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Twenty Friesian cows were randomly assigned to one of four prepartum diets in a 2 x 2 factorially
designed experiment to determine the effect of anionic salts contained in a concentrate mixture and
magnesium (Mg) intake on some blood and urine minerals in cows fed a grass silage based diet. Four
diets provided either 16 g or 33 g total dietary Mg/day, and had either a low or high cation-anion
difference. Dietary cation-anion balance (DCAB) of the diets, calculated as milliequivalents-[(Na

K" — (Cl + )], was +31 mEqg/kg dry matter (DM) in the low DCAB group and +340 mEqg/kg DM in

the high DCAB group. DCAB was formulated using ]\ (NH,),SO, and MgC| as anionic salts.

Cows received grass silage (5.2 kg DM), hay (1.0 kg DM) and concentrate mixture (1.5 kg DM) until
calving. Blood and urine samples were collected 4, 3, 2 and 1 week before the expected calving date,
at calving, the day after calving and 1 week following calving. Cows fed the low DCAB diet had a
lower urinary pH (P<0.05) and excreted more Ca in the urine (P<0.05) throughout the study. During
the experimental period, Mg intake did not affect any parameters measured in plasma or urine. It was
concluded that there was no benefit of additional Mg over Finnish recommendations (17 g Mg/d)
when using MgO as a source of Mg for silage based diets. In addition, reducing DCAB within posi-
tive a range may not be sufficient, since urinary pH was relatively high and no changes in Bfood Ca
were observed.
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I currence of periparturient hypocalcaemia (Braak

Intmduc“on van de et al. 1986, Hollis et al. 1981). Some stud-

ies have reported a connection between a high
Previous studies have shown that factors othelincidence of milk fever and insufficient supply
than dietary calcium can also influence the oc-of magnesium (Mg) during the dry period (Bar-
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ber et al. 1983, Braak, van de et al. 1987a, Samef four dietary treatment groups with 3 cows and
son et al. 1983). According to Braak van de et2 heifers per diet. Animals received grass silage
al. (1987b), low dietary magnesium (16.6 g Mg/ (5.2 kg dry matter (DM)/d), hay (1.0 kg DM/d)
d) resulted in lower bone calcium resorption ratesand an experimental concentrate mixture (1.5 kg
and a smaller exchangeable calcium pool com-DM/d). The feeding period started 4 weeks be-
pared with high dietary magnesium (71.0 g/d) fore the expected calving date and ended at par-
in cows at parturition. Additionally, Conteras et turition. Immediately after parturition, cows en-
al. (1982) found that magnesium-deficient cows tered the normal nutrition and management pro-
(10.6 g Mg/d) had smaller pools of exchangea-gram applied at the University of Helsinki re-
ble calcium which limited their ability to main- search farm.
tain blood calcium levels. Experimental diets were arranged 2 x 2 fac-
According to Finnish feeding standards for torially as follows: Diet 1, high DCAB, normal
dairy cows (Tuori et al. 1995), the recommen- Mg (0.21%, 16 g/d); Diet 2, high DCAB, high
dation for dietary Mg intake is 17 g Mg/d dur- Mg (0.44%, 33 g/d); Diet 3, low DCAB, normal
ing the dry period. In typical feeding of dry cows Mg (0.21%, 16 g/d); and Diet 4, low DCAB, high
in Finland this means about 0.2% Mg of diet dry Mg (0.44%, 33 g/d). Cows were divided into two
matter. However, Dutch experiments (Breukink blocks according to age. Within each block, cows
1993) have indicated recommended levels aswere randomly assigned to one of four treatments
high as 0.4% of diet dry matter. in groups of four animals according to expected
Although many trials evaluating the effect of calving date. The low DCAB diet contained add-
anionic salts in preventing parturient paresised chlorine (Cl) and sulphur (S), supplied pri-
have shown encouraging results (Block 1984, marily by adding chlorides of ammonium and
Goff et al. 1991, Oetzel et al. 1988), very little magnesium and ammonium sulphate. A mixture
is known about the effects of dietary magnesi- of different salts was used to avoid potential tox-
um on calcium metabolism of dry cows when icity of using only one acidifying salt. Anionic
given as anionic salts in concentrate mixtures forsalts were included in the concentrate mixture
grass silage based diets. The main objective ofwhich was pelletted. The composition of the ex-
the present experiment was to study this and tgperimental diets and the concentrate mixtures are
evaluate the effect of a moderately high dietaryshown in Table 1. Using the formula [(NaK*)
cation-anion balance (DCAB) on acid base bal-— (CI + $)] mEqg/kg DM the high DCAB diet
ance. Furthermore, measurements of blood andontained +340 mEq/kg DM, and the low DCAB
urine mineral concentrations allowed the relia- diet contained +31 mEq/kg DM. Ammonium
bility of Finnish dietary Mg allowances to be sulphate was included to avoid an excessive ClI
assessed. content. Tucker et al. (1991) have also demon-
strated that the effect of S on the systemic acid-
base status in lactating cows is similar to the ef-
fect of CI. The high Mg level was achieved by
Material and mEthOdS adding 35 g/d magnesium oxide (MgO) to the
ration. Dietary energy content expressed as feed
units (1 FU=1 kg barley with 11.7 MJ metabo-
Experimental design and treatments lizable energy according to MAFF 1975) was
formulated to meet a moderate feed intake (i.e.
Twelve Friesian cows (age $70 months) and 1.2 times maintenance) as recommended by van
eight heifers (age 28 months) were selected de Braak et al. (1986). Chemical analysis of the
from the University of Helsinki research farm. experimental diets is shown in Table 2.
The cows weighed 64B1 kg at the beginning Cows were housed, fed, weighed and body
of the trial and were randomly assigned to onecondition scored as previously described by Tau-
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Table 1. Ingredient composition of the concentrate mixture and experimental diets

Concentrate mixture High DCAB Low DCAB
Ingredient, %

Molasses 18.16 16.31

Wheat 29.51 26.50

Barley 29.51 26.50

Wheat bran 6.81 6.12

Beet pulp 6.81 6.12

Pelleted hay meal 3.41 3.06

NH,CI 1.14 6.63

MgCl, 1.14 1.22

(NH,),SO, - 4.18

NaH,PO, 3.52 3.36

Diet Normal Mg High Mg Normal Mg High Mg
Ingredient, %

Grass silage 66.58 66.32 66.84 66.58
Hay 13.21 13.13 13.11 13.03
Concentrate mixture 19.82 19.70 19.66 19.54
CaCQ 0.39 0.39 0.39 0.39
MgO - 0.46 - 0.46

9 Dry matter basis.
2 Dietary cation-anion balance.

Table 2. Dry matter intake, energy content, chemical compdsiiod dietary cation-anion differences of
experimental diets.

High DCAB? Low DCAB

Normal Mg High Mg Normal Mg High Mg
DMI9, kg/d 7.57 7.61 7.63 7.67
ME®, MJ/kg DM 10.54 10.49 10.51 10.33
Crude protein, % 12.02 11.97 14.27 14.21
Crude fiber, % 26.08 25.86 25.86 25.75
ADF, % 28.71 26.22 26.17 26.06
NDF9), % 48.69 48.28 48.13 47.92
Ca,% 0.69 0.71 0.66 0.69
P, % 0.44 0.44 0.40 0.40
Mg, % 0.21 0.43 0.21 0.43
K, % 2.55 2.54 2.50 2.49
Na, % 0.29 0.29 0.24 0.24
Cl, % 1.13 1.13 1.76 1.75
S, % 0.19 0.19 0.35 0.35
DCAB?”, mEg/kg DM +341 +339 +31 +31

Y Expressed on a dry matter basis.

2 Dietary cation-anion balance.

9 Dry matter intake.

4 Metabolizable energy calculated according to MAFF (1975).

9 Acid detergent fibre.

9 Neutral detergent fibre.

7 Dietary cation-anion balance calculated as milliequivalents {N&) — (Ct + &) per kg dry matter.
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riainen et al. (1998). Samples of grass silage, hayed calving date, 2. peripartum; from 1 week be-
and concentrate were taken and handled accordfore expected calving to 1 week after calving.
ing to Tauriainen et al. (1998). Plasma and urinary data were analysed by a re-
peated measures analysis of variance within the
SAS (1985) general linear model procedure for
Samp|e collection a complete block design including the effects of
age, dietary Mg level, DCAB and their interac-
Blood samples were collected from the jugular tions in the model. Since there was no interac-
vein of each cow before afternoon feeding, at 4,tion between treatments and age, this term was
3, 2 and 1 week prepartum, on the day of calv-excluded from the model. Because preliminary
ing and at 1 d and 7 d postpartum. Samples weranalysis of raw data indicated heterogenous of
placed on crushed ice immediately after sam-variation for Mg in plasma, OH-proline, Ca/cre-
pling. One sample was taken into a heparinizedatinine, Ca FE%, K FE% and Mg FE%, these
vacuum tube for measurements of acid-base stavariables were logarithmically transformed to
tus. After immediate analysis of blood gases andachieve a more homogeneous variance. A one-
haemoglobin of whole blood, the remaining sam- way analysis of variance of the four treatment
ple was centrifuged twice (3000 g for 5 min) and groups was carried out for data collected at 4
the plasma was stored frozen for determinationweeks before the expected calving date to as-
of Na, K, CI, Ca and Mg. Another heparinized sess initial differences between experimental
sample was taken into a vacuum tube for thegroups. Due to significant (P<0.05) differences
determination of blood Ca ion concentration between urinary K and OH-proline/creatinine at
within 24 hours of collection. The body temper- the start of the trial, pre-treatment values were
ature of experimental cows was measured at eacluised as covariates.
sampling.
Urine samples were taken at 4, 3, 2, and 1
weeks prepartum, on the day of calving and at 1
d and 7 d postpartum. Urine samples were ob- RESUltS
tained by vulval stimulation and frozen for sub-
sequent measurement of pH, creatinine, hydroxy
(OH) proline. Five ml of urine were pipetted into Cows were fed a fixed ration throughout the ex-
one tube containing 0.5 ml of 12 N HCI and fro- periment. The palatability of the low DCAB con-
zen for later determination of Ca, Mg, K and Na. centrate mixture was good. Only grass silage was
refused (0.10 kg DM/d) by all cows. Body con-
dition of all cows at parturition was satisfactory
Laboratory analysis (3.1), indicating that the low feeding level (1.19
X maintenance) during the dry period had no vis-
The Cl content of the grass silage was determinedble adverse effects.
according to standard procedures (AOAC 1984) There were no interactions between treat-
while methods used for all other chemical anal- ments for any blood or urine parameters meas-
ysis have been previously reported (Tauriainenured. The concentration of Ca ions was not af-
et al. 1998). fected by DCAB or parity, but tended to be low-
er in cows fed diets high in Mg prepartum (Ta-
ble 3). None of the cows showed clinical signs
Statistical analysis of milk fever around parturition. A subclinical
hypocalcaemia (Ca< 1.00 mmol/l, Radostits
The data were analysed in two parts: 1. preparet al.1994) at calving occurred in three cows fed
tum; from 4 weeks to 1 week before the expect-Diets 2, 3 and 4, respectively. Plasma Mg con-
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Table 3. Effect of dietary cation-anion balance (DCAB) and Mg intake on mean concentrations of blood Ca ions and plasma
Mg.

Time from parturition Significanée

Factor -4wk -3wk 2wk -1wk 0 +1d +1wk Prepartum Peripattum

Calciunt* High DCAB 1.27 1.22 1.22 1.22 1.12 1.14 1.20
mmol/l Low DCAB 1.26 1.22 1.24 1.23 1.16 1.10 1.23

sent) 0.011 0.013 0.019 0.011 0.044 0.029 0.043
Normal Mg 1.28 1.23 1.25 1.24 1.15 1.13 1.22
High Mg 1.25 1.22 121 121 1.13 1.10 121
sem 0.011 0.013 0.019 0.011 0.042 0.029 0.043
ns ns

Magnesium High DCAB 0.97 0.97 0.98 0.96 1.00 1.05 0.98
mmol/l Low DCAB 1.01 1.01 1.00 0.98 0.99 1.07 0.93

sem 0.027 0.031 0.021 0027 0033 0045 0.034
NormalMg 097 097 096 098 099 102 097
High Mg 101 1.00 1.02 097 100 110 0.94
sem 0.027 0.031 0.021 0027 0033 0045 0.034
ns ns

Y sem = standard error of means

2P >0.05=ns

3 These peripartum means were based on nine rather than ten observations and the sem given should be multiplied by 1.0
when making comparisons with other values.

centration did not differ among treatments, but more OH-proline in the urine prepartum than

heifers had a lower plasma Mg concentration cows (P<0.01).

than cows. Concentrations of total Ca, Cl, Na or

K in plasma were unaffected by treatments dur-

ing the trial and varied within reference range

(Radostitis et al. 1994). Blood pH, HCGnd I I

base excess were not influenced by%CAB or DlSCUSSlon

parity throughout the experiment (P>0.10). Thus,

all cows were acid-base balanced (Radostitis ein the present study the low DCAB diet was more

al. 1994). positive (+31 mEqg/kg DM) than expected, due
Urinary calcium excretion was higher ta a higher content of K in silage and hay fed

(P<0.05, Table 4) and urinary pH much lower during the trial than indicated by preliminary

(prepartum P<0.05; peripartum P<0.01) in cows analysis. Thus, the low DCAB diet was ineffec-

fed the low DCAB diet than for cows fed the tive in causing metabolic acidosis and increas-

high DCAB diet. Heifers excreted more calci- ing the ability of cows to maintain blood €a

um in the urine peripartum in comparison with concentration at parturition, as found in previ-

cows (P<0.05). Treatments did not influence uri- ous studies with lower DCAB (Phillippo et al.

nary excretion of Mg, K, Na, or urine FE% of 1994, Schonewille et al. 1994, Tauriainen et al.

Mg, K, and Na. Heifers had a lower K FE% per- 1998).

ipartum than cows (P<0.05). The urine FE% of  In the current study, increasing Mg intake

Mg tended to be higher among heifers than cowsabove recommended levels (Tuori et al. 1995)

(P>0.05) during the trial, but heifers excreted did not affect plasma Mg concentration. How-
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Table 4. Effect of dietary cation-anion balance (DCAB) and Mg intake on mean urinary pH and Mg and Ca excretion.

Time from parturition Significanée

Factor -4wk -3wk 2wk -1wk 0 +1d +1wk Prepartum Peripattum

Urinary pH High DCAB  8.47 8.45 8.40 8.39 8.46 8.54 8.49
Low DCAB 850 7.88 821  7.47 7.39 8.30 8.06

send 0.032 0.191 0.151 0.250 0.200 0.124 0.167
Normal Mg 8.48 8.11 8.37 7.96 7.88 8.43 8.28
High Mg 8.50 8.22 8.25 7.90 7.98 8.41 8.26
sem 0.032 0.191 0.151 0.250 0.200 0.124 0.167

DCABY" DCAB™
Mg/creat? High DCAB  0.69 1.08 0.99 0.85 0.58 0.65 1.13
Low DCAB 0.75 0.87 0.84 0.87 0.75 0.72 0.85

sem 0.137 0.124 0.112 0.082 0.089 0.102 0.241
Normal Mg 0.83 0.89 0.89 0.85 0.64 0.59 0.80
High Mg 0.62 1.07 0.94 0.87 0.69 0.78 1.18
sem 0.137 0.124 0.112 0.082 0.089 0.102 0.241
ns ns

Mg FE% High DCAB  9.59 1513 1455 13.42 9.10 8.98 14.86
Low DCAB 9.52 11.72 11.63 1295 10.65 9.08 10.61

sem 1401 1623 1373 1.062 1309 1351 3415
NormalMg  10.78 12.18 12.86 12.59 9.45 7.95 9.69
High Mg 8.33 1467 1331 13.77 1029 10.12 15.78
sem 1401 1623 1373 1.062 1309 1351 3415
ns ns

Ca/creat. High DCAB  0.30 0.33 0.21 0.14 0.07 0.05 0.40
Low DCAB 0.27 0.75 0.91 1.31 0.31 0.11 0.14

sem 0.087 0.107 0.108 0.394 0.082 0.032 0.083
Normal Mg 0.27 0.54 0.64 1.07 0.21 0.04 0.24
High Mg 0.30 0.54 0.48 0.38 0.17 0.12 0.30
sem 0.087 0.107 0.108 0.394 0.082 0.032 0.083

DCAB® DCAB”
CaFE% High DCAB 1.48 1.73 1.21 1.08 0.46 0.32 1.90
Low DCAB 1.38 4.12 4.86 4.53 1.79 0.66 0.66

sem 0.382 0544 0525 0696 0464 0.198 0.342

Normal Mg 1.34 2.73 3.45 3.08 1.26 0.25 1.14

High Mg 151 3.12 2.62 2.53 0.99 0.74 1.42

sem 0.382 0.544 0525 0.696 0464 0.198 0.342
DCAB ~

D sem = standard error of mean.

2 ns P>0.05, P <0.05*, P <0.01 **, P < 0.001 ***

3 These peripartum means were based on nine rather than ten observations and the sem given should be multiplied by 1.05:
when making comparisons with other values.

4 DCAB = high DCAB vs. low DCAB.

% Mineral/creatinine, mmol/mmol

9 Fractional excretion

ever, three cows had a plasma Mg concentratiorit seems that the availability of Mg provided as
under 0.85 mmol/l at calving which is consid- MgO was unsatisfactory. According to Braak van
ered to be too low (Samson et al. 1983). Two ofde et al. (1986) 0.22% Mg of the DM was inad-
these cows belonged to the high Mg group. Thus,equate to meet Mg requirements during the dry
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period. They concluded that even in the absencddCAB group although DCAB was positive. This
of subclinical hypomagnesaemia, a low Mg in- is consistent with findings of Delaquis & Block
take (17 g Mg/d) can decrease the ability of a(1995) who demonstrated that differences in
cow to mobilise calcium at parturition. On the DCAB even within a positive range affected
basis of these facts we suggest that it may beacid-base status and water metabolism of dry
beneficial to increase Finnish Mg recommenda-cows. However, at the same time urine pH was
tions. over 7.4 throughout the current study. Accord-
Different diets did not influence the plasma ing to Jardon (1995), the optimum level of urine
concentrations of Na, K or Cl which is consist- pH should be 6-7 for prevention of milk fever.
ent with a previous study (Tauriainen et al. 1998). Consequently it appears that the low DCAB diet
Plasma Na concentration varies within relative- fed to cows in the present study failed to greatly
ly narrow range. Even a mild acidosis with as- reduce cation-anion balance.
sociated changes in plasma bicarbonates can Urine pH decreased prepartum when anionic
exist without significant changes in Na content. salts were fed (P<0.05), but the rise noticed af-
Cl concentration tends to vary inversely with ter two weeks of feeding was unexpected. This
bicarbonate concentration, since bicarbonatesvariation can be only partly explained by the
can be exchanged for Cl (Carlson 1989). How-source of Mg. In the study of Erdman et al.
ever, DCAB in the present study was too high (1982) MgO increased rumen and faecal pH.
and therefore did not alter the acid-base balanceMgO is a buffer commonly fed in rations for lac-
of cows. tating cow. It would therefore have been better
Cows fed the high Mg diet tended to increaseto use an alternative source of Mg when con-
Mg excretion with no change in urinary excre- ducting studies using anionic salts with dry cows,
tion of Ca, although urinary excretion of Ca and althoughits current use was based on practical
Mg have been shown to be interrelated (Halseand economical reasons.
1984). In addition, cows fed anionic salts tend-  Heifers excreted more OH-proline in the
ed to decrease Mg excretion in the urine in theurine prepartum than cows. This in in agreement
current experiment. Metabolic acidosis usually with the findings of Mosel et al. (1994) which,
increases urinary excretion of Mg (Fredeen etin addition, confirmed these results with bone
al. 1988, Gaynor et al.1989, Horst & Jorgensenhistomorphometric measurements. It could be
1973). In the present study cows in the low speculated that the effects due to age are is prob-
DCAB group were all acid-base balanced. There-ably due to a higher bone turnover rate in young-
fore, possibly due to inefficiency of the positive er animals. Calcium intake and DCAB could
DCAB, there was no clear interrelation between have been too high to stimulate OH-proline ex-
urinary excretion of Ca and Mg. These findings cretion in the current study, since there was no
may also be due to age, since heifers excretedlifference between dietary treatments in OH-
more Ca in the urine peripartum than cows proline excretion. In experiments where OH-pro-
(P<0.05). This observation was also noticed byline excretion has been reported (Gaynor et al.
Tucker et al. (1992). During the week after calv- 1989, Goff et al. 1991), sample collection has
ing urinary excretion of Mg tended to be lower been carried out more often and closer to the
in cows fed a normal Mg diet than that of cows parturition than in the current study and may
fed a high Mg diet. However, in the present trial account for discrepancies between these obser-
the difference was not as clear as in the study ofvations.
Braak van de et al. (1986). This cannot be ex-  This trial failed to show any advantage in
plained by the source or intake of Mg becauseraising Mg supply when given as MgO as there
these were comparable between studies. was no interaction between treatments for any
In the current experiment urinary calcium of the blood parameters. There may be no need
excretion was increased (P<0.05) in the low to raise Mg supply when using anionic salts for
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silage based diets. The current results agree withhad been older. It is doubful if DCAB +31 mEq/
those of Wang & Beede (1992) who conducted akg DM elicited sufficient improvement on cal-
trial with a very low DCAB diet (-296 mEqg/kg cium metabolism in cows fed a grass silage based
DM), and found no advantage with regard to Cadiet, since urine pH was relatively high and there
metabolism when increasing Mg intake by rais- was no noticable change in blood*Ca

ing Mg concentration from 0.20 to 0.37% DM.
Hg 9 it i luded that it might b ? ful Acknowledgement§he authors would like to thank Mr
owever, 1L 1S concluae atitmig € USEIUT 35rma Tossavainen for the care of experimental animals.

to increase Finnish Mg recommendations be- appreciation is also expressed to Mrs Anne Hannikainen,
cause a few subclinical hypomagnesemia case$irs Trode Gottberg and Ms Aija Kontinen for technical
were noticed in the present study. Probably thesessistance.

findings could have been even more clear if cows

References

AOAC 1984. Official methods of analysis. Association of
Official Analytical Chemists, Inc. Arlington, Virginia.
1141 p.

Barber, D. M. L., Wright, C. L. & Maclennan W. 1983.
Hypomagnesaemia in periparturient dairy cows. Vet-
erinary Record 112: 35-36.

Braak van de, A. E., Klooster, A. Th van't & Malestein A.
1986. Influence of prepartum calcium intake on cal-
cium mobilisation rate around parturition in dairy cows
fed at a high prepartum feeding level. Veterinary
Quatrterly 8: 24-37.

, Klooster, A. Th van't & Malestein, A. 1987a. Infuence
of a deficient supply of magnesium during the dry
period on the rate of calcium mobilisation by dairy
cows at parturition. Research in Veterinary Science
42:101-108.

, Klooster, A. Th van't, Goedegebuure, S. A. & Faber,
J. A. J. 1987b. Effects of calcium and magnesium
intakes and feeding level during the dry period on
bone resorption in dairy cows at parturition. Research
in Veterinary Science 43: 7-12.

Breukink, H. J. 1993. Dutch experiments related to milk
fever prevention. Acta Veterinaria Scandinavica Sup-
plementum 89: 125-128.

Block, E. 1984. Manipulating dietary anions and cations
for cows to reduce incidence of milk fever. Journal of
Dairy Science 67: 2939-2948.

Carlson, G. P. 1989. Fluid, electrolyte and acid-base bal-
ance. In: Kaneko, J. J. (ed). Clinical Biochemistry of
Domestic Animals. 4th ed. Academic Press, Inc. San
Diego California. p. 543-575.

Conteras, P. A. Manston, R. & Samson, B. F. 1982. Cal-
cium mobilization in hypomagnesmic cattle. Research
in Veterinary Science 33: 10-16.

Delagius, A. M. & Block, E. 1995. Acid-base status, renal
function, water, and macromineral metabolism of dry
cows fed diets differing in cation-anion difference.
Journal of Dairy Science 78: 604—619.

Erdman, R. A., Hemken, R. W. & Bull, L. S. 1982. Dietary
sodium bicarbonate and magnesium oxide for early
postpartum lactating dairy cows: effects on produc-

54

tion, acid-base metabolism and digestion. Journal of
Dairy Science 65: 712—731.

Fredeen, A. H., DePeters, E. J. & Baldwin, R. L. 1988.
Characterization of acid-base disturbances and the
effects on calcium and phosphorus balances of die-
tary fixed ions in pregnant or lactating does. Journal
of Animal Science 66: 159-173.

Gaynor, P. J., Mueller, F. J., Miller, J. K., Ramsey, N.,
Goff, J. P. & Horst, R. L. 1989. Parturient hypocal-
cemia in Jersey cows fed alfalfa haylage-based di-
ets with different cation to anion rations. Journal of
Dairy Science 72: 2525-2531.

Goff, J. P, Horst, R. L., Mueller, F. J., Miller, J. K., Kiess,
G. A. & Dowlen, H. H. 1991. Addition of chloride to a
prepartal diet high in cations increases 1,25-dihydrox-
yvitamin D response to hypocalcemia preventing milk
fever. Journal of Dairy Science 74: 3863-3871.

Halse, K. 1984. Calcium effects on renal conservation of
magnesium in cows. Acta Veterinaria Scandinavica
25: 213-228.

Hollis, B. W., Draper, H. H., Burton, J. H. & Etches, R. J.
1981. A hormonal assessment of bovine parturient
paresis: evidence for a role of oestrogen. Journal of
Endocrinology 88: 161-171.

Horst, R.L. & Jorgensen, N. A. 1973. Effects of ammoni-
um chloride on nitrogen and mineral balance in lac-
tating and nonlactating goats. Journal of Dairy Sci-
ence 57: 683—-688.

Jardon, P. W. 1995. Using urine pH to monitor anionic
salt programs. Compendium on Continuing Educa-
tion for the Practicing Veterinarian Food Animal 17:
860-862.

MAFF 1975. Energy allowances and feeding systems for
ruminants. Ministry of Agriculture, Fisheries and
Food. London, HMSO. Technical Bulletin 33. 79 p.

Mosel van, M., Wouterse, H. S., Klooster van't, A. Th. &
Mosel van, F. 1994. Effects of reducing dietary Na +
K — Cl - SO, on bone in dairy cows at parturition.
Research in Veterinary Science 56, 3: 270-276.

Oetzel, G. R., Olson, J. D., Curtis, C. R. & Fettman, M. J.
1988. Ammonium choride and ammonium sulphate



AGRICULTURAL AND FOOD SCIENCE

IN FINLAND

\ol. 7 (1998): 535-543.

for prevention of parturient paresis in dairy cows.
Journal of Dairy Science 71: 3302—-3309.

Phillippo, M., Reid, G. W. & Nevison, |. M. 1994. Parturi-
ent hypocalcaemia in dairy cows: effects of dietary
acidity on plasma minerals and calciotrophic hor-
mones. Research in Veterinary Science 56: 303—-309.

Radostits, O. M., Blood, D. C. & Gay, C. G. 1994. Veteri-
an Medicine. 8th ed. Bailliere Tindal. London. p. 1315,
1319, 1727.

Schonewille, J. Th., Klooster, A. Th. van't & Beynen, A.
C. 1994. The addition of extra calcium to chloride-
rich ration does not affect the absolute amount of
calcium absorbed by non-pregnant, dry cows. Jour-
nal of Animal Physiology and Animal Nutrition 72:
272-280.

Samson, B. F., Manston, R. & Vagg, M. J. 1983. Magne-
sium and milk fever. Veterinary Record 112: 447—-449.

SAS 1985. SAS User’s Guide, Statistics. 5th ed. SAS
Institute Inc. Cary, NC USA. 956 p.

Tauriainen, S., Sankari, S., Pyoréla, S. & Syrjala-Qvist,
L. 1998. Effect of anionic salts in concentrate mix-
ture and calcium intake on some blood and urine

minerals, acid-base balance and feed intake of dry
pregnant cows on grass silage based feeding. Agri-
cultural and Food Science in Finland 7: 523-533.

Tucker, W. B., Hogue, J. F., Adams, G. D., Aslam, M.,
Shin, I. S. & Morgan, G. 1992. Influence of dietary
cation-anion balance during the dry period on the
occurrence of parturient paresis in cows fed exess
calcium. Journal of Animal Science 70: 1238-1250.

—, Hogue, J. F., Waterman, D. F., Swenson, T. S., Xin,
Z., Hemken, R. W., Jackson, J. A., Adams, G. D., &
Spicer, L. J. 1991. Role of sulfur and chloride in the
dietary cation-anion balance equation for lactating
dairy cattle. Journal of Animal Science 69: 1205—
1213.

Tuori, M., Kaustell, K., Valaja, J., Aimonen, E., Saarisalo,
E. & Huhtanen, P. 1995. Rehutaulukot ja ruokinta-
suositukset. Helsinki. 99 p.

Wang, C. & Beede, D. K. 1992. Effects of diet magnesi-
um on acid-base status and calcium metabolism of
dry cows fed acidogenic salts. Journal of Dairy Sci-
ence 75: 829-836.

SELOSTUS

Kationi-anionitasapaino ja magnesiumin saanti ummessaolevien
lypsylehmien sailorehuruokinnassa

Susanna Tauriainen, Satu Sankari, Satu Pyo6réald ja Liisa Syrjala-Qvist
Helsingin yliopisto

Tutkimuksessa selvitettiin ummessaolevien lehmien ennen odotettua poikimista, poikimispaivana seka 1
kationi-anionitasapainon alentamisen vaikutuksia, vrk ja 1 viikko poikimisen jalkeen. Tulosten mukaan
kun magnesiumin saanti oli joko suomalaisten kiven- magnesiumoksidista ei ollut hydtya ummessolevien
naisnormien (16 g Mg/pv, 0.2% kuiva-aineesta) tai lehmien magnesiumliséna. Nykyistd suomalaista
hollantilaisten kivenn&isnormien mukaista (33 g/Mg, magnesiumsuositusta tulisi silti tarkistaa, koska ko-
0.4% kuiva-aineesta). Kationi-anionitasapaino lasket- keessa ilmeni muutamia hypomagnesiatapauksia poi-
tiin [(Na* + K*) — (CI + $)] mEqg/kg kuiva-ainetta  kimisvuorokautena. +31 mEq/kg ka ei aiheuttanut
(ka). Se oli joko +340 tai +31 mEg/kg ka. Magne- muutoksia veresta ja virtsasta mitattuihin parametrei-
siumlisa annettiin magnesiumoksidina. Suoloina kdy- hin. Se ainoastaan lisasi kalsiumin eritysta virtsaan
tettiin magnesiumkloridia, ammoniumkloridia ja -sul- ja alensi virtsan pH-arvoa verrattuna positiivisempaan
faattia. Lehmat saivat séilérehua (5.2 kg ka), heindakationi-anionitasapainoon (+340 mEg/kg/ka). Nain
(1.0 kg ka) ja taysrehua (1.5 kg ka) nelja viikkoa en- ollen kationi-anionitasapaino tulisi séatédéa pienem-
nen odotettua poikimista poikimispaivaan saakka. maksi, jotta siitd olisi hydtya poikimisen aikaiseen
Veri- ja virtsanaytteita otettiin 4, 3, 2 ja 1 viikkoa kalsiumaineenvaihduntaan.
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