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Introduction 

Halse. K. and B. Tveit: Prefeeding plasma acetoacetate and glucose in healthy, lactat­
ing heifers. Variations related to milk yield, metabolic balances and stage of lactation. 
Acta vet. scand. 1994, 35, 243-255. - When measured before morning feeding plasma 
acetoacetate (ACAC) increased and glucose (GL) decreased significantly with increas­
ing milk yield (fat corrected, FCM) within 2 groups of half-sister related heifers which 
did not suffer from clinical ketosis. The groups received respectively A: 7 kg and B: 4 
kg/d of concentrates in addition to grass silage ad libitum (each group 88 animals). 
Correlation coefficients of the same magnitude between the 3 variables mentioned 
were obtained in the 1st and 3rd month of lactation in spite of a narrowing of the 
ACAC range from 0.024 - 0.66 to 0.019 - 0.16 mmol/J. Reproducibility of differences 
between animals in milk yield and in the plasma components was evidenced by signi­
ficant correlations between measurements in the 1st and 3rd month. The B-animals 
produced 2.4 kg/d less FCM than the better fed A group (A, 1st month oflactation 19.8 
± 3.1 kg/d) while the mean values for ACAC and GL remained practically unaffected 
by the difference in feeding. B cows gave consistently 5-6 % lower GL means (p< 0.01) 
than A animals with identical yields. 
Animals which showed marked ACAC increment during the first 5-6 weeks of lacta­
tion produced 3-4 kg more FCM/d than equally fed animals with constantly low ACAC 
levels. The estimated energy deficit of this ketonaemic, high-producing category corre­
sponded to the production of 4.5 - 6 kg FCM/d from body reserves. Low ACAC values 
( <0.05 mmol/I) were reproduced with a standard deviation of ± 4% with the automated 
nitroprusside method described. 

cows; primiparous; early lactation; non-ketotic; constant concentrate rations; under" 
feeding; correlations; milk yield; ketone maxima; post-parturient timing. 

Cows receiving their food rations in 2 meals 
per day, with limited access to food during the 
night, show marked diurnal variations in 
blood metabolite levels (Radloff et al. 1966, 
Hove & Blom 1973, Blum et al. 1985, Sutton et 
al. 1988, Borrebcek et al. 1990, Cisse et al. 
1991). During the first hours after a meal it is 
typical for blood ketones to increase and 

blood sugar to decrease. Minima in ketone 
bodies and maxima in glucose observed when 
the animals are hungry before morning feed­
ing, coincide with diurnal maxima in the level 
of non-esterified fatty acids (NEFA). Bowden 
(1971) considered the time of day of sampling 
to be important in attempts to use blood 
NEFA and ketone bodies as indicators of the 
nutritional status of ruminants. 
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There are good reasons to believe that blood 
metabolite levels measured before morning 
feeding are particularly informative. The 
metabolic effects of variations in the whole­
day energy balance must be easier to detect in 
the morning when digestion in the rumen is at 
a diurnal minimum, than during peak hours of 
absorption of fermentation products after a 
meal. Hove's (1974) studies of prefeeding in­
sulin-glucose interrelations provided early ev­
idence of the advantage of eliminating meal 
effects as sources of variation. Positive corre­
lations between the 2 parameters observed 
before a meal can be obscured by inversely re­
lated variations after feeding (Hove & Blom 
1973. Borrebi:ek et al. 1990). When sampled 
before morning feeding at stages of lactation 
when they are not susceptible to clinical keto­
sis, most cows have plasma acetoacetate levels 
below 0.05 - 0.06 mmol/l, giving mean and SD 
0.025 ± 0.01 mmol/l (Halse et al. 1983 a. Rop­
stad et al. 1989). The mentioned figures define 
a minimum range for prefeeding acetoacetate 
which can be used as a reference in studies of 
factors affecting the ketone metabolism dur­
ing lactation. The metabolic significance of 
moderate variations in prefeeding acetoace­
tate is shown by the fact that small increments 
to levels above the mimimum range (> 0.05 
mmol/l) are associated with detectable 
changes in the means for other parameters: 
decreases in plasma glucose (Halse et al. 1983 
a), increments in plasma NEFA (Dale et al. 
1979) and in the contents of long-chain fatty 
acids in milk fat (Halse et al. 1983 b), de­
creases in plasma corticosteroids (Blom & 
Halse 1975) and in plasma thyroxine (Ropstad 
et al. 1989). Similarly, small decreases in pre­
feeding plasma glucose within a normal range 
were found to be accompanied by significant 
decreases in insulin (Hove 1974). In the 
present article an attempt is made to provide 
further information concerning the signifi-
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cance of prefeeding acetoacetate and glucose 
as metabolic indicators in normal animals by 
studying relations to milk yield in healthy 
heifers. 

Materials and methods 
Observations are pooled from 3 identically 
designed experiments with about 60 individu­
ally fed heifers per year in 1981182, 83/84 and 
85/86 at the Department of Animal Science, 
the Agricultural University of Norway. Identi­
cally planned feeding experiments were per­
formed with the same number of animals each 
year for 8 years (1978-86). During this long 
period as many as 6% of the animals were 
treated for ketosis. In a previous article 
(Malmstr¢m et al. 1987) it was shown that 
large year-to-year variations in the incidence 
of the disease could be explained by differ­
ences in the quality of the grass silage used. In 
3 of the years no cases of clinical ketosis were 
recorded, and findings from these years are 
discussed separately in the present article. 

Animals 
Animals were of the Norwegian Red breed, 
selected in about equal numbers as daughters 
of the same 20 sires each year. They calved 
while indoor-fed in the period from the sec­
ond half of August to early in December at 
about 2 years of age. 

Feeding 
Two half-sister related feeding groups with 
equal numbers of animals and approximately 
equally timed calving dates were established 
from the beginning of the indoor-feeding pe­
riod. Concentrate rations were kept constant 
irrespective of milk yields, the »normal« A 
group receiving respectively 6 and 7 kg per 
day in the first and following 3 months of lac­
tation, while the »low« B group consistently 
received 3 kg/d less. The rations were in-
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creased gradually from 1 to 5 kg/d in group A 
and from 1 to 3 kg in group B during the last 4 
weeks before parturition. Both groups re­
ceived 1 kg of hay/d. Grass silage preserved 
with formic acid was provided ad libitum. Of­
fered and unconsumed amounts were 
weighed for each individual 4 days per week. 
The average consumption of silage dry matter 
in the 4th week of lactation was about 7.5 kg/d 
in the A group and 8.5 kg/din the low-concen­
trate B group both in 1981/82 and 1985/86. For 
unknown reasons figures as low as A: 6.3 and 
B: 7.0 kg/d were obtained in 83/84. From the 
4th to the 12th week post partum silage con­
sumption either decreased moderately (by 5-
10%) or remained practically constant (in 
83/84). Appetite differences between individ­
uals were indicated by standard deviations of 
the silage dry matter intake amounting to 
about ± 1 kg/d. 
The animals were fed and milked at 6 a.m. and 
at about 3 p.m. By assuming medium quality 
of the ingested feeds it was found that the an­
imals received feed units in excess of require­
ments for maintenance and body growth of 
heifers corresponding to A: 17 and 18.3 and B: 
12.7 and 14 kg FCM/d, respectively, in the 4th 
and 12th week of lactation. 

Yield 
Milk yields (kg/d) and milk fat (%) were de­
termined once per week. 

Blood plasma 
Blood plasma was produced by centrifugation 
of fresh blood drawn with heparinized vac­
utainers from the jugular vein before feeding 
in the morning. To preserve acetoacetate the 
plasma were stored in plastic tubes in liquid 
nitrogen or in a deep-freezer at -80°C. 
Plasma samples were taken weekly during the 
first 8 weeks of lactation and, thereafter, at 
more irregular intervals. 

Analyses 
As in previous studies (Blom & Halse 1975. 
Borreba:k et al. 1990) automated photometric 
methods (Autoanalyser II) were used for the 
determination of plasma glucose, ferricyanide 
reduction in phosphate buffer at pH 12, and of 
acetoacetate by the nitroprusside colour reac­
tion in 2 mol/l ethanolamine at pH 10. 
The automated acetoacetate method de­
scribed by Klein & Oklander (1966) was mod­
ified by the introduction of dialysis technique. 
In this way errors due to accidental traces of 
hemoglobin were eliminated. Without dialysis 
barely visible concentrations of hemoglobin 
in plasma could cause 100 % errors at low lev­
els of acetoacetate. The sensivity of the colour 
reaction was increased by the use of ethanola­
mine buffer and by ice-cooling of the reaction 
mixture. The photometric noise level was re­
duced by using a three-point system for the in­
jection of nitroprusside solution into the re­
agent stream from the dialyzer. Reanalysis of 
plasma after storage for a couple of days at -
80°C gave a standard deviation of ±4.2 per 
cent when acetoacetate was as low as < 0.05 
mmol/l. After prolonged storage: (6-12 
months) recoveries at 2 acetoacetate levels 
were: 101.6 ± 4.3% (0.06 mmol/l, n=32) and 
99.1 ± 6.1 % ( 0.22 mmol/l, n = 73). In com­
parison the decay of acetoacetate in plasma at 
0 - 5°C was found to be about 4% per day. 
Acetoacetate standards, 0.03 - 2.0 mmol/l, 
were prepared from 10 mmol/I stock solutions 
(ethyl acetoacetate hydrolyzed with NaOH) 
kept at -80°C. Practically constant absorptiv­
ity values were obtained within the range 
from < 0.1 to 1.5 - 2 mmol/l. Analytical values 
with nitroprusside were about 5% above the 
enzymatically determined level (Williamson 
& Mel/anby 1974) in the range 0.4 - 1.7 
mmol/l. Larger discrepancies at lower ace­
toacetate levels appeared due to inaccuracies 
of the enzymatic method (inaccurate meas-
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Table 1. Fat corrected milk yields (FCM, kg/day), 
acetoacetate (ACAC) and glucose (GL) in blood 
plasma (mmol/l). Means ± standard deviations. 
Subscripts 1 or 3 denote month of lactation. 

Parameter Group A GroupB Group 
n1 =88 difference 

n1=n3=88 n3 = fr7 !-test 

FCM1 19.77±3.09 17.33±2.88 <0.001 

FCM3 19.03±2.51 16.67±2.30 <0.001 

ACAC1 0.072±0.068 0.085±0.104 not sign. 
Range (0.024-0.440) (0.024-0.660) 

ACAC3 0.036±0.018 0.034±0.018 not sign. 
range (0.019-0.082) (0.019-0.160) 

GLl 4.23±0.28 4.12±0.23 <0.01 

GL3 4.33±0.23 4.23±0.24 <0.01 

Differences between 1st and 3rd month, 
acetoacetate: P<0.001 , glucose: P<0.01, t-test. 

urements of small decreases in NADH). 
Otherwise, the specificity of the nitroprusside 
method was indicated indirectly by a correla­
tion coefficient as high as r=+0.89 to enzymat­
ically measured 3-0H-butyrate (Borrebtek et 
al. 1990), the quotient between the 2 ketone 
bodies increasing from 1:10 to about 1:4 when 

acetoacetate was elevated from <0.05 to 1.4 
mmol/l. 
Statistical evaluations were carried out ac­
cording to Fisher (1970). 

Results 
First and 3rd month plasma values discussed 
statistically in Table 1-3, were estimated at by 
calculating individual means for observations 
from, respectively, the 2nd to 5th week and 
7th to 13th week post partum. 
Table 1 shows that nearly identical acetoace­
tate means were obtained in the A and B 
groups in spite of different feeding levels ap­
parently leading to a yield difference of2.4 kg 
FCM/d. With the large number of animals, a 
very moderate lowering of the glucose mean 
in the B group was statistically significant. 
Metabolic stabilization from the 1st to the 3rd 
month was indicated by narrowing of ranges 
and decreasing averages for acetoacetate. Si­
multaneous small, but significant increments 
in glucose could be due to an antiketogenic 
improvement in the availability of carbohy­
drates in the 3rd month. The accompanying 
decrease in FCM (0.6 - 0.7 kg/d) was much 
smaller than the FCM group difference. 

Table 2. Plasma acetoacetate, standard deviation (SD) of observations in Fig. 2 related to milk yield. Ob­
tained from pooled sums of squares and degrees of freedom from within 2 kg milk intervals. Number of obser­
vations in brackets. 

Fat corrected SDinmmol/l Variance test, 
milk, kg/d First month Third month A against B 
Interval Group Group Group Group First Third 
means A B A B month month 

13, 15 and 17 ±0.006• ±0.06!• ±0.004• 0.010• <0.001 <0.001 
(24) (51) (29) (62) 

19 ±0.021b ±0.13lb ±0.019b ±0.031b <0.001 <0.05 
(24) (19) (26) (21) 

21, 23 and26 ±0.084c ±0.146b ±0.018b ±0.017b <0.01 not sign 
(40) (18) (33) ( 4) 

Statistical significance within groups indicated by different letters (variance tests, p<0.01or0.001). 
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Table 3. Correlation coefficients within feeding groups A and B, within months of lactation (1 and 3) and 
between measurements from the two months. Acetoacetate (ACAC), glucose (GL), fat corrected milk (FCM). 

Variables Group A GroupB Variables Group A GroupB 

ACAC/FCM1 +0.51 +0.29 ACAC/GL1 -0.54 -0.60 
log ACAC/FCM1 +0.66 +0.42 ACAC/GL3 -0.55 -0.25 
ACAC/FCM3 +0.45 +0.36 FCM/FCM3 +0.82 +0.79 

+0.56 +0.34 ACAC/ACAC3 +0.39 +0.31 
GL1/FCM1 -0.49 -0.43 GL/GL3 +0.65 +0.58 
GL1/FCM3 -0.43 -0.40 

-0.44 -0.49 

With 85 (A) or 86 (B) degrees of freedom, 
(r] > 0.35: p < 0.001, [r] > 0.28: p < 0.01, [r] > 0.21: p < 0.05. 

The frequency curves in Fig.l show the num­
bers of observations from which metabolite 
means in Fig. 2 were calculated. Widely vary­
ing milk yields were approximately normally 
distributed. According to Fig. 2 acetoactate 
increased, and glucose decreased with in­
creasing levels of FCM. These yield effects, 
mainly associated with FCM increments 
above the means in Table l, were discernible 
even within the narrow actetoacetate ranges 
of the 3rd month. Within groups nearly iden-
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tical regression curves were obtained for glu­
cose at the 2 stages of the lactation cycle (Fig. 
2). An effect of low concentrate rations in the 
B group is revealed when A- and B-animals 
with the same yield are compared: B giving 
the highest acetoacetate averages in the 1st 
month (p = 0.01) and the lowest glucose levels 
(p<0.001) in both months. In Table 1 these 
group differences are partly obscured by 
lower yields in B than in A. 
Table 2 shows that the variability of acetoace-

19 21 23 25 27 

Fat corrected milk (kg/dayl 

Figure 1. Number of animals at different levels of milk yield (FCM). Comparison of groups and months of 
lactation. Mean yield in Table 1. Symbols: Full lines: Group A • 1st month, A 3rd month post partum. Broken 
lines: Group B, 0 1st month, • 3rd month post partum. 
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Figure 2. Plasma acetoacetate and glucose averages as functions of daily FCM yield. SD of acetoacetate in 
Table 2. Glucose, coefficients of variation about 5 per cent. Symbols as in Fig. l. 

tate within categories of animals with equal 
yields increased with the yield and tended to 
be higher in B than in A. 
The correlations indicated in Fig. 2 were sta­
tistically significant with r-values of the same 
magnitude in the 1st and 3rd month (Table 3). 
Higher correlation coefficients to FCM in 
both feeding groups after transformation of 
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acetoacetate to log-scale, are consistent with 
the finding of non-linear regression curves for 
acetoacetate in Fig.2. The reproducibility of 
individual differences in yield is shown by cor­
relation coefficients as high as +0.8 between 
FCM measurements in the 1st and 3rd month. 
Further, Table 3 shows that acetoacetate and 
glucose were significantly correlated even 
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Figure 3. Plasma acetoacetate and milk yield. Variations with time postpartum. Animals with constantly low 
acetoacetate in group A and B, A I (n=35 ---• ---), BI (n=31 ---0---) and with marked ketone maxima, A III 
(n=33 _ e_ ) B III (n=27 _ O_ ). 
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Figure 4. Fat corrected milk yields. Weekly averages of the same animals as in Fig. 3. Symbols as in Fig. 3. 

within the narrow acetoacetate ranges (Table 
1) of the 3rd month post partum. It should be 
added that even yield-independent variations 
in acetoacetate for which SD values are given 
in Table 2, were significantly correlated to glu­
cose with r = - 0.5 and - 0.25 (within groups) 
respectively in the 1st and 3rd month. The 
finding could not be explained by individual 
appetite variations: acetoacetate was not sig­
nificantly correlated to voluntary silage dry 
matter intake (4th week of lactation, r = -0.1, 
within groups.) 
According to Fig. 3 almost identical curves 
were obtained for time-dependent variations 
in acetoacetate in the two groups. Within each 
group about 30 animals showed acetoacetate 
levels below 0.05 mrnol/l throughout the first 
12 weeks of lactation (Category I, Fig. 3), 
while a similar number developed marked ac­
etoacetate peaks within 3-4 weeks post par-
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tum (III). Observations from animals ( II) 
with transient, moderate ketone increments 
to 0.06 - 0.07 mmol/l are not shown in the 
graph. It is remarkable that categories with 
ketone increments produced more milk than 
those with flat ketone curves, the extra yields 
(2-12 weeks) being II A and B: 1.3 kg, Ill A: 
3.8 kg, B: 3.4 kg FCM/d (Fig.4). 
The persistence of differences in milk yield 
between ketone categories during the period 
of declining ketone levels in Fig. 3 is consis­
tent with the correlations between FCM in the 
1st and 3rd month of lactation in Table 3. Con­
sistent with the correlation tests are also 0.3 
mmol/l lower glucose means in category III 
compared with I in both feeding groups. Ani­
mals from both groups developed ketone 
peaks while the uncorrected milk yield was in­
creasing (Fig. 3). Simultaneously, the milk fat 
level decreased from 4.25% in the 2nd week 
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Figure 5. Postpartum body weight variations. Averages corresponding to the within-group ketone catego­
ries defined in Fig. 3. Symbols as in Fig. 3. 

to 3.75% in the 5th week postpartum (A and 
B combined). A similar decrease was seen in 
the animals with constantly low acetocetate 
levels (I). The average fat percentage was, 
however, somewhat higher in III than in I dur­
ing this period, 4.08 versus 3.94% (p< 0.001), 
and it remained constantly higher in A than in 
B until the end of the experiment (differences 
0.14 - 0.21 %, p< 0.001). 
Due to decreasing milk fat concentrations the 
animals reached stable levels of FCM as early 
as 2-3 weeks post partum (Fig. 4), while the 
uncorrected yields were still increasing (Fig. 
3). Uncorrected milk may be the best indica­
tor of lactose production and mammary car­
bohydrate utilization, while energy expendi­
ture is logically estimated in units of FCM. By 
comparing milk yields in Fig. 4 to calculated 
feeding values of the respective diets, A:17-18 
kg, B: 13-14 kg FCM/d, it was found that ani-

mals with ketone peaks produced about 4 kg 
(A III) and 6 kg FCM/d (Biil) from body re­
serves. On the other band were AI and BI in 
approximate energy equilibrium. Declining 
yields (Fig. 4) indicate gradually improving 
energy balances during the period of decreas­
ing acetoacetate (Fig. 3). It should be noted 
that appetite variations related to differences 
in acetoacetate behaviour were not detected. 
As expected, the greatest initial weight losses 
after calving occured in the animals with ke­
tone peaks (Fig. 5). In accordance with the en­
ergy balance estimates Al gained weight con­
tinuously for 10 weeks, while the weight of the 
poorly-fed, high-yielding B animals remained 
constant after the 3rd week of lactation. The 
initial weight differences in the figure can be 
explained by the fact that on average category 
III animals were 25 days older at calving than 
category I (heifer growth rate 0.5 kg/d). 
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Discussion 
Inversely related prefeeding plasma acetoa­
ceate and glucose variations within narrow 
ranges can reflect differences in the metabolic 
condition of cattle. This is best illustrated by 
the correlations to milk yield obtained while 
the acetoacetate maximum was as low as 0.082 
mmol/l (group A, Table 1 and 3), which is only 
4% of the mean concentration in cows with 
clinical ketosis (Dale 1978). The significant 
correlations obtained between measurements 
in the 1st and 3rd month of lactation in Table 
3, show that moderately elevated ketone lev­
els can indicate high capacity for milk yield. 
The present findings should be compared to 
the demonstration by Solbu (1978) of incre­
ments in the frequency of ketosis cases in heif­
ers in the field from 6 to above 11 per cent 
when the milk yield in early lactation in­
creased from <16 to >24 kg/d. 
Since both clinical and subclinical ketoses 
(Andersson 1988) are associated with losses 
in milk yield, poorer correlations than in Ta­
ble 3 would be predictable in field studies in­
volving larger ketone variations than in the 
present material. Thus, in herds with ketosis 
problems Kauppinen (1983) found a correla­
tion coefficient of +0.26 between log blood ac­
etoacetate and approximately simultaneous 
milk yields. Findings are not directly compar­
able, however, since he took blood samples at 
random hours from the mammary vein and 
pooled observations from a wider time inter­
val post partum than in the present study. 
Mammary vein blood contains more acetoac­
etate and less 3-0H-butyrate and glucose 
than jugular blood (Halse et al. 1985). 
Ketone variations related to the capacity for 
milk production, as in the present study, were 
evidenced by a 5% higher annual milk yield 
(p< 0.01) in cows with acetoacetate maxima 
> 0.36 mmol/1, than in individuals with lower, 
»normal« maxima (Kauppinen 1984). Similar 
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yield differences between categories of cows 
with different acetone maxima in the milk 
were reported by Andersson (1988). 
As in the present study (Fig. 3) Lean et al. 
(1991) observed blood ketone peaks (3-0H -
butyrate) during the first month of lactation in 
individually fed cows while the energy bal­
ance was negative and the milk yield was in­
creasing. As shown in Fig. 3, the ketone level 
declined in the 2nd month in spite of contin­
ued underfeeding. At this stage Lean et al's 
animals were, however, gradually improving 
their feed consumption and nutritional 
balances. 
Seemingly, the relationship between the de­
gree of underfeeding and ketone metabolism 
is far from straightforward. The body weight 
curves in Fig. 5 indicate differences in the 
metabolic balance between groups and 
between categories of animals with different 
yields. In spite of this A- and B- animals 
showed practically identical metabolite 
means in Table 1. This can be explained by a 
2.4 kg/day lower milk yield and a correspond­
ingly lower mammary utilization of glucose in 
B than in A. 
The importance of this difference appears 
from the fact that at equal yields the B group 
showed lower glucose and higher and more 
variable acetoacetate concentrations than 
group A (Fig. 2 and Table 2). The yield-re­
lated carbohydrate drain by the lactating 
mammary gland must be an important factor 
affenting the margin of glucose available for 
extramammary utilization and antiketogene­
sis. Adaptation to variations in this margin 
can explain respectively the negative and pos­
itive correlations of milk yield to plasma glu­
cose and acetoacetate in Table 3. 
This interpretation is supported by experi­
ments with gluconeogenic supplements to 
cows (Halse & M¢ller 1978). Antiketogenic 
effects with doses corresponding to the 
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amount of sugar in 4 kg milk, were obtained 
within acetoacetate ranges as low as in the 
present study. In comparison it seems likely 
that an extra milk yield of 3-4 kg/d can explain 
the difference in ketone behaviour between 
categories of animals in Fig. 3. 
Postparturient ketone peaks timed approxi­
mately as in Fig. 3 have been observed both in 
the field (Mogstad & Halse 1975. Dale et al. 
1979) and in the feeding experiments of Lean 
et al. (1991). Ketone maxima were accompa­
nied by minima in blood sugar. The preva­
lence of milk samples with a positive acetone 
test trebled in the course of the first 25 days 
post partum in an extensive material studied 
by Dohoo & Martin (1984). In the following 
month it decreased regularly like the acetoac­
etate averages after the 4th week in Fig. 3. 
Cases of clinical ketosis are similarly timed ac­
cording to (i)verby et al. (1974) and Mogstad 
& Halse (1975). In a field practice 45% of all 
recorded cases ocurred between the 20th an 
30th day post partum. Thereafter, the fre­
quency decreased abruptly, and the number of 
cases after the 42nd day was as low as 10% of 
the total (Mogstad & Halse). Ketone maxima 
in early lactation in healthy cows coinciding 
with the maximum in susceptibility to clinical 
ketosis, indicate a common, physiological pat­
tern of variations in the regulation of meta­
bolic processes. The development of ketonae­
mia in Fig. 3, can be thought of as due to a Jag 
in the metabolic adaption to increasing milk 
yields, leading to progressive depletion of gly­
cogen reserves. Gradually activated glucone­
ogenesis could explain the subsequent recov­
ery. Otherwise, in a discussion of bovine 
metabolism in early lactation it should also be 
taken into account that it can take several 
weeks postpartum before cows reach maxima 
in digestive capacity (Liebich et al. 1987) and 
food consumption (Broster et al. 1978). 
Milk yield was the main factor in determining 

metabolic balances in the present study. This 
fact, and the use of a standardized sampling 
procedure, can explain the correlations 
between milk yield and plasma metabolites 
while acetoacetate was within a narrow range. 
The findings do not exclude the possibility 
that high milk yields per se, at a given level of 
energy balance, can contribute to the lability 
of ketone metabolism. In the literature nor­
mal in comparison to subclinical ketone 
ranges may be arbitrarily defined (Kauppinen 
1984). From a physiological point of view 
large variations in ketogenesis and ketone lev­
els can be regarded as normal adaptations, fa­
vouring the energy homeostasis of animals. 
Therefore, the yield-related increments in 
acetoacetate above a physiologically defined 
minimum range ( < 0.05 mmol/J) discussed in 
the present article should not be looked upon 
as »deviatons from normal«. It is believed that 
the findings which have been discussed can 
contribute to the understanding of clinical 
ketosis. It is likely that further information of 
interest in relation to the ketosis problem can 
be obtained by studying the ways in which 
metabolic processes are integrated in healthy, 
lactating cows. 
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Sammendrag 
Plasma acetoace1a1 og glucose f¢r morgenforing hos 
sunne, lakterende kviger. Variasjoner relatert ti/ mel­
keytelse, stoffskiftebalanse og laktasjonsstadium. 

Plasma acetoacetat (ACAC) og glucose (GL) mAlt 
ffi!r morgenfOring var innbyrdes negativt korrelert og 
henholdsvis positivt og negativt korrelert til FCM in­
oeo to grupper av individuelt fOrede, ketose!rie, 1. 
gangs kalvende kyr (3 forsfi!ksAr, i alt 88 dyr i hver 
gruppe). lnnen grupper ble det gitt henholdsvis A: 7 
kg og B: 4 kg kraftfllr per dag i tillegg til grassurfllr 
etter appetitt. Korrelasjonene var signifikaote bAde i 
1. og 3. laktasjonsmAned pA tross av at ACAC 
nivAene ble halvert i mellomtiden. 
Innen grupper var det signifikante korrelasjoner 
mellom mAlinger av samme variable i 1. og 3. 
laktasjonsmAned. Lavere melkeytelse (2.4 kg min­
dre) i B eon i Akan forklare at de to gruppene gav 
nesteo identiske middelverdier for ACAC og GL. 
Ved lik ytelse gav B-kyr 5-6% lavere GL eon A-kyr. 
Kyr med markerte ACAC maksima i de ffi!rste 5-6 
laktasjonsuker produserte 3-4 kg mer FCMJdag enn 
lilct forede individer med jevot lave ACAC, og de 
var i et beregnet energiunderskudd svarende Lil 4.5 -
6 kg FCMJdag. ACAC kulminerte i den periode post 
partum hvor kyr er mest utsatt for klinisk ketose. 
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