








Cyclic fluctuations in acetone concentrations in dairy cows
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FIG. 1 Changes in acetone concentrations in milk from individual quarters of six clinically healthy Friesian dairy cows. Udder quarters
are symbolized as follows: *—right front, o —right hind, a —left-front, v—left hind
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FIG. 2 Changes in acetone concentrations in blood (4) and milk averaged over four quarters (o) from six clinically healthy Friesian

dairy cows
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Cyclic fluctuations in acetone concentrations in dairy cows

for use in acetone determination is selected. Milk ke-
tones are approximately half as concentrated as blood
ketones (Schultz & Myers 1959). Ketone body con-
centrations in urine are up to four times higher than
those in milk (Schultz 1971).

The average throughput of the headspace gas-chro-
matography method was 9,6 samples/h, and there
were no samples with acetone concentrations below
the method’s limit of quantitation (Winterbach & Apps
1991). Marstorp, Anfalt & Andersson’s (1983) flow-
injection analysis handles up to 300 samples/h, but
its lower detection limit, at four times noise (i.e. a
coefficient of variation of 25 %) is 0,58 mg/100 mi.
This would have been too high to trace the day-to-
day variations in cows 972, 999, 1215 and 1595,
rendering the method unsuitable for monitoring the
metabolism of healthy cows. The upper concen-
tration limit of the flow injection method is 29 mg/100
m{, which is below the maximum of 40-50 mg/100
m{ reached in clinical ketosis (Thin & Robertson
1953).

How frequently a quarter's acetone concentration
had a particular rank in relation to the concentration
from the other three quarters was tested by Chi-
squared. The null hypothesis was that the chance
of a quarter having a particulare rank was 0,25. In
only one of the cows (cow 1631) (x° = 25,5, d.f. =
9, P = 0,002) did one quarter consistently deliver
milk with an acetone concentration higher or lower
than that of milk from the othe 1ree. Consequently,
in an ANOVA to test the significance of day-to-day
variation against inter-quarter variation, "quarter" was
replaced as a factor by that quarter’s rank in relation
to the other three on the same day. The ANOVA
showed that in only one cow (cow 972) differences
between quarters were significantly large compared
to day-to-day variation (F = 3,068, P = 0,034) (see
Fig. 1). It would therefore be possible to monitor a
cow’s metabolic status accurately from a pooled milk
sample because, in addition, each cow’s guarters
were synchronized in their changes in acetone con-
centration, and the mean acetone concentration be-
tween gquarters was closely correlated with blood
acetone concentration.

The headspace method’s lower detection limit in
relation to sample concentration, its ability to track
daily changes in ketone concentration (Fig. 1) and its
rate of sample throughput combine with the possibility
of pooling milk from the four quarters of a single cow
to make it a powerful method for monitoring normal
and subclinical ketone concentrations in dairy cows.
If the new method had not been sensitive or precise
enough to monitor daily changes in acetone concen-
tration, the data would not have shown the synchro-
nized fluctuations in acetone concentration between
guarters and between cows, or the close relationship
between blood and milk ketone levels.
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Aithough the acetone concentrations in milk some-
times exceeded the expected threshold for clinical
ketosis of 2-4 mg/100 m{ (Schultz & Myers 1959,
Emery et al. 1964; Andersson 1984), the cows did
not show clinical symptoms—perhaps because the
peaks of acetone concentration were of short duration.

The correlation between milk and blood acetoacetate
plus acetone (0,967) found in this study, is closer than
the 0,87 found by Schultz & Myers (1959) and the
0,615 found by Andersson & Lundstrém (1984), and
very similar to the 0,974 found by Andersson (1984),
probably due to improvements in analytical precision.
With such close correlations, milk acetone concentra-
tions provide a very accurate measure of ketone con-
centrations in blood (Andersson 1984; Andersson &
Lundstrém 1984). The correlation between the ke-
tone concentrations in milk and blood is considerably
closer than that of 0,5115 between urine and blood
(Knodt et al. 1942). The acetone concentration in milk
samples therefore provides a more precise measure
of blood ketones than that in urine samples. Milk
samples are also much easier to collect than urine
samples.

The close linear regression of the milk-blood differ-
ence in acetone concentration on the biood acetone
concentration confirms that the diffusion coefficient of
acetone from blood to milk is not affected by acetone
concentration—at least up to concentrations character-
istic of subclinical ketosis. The single outlier from cow
1200 lies at the highest acetone concentration meas-
ured in this study, and could represent a change in
the properties of the blood-milk barrier, or the pro-
duction and secretion of acetoacetate by the udder
(Kronfeld, Raggi & Ramberg 1968; Schwalm, Water-
man, Sho & Schultz 1972). This is consistent with
the results of Andersson & Lundstrom (1984) and
Andersson (1984) which suggest that acetone is the
only ketone body that diffuses passively from blood
to milk. The secretory epithelium uses 3-hydroxy-
butyrate (Palmquist, Davis, Brown & Sachan 1969)
and, in rats, acetoacetate (Williamson, Mc Keown &
llic 1974) as metabolic substrates, and may produce
acetoacetate in ketotic cows (Kronfeld et al. 1968,
Schwalm et al. 1972). This study confirms the finding
of Andersson & Lundstrom (1984) that the determina-
tion of acetone and acetoacetate together as acetone
is both practical and informative.

Udder health

White & Rattray (1968) showed that, in vitro, aceto-
acetate at 10 mg/100 m¢ reduced the ability of leuco-
cytes to slow the growth of pathogens in milk. At
such a ketone concentration a cow would be clini-
cally ketotic, which suggests a relationship between
clininq| ketosis and udder health. In this study the
¢ .. and acetone concentrations found in healthy
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handling would be expected to produce synchronized
changes, though not necessarily on a regular cycle,
but none of the management factors affecting the
herd had a 10-d period. There was some synchrony
of oestrous cycles; cows 972 and 999 were artificially
inseminated on the same day (14 July 1989, day 59
of the trial), as were cows 1200 and 1631 (21 Sep-
tember 1989, after the end of the trial) (Table 1).

There is no known cyclic fluctuation of about 10 d in
dairy cow physiology. A cow’s oestrous cycle lasts
21 d, and is divided equally between the follicular
and the luteal phases. A 10-d cycle of acetone con-
centration could arise if aceton :oncentrations rose
(or fell) during each change between phases. The
link between acetone and hoi  one cycles is given
some support by there being a peak in acetone on
day 58, 1 d before cows 972 and 999 were artificially
inseminated.

A 10-d cycle in milk or blood acetone concentrations
has not previously been detected and, if the cycle
is real, it has very important implications for dairy
cow physiology and susceptibility to disease. At the
very least, peaks in acetone concentration would con-
found the interpretation of weekly test resulits in pre-
ventive monitoring (Emery et al. 1968). The need to
confirm the existence of such a cycle in a larger sam-
ple of cows, and the need to identify its causes and
consequences, are compelling reasons for further
work in this area.
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