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Effects of manipulating the anion-cation balance !
in rations for prepartum dairy cows R
on hypoaalcemic parturient paresis

Hbléne Leclerc M.Sec. Animal Science

A. trial ‘was conducted to investigate the response of
prepartum dairy cows to reducing the level of dietary anion-
cation balance by measuring the concentration of plasma
macrominerals, the apparent absorption of macrominerals and
the incidence of milk fever. Twenty prepartum Holstein cows

vere randomly allocated to 4 dietary treatments designated

‘control, diets 1, 2 and 3, with a dietary anion-cation

balance , measured as meq [(Na + K)-(Cl + S)] per kg of
ration dry matter (DM) of +394.31, +120.65, +104.89 and
+62.20 , mape&ively. The total ration DM contained 1.38%
calcium (Ca), and 0.76% phosphorus (P). Incidence of milk
fever was lower for cows fed diets 1, 2 and 3 (60% incidence)
than for cows fed the control diet (80X incidence). Reducing
the level of dietary anionrc}:aivr.ion balance decreased the
severity of tile decline of plasma Ca during the
periparturient period and delayed the time of observing the
lowest concentration of plasma Ca. Strong negative

4

correlations were observed during the periparturient period,

i

~\r



“

particularly at parturition._ between the level of dietary
anion-cation balance and the concgentrgtion of plasma Ca and
plasma magnesium (Mg). Appaz;ent'absorption 6 Ca and Mg were
not influenced by dietary treatment during period ’1 ~(fron
day-24 to day-21 pre;}artum), however, apparent abggrpti_pn was
reduced in cows féd diets 2 and 3 compared to cows fe& the
control diet and apparent absorption of Mg was reduced in
cows fed'diets 1, 2 and 3 compared to cows fed the control
diet during period 2 (from day-7 prepartum until day-1
postpartum). '

Results showed that reducing the level ‘?’f;_ dietary anion-
cation balance influenced the concentration of plasma Ca apd
Mg as well as their apparent absorption. This effect was more
accentuated durin"g the periparturient per:"(od ana’ may be

beneficial in the prevention of milk fever.

/\ :




o
)

-~ 1
»

L’influence de la manipulation de 1§ balance des anions et
des cations dans les rations pré-velages pour vaches’
laitiéres sur la parésie hypooalc@nique de parturition

« ot

7

Héléne Leclerc M.Sc. Zootechnie
¥
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Une eoxpérience fut mende af-in d’afxﬁlyser la réagtion des
vaches' laitiéres A une diminution de la balahce alimentaire
entre les anions et les-cations dans les ratiomns pré—v&ages,
en mesurant la concentration des macrominédraux dans 1le
plasma, 1’absorption apparente de ces macrominéraux et
1’incidence de la fiévre vitulaire. Pour celal,, vingt vaches
taries Holstein furent assignées aldatoirement & 4 différents
traitementh\alimentaires désignés comme témoin, rations 1, 2
et 3, ,avec\uhe balance alimentaire entre les anions et les
cations mesurée comme milliéquivalents [(Na + K)-(Cl + S)]

par kg de matidre séche (MS) de la ration, avec une valeur de ' ,ﬁ

+394.31, +120.65, +104.89 et +62.20, respectivement. La
ration totale mélangée (base MS) contenait 1.38% de calcium
(Ca) et 0.76X de phosphpre (P). L’'incidence de 1la fi&vre
vitulaire ‘fut moins élevée pour les vaches consommant les
rations 1, 2 et 3 (incidence de 60%) que pour les vaches

consommant la ration témoin (lncidence de 80%). Une reéduction

,de la balance alimentaire entre les anions et les cations a

attdnuéd 1la diminution de la concentrationm du calcium (Ca)
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dans le plasma durant la pdriode péripartale et a retards . le
moment o 1? Plus fa:lble‘ concentration du Ca dans le plasma
est observée. Des _oorré]:ations négativél; furenfn, observées
durant la période ) péripartale, particulidrement A la

-

parturition, entré la balance alimentaire d’anions et de

. o }

cations etlla concentration du Ca et du magnésium (Mg) danai
le pla;na. L’ absorption apparente du Ca et du Mg ne fu;ent
pas 1influencées par les traitements alimentaires durant 1la -
période 1 (4 partir du jour-24 jusqu’au jour-21 prépartum),
cependant, durant la période 2- (A& partir du Jjour-7 prépartum
jusqu’au jour 1 postpartum), 1’absorption apparente du Ca fut
diminuée pour les vaches consommant les rations 2 et 3
comparbde aux va;cheg consommant la ration  témoin, et""'
1’absorption apparente du Mg fut :liminuée pour les vaches

/ consommant les 'rations 1, 2° ot 3 comparée aux ‘vaches
consommant la ration témoin.

Les ré&ésultats ont démo;xtré qu’une réduction de la balance
alimentaire entre les anions et les cations influence la
concentration du Ca et du’ Mg dans le /plasla ainsi que leur
absorption apparente. et effet fut pﬁus accentué durant la w

RS

période péripartale et peut @&tre avantageux dans la

prévention de la fidvre vitulaire. -
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I. INTRODUCTION

Milk fever (hypocalcemic parturient paresis ) is an
afabrile metabolic disorder that is typicgily associated with
parturition and the onset of lactation. Animals that develop

milk fever are unable to meet the sudden demand for calcium

(Ca) that is lost from blood for synthesis of colostrum,
which occurs at a faster rate than it 18’ replaced
(Braithwaite, 1976). In fact, approximately 2.5 gq of Ca is

extracted from blood for each kg of colostrum produced. This
is approximately equal to the total Qmount of Ca preasent 1in
the blood at any given time. Therefore, a dairy cow producing
25 kg colostrum will have to replace her total blocod Ca every
hour (Horst, 1986). Although a decline in concentration of
plasma Ca igs a normal event in cow; at parturition, the
decline is significantly greater in cows with milk <fever
(Braithwaite, 19%2). Moreover, milk fever, which is
characterized by hypocalct..ia, is generally associated with

hypophosphatemia. Typical symptoms of the dissase include the

inability to rise, a typical recumbant position, lowered’

tadp.raturn of extremities, grinding of teeth and inappetance
(Block, 1984).
Milk fever is a " human-induced " disesase because it is

assumed that no such disease existed two or three centuries

”~
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ago (Fish, 1927), but began to be known when human started

to faeed and select cows for higher milk producing capacity.
Milk fever was first mentioned in the literature in Germany
by Eberhardt in 1793 as reported by Hutyra et al.(1938).
S8ince that time, there have been numerous thearies as to the
cause of milk fever. Hibbs (19%50) listed some thirty theories
in his review article on milk fever , most of them being
disproved along the way. An important finding was that blood
Ca declined by as mich as 60% in animals with milk fever
(Littladike and Wright, 19235). This cbservation led to a new
form of treatment for milk fever, where calcium salts anra
injected intravenously to combat the effects of hypocalcemia.
Al thaough imprand teachniques for treating the disease Hhave
decreased the mortality of cows, the cause and prevention of
the disease still remain obscure. Today, the incidence of
milk fever varies greatly on an individual herd basis but

represanted 34 of the dairy cows in United States (Horst,

1986) and 8% of Swedish dairy cattle (Jonsson, 1978). It is

associated with an important economic loss dum to the
reportad 147 loss of the subsequent milk production (Block,
1984), the reduced productive life of a dairy cow of 3 to 4
years (Curtis st al., 1983) and the increased veterinary and
iabof costs. Mormsover, it was reportad (Horst, 1984) that
cows with milk fever wnr; three to nine times more likely to
contract other postpartum disorders such as dystocf.,

displaced abomasum, retained placenta, ketosis and mastitis.

o



IXI. LITERATURE REVIEW -

A. Factors contributing to milk fever

£ ———

1.Age -

Milk faever is uncommon before the third lactation and its
incidence is highest from fhn fifth to the emighth lactation
(Curtis et al., . 1984). Dishington (1974) had reported a
decreasing tendancy to contract milk fever in the q}d--t
graup as was also found by Jonnson (1960) with cows at thoi;
tenth and later lactations. Possible explanations concerning
the increased tendancy to contract milk fever for cows at
their third or greater lactation, may include a reduced
efficiency of Ca utilization (Bush at al., 1970), a reduced
rate of bone turnovu: and a reduced size of the
axchangeable Ca pool in older animals (Braithwaite, 1976).
Hansard et al. (1954) had reported a reduction in the true
digestibility of €a as animals aged, combined ;ith an
increased amount of endogenous fncalipa, indicating that the

older animals not only absorbed less but also retained less

Ca than the younger animals.
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2.Bresd . . -y

The -Lusc.ptibi{ity to milk fever appears to differ with
breed.. Numerous researchers have found the _Jersey breed to
have the highest incidence (Bush at al., 19703 Littledike at
al., 1981) with the Guernsey and the Holstein breeds being

r-portcd/ to be at high risk<XCurtis et al., 19843 Block,
( T

A 7/

1 984 ) [] /l’ s

N/ o \\'I

3. Genetic

According to Jonnson (1978), there is a clear-cut

A

hereditary predisposition to milk fnvor/ Ba--d on analysis of

bull-daughter groups, heritability u‘; estimated at O. 133

prasumably, the figurs would hp,-vcn high.r if analysis were.

based on cow:daughter analysis and consequently, in Swaden, a
cow is disqualified as a dam of an Al bull if she has

oy
contracted milk fever. . . 3

-

4. Hormonal status ) ) s
L

L
Plaamn levels of estrogen have besn reported to be

significhntlyfhighor for animals that develop milk fever than
control animals in the prep&ftum period (Hollis et al.,
1931). Bone resorption, measurad by plasma laevels of
hydroxyproline, started to increase for the paratic animals

when plasma levels of estrogen started to decrease. Estrogen

g

-



o . has beaen shown}to inhibit bone rclor:ptinn in orqan)' culture

. (Starn, 1969). Therafore, Hollis st al. (1981) suggested that

the lag pariod for paraetic cows in their skeslstal fnlponlu

may be due to high concentrations of ;strognn in the blood

supply ta\thn skeleton. Howaver, Muir et al (1972) did not

. find any effect of estrogen or progesterone on bone

resorption whan they mna-urnd‘“urinary axcretion of

hydroxyproline and, gnithbr estrogen or progesterone were

found to influence the incidence of milk fever whan

3 administered to cows fafﬁ?averal days before parturition
(Bargeloh et al., 197%).

Cnncantratiéqs of plasma co;tiyol'wurn observed to pl

highar in cows that contract milk ;.vor th;n in healthy cows

O. (Waage ‘gg al., .1984). Although th/n machanism is unkpoun, the

| authors specul ated that increased plasma cortisol’

concentration may inhibit intestinal absorption of Ca. Tha

exact role of this hormone as a precipating agent of milk

fevar is still in question. It may be that cortisol allows
the animal to respond better to a Ca stress (Horst and-
Roinhardt‘, 1983), as recent data suggested that cortisol may
up-ragulate 1,25(0H)a D receptor in bone (Manoclagas st al.,
1979). This response_may sxplain th:?rotnctiv. effect OFf

—— /
cortisol against induced hypocalcemia goatl/leorst and

Jorgansen, 1982).
- -~ -
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S. Nutrition,l implications

5.1. Ca:P ratio and absoluta quantity

Primary work on the influence of various amounts ,and ratios
of Ca and P on the incidence of milk fever was done by Boda
and Cole (1934). They suggested that the Ca to P ratio (Ca:P)
of the prepartum diet had a direct affect on the incidence of
milk fever. Jonnson (1978) showed numerous experiments that
have bnqn carried out with different CasP and bith narmal and
high 1ntake of Ca. Although results were conflicting and
inconclusive, they suggested a higher i1ncidence of milk
fever when feading high‘lavals of Ca in prepartum diets with
no, or only minor importance 0f the Ca:P. Braithwaite (1976)
stipulated that there was little agresment on an optimum
dietary Cai1P, probably because the ratio of available Ca:P is
more important than the total amount of these elements 1n thae
diet. Some studies emphasized the importance of the Ca:P
ratio rather than the absolute amount of both elements. In
fact, Kendall (1968) reported an incidence 64 milk féver of
457 when cows were fed a ratio of CaiP of 4.3:11 or O.931, but
the incidence was reduced to 5% when the ratio was 2.3:1.
Bardn;r (1970) also speculated that the optimum ratio should
be 2.311 since it is‘approximatnly the ratioc of Ca:P in bone.

Howaver, some recent studies have demonstrated the importance
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of the absolute quantity of Ca and P. Schroeder (1973)
concluded that there was no indication that a narrow ratio
(1:1) will prevent or reduce the incidence of milk fever
compared to a wide ratio (6.8:1), but they observed msomas
beneficial effacts on plasma Ca when cows were fed a
prapartum diet low in Ca. Work done by Kichura et al.
(1982) supports the previous finding since they fourlc:i that a
prepartum diet low in Ca (9.5 g/day), regardless o:\'di-tary
intake of P, will decrease the incidence of milk fever. When
cows received a prepartum diet high in Ca (150 g/day), they
had a higher blood Ca level prepartum but were less able to
maintain serum Ca levels through parturition. Cows did not
have an increase i1n urinary hydroxyproline excretion near
parturition as did cows fed the prepartum diet low in Ca
(Black &t al. 1973) . A prepartum diet low in P (10 g/day) in
the presence of high lavels of Ca will help to prevest milk
fever compared to a prepartum diet high in Ca and P (Kichura
et al., 1982). In this latter case, the importance of the
absolute quantity of Ca and P rather than the Ca:P ratio is

stressed since the prepartum diet high in Ca and low in P had
o

a wide Ca:P ratio (8.6:11) and the prepartum diet high in Ca

and P had a narrow Ca:P ratio (1.05:11). High intake of P is

known to suppress kidney formation of the 1 ,25(0H) 2Ds needed

for the production of calcium-binding protein in the

intestine (Reinheardt and Conrad, 1980).




S.2. Magnesium

——— > e > -

Evidence of an existing link between magnesium status of
the cow and milk fever has been emphasized by various
workers. In a review article, Sangom et al. (1983) reported
facts that support the existence of clinical, experimeaental
and theoretical (&Ylip’-'ncn for a connoction’ between the
occurrence of subclinical hypomagnesaamia and milk feaver.
Vitamin Ds (Rayne et al., 1970) and 1 -~hydroxyvitamin D= have
both been found to be ineffectiva whan administered to cows
that ware midly hypomagnesaemic. When cattle were
hypomagnesaemic, they were less able to mabilise Ca than
normo—magnesaemic animals in response to an artificially
induced hypocalcamia (Sansom et al., 19823 Contreras gt al.,
1982). The effect of the magnesium status of the animal on
the incidence of' milk fever may also be related to the age of
the animal because workers (Sansom st al., 1982; Contreras et
al., 1982) showad that hypomagnesaemia reduced the Ca
mobilisation rate in older animals by a greater proportion
than it ;'nducnd it for younger animals. Magnesium has besn
shown to play an important role in the :ynthnsil and/or the
release of parathyroid hormone (PTH), and in the action of

!‘b(y
PTH upon the gastrointestinal tract or bone in rats (Anast et

al., 1972; Rude et al., 1974).
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5.3. High—grain and high— protein diet

An  increase® in the content of grain in prepartum ration
from 0.5 to 1.0 p&eont of body weight has besn reported to
be effective in the prevention of milk fever (Kendall et al.,
1964). Other researchers (Curtis et al., 1984)Qfound an
inverse relationship between feeding high levels of grain in
the prepartum diet and incidence of milk fever. However,
results were not confirmaed in other studies where a higher
incidence of milk fever was noted when concentrates were
added to a roughage diet during the dry period (Emery et al.,
19693y Gardner, 1969) Beneficial effects of high grain diasts
fed prepartum on the incidencs of milk fever may be due to an
acidifying nlffoct of the diet. This was supported by a study
by Harmon and Britton (1983) who observed a disturbanze in
the acid-base balance (decreased blood pH and bicarbonate )
in lambs fed @ high grain diet, an increase in the excretion
of urinary Ca and an increasa in the excretion of urinary
hydroxyproline.

Intake of high lavels of protein during the prepartum period
was also reported to d;cr-nln the {ncidance of milk faver
(Curtis et al., 1984). 1In the rat, a high protein diet will
increase sxcretion of urinary Ca by increasing the intestinal
absorption of dietary Ca and by shifting the route of

excretion of endogenous Ca from the feces to the urine. No
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effact were observed on boné>r¢sorption (Bell et al., 1975

[

Whiting and Draper, 19861).

B. The calcium homeostatic mechanism with lpicial reference

to milk fever

Calcium bhomeostasis is regulated through three major
mechanismsi absorption by the intestinal mucosa cells;
urinary Ca resabsorption) and bone resorption. In the
transition from pregnanéy to lactation, the maternal drain of
Ca to the fetus ceases but it increases to a greater extent
within a few hours for the formation of coclostrum. B;causn of
delays inherent in the- - feedback pathways, hypocalcemia
develops in most .cows at the onset of lactation but more

saverely for cows that contréct milk fever (Ramberg, 1984).

1. Intnltinal~ab-orption of calcium

The physiological need for Ca by the animal and the content
of Ca in the dist will determine t;} efficiency of. Ca
absorption (Horst, 1986). Furthermore, the age of t animal
will bhave a significant influence on the ability Jof the

intestine to adapt to Ca stress. As an animal ages, the

efficiency of intestinal absorption of Ca in response to Ca
\
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str.ssw will be less than for a younqger animal (Horst et al,
1978). The absorption of Ca from the gastrointestinal tract
mainly occurs in the upper intestine (Horst, 1986). Calcium
is absorbed by two processes; active transport and passive
diffusion whaere 1,25(0H)> Ds appears to influence both
processes (Wasserman, 1981). The 1,25(0H)2Ds will stimulate
the synthesis of calcium-binding protein, which controls
active Ca transport into the mucosa cell of the intestine.
Transport of Ca out of the cell is against a concentration
gradient and is accomplished via a high affinity Ca—activated
adénosine triphosphatase or Na~/Ca* exchange (Wasserman,
1981). Dependence on intestinal absorption of Ca to recover
from hypocalcemia during the periparturient represants a
precarious situation that may lead to an unstable responses
(Ramberg et al, 1984). In fact, hypocalcemia may decreases gut
motility as well as the movement of Ca from the rumen -to
absorption sites in the small intestine (Moodie, 1960)
because smooth muscle is dependent on extracellular Ca for
its contractile activity (Ramberg et al, 1984). Anoraxia has
also been reported ¢to occur at the onset of lactation
(Marquardt et al, 1977), which will decrease the supply of Ca
for intestinal absorption. Development of milk fever, if
related to an impairment of the intestinal absorption of Ca,
is not due to a lack of plasma 1,25(0H)a2Ds concentration
since it was shown that it responds appropriately and rapidly

in paretic cows (Horst et al., 1978y Horst and R.i;hardt,
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1983). The delay in response, if it exists, should be related

to an intestinal tarqQet organ responsiveness to blood-borne

feedback signals (Ramberg et al., 1984).
*

2. Bone rasorption

Calcium mobilization from'bonc to support the concentration
of plasma Ca is under the influence of the ho;munas,
1,25(0H)=2 D3 and PTH (Horst, 1986). At the onset of
lactation, the ability of bone to respond by resorptive
processes is somewhat refractory to the stimulus of PTH and
1,25(0H)2Ds thus, resorption of bone may play a minor role
for the maintenance of plasma Ca wuntil 1 or 2 weeks
postpartum (Ramberg et al., 1984).‘Hou.v-r, if cows are fed a
prepartum diet low in Ca, "the bona will contribute to the Ca
pool. There is only a small fraction of the Ca of bone that
is rapidly nxchanq-abic with the ionic Ca in blood and soft

tissue, and the size of the exchancheable Ca pocl has been

shown to be reduced with age (Braithwaite, 1976). It has been

d strated that paretic cows will have increased
;Eon:nntration of plasma PTH and 1,25(0H)2 D3 (Horst et : al.,

1978) and lowar concentration of plasma calcitonin than non-
paretic animals (Mayer et al., 1973). Howéver, these cows
will hav- an acute inability to resorb Ca from bona (Horst,
1986). Microradiographic and bhistological evaluation of

cortical and trabacular bone taken from milk fever—-prone cows

N
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suggested an impairment of osteoclast function possibly
resulting from either a lack of or a malfunction in monocytes
(Horst, 1986).

Recently, some researchers have suggested a possible role
for the metabolite 24,25(0H)aDs with the onset of milk fever.
This metabolite appears to be involved in the process of bone
formation (Normarn, 1980), A negative corralation has been
established between plasma 24,25(0H)2Ds and concentration of
plasma Ca (Smith et al., 1982). Also, Barton et al. (1984)

-~ -

hava shown fthat injecting pharmacological dose of 24,25(0H)=a
Ds to dairy cows around parturition resul ted il:\ an increased
incidence of milk fever. However, Horst at al. (t979) did not
observe significant differences in plasma 24,25 (0OH) aDs
between paretic or non-paretic cows. Therefore, Horst (19864)
stiful ated that under physiological conditions, 24,25(0H)aDs
is unlikely to play any major role in the 1ncuid¢ncu of milk
fever.

3. Calcium excretion S

N

3.1. Urinary calcium

The bovine kidney is highly efficient in conserving calcium
since. 9972 of the glomerular filtered Ca is reabsorbed
(Kronfeld et al, 1974). In cattle, urinary excration of Ca

does not wvary with dietary intake of Ca (Ramberg et al,
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1973), howaver, it is substantially increassd with P

deficiency (Nel @t al, 1974) or after the ingestion of acidic
* .
substances (Vagg et al, 1970). Therefore, it is an important

route of excretion in times of stress (Braithwaite, 1976).
Howevar, urinary excreaetion of Ca plays only a minor role in ‘-
combating hypocalcemia (Ramberg et al, 1975); its role may be
more important in alleviating hypercalcemia (Ramberg et al,

1973).

oM 3.2. Endogencus fecal calcium
Endogenous f-c‘-,lg:t excretion of Ca has been reported to d
increasa linearly with feaed intake but it is independant of
intake of distary Ca (Braithwaite, 1982). The physiological
- G ’ states of pragnancy or lactation did not alter the endogenous ° -

loss o©of fecal Ca (Braithwaite, 1982), however, this loss
increased slightly in cowse made hypercalcemic by the
. administration of parathyroid sxtract (Mayer st al, 1967).

-

& 3.3. Calcium loss in colostrum

Cq;ontrum contains twice as much Ca as milk, thus the

\‘ A1
/’\q;r'-tion of onae litre of colostrum would remove all the Ca

containad in 24 litres of plasma, equivalent to the plasma in
) -
( & 300 kg cow (Ramberg et al, 1975). Studies of the movement

‘_/) of radicactive Ca indicated a delay of 6 hours between plasma

TR

e . .
Q and milk, which may represent a Ca compartment in the udder
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(Kronfeld et al, 1971). Secretion of Ca intb colostrum is not
greater for paretic cows (Hibbs, 1930) and ma¢'actually be
raeduced (Nurmio, 1968). Calcium ramoval fraom the blood to
colostrum bagins during the prepartum period, and the rat; of
this extraction of Ca may be importiant in contributing to the

development of hypocalcemia (Ramberg et al, 197%).

C. Prevention of milk fever

e

1

Prevention is the most desirable means of reducing the

‘:) economic losses occurring from milk fever, DBecause of the
importance of calcium metabolism in the etiology of milk

. fnvnr[ praventative approaches have besen focused in this
'dirnction.~ Dietary manipulations as well as injections of

vitamin Ds and its metabolites have been reported in the.

literature as possible methads for raducing the incidence of

milk fever.

{.Vitamin Ds and its metabolites

Large oral doses of vitamin Ds (20-30 million units) given
at least 3 days prior to parturition and for no more than 7

days, have successfully preventad milk +fever (Hibbs and

O -t
' v
i .
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0 Conrad, 1960). Also, a single intramuscular dose of 10
million wunits of vitamin Ds given within 10 days prepartum
afforded reasaonable protection against milk fever (ﬁaynn and
Manston, 194&7). ﬂowuv.r, accurate prediction of the date of
parturition is naeded, otherwise, repeated treatments may
lead to toxicity p?obl-m- (Littledike and Horst, 1982).
Moreover, such treatments will significantly reduce the
incidence of milk fever for cows prone to the disordar but
mayx increase the incidence in normally healthy cows and
therefore, bhas the disadvantage that it cannot be usad for
all animals in a herd (Braithwaite, 1976). This latter
statement places the oral treatments at a particufar
disadvantage. The recent discov-;y of active metabolites of

G vitamin Ds has led to renewsad interest in the prevention of’
milk fever since _these metabolites have advantages aver
vitamin D3 itself. They act more quickly, are required in
smaller amounts and are metabolized faster. Therefore, thay
can be applied at more frequent intervals (Braithwaite,
1976). Hove et al. (1983) compared intramuscular injection of
1,25(0H)3D3 and of | -(OH)D3z and found that; for the same
dose, plasma 1,25(0H)2Ds will peak high.r at a faster rate
when injected the 1,25(DH); Ds than when injected with 1 -
(OH)Ds. They also observed that the d-clinn‘ from peak
concentration will occur more sliowly after an oral treatment
(of either one of the matabolites) than after .an

intramuscular treatment. This latter finding may have some-_
O | ‘ N\

>

o
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importance since Horst (1984) cbserved an inhibjitory effect
of these compounds ;n kidney 1, hydr;xylall and a dependance
of the animals on exogenous I,ZS(OH);bs to reverse their
hypocalcemia. It seems that a possible reason for deleterious
effects of parenteral injections of pharmalocogical doses of
1,25(0H)2Ds will be causad by the acutes removal of the drug
fram the injection site, therefore, an oral dose may bes a
useful alternative to the parenteral treatment (Hove et al.,
1983) .

(25
T

2. Dimtary manipulations

2.1. Cai1P ratio and absolute quantity

!
Whenaver it is possible, fesding a prepartum diet low in Ci

is thé desirable choice for preventing the incidence of milk
fever (Block, 1984). In fact, it has been shown (Goings et
al., 1974) and accepted by the National Ressarch Council
(NRC, 1978) that this method will effectively prevent ailk
fever. Recommended levels of Ca ;nd P in the prepartum diet
are 0.37% and 0.247%, respactively (NRC, 1978). More Ca may be
included in the diet of dry:ﬂ#ﬁs if the amBunt of P is
controlled strictly at the level recommendad by NRC (1978)
(Julien et al., 1976) and the total amount of Ca consumed by
cows does not axcead 100 g per day for Holsteins 29d 640 g

daily for Jersays (Jorgensan, 1973).
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2.2. Addition of acid

For more than fifty years attention had been given to the
addi tion of acid to diets of dairy cow in order to influence
the homeostatic mechanism of calcium. In fact, Hart et al.
(1931) fad 113 or 230 ml of concentrated hydrochloric acid
(HC1) +to lactating dairy cows and obsaerved an increased
urinary excretion of Ca as wall as an increased
intestinal absorption of Ca. The same trends were cbserved by
Fremden et al. (1984) whaen they off‘arod a ration containing
1.2 par cent HCl to non-lactating goats. Treated goats also
developad a metabolic acidosis indicated by a 1lower bioo_d pH,
pCO= and. HCOsz— than control animals. Addition of ammonium
chloride (NHLCl) to diets of non—lac‘tating goats (Morst and
aJOf‘Q-ﬂlln, 1971) decreased urinary pH and increased urinary
axcretion of Ca and Cl. Bushinsky et al. (1982) observed a
lup?E-ion of the increase in 1,25(0H) =2Ds levels for rats
fed a diet low in Ca when they created a chronic metabolic
acidosis by 5dding 1.5 per cent NHLCl vo the diet. The PTH
response to the diet low in Ca was not suppressed. Although

total serum Ca and P levels were not affected by acidosis,

blood ionized Ca levels were increased. Few studies have been

done on the acidification of the diet in order to prevent the

incidence of milk fever. Kandall et al. (1969) ocbserved a

lower incidence of milk fever and a higher concentration /cf
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plasma Ca and P on day-1 postpartum when.they added 150—’9 of
NH4Cl to prepartum diets of dairy cows. However, in this
particul ar study, the number of cows was top small to allow
defenite conclusions concerning the presventative effect of

-

the diet (Jonsson, 1978). Reduction of the pH of the -
prepartum diet, using 1.65 per cent phosphoric acid in the

grain mixture, increased calcium absorption in the early
postparturient period (Verdaris and Evans, 1973). \Thc highest
calcium absorption was observed in the high calcium-low pH o
group. In the experiment of Dishington (1975), lowering thas

pH of the praepartal diet using an AlV-silage, which is a
mineral acid composed of hydraochloric acid and sul furic acid,

did not appear to reduce the incidence of milk fever. Thay

stipulated that the dietary anion-cation balance had more

importance than the pH of the diet in the preavention of ﬁtilk
fever, . |
2.3. Manipulating the distary anion-cation balance

Anion—~cation balance refers toc a balance betwesen the total
anions and the total cations (Neathery, 1981). It is
expressed as milliequivalents (meq) per g or per kg ration
dry matter (DM). This concept has been used in research in
poultry nutrition with the calculation including the cations,

sodium and potassium and the inion, chloride (Sauveur and
4

Mongin, 1978). Tha ijmportancu of this concept in poultry is

a g o
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emphasized by the effect of anion—cation balance on the acid-
base status of the animal (Cohen and Hurwitz, 1974) and on
the egg shell strength of the laying hen (Hamiltonh, 1981). In
ruminant nutrition, the importance of the anion-cation
balance, as described by the poultry researchers, has been
pointad out by Wheeler (1981). He observad a consi1stent
improvement either in weight gain for beef steers or in mlk
production for dairy cows when the anion-cation balance of
the control diet had been near 10 meq per 100 g of ration DM.
Manipulating . the dietary anion-cation balance has also been
used to prevent milk fever in dairy cows. Norwegian workers
definaed .the anion—-cation balanc’e (alkali—-alkalinity) as the
;ummation in milliequivalents, of the cations, sodium and
potassium minus the summation of the anions, chloride and
sulfur. Milk fever was luccnsnéully pravented in 92 per cent
of the cases when prepartum dairy cows were fed rations with
a negative anion-cation balance, composed of a mixture of
mineral salts with a high’ cﬁontant of Ca (Dishington, 1975). A
better response to the diet was observed when dietary
concantration of Ca wae high compared to low (Ender et al.,
1971), which may be explained by the fact that Xegativo
di'-tary anion—-cation balance 1ncrnalsed absorption of Ca whan
cows are kept in palitive_‘balance of Ca but not in ‘nngati ve
balance (Lomba et al., 1978). In most of the “cases,

concentration of plasma Ca and P were maintained higher in

cows fed the negative anion-cation balance (Dishington,
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O 1975). Beneficial effects of a negative dietary anion-cation
balance, "using the same mineral salts as Dishington (19795),
was obs@rved by Block (1984). Milk fever was pravented in 100
per cent of the cases when prepartum dairy cows were fed a
diet of -128.5 meq per kg of ration DM but, 47 per cent of
the cows did get milk fever when they received a diet of
+330.5 maq per kg of ration DM. Concentration of pla:maf Ca
and P were maintained higher during the periparturient period
in cows fed the negative anion-cation balance. Plasma
hydroxyproline levels started to i1ncrease during the
prapartal period and remained higher until day-2 postpartum
‘1n cows fed the nagative diet.

Thae promising results obtained by the Norwegian workars

O (Ender et al., 19713 Dishington, 1975) and by Block (1984)
led to the design of tha trial that follows with the
following hypothesis: Reducing the dietary anion-cation
balance of rations that are high in Ca and P for prepartunm
cows, will dacrease the severity of the decline of plasma Ca
during the periparturient period, which will reduce the
incidence of milk fever. The objmctives of the triml ware to
deternine the responsae of prepartum dairy cows to a reduced
dietary anion-cation balance by investigating the

concentration of plasma macrominerals, the apparent

absarption of macrominerals and the incidence of milk fever.

e

i
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III. MATERIALS AND METHODS

1. Animals and management

Twenty Holstein dairy cows \from the Macdonald College Farm
herd were used that ranged in age from 4 years 6 months to 10
years, and had-—completed 3 t’;o 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 milk. At 45 days before the expected-
calving date, cows were transferred to individual box stalls
with sawdust used as bedding. At that time, cows received a 5
ml injection of wvitamin A-D composed of 2.5 x 108 IU of
vitamin A and 3.75 x 105 IU of vitamin D (MTC Pharmaceutical,
Missisauga, Ontario.) and a 14 ml injection of vitamin E-
Selenium composed of 42 mg of sodium selenite , 1904 10 of d-
tocopheryl acetate and 21X ©benzyl alcohol used as a
preservative (B?atocel,Rogar/S’l'B. Division B'].‘Im product). A
second dose of vitamin E-Selenium was given 3 w;eks before
the expected calving date.

Access to automatic waterers was unrestricted. Water was
analysed for mineral composition (B-ez;e' Table 1). Becaus‘e‘:‘ of
the impossibii;ty‘ to control the ixitaie of water, it was

decided +to disregarde this possible source of mineral.

k]
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Table 1. Mineral composition of the Macdonald Farm water.
~

Calcium
Phosphorus
Magnesium

Iron

17.10
3.38
2.75

0.00
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Cows were weighed weekly at 0900 h. Cows were fed their
experimental diets twice daily at 0500 h and 1709 h from day
45 before expected calving date until the day of parturition
when . they were switched to the normal feeding program of the
Macdonald Farm. Dalily 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 as mixing. Ingredients were weighed and mixed
manually to obtain a homogeneous ration. Ration refusals were
weighed once daily immediately prior to the afternoon feeding
and discarded. Refusal samples were collected weekly for
analysis of dry matter (DM). Two representative s;ﬁples were
collected weekly,one fofﬁthe analysis of dry matter and the
other was frozen (-200 C) for further analysis. Ration mixing
and amounts offered on a percentage of body weight basis were
corrected weekly for DM. Intake of DM was reétricted torg% of
body weight to overcome possible problems of fat cows.

Cows were diagnosed as having miik fever only if they
exhibited two or more of the typical symptoms of the disease
(ie. lqgs of appetite, inability to rise, cold extremities,
typical recumbant ’positiop, grinding of teeth). Cows
Qiagnosed with milk fever were treated intravenously with 500
ml of a 1.7% calcium gluconate solution (Cal-dextrose). If

cows did not respond to treatment or relapsed, they received

a 500 ml intravenous injection of 23X calcium borogluconate
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(Cal-Mag-K).Dose number varied according to the severity of
the disease. Blood samples were taken immediately prior to

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

Composition of experimental diets is shown in Table 2.
Ration were composed (DM basis) of 57X alfalfa haylage and
approximatively 38% corn silage and 5% mineral mix. Four
different rations; were offered to cows according to their
respective treatments that varied depending on the anion-
cation balance of the treatment. Anion;cation balance was
calculated using the equation: milliequivalents [f(Nat + K+)

- (Cl- + S=)] and expressed per kg of ration DM (Block, 1984).

Alfalfa haylage and corn silage were harvested at theﬂ*é
Macdonald College Farm. Mineral salts used to alter the

anion-cation balance such as calcium phosphate (CaHPO4), -
calcium sulfate (CaS04 ), sodium phosphate monobasic
(NaH2PO4 .H20), calcium carbonate (CaCOs), magnesium sulfate
(MgS04 . 7TH20), irom sulfate (FeSOf.BzO) gnd potassium iodide
(KI) were purchased through Fortamix (di;ision ofﬂgASF CANADA
Inqé) and anhydrous cupric sulfate (CuSO4), crystal cupric
chléride (CuClz.2Ha20), manganous sulfate mono@gdrate
(HméOc.EzO).“ crystal ng:ganous chloride (MnCl2.4Hz0¥ and
granular zinc dhloride (ZnClz) were purchased through

Anachemia Ltd. Montreal. o

5
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Table 2. Composition of rations offered to cows beginning

at day-45 before expecting calving date until parturition.

e

balance (meq/kg DM)

Ingredients Control Trt 1 Trt 2 Trt 3
———————— X of total dry matter----------—----
Alfalfa haylage 57 57 57 57
Corn silage 38.5 38.7 387%% 38,07
Mineral mix 4.48 4.30 4.52 4.93
NaHz PO4 .H20 1.9 0.65 0.865 . 0.65
CaHPO4 0.68 1.91 1.91 1.91
CaSOi 4 _ 1.48 1.48 1.48
CaCOs ( 1.88 _ _ _
MgSOs . TH20 _ A 0.22 0.22 0.44
FeSO4 .H20 _ 0.01 0.22n 0.40
', CuSOs  (ppm} - 105 205 490
"CuClz .2H20 (ppmBr 56 _ _ _
MnSO4 .H20 (ppm)  __ 70 70 0
MnClz .4H20 (ppm) 86 _ — —
ZnClz (ppm) 56 56 - 56 56
KI (ppm) 0.65 0.65 0.65 0.65
Calculated +400 +200 +100 +50
anion—cation

R
A
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Mineral salts were mixed for 15 minutes in a stainless steel
mixing bowl with a 50 kg capacity using stainless blades.
Batches of 15 kg mineral mix were prepared and stored in

covered plastic containers.

3. Blood sampling
Blood samples were taken once a day at 0800 h on days
45,35,25,20,15,14,13,12,11,10,9 and 8 prepartum, twice daily
at 0800 h and 1800 h from day-7- prepartum to day-3
postpartum, follo;ed by sampling once daily at 0800 h on
‘?‘:} ‘ days 5 and 10 postpartum. Blood samples were taken from the
‘ tail vein™ to avoid possible stress due to frequent blood
sampling. Vacutainers with 7 ml capacity containing 100 usp
units 6f lithium heparin as an anticoagulant were used with a
20 Bauge 1/2 1in needle (Becton Dickinson & Company)i
#Blood samples were. then centrifuged at 1100 x G for 10

- ;’7\
minutes (Sorvall RC2-B automatic refrigerated centrifuge).
*. Aut e

‘ R
* . Plasma va& recovered using & Pasteur pipette and transferred
- into a 7 ml plastic vial and frozem (~-200 C) for further
. analysis.
-ﬁ‘ ﬂr -
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4. Digestibility study

Two digestibility studies were conducted, one from day-24

to day-21 prepartuh>and the second one from day-7 prepartum

to day-1 postpartum. Feces samples were not collected at day-

1 postpartum when cows tend to become anorexic Chromic

sesquioxide (Cr20s3) was used as a marker and mixed with the

mineral premix to obtain 0.5% Craza0s in the total ration DM.

An adaptation period of 7 days was allowed before each

collection period to obtain complete recovery of the Cra(0s in
the feces. The equation used to calculate the percentage of
DM digestibility was:

”.
% DM. digestibility = 100 - ( ¥ Cra0Os feed x 100)

%X Cra20s feces
Calculation of the apparent absorption of the minerals was:
% apparent absorption of mineral=

100 - (X Cr20s3 feed x X mineral feces x 100)

X Cr208 feces X mineral feed

LI

Fecal grab samples were colled%%d three times & day, at

—

0800h 1200 h and 1600 h and immediately stored in a

refrigerator (80 C) until the end of the collection period,
>

when they were dried in a forced-air oven (Despatch
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Industries Inc.) at 500 C for 48 h. Dry feces were ground
using a Thomas-Wiley Laboratory Mill (model 4) with a 1 mm
screen and mixed thoroughly for 5 minutes. Subsamples of 200 °

grams were kept for further analysis.

5. Analytical procedures

¥rozen samples of alfalfa haylage and corn silage were
thawed, composited on a monthly basis, dried in a forced-air
oven at 500 C for 48 hours and{kground in a Thomas-Wiley.
Laboratory Mill (model 4) with a 1 mm screen. These samples
were analysed for nitrogen by the Kjeldahl method (AOAC,1984)
using a Kjel-Foss macroautomatic analyser ( A/S N. Foss
Electric, Hillerod, Denmark). Wet digestion was conducted
(ACAC 1984) before analysing samples for Ca,Mg,Na,K and S.
Digested samplés were diluted 1:100 with deionized ‘distilled
water. For.. analysis of calcium, an aliquot of the digested
alfalfa haylage was diluted 1:25.25; 25% of the total volume
was a 1X lanthanum oxide and the remainder was delqnized
distilled water. For corn silage, a dilution of 1:5.05 was
used with the same ratios of lanthanum oxide-to-water as the

diluent. A standard curve was constructed using standards of

4 -
)
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1, 4 and 7 ppm of calcium. For the analysiq of} magnesium, an
aliqugt of the digested alfalfa haylage was diluted 1:50.50
with deionized distilled water and the same proportion of
lanthanum oxide than for the calcium analysis.The dilution
ugsed for corn silage was 1:49.49. A standard curve was
constructed using standards of 0.1, 0.3 and 0.5 ppm of
magnesium. For')" gsodium, an aligquot of the digested alfalfa
haylage was diluted 1:25.05; 0"001 X of the total volume was
a '1900 ppm solution of potassivm and the remainder was

deionized distilled water. The dilution used for corn silage

was 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 digested alfalfa haylage was diluted 1:245.99; 0.002% of
the total volume was a 1000 ppm solution of sodium and the
remainder w{s dei%ized distilled water. The dilutionm used
for corn silfige was 1:96.43. A standard curve was constructed
using standards of 1, 1.5 and 2 ppm of potassium. All the
above mineral determinations were conducted on an Atomic
Absorption Spectrophotometer ( Perkin-Elmer model 360) using
a direct method. For the determination of chldride, an
indirect method was used by precipating a known excess of
silv?r, The chloride extraction was a modified method of
Cantliffe D.J. et al (1970). One half gram of alfalfa haylage
sample was placed in a 40 ml plastic tube with 39 ml of 0.1 N
HENOs (dilution of 1:39). This mixture was stoppered and
shaken using a wrist-action shaker for 15 minutes. The tubes

-
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A
were placed 1n’ a centrifuge for 10 minutes a:t. 11,100 x G.
One ml of the extract was transferred into a 16x100 mm
culture tube with 0.2 ml HNO3 concentrated and 1 ml of a 500
ppm sllver nitrate solut~ion and mixed using a vortex; 7.8 ml
of deionized distilled water was added prior to placing the
samples in a centrifuge at 770 x G for 10 minutez.. An
aliquot of the supernatant was 3iluted 1:10 with deionifed
water for silver determination by Atomic Absorption
Spectrophotometry (Perkin Elmer model 360). A standard curve
was constructed using standards of 0.5, 2.5 and 5 ppm of
silver. The following equation was used to calculate the
chloride concentration (ppm):
((b{ank x 10) - ( value x 10)) x 3.29 x dilution factor
For the corn silage sample, 1 g sample of feed was used
with 20 ml of 0.1 N HNOs solution ( dilution of’ 1:20).
Phosphorus determination was conducted using the
spectophotometric method (AOAC 1984) with molybdovanadate as
the reagent. 'l'he_digested alfilfa ha/zlage vas diluted 1:5.05
and the digested corn sila}é{fﬁs diiut.gd 1:2.50 with

deionized distilled water. A standard curve was constructed

using standards of O, 1, 3 and 5 ppm of phosphorus.
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5.2. Feces

Fecal samples were analysed for Ca, Mg, P, Na, K and Cl
using the same methods as described in the feed section ,
however, different dilutions were used. Total dilution for
analysc;s of calcium and phosphorus was 1:5150, 1:10,300 for
magnesium, 1:20,000 for sodium, 1:2505 for pota%sium and 1:30
for chlori&e—detemination. Chromium (Cr) was also determined
in fecal samples using a total dilution of 1:3980; 25% of the
total volume was a 8% ammonium chloride solution and the
remainder was deionized distilled water. A standard curve was
constructed using standards of 1, 2, 4 and 5 ppm of chromium.
The percentage of chromic sesquioxide (Crz0s) was calculated
as:

/ﬁ;{ﬁ of Cr x dilution factor

-

10,000 x 0.34

—— ———— ———— ————— — —

Plasma aliquots of 0.6 n_\.’gl were taken after thawing frozen
plasma. The tsanples were  pPlaced in 16 x 100 mm culture
tubes with 2.4 ml of a 10% trichloroacetic acid solution and
mixed with a vortex mixer. Ten minutes after mixing, the
samples were centrifuged at 770 x G for 10 ninutes. The

supernatant was recovered with a Pasteur plipette and
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tfansferred to 16 x 100 mm culture tubes for analysis of Ca,

'Mg, P and K using the same methods described in the feed

section, however,different dilutions were used. An aliquot of
the -supernatant was diluted 1:12 for analysis of calcium and
magnesium, 1:5.05 for agalysis 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 %X
of the total volume was a 1000 ppm solution of potassium and
the remainder was deionized distilled water. Chloride
determination was conduE:ted using the same indirect method as
described in the feed section. For determination of sulfate,
0.6 ml of 1:;lasma sample was placed in a 10 ml plastic test
tubes with a screw cap. A wvolume of 2.4 ml of 10X

trichloroacetic acid solution was added and the solution was

«\Q:tixed with a vortex mixer. Ten minutes after mixing, sam'ples

were centrifuged at 11,000 x G for 10 minutes to obtain a
clear supernatant. After centrifugation, sulfate (S04)
concentration was determined using a modified method of Klaas
et al. (1979). One ml of the clear supernatant was added to
0.2& ml of barium chloride (BaClz) reagent (26 g BaClz and
100 g dextran per liter of deionized distilled / water) and
the absorbance was read after precisely 35 nutes at 360 nm
(Beckman spectrophotometer model 35)' again¥ a sample

background (1 ml supernatant and 0.25 ml reagent containing
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O 100 g dextran in 1 liter of deionized distilled water). A
standard curve was constructed using standards of 0, 10, 25,
50 and 75 ppm of sulfate.
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t IV. RESULTS

1. l‘ood‘ intake and body weight changes

B

J— L]
-

Cows 1in the control group had a lower (P<0.65) body weight
than cows in treatment grc’iups 1,2 and 3, with cows fed diet 3
having a higher (P<0.05) body weight than cows fed diets 1
and 2 (Table 3). Dry matter intake (Table 4), expressed as kg
of dry matter (DM) per day, was higher (P<0.05) in treatment
groups 1 and 3-than control and treatmént group 2. However,
when DM intake was expressed as a percentage (X) of body
weight (B.W.), there were no differences (P>0.05) between
control and treatments 1 and 3, but intake was lower (P<0.05)
in cows fed diet 2. The same results were observed %xen DM
intake was expressed as percentage of metabolic body weight.
Feed intake preceding and at parturition was not different\
(P>0.05) between diets (Table 5 ) however, all cows exhibited
their lowest feed intake (X of B.W.) on the day of

>

parturition.

=
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TABLE 3. Average body weight (BW) of cows fed diets with different
anion-cation balances from day-45 prepartum to parturition.

TREATMENT Body Weight (kg)
» T Mean! S.E.2
Control 792.97a 3.48
Y Diet 1 837.63b 3.31
O Diet 2 . 866. 52¢ 3.29
Diet 3 828 . 48b 3.29

1 Values expressed as LSMeans
2Standard error of LSMeans
a,b,c Values within column with different superscripts

differ (P<0.05)

2.
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TABLE 4. Daily dry matter intake (DMI) as kg, as a percentage of
body weight (X BW) and as a percentage of metaboli¢ body weight
(X MBW) for cows fed diets with different anion-cation balance

from day-45 prepartum to parturition.!

Treatment DMI (kg) DMI (X BW) DMI (XMBW)
X S.E X S.E X S.E
0 Control 12.03 .19 1.522 .02 8.07a .12
Diet 1 " 12.726 .18’ 1.54a .02 8.24a .12
Diet 2, - 11.722 .18 1.36b .02 7.36d .12
Diet 3. 13.03b .18 1.58a .02 8.452 .12

1Values expressed as LSMeans +standard error of LSMeans
a,bd Values within columns with different superscripts
differ (P<0.05)

3
e,



3 oy

39

%

TABLE 5. Daily dry matter intake (DMI) as a percentage of body weigh!
, (%X BW) from day-5 prepartum to parturition for cows fed diets.with
T different anlion-cation balances.

DMI (% BW)!
2 Treatment . Days prepartum
0 1 2 3 4 5
Control .78 1.09 1.34 1.43 1.40 1.38
‘:) S.E. .29 .30 .24 .29 .26 .28
)?‘t
Diet 1 .80 0.99 1.10 1.05 1.08 1.25
_ S.E. .29 .30 .24 .25 .23 .24
. Diet 2 .92 .1.05 1.25 1.28 1.15 1.20
S.E. .25 .26 .21 .25 .23 .24
Diet 3 1.01 1.45 1.48 1.47 1.44 , 1.58:
. S.E. .25 .26 .21 .25 .23 | .24

1Values expressed us LSMeans + standard error of LSMeans

™
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2. Eupwtmo)tal diets

2.1. Dietary a;zzn:ga ion balance

[

v

Distary anion-cation balance of tha control diet was the
most positive (P<0.03) and dist 3 the least positive (P<0.03)
while diets { and 2 were between those of the control and
diet 3, with diet ! being more positive (%(0.05) than diet 2.

The difference between the dietary anion-cation balance of

diet 3 and diet | was less than 460 meq/kg ratien DM (Table

&) .

‘:} 2.2. Composition of diets

The composition of diets {’ shown in Tablea 7. The
concentration of crude protein and net energy of lactation
weras not different (P>0.05) between diets. The concentration
of calcium (Ca) was higher (P<0.05) in tha control diet than

- in diets {,2 and 3. The concentration of phasphorus (P) in
diet g ‘Hil 1 owar (p<0.035) than in the control diet but
similar to diets 1 and 3. The control diet had the highest
ratio of Ca-to-P (2.02:11), with no differance betwaen diets
1,2 and 3 (1.71:11, 1.7&:1, 1.73:1, respectively). The

magnesium (Mg), potassium (K) and iron (Fe) concentration

ware not different between diets. However, the content of

?‘qv’“'.a =
\)
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TABLE 6. Dietary anion-cation balance per kg ration dry matter (DM)
for cows fed different dlets from day-45 prepartum to parturition?

Treatment Dietary anion-cation balancel
(meq/kg ration DM)

—— o —— —— o —— > - — — . ——— - = = - —— = ———

X S.E

- - L4
Control +394.31a 2.80
Diet 1 x +120.65b 2.48
Diet 2 +104.89¢< 2.41
Diet 3 +62.204 2.40

1Values expressed as LSMeans + standard error of LSMeans

2 Calculated as miliilequiwvalents °(Na+K)-(C1l+S)8 from nutrient
analysis assuming the molecular weight of 23.01, 39.1, 35.45 and 32.(C
for Na, K, Cl1 and S.

a,b,c,d Values withlin column with different superscripts

differ (P<0.05)
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TAﬁﬁE 7. Nutrient tomposition of diets (dry basis) with different anion-
cation balances fed to cows fyom day-45 prepartum to parturitionl
: ¢

. Py 4
Nutrient Control Diet 1 Diet 2 Diet 3 S.E. s
- _ H N
& ’* ) ]
Crudea protein, % »13-66 13.57 13.04 13.65 .25 1
Net energy lactation 1.38 1.38 - 1.38 1.38 % h
Dcal/ksz Y ] T
Calcium, % 1.58a 1.32b 1.28b 1.33b .04
»
t Jt o
Phosphorus, % 0.78a 0.77ab 0.74b ~0.T77ab .01
Calcium: Phosphorus 2.02 T1.71 . 1.73 1.73
Magnesium, % 0.29 0.26 0.27 0.29 .04 J
Sodium, % 02 36a 0.15b 0.15b 0.15b .00
Potassium., %X 1.55 1.60 1.60 1.60 .07
Chloride, % 0.24ab 0.26a 0.21b® 0.23b .01
Sulfur, % 0.15a 0.45b 0.49¢c 0.564 -3 .00
Iron, %2 0.025 0.025 0.028 0.031 *
1 Values expressed as LSMeans t+ standard error of LSMeans - -
2 Calculated from tabular data (NRC, 1978) 5
a,b,c,d Values within rows with different superscripts differ
(P<0.05)
% ? 3

"
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sodium (Na) was highar (P<0.035) in the control diet _than in
diets 1,2 and 3. The content of chloride (Cl) was higher 1in
diet] 1 than in diets 2 and 3 but similar to the control diet.
The | concentration of sulfur (S) was the highest (P<0.05) in
diggt 3 and the lowest (P<0.035) in the control diet. Content
of in diet 1 was lower (P<0.05) than diet 2, with diet 2

having a lower (P<0.05) content of S than diet 3.

3. Daily mineral intake and absorption

Daily intake of minerals (g/day) varied according to
treatnents (Table B8). Daily intake of Ca was lower (P<0.0%)
for cows faed diet 2 than for cows fed control and diet 3,
with no difference (P>0.05) between control, diet I and diet
3. Daily intake of phosphorus was lower (P<0.05) for cows fed
diet 2 than for cows fed diet 3, with no difference (P>0.05)
between control, diet 1 and diet 3. Ratio betwean daily
intake of Ca and P was the highest in the control group
(2.01:1) ;nd the lowest in treatment groups 2 and 3 (1.72s3 1%,
1.73:1, respectivaly). Daily intake of Mg was lower (P<0.O0S5)
for cows fed diet 2 than for cows fed diets 1 and 3, ;ith no
difference (P>0.05) between control, diet 1 and diet 3. - The
daily intake of anion-cation salancn in milliequivalents
(meq), was more positive (P<0.05) for cows fed control diet

than for cows fed diets I, 2 &nd 3, with the lesast positive

(P<O.0%) for cows fed diet 3. NoO differencaes (P>0.05) were

&

ad
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TABLE 8. Daily intake of minerals for cows fed diets with different

anion-cation balances from day-45 prepartum to parturition

'
P

o
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Mineral Control Diet 1 Diet 2 Diet 3 S.E.
~ L B L ]
Y -
Calcium 188.03= 165.22ab 148.99b 172.69a 6.53
Phosphorus 93.55ab 82.1080b 86.53a 99.830 0.35 .
Ratio Ca:F 2.01 ~1.79 1.72 1.73
Magnesium 33.97ab 36.42a 30.58b 37.11a 1.91
Sodium 42 .74a 18.00vc 1’%.25b 20.05¢ 1.056
Potassium 186.16a 182.594 184. 36a 208.600b 7.33
Chloride + 28.30a 29.95a 24.78v 29.75a 0.99
Sulfur 18.41a 54.23b 57.74v 72.69c 1.95
Anion-catiqn? 46742 12260 11650 8356¢c 122

(meq) \

l1Values expressed as LSMeans t+ standard error of LSMeans
daily intake of milliequivalents [(Na+K)-(Cl+S)]
alues kithin rows with different superscripts differ

2 Calculated a

a,b,c
(P<0.05)

14
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obtained between diets 1 and 2. However, when individual
minerals comprising the anion-cation balance are examined
(Na,K, Cl and S), the daily intake of each mineral varied.
Daily 1intake of Na was higher (P<0.05) for cows fed control
diet than for cows fed diets 1, 2 and 3, with cows fed diet 2
having a lower (P<0.05) intake than cows fed diet 3. Daily
intake of K was higher (P<0.05) for cows fed diet 3 than for
cows fed control, diet 1 and 2. Daily intake of Cl was lower
(P<0.05) for cows fed diet 2 than for cows fed control and

diets 1 and 3. Daily intake of S was lower (P<0.05) for cows

fed control diet than for cows fed diets 1, 2 and 3 with cows™

fed didt 3 having the highest (P<0.05) intake. However, due

to the difference between treatments in the percentage of

apparent absorption of minerals (see Digestibllity Study
section), the daily quantity of apparently absorbed minerals
differed from the éaily intake of minerals (Table 9). The
daily quantity of absorbed Ca was higher (P<0.05) for cows
fed control diet than for cows fed diets 1, .2 and 3. There
were no differences (P>0.05) between diets in the dally
quantity of absorbed P. The ratio of the daily quantity of
absorbed, Ca and P was greatest (P<0.05) for cows fed control
diet and lowest for cows fed diets 2 and 3. Even if the trend
was ‘;:Lnilar as for the ratio of daily intake of Ca and P,
absolute values of Ca and P were lower for the ratioc of the
daily quantity of absorbed Ca and P, especially for diets 2

and 3. Daily quantity of absorbed Mg was higher (P<0.05) for
O
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TABLE 9. Daily quantity of apparent absorbed minerals in cows fed diets
with different anion—-cation balances from day-45 prepartum until
parturition

n

Daily quantity of absorbed minerals (g)i

. ———— - — ——— - - — e — — —— —— - = T e M S i S e . T 7= M S AN W —— v W

Mineral Control Diet 1 Diet 2 Diet 3 S.E.
Calcium . 105.022 79.65b 71.04b 73.83b 4.22
Phosphorus 556.55 55.33 49.83 52.87 2.50
Ratio Ca:P 1.89 1.44 1.43 1.40

Magnesium 22.91a 19.07ab 15.500 19.00v 1.45
Sodium 32.41a 12.44bc 10.72v 14.00¢ 0.97
Potassium 168.38a 165.09a 163.85a 186.80v = 6.78
‘Chloride  20.33a 21.52a 16.07b 20.09a - 0.84

!

1Values expresggd as LSMeans t+ standard error of LSMeans

a,b,c Values within rows with different superscripts differ .
P<0.05) .
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cows fed control diet than for cows fed dietg\ 2 and 3. Dailyk\
quantity of absorbed Na was higher (P<0.05) ) ‘for fed
control diet than for cows fed diets 1, 2 and 3, with cows
fed diet 2 having a lower (P<0.05) quantity of absorbed Na
th?.n cows fgd diet 3. Daily quantity of absorbed K was higher
(P<0.05) for cows fed diet 3 than for cows fed control and
diets 1 and 2. Dailly quantity of absorbed Cl was lower

(P<0.05) for cows fed diet 2 thamn for cows fed control and

diets 1 and 3.

4. Incidence of milk fever

LY

Observations -were made on 20 parturitions of 20 animals.
According to the recognition of two or more symptoms, milk
fever was diagnosed in 4 cases out of 5 in the control group,
and in 3 cases out of 5 in treatnent"groups 1, 2 and 3.
Thus, a 25% reduction in the incidence of milk fever in cows
fed diets 1, 2 and 3 was observed, compared to cows fed the
control diet. Injections of a calcium solution were necessary
more than onc.:e for 50X of the milk fever cases in the control
group and for 67% of the milk fever cases in treatmemnt groups
1, 2 and 3. Synptons of milk fever recognized were similar

for both groups.
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5. Plasma -nc:o-:lnoi'als 4 S

5.1. Plasma calcium

The average value of concentration of plasma Ca (Table 18)
in cows fed control diet and diet 3 was lower (P<0.05) than
in oows fed diets 1 and 2. The average of the initial
concentration of plasma Ca for all groups was 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 ang.
and by 4.4% in COWS fed diet K| (Figure 5
A comparaison of the lowest concentration of plasma Cajf of
each group (Table 10) showed that cows fed control diet and
diet 3 had a lower (P<0.05) value than cows fed diets 1 and
2. However, the lowest concentration of the plasma Ca did not
occur at the same time postpartum (Figure 2); 1in fact, cows
fed the ’control diet had their lowest wvalue at 12 hours
postpartum, cows fed diets 2 and 3 at 24 hours postpartum
and cows fed diet 1 at 60 hours postpartum. The concentration
of plasma Ca at _parturition expressed as a 'percentage of <the
values obtained at day-4% prepartum, were approximately twice
as high in cows fed diets 1, 2 and 3 than in cows fed the
control diet (Table 11). However, when the 1lowest values
obtained for concentration of plasma Ca were expressed as a

percentage of the values obtalned at the day-45 prepartum, a
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TABLE 18. Average concentration of plasma minerals from day-45 pre-
to day-10 post-partum in cows fed diets with different anion-cation
balances.

Treatment )

Plasma mineralsl? ---—----"--—-"----——m--— e

Control Diet 1 Diet 2 Diet 3 S.E.
Calcium, mg/dl 6.62a 7.21d 7.29% 6.79a .09
Phosphorus, mg/dl 8.27a 6.86bc 6.58b T .36¢ .16 |
l:lagnesiu'm, mg/dl 1.95a 2.02a 2.185  2.26¢ .03
Sodium, meq/l 126.98a 117.89b 119.84® 123.53a 1.38
Potassium, meq/1 4.40a 4.02b 4.72¢c 4.68¢c .07
Chloride, meq/1 86.38a 94.71b 92.68b 88 .64a .80
Sulfate, mmol/l 1.66a 1.81b 1.88b 1.88v .04

1 Values expressed as LSMeans + standard error of LSMeans
a,b;.c Values within rows with different superscripts differ
(P<0.05)
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Figure 1. Concentration of plasma calcium from day-45 prepartum to
day-10 postpartum in cows offered the control diet (X ), diet 1 (0O)
diet 2 (¥ ) and diet 3 (A ).

% Standard error
*%x Values differ significantly (P<0.05)
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TABLE 10. Lowest concentration of plasma calcium (Ca) that occurred
during the period of the trial (day-45 prepartum to day-10 postpart
in cows . fed diets with different anion-cation balancel -

Treatment Lowest concemtration of plasma Ca (mg/dl)
Mean S.E
Control 4.00a .88
Diet 1 5.43 .90
Diet 2 L. 5.550b .88
Q}et 3 4.46a .84

1 Yalues expressed as LSMeans + standard error of LSMeans

a,b Values within column with different superscripts differ
(P<0.05)

o,

.
k
A
Fi
ﬁﬁ&‘ v uk



52 !

Figure 2. Concentration of plasma calcium from 48 hours prepartum to
60 hours postpartum in cows offered the control diet (X ), diet 1 (O
diet 2 (® ) and diet 3 (A).

* Standard error

*x Values differ significantly (P<0.05)
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TABLE 11. Concentration of plasma calcium at parturition expressed
as a percentage of the values obtained at day-45 prepartum
(X of day—-45) in cows fed diets with different gnion-catiggﬂgalances

Treatment % of day-45 prepartuml
Mean S.E
Control 52.45s 8.74 —
Diet 1 ; 75.19b 6.29
Diet 2 73.98b 7.37
Diet 3 76.11b 8.29

1Values expressed LSMeans + standard error of LSMeans
a,b Values within column with different superscripts differ

(P<0.05)
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larger deé;;;;e was observed for cows fed control and diet 3
tha; for cows fed diets 1 and 2 (Table 12). Concentration of
plasma Ca during the periparturient period (48 hours pre- to
60 hours post-partum) are shown in Table 13. Concentration of
plasma Ca in cows fed diets 1 and 2 at 12 hours and 36 hours
postpartum was higher (P<0.05) than in cows fed the control
diet. Concentration of plasma Ca was not different (P>0.05)
between cows fed diets 1, 2 and 3, except at 24 hours
postpartum where values were higher (p<0.05) for cows fed
diet 1 than for cows fed diet 3. Concentration of plasma Ca
was not different (P>0.05) between groups‘ on day-10
postpartum. Concentration of plasma Ca was negatively
correlated with the level of dietary anion-cation balance

(meq/kg ration DM) (Table 14). The correlation obtained for
the entire trial was weaker (r=-0.17416, _P=0.0001) than the

‘correlation obtained for the periparturient period of day-2

pre- to day-1 post-partum (r=-0.37467, P=0.0001) with the
highest correlation being on the day of parturition

(r=-0.58980, P=0.0127) (Table 15). Correlations observed
between concentration of plasma Ca and the daily quantity of
absorbed minerals are shown in Tables 16 and 17. Negative
correlations were obtained between concentration of plasma Ca
and daily quﬂntity of absorbed Ca, P, Mg, Na and Cl for the

first and sécond weéek prepartum. However, no correlation was

observed for the third week prepartum, and fbr the fourth
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TABLE 12. Lowest concentration of plasma calcium expressed as a
percentage of the valugss obtained at day-45 prepartum (X of day-45)
in cows fed diets with different anion-cation balancesl

Treatment X of day-45 prepartum
—J_ Jdean S.E
(:) Control 46.81 8.31
Diet 1 ' 66.13 11.84
Diet 2 64.44 8.49
Diet 3 55.73 7.24

1 Values expressed as LSMeans + standard error of LSMeans
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. TABLE 13. Concentration of plasma calcium during the periparturient
period (44 hours pre- to 60 hours post-partum) in cows fed diets
with différent anion-cation balances from day-45 prepartum until

R I

parturition
Plasma calcium (mg/dl)l
Treatment Hours prepartum Parturition Hours postpartum .
- 48 36 24 12 0 12 24 38 48 60 f
' Control 7.04 ©6.86 6.13 5.70 4.82 4.00a 4.00a 4 33a 4.29 5.53
S.E. g .61 .61 .66 .55 .68 .57 .88 .51 .57 .88
Diet 1 6.94 6.69 ©6.57 7.13 6.53 6.32b 6.51b 6.50b £.19 5.55
. S.E. .44 .15 .57 .55 .59 .57 .64 .51 .68 .88
i Diet 2 7.88 7.92 7.60 6.95 6.45 6.81vd 5.81abg.03d 5.85 5_.92
S.E. 44 .45 .57 .63 .59 .57 &64 .44 .49 .63 /
Diet 3 7.82 7.21 6.75 6.64 6.05 5.58ab4.46a 5.54ab 5. 14 5.26
S.E. .4 .45 .57 .55 .59 .49 .64 .44 .49 .63

1Values 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. Corralations between the level of dietary anion-cation
balance (meq/kg ration DM) and the concentration of plasma
calcium, phosphorus, magnesium, sodium, potassium, chloride and
sulfate for the trial (day—435 pre— to day-10 post—partum).

Mineral Coefficients of correlation Probability
: (P>F)
Calcium ~0.17416 0.0001
Phosphorus +0. 1463556 0.0003
Magnesium -0.22771 0.0001
Sodium +0.03836 . 0.3763
Potassium +0.00102 0;9813
' Chloridg -0.20629 0.0001
Sulfate -0.17517 0.0001

v, hrk
)
"
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TABLE 15#.Correlations betwaen the concentration of plasma calcium
and the laevel,of dietary anion-cation balance (meq/kg ration DM)
during the periparturient period (48 hours pre- to 36 hours past-—

partum)

Hours Comfficients of correlation. Probability
(P>F)
48 prepartum -0.47134 0.0483
346 prepartum -0.37877 - 0.1211
24 prepartum -0.33415 0.1620
12 prepartum " -0.46315 0.0458
O parturition -0.34812 0.0131
12 postpartum -0. 58980 0.0127 °
24 postpartum -0. 28732 © 0.2476
346 postpartum -0.45493 0.0578
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TABLE 16. Correlations between the concentration of plasma calcium
and the daily quantity of apparent absorbed calcium, phosphorus,
magnesium, sodium, potassium and chloride for the last three weeks
prepartunm.

Coefficients of correlation «

Absorbed minerals

T

il

(g/day) = = = oo e e e

. 1 2 3
Calcium -0.18300a -0.22018a -0.09643
Phosphorus -0.13551b -0.16384> -0.06674
Magnesium -0.21095a -0.14693 -0. _08662
Sodiup -0.13894p> -0.24530a 0.07840
Potassium -0.11324 -0.14637 -0.09519
Chloride -0.20015a -0.17336v® -0.01017 -
a P<0.05 -
b P<0.1
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TABLE 17. Correlations between the concentration of piasma calcium
and the daily quantity of apparently absorbed calcium, phosphorus,

magnesium, sodium, potassium and chloride for the fourth, sixth and

seventh weeks prepartum.

Coeff icignts of correlation

Absorbed minerals

(g/day) = moommoTeo oo oeee oo oo
‘ \ 4 6 7

. Calcium ) -0.09176 0.17332 0.22642
Phosphorus -0.08281 -0.06370 -0.17011
Magnesium 0.48470a 0.20573 0.48187v
Sodium ~-0.01899 0.13891 0.57704a
Potassium -0.12576 0.16511 -0.28214
Chloride ~ 0.09087 0.04674 0.03029
s  P<0.05 -
> P<0.1
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Y
week prepartum, concentration of plasma Ca was positively

correlated with the quantity of Mg absorbed daily.
Concentration of plasma Ca was also posi/tively correlated
with the quantities of Mg and Na absorbed daily for the
seventh week prepartum. No correlation was observed between
concentration of plasma Ca and the quantity of K absorbed
daily. Paretic cows tended to show a higher concentration of
plasma Ca than non-paretic c&ws during the prepartum period
(day-45 +to day-5 prepartum) being significant (P<0.05) 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-paretic cows (Figure 4). 1In
fact, concentration of plasma Ca in paretic cows decreased
from 48 hours pre- to 24 hours post-partum by 35X while 1in
non-paretic cows concentration of plasma Ca decreased by
26%. Even though the concentration of plasma Ca was not
differet:t (P)O.PS) between paretic and non-paretic cows at

the day of parturition, it was lower (P<0.05) 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<0.05) than in cows
fed diets 1, 2 and 3, with cows fed diet 2 having a lower

(P<0.0%) concentration of plasma P than cows fed diet 3.
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ntration of plasma calcium from day-45 prepartum to
in paretic cows (0O) and in non-paretic cows ().

*x Values differ significantly (P<O.05)
\

x Stand error ' \{
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Figuré 4. Concentration of plasma calcium from 48 hours prepartum to
60 hours postpartum in paretic cows (T ) and in non-paretic cows (B

X Stax;dard error -
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During the prepartum period (Figure 5), on days 25, 5 and 3
prepartum, cdncentrafiion of plasma P in cows fed the control
diét was higher (P<0.05) than in cows fed diets 1 and 2. At
48 hours and 24 hours prepartum, cows fed 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 parturition (Figure 6). At day-10 postpartun,
concentration &\ plasma P in cows fed diet 3 was lower
(P<0.05) 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=0.0003) than the correlation obtained on day-2 posfipartum
(r= 0.56284, P=0.0232) with no correlation bbserved at

)
parturition. Correlations between cc;ncentration of plasma P

and thé quantities of Ca, P and Mg absorbed daily are shown

in tables 19 and 20. The quantity of P absorbed daily was
negatively correlated to gthe concentration of plasma P on the
second, third and seventh weeb prepartum with no correlation
observed for the fiza{t.r fourth and sixth week prepartum

Conc;ntration of /ﬁiasma P was only negatively corr'elatad to
the quantity 0/# Ca absorbed dailf on the second a.ndmwt’hird
week prepartm. No correlation was  observed between

concentration of plasma P and the quantity of Mg absorbed

daily.
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Figure 5. Concentration of plasma phosphorus from day-45 prepartum tc¢
to day-10 postpartum in cows offered the control diet (X ), diet 1 (C
diet 2 (W) and diet 3 (A ).

* Standard error
x%X Values differ significantly (P<0.05)
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Figure 6. Concentration of plasma phosphorus from 48 hours prepartum

to 60 hours postpartum in cows fed the control diet (X ), diet 1 (O
diet 2 (W ) and diet 3 (A).

* Standard error
xx Values differ significantly (P<0.05)
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TABLE 19. Correlations betwe*n concentration of plasma phosphorus
and the quantity of calcium,’'phosphorus, magnesium, sodium,
potassium and chloride apparbntly absorbed daily for the last
three weeks prepartum.

Coefficients of correlation

—— . —— —— ——— — T ——— — — — - — " d——— —

Absorbed minerals . Weeks prepartum —_~

(g/day) = @ mmmmm e s e e e e

1 2 3
Calcium -0.09738 -0.21114a -0.27558®
Phosphorus -0'.04091 -0.17227v ~0.26482v
Magnesium -0‘03940— -0.014189 -0:11364
Sodium -0.05870 -0.18195® -0.13593
‘ -

Potassium -0.03205 -0.13375 -0.31680s
Chloride -0.06391 -0.17534d -0.33080s
a P<0.05 ‘3
b P<g0.1 |
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TABLE 20. Correlations between the concentration of plasma phospheru:s
and the quantity of calcium, phosphorus, magnesium, sodium, potassiunm
and chloride apparently absorbed dally for the fourth, sixth and
seventh week prepartum. ’

Tk e B By g ik T T f
C R S

Absorbed minerals

Coefficients of correlation

(8/day) - mTmmmmmmmmm e ooooooeoo oo
4 6 T

Calcium -0.13563 0.00864 ~0.19879
Phosphorus -0.31439 0.20308 -0.43010b
Magnesium 0.01115 -0.25938 0.08129
Sodium 0.15176 0.21569 -0.07066
Potassium -0.31649 -0.04841 -0.43270b
Chloride -0.22861 -0.11636 0.03543

a P<0.05

b P<0.1

»
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5.3. Plasma magnesium

Average concentration of plasma Mg was lower (P<0.05) in
cows fed control and diet 1 than in cows fed diets 2 and 3,
with the highest (P<0.05) value in cows fed diet 3 (Table
18). All four groups had their lowest concentxl-atiowof plasma
Mg at day-5 postpartum (Figui'e 7), with no difference
(P>0.05) between groups. During the periparturient period
(Figure 8), concentratioon of plasma Mg in cows fed die:bs 2
and 3 tended to ‘be higher (P«<0.1) than in cows fed control
and diet 1, with significance (P<0.05) being obtained only
for the day of parturition. All groups, exéept treatment
grour, 3, showed a stable concentration\ of plasma Mg through
the periparturient period, however, cows fed diet 3 increased
their concentration of plasma Mg with the highest value at 24
hours postpartum. At day- 10 postpartum, oconcentration of
plasma Mg was not different (P>0.05) between groups.
Concentration of plasma Mg was negatively correlated

(r=-0.22771, P=0.0001) to the level of dietary ap.ion-cation

balance (meq/kg ration DM). Correlations were stronger from

day-2 prepartum to day-10 postpartum (Table 21) with the.

highest fcorrélation observed on the day of parturition
(r=-0.56333, P=0.0120). Correlations between concentration of

plasma Mg and the daily quantity of absorbed .- minerals are

’ -

o
< %2



Figure 7. Concentration of
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magnesium from day—-45 prepartum to

day-10 p®stpartum in cows offered the control diet (X ), diet 1 (),

diet 2 (M) and diet 3 (A).

¥ Standard error

*% Values differ significantly (P<0.05)
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Figure 8. Concentration of plasmé& magnesium from 48 hours prepartum
to 60 hours postpartum in cows offered the control diet (X ),
diet 1 (Q), diet 2 (W) and diet 3 (A ).

* Standard error
*% Values differ significantly (P<0.05)
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TABLE 21. Correlations between the level of dietary anion-cation
balance (meq/kg ration DM) and the concentration of plasma magnesium
during the periparturient period (48 hours pre- to 36 hours
post—partum).

- - -— - —— e ——— -—

Hours Coaefficients of correlation Probability
- . (P>F) )
—_ i O~
48 prepartum =0. 46149 0.0538
346 prepartum —-0.146542 ., 0.5118
24 prepartum -0.41292 * \ ’?.0799
12 prepartum -0.135699 0.3210
0 parturition -0.56333 0.0120
12 postpartum ‘0.05608 - 0.8251
24?pustpartum -0.41816 0.0842
36 postpartum -0.37136 0.35844
by —— o -
\
\ .
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shown in Tables 22 and 23. Correlations between concentration

of plasma Mg and the quantities of Ca and P absorbed daily

woere observed for +the second and third weeks prepartum. X

Correlations were observed with the quantities of K and Cl

absorbed daily for the +third week prepartum with no

'correlation obtained between concentration of plasma Mg and

the quantity of Mg absorbed daily. A weak correlation was

. also observed between concentration of plasma Mg and +the

quantity of Na absorbed daily for the third week prepartum.

5.4. Plasma sodium

——— — —————— — —————
-

Average value of concentration of plasma Na (Table 18) was
higher.(P<0.05) in cows fed the control diet and diet 3 than
in cows fed diets 1 and 2, which was more evident during the
prepartum period (day-45 to daw®™5 prepartum) (Figure 9).
During the periparturient period ( day-2 pre- to day-2 post-
partum) (’Figure 10), concentration of plasma Na was not
different (P>0.05) between groups, except for the day of
parturition where cows fed the control diet had a higher
(P<0.05) concentration of plasma Na than cows fed diet 3. No
correlation was obtained between concentration of plasma Na
and the level of dietary amion-cation balance (meq/kg ration

DM) (Table 14).

o Te
v
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TABLE 22. Correlations between the concentration of plasma magnesium
and the quantity of calcium, phosphorus, magnesium, sodium, potassiuns
and chloride apparently absorbéd daily for the last three weeks
prepartum.

Coefficients of correlation

— ) —— " — - ——  ———— —— o~ —— = - —

Absorbed minerals / Weeks prepartum

(g/day) = --mmmosso—o oo oo oooo—moooeo oo T
S . 2 3

Calcium -0.11093 -0.18608b -0.40563s
Phosphorus 0.09913 ’-0.168385 ., -0.34933a
Magnesium -0.04204 -0.09881 -0.01399
Sodium - ’ 0.03089 -0.11963 -0, 25873
Potassium ~0.10192 -0.15394 -0.37524
Chloride -0.05104 -0.13401 . -0.37304s

a P<0.05

b P¢0.1 .
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TABLE 23. Correlations between the concentrat&on of plasma magnesium
and the quantity of calcium, phosphorus, magnesium, sodium, potassiux
and chloride apparently absorbeb daily for the fourth, sixth and

. seventh weeks prepartum.

Coefficients of correlation

Absorbed minerals

Weeks prepartum

- ..
PR 2k hea PP P

e ﬂ“ﬂ

(g/day) = ~omoooooo oo osmoo oo s ooomooo o oeommo o mee e
4 6 7 ‘
“ Calcium 0.21506 -0.12648 -0.23950
_G ‘ Phosphorus -0.04372 -0.09473 0.12776
Magnesium 0.17165 -0.05015 -0.31464
' Sodium 0.13144 0.01753 -0.26907 -
Potassium -0.29311 -0.35358 -0.18779
Chloride 0.02739 0.05075 -0.17340
s P<0.05
b P<O.1



Figure 9. Concentration of plasma sodium from day-45 prepartum to

day-10 postpartum in cows offered the control diet (X ), diet 1 (C])
diet 2 (@) and diet 3 {A) -

P }

* Standard error

v
%% Values differ significantly (P<0.05)
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Figure 10. -Concentration of plasma sodium from 48 hours prepartum
to 60 hours postpartum in cows offered the control diet (X5,
diet 1 (O), diet'2 (@) and diet 3 (A).

x Stax;dard error
*x Values differ significantly (P<0.05) -
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Averag/e—‘concentxgation of plasma K m:s lower (P<0.'05) in
cows fed diet 1 than in cows 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 conti'ol diet (:l'able 18). Cows fed
diet 2 had a—higher (P<0.05) concentratlon of plasma X than
cows fed diet 1 at days 15 and 20 prepartum (Figure 11).
During the pefiparz'turient period (Figure 12),
of plasma K was higher (P<0.05) 1*’11 cows fed diet 3 than in

cows fed the‘ control diet on days 2 and 1 prepartum and on

the day of ‘parbui-ition. No correlation was ‘obtain,ed between

concentration of plasma K and the level of dietary anioh-
cation balance (meq/kg ration D.M.)  (Table 14).
‘ 4

5.6. Plasma chlor;de ’

*

Average b’/éncentxation of plasma Cl was higher (P§0.05) in

- 7 cows fed diets 1 and 2 thgn in cows fed the control\ diet and,
’ &
diet 3 (Table 18). Cows fed diet 1 had a higher (P<0.05)

concentration of plasma Cl than cows fed diets 2 and 3 at
, day-6 prepartum “a\\nd than cows fed control  diet at day-8
prepartum (Figure 13). . The ;vefage initial éoncentration of
plasma Cl (day-45’ prepartum) was higher (,P<0‘. 5) in cows fed
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Fiﬁxre 11. Concentration of plasma potassium from day-45 prepartum t«
— day-10 postpartum in cows offered the control diet (X ), diet 1 (0O)
d}_etZ(-) and diet 3 (A).

*x Standard error’
*xx Values differ significantly (P<0.05)
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Figure 12. Concentration of plasma potassium from 48 hours prepartum
to 60 hours postpartum in cows offered the control diet (X ),
diet 1 (), diet 2 (W) and diet 3 (A ).

% Standard error
*%x Values differ significantly (P<0.05)
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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 (0O,
diet 2 (W) and diet 3 (A).

x Standard error
*x Values differ significantly (P<0.05)
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diet 2 than in cows fed diet 3. Concentration of plasma Cl
was not different (P>0.05) between groups during the

postpartum where
diet 2 was higher

periparturient period except on day-

concentration of plasma Cl in cows fe
(P<0.05) than in cows fed the control (Figure 14).
Negative correlation (r=-0.20629, 3;0.0001) was
between concentration of plasma Cl and‘the level of dietary
anion-cation balance (meq/kg ration D.M.) (Table 14) with the
highest corfelation obtained at day-9 prepartum (r=-0.53501,

P=0.0221).

5.7. Plasma sulfate

—— ————— " ——— -

Average concentration of plasma sulfate (S0O4) was lower
(P<0.05) 1in cows fed tﬁ; control diet than in cows fed diets
1, 2 and 3 (Table 18). Cows fed diets 2 and 3 had a higher
(P<0.05) concentration of plasma S04 than cows fed the
control diet at days-25 and 20 prepartum (Figure 15).
Concentration of plasma SO4 in cows fed diets 2 and 3 was
higher (P<Q.05) during the periparturient period than in cows
feé the control diet for day-1 prepartum and for day-2

postpartum with cows fed diet 3 having a higher (P<0.05)

value than cows fed the control diet for the day of .

parturition (Figure 16). At day—-10 postpartum, concentration

of plasma SO4 was not different (P>0.05) between groups.
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Figure 14. Concentration of islasma chloride from 48 hours prepartum
to 60 hours postpartum in cows offered the control diet (X)),
diet 1 (O), diet 2 (M) and diet 3 (.A). )

*x Standard error .
*x Values differ significantly (P<0.05)
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Figure 15. Concentration of plasma sulfate from day-45 prepartum to

day-10 postpartum in cows offered the control diet (X)),
diet 2 (M) and diet 3 (A ).

A *x Standard error
*x Values differ significantly (P<0.05)
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Figure 16. Concentration of plasma sulfate from 48 hours -prepartum
to 60 hours postpartum in cows offered the control diet (X)),
diet 1 (J), diet 2 (M) and diet 3 (4A).

x Standard error ] ,
** Values differ significantly (P<0.05) -
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' Negative correlations were obtained bet.ween concentration of

plasma SO+ and the level of dietary anion-cation balance

/ (megq/kg ration D.M.) (Table 14). Correlations were negative
/ during the prépartum period but. positive during the
postpartum period (Table 24). The strongest ocorrelation
observed was for day-1 prepartum (r=-0.71301, =0.0009) with
correlations becoming weaker at the day of parturition. On

day-2 postpartum, a positive correlation was obtained between‘
concentration of plasma S0O¢ and the level of dietary anion-

cation balance (r= 0.58604, P=0.0278).

-

6. Inte}action betuoqn plasma . macrominerals and plasaa

calcium

o =

Positive correlations were obtained f or.-' ‘ the eqtire

trial between concentration of plasma Ca and co‘ncentration of
plasma P, K, Cl and SO4 with the strongest correlat?:on Il)eing
with concentration of plasma SO4 (r=0.34298, P=0.0001). A
weak gori'elation was observed between concentration of plasma
Ca and concentration of plasma Mg (Table 25). Ho§0ver, du;'ing
the periparturient period (Table 28), the correlation between
concentration of plasma Ca énd concentration of plasma P, K
and S04 were stronger than for the entire trial. The only
significant  (P<0.05) correlatién obtained during the
- periparturient period was between the concentration of plasma

. Ca and the concentration of glasma Mg was on day-2 prepartum
LS
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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) .

Hours Coefficients of correlation Probability
(P>F)

48 prepartum -0.40482 0.1070

36 prepartum ~0.43431 0.0815

24 prepartum -0.29047 0.2581

12 prepartum -0.71301 0.0009

O parturition -0.51019 0.0305

12 postpartum -0.40077 ) " 0.1109

24 postpartum -0.21516 0.4236

36 postpartum -0.09129 T 0.7367

48 postpartum 0.29990 ’ 0.2422 s

60 postpartum 0.58604 : 0.0276 I
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TABLE 25. Correlations between the concentration of plasma calcium
and the concentration of plasma phosplorus, magnesium, potassium,
chloride and sulfate during the trial (day-45 pre- to day-10

post-partum). - /‘T
\\‘\\ Mineral Coefficient of correlation Probability
\\_\ (P>F)
Phosphorus 0.28459 0.0001
0 Magnesium ~0.04456 0.3004
Pothssium 0.12048 0.0053
Chloride 0.15362 0.0004
Sulfate 0.34298 0.0001 _

'

-
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TABLE 26. Correlations between the concentration of plasma calcium

and t copcentration of plasma ‘phosphorus, magnesium, potassium,
and suifate during the periparturient period (48 houis pre- to 60

hours poat-partum).

Coefficients of correlation

prepartum postpartum

Minerals @  -—-—-———-—-—-"-—————— e e e
48 36 24 12 0 12 24 36 48 60
Phosphorus .25 .52 .43 .36 .642 29 .24 .06 .07 -.18
Magnesium .68a .36 .20 -.11 .24 .19 -.31 .01 -.10 -.03
Potassium .20 .42v .48 26 .42b 49a .33 -.06 -.29 .25
Sulfate © .T1a .55 .57a .5la .17 -.42b .45b .52a .04 ~ .17
a P<0.05

> P<0.1




90

(r=0.68108, P=0.0019). No correlation was observed between
the concentration of plasma Ca and the concentration of
plasma Cl during the periparturient period. At parturition,
correlations were only observed between the concentration of
plasma a and the concentration of plasma K and 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.

7. Digestibility atudy

T7.1. Period 1 (day-24 to day-21 prepartum )

Values for digestibility of DM (X) and apparent absorption
"of minerals (X) are shown in Table 28. There were no
difference (P>0.05) between groups for digestibility of DM
(X) and for apparent abao:v.'ption of Ca, P, Mg K, Na and Cl
(%X). Positive corrélations (Table 29) were observed between
the level of dietary anion—cation balance (meq/kg ration DM)
and the percent apparent absorption of Ca, P, Mg, K, Na and
Cl with the strongest being with percent apparent .absorption
of Mg (r=0.40418, P=0.0001). Correlations between percent

absorption of minerals and the daily intake of minerals

—

..

*:

74
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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 to day-10 postpartum).

Coefficients of correlation

Minerals

3 5 10
Phosphorus -0.62347a -0.14639 . 0.61726a
Potassium - 0.31626 0.45052 0.02575
Sulfate 0.36774 0.21153 0.32788
a P<0.05 ’ «
b P¢0.1 .
> P
ey - - %
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TABLE 28. Digestibility of dry matter (DM) and apparent absorption
of calcium, phosphorus, magnesium, sodium, potassium and chloride
for period 1 (day-24 pre- to day-21 pre-partum) in cows fed diets
with different anion-cation balance.l

T

Nutrient Treatment

digestitbility --------—---------e- e e e e e -

(%) Conprol Diet 1 Diet 2 Diet 3 S.E.

bry matter T4.12 70.65 69.26 68 . 37 2.50
Calcium 52.48 46.47 45.10 42.72 4.46
Phosphorus 57.32 55.40 57.73 57.04 3.36
Magnesium 58.14 51.77 49.02 47 . 94 5.85
Sodium 73.05 54.77 598.58 55.83\ 7.40
Potassium 93.49 92.88 91.66 90. 51 1.62
Chloride 67.84 64 .06 60.28 58. 20 4.03

1 Values expressed as L.SMeans + standard error of LSMeans
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TABLE 29. Correlations between the apparent absorption of calcium,
phosphorus, magnesium, sodium, potassium and chloride and the level
of dietary anion-cation balance (mea/kg ration DM) for period 1

(day-24 to day-21 prepartum).

7

Mineral
absorption Coefficients of correlation Probability
(%) < (P>F)
Calcium 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 with daily intake of any
mineral (g/day). The percent apparent absorption of Mg was
only correlated with the daily intake of Mg. The percent
aﬁparent absorption of P, K and Cl were not correlated with
daily intake of any mineral. The percent apparent absorption
of Na was only correlated with the daily intake of Mg.
Correlations Qetween percent apparent absor‘ption of Ca and
percent apparent absorption of each minerals are shown in
Table 31. Correlation was only observed between percent

appareht absorption of Ca and P.

T7.2. Period 2 (day—-7 prepartum to day—1 postpartum )

Values for digestibility of DM (%) and apparent absorption‘
of minerals (%) are shown in Table 32. There was no
difference (P<0.05) between groups for the digestibility of
DM (X) and for the percent apparent absorption of P, Na, K
and Cl. The percent apparent absorption Of, Ca was lower
(P<0.05) in cows fed diets 2 and 3 than in cows fed the
control diet. The percent apparent absorption of Mg was
higher (P<0.05) in cows fed the control diet than in cows fed
di_ets 1, 2 and 3. Similar to period 1, positive correlations
were observed between the level of dietary anion-cation

balance (meq/kg ration D.M.) and percent apparent absorption

b4
-’d—.’{;‘J
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TABLE 30. Correlations between the apparent absorption of calcium
(Ca), phosphorus (P), magnesium (Mg), sodium (Na), potassium (K)
and chloride (Cl) and the daily intake of these minerals for
period 1 (day-24 to day—-21 prepartum).

A}

Coefficients of correlation

. —— ——— — - ——— ——— ——— —— - —

Minerals minerals intake (g/day)
absorption --------------- - - - -"——-—— -
(%) Ca P Mg Na K Cl s

Calcium .04 .07 -.37 .29 .01 -.08 -.,21

Phosphorus -.14 -.11 -.14 -.00 .03 -.10 -.03

Magnesium .41b .14 .61a .33 .02 .29 -.32

Sodium . .41b .14 .47a .43b -.22 .17 -.34

Potassium .08 -.14 .28 .18 -.11 .07 -.33

Chloride .12 -.01 .08 .33 -.09 .12 -.31
., a P<O.05
Yb PcO.1

)"*
- ;
\\
\
\
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TABLE 31.

and the apparent absorption of phoasphorus,

96

Correlations between the apparent absorption of calcium
magnesium, sodium,

potassium and chloride for period 1 (day-24 t< day-21 prepartum)
and for period 2 (day-7 prepartum to day-1 postpartum).

Minerals

Coefficients of correlation
absorption = ------ o e--—————————— -
(%) Period 1 Period 2
Phosphorus 0.65734a 0.54000=
0 Magnesium -0.08869 0.42973®
Sodium 0.20012 -0.15314 ,
Potassium 0.22043 0.02590
Chloride 0.36200 0.35298
a P<0.05
b P<0.1

O

A

PN
© ;‘!

2y
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TABLE 32. Digestibility of dry matter (DM) and apparent absorption
of caléium, phosphorus, magnedium, sodium, potassium and chloride
for period 2 (day-7 prepartum to Rday 1 podtpartun) in cows fed

diets with different anion-cation balantes.

Nutrient Treatment
digestibility ---------------"---------m—————

(%)1 Control Diet 1 Diet 2 Diet 3 S.K
Dry matter 74.95 70.19 69. 35 71.07 2.24
Calcium 59.42a 48.18ap 46.65b 42.21d 4.30
Phosphorus 64.75 58.93 57.58 52.02 4.75
Magnesium 70.07a 43.18b 46.99v 48.88b rT./fiP
Sodium . T4.20 66.63 83.22 68.57 '7\..81
Potassium 88.95 89. 46 88.29 89.47 .45
Chloride 71.56 71.63 66.18 67.34 2.53

.1 Values expressed as LSMeans + standard error of LSMeans

i

a,bd Values within rows with different superscripts differ

(P<0.05)
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0 of Ca, P, Mg, Na, K and Cl (Table 33). Compared to period 1,
correlations obtainad during pericd 2 were stronger for
percent apparent absorption of Ca, Mg, P and Na. Correlations
between percent apparent absorption of nvcr\y macrominerals
and the daily intak} of evary mineral are shown in Table 34,
The only correlation obssrved was between the percent
apparent ab;aorption of Mg and the daily intake of S
(r=-0.48331, P=0.0494). Correlations between percent apparent

E absorption of C; and percent appaf-nqt absorption of others
minerals are lt';own in Table 31. As for period 1, the only
correlation observed was between pesrcent apparent absorpt{cn
of Ca and P.’ Hownv-:', there was a weak corralation (P<0.1)

/\ between the percent apparent absorption of Ca and Mg for
\9\ \ eriod 2. No differences (P>0.05) were found batwaeen pexjods

r the digmstibility of DM (1) and for the percent apparent

\—/ absorption of Ca, P, Mg, Na, K and Cl.




TABLE 33. Correlations between the apparent absorption of calciunm,
phosphorus, magnesium, sodium, potassium and chloride and the level
of dietary anion-cation balance (meq/kg ration DM) for period 2
(day-7 prepartum to day—1 postpartum).

°

Minerals
absorption Coefficlents of correlation Probability

(%) _ (P>F)

- .

Calcium 0.61036 " 0.0001
Phosphorus 0.45062 0.0001
Magnesium 0.568707 0.0001
Sodium 0.48138 - 0.0001
Potq‘ssiul 0.14773 0.0008

gﬁ:ﬂde 0.27569 0.0001

¢

v



- S Fe 1 1 W N T ' N ;“: R
¢ 2
X 100
TABLE 34. Correlations between the apparent absorption of calcium
(Ca), vhosphorus (P), magnesium (Mg), sodium (Na), potassium (K)
and chloride (Cl) and the daily intake of minerals for period 2
(day—7 prepartum to day-1 postpartum).
Coeffiéients of correlation
Minerals intake of minerals (g/day)
absorptiom @  —-m--- - -em— e e e e
(%) . Ca P Mg Na K Cl S
Calcium .01 -.09 -.11 .29 -.15 -.08 —-.44b
Phosphorus -.26 -.30 -.28 -.01 -.23 -.19 ~-.41
0 . Magnesium .04 -.14 .39 .32 -.25 -.09 - .48a
Sodium -.06 -.18 .32 .06 ~.09 -.06 .03
|
Potassium -.29 -.33 .04 -.29 -.32 -, 27 -.22
Chloride -.07 -.11 - 20 -.09 -.10 .02 -.12
a P<0.05
P b P<0.1
. :
.
—
»
. . Sy
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» V. DISCUSSION

1. Exparimental diets w
———————————————— e -

g

All diets contained high levels of Ca and P 1n order to
obtain rations that will 1nduce milk fever. In fact,
prepartal diets of less than 100 g of Ca are recommended to
minimir;e the incidence of milk fever (Jorgensen, 1974) and
prepartum diets low in P (10 g daily), iﬁ the presence of
prepartum diets high in Ca, will help to prevent milk fever
(Kichura et al,1982). On the other hand, a high level of
intake P is known to suppress kidney faormation of 1,25(0H)2Ds
({Reinhardt and Conrad,1980). Our control diet had a higher Ca
content than diets 1,2 and 3 due@ to the difference batween
calculated and analyzed valu;s. The use of some commercial
mineral salts, such as limestone and gypsum, prevented us
from maeeting our e@xpected values for Ca. This uncontrolled
mistake emphasizes the need for using pure minerals when
exper.ments are conducted, even wi;r;—largn animals. However,
the diffaerence in the Ca content between the control diet and
diets 1, 2 and 3 should not have influsnced the results since
Ca content in the latter diets (> 1;0 g daily) was already
high snough to induce milk fever. In fact, a prepartal diet

delivering 150 g of Ca per day has be@n shown to rad‘uca the

resorptive ability of bone during parturition, which is an




important factor 21n the development of savers hypocalcemia
(Black et al,1973). Magnasium content of the diets was not
diw‘fverant between groups and was at a higher level than NRC
(1978) requiraments at more than 0.235% of the ration DM with
the reasonning that high levels of dietary Ca may
cause a reduced availability of dietary Mg (Sansom et
al,1983). Additionnally, diets high in sulfate may reduce
concentration of plasma Mg if the Mg conten\t of the diet is
less than 0.23%5) of the ration DM (Kappael et al,1983). Dietary
levels of Na, K, Cl and S have been calculated to meet the
four different anion—-cation balances of +400, +200, +100 and
+350 meq/kg ration DM, however, as previocusly mentioned,
dietary anion-cation balances differed somewhat from
calcul ated values - because of the differences between
calculated and analyzed values. This difference did not
prevent us from observing the effects of treatment on the

FA

various parameters.

T8
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2. Dry matter intake

s

A reduced dry m;tter intake expressed as a percentage (%)
of body waeight (BW) observed in cows fed diet 2 compared to
cows fed the control diet Shd diets 1 and 3 is not supported
by Block (1984). This result cannot be explained by the
quality of the forages since forages fed to cows were similar
in all diets. Mineral content of diet 2 was similar to diet
3, except for the sulfur content. In fact, sul fur content of
diet 2 was lower than diet 3 but higher than the levael of
0.35% DM, which depressed DM i1ntake when given to lactating
cows (Bouchard and Conrad,1974). However, cows fed diet 3 dad

(§ not show @a reduced DM intake even with a higher sulfur
conteant in the diet than diet 2. This 1s supported by other

researchers who did not find any harmful effects when

feading relatively high (up to 1.72 % of ration DM) gaulfur
lavels to ruminants (Chalupa et al,1971; Gawthorne and
Nader ,1976). Feed intake at the day of parturition was not
influenced by treatmants but was greatly reduced for cows fad)/
all diets. This was reported as a normal event at parturition
and related to a rise of plasma estrogen concentration

(Braithwaite,1976).

4 Nty S L -
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3. Incidence of milk fever

#

Reducing the dietary anion-cation balance from +394.31
(control diet) to +120.65 maq/kg ration DM (diet 1) had
reduced the incidence of milk fever by 25%. Howesver, ‘as we
reduced the anion—-cation balance from +120.635 (diet 1) to
+62.20 meq/kg ration DM (diet 3), no further reduction in the
incidaence of milk fever was observed. It seemed that either a
difference of more than 40 meq/kg ration DM is needed between
treatments to abserve an effect on tq;\x}nc1dancn of milk
fever or, that dietary anion—catio%fgalancn should be less
than +62.20 meq/kg ration DM to have a further reduction in
the incidence of milk fever. Even though we aobsaerved a
raduction in the incidence of milk fever between cbws fed the
control diet and cows fed diets 1,2 and 3, the number of cows
was too small to be conclusive. A prepartum diug?ry anion-
cation balance intake of approximately +4484& meq/day (+330
maq/kg ration DM) induced mik fever in 474 of dairy cows
(Block,1984) whila in a study by Dishington (19735), 86&% of
the cows consuming a prepartum dietary anion—cation balance
of +3873 meq daily contracted milk fever. In our trial, a
prepartum dietary anion-cation balance intake (+4474 meq/day)
similar to literature praviously cited, induced milk fever in

80%L of the cows, which supported results obtained by

B
ket
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‘:} Dishington (1975). A number of factors could have contributed
to the lower incidencgﬂgf milk feaever obsorv;d in the trial by
Block (1984). Even though our CaiP ratio was similar to the
one 1in Block's (1984) study, our values of Ca and P intake
during éh. prepartum period were much greater. Our dietary
prepartum anion-cation balance was also slightly higher which
could explain a slight increase of the incidence of milk
faver, but not the large difference observed beatween both
studies. The 607 incidence of milk fever encounterad in
cows fad diets 1, 2 and 3 could also be explained through the
elevated intake of Ca and P during the prepartum period and
the positive dietary anion-cation balance. Block (1984)
prevented milk fevar in 100X of the cows when cows received a
‘:} negative dietary prepartum anion-cation balance of -128.5
meq/kg ration Dﬁ} and Dishington (191;) observed an incidence
of milk fever in 8% of the cows when cows received a negative

prepartum anion-cation balance of -255 to ~385rmeq daily.
Factors influencing the incidence of milk fever (age,
breed and milk production) did not rnprns-nt.thn difference
cbserved batwean treatments, since cows were assigned within
blocks according to their age and milk production, and breed
was not different between treatments. Susceptibility of cows
to milk fever may be increagsed if cows are hypomagnesemic
(Davies et al,1978), however, in our study, plasma Mg
concentration of all groups was maintained near normal,

therefore, none of the cows were considered hypamagnesemic.
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4. Alterations of plasma calcium, inorganic phosphorus and
magnesium

4.1. Plasma calcium

At the beginning of the trial, concentration of plasma Ca
averagaed B8.36 mg/dl in all cows. This value is similar to
values reported by othaers workers for dry cows (Block,1984;
Verdaris and Evans,1973). The decrease in concentration of
plasma Ca observed from day—-435 to day-35 prepartum in cows
fed all different diets could not be due to the high Ca‘ and
high P content of the diets since workers (Black et al 19733
Kichura et al ,1982) observed either an increase or no change
in serum Ca concnntratioﬁ whan they started to feed a
prepartum diet high in Ca and P to dairy cows. However, the
decrease was less important in cows fed diet 3 since these

cows did not have to decrease their xnitﬂgl,.plasma Ca
L/

concentration as much as cows fed other:: diets
to reach the similar, and quite stablae, plasma. Ca
concentration for the remainder of the prepartum period (day-
35 to day~-S prepartum). Prepartum concsntration of plasma Ca
was maintained lower than in a trial by Kichura et al. (1982)
even with an intake of Ca twice as high and approximately

the same ‘%takn of P. The quantity of absorbed Ca (g/day)

)
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during the prepartum period (day—45 to day-35 prepartum) was
not correlated to plasma Ca concentration. This was

unexpected, since workers found a response of plasma Ca

concantration to dietary intake of Ca within 3 days (éraan et
al ,1981). However, the range of the quantity of aSsorbnd Ca
was not very large, and could have explained the lack of
relation with plasma Ca concentration.

If we refer to the weak correlation obtained for the
entire trial between the level of dietary anion-cation
balance and plasma Ca concentration, it appears that
treatment did not influenced plasma Ca concaentration.
However , during the pi?iparturinnt pariod (day—-2 pre- to day-
2 post-partum), which is the critical period because this is
‘[; the period of the highest incidence of milk fever, treatment
was effective. In fact, we observed a strong negative
correlation between the lavel of dietary anion-cation balance

and plasma Ca level during the periparturient period,

£y

< especially at parturition. Cows fed rations with a less
positive anion-cation balanca (diets 1,2 and 3JI) had a
‘hypocalcemia that was less severe than cows fed the control
diet. Therefore reducing the dietary anion—cation balance

raduced the incidence of the disease because milk fever is

-
o

related to a severe hypocalcemic status: This was supported

by an experiment by Block (1984) who observed a severe

parturient hypocalcemia in cows fed a positive anion-cation
4,

5
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balance similar to our control diet but a normocalcemic
plasma level with no cases of milk fever in cows fed the
negative anion—-cation balance. It also appearad that

treatment influenced the time that cows exhibited their

e
P

lawest plasma Ca concentration, =ince cows fed the less
positive anion-cation balances (diets 1,2 and 3I) exhibited
their lowest plasma Ca concentration at a later time
postpartum then cows fed the control diet. This response was
also observed by Takagi and Block (1984, a), us:ng sheep fed
reduced aniof-cation balanced diets and 1nduced

.- N
experimentally to have hypocalcemia by infusing a solution of
Ethylene diamine tetra-acetate (EDTA) intravenously. Plasma
Ca concaentration of animals fed the low anion-cation bal anced
diet and infused with® EDTA showed a raesistance to the
reduction of plasma Ca caused by EDTA comparqd to control
sheep, which was explained by a higher Ca mobilization
capacity by sheep fad the low anion-cation b;iancnd diet.
Thigs less rapid decline of plasma Ca concentration could be a
determinant in the incidence of milk fever since we observed,
as did Van Soest and Blosser (1954), that paretic cows showed
a more rapid decline in their plasma Ca concentration than
non-paretic cows. Absoclute plasma Ca con;pntration could also
be an important factor; the lowest plasma Ca level was below
5 mg/dl in paretic cows and above S5 mg/dl in non-paretic

Cows, as it was reported by Mayer st al (1966). We did not

measure plasma ionic Ca concentration, however, we can

e
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specul ate that it cqnltantly fol1owed along with the changa
of +total plasma Ca concentration. 1In fact, stéong positive
correl ations were obtained between both values 1N
noFmocalcemic, hypocalcemic and paretic cows (Littledike et
al ,1969; Schroeder,1973; Dauth et al,1984).

Thara are three controlling me@chanisms for
counterbalancing disturbances in Ca strese and maintaining
plasma Ca homeostasis: intestinal Ca absorption; bone Ca
removal; and renal La reabsorption (Ramberg et al,1984). In
our study, apparent Ca absorption, which did not account for
the endogenous 1loss of fecal Ca, may not represent the
possible source of Ca for maintaining plasma Ca homeostasis
in cows f-d the lower anion-cation balanced diets. In fact,
cows fed the less positive anion-cation balances (diets 1,2
and 3) had a BMBIIG; quantity of Ca apparently absorbed than
cows fad the control diet. A jyeduced apparent absorption
percent of Ca could have involved a higher endogencus fecal
Ca loss with an increase or no change in the true Ca
absorption percent. However, research conducted with lambs
receiving NHALCl (Braithwaite,1972) showed no effect of the

I3

expariméntal diet on endogenocus fecal Ca excretion, but did
show a higher p.rcuntltrui absorption of Ca indicating a
N

higher percent appasrent absorptiomof Ca. Increased percent
apparent absorption of Ca was also observed whean non-

lactating goats received a ration containing 1.2%4 HCl
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(Freeden et al,1984), oK when dairy cows were fed ration
containing 115 or 230 ml of concentrated HCl (Hart et
al ,1931). However, when lambs were fed diets with a reduced
anion-cation balance, percent apparent absorption of Ca was
not affected by treatment (Takagi and Block, 19846, b). From
these studies, we can ﬁpnculat._that addition of

™y
—
diets may act differently on intestinal absorption of Ca than

acid ¢to

redhcing the dietary anion-cation balance. The effect of HCI1
and NHLCl may be through the liberation of hydrogen and/or
chloride 1o0n in the gastrointestinal tract that can alter
the absorption of Ca by modifying the pH of the
gastrointastinal trast. In fact, the upper small intestine of
ruminantg, which is th; main site of absorption of Ca, has a
limited capacity to neutralize acidic od1g-:ta from the
abomasum (Wheeler ,1980). Thus, addition of acid to the dist
may decrease pH of the small intestine thereby increasing the
solubility of Ca. The experiment of Verdaris and Evans (19735)
may support this hypothesis since they observed a stimulating
effect of decreasing pH of the diet on absorption of Ca. It
is unlikely that our diets affected the environmental pH aof
the gastrointestinal tract because no increase of absorptiaon
of Ca was observed when animals received a reduced dietary
anion-cation balance.

We did not measure urinary Ca excretion, howaver ,

according to literature the loss of Ca via this route may be

higher in cows fed less positive anion-cation balances (diets




1,2 and 3) than in cows fed the control diet. In fact, higher
excretion of urinary Ca was observed by Takagi and Block
(1986, b) when lambs received’a less positive dietary anion-
cation balance compared to a control diet. Increased urinary
excretion of Ca was also reported in non-lactating goats
(Freeden et al,1984), in lactating dairy cows (Hart et
al ,1931) and in sheep (Braithwaite,1972) when acid was added
to the diet as well as when inorganic sulfate was included to
diets of adult rats (Whiting and Cole,19846). Furthermore, the
addition of acid to the diet (Braithwaite,1972) and feeding a
daecreased anion-cation balance (Takagi and Block, 1986,b)
resulted in a decreasad urinary pH. Net acid excretion has
been mentioned as being regsponsible for the increased
urinary excretion of Ca (Whiting and Cole,1986) encountered
when adult rats received a diet high in jinorganic sulfate or
chloride. It i then logical to propose that in ocur study,
cows fed the less positive anion-cation balance (with the
higher Cl and S0. contaent) had a decreased urinary pH. Also,
because it was demonstrated in poultry (Mongin,1980) that a
reduced anion-cation balance (excluding the sulfur contesnt)
could created a metabolic acidotic animal, it is quite
possible that cows on our £r111 fad a reduced anion-cation
balance had developed & mild metabolic acidosis. Therefore,
plasma Ca homeastasis of cows fed the less positive anion-

cation balances appeared to be maintainad at a higher level

Ry



via bone resorption since percent apparent absorption of Ca

wak decreased and urinary excretion of Ca may have been
increased. Bone resorption could be stimulated during a
chronic metabolic acidosis to supply bufferini materials. In
fact, Barzel and Jowsey (1969) had argued that metabolic
acidogis might stimulates the slow dissociation of alkaline
bone salts in order to increase the buffering capacity of the
extracellular fluid thus making bone more sensitive to
endocrinological signals to recover from a hypocalcenmic
situation. However, Braithwaite (1972) using lambs, and
Newell and Beauchena (1975) using rats, found that metabolic
acidosis did not alter the resorption rate of bone. 0On the
other hand, diets containing an acid lgld of inorganic
sulfate (1.42%) fed to adult rats produced an enhanced bone
resorptiaon for a periad of 2 months (Whiting and
Dr;par,1981); in an experiment with prepartum dairy cows
(Block, 1984) plasma hydroxyproline levels showed an sarlier
enhancemaent of bone r.sorptioﬁ'I;'cous fed a reduced anion-

cation balance comparad to cows fed increased anion-cation

balance during the periparturient period. >

4.2. Plasma inorganic phosphorus

As reparted by Schroeder (1973}, plasma inorganic

‘) - -
phosphaorus (Pi) fluctuated more than plasma Ca concentration,

probably bacause ° of the tighter regulation of plasma Ca '
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through its homeostatic mechanism (Barton et al., 1981).
Plasma Pi concentration is affected by patterns of fead
consumption as it has been shown to increase markedly for 2
hours post—feeding, then declines (Forar et al., 1982). Our
plasma Pi values were slightly higher than tSO range of
normal values seen ir fha literature (Verdaris and Evans,
1973; Barton et al.,1981). However, tha;nﬂhigh yaluas could
be partly aexplained by the time of blood sampling (2 hours
after the morning feeding), and partly by the elevated intake
of P by cows fed all diets. In fact, Kichura/ntﬁal. (1982)
and Farar et QLL» (1982) reaported that as\\ih&akn of P
increasad, plasma Pi concentration will afsnl\incraasa.
Howaver, the influence of dietary intake of P on plasma Pi
concentration cbservad by Kichura et al.(1982) was effaective
during the prnpa?tum period, but not during the
periparturient period, as in our expe;imunt. Thig was
evidenced by finding no correlation betwaen the quantity of
apparently absorbed P and plasma Pi concentration during the
last week p-.c.ding~partur1tion. The lowar prepartum plasma
Pi concentration cobserved in cows fed reduced anion—cation
balance compared to cows fdg the control diet could be
related to a reduced demand for P due to a lower Ca retention
in cows fed diets 1,2 and 3. In fact, Takagi and Block (1986,
b) had cbserved a lower Ca retention, as a proportion of Ca

intake, and a net loss of P (g/7 days) in shaep fed reduced

i



0 anion-cation balance compared to sheep fed control diet with

an anion—cation balance of +314 meq/kg ration DM. Thus, it is
‘probable that cows fad diets 1,2 and 3 had a lowar percent of
skaeletal Ca retention than cows fed control diet. Because of
the close association of Ca and P in bona the skelestal Ca
retentjion is relaéad to the skeletal P retention
(Braithwaite, 1984), Thue, & reduced skeletal P retention
will reduce the demand for P and may explain the net loss of
P demnnstrated by Takagi and Block (19846, b)), as well as
the reduced concentration of plasma Pi prepartum in cows
fed reduced anion-cation balance observed in our study.
During the periparturient period, plasma Pi concentration
paralleled plasma Ca concentration, as 1t did'in a trial by
(:) Schroeder (1973). Saeveral authors found positive caorrelations
batwaan plaema Pi and plasma ionized Ca and also with total _
plasma Ca (Blum et al., 19723 Daniel and Moodie, 1979). A
decreasad plasma ionized Ca will stimulate parathyroid
hormone secretion in cows (Fisher st al., 1973) and may
explain the reduction of plasma Pi concentration since
parathyroid hormons lowers plasma Pi Wi ther by increasing
renal phosphate .xcrut?on (Mayer at al., 1966, b) and/or by
increasing the salivary secretion of phosphate (Clarke et
L N
al.y, 1975). The posmitive corrnl{tion observed in aur study
between plasma Pi and plasma Ca concentration from day-2

prepartum to parturition supported results oQtnin.d by Daniel

and Moodie (1979). We did not find any correlation for day-1

. .
. . e, . . o .
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¢
and © day~-2 postpartum probably due to the high variation
between hypocalcemic cows preceding paresis, as shown by
Daniel and Moodie (1979). Tga negative correlation obtaingd
at day-3 postpartum agrees with the finding of Byrne et al.
u
(1971) that plasma Pi. concentration continued to decrease for
one week postcalving while plasma Ca concentration was

1ncraeasing.

4.3. Plasma magnesium

4

A

Average plasma Mg values determined i1n this study were
slightiy Lower than normal values reported in the literature
(Byrne et al., 1971; Littledike et al., 1970). As i1ncreased
chloride and sodium intake have been shown to increase
urinary Mg excretion, and urinary Mg loss was not 1nf}ﬁhncad
by the amount of digestible Mg (Lomba et al., 1968) 1t was
possible that high chloride intake in our four different
diets had affected the plasma Mg concentration, parficularly
in the cows fed the control diet since Na intake &as also

elevated in this group. In fact, negative correldtions were

obs.rq:d during thc‘thxrd waek preceding parturition bstween

plasma Mg concentration and quantity of Na and(Cl absorbed.

Higher plasma Mg concenfration obleé;gfé during the

periparturient period in cows fad diets Esan compared to

cows fed the control diet and diet I, could be explained

. B - s B B L
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through an increased bone resorption which was predicted
praviously 1n the plasma Ca section. This difference in
plasma Mg concaentration between groups could not have baen
related to higher absorption of Mg siffes. Lomba et al. (1968)
demonstrated that only the Mg and Ca intake will have an
enhanced effect on percent apparent absorption of Mg. Theses
minaral intakes were not higher in cows fed diets 2 and 3
than in cows fed control and diet 1. Furthermore, percent
apparent absorption of Mg was lower in the former groups than
in the control group. Urimnary Mg axcretion was not measured
1N our expariment, towevar, according to the results of
Takag: and Block (1984, b), reduced dietary anion-cation
balance did not alter urinary Mg excretion in lambs. Higher

plasma Mg concentrations werangbsarvad whan cows were fed a
/

¢

prepartum diet low in Ca compared to a prepartum diet high 1in
Ca (Verdaris and Evans, 1975). It i€ now evident that
prepartum diets low in Ca enhances bone raesorption during_thu
periparturient period to maintain plasma Ca ’concnntration
(Green et al., 1981; Kichura at all, 1982)., Plasma Mg
concentration could alsoc” be increased through an enhanced
bone resorption, since bone contains &0% of the total body Mg
with a labile portion (Aikawa, 1981) that can be mobilized
during Mg deficiency (McAleese et al., 19460) . Furthorm&r-, a

close relationship exists between Mg and Ca homeostasis

because both can be released from bone through a
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stimul ation by parathyroid hormone (Koo, 1984). Therefore, we
suspect that increased bone resorption during t{m
periparturient period was the cause of the elevated
plasma Mg concentratiom observed 1n cows fed reduced anion-—
cation balances. The positive correlations expected betwean
plasma Ca . and plasma Mg concentration NEI"‘: found only on
day-2 prepartum, probably because of the high variation 1in
plasma Mg between cows in response to hypocalcemia as stated

by Daniel (1980). As cbsaerved hy others (Allcroft and Godden,

19343 Schroeder, 1973), a decrease in plasma Mg concentration

was found up to day-S postpartum in cows fed all diets. This

can be related to a general negative Mg balance occurring
in the early part of the postpartum period in lactating cows
because higher dietary energy content, higher dry matter

intake, nitrogen and fat have been shown to reduce Mg balance

(Lomba et al., 19&68). ;

¢

S5. Alterations of other plasma macrominerals ,\

S5.1. Plasma sodium

Our values for plasma Na were lower than normal values in
dairy cows as reported by Fettman et al. (1984) and Escobosa
et al. }1984). This was probably due toc the elevated urinary

Na excration related to the expected high urinary Ca
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excrations there 1s an interdependaence in the renal handling

of Ca and Na (Sutton and Dirks, 1978). Higher average® plasma
Na concentration in cows fed control diet confirmed the
finding of Cohen and Hurwitz (1974) as well as Block (1984)
that, an increase in dietary Na will increase fth- plasma
level of Na. On the other hand, the elevated plasma Na
concentration in cows fed diet 3 cannot be explained through

a higher intake of Na compared to cows fed diet 1 and 2,

thus , the responsa of this group remaing unclear.

S5.2. Plasma potassium

As obsarved by Block (1984}, average pl amsma K
concentrgtion in cows fad @elevated anion-cation balance
(control and diet 1) wag lower than in cows fed reduced
anion-cation balance (diet 2 and 3). However, the amount of K
apparently absorbed was higher in cows fed diet 3. This is
unli kely to affect the plasma K concentration since the
animal will efficiently control body K c%%‘:-nt by excration
in the urine of the excess absorbed K (Field, 1964) . Blod
(1984)/ axplained the lower plasma K copcentration in cows fed
the cationic diet (+330 meq/kg ration DM) by a possible
interaction betweam K and Na, especially when the diet is low
in Cl. This interaction was abserved by Cohen and Hurwi tz

(1974) in an experiment with poultry. Although Na intake was
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higher in cows fed the control diet, this reason does not

explain the response of cows fed diet 1, since their Na

intake was not highe
Furthermore, Cl intake
it is difficult to ral
betwaen Na and K.

Interesting positive

r than cows fed diets 2 and 3.
was similar in all groups. Therafore,

ated our results to the interaction

correlations were abtainaed between

plasma K and plasma Ca concentration from day—-2 prepartum to

day—-35 postpartum. Thisg
concentration may fall
reported by Ward (1956)
(1980) alsoc observed
accompanying the decrea
‘saxperimentally in cows.

Qith the onset of hypoc

supported the finding that plasma K
during natural cases of milk fever as
and Littledike at al. (1969). Dam el
a drop in plasma K concentration
s@ 1n plasma Ca concentration induced
He stipulated that stress, associatad

alcemia and recumbency in the cows,

may result in the release of ACTH (Daniel, 1977), which may
[ ]

be partially responsib
concentration. This st
who had reported a hig

in caws that contracted

5.3. Plasma chloride

Our valuss for plas

values in ruminant (Burk

la for the depressions in plasma K
atement is supported by Waage (1984)
her plasma concentration of cortisol

milk fever than in healthy cows.

ma Cl are sliqhtiy lower than normal

halter et al., 1980} Fettman et al.,

-
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1984) probably because the intake of Ca, P and Mg were
similarly higher than requirements (NRC, 1978) in all groups.

The intake of these minerals has been reported to increase

urinary excretion of Cl in cows (Paquay et al., 1969), whith

may affect the plasma level of Cl since urinary excretion is
the main homeostatic mechanism of Cl in ruminants (Coppock et
al., 1979). Moreover, we observed a lower average plasma Cl
concentration 1in cows 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 &Paquay et al., 1969). On
the other hand, the higher amount of K absorbed in cows fed
diet 3 compared to cows faed other diets could explain the
lower plasma Cl concentration observed in the former group
since 1intake of K was positively correlated ¢to urinary

excretion of Cl (Paquay et al., 1969).

5.4. Plasma sulfate

—————————————— (-")
The higher plasma sulfate (S04 ) concentration observed in
cows fed reduced anion-cation balance (diet 1,2 and 3) could
be related to the higher dietary intake of sulfur (S)

compared to tﬁe controi group. In fact, concommittant

s
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incraases in serum S0. and increases in urinary S04 excretion
have been reported in a cysteine-supplemented group of
infants (Cole and 2lotkin, 1983)., Furthermcre, urinary S04
excretion was increased when dietary inorganic S04 was
increased in rate (Whiting and Draper, 1981). These results
indicate that an increase of plasma SO0. occurs when dietary
S0. is increasad. This is supported by Kennedy et al. (1974)
who observed this expected response when cattle were fed
different amounts of S. The strong positive correlation
observed during the periparturient period between plasma Ca
and S04 concentration may be rwelated to the effect of S0+ on
Ca maetabolisem. In fact, the anion SO+ has been demonstrated
to decrease the reabsorption of Ca from the kidney tubules in
rats possibly by forming an insoluble complex (Bushinsky at
al., 1982), and ‘to 1increase bone resorption (Whiting and
Draper, 1981)3 both effeacts should increase plasma Ca

concentration.

-~

4. Absorption of calcium, phosphorus and magnesium

Our values of percent apparent absorption of minerals were
higher than normal valyns @encountered in the literature
(Mayer et al., 194673 Bushman st al., 1968} Verdaris and

Evans, 1975). This overastimation was probably related to the

-
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us@ of chromic sesquioxide (Cr20s) as a marker for the-.

indicator method to estimate digestibility. Usually,
digestil:;ility studies conducted with Cr>0s have been repocrted
to underastimate the percent apparent absorption of
minerals, mainly because of the incompl @eta recovery of Cr=0s
in the feces (Stevenson, 1962; Fiald, 1954). Howaver, the
duration of our preliminary and collection periods
(Stevenson, 1962) with the mixing of Cra0s in the feed
(Crampton and L1ovyd, 1951) should have improved the recovery
of Cr20s in the feces and, therefore, attenuated the usual
underestimation of the apparent absorption of minerals. We
estimate that the 1loss of some unknown quantity of Crz0s
given 1n the feed during mixing and feeding, was more
impartant than the incomplete recovery of Crals in the
feces.Thie could explain our elevated values of percent
apparant absorption of minerals.

The reduced percant apparent absorption of Ca observed in
cows fed the lower anion-cation bal ances (diets 2 and 3) is
suspected to involve a higha'r endogaencus fecal excretion of
Ca with no change or a reduced percent true absorption of Ca.
Baecause urinary excretion of Ca was increased and Ca
retention was decreased whaen lambs were fed diets with
readuced anion-cation balances (Takagi and Block, 1986, b) we
can .xp.c:; the mame response 1,n cows fed diets with reduced
anion-cation balances. Negative correlations obtained between

urinary+~ Ca excretion and percent apparent absorption of Ca

-
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in dry cows (Paquay et al.,19468) further supports this

hypothesis. Endogenous axcraeticon of fecal Ca may be
considerable and variable (Mayer et al.,1967) but it is not
affected by intake of Ca (Braithwaita, 1982) and 1t
increased when excration of urinary Ca and bone resorption
increased following the administration of parathyroid extract
to parathyroidectomized cows (Mayer et al., 1967) . In this
latter case, the percent true absorption of Ca was 1ncreased.
Al though, our study did not involve the use of parathyroid
extract to increase plasma Ca concentration, the lower
apparent absorption of Ca observed, as well as the expected
enhanced wurinary Ca excretion and bone resorption could have
lad to an i1ncreased endogenous excretion of fecal Ca. An
increase i the size of the exchangeable pool of Ca as
suggested when sheep were fed diets with reduced anion-cation
balance (not including S in the calculation) (Freeden et al.,
1984) may also support our idea concerning the endoganous
excretion of fecal Ca. -

Thae percent ':apparant absui ption of P, per se, was not
alterad by treatment; however, because we expacted a lower Ca
retention in cows fed diets with reduced anion-cation
bal ynces (sae plasma P section) compared to control cows, wa
proposs that this latter group had a lower endogenous fecal
axcretion of P and a higher percent true absorption of P than

the former group, as reported by Braithwaite (1984) where
\
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sheep exhibited—a higher Ca retention. Furthermore, the
elevated endogencus fecal excretion of P suspected in cows
fed diets with reduced anion-cation balances may involve a
vefy high portion of the P coming from the saliva, since the
s3livary glands have been proposed as the major route of
ehdogenous P excretion in ruminants (Horst, 198&).

The lower parcent apparent absorption of Mg observed
during the period including parturition (day—-7 prepartum
until day-1 postpartum) in cows fed the diets with reduced
anion—-cation balances ( dietg 1, 2 and 3) compared to cows
faed the control diet, and the lack of change in the apparent
absorption of Mg betwaen groups during tha prepartum period
could be explained by an increased endogenous fecal
excretion of Mg resulting from the suspected enhancement of
bone resorption during the periparturiant period.
The net amount of absorbed dietary Mg is assumed to be
directly related éo the intake of Mg (Aikawa, 1981). Howevaer,
the intake of Mg was not higher in cows fed the diets with
raduced anion-cation balances than in cows fed the control
diet, whereas the apparent absorbed amount of Mg was léwcr in
cows fad diets with reducead anion-cation balances.
Therefore, it is proposed that the decreased percent apparent
absorption of Mg obsaerved in cows fed diets with reduced
anion-cation balances during the period including parturition
was due to a higher endogenous fecal Mg aexcretion. The

strong positive correlation obtained betwean apparesnt



absorption of Ca and apparent absorption of P in our study,

as well as in the work of Takagi and Block (1986, b) could be

explainaed through the strong relation existing betwaen Ca
~ .

retention and P retention in sheep (Braithwaite, 1973). It

may also suggest that reducing the dietary anion-cation

balance had an indirect effect on percent apparent absorption

of P by raeducing the Ca raetention by the animal.

There appears to be an interrelationship between the
absorption of Mg and Ca in the rat (Alcock and Maclntyre,
1962) and in the cow (Lomba et al., 1968; Paquay et al.
1968), with a common mechanism for transporting Ca and Mg

-
across the 1nt-s§4nal wall (Hendrix et al., 1963). The
tendancy (P<0.1) observed i1n our study, of having a positive

correlation betwaen the percent apparent absorption of these

two minerals further substantiates this claim.
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VI. SUMMARY

Reducing the dietary anion—catic;n balance from(\ +394.31 to
+120.65 meq/kg ration DM decreased the incidence of milk
fever by 25% but no further reduction was observed when
dietary anion-cation balance was decreased to +62.20 meq/kg
ration DM. Bowever, number of cows was too 8small to Dbe

conclusive.

A strong negative correlation was observed during the
periparturient period, especially at parturition, between teﬁé
level of dietary anion-cation balance and the concentration

of plasma calcium. "

Reducing the level of dietary anion-cation balance delayed
the time of cows ‘showing their lowest concentration of plasma

calcium.

Reducing the level of dietary anion-cation balance decreased
the severity of the decline of plasma calcium duri.ug the

periparturient period.

)

Concentration of plasma phosphorus was weakly correlated to
the level of anion-cation balance during the periparturient
period but strongly correlated to the concentration of plasma

calcium.
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i.
Reducing the level of dietary amion-cation balance increased
the concentration of Plasma magnesjfim during the
r ok
o

periparturient period.

é

A strong negative correlation was observed during the

periparturient period, especially at parturition, between the

level of dietary anion-cation balance and ‘the concentration

i

of plasma magnesium.

T

Positive correlations were obtained between the concentration
of plasma calcium and the concentration of plasma potassium

during the periparturient period.

Reducing the level of dietary anion-cation balance increased

the concenf;ration of plasma sulfate.

Strong positive correlations were obtained during the
periparturient period between the concentration of plasma

calcium and the concentration of plasma sulfate. Al

Reducing the dietary anion-cation balance did not influence
the dry matter digestibility either during period 1 (day-24

to day—-21 prepartum) or during period 2 ( day-7 prepartum to

day-1 postpartum).

Apparent al;'sorption of calcium, phosphorus, magnesium,
sodium, potassium and chloride was not influenced by the

level of dietary anion-cation balance during period 1.

e
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Apparent ab’sorptio;: of phosphorus, sodium, potassium and
chloride was not influenced by the level of dietary anion=

cation balance during period 2.

Reducing the dietary anion-cation balance decreased the

apparent absorption of calcium during period 2.

Reducing the level of dietary anion~-cation balance decreased

the apparent absorption of magnesium during period 2.

A strong positive correlation was observed between the
apparent absorption of calcium and the apparent absorption of

phosphorus.
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*  ¥yII. CONCLUSION

Reduc‘ing the level of dietary anion-—cation balance

- decreased the severity of the decline of plasma Ca during the
periparturient period, thus, tended to diminish the incidence

of milk fever. However, a dietary amion-cation balance of
+62.20 meq/kg ration DM (diet 3) is too high to be an
efficient tool 1in the prevention of milk fever. It |is
suspected that a negative anion—cation balance willl bel -more
appropriate. Because of the strong correlation existing
between the concentration of plasma Ca and plasma‘;\‘P as well

(} as between the ;apparent absorption of both ¥ minerals,
phosphorxrus metabolism is8 more related to the calcium
metabolism than to the level of dietary anion-cation balance.
Because of -the 'importance of the dietary balance between

the anions and the cations in acid—base balance of the
animal, it is suspected that the mode of action of the
reduced dietary anion-cation balance is through an impairment

of the acid-base status of the animal toward a metabolic
acidosis. This status may have affected the kidney as well as

the resorptive ability of the bone by lowering the
reabsox:ption of urinary calcium and by increasing the bone

resorptive process. The suspected increased fecal excretion

2.
1
o
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’

of endogenous calcium would be an indirect response caused by
the uincreased exchangeable pool of calcium. This mechanism
would be‘.further accentuated during the periparturient period
probably because of the higher calcium stress on the animal.
An increased bone resorption would explain the increased
concentration of plasma magnesium as weil as the less severe

hypocalcemia observed during the periparturient period in

cows fed reduced anion-cation balance.
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APPENDIX

Table I. Composition of Cal-Dextrose used 'io treat cows

diagnosed with milk fever. .
Ingredients Composition (%)

Calcium gluconate 1.70

Phosphorus - 0.96

Magnesium 0.40

Dextrose 16.50

Boric acid < 0.004

Bromine < 0.0014

Sodium ' < 0.0004
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Table II.Composition of Cal—Mag-K used to treat cows diagnosed

with milk fever.

g
Ingredients

Co}position (X)

Calcium borogluconate

Dextrose monohydrate

Magnesium chloride hexamdrate.

Sodium hypophosphite
Potassium chloride

Formal?]ehyde (preservative)

23

25

4.50

3.43

0.20 “

0.20
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TABLE III. Correlations between the concentration of plasma

sodium and the quantity of calcium, phosphorus, magnesium,
sodium, potassium and chloride apparently absorbed daily
for the first, second, third, fourth,

weeks prepartunm.

\

sixth and seventh

-

Absorbed minerals

Coefficient of correlation

(g/day) oo ommooosmo oo memeo o i
m 1 2 3 7
fC:{oiun ~.16a .10  -.06 _ -.15 21 -.24 ”

Phosphorus ~.16a .09 - —.15\-§ .15 .31 -.30
Magnesium -.140  -.02 -.08 -.24 .42  -.05
Sodium -.03 .00 ".21 .03 .07 .04
Potassium ~.14b .04 -.27»  -.03 .07 -.50a
Chloride ~.15a .06 -.20 -.27 .01 -.17
a P<0.05
b P<0.1

~
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TABLE IV. Correlations between the concentration of plasma potassium
and the quantity of calcium, phosphorus, magnesium, sodium, Ppotassiur
and chloride apparently absorbed daily for the first, second, third,
fourth, sixth and seventh weeks prapartum.

Coefficient of correlation

———— . — —— T —— - - — —— — ——— - —

Absorbed minerals Weeks prepartum

(g/day) =  —ommm oo m oo

1 2 3 4 6 7

Calcium .18a . 248 .09 .11 .07 -.30
Phosphorus .20a .20 .14 .37 -.01 —-.48b
Magnesium .18a .09 .15 .21 .26 -.40
Sodium -.08 .00 .01 -.10 .00 -.41
Potassium ".21a .30 .19 .26 ~-15 -.27
Chloride . 21a . 30a .15 .19 .12 -.32
a P¢0.05
b P<O0.1

it
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TABLE V. Correlations between the concentration of plasma chloride
and the quantity of calcium, phosphorus, magnesium, sodium, potassiw
and chloride apparently absorbed daily for the first, second, thirc
fourth, sixth and seventh weeks prepartum.

Coefficient of correlation

— - —— i —————— - ————_—— o — —

Absorbed minerals Weeks prepartum

(g/day) = @ mmmmm e e

1 2 y 37 4 6 7

Calcium -.11 -.18a -.03 .01 . .31 .40
Phosphorus -.03 -.11 -.07 .31 .28 .30
Magnesium -.07 -.05 .10 .02 .06 .38
Sodiq? -.02 -.30a -.03 -.01 .38 .33
Potassium -.01 -.056 -.22 -.19 .43v .51a
Chloride -.03 -.08" -.09 .00 .13 .28
s P<0.05
b P<0.1

Lot
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pPhosphorus, magnesium, sodium,

Correlations between the concentration of plasma sulfate
and the quantity of calcium,
and chloride apparently absorbed daily for the first,

potassiun
second, third,

fourth, sixth and seventh weeks prepartum.
. Coefficient of correlation
Absorbed minerals Weeks prepartum
(g/day) =  -———---m-mmmm e e
1 2 3 4 6 7
; -

Calciunm -.08 -.07 -.05 .11 .16 .64a
Phosphorus -.09 -.02 -.12 .43p .00 .62a

O Magnesium -.08 .00 -.07 .08 .02 .57a
Sodium 03 -.04 .08 .22 .22 .47
Potassium -.08 ~.01 -.25 .29 -.19 .51b

\"‘ N
Chloride -.09 -.02 -.12 . .05 ¢-.11 .69a
N4
a P«<0.05
b P<0.1 v
o .
Vel P
: \ { «
\
W

W-u
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