of 

1,2~(OH)2D3 will b. caused by the aeut., removal of the drug 

from the inj.ction .ite, tharefor., ~n oral do •• may b. a 

u.eful ~lternative to the par.nteral tre.tm.nt (Hove @~ !l. , 

1983>. 
.~ .... , .' 

2. Diet~ry manipulation. 
-----------_._-------

2.1. CalP ratio ~nd ab&clut. qUAntity 

1 

Wh.nev.r it i. po •• ible, feeding • pr.partum diet low in ~ 

ia the d •• irable choie. for pr.v.nting th. incidence of milk 

f.v.r (Block, 1QS4) • 1 n f aet , i t ha. b •• n .hown (Goi n;. !!~ 

1974) ~nd acc.pted by th. National R •••• rch Council 

(N~C, 1Q78) that thi. method will eff.ctiv.ly pr.v.nt milk 

fever. Racommend.d levala of Ca and P in th. pr.partum diet 

Ar. 0.371. .nd O.26X, r •• p.ctiv.ly (NRC, 1978). Mor. Ca may b. 

inalud.d in th. di.t of drv:·:.,. .... if the a,,!unt of 

controll.d .trictly at th. lev.l ~.comm.nd.d by NRC 

P i. 

(1978) 

(Julien !~ ~l., 1976) and th. tot.l amount of C. consumed by 

cow. dee. net e)Cc.ad 100 iii par day for Hol.tein. and 60 iii ,,-

daily for Jar.ey. (Jorgenaen, 1973). 
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2.2. Addition of acid 

Far mare than fifty y.ars att.nti on had blllln gi vlln to the 

addition of acid to diata of dairy cow in ord.r to influence 

th. hom.ostatic m.chanism of calcium. In fact, Hart!~ ~!. 

(1931) fed 11:5 or 230 ml of concentratad hydrachloric acid 

(HCl) ta 1ac.tating dairy cow. and obsllrved an i ncrllasad 

urinary of C. a. weIl a. an increa.ed 

int •• tinal absorption of Ca. Th ••• me tr.nds .... rll observed by 

Fr •• den !~!!.. (1984) whlln thlly off.rad a ration containing 

1.2 p.r c.nt HCI to non-Iactating goats. Treatad goat. al.o 
, 

d.".loped a m.taboUc acide.ia incticated by a lowar bloo~ pH, 

pC02 and. HC03 - than control animal.. Addition of ammonium 
.. 

chlorida (NH4 Cl) to diat. of non-Iactating go.ta (Hor.t .nd 

Jerg.n •• n, 1971) decr.a •• d urinary pH .nd incr.aaed urin.ry 

.xcr.tian of, Ca and Cl. Bu.hin.ky!!t ~l. (1982) ob •• rv.d a 

.UP~.ion of th. incr.a •• in 1.2~(DH)2D3 l.vala 

f.d a di.t 10 ... in CA when th.y cr.ated a chronic 

for rata 

metabol ic 
. 

acido.i. 'by adding 1.~ par cent NH4 Cl La the di.t. The PTH 

r •• pan •• to the diet 10w in Ca wa. not .uppr •••• d. A1thaugh 

tat.l •• rum CA and P 1.v.1. w.r. not affllct.d by acido.i., 

blacd ioniz.d C. l.v.l. w.r. incr •••• d. F.w .tudiea have b •• n 

don. Of\ the ~cidi.ficAtion of th. diet in ord .... to pr.vent the 

i,nci d.nc. of mi 1 k f ev.,.. K.ndall lit !l. (1969) ob •• rv.d a 

lCWllr" lncidltnc. of IIi 1 k f.v.r and A high.,. cancent,.ation rf 

1 

'\..J 
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in t.hi. 
'"' '-

parU cul.ar st.udy, th. numb.r of co.... wa. toC' .111.11 t.o a110w 

d.~.nit. conclusion. conc.rning th. pr.".nt.aU" •• ff.ct. of 

t.h. di.t (Jon.son, 1979). R.duction of t.h. pH of t.h. 

pr.p~rtum di.t., uaing 1.6~ p.r c.nt p~o.phoric .cid in th. 

grain mi)Ctur., incr •••• d calcium ab.orpUon in t.h •• arly 

po.t.p~rt.uriant. p.riod (Vardari. and Evan., 197:5). Th. hiCjJh •• t 

calcium ab.orpt.ion wa. ob •• rv.d in th. hlgh calcium-Io... pH 

group. In th •• )Cp.rimant. o~ Dishingtan (lcn:5> , low.rinCjJ th. 

pH of tha prepartal dillt using an AIV-sUag., ... hich i. a 

minerai acid campo.ad of hydrochloric acid and .ulfuric acid, 

di d not. app.ar to r .duc. th. i ne i d.nc. of mi 1 k f .v.r • Th.y 

.tipul~t..d 

importance 

t.hat the di.t..ary anion-cation balane. had more 

"" t.h.an th. pH of th. di.t in t.h. pr.v.ntion of milk 

2.3. Manipul.t.ing th. di.t..ary .nion-cation bal.nc. 

Anion-CAtion balane. r.f.r. to a balanc. b.t. ..... n th. t.ot.l 

• nion. .and t.h. tot.AI cAtion. (N •• t.h.ry, 1981) • It. i • 

.)Cpr •••• d ~. mUliequivalent. (meq) p.r 9 or par kg rat.ion 

dry m.t.ter (DM). Thi. conc.pt ~a. b.en u •• d in r •••• rch in 

pou1try nutrition wit.h th. c.lculation including t.he c.t.i"on., 

.od.ium .and pot .... ium .nd t.h •• nion, chloride (Sauv.ur and 

Mongin, 1978>. Th. ~mport.nc. o~ thi. concept in ~~~l_~~~ i. 

-
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emph •• ized by tt"a effac:t of anion-c:ation balilnce on the ilc:id-

ba ••• tatua of th. animal (Cohan and Hurwitz, 1974) and on 

tha eQQ .hell atr.ngth of the, l'ayi ng hen (Hilmi 1 to", 1981). In 

rumi n.nt nutri t ion, tha importance of th. anion-ciltion 

b .. lance, as d.scri bad by the poul try rasearc:hers, has baen 

poi nt.d out by Whael.r, (1981). Ha obaarvad a conlilatent 

improvem.nt ai thar in wei ght gai n for b,aaf staers or in ml l k 

production for dairy COWII whan the anlon-catlon b.alanca of 

the control di at had bean neiilr 10 meq par 100 g of r .ati on DM. 

ManipuliltinQ ,the di.tary anion-ciiltion b.alanca hils .al Iii 0 besn 

u •• d to prevent milk !.ver in dairy co..... NorwagLan workera 

da~ 1 nad tha iln1 on-cilt i on b.al anca (il1 kal1-al kali nl ty) ali the 

.ummation in milliequivalent., of th. ciiltion., aodium iilnd 

pot .... ium minus th. aummation of the iiln10nll, chlorid. ilnd 
, 

.ul fur. Mi 1 k fa".r wali .ucc •• afull y pre".ntad in 92 p.r cent 

of th. C:iil.e .... hen prapilrtum dai ry c:ows .... re f ad rat 1 ona wi th 

a negati". anion-cation baliilnca, compo.ad of il mi )( tura of 

min.ral .alt. with a high' c:ontant of Cil (Dillhington, 1975>. A 

b.t t.r r •• pon.. to tha di et WiilS obliiarvad whan di atiilry 

concentr .. tion of Ca ... iil. high compiilred to low <Endar et iill., 

~:9il:~ v. 197 1 ) , wh i ch miily be e)(plained by the filct thiilt 

~ 1 

di.tary .. nion-ciiltion biillance lncrlliilsed absorption of Ca ... han 

co.... ara kept in po.t t i v. biillanc:a of Ciil but not in .. ~ n.gati ve 

balance 1978) • In moat of the "'c •• eta, 

concentration of pl ... ma C. and P .... re m .. int~in.d high.r in 

CO"". fltd tha nagati". anion-cation biillance (Di shington, 

o 
v 
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o 197~) • Beneficl~l e44ect& of a n.g~tlve dletary anion-cation 

bal.Olnce, . uliHng the s~me minerill aAlt. Ol. DiahinQton (197~) , 

per cent of the casas when prepartum dalry cowa w.re fed a 

di et of -128.5 meq per kg of r~t i on DM but, of 

the cow.. dl d gat mll k f fiI"er whan th.y ,....c.i ".d .a di.t of 

+330.5 meq par kg of r~tion OH. Concentr~tion of pl~sma Ca 

.and P wera m.alntAined higher during the peripoarturi.nt period 

Pl •• ma 

hydroxyproline levai s the 

prepArtal peri od And remAi ned hi gher unti 1 day-2 postpartum 

ln cows fed the negoative dlat. 

o The pr omi al ng result& obt~ined by the NorwegiAn ,""ork.r. 

CEnder @~ ~!.., 1971; Di ah i ngton , 197~) and by Block (1984) 

led to the design of the trl al that follows wi th th. 

following hypothesis: Reducing 

bAl ance of rations thAt oare high in Ca and P for prepar'tum 

cowa, will decreAae the &eVliirlty of the declin. of pla.ma C. 

during the paripArturlent p.riod, which wi 11 r.duc. the 

incidence of milk fev.r. The' objective. of th. tri.l w.re to 

d.termin. the reaponslii of prep~rtum dai ry cows to a r.duc.d 

dlatary Ani on-c~ti on by inv •• tig~ting th. 

c:oncliintr At ion of mAcromi n.ral., th. apparent 

Absorption of macrominerAla ~nd th. incid.nce of milk f.v.r. 

o 
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III. ttATDIALS AlID HK1'BODS 

1. AnimaIs and management 

Twenty Holstein dairy cows from the Macdonald College Farm 

-berd were used that ranged in age from 4 years 6 lDonths to 10 
, 

years, and had completed 3 to 7 lactations. Body weight at 45 

days prepartum ranged from 745 to 993 kg. Milk produced in 

the previous lactation (calculated for 305 days) ranged from 

6,840 kg to 11,140 kg of .. iIt. At 45 days before the expected-

calving date, cows were transferred to individual box stalls 

with s8wdust used ~8 bedding. At that time, cows received a 5 

~ injection of vitamin A-D composed of 2.5 x 106 lU of 

vitamin A and 3.75 x 105 lU of vitamin D (HTC Pharmaceutical, 

Missis8uga. Ontario.) and a 14 ml injection of vitamin E~ 

Selenium co.posed of 42 as of sodium selenite , 1904 ru of d-

tocopheryl acetate and 21X benzyl alcohol used as a 

preservative (D1-stocel,Rogar/STB. Division BTl... product). A 
1 

second dose of vltamin X-Selenium was given 3 weeks before 

the expected calving date. 

AcceS8 to automatic waterers WRS unrestricted. Water was 
. ..,.. 

analysed for' aineral coaposition (see-- Table 1). 
~ 

Because'" of 

the ~posslbility to control the intake of water, it '. was 

decided ~o disregarde th!s possible source of aineral. 

< • 

\ 
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Table 1. Mineral composition of the Macdonald Farm water. 
,/ 

Mineral Concentration (ppm) 
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• 
Cows were weighed weekly at 0900 h. Cows were fed their 

experimental diets twice daily at 0500 h and 1700 h from day 
\ 

J 45 before expected calving date until the day of parturition 

when .they were switched to the normal feeding program of the 

Macdonald Fara. Daily rations were prepared once daily at 

1700 h and divided into 2 separate buckets, one for the 

feeding of the next morning and one for the feeding of the 

same afternoon ~s mixing. Ingredients were weigq~~ and mixed 

manually to obtain a bomogeneous ration. Ration refusaIs were 

weighed once daily immediately prior to the afternoon feeding 

and discarded. RefusaI samples were collected weekly for 

analysis of dry matter (DM). Two representative samples were 

collected weekly.one far the analysis of dry matter and the 

other was frozen (-200 C) for 1urthe~ analysis. Ration mixing 

and amounts offered on a percentage of body weight basis were 

corrected weekly for DH. Intake of DM was restrlcted to~~ of 

body weigbt to overcome possible proDreas of fat cows. 
, 

COW8 were diagnosed as baving milk fever only if they 
" 

exhibj,.ted two or aore of the typical syaptoas of the disease 

(ie. 10ss of appetite, inability to rise, cold extremities, 

typical recuabant position, grinding of teeth) . Cows 

dia~osed with milk fever were treated intravenously with 500 
,,-, 

.1 of a 1.7~ caleia. gluconate solution (Cal-dextrose). If 

cows dld Dot respond to treatment or relapsed, they received 

a 500 al intravenous injeotion of 23% calciua borogluconate 

) , 

'"\ 
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o (Cal-Hag-K).Dose number varied according to the severity of 

the disease. Blood samples were taken immediately prior to 

the solution infusion. 

o 

.. .. 

o 
• 

.. . ..... 
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2. Preparation and Composition of the Diet 

Composition of experimental diets is shown in Table 2. 

RatiOD vere oomposed (DM basis) of 57~ alfalfa haylage and 

approximatively 38~ corn silage and 5% mineraI mix. Four 

different rationB~ were offered to cows according to their 

respective treatments that varied depending on the anion-

cation balance of the treataent. Anion-cation balance was 

calculated using the equation: milliequivalents r(Na+ + K+) 

- (CI- + S=)] and express~d par kg of ration DM (Block,1984). 
1" 

Alfalfa haylage and corn silage were harvested at th~ 

Macdonald College Far.. Mineral salta used to alter the 

anion-oation balance such &s calcium phosphate (Ca~), 

caloiUIII sulfate (Ca.S04 ) J sodiua phosphate monobasic 

(NaB2POt .820) J caloium carbonate (CaCoa) J magnesium sulfate 
JI 

CHaSOt .11120). iron sulfate (FeS04 .820) ~d potassiUlll iodide '. (KI) vere purchased through Fortamix (division of BASF CANADA 

Ino.) and anhydrous cupric sulfate (CuS04) J orystal cupric 
.t.": 

chloride (CuC12 . 2Ih0) J manganous sulfate monohydrate ,-
" 

~ 
(HnSOt • lb 0) J crystal aaanganous 

41 

granular zinc db1orid~ (ZnC12) ., 
Anach .. ia Ltd. Montreal. 

,7f! 

chloride 

wer~ 

(MnC12 . 482 o." and 

purchased through 

~: 

'>" . 
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Table 2. Composition of rations offered to cows beginning 

at day-45 before expecting calving date until parturition. 

Ingredients Control Trt 1 Trt 2 Trt 3 

--------~ of total dry matter---------------

Alfaifa haylage 

Corn silage 

Mineral mix 

Na.B2 P04 . B2 0 

CaBP04 

CaC03 

HgS()4 • 782 0 

FeS04 .820 

57 

38.5 

4.48 

1.9 

0.68 

1.88 

~, CuS04 (PIa1 
-,.).. 

""~CuC12 • 282 0 (PPIR. 56 

MnSOt . 820 (p~) 

MnC12 .4820 (ppm) 86 

ZnCI2 (ppa) 56 

KI (PPIIl) 0.65 

Calculated +400 
anion-cation 
balance (aeq/kg DM) 

.. 

57 

38.7 

4.30 

0.65 

1.91 

1.48 

0.22 

0.01 

105 

70 

56 
.Jt 

0.65 

+200 

"t 

57 

38~ 

4.52 

0.65 

1. 91 

1. 48 

-.It>o 

0.22 

0.22"8\ 

205 

70 

,.-"# 
56 

0.65 

+100 

4.93 

0.65 

1. 91 

1. 48 

0.44 

0.40 

400 

" 

70 

56 

" 0.65 

+50 

.. -''l'";-;';i 
•• r".~ 
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Mineral salts were .ixed for 15 .!nutes in a st&inless steel 

mixlng bowl with a 50 kg capacity usin~ stalnless blades. 

Datches of 15 kg .1neral .lx were prepared and stored in 

covered plastic containers. 

3. 8l00d saapling 

8100d samples were taken once a day at 0800 h on days 

45,35,25,20,15,14,13,12,11,10,9 and 8 prepartua, twice daily 

at 0800 h and 1800 h from day-7" prepartum to day-3 

postpartum, followed by s8llPlina once daily st 0800 h on 

days 5 and 10 postpartum. 8100d samples were taken from the 

tail vein d to avoid possible stress due to fraquent blood 

s&mpling. Vacutainers with 7 ml capacity containlng 100 usp 

units ~ithiwa heparin as an anticoagulant were used with a 

20 gauge 1/2 in needle (Becton Dickinson & Company). 

~lood 

minutes 
"-
Pl &811& 

saaples wer.. then centrifuged st 1100 z G for 10 
, ~, 

(Sorvall RC2-B automatic refrigerated centrifuge). 
.1tJ' ...., 

.J~" 
W&S recovered using ~ Pasteur pipette and transferred 

,''1-

into a 7 ml plastic ~al and frozen (-200 C) for further 

analyaia. 

• 
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4. Digestibility study 

THo digestibility studies were conducted, one from day-24 

to day-21 prepartUJll and the second one frOID day-7 prepartUJI 

to day-l postpartum. Feces samples were not collected at day-

1 postpartua when cows tend to becoae anorexie Chromie 

sesquioxide (Cn 03) was used as a marker and mixed wi th the 

mineraL pre.ix to obtain 0.5% Cr2Û1 in the total ration OH. 

An adaptation period of 7 days was allowed bafore eaeh 

collection period to obtain complete recovery of the CnOa in 

the feces. The equstion used to eaiculate the percentage of 

DM digestibility was: 
1". 

~ DM. digestibili ty = 100 - ( ~ Cr203 feed x 100) 

~ CnOa feees 

Calculation of the apparent absorption of the mineraIs was: 

~ apparent absorption of mineral= 

! 00 - (~ Cn oa f eed x % .in4!b'.lll f eces x 100) 

% Cn oa feces % mineral feed 

"" . 

Fecal grab samples were collectêd three times..,.' dflY. at 

0800h 1200 h and 1600 b and i..adiately stored in a 

refrigerator (80 C) until the end ot the collection period, 

when they were dried in a forced-air oven (Deapatch 

L~L'~~~ ___________ , _ l , 

f, 
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Industries Inc.) at 500 C for .8 h. Dry feces were ground 

using a Tboaas-Wiley Laboratory Hill (model 4) with a 1 mm 

screen and mixed thoroughly for 5 minutes. Subsamples of 200 

gra.s were kept for further analysis. 

5. Analytical procedures 

5.1. Feeds 

Frozen samples of alfalfa haylage and corn silage were 

thawed, co.posited on a aonthly basis, dried in a forced-air 

oven at 5()O C for 48 hours and .... ground in a Thomas-Wiley, 

Laboratory Hill (lIO<1el 4) with a 1 ma screen. 'mrese samples 

vere analysed for nitrogen by the Kjeldahl ~ethod (AOAC,19S4) 

using a Kjal-loss aacroautoaat.ic analyser ( AIS N. Foss 

Elect.ric, Billerod, Denmark). Wet digestion vas conducted 

(AOAC 1984) before analysing s8llples for Ca,Hg,Na,K and S. 

Digested samples were diluted 1:100 with deionized distilled 

vater. F9~,>' analys~s of calciwa" an aliquot of -the digested 

alfalfa haylage vas diluted 1~5.25; 25~ of the total volume 
, 

vas a 1~ lanthanUli oxide and the reaaiDder vas dei9lLized 

-distilled water. For corn silage, a dilution of 1:5.05 was 

used vith the aa.e ratios of lanthanua oxide-to-vater as the 

diluent. A standard curve was constructed \lsing s~fUldard8 of 



o 

o 

0 ." 

, 
~ , 
< 
'. 
!!J"-". 

'-
" ,-, 

", 

31 

1. "and 1 ppa of calciUII. For the analysis of aagneaiua. an 
j 

aliq~~ of the digested alfalfa haylage was dl1uted 1: 50.50 

witb deionized distilled water and ~he oaae proportion of 

lanthanum oxide than for the calcium analysis. The dilution 

used for corn silage was 1: 49.49. A s~JlDdard cune "as 

construc!ed using standards of O. 1 , 0 . 3 and O. 5 ppm of 
,.i, 

magnesium. For sodium. an aliquot of the digested alfalfa 

haylage was diluted 1:25.05; 0.001 ~ of the total volume was 

a . 1000 PPIB solution of potassit·. and the r611ainder was 
, ., 

deionized distilled water. The dilution used for corn silage 

W8S 1:5.01. A standard curve was constructed using standards 

of 0.3, 0.8 and 1 ppm of sodium. For potassium. an aliquot of 

the 4i.sested alfalfa haylage was diluted 1: 245.99; -o. 002~ of 

the total volume was a 1000 ppm solution of sodium and the 

reaainder Wf8 de~~iZed distilled water. The dilution used 

for corn sil~e was 1:96.43. A standard curve was constructed 

usi.ng standards of l, 1. 5 and 2 J)pIa of potassiUII. AlI the 

above mineraI determinatioDs were conducted on an Atomic 

Absorption Spectrophota.eter ( Perkin-ELDer .odel 360) using 

a direct method. For the- determination of chldr"--1de. an 
~"' 

indirect .athod was used by precipating a known exces8 of 

silver. The chloride extraction was a modified method of 
~ 

Cantliffe D.J. et al (1970). One balf ara. ot alfalta baylage 

sample was placed in a 40 ml plastic tube wi th 39 ml of O. 1 N 

ÙNOa (dilution of 1 : 39) . This .ixture was atoppered and 

shaken usiDg a wrist-action shaker for 15 minutes. The tubes 

, 
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were placed in a centri~uge for 10 minutes at 11,100 x G. 

One III of the extract was tr~sferred into 8 16x100 mm 

cul ture tube.1 th O. 2 .1 BNoa concentrated and 1 .1 of a 500 

~ ail ver nitrate solution and mixed using a vortex j 7 . 8 ml 

of deionized d1stilled water was added prior to placing the 

samples :in a centrifuge at 770 x G for 10 minutèi:b. An 
"l 

aliquot of the supernatant was diluted 1:10 with deionized 

"ster for sil ver determination by Atomc Absorption 

Spectrophotolletry (Perkin El.Jaer model 360). A standard curve 

waa conatructed using standards of O. 5, 2. 5 and 5 ppm of 

sil ver. The following equation was used to calculate the 

ohloride concentration (ppm): 

(Cb\ank x 10) - ( value x 10» x 3.29 x dilution factor 

J'or the corn silage sample. 1 g aample of feed was used 

wi th 20 .1 o~ O. 1 N HNOa eolutlon ( dilution o~ 1: 20) . 

Pboephorus determination was conducted using the 

spectophoto.etric aetbod (AOAC 1984) ,,1 th IIOlybdovanadate as 

the reagent. The digested alf\lfa haJ:.lAfit~ "a,s 

and the digea"te4 corn S11~, -' us dilut.~ --- ' 

diluted 1: 5. 05 

1 =2.50 w1th 

deionized dist11led water. A standard curve was constructed 

us1ng standarda of 0 • 1. 3 ~d 5 PPII of phosphorus. 

J. ~ .. { 
. ~ --.... ~ 
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5.2. Feoes 

Fecal sampI es were analysed for Ca. Ma. P. Na. K and Cl 

using the SaBle methods as desoribed in the fee<! section 

however. different dilutibns were used. Total dilution for 

analyses of caloium and phospborus was 1:5150. 1:10,300 for 

Magnesium, 1:20.000 for sodium. 1:2505,for pota~sium and 1:30 

for cbloride determination. Cbro.ium (Cr) was also deterœined 

in fecal samples using a total dilution of 1:3980i 25~ of the 

total volume was a 8% aJUlOnium chloride solution and the 

remainder was deionized distilled water. A standard curve was 

construoted using standards of l, 2, 4 and 5 PPID of ohro.iwa. 

The percentage of ohromic sesquioxide (CnOs) was calculated 

as: 
., 

;~pm of Cr x dilution factor 

» 

10,000 x 0.34 

5. 3. Blood and plasma 

Plasme aliquots of 0.6 ~l were taken alter thawin8 frozen 

plasas. The s8Japles were" placed in 16 x 100 - cult.ure 
l 

tubes with 2." ml of a 10~ trichloroa~etic aoid solution and 

aixed with a vortex .ixer. Ten .1.nut.es aft.er aix1.ng, the 

samples were oentr1.fuged at 110 xG for 10 lIJinutes. The 

Bupernatant was recovered wit.h a Pasteur pipette aDd 
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transferred to 16 x 100 mm culture tubes for analysis of Ca, 

Hg. P and K us~g. the s~e methods described in the feed 

section. bowever. different dilutions were used. An aliquot of 

the 'supernatant was dilut~ 1:12 for analysis of calcium and 

magnesium, 1: 5.05 for analysis of P and 1: 20.24 for analysis , 

of K. For analysis of Na and Cl. an aliquot of plasma sample 

was diluted 1:51 with deionized distilled water. For the Na 

determination, a second dilution of 1:99.1 was used; 0.001 % 

of the total volume was a 1000 ppm solution of potassium and 

the remainder was deionized distilled water. Chloride 

determination was condu~ted using the same indirect method as 

described in the feed section. For determination of sulfate, 

0.6 ml of plasma sample was p~aced ~ a 10 ml plastic test 

tubes wi th a screw cap. A vol~e of 2.4 ml of 10% 

. , 

trichloroacetic acid solution was added and the solution was ... 

~ed with a vortex mixer. Ten minutes after mixing. sampI es 

'\ ' 

were centrifuged at 11,000 x G for 10 minutes to obtain a 

olear supernatant. After centrifugation. suIf ate (504 ) 

oonoentration was determined using a modified method ~f Klaas 

Œ o.l. ( 1979) . One.l of the clear supernatant was added to 

o . 2~ ml of bariUDi chloride (BaCI2) reagent (2~ BaCh and 

100 g dextran per liter of deionized distille~water) and 

the absorbanoe was" read rlter precisely 35 ~tes at 360 Dm 

(Becban sPeëtrophotometer IIOdel 35) again* a sample 

baokground (1 ml supernatant and O. 25 ml reagent containing 

. . 
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o 100 g dextran in 1 li ter of deionized distilled water) . A 

standard curve was constructed using standards of 0, 10, 25. 

50 and 75 ppm of suIf ate . 

o 

o 
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IV. IdISULTS 

Cows in the control group had a lower (P<O. 05) body weight 
ft 

than cows in treatment gr~ups 1,2 and 3, with cows fed diet 3 

having a higher (P<O. 05) body weight than cows fed diets 1 

and 2 (Table 3). Dry matter intake (Table 4), expressed as kg 

of dry matter (DM) perday, was higher (P<O.05) in treatment 

groups 1 and 3 ~ than control and treatment group 2. Bowever, 

when DM intake was expressed as a percentage (% ) of body 

weight (B. W. ) • there were no differences (P>O. 05) between 

control and treatments 1 and 3, but intake was lower (P<O. 05) 

in cows fed diet 2. The SaIlle resul ts were observed ten DM 

intake was expressed as percentage of metabolic body weight. 

Feed int.ake preceding and at parturition was not differen~ 

(P>0.05) between diets (Table 5 ) however, aIl cows exhibited 

their lowest feed intake (~ of B. W. ) on the day of 

parturition. 
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TABLE 3. Average body weight (BW) of cows fe<! diets with differènt 
anion-cation balances from day-"'5 prepartum to parturition. 

----------------------------------------------.------------------------

1 Values expressed as tsHeans 
2 Standard error 0(' LSMeans 

Body Weight (kg) 

Heanl 

792.97a 

837.63b 

866.52c 

828.48b 

•• b. c Values within colUIID witb different superscripts 
differ (P<O.05) 

.. 

s. E. 2 

3.48 

3.31 

3.29 

3.29 

........ 

--
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TABLE 4. Dai ri dry mat ter intake (DMI) as kg J as ~ percentage of 
body weight (X BW) and as a percentage of metabolic body weigbt 
(X HBW) for cows fed diets with different anion-cation balance 
fra. day-4S prepartum to parturition. 1 

--------------------------,---------
Treatlaent DMI (kg) DM! (X BW) DM! (XHBW) . 

--_.~~---------x S.E. X S.E. x 

• 
Control 12.03& .19 1.52& .02 8.07-

Diet 1 12.72b .18 ., 1.54& .02 8.24-

Diet 2 } 
'-

11.72- .18 1.36b .02 7.36b 

Diet 3. 13.03b .18 1.5sa .02 8.45& 

1 Values expressed 8S LSMeans .±standard error of LSHeans 
_,b Values within colu.ns with different superscripts 
differ (P<O. 05) 

S.E. 

.12 

.12 

.12 

.12 

~. 

J 
,,}~ 
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TABLE 5. Daily dry matter lntake (DMI) as a percent age of bod~ weigh1 
(' BW) fram day-5 prepartua to parturition for cows fed diets,*ith 
different anion-cation balances. 

Trea"tment 

Control 
S.E. 

Diet 1 
S.E. 

Diet 2 
S.E. 

Die:t 3 
S.E. 

o 

.18 

.29 

.60 
.29 

.92 

.25 

1.01 
.25 

1 

1.09 
.30 

0.99 
.30 

·1.05 
.26 

1.45 
.26 

DMI (~ BW)l 

Days preparllim 

1. 34 
.24 

1.10 
.24 

1.25 
.21 

1.48 
.21 

i, 

. "3 

1.43 
.29 

1.05 
.25 

1.28 
.25 

1.41 
.25 

4 

1. 40 
.26 

1.08 
.23 

1.15 
.23 

1.44 
.23 

1 Valués expressed f~S LSMeans + standard error of LSHeans 

• 

, 
". 

5 

1. 38 
.28 

1. 25 
.24 

1. 20 
.24 

1.56,), 
.24 
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most positive (P<O.O~) and di~t 3 the 1east positive (P<O.03) 

while diets 1 and 2 wer. between tho •• of the control and 

diet 3, with diet 1 being more positive (P<O.05) than diet 2. 

diet 3 and di.t 1 was 1e.s than 60 m.q/kg rati~ DM (Table 

6) • 

2.2. Composition of diet. 

The compo.ition af diets i. shawn in Table 7. The 

concentration of crude proteint.nd net en.rgy of 

w-r. not diff.rent (P>O.O~> betw.en di.ta. The concentration 

of calcium (Ca) was high.r (P<O.O~) in the cantro1 diet than 

in di.t. 1,2 and 3. Th. concentration of phasphorus (P) in 

diet 2 w.. lower (p<O. O~) than in the cantrol di litt but 

.imilar to di.ts 1 and 3. The control diet h.d the highe.t 

ratio of C.-ta-P (2.0211), with no differenca between dieta 

1,2 and 3 (1.7111, 1.7~ll, 1.7311, r •• pect..ively). The 

mavne.ium (Mg>, pata.sium (K) and iran (Fe) concentration 

wer. nat diff.rent b.tw •• n di.t.. Haw.ver, the content of 
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TABLE 6. Dletary anion-cation balance per kg ration dry lDatter (DH) 
for cows fed different diets from day-45 prepartum to parturi tion2 

Treatment 

• 

Control 

Diet 1 

Diet 2 

Diet 3 

il , 

Dietary anion-cation balance1 

(meq/kg ration DM) 

X 
• 

+394.31-

+120.65b 

+104.89c 

+62.2()d 

1 Values expressed as LSMeans .± standard error of LSHeans 

S.E. 

2.80 

2.46 

2.41 

2.40 

2 Calculated as mililiequivalents O(Na+K)-(Cl+S)§ from nutr!ent 
analysis assUDdng the molecular weight of 23.01. 39.1. 35.45 and 32.( 
for Na, K. Cl and S. 
-. b. c. d Values wi th in column with dlfferent superscripts 
differ (P<O. 05) 

Il 

., 
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T~LE 7. Nutrient bo.position of diets (dry basis) with different anion­
cation balances fed to

4

cows f~om day-45 prepartum to parturition l 
: &J 

Hutrient Control 

# " 
Crud~ protein. ~ 13.66 

Ket energy lactation 1.38 
lICal/kg2 

Calcium, ~ 1.58a 

Phosphorus, % 0.788 

Calcium:Phosphorus 2.02 

Magnesium • .... 0.29 .. 
Sodium. % O~ 30a 

Potassium . .... 1. 55 .. 
Chloride, % O. 24a b 

Sulfur. X 0.15d 

Iron. %2 0.025 
----

1 Values expressed as L5Means! 
2 Calculated from tabular data 

Diet 1 Diet 2 Diet 3 

13.57 13.04 13.65 

1.38 . 1.38 1.38 , 
ot 

1.32b 1.28b 1.33b 
~ . "+ 

O. 77a b 0.74b " O. 77ab 

1.11 ... 1.13 1. 73 

0.26 0.21 0.29 

o .15b o .15b 0.15b 

1. 60 1. 60 1. 60 

0.26a 0.21 b 0.23b 

0.45b 0.49c 0.56d 

0.025 0.028 0.031 

5ta~dard error of LSMean~ 
(NRC. 1978) ~ 

a.b.c.d Values within rONS with different superscripts differ 
(P<0.05) 

) 

,;. 

• < '1 

--
S.E. 

.25 

.04 

.01 

.04 

.00 

.07 

.01 

-1 .00 , 

o 

f 
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sodium (Na) w •• high.r (P<O.O:5) in th. control di.t~ .. n in 

di.ta 1,2 and 3. The contant of chlorid. (Cl) w ... hign.r in 

di.t 1 th.n in dietli 2 and 3 but aimilar to th. control di.t. 

concentration of liulfur (9) w .. a ~h. high.st (P<O.O~) in 

di 3 and tha lowelit (P<O.O~) in th. control di.t. 

of in diet 1 wali low.r (P<O.O~) than di.t 2, with diet 2 

having a lower (P<O.O~) contant of 9 than di.t 3. 

3. D .. ily min.ral tntaka .. nd absorption 

Daily intaka of. min.rala (g/day) vari.d accordi ng to 

tr •• tmant. (T'able 8) • Dai 1 Y intaka of Ca wa. low.r (P<O. O~) 

for cowa fed diet 2 than for cow. fed control and di"et 3, 

with no diffaranca CP>O.O:5) b.tw.en control, di.t 1 and diat 

3. Daily intaka of pho.phoru. wa. lower (P<O.O~) for cow. f.d 

di.t 2 th.n for cows fad diat 3, with no diff.r.n~a (P~O.O~) 

bat "" •• n control, di.t 1 and di.t 3. Ratio betw •• n daily 

i nt.ka of Ca and P was th. hi ~h •• t in th. control group 

(2.0111) and the law •• t in tr.atm.nt group. 2 .nd 3 ( 1.721 1, 

1.7311, r •• pectivaly). Daily int.k. of Mg w ... low.r (P<O.O~) 

for cows f.d di.t 2 th.n for cow. f.d dieta 1 and 3, with no 

diff.r.nc. (P>O.O:5) b.tw •• n control, di.t 1 and diet 3. ·T~. 

daily intak. of anion-cation balane. in milliaquival.nt. 

(m.q) , wa. more po.itiv. (P<O.O~) for cow. f.d control diet 

than for cowa f.d di .t.. 1, 2 and 3, wi th th. l .... t po.i ti v. 

(p<o. O~~5) for cows f.d di.t 3. No diff.r.nc •• (P>O.O~) w.r. 

~ 
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TABLE 8. Daily intake of mineraIs for cows fed diets with different 
anion-cation balances from day-45 prepartum to parturition 

Daily intake of mineraIs Cg)l 
/ 

Mineral Control Diet 1 Diet ? Diet 3 

~ ---------
1. 

Calcium 188.03&. 165.22ab 1~8. 99b 112.69a 

Phosphorus 93.55ab 92.1()ab 86.5Ja. 99.83b 

Ratio Ca:f 2.01 "1.79 1. 72 1.13 

Magnesium 33.97ab 36.42a 30.58b 37.11a 

Sodium 42.748 l8.00be 11.25b 20. oSe 

Potassium 186.16& 182.59& 184.36& 208.60b 

Chloride . 28. 3Üll 29.95& 24.78b 29~ 75a 

Sulfur 18.41a 54.23b 57.74b 72.69c 

Anion-catiQnZ 4674a 1226b 1165b 835c 
(meq) 

lValues expre~sed as LSMeans ± standard error of LSMeans 
z Calc*lated a~ daily intake of milliequivalents [(Na+K)-(CI+S)] 
a.b.c 'a lues ~~thin rows with different superscripts differ 
(P<0.05) 

S.E. 

6.53 

'0.35 

1. 91 

1.05 

7.33 

0.99 

1. 95 

122 

.' . 

",. 
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'. 
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obtained between diets 1 and 2. Bowever, "ben indi vidual 

mineraIs comprising the anion-oation balanoe are examined 

(Na,K, Cl and 5), tbe daily intake of each aineral varled. 

Daily intake of Na was higher (P<O.05) for oows fed control 

diet tban for cows fed diets l, 2 and 3, with cows led dlet 2 

having a lower (P<O.05) intake than cows fed diet 3. Daily 

intake of Kwas higher (P<O.05) for cows fed diet 3 than for 

cows fed control, diet 1 and '2. Daily intake of Cl was lower 

(P<O. 05) for cows fed diet 2 than for cows fed control and 

diets 1 and 3. Daily intake of S was Iower (P<O.05) for cows 

fed control diet than for cows fed diets 1, 2 and 3 wi th cow.r:'" 
-

fed dièt 3 baving the highest (P<O.05) intake. Bowever, due 

to the difference between treataents in the percentage of ' 

apparent absorption of mineraIs (see Digestibility Study 

section), the daily quantity of apparently absorbed ainerals 

differed from the àailY intake of mineraIs (Table 9). The 

daily quantity of absorbed Ca was highe.J" (P<O.05) for cows 

fed control diet than for cows fe~ diets 1, 2 and 3. There 

were no differences (P>O.05) between diets in the daily 

quantity of absorbed P. The ratio of the daily quantity of 

absorbeQ Ca and P was greatest (P<O.05) for cows fed control 

diet and lowest for oows fed diets 2 and 3. Even if the trend ",. 
was siailar as for the ratio of daily intake of Ca and p. 

absolute values of Ca and P were lower for the ratio of the 

daily quantity of abaorbed Ca and P, 88paaially for di8t. 2 

and 3. Daily quantity of absorbed Mg was higher (P<O.05) for 

o 
" 

) 
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TABLE 9. DaiIy quantity o~ apparent absorbed mineraIs in cows ~ed diets 
vith di~~erent anion-cation'balances froa day-45 prepartum until 
parturition 

Daily quantity of absorbed minerals (g)l 

\. 
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cows fed control diet than "for cows fed -d1e:4 2 and 
" 

quanti ty of absorbed Na was hïgher (P<O. 05) 'for 

control diet than for cows fed diets 1. 2 and 3, wit.h oo"s 

fed diet 2 having a lower (P<0.05) quantity of absorbed Na 
~ 

than cows fed diet 3 .. Daily quantity of absorbed Kwas higher 

(P<O.05) for cows fed diet 3 than for cows fed control and 

diets 1 and 2 . Daily quanti ty of absorbed Cl was lower 

(P<O. 05) for COlfS fed diet 2 than for cows fed control and 

diets 1 and 3. 

•• IDCicleDce of .tlk ~ever 

Observations 'were made on 20 parluri tions of 20 animaIs. 

According to 1àle recosniti,on of two or .ore SY1lptOllB, ai 111: 

fever was diagnosed in 4 càses out of 5 in the control group, 

and in 3 cases out of 5 in treataent groups 1, 2, and 3. 

Thus. a 25~ redùction in the incidence 01' milk fever in COW8 

fed dlets 1, 2 and 3 was observed. cmapared to co." fed the 

control diet. Injections of a calcium solution were necess8ry 

IIOre than once for 50X of the .ilk fever oases in the cont.rol 

group and for 67% of the Ilil.k fever cases in treatment groupa 

1, 2 and 3. SYJaPtoaas of ail1&: fever recognized 1fere siailar 

for both groups-. 

---
.... 

. , 
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5. Pluaa ~e.ra1a '-

5.1. Plasma calcium 

The average value of concentration of plasma Ca (Table 18) 

in cows fed control diet and di et 3 was lower (P<O. 05) than 

in cows fed diets 1 and 2. The average of the ini tiàl 

concentration of pl a SIDa Ca for all groups w~s 8.56 mg/dl. 

Concentration of plasma Ca decreased from day-45 to day'-35 

prepartum by 8.8% in cows fed control diet and diets 1 an~:t 
and by 4.4~ in cows fed diet 3 (Figure 1 . 

1 

A cOliparaison of the 10w6st concentration of plasma ca,.l of 

each group (Table 10) showed that cows fed control diet and 

d.:l.et 3 had a lower (P<O. 05) value than cows fed diets 1 and 

2. Bowever, the lowest concentration of the plasma Ca did not 

occur at the S8me tilDe postpartwa (Figure 2) ; in fact, cows 

fed the control diet had their lowest value at 12 hours 

POlltpartwa. cows fad diète 2 and 3 at 24 hours postpartum 
t 

and oowa f ed diet 1 at 60 hours postpartum. The concentration 

of plasaa Ca at _ parturi. tion expressed as a percentage of the 

value~ obtained at -day-45 prepartum, were approximately twice 

aa high in COWB lad diets l, 2 and 3 than in cows fed the 

control diet (Table Il). However. when the lowest values 

obtained for concentration of plasma. Ca Were expressed as a 

peroentage of the values obtained at the day-45 prepartum, a 

-~ , 

, 
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TABLE 18. Average concentration of plasma minerals from day-45 pre­
to day-lO post-partum in oows fed diets with different anion-cation 
balances. 

Treat.ment 
Plasma mineraIs1 -------------------------------------------------

Control Diet 1 Diet 2 Diet 3 

Calcium, mg/dl 6.62- 7.21b 7.29b 6.19& 

Phosphoru& , mg/dl 6.27- 6.86bc 6.58b 1.36c 

Magnesium, mg/dl 1. 95- 2.02- 2.18b 2.26c 

Sodium, aaeq/l 126.98a 117.89b 119.84b 123.5Ja 

Potassium, meq/I 4.40& 4.02b 4.72c 4.68c 

Çbloride, meq/I 86.38a 94.11b 92.68b 88.64A 

Sulfate, mmol/I 1.6Sa 1.81b l.88b 1.88b 

1 Values expressed as LSMeans ± standard error of LSHeans 
•• b,,\c Values wi thin rows wi th different super~cript8 differ 
(P<O.05) 

S.E. 

.09 

.16 

.03 

1.38 

.07 

.80 

.04 
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,1 
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1 
1 

J 
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Figure 1. Concentr"tion of plaslDll calciWll frOID day-45 preparlum to 
day-lO postpartum in cows offered the control diet ('1.. ). diet 1 (C) 
diet 2 (. ) and diet 3 (, ). 

* Standard error 
** Values differ significantly (P<O.05) 
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TABLE 10. Lowest concentration of plasma calcium (Ca) that occurred 
during the pe~iod of the trial (day-45 prepartum to day-10 postpartun 
in cowsrfed diets with different anion-cation balance1 

--------------------------------------------------------------------------
Treatment Lowest concentration of plasma Ca (mg/dl) 

. Mean S.E . 

Control ... ooa .88 

D:i.et 1 5.43b .90 

Diet 2 L. 5.55b .88 

Diet 3 4.4Ba .64 , 
-----------------------~----------------------------------1 Values expressed as LSHeans ± standard error of LSHeans 
_,b Values witbin colu.n with different superscripts differ 
(P<O.05) 
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Figure 2. Concentration of plasma calcium from 48 hours prepartum to 
60 hours postpartum in cows offered the control diet (X ). diet 1 (0 
diet 2 (.) and diet 3 ("). 
* Standard error 
** Values differ significantly (P<O.05) 
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TABLE 11. Concentration of plasma calcium at parturition expressed 
as a percentage of the values obtained at day-45 prepartum 
(~ of day-45) in cows fed diets with different anion-cation balances 

\- -
Treatment 

Control 

Diet 1 

Diet 2 

Diet 3 

% of day-45 prepartum1 

He an 

52.45& 

75.19b 

73.98b 

76.11b 

IValues expressed LSMeans ~ standard error of LSHeans 

S.K. 

8.74 

6.29 

7.37 

6.29 

_lb Values within column with different superscripts differ 
(P'(O.05) 
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--larger decrease was observed for cows fed control and diet 3 

than for cows tad diets 1 and 2 (Table 12). Concentration of 
-

plulII1 Ca during the periparturient period (48 hours pre- to 

60 hours post-partum) are shown in Table 13. Concentration of 

plasa& Ca in cows fed diets 1 and 2 at 12 hours and 36 hours 

postpartWD was higher (P<O.05) than in cows fed the control 

diet. Concentration of plasma Ca was not differ~nt (P>O.05) 

between cows fed diets l, 2 and 3, except at 24 hours 

postpartum where values were higher (p<O.05) for cows fed 

diet 1 than for cows fed diet 3. Concentration of plasma Ca 

was not different (P>O.05) between groups on day-10 

postpartum . Concentration of plasma Ca was negatively 

correlated with the level of dietary anion-cation balance 

(meqfkg ration DM) (Table 14). The correlation obtained for 

the entire trial was weaker (r=-O.17416, __ P=O.0001) than the 

'oorrelation obtained for the periparturient period of day-2 

pre- to day-l post-partum (r=-O.37467, P=O.OOOl) with the 

highest oorrelation beins on the day of parturition 

(r=-O.58980, P=O.0127) (T8b1e 15). Correlations observed 

between ooncentration of plasma Ca and the daily quantity of 

absorbed ainerals are shown in Tables 16 and 17. Negative 

oorrelations were obtained between concentration of plasma Ca 

and daily qUl.f'tity of absorbed Ca, P, Mg, Na and Cl for the 

first and second w~ek prepartum. Bowever, no correlation was 
." 

observed for the tbird week prepar"tua, and tor the fourth 
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TABLE 12. Lowest concentration of plasma calcium expressed as a 
percentage of the valuds obtained at day-45 prep&rtum (X of day-45) 
in cows fed diets with different anion-cation balances1 

Treatment ~ of day-45 prepartum 

S.E. 

Control 4-6.81 8.31 

Diet 1 66.13 Il.84 

Diet 2 64.44 8.49 

Diet 3 55.73 7.24 

1 Values expressed as LSMeans + standard erl"or of LSHeans 
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. TABLE 13. Çoncentration o~ p1asma ca1cium during the periparturient 
period (4:~ hours pre- to 60 hours post-partum) in cows fed diets . 
with dlfflrent anion-cation balances from day-45 prepartum ontil 
parturition 

Plasma calcium (mg/dl)l 

Treat.lllent Bours prepartum Parturition Bours postpartum 

48 36 24 12 o 12 24 36 48 

Control 7.04 6.86 6.13 5.70 4. 82 4. OOa 4. OOa 4. 3Ja 4.29 
S.E. .61 .61 .66 .55 .68 .57 .88 .51 .57 

,~ 

Diet 1 6.94 6.69 6.57 7.13 6.53 6.32b 6.51b 6.50b 6.19 
S.E. .44 .-15 .57 .55 .59 .57 ~64 .51 .68 

Diet 2 7.88 7.92 1.60 6.95 6.45 6.81b 5 . 81 a b 6 . 03b 5.85 
S.E. ..... .45 . S'( .63 .59 .57 ~64 .44 .49 

60 

5.53 
.88 

5.55 
.88 

5.92 
.63 

Diet 3 7.82 7.21 6.75 6.64 6.05 5.58ab 4.46a 5.54&b 5.14 5.26 
S.E. .4,1 .45 .57 .55 .59 .49 .64 .44 .49 .63 

IValues expressed as LSMeans ± standard error of LSMeans 
a,b Values within columns with different superscripts differ 
(P<0.05) 
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TABLE 14. Corr.l~tion. b.tw •• n the l.val of di.tary anion-cation 
bAlane. (meq/k; ration DM) and th. conc.ntration of pla.ma 
CAlcium, phosphorus, m.;n.sium, .odium, pot •• sium, chlorld. and 
sulfate far th. trial (day-45 pr.- to day-l0 post-partum). 

Mineral 

CAlcium 

Phosphorus 

Magn •• ium 

Sodium, 

Pot ••• tum 

. Chlor1d. 
'> 

Sulfata 

• 

Coe~ficient. of correlation 

-0.17416 

+0.16:5:56 

-0.22771 

+0.03836 

+0.00102 

-0.20629 

-0.17:517 

ProbAbi 1 i ty 
(P)F) 

0.0001 

0.0003 

0.0001 

0.3763 

0.9813 

0.0001 

0.0001 
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TABLE l~MlCarr.lation. b.tw •• n th. concentration of plasma calcium 
and th. l.vel.of dietary anion-cation balance (meq/kg ration DM) 
durinQ th. p.riparturient p.ried (48 hours pr.- to 36 heurs post­
partum) 

Hour. 

48 prepartwn 

36 pr.partum 

24 pr.partum 

12 prepartuaa 

o p.rturi ti on 

12 postp.,-tuli 

24 postp.rtum 

36 postp.,-tum 

-0.47134 

-0.37877 ( , 

-o. 3341S 

-o. 4631S 

-0.~4812 

-0.S89BO 

-0.28732 

-0.4:5493 

Probabi 1 i t.y 
(P>F) 

0.04S3 

0.1211 

0.1620 

0.04S8 

0.01S1 

0.0127 

0.2476 

0.OS78 

----------------------~-------------------------------------------
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TABLE 16. Correlations between the concentration of plasma caloium 
and the daiIy quantity of apparent absorbed calcium, phosphorus. 
magnesium, sodium, potassium and chloride for the--Iast three weeks 
prepartwa. 

Absorbed ainerais 
(g/day) 

CaIciwa 

Phosphorus 

Magnesium 

Sodium 

Potassium 

Chloride 

• 
b 

P<0.05 
P<O.l 

, , 

\ 
) , 

f 

Coefficients of ~orrelation Q 

Weeks preparlua 

1 2 3 
ç. 

-o. 18300a -o. 2201ga -0.09643 

-o. 13551b -o. 16384b -0.06674 

-o. 21095a -0.14693 -0.08662 

-o. 13894b -0.24530& 0.07840 

-0.11324 -0.14637 -0.09519 

-0.20015- -o. 17336b -0.01017 " 

> -,.. 
-'( 

-

1 
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TABLE 11. Correlations between the concentration of plasma calcium 
and the daily quanti ty of apparently absorbed calcium. phosphorus. 
lDagnesium. sodium. potassium and chloride for the fourth. sixth and 
seventh weeks prepartum . 

Coef:ficients of correlation 
l' 

Absorbed ilinerals Weeks prepartum 
(g/day) 

~lCi~~---------------------4 6 1 

-0.09116 0.17332 0.22642 

Ph08phorus 

Magnesium 

Sodium 

PotassiUJI 

Chloride 

• P<O. 05 
b P<O. 1 

1 " 

, 
_. ___ 11 

-0.08281 -0.06310 -0.17011 

0.48410- 0.20513 o .48187b' 

-0.01899 0.13891 0.577048 

-0.12516 0.16511 -0.28214 

0.09087 0.04614 0.03029 
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"\ 

week prepartum.~ concentration of plasma Ca was posi tively 

correlated. with the quantity of Hg absorbed da!ly. 

Concentration of plasma Ca was also posi tively correlated 

with the quantities of Hg and Na absorbed daily for the 

seventh week prepartum. No correlation was observed between 

concentration of plasma Ca and the quanti ty of K absorbed 

daily. Paretic cows tended to show a higher concentration of 

plasma Ca than non-paretic côws during the prepa~um period 

(day-45 to day-5 preparlum) being significant (P<O. 05) at 

days 12 and 5 prepartum 'Figure' 3) . ) Bowever. during the 

periparturient period, concentration of plasma Ca of paretic 

cows tended to be lower than non-paretlc cows (Figure 4). In 

fact. concentration of plasma Ca in paretic cows decreased 

from 48 hours pre- to 24 hours post-parlwa by 35~ while in 

non-paretic cows concentration of plasma Ca decreased by 

26~. Even though the concentration of plasma Ca was not 

different (P>O. 05) between paretic and non-paretic cows at 

the day of parturition. it was lower (P<O. 05) at days 3 and 5 

postpartum in paretic cows compared to non-paretic cows. 

5. 2. Plasma phosphorus 

The average concentration of plasma phosphorus (Table 18) 

in cows fed the control diet was higher (P<O. 05) than in cows 
1 

fed diets 1, 2 and 3, wi th cows :led dlet. 2 having a lower 

(P<O.O~) concentration of ..plaslIla P than cows fed diet 3. 

_ t 

~ Hf~~~· 

'i 



, / 

" ' 

62 

/ 

" 
1 

/ 

/ 
\ 

1 

day-lO p part in ~paretic cows (0) and in non-paretic cows (. ). 
Figure 3t:ZCo ntrat~on of p1asIIUl calcium froID daY-45 prepartum to 

* Stand error ) ( 
** Values differ S~~ificantly (P<O. 05) \) 
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Figur&-'4. Concentration of plasma calcium from 48 hours prepartum to' 
60 hours postpartum in paretic cows (C) and in non-paretic cows (. ' 

-* Standard error 
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• 

During the prepartum period (Figure 5), on days 25, 5 and 3 

prepartua, concentration of plasaa P in cows fad the control 

diêt was higber (P<O.05) than in. COlfS fed diets 1 and 2. At 

48 hours and 24 hours prepa.rtum, cows fOO control diet had an 

higher (P<0.05) concentration of plasma P than cows fed diet 

1. However. there were no differences between groups on the 

day of pa rtur i tion (Figure 6). At day-10 postpartum, 

concentration ~ plasma P in cows fOO diet 3 was lower 

(P<O.05) than in) cows fed diets 1 and 2. The positive 

correlation obtained for the entire trial between the 

concentration of plasma P and the level of dietary anion­

cation balance (meq/kg ration DM) was weaker (r= ~ .16556, 

P=O.0003) than the correlation obtained on day-2 po~partum 
(r= 0.56284, P=O. 0232) w:J. th no correlation bbserved at 

\. 

parturition. Correlations between concentration of plasma P 

.and thé' quanti ties of Ca. P and Hg absorbed daily are shown 

in tables 19 and 20. The quantity of P absorbed daily was 

negatively correlated to the concentration of plasma P on the 
l 

second, third and seventh wee) ,prepartum wi th no correlation 

observed for the fil;st. fourth and sixth week prepartum 

Concentration of )plasma P was only 

the quanti ty 0/ Ca absorbed dall~ 
week prepart' No correlation 

negatively correlated to 
r!J ' 

on the second and third 

was ,observed between 

of plasma P and the quanti ty of Hg absorbed 

daily. 



o 

o 

o 

" 

65 

Figure 5. Concentration of plasma phosphorus from day-45 prepartum te 
to day-10 postpartUlll in cows offered the control diet (X ), diet 1 (t 
diet 2 (.) and diet 3 ( .. ). 

* Standard error 
** Values differ significantly (P<O.05) 
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.. 
Figure 6. Concentration of plasma phospborus from 48 hours prepartua 
to 60 hours postpartum in c<tws fed the control diet (X ), diet 1 (Cl 
diet 2 (. ) and diet 3 (.\). 

* Standard error \ 
** Values differ s\gni~icantly (P<O.05) 
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TABLE 19. Correlations betwe~n concentration ot plasma phosphorus 
and the quantity of calciua,.phosphorus, aagneaium, sodïum, 
potassium and chloride appar ntl,. absorbed daily for the last 
tbree weeks prepartwa. 

Absorbed .inerals 
(g/day) 

Calcium 

Phosphorus 

Hagnesiwa 

Sodium 

Potassiwa 

Chloride 

• P<0.05 
b P<0.1 

... 

Coefficients of correlation 

1 

-0.0~38 

-01.04091 

-0~03940-

-0.05870 

-0.03205 

-0.06391 

Weeks prepartwa 

( 
1 

( 

2 

-0.211101& 

-o. 17227b 

-O. 0141i_ 

-o. 18195b 

" -0.13375 

-0.17534b 

3 

-o. 27558b 

-O. 28492b 

-0: 11384 

-0.13593 

-o. 3188()a 

-O. 3308Qa 



-

o 
,. 

• 

" 

'. 
68 

.1 

TABLE 20. Correlations between the concentration of plasma phosph~ruf 
and the quantlty of calcium, phosphorus, magnesiUlll. sodiUID, pot8ssiwt 
and ohloride apparentl)' absorbed daily for the fourth. sixth and 
seventh week prepartUII. ' 

Coefficients of correla~ion 

Absorbed .inerals weeks prepartua 
(g/day) - -------------------------------------------------

4 6 7 

Ca lo iUli -0.13563 0.00864 -0.19879 

Phosphorus -0.31439 0.20308 -0.43010b 

Magnesiua 0.01115 -0.25938 0.08129 
. 

SodiUID 0.15176 0.21569 -0.07066 

Potassiua -0.31649 -0.04841 -o. 43270b 

Chlor1.de -0.22861 -0.11636 0.03543 

• P<0.05 
b P<0.1 

" 
~ 

.' . 
1 , 
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5.3. Plasma magnesi~ 
----,------------

Average concentration of plasma Hg was lower (P<O.05) iD 

-cows fed control and diet 1 tban in cows fed diets 2 and 3. 

witq the highest (P<O.05) value in cows fed diet l- (Table 
• 

18). AlI four groups bad their lowest concentration-1of plasaa 

Mg at day-5 postpartum (Figure 7) , with no difference 

(P>O.05) between groups. During the perip~rturient period 
, 

(Figure 8), concentration of plasma Mg in cows fed diets 2 

and 3 tended to be higher (P<O . 1) than in cows fed control , 

and diet 1, with significance (P<O.05) being obtained only 

for the day of parturi tion. AlI groups. except treataent 

groull. 3. showed a stable concentration of plasma Mg through 

the periparlurient period, however. cows fed di et 3 ln'creased 

their concentration of plasma Mg wi th the highes;t value at 24 

hours postpartwa. At day- 10 postpartua. ooncentration of 

plasma Mg was not dlfferent (P>O.05) between groups. 

Concentration of plasaa Mg was negatively correlated 

(r=-O.22771. P=O.OOOl) to the level of dietary anion-oation 

balance (JDeq/kg ration DM). Correlations were stronger fra. 

day-2 prepartum ~o day-10 postpartum (Table 21) with the· 

highest -corrJlation observed on the day of parturition 

(r=-O.58333, P=O.0120). Correlations between concentration of 

pla~ Hg ~d the daily quant.i ty of abaorbec:l - _ineral. are 

, ' 
, 

• 
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Figure 7. Concentration of plasma magnesium from day-45 prepartum to 
day-10 ~8tpartum in cows offered the control diet (X ) 1 diet 1 ,( Cl) 1 

di et 2 (.) and diet 3 (À). ~ 

* Standard error ** Values differ significantly (P<O. 05) 
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" 

Figure 8. Concentration o"f plasma magnesium from 48 hours prepartum 
to 60 hours postpartum in cows ()"ffered the control diet ()(). 
diet 1 (0), diet 2' (.) and diJet 3 (. ). 

* Standard error 
** Values dif"ferl significantly (P<O. 05) , 
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TABLE 21. Corral~tien. betwaen th. l.val of d~et.ry anion-cation 
bal~nc. (meq/kg ratien DM) and th. concentration of plaama ma;n •• 1um 
during the p.riparturient period (48 heur. pr.- to 3b houra 
post-partum) • 

Hours Ceefficienta of corral~tion Probabil i ty 
l, (P>F) 

___________ .... ___________________ .i. __________________________________ ~~_ 

48 prllpartum -o. 461b9 O. 0~38 

3b pr.p~rtum -0.16~42 0.~118 

24 p,..pa,.tum -0.41292 0.078Q 
~ \ 

12 p,.epilrtum -0.1:5699 0.~210 

o p~,.turition -0.~6333 0.0120 
.. 

12 peatp.,.tum 0.0:5608 0.e2~1 

1 
24 peatp.,.tum -0.41816 0.0842 

3b peatp.,.tum -0.37136 0.~a44 

----------------------------------------------------------------------
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shown in Tables 22 and 23. Correlations between concentration 

of plasma Hg and the quantities of Ca and P absorbed daily 

"ere observed for the second and third weeks prepartum." 

Correlations vere observed wi th the quanti ties of K and Cl 

absorbed fiaily for the third wee~ prepartum with no 

correlation obtained between concentration of plaàma Hg and 

the quanti ty of Hg absorbed daily. A weak correlation was 

also observed between concentration of plasma Hg and the 

quantity of Na absorbed daily for the third week prepart~. 

5.4. Plas.a sodium 

Average value of cODcentration of plasma Na (Table 18) was 

higber, (P<O . 05) in cows fed the control diet and diet 3 than 

in cows fed diets 1 and 2, which was more evident during the 

preparlu. period (day-oiS to ~5 prepartua) (Figure 9). 

Dur~ng the peripartur~ent per~od ( day-2 pre- to day-2 post­

partua) (Figure 10), concentration of plasma Na was not 

di~ferent (P>O.05) between groups, except for the day of 

parturi tion where COtIS fad the control diet had a higher 

'(P<O. 05) concentration -of plasma Na than cows fed diet 3. No 

correlation was obtained between concentration of plasma Na 

and the level of dietary anion-cation balance (meq/k8 ration 

•• ·.,.t 
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TABLE 22. Correlations between the concentration of plasma magnesiWD 
and the quanttty of calciUlll, phosphorus, magnesiWD, sodium, potassiwr 
and chloride apparently absorbéd daily for the last three weeks 
prepartUll. 

Coefficients of çorrelation 

/ ( Weeks prepartum Absorbed mineraIs 
(g/day) -------------------------------------------------, 

1 2 3 

-
Calciwa -0.11093 -O. 18608b -0.405638 , • v 

Phosphorus -0.09913 -o. 16835b -0.34933& 

Magnesiwa 
~ 

-0.042Q4 -0.09881 -0.01399 

Sodium ' 
0 

0.03089 -0.11963 -0.25873 

Potassium -0.10192 -0.15394 -O. 37~24 

Cbloridè -0.05104 -0.13401 -0.37304-

a P<O.05 
b P<O .1 ... 

! 
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TABLE 23. Correlations between the concentration of plasma magnesium 
and the quantity of ca.lcium, pbosphorus, magnèsium, sodium, potassiwt 
and chloride apparently absorbeb daily for the fourtb, sixth and 
seventb weeks' prepartwa. 

Absorbed laineraIs 
( g/day) 

Calcium 

Phosphorus 

Hagnesiua 

Sodium 

Potassiua 

Chloride 

• P<0.05 
b P<O.l 

Coefficients of correlation 

Weeks prepartum 

4 6 7 

0.21506 -0.12648 -0.23950 

-0.04372 -0.09473 0.12776 

0.17165 -0.05015 -0.31464 

0.13144 0.01753 -0.26907 

-0.29311 -0.35358 -0.16779 

0.02739 0.05075 -O. 17:i'40 

-
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Figure 9. Concentration of plasma sodium from day-45 prepartum to 
day-lO postpartum in cows offered the control diet (X). diet 1 (a) 
diet 2 (.) and diet 3 tA). -

* Standard error . /' .** Values differ 'signlficantly (P<O. 05) 
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Figure 10. --Concentration of plasma sodium from 48 houEs prepartum 
to 60 hours postpartum in cows offered the control diet (X ), 
diet 1 (0), diet' 2 (.) and diet 3 (À). 

* Standard err6r 
** Valùes differ signi~icantly (P<0.05) 
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5.5. Plasma potassiWh 

_. t' .-
Average concentration of plasma Kwas lower (P<O . 05) in 

cows fed diet 1 than in oows fed the control diet and diets 2 

and 3 with cows fed diets -2"and 3 having a higher (P<0.05) -, ... 

value than cows fed the control diet (Table 16). Cows fed 
./ 

diet 2 had a higher (P<O.05) concentration of plasma K than .' 
,II 

cows fed diet 1 at days 15 and 20 prepartum (Figure 11). 
,-i 

.... During the periparturient period (Figure 12), concen)ration 

of plasma Kwas higher (P<O.05) i~ cows fed diet 3 than in 
-

cows fed the control diet on days 2 and 1 prepartum and on 

the day of parturition. No correlation was obtai~èd between 
.. ,! ... . 

concentration of plasma K and the levei of dietary anion-

cation balance 
; 

5.6. Plasma chloride 

(meq/kg ration D.H.) ,(Table 14) . 

'" 
Average pjncent~ation oi plasma Cl was higher (P~O.05) in 

cows fed\" diet.s 1 and 2' tt4n in cows fed thé control\ diet and . ~ 

diet 3 (Table 18). Cows fed diet 1 had a higher (P<O.05) 

concentration of pla~ Cl than cows fed diets 2 and ~ at 

day-6 prepanWl\ ~d than cows fed control/Met st day-8 

prepartua (Figure 13). ' Th~. averalJ& init1..al ~oncentration of 

pla...... Cl (day-45' prepartum'l wa .. higher ('P<OfSI i~ 00lf8 tad 

-- '( 
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11. Coné~ntration of plasma potassium from day-45 prepartum t< 
postpartum in cows offered the control diet (X ), di et 1 (0) • ( .) and diet 3 (Â) . 

* Standard error 
** Values differ significantly (P<O. 05) 
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Figure 12. Concentration of plasma potassium from 48 bours prepaItum 
to 60 hours postpartum in cows offered the control diet (X ). 
diet 1 (0). di et 2 (.) and diet 3 (Â ). 

* Standard error 
** Values differ significantly (P<O.05) 
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Figure 13. Concentration of plasma chloride from day-45 prepartum to 
day-10 pospartum in cows offered the control diet ('X ). diet 1 (0). , 
diet 2 (.) and diet 3 (.). 

* Standard error 
** Values differ significantly.(P<O.05) 

• 



. 
\~ 
10-(J) 

E 
,.., 
U 

L.-.-J 

.\.)~f ~ 

o l 
110 

100 

90 + 

80 

70 

SE* 4.54 ** 4.37 

o 

v~ 
" 

~ 

4.55 7.75 4.09 4.03 8.58 5.16 4.59 4.90 
60 • 

45 

, ' 

35 25 20 1 5 10 

DAY 
5 o 5 10 

o ~-

_1 

~ 

--ti.~ ,.. 
-, < 



() 

o· 

\ .\ 

82 

dlet 2 than in cows fed diet 3. Concentration o~ plasma Cl 

was not different (P>O.05) between groups during the 

periparturient perlod except on day- where 

concentration of p~asma Cl in higher 

(P<0.05) than in cows fad the control 14). 

Negative correlation (r=-0.20629, P=O.OOOl) obtained 

between concentration of plasma Cl and the levei of dietary 

anion-cation balance (meq/kg ràtion D.H.) (Table 14) with the 

bighest correlation obtained at day-9 prepartua (r=-0.53501. 
t 

P=O. 0221). 

5.7. Plasaa sulfate 

( 
Average concentration of plasma sulfate (SCH) was lower 

(P<0.05) in cows fed the control diet than in COWB fed diets 

1. 2 and 3 (Table 18). Cows fed diets 2 and 3 had a higher 

(P<O. 05) concentration of pla8llloa SOI than COWB fOO the 

oontrol diet at days-25 and 20 prepartum (Figure 15). 

ConcenLration of plasma 5(H in COMS fed diets 2 and 3 was 

higher (P<O.05) during the periparturient period than in COWB 

fed the control diet for day-1 prepartu. and for day-2 

postpartum with cows fed diet 3 ha~ng a higher (P<O.05) 

value than COW8 fad the control diat for the day of 

parturition (Figure 16). At day-l0 postpartum. concentration 

of plasaa SOt was not different. (P>O.05) between groups. 

• 
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Figure 14. Concentration of plasma chloride from 48 hours prepartum 
to 60 hours postpartum in cows offered the control diet eX,) J 

diet 1 (0) J diet 2 (.) and diet 3 ( .• ). 

* Standard error 
** Values differ significantly (P<0.05) 
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Figure 15. Concentration of plasma sulfate fro. day-45 prepartum to 
day-10 postpartum in cows offered the control diet (X ). diet 1 (0). 
diet 2 (.) and diet 3 (.). 

* Standard error 
** Values differ significantly (P<O.05) 
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Figure 16. Concentration of plasma sulfate from 48 hours.prepartwa 
to 60 hours postpartum in cows offered the control diet ()< ) • 
diet 1 (0). diet 2 (.) and diet 3 (.). 

* Standard error 
** Values differ significantly (P<O.05) 
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Negative odrrelations were obtained between ooncen~ration of . '\ . 

plaslIl8 50. and tj)e level of dietary anion-oation balance 

(meq/kg ration D.M.) (Table 14). Correlations were negative 

during the prepart~ perlod but· positive during the 

postpartum perlod (Table 24). The strongest oorrelation 

observed was for day-1 prepartum (r:-O.71301. P=0.0009) with 

oorrelations becoming weaker at the day of parturi tion . On 

day-2 postpartum, a positive correlation was obtained between 

concentration of plasma ~~ and the levei of dietary anion-

cation balance (r= 0.58604, P=O.0276). 

6. Iuteract:1on between plasaa 0 8aOro-1 nerals and pla_ 

ca1c1aa 

Positive correlations wer'e obtained for .' the entire 

trial between ooncentration of plasma Ca and concentration of 

plasma P, 
0' ' 

K. Cl and SO. with the 3trOnge~t correlation being 

with concentration of plasma' 504 (r=O.34298, P=O.OOOl). A 

weak correlation was observed between concentrâtlon of plasaa 

Ca an4 concentration of plasma Hg (Table 25). Bowéver, during 

the periparturient period (Table 26), the oorrelation betWe8n 

concentration of plasma Ca and concentration ot plasma P, K 

and S04 were stronger than for the ~ntire trial. The onl,. 

signitioant (P<O. 05) oorrelati~; obtained during the 

~ periparturient period was between the ooncentra'tion ot plas .. 

. _ Ca and the concentration ot plasma Hg was on .. 

---

da,.-2 prepartua 
\. 

1 
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TABLE 24. Correlations between the concentration of plasma sulfate 
and the level of dietary anion-cation balance (meq{kg ration DM) 
during the periparturient period (48 hours pre- to 60 hours post­
partum) . 

BOUES Coeff iaients of correlation Probability 
(P>F) 

48 prepartum -0.40482 0.1010 

36 prepartum -0.43431 0.0815 

24 prepartum -0.29041 0.2581 

12 preparlum -0.71301 0.0009 

O parturition -0.51019 0.0305 , 

12 postpartwa -0.40011 , 0.1109 \ 

24 postpartum -0.21516 0.4236 

36 postpartwa -0.09129 / 0.7367 

48 postpartum 0.29990 0.2422 

60 postpartwa 0.58604 0.0276 

, 
__ 0 ______ .<.......-_ù .... ______ ~ '-_~_ _ __ -' 
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TABLE 25. Correl.ations between the concentration of plasma caloium 
and the concentration of plasma phosphorus 1 magnesium. potassium. 
chloride and sulfate during the trial (day-45 pre- to day-lO 
post -partum ) . ~T 

Mineral 

\ 

Phosphorus 

Magp.esium 

j 
Potassium 

Chloride 

Su)..fate 

Coeff icient of correlation 

0.28459 

-0.04456 

0.12048 

0.15362 

0.34298 

.... ' 

• 
/ 

/ 

--~ 

Probabil i ty 
( P>F) 

0.0001 

0.3004 

0.0053 

0.0004 

0.0001 
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TABLE 26. Correlations between the concentration of plasma calcium 
and t~o centration of plasma 'phosphorus. magnesium, potassium, 
and su fa e during the periparturient perlod (48 houl. 9 pre- to 60 
hours po -par"tum). 

Coefficients of correlation 

prepartwa postpartum 
MineraIs 

48 36 24 12 0 12 24 36 48 60 

Phosphorus .25 .52a .43b .36 .64& .29 .24 .06 .07 -.18 

Magnesium .68a .36 _ 20 -.11 .24 .19 -.31 .01 -.10 -.03 

Potassium .20 .42b _ 48& .26 .42b .49& .33 -.06 -.29 '.25 

Sulfate .71- .55- .51a .51- .17 -.42b .45b .52a .04 ./ . 17 

• P<O.05 
b P<O.l 

---. 
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(r= 0.68108, P=O.0019). No correlation was observed between 

the concentration of plasma Ca and the concentration of 

p1asma Cl during the periparturient period. At parturition 1 

correlations were only observed between the concentration 

p1asIDa \a and the concentration of plasma K and 

of 

P. 

Concentration of plasma P was not correlated to the 

concentration of plasma Ca on days 1 and 2 postpartum. A 

negative correlation was obtained for day-3 postpartum (Table 

27 ) between the concentration of plasma Ca and the 

concentration of plasma P. 

1. D1aestibilit7 ~ 

7. 1. Period 1 (day-24 to day-21 prepartum ) 

Values for digestibility of DH (~) and apparent absorption 

. of mineraIs (%) are shown in Table 28. There were no 

difference (P>O.05) between groups for digestibility of DH 
, 

(% ) and for apparent absorption of Ca. P, Hg K, Na and Cl 

(%). Positive correlations (Tab1e 29) were observed between 

the level of dietary anion-cation balance (aaeq/kg ration DM) 

and the percent apparent absorption of Ca, P J Hg, K, Na and 

Cl wlth the strongest belng wlth percent apparent absorption 

of Hg (r=O.40419, P=O.OOOl). Correlations b~tween percent 

absorption of minerais and the daiiy intake of 1 Ilinerals 

~-
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TABLE 27. Correlations between the concentration of plasma calcium 
and the ·concentration of plasma phosphorus, potassium and sulfate 
during the postpartum period (day-3 t-:> day-10 postpartum). 

Coefficients of correlation 

Days postpartum 
MineraIs 

3 5 10 

Phosphorus -0.62347- -0.14639 0.61726a 

Potassiua 0.31626 0.45052 0.02575 

Sulfate O. 36774 0.21153 0.32788 

- P<0.05 
b P<O.l 

) 

-'L 
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TABLE 28. Digestibility of dry matter (DM) and apparent absorption 
of cal.cium, llhosphorus, magnesium, sodium, potassium and chloride 
for period 1 (day-24 pre- to day-21 pre-partum) in cows fed diets 
witb different anion-cation balance. 1 ---------------------
Nutrient Treatœent 
digestlbility ----------------------------------------------------

(~) Control Diet 1 Diet.2 Diet 3 S.E. 

Dry aatter 74.12 70.65 69.26 68.31 2.50 

Calcium 52.48 46.41 45.10 42.72 4.46 

Phosphorus 57.32 55.40 51.73 57.04 3.36 

Magnesium 58.14 51. 77 49.02 41 .9.4 5.85 
) 

Sodiwa 73.05 54.77 59.58 55.83 7.40 

Potassium 93.49 92.88 91.66 90.51 1. 52 

Chloride 67.84 64.06 60.28 5~. 20 4.03 

1 Values expressed as LSHeans + standard error of LSHeans 

\ 
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TABLE 29. Correlations between the apparent absorption of calcium, 
phosphorus, magnesiua, sodiWB, potassium and chloride and the level 
ot dietary anion-cation balance (meq/kg ration DM) for period 1 
(day-24 to day-21 prepartua). 

/ 

Mineral 
absorption Coefficients of correlation Probabili ty 

(~) 
~ 

(P>F) 

CalciWl 0.26141 0.0001 

Phosphorus 0.15978 0.0002 

Magnesium 0.40419 0.0001 

Sodium 0.30067 0.0001 

Potassium 0.37605 0.0001 

Chloride 0.24384 0.0001 
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(g/day) are shown in Table 30. The percent apparent 

absorption of Ca was not correlated wi th daily Intake of any 

mineral (g/day) . The percent apparent absorption of Hg was 

only correlatecl with the daily intake of Hg. The percent 

~parent absorption of P, K and Cl were not correlated with 

daily intùe of any mineral. The percent apparent absorption 

of Na was only correlated wi th the daily intake of Hg. 

Correlations ~tween percent apparent absorption of Ca and 

percent apparent absorption of each mineraIs are shown in 

Table 31. Correlation was on1.y observed between percent 

apparent absorption of Ca and P. 

7.2. Perlod 2 (day-7 prepar"tum to day-1 postpartum ) 

.. 
Values for digestibili ty of DM (~) and apparent absorption 

of mineraIs (~) are shown in Table 32. There was no 

difference (P<O. 05) between groups for the digestibil1ty of 

DM (~) and for the percent apparent absorption of P, Na. K 

and Cl. Tl&6 percent apparent absorption of Ca was lower 

(P<O. 05) in cows led diets 2 and 3 than in cows fed the 

control diet. The percent apparent absorption of Hg was 

higher (P<O. 05) in cows fed the control diet than in cows fed 

diets 1. 2 and 3. Simllar to perlod 1. poSitive correlations 

were observed between the level of dietary anion-cation 

balance (.aq/kg ration D. H.) and percent apparent absorption 
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TABLE 30. Correlations between the apparent absorption of calcium 
(Ca.), phosphorus (P), aagnesium (Mg), sodium (Na), potassium (K) 
and chloride (Cl) and the daily intake of these mineraIs for 
period 1 (àay-24 to day-21 prepa.rtwa). 

"----"""::\ 

Coefficients of correlation 
---------------------------

MineraIs minera1s intake (g/day) 
a.bsorption -----------------------------------------------------

(~). Ca P Hg Na K Cl S 

Calcium .04 .07 -.37 ;29 .01 -.08 -.21 

Phosphorus -.14 -.11 - .14 -.00 .03 -.10 -.03 

HagnesiUII .41b .14 .61- .33 .02 .29 -.32 

Sodium .4lb .14 .47a .43b -.22 .17 -.34 

Potassium .08 -.14 .28 .18 -.11 .07 -.33 
-

Chloride .12 - .01 .08 .33 -.09 .12 -.31 

, . P<O.05 
~ b P<O.l 

" . 

\ , 
.. 

\~ J 1 t i 

~ ~.~~1 ~ 
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TABLE 31. Correlations between the apparent absorption of calcium 
and the apparent absorption of phosphorus. Magnesium. sodium, 
potassium and chloride for period 1 (day-24 tv day-21 prepartum) 
and for period 2 (day-7 preparlum to day-l postpartum). 

Minerais Coefficients of correlation 
absorption 

(~) Period 1 Period 2 

:t'Y 

Phosphorus 0.65734- 0.54000-

Magnesium. -0.08869 0.42913b 

Sodium 0.20012 -0.15314 

Potassium O.22()43 0.02590 

Chloride 0.36,200 0.35298 

a P<O.05 
b P<O.l 
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TABLE 32. Digestibility of dry ma,;tter (DM) and apparent absorption 
of oalèium, phosphorus, magnes',i~, s04ium" potassium and chloride 
for period 2 (day-7 prepartwa to\daY-1 "postpartwa) in oows fed 
diets with different anion-cation' bal~çes. 

Nutrient 
d1gestib1lity 

(')1 

Dry matter 

Calcium 

Phosphorus 

Hagn'esiwa 

Sodium 

Potassium 

Chloride 

1. , 

Control 

74.J5 

59.4.2-

64.75 

70.07-

74.20 

88.95 

71.56 

Treatment 

Diet 1 

70.19 

48.18ab 

58.93 

43.18b 

66.63 

89.46 

71. 63 

Diet 2 

69.35 

46.65b 

57.58 

46.99b 

63.22 

88.29 

66.18 

Diet 3 

71.07 

42.21b 

52.02 

48. 68b) 

68.57 

89.47 

67.34 

1 Values expressed as LSMeans .± standard error of LSMeans 
_,b Values within rows with different superscripts differ 
(P<0.05) 

S.E. 

2.24 

4.30 

4.75 

F 
~.81 

1 
.45 

2.53 
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of Ca, P, Mg, Na, K and Cl (Tabl. 33). Compar.d t.o p.riod 1, 
", 

percent. apparent absorpt.ion of Ca, Mg y P and Na. Corr.lation. , 
bat .... en percent appar.nt ab.orption of .very macromineral. 

""-and the daily intake oT evary mina"'al ara .hown in Table 34. 

The only correlation ob •• rved wall b.b .... n the 

apparent. absorption of Mg and th-!l dai l y int.ak. of S 

(ra-O. 48331 , P-O.0494). Corralat.ion. bet .... en p.rcent appar.nt 

'.., 
absorpt.ion of Ca and percent apparent ab.orption of ot.h.r. 

mineral. ara .ho ... n in Tabl. 31. A. Tor per-iod 1, th. only 

correlation ob.arved wa. bat ... a.n p.rcent apparent. absorption 

of Ca and P. Ho .... v.r, thera "".s a w.ak eor-ral at.i on (P< 0.1) 

b.t .... en the percent apparant abaorption of Ca and Mg for 

No diff.r"ne •• (P>O. O~) .... re found b.t .... een pe~od. 

t.h. digastibil i ty of DM (%) and for th. percent app.r.nt 

absorption oT Cil, P, Mg, Na, K and Cl. 

) 
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TABLE 33. CorJ:elations between the apparent absorption of calcium, 
phosphorus, aaagnes ium , sodiua.. potassium and chloride and the level 
of dietary anion-oation balance (meq/kg ration DM) for period 2 
(day-7 prepartwito day-1 postpartum). 

MineraIs 
absorption Coefficients of correlation Probabili ty 

(~) (P>F) 

------ Bi 

Calciua 0.61036 0.0001 

Phosphorus 0.45'062 0.0001 

Kagnesiua 0.58707 0.0001 

Sodium 0.48138 0.0001 

Potassiu. 0.14773 0.0008 
" 

~~ide 0.27569 0.0001 

" 

J 
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TABLE 34. Correlations between the apparent absorption of caloium 
(Ca). phosphorus (P) J .agnesiUII (Hg) J sodium (Na) J potassiwa (K) 
and chloride (Cl) and the daily intake of mineraIs for peri.od 2 
(day-7 prepartwa to day-1 postpartwa). 

----------
Coefficients of correlation 
---------------------------, 

MineraIs intake of mineraIs (g/day) 
absorption -------------------------------------------------

(%) Ca P Mg Na K Cl S 

Calcium .01 -.09 -.11 .29 -.15 -.08 -.44b 

Phosphorus -.26 -.30 -.28 -.01 -.23 -.19 -.41 

Magnesium .04 - ~ 14 .39 .32 -.25 -.09 -.4Sa 
... 

Sodi.um -.06 - .18 .32 .06 -.09 -.06 .03 
1 

Potassium -.29 -.33 .04 -.29 -.32 -.27 -.22 

Chloride -.07 -.11 -.20 -.09 -.10 .02 -.12 

• P<0.05 
b P<O.l 
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V. DISCUSSION 

1. E)(p.riment~l di.ta " 

---------------~--'~ 

AlI dieta contained high lavela o.f Cil ~nd P ln order to 

obtilin rations th~t .will lnduclil milk .fever. In .f~ct, 

prepArtal di et. 0+ lalis thiln 100 9 0+ Cil ilre rlilcommended to 

min1mi~e the incidence of milk flilver' (Jorgensen, 1974) ilnd 

prapilrtum dieta low in P (10 9 dilily) , in the prestancs of 

prapilrtum diata high ln Cil, will halp to prevent mllk +evar 

(K1C:hura lit ~l, 1982). On the other h.nd, of 

. 
lntilk. P ia known to aupprillis kidnay formiltion of 1,25(OH):zD3 

(Reinh~rdt ilnd Conr~d,1980). Our control dl.t hild ~ highar Cil 

content thil;' diatg 1,2 .and 3 due to the di fference betwaen 

Tha usa 0+ lioma commerclill 

miner.al liillt., auch illi llmelitona ilnd gypsum, prsvanted us 

from maet1 ng our .)(p"c:tad vill ues for Cil. Thi ID uncontroll6!d 

miatake emph.asiza. the naed for uaing pure minar.als whliln 

.)Cper .. ",anta are conduc:tad, eVlln with lilrge animilla. However, 

the dif+aranc. in tha Cil content batwa.n the control dlat ilnd 

diata 1, 2 and :5 Ilhculd not have influ.nced tha raliiultli liiinca 

• C. con.t.nt in the l.atter dieta (~ 150 9 dilily) was illraildy 

high enough te induee milk fevar. In .f ilCt, il prap.artill diet 

.. 
130 9 o-f Ca par dily ha. ba.n lihe .... n to raduce tha 

r •• orptive abil1ty of bone during p.arturition, which 1s iln 

v 
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importiilnt fiilctor 1 n th. davltlopment of •• vere hypoc_l cemi_ 

CBliilck et .al ,1973) • M.agne!iium contant o-rthe di.t. wa. not 

diffltrltnt bet ... aen groupe .and Wiilli at a hi gh.r lav.l th.n NRC 

(1978) raquiramantsa iilt morli th"n 0.23% of th. r.tlon DM ... ith 

tha rluaaonni ng thiilt high lavai. o.f di.tary may 

cause a reduclid aVili 1 abi Il t Y of di atilry Mg <Sanliom .t 

al ,1983) • Additionnally, diete h1gh in sulfata m~y reduc. 

concentrati on of pl a!im.a Mg if the Mg contant of the di et , i. 

le!i!i than 0.25'l. of the riltion DM (Kappal et al,lQ83). Diat.ary 

levais of N.a, K, Cl and S havit baen cal cul atad to maet the 

four diffarant anlon-ciiltlon billilncltli of +400, +200, +100 and 

+50 meq/kg rati on DM, ho ... avar, ilS previously mentionad, 

diatary ilni on-c:.ti on baî.anca!i dl ff.red liome..,h.at from 

cal cul ilted val ua- . becau!ia of the di f farence. bat ..... n 

cillculiltad and analyzad value.. Thi!i dlffarence did not 

prevltnt Uli from ob!ierving the effectli of treatm.nt on tha 

vari ous par ametars. 

• 
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2. Dry matter intak. 

A r.ducad dry mattar intaka axpras&ed as a percentaga (X) 

of body w.ight (BW) eb.erved in cows fad diet 2 compared to 

cows fed the control diet and diet. 1 and 3 ia net supported 

by Block (1984). This result cannet be explained by the 

qU.llty of th. forages since forages fed to cow. were .1milar 

in al1 di.ta. Mineral content of diet 2 was'.imi1ar to diet 

3, .MC.pt for the sulfur content. In fact, .ulfur contant cf 

di.t 2 wa. lower than dlet 3 but hlgher than the levai of 

O.33X DM, which depre •• ed DM lntaka whan givan to lactating 

cow. (Bouchard and Conrad~1974). Howaver, cows fad diat 3 dld 

not show ~ r.duced DM int.ke ev an with a hlgher sulfur 

contant in the diat than diet 2. ThIs 15 supp'orted by other 

-------rr •••• rch.r. who d.id net find Any harmfu1 aff.ct. wh.n 

f •• ding relatively high (up te 1.72 X of ration DM) lIulfur 

l.vel. to ruminant. (Chalupa et a1,1971, Gawthorna and 

Nader,197ô). Feed intake at the day of part~ritlon was not 

influenc.d by treatments but was gr.at1y reduced for cow. fad '.l 
ail diet •• This wa. report.d ail a normal avant at parturition 

and related to a ri.e of plasma •• trogen concentration 

(Br.i thw.i tll', 197ô) • 
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3. Incidence of milk fever 
•• 

Reducing tha di.t~ry anion-catlon b~lanc. from +394.31 

(control diet) to +120.65 meq/kg r~tion DM (diet 1) 

r.duced the incidence of milk faver by 25%. Howev.r , a a we 

reduced the anion-c.-ation balance from +120.6:5 (diet 1) to 

+62.20 meq/kg ration DM (diat 3), no furth.r reduction in the 

incidence of milk faver was observad. It ••• m.d that either a 

difference of more than 60 m.q/kg ration DM ia need.d betwe.n 

traatments 

f.ver or, 

te obagrve an affect on th/II_ )incldanca of 

that diatary ~nion-catio~bal~nce ahould be 

mllk 

1.a8 

than +62.20 maq/kg ration DM to h~v. ~ furth.r reduction in 

th. inci dance of mi 1 k fever. Even theugh .... aba.rv.d a 

rllduction in the incldanca of milk fevar b.twa.n cbwa fed the 

control diat and cow. fed diet. 1,2 and 3, th. number of cow. 

was too small to be conclu.iv,. A prepartum di etary Ani en-

cation ,balance intak. of approx1m~tely +4486 meq/day (+330 

maq/kg ration DM) induced mllk f.ver in 47% of dairy cow. 

(Block,1984) while in a .tudy by Diahington (1975), 86% of 

the co .... consuming ~ prepartum di.t~ry anion-c.-ation balance 

of +3875 meq daily contracted milk fev.r. In our trial, a 

pr.p~rtum dietary anion-cation bal.-ance intake (+4674 meq/day) 

.imilar te literatura previou.ly cited, induc.d milk fever ln 

80X of the co ... a, ... hich .upparted re.ulta obtained by 
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• 
to th. lower incidence 04 milk fever ob.erved in the trial by 

Block (1984). Even though our Ca.P ratio waa similar to the 

on. ln Block'. (1984) atudy, our value. 04 Ca .nd P intak~ 

during the prep.rtum p.riod ware much gre.tar. Our dietary 

prepartum .nion-catlon b.lanca was .150 alightly higher which 

could e>cplain a lllight increalla of tha incidanca of milk 

f.ver, but not tha larga diffaranca obliarvad batwaan both 

.tudi a.. The 60% i nci danca of mll k f avar ancounterad in 

cowa fad diats 1, 2 and 3 could allio ba a>cplainad through tha 

el.vated intake of Ca and P during the prapartum perlod ~nd 

tha pOllitive di.tary .nion-cation balance. Black (1984) 

pr.vented milk favar in 100r. of tha cowa wh.n cowa rac.iv.d a 

nagativ. di.tary pr.partum anion-cation balance of -128.5 

m.q/kg r.tion DM-, and Di.hington (1975) obsarvad an incidence , 
of milk f.ver in 8~ of th. COWII wh.n cows racaived a nagativ. 

prap.rtum .nion-cation b.lance of -255 to -385 meq daily. 
r 

Factor. influencing the incidance of milk f.ver 

br •• d and milk production) did not repraaent th. differance 

black. according to their age and milk production, and br.ad 

w •• not diff.r.nt batw •• n tre.tm.nt •• Su.c.ptibility 04 cows 

to milk f.v.r may b. incr •••• d if COWII are hypemagn •• emic 

(Oavi •• at al,1978), howav.r., in our .tudy, pla.ma Mg 

concentration of .11 group. wa. maint.in.d n.ar normal, 

therefer., non. of th. CDWS war. con.id.r.d hypomagna.emic. 

) . 
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4.1. P1~sma c~lclum 
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At the baginning of the trial, concentration of plÀ.ma Ca 

averaged 8;~b mg/dl in al1 cows. This value is .imilar to 

values reported by ethers worker& for dry cowa (Block,1984, 

Verdaria and Evans,197S). The decr.aae in concentration of 

plasma Ca observed from day-4~ to day-3~ prepartum in cow. 

fed 
,. 

ail different diets could net b. due to th. high Ca and 

high P centent of th. di.ta sine. workers <Black .t a1,1973J 

Kichura et al,1982) ebaerved .ither an incr •••• or no chang. 
, 

in .erum Ca concentration wh.n they started to f.ed a 

prepartum diet high in Ca and P to dairy cows. How.v.r, th. 

cowa did not have to decreaae their 

concentration much as cows 

1 ni t~~.t~. ,. pla.ma Ca 

fed oth.,..;' diet. 

to reach the Sil mi'l ar , and quit. stable, 

conc.ntration for the remainder of th. prepartum p.riod (day-

3~ to day-:5 prapartum). 'Prepartum concentration of pla.ma Ca 

was m~intain.d lowar than in a trial by Kichura !~ !!. (1982) 

.v.n with an intak. ef Ca twic. a. high 

th. .am. f-take of P. The quantity of absorb.d Ca (g/day) 

r 
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net cerr.lat.d to plasma Ca concentr~tion. 

unaxp.ctad, .inc. worker. found ~ response of pl~sma C~ 

concentration to diatary int~ka of Ca within 3 days (Green et 

a1,1981). Howaver, tha rAnga of the quantity of absorb.d Ca 

w.. not very large, and could have &~plAin&d the lack of 

relation with plasma Ca concentration. 

If wa r.fer to th. weak corr&l~tion obt~ined for the 

.ntire trial batwean the l.v.1 of dietary ~nion-cation 

bal~nce and plasma Ca conc.ntratio~~ it appears that 

tr.atment did not influencad pl~sma C~ concentrati on. 

How.ver, durlng the p.rip~rturient pariod (day-2 pre- to day-

2 post-partum), which i. the critic~l perlod bacause thi. i. 

th. period of tha high.st incidence of milk faver, traatmant 

WA. effactiva. In fact, we ob.ervad A strong nagative 

corr.lation batwa.n th. level of di.tary anion-cation balance 

and pla.ma Ca lev.l durin9 th. perip~rturient period, 
~ 

•• pecially at parturition. Cow. fad rations with a le.s 

positive anion-cation balance (diet. 1,2 and 3) had ~ 

'hypocalcemia that WAS le ••• evere than cows fad the cont~ol 

diet. Therefora reducing th. dietary anion-cation balance 

reduced th. incidence of the di •• A.e bac.use milk fever is 

r.1Ated to a .av.ra hypoca1cemic .tatua. Thi. was support.d 

by an experiment by Slock (1984' whe observed a sever. 

parturi.nt hypocalcemia in co ... s fad a positiva anion-cation 

'0 
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bAlance simil~r to our control diet but • normocalc.mic 

plasma lavaI wlth no CAses o~ mil~ fever in cows f.d th. 

negative anion-cAtion balance. that 

treatmant influenced the time that cows e~hibited th.ir~/l 

lowast pl~sma Ca concentration, since cows fed the 1 ••• 

positive anion-cAtion bAlAnces ~ietg 1,2 and 3) e~hibit.d 

their lowest plAsm~ Ca concentration At • l~t.r tim. 

postpartum th4n COW5 f.d the control dl.t. 

also ob •• rvad by Takagi and Block (1986, a), u.Lng sheep fed 

reducad anio~cOiltion bAl Oilnced ~nd lnducad 

/ 
/ 

/ 

1 

1 

"­

axperlment~lly to hOilve hypocalcaml~ by infusing a solution of~ 

Ethylene dlamine tetr~-acatate (EDTA) intravanously. Plasma 

COil concentrOiltion o~ animais fed the low ~nion-c~tlon balAnc.d 

diat Oilnd infused with~ EDTA showed ~ resl.tance to th. 

reduction of plaama Ca cau.ed by EDTA comparad to control 

soheep, by a higher Ca !!)Obi 11 z ati on 

capacity by sheep fad the low anlon-cation balanc.d di.t. 

Thiso less rapid dacline of plasma Ca concentration could be a 

daterminant in the incid.nce of milk fever sine. w. ob •• rv.d, 

as did Van Soeet and Blo ••• r (19~4), that pÂretic cow •• howed 

a more rapid decline in their pla.ma Ca concentration than 

non-paretic cow •• Absolute pla.ma Ca conc~ntration could al.o 

be an important factorl th. low •• t plA.ma Ca l.v.l wa. b.low 

~ mg/dl ln non-par.tic 

cows, .s it wa. r.port.d by Mayer et al (19bb). W. did not 

m.a.ure pla.mA ionic C. conc.ntration, how.ver~ w. can 

~~------
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" that it e~nstantly followeO along with the eh~nglil 

of total pla.ma Ca concantr~tion. In f~et, atrong positive 

corr.lations .... r. obtained bat w.an both v~lues ln 

no~moc~le.mic, hypocalc.mic ~nd p~r.tic cows (Littledika et 

al,1969. Schroeder,1973; Dauth at al,1984). 

Th.ra ara thre. control 1 i ng machanisms for 

count.rbalaneing diaturbancas in Ca str ••• and maintaining 

int.stinal Ca ~bsorptièn; bon. Ca 

r.movalJ and renal ~~ r.absorption (R~mb.rg et al,1984). In 

our atudy, apparant Ca absorption, which dld not account for 

the .nd09.noua 10.. of facal Ca, may not r.preaent the 

po •• ible .ourca of C~ for maintaining plasma C~ homeostasls 

. in cows f.d the lower anion-cation bal~nc.d diats. In fact, 

Cr cowa fed the le •• po.itiv. anion-cation balance •. (diats 1,2 

and 3) had a amall.r quantity of Ca appar.ntly ab.orbed than 

cowa f.d the control di.t. A reduc.d apparent absorption 

percent of Ca could hava involv.d a higher endoganoua fecal 

Ca losa ... ith an increae. or no changa in the true Ca 

Howev.r, res.aret. conduetad wi th 1 amb. 

(B~~ithw~ita,1972) .ho .... d no aff.et of the 

experim.ntal diat on .ndoganous fecal Ca axeretion, but did 

show a higher pere.nt trua absorption of Ca indicating a . ' ---... 
high.r percent app.rent absorptio~of Ca. Inereased percent 

apparent ab.orptlon of C. w.s al.o obs.rved wh.n non-

lac:tati ng go.te received a ration cont.ining 1.2% HCI 

o 
.1 ,. 

" 

7 
:.>J 
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containing 115 or 230 ml o~ conc.ntrated HCI (Hart .t 

ill, 1931>. However, when lamb. w.r. fed diet. with a reduc.d 

~nion-cation balance, percent appArent absorption of Ca w~. 

not affected by treatment (Takagi and Block, 1986 , b). From 

the .. a atudiea, we can &peculat. that addition of~ acid to 

diets may act differently on inte.tinal ab.orption of Ca than 

The affect of HCI 

ilnd NH ... Cl may bâ1:.hrough the 1 i b.rati on of hydrogen ilnd/or 

chloride Ion in the gastrolntestinal tract that can alt.r 

the ab&orption of Ca by modifying the pH of the 

gilstrolntastinal tract. In faet, the upper small inte.tin. of 
• 

ruminante, WhlCh ia the main site of absorption of Ca, ha. a 

limited capacity to neutralize acidic dlge.ta from the 

abomasum (Whe,aler, 1980) • Thua, addition of acid te the di.t 

may decrease,pH of the amall int •• tine thareby incr.a.ing th. 

aolubility of Ca. The .~periment of Verdaria and Evans (197~) 
/ 

/' 

m.y support thia hypoth.sis sinee th~y obs.rved a stimul.ting 

affect of decreasing pH of the diet on .bsorption of Ca. It 

is unlik.ly that our di.t. a~fected the environmantal pH of 

the g •• trointeatinal tract becaus. no incr •••• o~ absorption 

of Ca waa ob •• rved wh.n animaIs r.ceiv.d a reduced dietary 

anion-cation billanc •• 

.)C cret i on, howev.r, 

according to lit.rilture the 10 •• of C. via thi. routa may b. 

higher in cows fed le •• po.itive anion-cation balance. (di.t. 
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o 1,2 and 3) than in cows f.d the control di.t. In f.ct, highar 

•• cr.tion of urinary C. w .. ob •• rv.d by Takagi .nd Block 

cation b.lanca comp.r.d to • control di.t. Incr.as.d urin.ry 

•• cr.tion of C. wa. also raportad in non-lact.ting go.ts 

(Fr •• d.n at .1,1984), in l.ct.ting d.iry cows (H.rt et 

.1,1931) and in sh •• p (Braithw.ite,1972) wh.n .cid was added 

to th. di.t ag weIl a. when inorg.nic .ulfata was includad to 

diet. of adult rata (Whiting and Cola,1986). Furthermore, the 

addition of acid to tha diet (Braithw.lte,1972) .nd feeding a 

dacr.a •• d anion-cation b.lanc. (Tak.gi and Block, 1986,b) 

r •• ult.d in a dacreas.d urlnary pH. Nat .cid •• cr.tlon h.s 

Q 
b.en mentionad aa b.ing r~.ponaibl. for the incr •••• d 

urin.ry .~cr.tion of Ca (Whiting and Cola,1986) .ncount.r.d 

wh.n adult rata r.c.ived • diet high in \norganic sulfate or 

c:hlorid •• It i. then logic:al to proposa th.t in our study, 

cow. f.d th. 1 ••• po.itive anion-cation b.l.nce (with the 

high.r Cl and S04 c:ontent) h.d • d.cr •••• d urin.ry pH. Also, 

b.cau.. it wa. d.mon.trated in poultry (Mongin,1980) that • 

r.duc:.d anion-cation balane. (axcluding th •• ulfur cont.nt) 

could cr.ated a m.tabolic acidotic ~imal, it is quit. 

po •• ibl. th.t cow. on our trial fad a r.duc:ed anion-cation 

balance had dev.lop.d a mild metabolie: ae:idosia. Th.refor., 

pla.ma Ca hom.o.ta.i. of cow. f.d th. le •• po.itive anion-

c:ation balanc •• app •• red to b. maintain.d at a higher lav.I 
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vi~ bone ra.orption .inca percent apparent ab.orption of Ca 

w4. decreA.ed ~nd urinary eMcr.tion of Ca may have been 

Bone re.orption could b. stimulat.d dur!n; a 

chronic metAbolic Acidosis to supply buffering materials. In 

f~ct, B~rzal ~nd Jowsay (1969) hAd ~rgu.d that metabolic 

Acid09is might atimulAte. the slow di.sociAtion of alkalina 
, 1 

bone sAlta in order to incre~ae the buffering capacity cf the 

eMtracellular fluid thus mAking bene mere •• nsitive te 

.ndocrinologic~l signAla to recover from a hypocalcamic 

aituAtion. However, BrAithw~ite (1972) using 1~mb.9 and 

Newell And B.~uchen. (1975) using r~t., found that me~abolic 

Acidesis did not Alter the resorption rat. of bon.. On th. 

other hand, diets containing an .cid load of inorg.nic 

.ulf~te (1.42X) fed to Adult rats producad an enhanced bon. 

r •• orption for period of 2 months (Whiting and 

Draper,19S1); in an eMp.riment with prepartum dairy cow. 

(Block, 19S4) plasma hydro~yprolin. l.vel. show.d an earlier 

enhancement of bon. r.sorptiorÎ i~ cows fed a reduc.d anion-

cation balance comparad to cowa fed incr •••• d anion-cation 

balance ~~~ing the pariparturient p.riod. 

4.2. PlAsma inorganic phoaphoru. 

A • reported by Schro.d.r (1973) , pl •• m. inorganic 
.) 

phosphorua (Pi) fluctuat.d more than plasma Ca conc.ntr.tion, 

probably b.cAuse • of th. tight.r raQulatiDn of pl ••• a C • 

..------
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Plasma Pi concentration is affectad by pattarns of faad 

consumption aa it ha. bean shown to incra •• e markadly for 2 

hours post-faeding, then declina. (Forar .t al., 1982). Our 

plasma Pi valuas wera slightly higher than the ranga of 

normal values aaen in tha litarature (Verdaris and Evan., 

197~. Bar t on et al., 1981 ) • However, thas. high value. could 
" 

ba partly explained by the tima of blood sampling (2 hours 

after the morning feeding), and partly by the alavatad intaka 

of P by co .... fed aIl di RtS. In fact, Ki chura ~ al. (1982 ) 
1 1 

and Forar et al. 
\ • 1 

(1982) raported that ali \ l~ake of P 

incr.ased, \ plasma Pi conc.ntration will alao \incraalia. 

However, the influance of dietary intake of P on pla.m~ Pi 

o conc.ntration ob •• rved by Kichura at al. (1982) wa. effectiva 
,\ 

durin9 th. prepartum pariod, but net during the 

periparturient p.riod, as in our exp.riment. This w~ 

evid.nced by finding no correlation batw •• n the quantity of 

apparently absorb.d P and pla.ma Pi concantration during th. 

la.t ... eek p·eceding parturition. Th. lo .... r prepartum plasm. 

Pi conc.ntration cb.erv.d in co .... fad reduced anion-cation 

balance compared to cc.... fea the control diet could b. 

related to a reducad dem.nd for P du. to a lower Ca retention 

in cows fed diet. 1,2 and 3. In fact, Takagi and Black (1986, 

b) had ob.arved a lower Ca retention, a. a proportion of C. 

intaka, and a n.t lo.s of P (9/7 day.) in she.p fad reducad 

o 
\ . 
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anion-cation balance comparad to .h.ep fed control diet with 

an anion-cation balance of +314 meq/kg ration DM. Thus, it is 

'probable that cows fed di.ts 1,2 and 3 had a lower percent of 

.kaleta1 Ca retention than cows fed control diet. aecau.e of 

the cloae aasociation of Ca and P in bon. the skeletal Ca 

rai ilted to tha p ret.ntion 

(Brilithwait., 1984). Thus, a reduced akel.tal P r.tention 

will raduce the demand for P ilnd may e~plain the net 10.. of 

P demnnstratad by Takagi and Block (1986, b>, .s w.ll as 

the reducad concentration of plasma Pi prepartum in cows 

fad raduced anion-cation balanca observed in our .tudy. 

During th. periparturiant period, plasma Pi concentration 

paralleled pla.ma Ca concentration, as lt did in a trial by 

Schroeder (1973). Saveral authors found positive correlations 

bet ... e.n plaama Pi and plasma ioniz.d Ca and also with total __ 

plasma Ca (Blum et al., 1972; Daniml and Moodie, 1979). A 

decreased plasma ionized Ca will stimulate parathyroid 

hormone •• creticn in co ... s (Fisher et al., 1q73) and may 

eHp!ain th. reduction of plasma Pi concentration since 

parathyroi d hormone lo ... ers pl asma Pi '""ln ther by i ncreasi nQ 

1966, b) and/or by 

increasing the s.livary s.cretion of phosphata (Clarke et 

al •• 197~). Th. po.itige correlation ob.erv.d in our .tudy 

bet ..... n plaama Pi and pla.ma Ca concentration from day-2 

prepartum to parturition supported r.sult. obt.ined by Dani.l 

and Moodie (1979>. W. did not find Any correlation for day-l 

., 
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and' day~2 p05tpartum probably due to the hlgh variation 

betw.en hypocalcamic cows preceding parasls, shown by 

Dani el and Moodi e (1979). The nagativ. correlatlon obtain,d 

at day-3 postpartum agrees with th. f1nding o~ Byrn. et al. 

(1971> that pla.ma Pi. concentration continued to dacreasE! for 

on. we.k postcalving whlle plasma Ca concentration was 

1 ncraaSl ng. 

4.3. Plasma magn.s1um 

Average plasma Mg value. determined ln thi. study were 

slightly lower than normal value. reportad ln the 11taratur& 

(Byrne et al., 1971; Littledika et al., 1970). A. lncraasad 

chloride and sodium intake have be.n shown to incraaa& 

uri nary Mg .>ccreti on, and urinary Mg los. Waa not lnf~nced 

by the amount o~ diga.ti61i Mg (Lomba et al., 1968) lt wa. 

po •• ible that high chloride intaka in our four di farant 

di.t. had .~fectad the plasma Mg concentration, 

in 

par icularly 

~. alao cow. fad the control dlat ainca Na lntaka 

.l.vated in this group. In fact, negativa w.re 

obser~d during the thlrd w.ek preceding parturi ion betwe.n 

pla.ma Mg concentration and quantity of Na .nd absarbad. 

pl •• ma Mg tha 

" peri parturi ent period ta 

cow. fed the control di.t and diet 1, could be .~pl.inad 

.'if 
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through an incraaliied bone reaorption which WOlS 

previously ln the plaama CA liiaction. 

pl asma Mg concantrati on betwaen group. coul d not have be.n 
, 

raI ated to hi gher ab&orph on o~ Mg .i rte.. ~omba et al. ( 1968) 

demonstratad that onl y tha Mg ilnd Ca i nt .. k. wi Il h .. ve an 

anhanced affect on percant apparent ab&Orptlon of Mg. The •• 

mi neral intaka& ware not highar in cow. ~ad diet. 2 and 3 

than in COW& fad control and di et 1. Furthermor., percent 

apparlllnt abliorpti on of Mg wa. low.r in tha f ormar groupa than 

in the control ;roup. Urinary M; ... cretien ""'a. net me •• ured 

ln our exp.rlment ., howevar, accordl ng to tha ra.ul t. of 

and Block (1986, b), reduced dlatary Anl on-coat 1 en 

billance did not alter urinary Mg e)(Cretlon ln loimblii. H1gher 

pl a&rntil Mg concentrat 1 onli wara ob&erved when cow ..... ra fed il 

/"""" 
prapartum dlat low 1n Ca compared to a pr.partum d1.t hlgh ln 

(Verdaria and Ev.ans, 1975) • It 1& now evident th.t 

prapartum diet. low in Ca anhances bone r.sorption during th. 

perl parturi ant pari.od ta m.aintilin plilliima Ca conc:entration 

(Grean at al., 1981; Kichura et al., 1982). Pla.ma Mg 

concentration could alao" be increalied through .n 

bone ra&orpU on, .i nce bon~ contill. ns bOY. ef the tet.al body Mg 

with a labile portion (Ai kawA, 1981> thAt can b. mebil i z.d 
, 

during Mg da~iciancy (McAleasa.t al., 1960). Furthermer., • 

closa raI aU on.hip IIX i st. tietwa.n Mg and Ca hom.est •• i. 

bacausa beth CAn b. r.le •• ed from bon. threugh • 
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stimul.ation by parathyroid hormone (Koo, 1994). Tharefore, .... 

thAt increAs.d re.orpt i on during 

peri partur i .nt p.riod w.. the CAu.e of tha 

the • 
el.vatad 

Anion-

cation bal~nce.. Tha positive correlations eMpacted betwaan 
v 

plasma Ca and plAsmA Mg concentriltion ... are found only on 

day-2 prepilrtum, probilbly bacAulia of tha high vilriation ln 

pl asma Mg batween caws in reSiponlia ta hypoc~cemi a as stated 

by Dilni el (1980). Ali obsarved hy othars (AlI croft and Goddan, 

1934J Schroadar, 1973), A dacraAse in pla.mA Mg concentrAtion 

wall f ound up te day-~ poatpartum in COWIi f ed a11 di lita. Thi li 1 

cao ba rel atad ta A ganaral nagativa Mg bAlanca eccurring 

in th •• arly part of th. postp.artum period in lactating co..,& 

bacausa hl gher di atary anargy contant, hl gher dry milttlilr 

i ntaka, ni trogen and fat have blilen ahown to r-aduc. Mg bal Ance 

(Lemba et Al., 1968). 

:5. Al t.rati on. of other pl asma milcromi narAI & 

:5.1. Pl asmA .odi um 
------------- v· 

Our valu •• for pla.ma Na wera lo ... er thAn normal value .. in 

dairy cow. a. reportad by FattmAn et al. (1994) and Eacobosa 

.t al. 11984). This wa. probably due to th. elavated urlnary 

Na .)Ccreti on ralat.d to th. e)(pected high urinary Ca 
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linccration; 

of C~ And N.a <Sutton .a.nd Dirks, 1978). Highar .".rAQ_ pl •• ma 

Na concentration in cows ~ ad control 

finding oT Cohan and Hurwitz (1974) •• w.ll ... Block (1984 ) 

i ncrealla in di .tary Nil ... i Il i ncr.a.. the pl •• ma 

1a"al of On the other hAnd, tha .lll".t.d pla.ma Na 

concentration in cowa fed di.t 3 cannot be .)(pIAined through 

A hi ghar intilka of Na comp.arad to COWII flld dillt 1 and 2, 

thu&., the rasoponlle of thl. group ramAin. uncl.ar. 

5.2. Pla&m~ potil&sium 

A. ob •• r".d by Black (1984) , .".rag. pla.ma K 

concantrition in co .... fad .l.".t.d .nlon-cation bAlane. 

(control and di et 1) WilS lo .... r thiln in cow. fed raduc.d 

ilnion-cation bAl.a.nca Cdiet 2 .a.nd 3). How.v.r, the amount of K 

abaorbad wa. higher in cow. f.d di.t 3. Thi. i. 

unI i kai y to af f ect the pl ~sma 1< concentrati on ai nca th. 

animal wi Il .ff i cl.ntl y control bcdy K c~.nt by .xcr.ticn 

in the urine of th. a)(ce •• .a.bsorb.d K CField, 1964) • Blo~ 

(1984>/a)(Plained th. lo .... r plasma K cogcentration in cow. f.d 

the cAtionic di.t (+330 meq/kg r.a.tion DM) by A pos.ible 

interaction b.t ..... m K and Na., asp.ci Ally when the diet i. 10 ... 

. 
in Cl. This interaction wa. ob.arved by Cohan and Hurwitz 

(1974) in an .>cp.riment with poultry. Although Na intaka w •• 
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() higher inca .... f.d the control di et, thi. reAson do.. not 

.xplain th. r.spon.e of co .... fed di et 1, sinc. th.ir Na 

..... not hi gher than co.... fed di .ta 2 And 3. 

Furth.rmore, Cl intAk. wa. similar in aIl group •• Therefora, 

i t i. di ff! cul t to related our re.ul ts to the i ntaracti on 

bet ... a.n Na and K. 

Intlitresting positiva correlations ""ara obtAin.d batw&an 

pla.ma K and plAsma CA concentration from day-2 prapArtum to 

day-~ postpartum. Th, •• upport.d th. fi ndi ng that pla.ma K 

concentration may fall during natural c •••• of milk f.ver .s 

r.portlitd by Ward (1956) and Llttladik. at al. (1969). Dan1el 

(1980) also obslitrved a drop in plAtima K concentration 

accompanying the d.craa •• ln pla.ma Ca concentration induc.d 

o ·.xp.riment.lly in cows. He stipul.t.d th.t .tra •• , as.ociat.d 

wi th the on •• t of hypocal c.mi .. and r.cumb.ncy in the co .... , 

mOly r •• ul t in the r.l •••• of ACTH (D.nial, 19'77), which m.y 
• 

b. parttally re.pon.ibl. for th. d.pr •• sion. in pl •• ma K 

concentrati on. This .tat.ment i. aupport.d by W •• ge ( 1984) 

who Mad reported .. higher pl •• ma concentration of cortitiol 

in cow. that contracted milk f.v.r than in h.althy co ..... 

S.3. PI •• ma chlorid. 

Our value. for plasma Cl are .lightly lo .... r than normal 

value. in ruminant (Burkhalt.r .t al., 1980, F.ttman et al., 

o 
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1984) probably because the intake of Ca, P and Mg were 

similarly higher than requirements (NaC, 1918) in aIl groups. 

The intake of these mineraIs has been reporled to increase 

urinary excretion of Cl in cows (Paquay et al., 1969), wh1~ 

may affect the plasma level of Cl aince urinary excretion la 

the main homeostatic mechanism of Cl in rwainants (Coppock et 

al., 1979). Moreover, we obaerved a lower average plasma'Cl 

concentration in cowa fed the control diet and diet 3 

compared to cows fed diets 1 and 2. We propose that the 

higher amount of Ca and Na absorbed in cows fed the control 

diet contributed to reducing the plasma Cl concentration 

since the intake of these minerals has been reported to 

increase urinary excretion of Cl L( Paquay et al., 1969). On 

the other hand, the higher amount of K absorbed in cows fed 

diet 3 compared to cows fed other diets could explain the 

lower plasma Cl concentration observed in the former group 

since intake of Kwas positively correlated to urinary 

excretion of Cl (Paquay et al., 1969). 

5.4. Plasma sulfate 

" 
The higher plasma sulfate (S04) concentration obs~rved ln 

cows fed reduced anion-cation balance (diet 1,2 and 3) could 

be related to the higher dietary intake of sulfur (S) 
. 

compared to the control group. In tact, concomai ttant 

\ 
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() incrtta ••• in •• rum 904 and incraA •• s in urinary 90~ .)(cretion 

hAve basn rsported in a cyateine-supplamsnted group of 

i n~ant. (Col. and Z1 otki n, 1983) • Furthermor Il, ur i nilry 50 4 

e)(cretion was incre~silld when dietary inorgilnic SO~ was 

incr.~.ad in rats (Whiting and Draper, 1981>. Thesll re.ul ts 

indi cat. th~t ~n incre~lie o~ plalima 904 occur. whan diatary 

90~ is incrlla.ed. This i. supported by Kennedy et al. (1974) 

who obaervlld th!. e)(pacted rasponse when cattle wera fed 

di ~f.r.nt amounts of 9. The atrong posi ti va correlatlon 

obsllrvad during the periparturient parlod betwean plasma Cil 

and SO~ concentr~tlon may be related to the affect of 50... on 

Ca metabol i am. In fact, the anion 50 ... h~s been damonstratad 

to decraasa the railbsorption o~ Ca from th. kidney tubul.s in 

rAt. po •• ibly by ~orming an insoluble compla)( (Bushinaky et 

Al. , 1982), and -to incr.a.e bon. ra.orption (Whiting and 

. - 1981> ; both aff.ct. .hould incr.~se pl~.ma Ca 

concentrati on. 

6. Ab.orption of calcium, phosphoru. and magn.sium 

-----------------------------------------------
Our VAlue. o~ perc.nt appArent absorption of minar~ls were 

higher than normal valy ••• ncounter.d in the literature 

CMAyer .t al., 1967, Bu.hm.n .t al., 1968, Vardari" And 

EVAn., 197~). Thi. ovare.tiaaation waa probably related to th. 

o 
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for the'" 
,-< 

Usuall y, 

di gesU bi 1 i ty .tudi litS conducted ... i th Cr:;aO::s ha",. b •• n r.port.d 

to under6lsU miiltlit the percent appar.nt .ab.orption of 

minerals, mainly blitciiluse oof the incomplete recovery of Cr:z03 

in thlit flitcea (Stevenson, 1962; Field, How.v.r, the 

duroation of our prel i mi nary oand coll.ction peri ods 

(Stevenson, 1962) with thlit mbcing of Cr:zO::s in the f •• d 

(Croampton .and Lloyd, 19~1) should have improv.d the racovery 

therefor., attanuatlitd th. u.u.al 

Under&9tl m.a.tl on of thlit ~ppar.nt ~btiiorpt i on of min.rals. w. 

estim~te th~t the 10a. of Bome unknown quantity of Cr Z 03 

glven ln thlit of aed duri ng mi>cing and f •• ding, w •• more 

import~nt th'ln thà inc:omplete r.cov.ry of in th. 

our .1evilt.d val u.. of p.re.nt 

~ppoarlitnt abaorption of minera1 •. 

The redüced percent apparent .b.orpti on of Ca ob •• rv.d in 

C:OWIi fad the lower ~nion-cation balanc: •• (di.t. 2 and 3) i. 

suspectad to involv. a higher endogllnou. fac:al axc:r.tion of 

c .... i th no change or • raduc.d p.rc.nt tru •• b.orpti on of Ca • 

Becaulia urin~ry e)(cr.tion of Ca ..... incr •••• d • nd C. 

r.tention W~1i decr.a.ed when 1 ambs w.r. f.d di .t. ...1 th 

r.duc.ed anion-catio.!' baUnc:e. (Takagi and Block, 1986, b) .... 

ca~ e>cpect thll .ame r •• pon •• in co .... f.d diat .... 1th reduc.d 

.nion-cation balance •• Negativ. corr.laticn., obt.in.d b.t ..... n 

uri n .. ry. C4l .>ccretion and perc.nt .pp.r.nt .b.orption of C .. 
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in dry cows (Paqu~y et ~1.,19ô8) further supports this 

hypoth.sis. Endogenous e)(Cret10n o-f fec~l C~ may ba 

conaid.roabla and variable (Mayer at al. ,19ô7) but it i& not 

af facted by i ntake of C~ (Br ai thWili te, 1982) and 

incraa •• d when e)(cration of urinary Cil ilnd bone resorption 

incr.asad following tha administratlon of pilr~thyroid Qxtr~ct 

to parilthyroidectomlzad cows (M~yer et ~l., 1967). In thili 

latter caliuif, the percent true absorption of C~ was lncreilsaad. 

Al though. our atudy dld not involva the usa of parathyroid 

.)( tract to i ncr.asa pl ilsmil Cil concantriltl on, the lowar 

appilrant ~bliorpt ion of Cil obsarved, as wall ~sa the Qxpactad 

urin.ary C~ a)(Cretl0n ilnd bone rasorptlon could hava 

lad to ~n lncreased endogenouti e)(creti on of f eCill An 

ir. tha aiza of the e)(changeabla pool of Cil 

augg •• ted whan sheep were fed diats wi th raducad Ani on-cilti on 

b.alance (not including S in the c~lculation) CFreaden et ill., 

1984) may alac support our ideil concerning the endoganouti 

.)(cr.tion of facal C~. 

Th. parc.nt '~pp~rent ~b.llt pti on of P, par sa, WilS not 

al terad by tre.at.mant.; howaver, becauae wa e)(pected a low.r Ca 

in cow. fad di ata ... 1 th reduced Ani on-cati on 

bal..,ces (.e. pl ilsma P .ecti cn) compar.d to control cows, ... a 

propose that thi a 1 atter grcup had a lo .... r endcgenou. fecoal 

e)Cc:retion cf P and a higher percent. true absorption cf P t.han 

th. form.r group, •• reported by Brait.hwaite (1984) where 
-'\, 

'. 
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sheep e)(hibit~ higher C~ ret.ntion. 

elev~ted andoganoua fac~l axcration 'of P suspected in co .... 

fed diats ... ith r.duced ~nion-cation b .. lanc •• may invol v. a 

port i on of tha P comi ng from the ... 1 i va, .inc:e th. 

gl ~ndli h~va bliilliitn propolilild .as the major route of 

ogenoull P rinccraticn in rumin.antli (Horst, 1986). 

The Io ... ar parcQnt apparant ab!iOrptlon of Mg ob!iiarvad 

during the period including parturition (day-7 pr.p~rtum 

until day-t pO!itp.artu~) in COW!ii fad th. diat!i wlth raducad 

an1 on-c:~ti on bal ancas ( di ats 1, 2 .and 3) c:omp.arlld to co .... 

fed the control di at , and tha 1 Olck of ch~ng. in the .. pp.arant 

coul d ba exp 1 ~i ned by ~n i ncra.a.ed andoganou. f .ttal 

o 8>ccrati on of Mg ra5ul tl. ng from the !lusp.cted .nh.ancllm.nt of 

bona rlilsc,.,pti on during the p.riparturient per iod. 

The net amount of absorb.d diet.,.,y Mg ili a •• umed to b. 

diractly ral .. ted to tha intaka of Mg (Aika ... ~, 1981). Howev.r, 

th. intake of Mg WAS not highllr in co ... s f.d the di.t. with 

reducad .. nion-c .. ti on b~l Olnce. th .. n in co ... s fed th. control 

diet, wh.,.,aOl. tha appa,.,ant absorbad amount of Mg ...... 10w.", in 

co .... fed di ats ... i th ,.,aduced ~ni on-c:,ati on bal .. nces. 

Tha,.,.fora, i t i 15 propo •• d th .. t the d.c:r •••• d p.rcent a~p .. r.nt 

.absorption of Mg obs.,.,v.d in co .... fad di.ta with r.duclld 

anion-cation b.al.nce. durinCjl the p.,.,iod includinCjl pa,.,turition 

... as du. to a hi gh.,., .ndogenou. f.c .. l MCjI • M cret i on • Th • 

strong positive c:or,.,.l .. tion obtain.d bet ..... n appa,...nt 

o 

~L. 
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absorption of CA ilnd appilrent ablitorption of P in our study, 

.s wall a. in th. work of Takilg1 aQd Block (1986, b) could be 

a~pl.inad through the atrong relAtion .~iating between C. 

ratentien and PretentIon in sheep (Braithwaite, 197~). It 

m.y .lso augg •• t th.t reducing the diet.ry .nion-cAtion 

bal.nc .. had an indirect effect on percent ilppilrent ilbsorptlon 

of P by reduclng the C. retentlen by the Animal. 

Ther.. ilppeilr. to be iln interral.tionahip betwean the 

absorption of Mg and Cil in th .. rilt (Alcock And Milclntyra, 

1962) ilnd in the cow (LembOil et .1., 1968; p.aqu.y et .al. 

1968), wit.h A common mech.anillm for tr.naporting C. .and Mg 

1963). The 
.-

tandOilncy (P<O.1) obaervad ln our at.udy, of h.aving • positive 

correl.tion betw •• n the percent AppArent ilbaorpt.ion of these 

two minerills furthar IitUbatilntiilte. thi. clAim. 

< ' 

o 

./'. 
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o VI. smttABY 
\~ 

. 
Reducing the dietary anion-cation balance froID +394.31 to 

+120.65 meq(kg ration DM decreased the incidence of milk 

fever by 25~ but no further reduction W8S observed when 

4ietary anion-cation balance was decreased to +62.20 meq/kg 

ration DM. Bowever, number of cows was too smali to be 

conclusive. 

A strong negative correlation was observed during the 
(!~ .. ., 

periparturient period. especially at parturition, between the 

levei of dietary anion-cation balance and the concentration 

of plasma calcium. 

o 
Reducing the level o~ dietary anion-cation balance delayed 

the tiœe of cows\showing their lOW6st concentration of plasma 

calcium. 

Reducing the level o~ dietary anion-cation balance decreased 

the severity of the decline of plasma calciu. du.r~ug the 

periparturient period. 

Concentration of plasma phosphorus was weakly correlated to 

the level of anion-cation balance during the peri partur ient 

period but strongly correlated to the concentra~toD of plasma 

o 
calcium. 

) 
- , 
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Reduoing the level o~ dietary anion-cation balance increased 

the concentration of plasma during the 

periparturient period. 

i 
A strong negati ve correlation was observed during the 

periparturient period. especially at ~urition. between the 

level of dietary anion-cation balance and the concentration 

of plasma magnesium_ 

Positive correlations were obtained between the concentration 

of plasma calciua and the concentration of plasma potassium 

during the periparturient period. 

Reducing the level of diet.a.ry anion-cation balance increased 

the concentration of plasma sulfate. 
• 

Strong positive correlations were obtained during the 

periparturient period between the concentration of plasma 

calciUII and the concentration of plasma sulfate. 

Reducins the dietary anion-oation balance did not influence 

the dry aatter digestibility either during period 1 (day-24 

to day-21 prepartum) or during period 2 ( day-7 prepartum to 

day-l postpartwa). 

Apparent 
"'1-, 

absorption of calcium, phosphorus. magnesium. 

sodiua, potassiua and chloride was not iIdluenced by the 

level o~ dietary anion-oation balanoe during period 1 . 

.. 

l .. .--.. ... 
.. . 

~ '\t.,.V'~;~~ 

~ ... J_ 
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Apparent absorption of phosphorus. sodium, potassium and 

chloride was Dot inf'luenced by the level of dietary anion.;;.> 

cation balance during period 2. 

Rieducing the dietary anion-cation balance decreased the 

apparent absorption of calcium during perlod 2. 

Reducing the level of dietary anion-cation balance decreased 

the apparent absorption of Magnesium during perlod 2. 

A strong posi ti ve correlation was observed between the 

apparent absorption of calcium and the apparent absorption of 

phosphorus . 
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VII. COIICLDSIOII 

Reducing the levei of dietary anion -cation balance 

decreased the severi ty of the decline of plasma Ca during the 

periparturient period, thus, tended to diminish the incidence 

of milk fever. Bowever, a dietary anion-cation bol1lance of 

+62.20 meq/kg ration DM (diet 3) is too high to be an 

efficient tooi in the prevention of milk fever. It 15 

suspected that a negative anion-cation balance will be):'<~rre 

appropriate. Because of the ~trong correlation existing 

between the concentration of plasma Ca and plasma \p as well 

\ 
~s between the apparent absorption of both mineraIs, 

phosphorus metabolism i5 more related to the calcium 

metabolism than to the levei of dietary anio~-cation balance. 

Becauae of the importance of the dietary balance between 

the anions and the cations in acid-base balance of the 

anillal, it ia suapected that the lDOde of action of the 

reduoed dietary anion-cation balance is through an impairment 

of the acid-base atatus of the animal toward a lIetabolic 

acidosis. This statua may have affected the kidney as weIl as 

the reaorptive ability of the bone by Iowering the 

reabsorption of urinary calcium and by increasing the bone 

resorpti ve prOC8SS. The suspected increased fecal excretion 
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o of endogenous calcium would be an indirect respoose caused by 

the increased exchangeable pool of caloium. This lIIechanism 
'''' .. 

would be further accentuated during the periparturient period 

probably beca~se of the higher ca'lcium stress on the animal. 

An increased bone resorption would explain the increased 

concentration of plasma magnesium as well as the le88 severe 

hypocalcemia observed du ring the periparturient period in 

COW8 fed reduced anion-cation balance. 

o 

o .-
-' 
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APPDDIX 

Table 1. Composition of Cal-Dextrose used t.o treat cows 

diagnosed wi th milk fever. 

Ingredients Composition (~) 

Calcium gluconate 1. 70 
f' 

Phosphorus ' 0.96 

Cf .~ 
HagnesiWII 0.40 

Dextrose 16.50 

Borie aoid < 0.004 

Brolldne < 0.0014 

Sodiwa < 0.0004 

r 
( 

_~"'--~~..b-:..~_~~ __ ~ _______ 1 __________ _ ---~ 
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Table II.Composition of Cal-Hag-K used to treat cows diagnosed 

wi th milk fever. 

Ingredients C~~sition (~) 

Calciua borogluconate 23 

Dextrose monohydrate 25 

"'" 0 Magnesium chloride hexahydrate 4.50 

Sodium hypophosphite 3.43 

Potassium chloride 0.20 
"-

Formaldehyde(preservative) 0.20 

-0 

j .' 
k, .... " 

- - ~ ..... -
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TABLE III. Correlations between the concentration of plasma 
sodium and the quantity of calcium, phosphorus, magnesium. 
sodiwa, potassium and chloride apparently absorbed daily 
for the first, second, third, fourth, sixth and seventh 
weeks prepartum. 

Absorbed minerals 
(g/day) 

Q-
Calcium 

Phosphorus 

Magnesium 

Sodium 

Potassium 

Chloride 

• P<0.05 
b P<O. 1 

------ ----------------
Coefficieht of correlation 

Weeks prepartum 
---------------------------------------------, 

1 2 3 4 6 7 

- .16& .10 -.06 -.15 -.27 -.24 

-.1~ --.15a .09 - .15 -.31 -.30 

- .14b -.02 -.08 -.24 -.42b -.05 

-.03 .00 .21 .03 -.07 .04 

- .14b .04 -.27b -.03 -.07 -.50a 

- .15a .06 -.20 -.27 .01 -.17 

\ 

") 
1 
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TABLE IV. Correlations between the concentration of plasma potassium 
and t.he quantity of calciua. phosphorus, magnesium, sodiUII, f,otassiua 
and chloride apparently absorbed daily for the first. seoond, third, -.­
fourtb, sixth and seventh week& prepartua. 

--------------_..!.. 

Coeffioient of oorrelation 

Absorbed mineraIs Weeks prepartum 
(g/day) ---------------------------------------------------. 

1 2 3 4 6 7 

---------
CalciUIII .1a- .24& .09 .11 .07 -.30 

Phosphorus . 2 ()a .29& .14 .37 -.01 -.48b 

Magnesium .18& .09 .15 .21 .26 -.40 

Sodium -.08 .00 .91 -.10 .00 -.41 

Potassium .21- .30- .19 .26 .. 15 -.27 

Chloride .21- .30- .15 .19 .12 -.32 

a P<0.05 
b P<O.l 

\ 
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TABLE V. Correlations between the concentration of$plasma chloride 
and the quanti ty of calciua. phosphorus. aaagnesium. sodium. potassiUD 
and chloride apparently absorbed daily for the first, second, thir< 
fourth, sixth and seventh weeks. prepar"tum. 

Coeff icient of correlation 
--------------------------

Absorbed mineraIs Weeks prepartUID 
(g/day) ----------------------------------------------------

1 2 3 . - 4 6 1 

Calciua -.11 - .18& -.03 .01 .31 .40 

Phosphorus -.03 - .11 -.07 .31 .28 .30 

MagneaiUll -.01 -.05 .10 .02 .06 .38 

SodiUlll -.02 -.3()a -.03 -.01 .38 .33 .. 
PotasaiUll -.01 -.05 -.22 -.19 .43b .51a 

Chloride -.03 -.08 . -.09 .00 . 13 .28 

a P<O.05 
b P<O.l 

... 
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TABLE VI. Correlations between the concentration of plasma sulfate 
and the quantity of calcium, phosphorus, magnesium, sodium. potaa8i~ 
and chloride apparently absorbed daily for the first. second, third, 
fourth, sixth and seventh weeks prepartua. . ---------

Coefficient of co~~tion 

Absorbed mineraIs Weeks prepartum 
(g/day) ---------------------------------------------------. 

1 2 3 4 6 7 

---------
'. 

, 
Calcium -.08 -.07 -.05 .11 .16 .64-

Phosphorus -.09 -.02 -.12 .43b .00 .62-

Magnesiua -.oa .00 -.07 .06 .02 .57-

Sodium .03 -.04 .08 .22 .22 .47 

Potassium -.08 -.01 -.25- .29 -.19 .51b , 
'. 

Chloride -.09 -.02 -.12 l .05 ("-.11 .69& 
'f -"-'-------------

a P<O.05 
b P<O.l 1 , 

\ \ 
\ 
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