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ABSTRACT

The effects of induced subclinical hypocalcaemia (SCHC) on feed intake and chewing activity during
eating and rumination were studied in dairy cows. Two non-lactating and non-pregnant cows were
subjected to three different treatments, with one test per day, such that the plasma free (ionized) calcium
(rCa) concentration was maintained at the eucalcaemic level or at one of two constant SCHC levels.
The cows and test days followed a 2 x 3 crossover design. SCHC was maintained for 7 h by repeatedly
infusing 5% Na,EDTA so that constant gCa concentrations of 0.8 mmol/L or 0.6 mmol/L in plasma
were achieved. Control conditions were achieved by infusing isotonic saline. Feed intake and the
number of the rumination periods were recorded during test days. The proportion of feed eaten during
each test meal (EatPro) was related to the mean plasma Ca. An almost linear decrease in EatPro was
observed when the plasma gCa was 0.6-0.9 mmol/L. The cows showed no other clinical signs of
hypocalcaemia during Na,EDTA-infusion. The time spent chewing during eating and rumination, and
the number of rumination periods during a test day, decreased with a decline in plasma gCa
concentration.

It was concluded that induced SCHC depresses the feed intake and ruminative activity of dairy
COWS.

Keywords: chewing activity, dairy cows, feed intake, induced hypocalcaemia, rumination, subclinical
hypocalcaemia

Abbreviations: ADF, acid detergent fibre; DM, dry matter; DMI, dry matter intake; EatPro, the
proportion of feed eaten during each test meal; Eptime.,;, the effective time spent chewing during
eating; Eptime,,,, the effective time spent chewing during rumination; JM.,,, the effective rate of
IMeai; JMium, the effective rate of JM,y, during rumination; gCa, free (ionized) calcium; JM.,,, total
number of jaw movements recorded during eating; JM,,n, total number of jaw movements during
rumination; KVL, Royal Veterinary and Agricultural University, Copenhagen; NDF, neutral detergent
fibre; N,ym, number of rumination periods during a test day; OM, organic matter; PO, pressure
oscillation; Ptime,,,, the time spent eating during TM; Ptime,,, the time spent ruminating during a
test day; SCHC, subclinical hypocalcaemia; T1, infusion with saline; T2, treatment aimed at 0.8 mmol/
L gCa; T3, treatment aimed at 0.6 mmol/L gCa; +Ca, total calcium; TM, test meal
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INTRODUCTION

All the calcium in plasma or serum is present as ionized calcium. It can be divided into
three groups, either associated with ionic binding to small anions or proteins, or not
bound, hence the term ‘free calcium’ (Endres and Rude, 1996). The normal total blood
calcium concentration (tCa) for dairy cows lies between 2.19 and 2.83 mmol/L (Kvart
and Larsson, 1978), whereas the reference interval for free (ionized) calcium (Ca) in
serum is 1.06-1.26 mmol/L (Kvart et al., 1980; Lincoln and Lane, 1990). Cows with
calcium values below these ranges may therefore be considered to be hypocalcaemic
(Kvart et al., 1982).

In the initial stages of hypocalcaemia, at tCa below 2.0 mmol/L (McKay, 1994;
Jonsson et al., 1999) or 1.87 mmol/L (Kamgarpour et al., 1999), cows are asympto-
matic, and the condition is therefore referred to as subclinical hypocalcaemia (SCHC).
A further decrease in blood calcium will result in signs of hypocalcaemia, for example
a depressed appetite, reduced ruminal function and a reduced rate of defecation
(Larsson et al., 1983).

The signs observed with naturally occurring hypocalcaemia can be satisfactorily
reproduced by intravenous infusion with disodium ethylenediamine tetraacetic acid
(Na,EDTA) (Fenwick and Daniel, 1990; Jorgensen et al., 1999). Experiments con-
ducted on cattle have shown a direct relationship between the concentration of calcium
in the blood and smooth muscle contraction in the rumen (Daniel, 1983; Desmecht et
al., 1995; Jargensen et al., 1998). In other words, severe cases of induced hypocalcae-
mia result in greatly depressed muscle function.

In dairy cows, a gradual depression in dry matter intake (DMI) usually occurs
shortly before calving (Coppock et al., 1972; Bertics et al., 1992). This depression is
usually of the order of a 30% reduction in DMI, but returns to normal within 2 days of
calving (Goff and Horst, 1997). This prepartum reduction in feed intake may be due to
physical limitations related to pregnancy, as mentioned by Oetzel and Berger (1985), to
endocrine status (Grummer et al., 1990) or to the energy value of the feed (Studer ez al.,
1993; Vasquez-Anon, 1994).

Moreover, impairment of rumen motility due to hypocalcaemia may exacerbate the
prepartum reduction in feed intake, as suggested by Jergensen and colleagues (1999).
Indeed, Marquardt and colleagues (1977) showed that the DMI was lower in cows
developing milk fever than that of cows experiencing a normal parturition and
postparturient period, whilst Oetzel (1996) concluded that the higher feed intake found
in cows supplemented with anions could be indirectly due to an observed reduction in
milk fever cases.

In short, these results suggest that parturient SCHC affects feed intake in dairy cows
by impairing the function of smooth and striated muscle. However, the periparturient
reduction in feed intake, and the observed decrease in rumination around calving
(Brydl, 1995), have yet to be directly related to the drop in gCa or tCa known to occur
in a large proportion of dairy cows in third parity and above (Hove, 1986; Ballantine
and Herbein, 1991).

It was therefore hypothesized that reducing the Ca in blood, leading to different
levels of SCHC, would depress the act of eating in cows, as monitored by recordings of
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feed intake, rumination behaviour and chewing activity. The objective of this experi-
ment was to study the effect of SCHC induced with Na,EDTA on these parameters.

SCHC was induced using intravenous Na,EDTA so as to keep the plasma gCa
depressed but constant over a period of 4 h in two dairy cows (Hansen et al., 2001),
thereby allowing comparisons of feed intake and chewing activity between periods
characterized by different blood calcium levels. The cows were therefore kept, as near
as possible, at a constant plasma gCa concentration of 0.8 mmol/L or 0.6 mmol/L in
order to reduce ruminal contractions by 25% and 50%, respectively (Jorgensen et al.,
1998).

MATERIALS AND METHODS
Experimental design

Three different test days, on which one of three treatments was applied, were
administered to two cows. The distribution of cows and test days followed a 2 x 3
crossover design (Christensen, 1996), with three test meals of 1 h duration on each test
day. Each cow thereby served as its own control. There was approximately one week
between each test day.

Animals

Two non-pregnant, non-lactating dairy cows of similar body weight during the study
(691 +19 kg one week before the first test day, and 690+ 1 kg after completion of the
experiment) were used. Cow 287 was a Holstein-Friesian (48 months old and at the end
of her second lactation), and cow 817 was a Danish Red (66 months old and at the end
of her third lactation). The animals had been stabled for more than 3 months prior to
the study and were well accustomed to the stables, daily routine and personnel at KVL.

Test days

The treatments on the test days consisted of a continuous intravenous infusion with
either saline or a Na,EDTA solution, from 08:30 to 15:30.

During the control test day, the cows were infused with physiological saline for 7 h
(T1). The first 30 min were at an infusion rate of 1341 ml/min, which was then
lowered to a constant infusion rate of 6.5+0.5 ml/min for the remaining 6.5 h.

Two different levels of SCHC (T2 and T3) were induced by infusion of 5% (w/v)
Na,EDTA. A plasma gCa of either 0.8 mmol/L (T2) or 0.6 mmol/L (T3) was achieved
by continuously regulated infusion with Na,EDTA (Hansen et al., 2001). The first 30
min of infusion was given at a constant predetermined rate of 13+1 ml/min
Na,EDTA. Thereafter, the rate of infusion with Na,EDTA solution was manually
regulated according to the simultaneous Ca monitoring, using a digital console drive
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(MasterFlex, Buch & Holm A/S, 2730 Herlev, Denmark) in order to maintain the
desired constant level of gCa in the plasma, as previously described (Hansen et al.,
2001).

Blood sampling

Venous blood samples were obtained at 30 min intervals throughout T1, and at least
every 20 min during T2 and T3. The blood was collected through central vein catheters
(Secalon®™ Seldy, Ohmeda, Swindon, UK) and stored in 10 ml sodium-heparin
vacutainer tubes (Becton-Dickinson, DK-2605 Brendby, Denmark).

Blood analysis

The blood samples were analysed in duplicate on a Stat Profile 5 Analyser (Nova
Biomedical, Waltham, MA, USA), the intra-assay variation being less than 1.5%, when
the range of rCa was 1.21-1.43 mmol/L, as previously described (Hansen ez al., 2000).
The time between withdrawal of blood and determination of yCa, as shown on the
display of the analyser, was less than 5 min. The infusion rate of Na,EDTA was
subsequently adjusted, if necessary, according to the Ca analysis.

Feeding

Pre-experimental days. The cows were fed wrapped grass silage for 18 days (day —18 to
—1) before the first test day. The bales, which had been stored in a freezer, were
defrosted at 5°C before being fed to the cows. Samples of 50 g from each bale of silage
used were frozen and later analysed, after 20 h of drying at 80°C, for DM, ash, crude
protein (AOAC, 1990), NDF, ADF, lignin (Van Soest, 1963), crude fibre (Tecator,
1978), calcium (King, 1984) and phosphorus (Stuffins, 1967). The in vitro digestibility
was determined as described by Tilley and Terry (1963). The dry matter content of
silage that was refused during the test meals was determined after 20 h of drying at
80°C. The cows had free access to water during the experiment.

From day —18 to —10, the cows were fed ad libitum twice daily. During the period
from day —10 to day -5, the cows were fed 120% of their previous ad libitum intake.
This pre-trial period was used to observe the amounts of ad libitum intake (Adlib, kg
DM) for each cow.

Four days before each test day, the cows were fed, restrictively, 84% of their Adlib
intake. On each day from day —4 to day -2, the allocated feed was divided into two
meals.

Test days. On both day —1 and on the test day, the feed given was from the same bale.
The cows were given three test meals, 14% of their anticipated DMI being offered at the
start of each test meal. At 15:30, an additional 42% of DMI was given to the cows.
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Test meals. Each test meal was of 1 h duration. The three periods commenced at 09:30,
11:30 and 13:30, respectively. The allotted amount of grass silage was given at the start
of each test meal. The residual silage was removed and recorded after each test meal.
The percentage eaten compared to the allocated amount (EatPro, %) was calculated as
the amount of silage eaten (kg DM) divided by the allocated amount (kg DM).

Between test days. From the day after the test day until 4 days before next test day, the
cows were fed ad libitum twice daily.

Recording of chewing

A specially designed ‘chewing halter’ (Schleisner et al., 1999), which was connected to a
computer, was placed on the cow 24 h before the start of each test day. This monitored
the individual jaw movements before and during the test day. The same chewing halter
was always used on the same cow.

The jaw movements were recorded continuously from 09:00 to 15:00. Jaw movements
produced pressure oscillations (PO) in a water filled tube placed around the mouth. A
pressure transducer recorded the PO. The signals were digitized and sampled at 20 Hz to
identify the time and amplitude of each jaw movement (Schleisner et al., 1999).

The time spent eating during each test meal (Ptime.,) (min) was observed visually.
The actual effective time spent chewing while eating (Eptime,,) (min) was corrected
for breaks of more than 4 s without any jaw movement. These values were then related
to the actual DM intake (kg) at the respective test meal.

The daily total number of jaw movements recorded while eating (JM,,,) was used to
estimate the effective rate of JMca ((JMear) as JMeu/ Eptime, (JM/min).

The number of rumination periods during a test day (N,.,), the time spent
ruminating (Ptime,,,), and the daily total number of jaw movements while ruminating
(JM,,,) were identified on the basis of plots of the pattern of jaw movements, as
described by Schleisner and colleagues (1999). The effective time spent chewing during
rumination (Eptime,,,,) was calculated as Ptime,,,, minus the sum of the intercycle
times, this being the pause without jaw movements from swallowing a bolus until the
next bolus was regurgitated. The effective rate of IM ., (JM,ym) (jaw movement/min)
during rumination was estimated as JM,,,,/ Eptime .

Because only two cows were used in this experiment, the results are presented
graphically (GraphPad Prism®, GraphPad Software, Inc., San Diego, CA, USA). They
are expressed as the overall mean values & SD, unless otherwise stated.

RESULTS

Free calcium

The average values of Ca obtained from the two cows are shown in Figure 1. A steady
state of hypocalcaemia was reached approximately 3 h after the beginning of infusion
with Na,EDTA. Because of this, the desired gCa levels were not present during the first
test meal on treatments T2 and T3.
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Figure 1. Plasma gCa in two cows during intravenous infusion with either physiological saline
(A, treatment T1), or 5% Na,EDTA, to achieve a plasma gCa value of 0.8 (Hl, treatment T2)
or 0.6 mmol/L (@, treatment T3), respectively. A: first test meal (from 09:30 to 10:30); B:
second test meal (from 11:30 to 12:30); C: third test meal (from 13:30 to 14:30). Each point
represents the overall mean of all duplicate measurements taken at that minute. Vertical bars
are SEM

Feed intake

Both cows showed normal eating behaviour and ate their allocated silage on the day
before each test day. The chemical composition of the grass silage is shown in Table L.

The EatPro values in relation to the overall mean of gCa during the individual test
meal are shown in Figure 2. The EatPro value decreased almost linearly with
decreasing pCa between 0.9 and 0.6 mmol/L. On treatment T3, only cow 287 ate
during the first TM (EatPro = 73%). The relationship between Ptime,,, and EPtime,,,
per kg DM intake was related to T1 and T2 (Figure 3). The observed Ptime,, and
EPtime,,; on T3 were 17 and 15 min/kg DM, respectively.

Chewing activity

The mean values for JJM,,; were 74+ 3.3 on treatment T1 and 66+ 8.6 on treatment
T2 for both cows. On treatment T3, cow 287 had an .JM,,, of 62.

During T1, cows 287 and 817 were seen to ruminate 4 and 3 times, respectively. On
treatment T2, cow 287 ruminated three times but cow 817 ruminated only once. Only
cow 287 ruminated once on treatment T3.

The average Ptime,, value for T1 was 21 +9 min. For T2, the average Ptime,,,, was
10 4+ 6 min, while for T3 the only rumination period observed had a Ptime,, of 6 min.

Eptime,,, averaged 18 4+ 8 min on the control test days and 9 +4 min during T2; cow
287 had an Eptime,,, of 6 min during T3.

The effective rates of jaw movements during rumination period, .JM,,m, are shown
in Figure 4.
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TABLE I

Chemical composition, fermentation characteristics and in vitro OM digestibility (IVOMD) of
grass silage

Dry matter (%) 41
DM basis:
OM (%) 90
Crude protein (N x 6.25) (%) 19.9
Crude fat (%) 3.6
Crude fibre (%) 23.1
NDF (%) 38.4
ADF (%) 25.5
Ca (%) 0.73
P (%) 0.43
IVOMD (%) 72
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Figure 2. The impact of gCa on feed intake, expressed as the percentage intake of the allocated
amount fed (EatPro) in two dairy cows. Free calcium is the average of duplicates (mmol/L)
obtained during the specific test meal (TM) shown; horizontal bars are SEM. l, treatment T1
(the control test day, TM = 6). A, treatment T2 (TM = 6). @, treatment T3 (TM = 6)
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Figure 3. White columns: eating time (Ptime,,,) (min/kg DM). Black columns: effective eating
time (EPtime.,,) (min/kg DM). T1, infusion with saline during 7 h to mimic normocalcaemia;
T2, infusion with Na,EDTA (attempted gCa = 0.8 mmol/L) during 7 h; T3, infusion with
Na,EDTA (attempted gCa = 0.6 mmol/L) during 7 h. Regular JM,,, dates were only recorded
for cow 287 during treatment T3. Vertical bars are SEM
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Figure 4. Frequency of jaw movements during the effective rumination time (.JM,,m) and the
number of rumination periods (N,.,,) during different test days. Vertical bars are SEM
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DISCUSSION
Induced SCHC

Inducing hypocalcaemia by intravenous infusions of Na,EDTA in dairy cows is a well
known and accepted method for use in research (Fenwick and Daniel, 1990; Jorgensen
et al., 1999). Desmecht and colleagues (1995) observed that the sodium salt used in
combination with EDTA can create a slight change in the acid—base balance towards
acidosis in calves. In this study, the possible effect of the sodium salt was not
considered important, because any slight acidosis was thought to be counteracted by
the use of frequent determination of blood plasma gCa as the overall regulator of the
infusion of Na,EDTA.

Two animals completed all the test days. Similar results were achieved with a third
cow but, owing to non-specific illness and reduced feed intake on its control test day,
this cow was excluded. Despite this drawback, the use of only two cows may be
justified by reason of the similar responses during treatments. Intensive surveillance as
well as frequent gCa determinations during test days excluded the use of many
experimental animals in this study.

Feed intake

A reduced feed intake in dairy cows might predispose them to production diseases,
such as fatty liver (Bertics et al., 1992). A diminished feed intake should therefore be
avoided in the calving dairy cow, if possible.

In this study, the cows ate the allocated silage before each test day as well as during
the control test day T1 (EatPro = 100%), even though they were bled three times during
each test meal on those days.

The pronounced reduction in feed intake, following the lowering of plasma gCa
concentrations by treatments T2 and T3, implied that feed intake was sensitive to the
decline in plasma gCa concentration, thereby supporting the findings of Marquardt
and colleagues (1977). The reduced feed intake was recognizable at Ca concentrations
below 0.9 mmol/L, before the cows had developed other signs of hypocalcaemia. The
cows remained without signs of hypocalcaemia during treatment T2, when a reduction
in EatPro values of about 25% was recorded.

A marked decrease in feed intake occurred between 0.9 and 0.75 mmol/L gCa
(Figure 2). Indeed, feed intake (EatPro) approached zero when Ca came close to 0.6
mmol/L. These observations indicate that hypocalcaemia may contribute to the
reduction in feed intake pre partum observed by Bertics and colleagues (1992) and
others. In our study, the cows did not show other signs of hypocalcaemia, apart from
the decrease in feed intake and an apparent general depression on treatment T3.

The observed decrease in feed intake in our study, when the gCa of the cows was in
the range 0.7-0.9 mmol/L, may be compared to the first signs in clinically hypocalcae-
mic cows with similar calcium concentrations, as observed by Larsson and colleagues
(1983). As observed in this study, the abrupt cessation in feed intake at an Ca of about
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0.6 mmol/L could mimic the description of severe hypocalcaemia, in which appetite,
ruminal contractions and defecation are all absent (Larsson et al., 1983). Their tests
were, however, performed on dairy cows with spontaneous, clinically diagnosed milk
fever, whereas hypocalcaemia was confirmed in only 84% of these cases (Larsson et al.,
1983).

It may be questioned whether a reduction in feed intake of ‘only’ 25% will be spotted
by herdsmen, when cows appear otherwise clinically unaffected. A more pronounced
reduction in feed intake of, for example, 50% is more likely to be noticed, even in the
standing, non-paretic cow.

The observations from this study showed that, with a reduced concentration of Ca,
the mean eating time (Ptime,,,) (min/kg DMI) was prolonged, but the mean effective
time spent chewing during eating (EPtime.,) (min/kg DMI) did not differ between
eucalcaemia (treatment T1) and an induced SCHC of approximately 0.8 mmol/L gCa
(treatment T2). In other words, the EPtime,, values appeared to be independent of the
rCa concentration above 0.7 mmol/L. However, the single observation during feed
intake on treatment T3 indicated a prolonged Ptime.,,, as well as the prolongation of
EPtime,,, compared to the other test days (FCa = 0.88-0.67 mmol/L. This observation
may indicate that SCHC below 0.7 mmol/L gCa, which occurred after 40 min during
this test meal, was able to produce a prolonged EPtime,,,, but further studies on this
topic seem mandatory.

Rumination

The regurgitation process is highly dependent on precise and coordinated movements
between the rumen and the oesophagus (Herdt, 1997). This complicated process is
likely to be vulnerable to calcium disturbances because of the effect of hypocalcaemia
on ruminal contractions (Jergensen ef al., 1999).

The induction of two levels of hypocalcaemia resulted in a decrease in the number of
periods during which the cows ruminated (from 4 periods to 0), with a tendency
towards a shorter duration in both Ptime,,,,, and Eptime,,,, for the rumination periods
observed. These findings are supported by the observations of Brydl (1995), who noted
a reduction in rumination in dairy cows around calving, but did not relate this to the
blood calcium concentration. Hypothetically, hypocalcaemia could reduce the anti-
peristaltic oesophageal movements during regurgitation, but the rumination observed
appeared normal. The rate of jaw movements during rumination (,JM,,,) supported
this observation.

These results strongly suggest that SCHC depressed the rumination process. This
finding is in accordance with the observations of Jergensen and colleagues (1998), who
found that a gradual lowering of plasma gCa caused an initial depression in ruminal
contractions, followed by cessation of rumination and finally anorexia. However, our
clinical observations during the test days showed that the observed rumination
appeared normal. This was consistent with the observation of .JM,,,, which remained
the same during all rumination periods, irrespective of the plasma gCa values during
these periods.
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Chewing activity

The decrease in chewing movements during eating and rumination may be explained
as a result of the general depression of the cows caused by the level of induced
hypocalcaemia (Fenwick and Daniel, 1990). However, both cows showed normal
behaviour at 0.8 mmol/L Ca®*, and a general depression was not detected in the cows
on treatment T2. In contrast, a general state of depression was evident in the cows on
treatment T3, making this explanation more applicable.

Desmecht and colleagues (1995) found that the general depression seen in induced
hypocalcaemia was not directly due to the infusion with Na,EDTA but to the stage of
hypocalcaemia produced. Therefore, the observed depression in chewing during T2
may be linked to the influence of the induced SCHC. Hypothetically, this could be an
effect of SCHC on the appetite regulation centre, or an effect of Na,EDTA on the same
centre, but this cannot be deduced or denied from our experiment.

As the gCa declined from 0.9 mmol/L towards 0.6 mmol/L, the number of recorded
jaw movements declined towards zero. Whether this effect on chewing movements was
caused directly by the SCHC, or indirectly from the general depression of the cow,
cannot be decided from this experiment. It may well have been due to all factors in
combination.

The reduction in the activity of both smooth (reduced number of rumination
periods, N,,,,) and skeletal musculature (measured as the number of jaw movements)
suggests a high degree of correlation between pCa and muscle contraction. These
findings are in agreement with Bowen and colleagues (1970), who demonstrated a
reduction in skeletal neuromuscular transmission due to hypocalcaemia in dairy cows.
Our results suggest that the smooth musculature in the gastrointestinal system, which
participates in the rumination process, is more vulnerable to SCHC than the skeletal
musculature, measured as jaw movements.

The changes observed in this study suggested a linear relation between the different
test days and chewing variables during gCa levels of 0.9-0.6 mmol/L. For that reason,
it seems likely that a parturient reduction in feed intake and chewing activity might be
explained by a concomitant SCHC in the dairy cow.

ACKNOWLEDGEMENTS

Warm thanks to Professor Ib Skovgaard for critically commenting on the statistical
analyses of the data during the first version of the paper. The prompt help from
Charlotte Sonne Kristensen and Lorenzo Misciattelli, as well as the fruitful scientific
discussion with Gerda Majgaard Jensen, are also gratefully acknowledged. Adrian
Harrison is thanked for his proofreading of the manuscript.

This paper is a part of the work in a PhD study undertaken as a participant in The
Research School of Animal Production and Health (RAPH). The study was supported
by CEPROS (Research Centre for the Management of Animal Production and Health)
grant CEP97-1 and by DANIDA (Danish International Development Agency).



204

REFERENCES

AOAC (Association of Official Analytical Chemists), 1990. Official Methods of Analysis of the Association
of Official Analytical Chemists, 15th edn, (Association of Official Chemists, Washington, DC), 1, 8-19,
69, 777

Ballantine, H.T. and Herbein, JJH.P., 1991. Potentiometric determination of ionized and total calcium in
blood plasma of Holstein and Jersey cows. Journal of Dairy Science, 74, 446-449

Bertics, S.J., Grummer, R.R., Cadorniga-Valino, C. and Stoddard, E.E., 1992. Effect of prepartum dry
matter intake on liver triglyceride concentration and early lactation. Journal of Dairy Science, 75, 1914—
1922

Bowen, J.M., Blackmon, D.M. and Heavner, J.E., 1970. Neuromuscular transmission and hypocalcemic
paresis in the cow. American Journal of Veterinary Research, 31, 831-839

Brydl, E., 1995. Prevention of metabolic disorders of dairy cows by multi-phase feeding strategy during the
peripartal period. Hungarian Veterinary Journal, 50, 718-720

Christensen, R., 1996. Analysis of Variance, Design and Regression: Applied Statistical Methods, (Chapman
and Hall, London, UK), 271-279

Coppock, C.E., Noller, C.H., Wolfe, S.A., Calhan, C.J. and Baker, J.S., 1972. Effect of forage:concentrate
ratio in complete feeds fed ad libitum on feed intake prepartum and the occurrence of abomasal
displacement in dairy cows. Journal of Dairy Science, 55, 783-789

Daniel, R.C.W., 1983. Motility of the rumen and abomasum during hypocalcaemia. Canadian Journal of
Comparative Medicine, 47, 276-280

Desmecht, D.J.-M., Linden, A.S., Godeau, J.-M. and Lekeux, P.M., 1995. Experimental production of
hypocalcaemia by EDTA infusion in calves: a critical appraisal assessed from the profile of blood
chemicals and enzymes. Comparative Biochemistry and Physiology, 110A, 115-130

Endres, D.B. and Rude, R.K., 1996. Mineral and bone metabolism. In: C.A. Burtis and R. Ashwood (eds),
Tietz Fundamentals of Clinical Chemistry, 4th edn, (W.B. Saunders, Philadelphia, PA), 685-689

Fenwick, D.C. and Daniel, R.C.W., 1990. A comparison between the main clinical signs of milk fever in
cows with those of hypocalcaemia induced by Na,EDTA solution. Journal of Veterinary Medicine,
Series A, 37, 721-728

Goff, J.P. and Horst, R., 1997. Physiological changes at parturition and their relationship to metabolic
disorders. Journal of Dairy Science, 80, 1260-1268.

GraphPad Software, Inc., 5755 Oberlin Drive, 110 San Diego, CA 92121, USA. Homepage: http://
www.graphpad.com

Grummer, R.R., Bertics, S.J., LaCount, D.W., Snow, J.A., Dentine, M.R. and Stauffacher, R.H., 1990.
Estrogen induction of fatty liver in dairy cattle. Journal of Dairy Science, 73, 1537-1543

Hansen, S.S., Jensen, A.L. and Jorgensen, R.J., 2000. Evaluation of a transportable [Ca**] and pH analyser
and of the impact of different anticoagulants and sampling sites in cattle. Journal of Veterinary
Medicine, Series A, 47, 541-551

Hansen, S.S., Mellau, L.S.B., Jorgensen, R.J., Enemark, J.D., Norgaard, P. and Pedersen, C., 2001.
Induction of hypocalcaemia clamps attempted by controlled infusion with Na,EDTA in dairy cows.
In: Meeting Documents from Abildgaard Symposium, The Abildgaard Foundation at KVL and The
Danish Agricultural and Veterinary Research Council. 16-17 August, Copenhagen, Denmark, 201-
202

Herdt, T., 1997. Digestion: The fermentative processes. In: J.G. Cunningham (ed.), Textbook of Veterinary
Physiology, (W.B. Saunders, Philadelphia), 331-359

Hove, K., 1986. Cyclic changes in plasma calcium and the calcium homeostatic endocrine system of the
postparturient dairy cow. Journal of Dairy Science, 69, 2072-2082

Jonsson, N.N., Pepper, P.M., Daniel, R.C.W., McGowan, M.R. and Fulkerson, W., 1999. Association
between non-parturient post-partum hypocalcaemia and the interval from calving to first ovulation in
Holstein-Friesian cows. Animal Science, 68, 377-383

Jorgensen, R.J., Nyengaard, N.R., Hara, S., Enemark, J.D. and Andersen, P.H., 1998. Rumen motility
during induced hyper- and hypocalcaemia. Acta Veterinaria Scandinavica, 39, 331-338

Jorgensen, R.J., Nyengaard, N.R., Daniel, R.C.W., Mellau, L.S.B. and Enemark, J.M., 1999. Induced
hypocalcaemia by Na,EDTA infusion. A review. Journal of Veterinary Medicine, Series A, 46, 389—407

Kamgarpour, R., Daniel, R.C.W., Fenwick, D.C., McGuigan, K. and Murphy, G., 1999. Post partum
subclinical hypocalcaemia and effects on ovarian function and uterine involution in a dairy herd. The
Veterinary Journal, 158, 59-67

King, R.D., 1984. Developments in Food Analysis Techniques, vol. 1 (Applied Science, London), 293-314



205

Kvart, C. and Larsson, L., 1978. Studies on ionized calcium in serum and plasma from normal cows. Its
relation to total serum calcium and the effects of sample storing. Acta Veterinaria Scandinavica, 19,
487-496

Kvart, C., Larsson, L. and Bjorsell, A., 1980. Influence of an electrode change on reference values for cow
serum ionized calcium. Acta Veterinaria Scandinavica, 21, 454-456

Kvart, C., Bjorsell, K.A. and Larsson, L., 1982. Parturient paresis in the cow. Serum ionized calcium
concentrations before and after treatment with different calcium solutions — classification of different
degrees of hypo- and hypercalcemia. Acta Veterinaria Scandinavica, 32, 184-196

Larsson, L., Bjorsell, K.A., Kvart, C. and Ohman, S., 1983. Clinical signs and serum ionized calcium in
parturient paretic cows. Zentalblatt fiir Veterindrmedicine, reihe A, 30, 401-409

Lincoln, S.D. and Lane, V.M., 1990. Serum ionized calcium concentration in clinically normal dairy cattle,
and changes associated with calcium abnormalities. Journal of American Veterinary Medical Associa-
tion, 197, 1471-1474

Marquardt, J.P., Horst, R.L. and Jorgensen, N.A., 1977. Effect of parity on dry matter intake at parturition
in dairy cattle. Journal of Dairy Science, 60, 929-934

McKay, B., 1994. Subclinical hypocalcaemia: a possible affect on fertility. In: Proceedings of the 11th
seminar for the Society of Dairy Cattle Veterinarians of the New Zealand Veterinary Association,
Queenstown, New Zealand, 89-98

Oetzel, G., 1996. Improving reproductive performance in dairy cattle via milk fever prevention. The Bovine
Proceedings, 28, 52-59

Oetzel, G. and Berger, L.L., 1985. Protein-energy malnutrition in domestic ruminants. Part 1. Predisposing
factors and pathophysiology. Compendium on Continuing Education, 7, 672-679

Schleisner, C., Norgaard, P. and Hansen, H.H., 1999. Discriminant analysis of patterns of jaw movements
during rumination and eating in a cow. Acta Agriculturae Scandinavica, Section A, Animal Science, 49,
251-259

Studer, V.A., Grummer, R.R., Bertics, S.J. and Reynolds, C.K., 1993. Effect of prepartum propylene glycol
administration on periparturient fatty liver in dairy cows. Journal of Dairy Science, 76, 2931-2939

Stuffins, C.B., 1967. The determination of phosphate and calcium in feeding stuffs. The Analyst, 92, 107-
111

Tecator, 1978. Determination of crude fibre in some feed and food samples by using the fibertec system and
Wende method. Application Note 1. Tecator AB, Box 70, S-26301 Hoganzs, Sweden

Tilley, JM.A. and Terry, R.A., 1963. A two-stage technique for the in vitro digestion of forage crops.
Journal of the British Grassland Society, 18, 104-111

Van Soest, P.J., 1963. Use of detergents in the analysis of fibrous feeds. Journal of the Association of Official
Agricultural Chemists, 46, 825-835

Vasquez-Anon, M.S., Bertics, S., Luck, M. and Grummer, R.R., 1994. Prepartum liver triglyceride and
plasma metabolites in dairy cows. Journal of Dairy Science, 77, 1521-1528

(Accepted: 29 August 2002)



