
Onderstepoort Journal of Veterinary Research, 60:247-255 (1993) 

Cyclic fluctuations in acetone concentrations 
in the blood and milk 
of clinically healthy dairy cows 

HANLIE E.K. WINTERBACH, P.J. APPS, W. GIESECKE, and INGE-MARIE PETZER 
Food Hygiene Division, Onderstepoort Veterinary Institute, Onderstepoort, 0110 South Africa 

ABSTRACT 

WINTER BACH, HAN LIE E.K., APPS, P.J., GIESECKE, W. & PETZER, INGE-MARIE 1993. Cyclic fluctu
ations in acetone concentrations in the blood and milk of clinically healthy dairy cows. Onderstepoort Journal 
of Veterinary Research , 60, 247- 255 

Milk samples were taken daily or twice weekly, and blood samples twice weekly, from six clinically healthy 
dairy cows. Acetone concentration was determined by a new headspace gas-chromatographic method 
that proved to be suitable in terms of practicality, sensitivity and precision. The concentration of acetone 
in milk was closely correlated with that in blood (r 2 = 0,967) . There was no relationship between lacteal 
acetone concentration and either somatic cell count or bacterial infection. In both blood and milk there were 
fluctuations in acetone concentration that were synchronous between the six cows. The fluctuations were 
apparently cyclic, with a period of approximately 10 d. Such fluctuations have not previously been reported. 

INTRODUCTION 

Clinical ketosis affects about 2- 15% of dairy cows in 
the United States of America and Europe (Schultz 
1974; Baird 1982; Grahn, Saloniemi & Syvajarvi 
1986). No data are available from South Africa. Bor
derline ketosis may affect as many as 50% of high
producing dairy cows (Schultz 1971; Emery, Burg, 
Brown & Blank 1964) and those with symptoms are 
probably a minority of the affected animals. Because 
it affects more cows, the total economic losses due 
to subclinical ketosis may be greater than those due 
to its clinical form. Weigt (1983) identified ketosis as 
a definite predisposing factor for coliform mastitis 
and, in an epidemiological survey, Grahn, Erb, Mc
Culloch & Saloniemi (1989) found that more diseas
es were associated with clinical ketosis than with any 
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other. Plainly, ketosis is a problem with substantial 
economic impact. 

The onset of clinical ketosis is gradual (Schulz 1971 ), 
which raises the possibility of preventive treatment 
if the pre-clinical stages can be adequately monitor
ed. Using a colorimetric test, Emery, Bell & Thomas 
(1968) established the practicality of weekly monitor
ing of milk ketone bodies, but not its utility in fore
casting and treating cases of clinical ketosis. 

A variety of assays have been used to investigate 
changes in the concentration of ketone bodies during 
lactation. Results are available for both long-term 
changes-with sampling at weekly or monthly inter
vals (Andersson 1984; Knodt, Shaw & White 1942; 
Schultz & Myers 1959)- and diurnal variations with 
4-h sampling intervals (Andersson & Lundstrom 1984). 
Curiously, day-to-day variations over periods of more 
than 2 weeks (Knodt eta/. 1942) have been neglect
ed. Mills, Beitz & Young (1 986) assayed blood beta 
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hydroxybutyrate every 3 d, but presented no time 
courses for changes in concentration. 

The aims of this study were as follows: 

• To test the suitability of a new headspace gas
chromatographic analysis of milk (Winterbach & 
Apps 1991) for routine monitoring of the meta
bolic status of dairy cows. 

• To compare the analytical variability of the meth
od with the biological variation between cows, 
and from day to day. 

• To provide data on the day-to-day changes in the 
acetone concentration of milk. 

METHODS AND MATERIALS 

Animals 

Specimens of milk and blood were obtained from six 
clinically healthy, multiparous Friesian cows from the 
Onderstepoort Veterinary Institute dairy herd. The 
cows had calved between 29 April 1989 and 16 May 
1989 (Table 1) . The herd was maintained on a zero
grazing system, with concentrates (protein 150 g/kg, 
fat 25 g/kg , fibre 90 g/kg, calcium 15 g/kg , phospho
rous 6 g/kg) supplied according to milk yield, and lu
cerne hay ad libitum. 

Sampling 

Between 17 May 1989 and 17 July 1989 milk sam
ples were taken from two of the cows (999 and 1595) 
on every working day, and at weekends if possible, 
and, with adjustments for public holidays, from the 
other four on every Monday and Friday. 

Milk samples were taken for determination of ace
tone, and for bacteriology and somatic cell counting. 
Before routine morning milking each subject's udder 
was washed with water and dried with a clean paper 
towel. Quarter samples of approximately 50 mQ of 
foremilk were drawn into glass bottles with plastic 
caps. The teats were then disinfected with a methy
lated spirits swab, and samples were taken for udder 
health examination by somatic cell counting and bac
teriology (Toole 1971 ; International Dairy Foundation 
1981a; 1981b) . If the teats are sterilized before milk 
is taken for acetone determination methanol appears 
as an interfering peak on the chromatogram (Winter
bach 1989). The cows were than machine-milked as 
usual. 

Blood samples were collected from the jugular vein 
in 1 0-mQ heparinized vacuum tubes each week on 
Monday and Friday, immediately after morning milk
ing. 

The samples were frozen at -20 ac until analysis. 
Samples were analysed by equilibrium headspace 
gas-chromatography, for acetone and acetoacetate, 
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as acetone, (Winterbach & Apps 1991 ). To eliminate 
the effects of variation in analytical sensitivity, the 
samples were analysed in an erratic order which was 
not the same as that in which they were collected . 
Analyses were completed by September 1989. 

Milk and blood samples were tested with Ketostix 
(Miles Laboratories, Stoke Pages, Slough SL2 4L Y, 
UK) according to the manufacturer's instructions. 

Data processing and statistical calculations were car
ried out using the SYSTAT and SYGRAPH software 
packages (Systat Inc., Leland, Illinois, USA) . 

RESULTS 

Acetone concentrations 

The acetone concentration in 636 milk samples and 
100 blood samples was determined. In five of the six 
cows, milk and blood acetone concentrations in the 
milk and blood samples showed marked changes with 
time (Fig . 1) . Fluctuations between the quarters of 
individual cows and between the cows were synchro
nized. In the sixth cow (cow 972) the fluctuations 
were less marked, but they were still synchronized 
with those in the rest of the group (Table 2). 

The mean of the acetone concentrations in milk from 
each of the quarters was very closely correlated with 
the acetone concentration of blood drawn from the 
same cow on the same day (Table 1) . In addition , 
fluctuations in the acetone concentration of a cow's 
milk were synchronized with equivalent fluctuations 
in the acetone concentration of her blood. Exceptions 
were milk-acetone peaks in cow 1595 on days 8 and 
18, and in cow 999 on day 18. These peaks were 
preceded by 1 d by peaks in blood acetone (Fig. 2) . 

The ratio of acetone concentration in milk to that in 
blood, had a maximum of 1 ,656, a minimum of 0,114 
and a mean of 0,481 ± 0,277 S.D. 

The difference between the concentration of acetone 
in blood and milk samples was very closely correlat
ed to the acetone concentration in blood , with the 
exception of a single outlying point for cow 1200 
(Table 1). 

Both blood and milk samples always tested negative 
with Ketostix. 

Udder health 

Bacterial infection 

The milk samples were cultured on agar plates. All 
samples that grew colonies indicating environmental 
contamination were excluded from the analysis. Milk
borne bacteria were cultured from 41 of the remain
ing 288 samples. 
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TABLE 1 Statistics of acetone concentrations in the blood and milk of six clinically healthy cows 

Blood-milk acetone Correlation of difference between 
Cow no. Calving date AI date concentration correlation blood-milk: blood .acetone concentration 

972 
999 

1200 
1215 
1595 
1631 

Pooled data 

* p = 0,001 
** p < 0,001 

29-04-89 
13-05-89 
12-05-89 
10-05-89 
16-05-89 
10-05-89 

• Single outlier point deleted 

14-07-89 0,852** 0,984** 
14-07-89 0,761* 0,956** 
21-09-89 0,980** 0,991**" 
03-10-89 0,721* 0,836** 
04-09-89 0,932** 0,980** 
21 -09-89 0,992** 0,987** 

0,967** 0,981 **" 

TABLE 2 Temporal synchrony of peaks in lacteal acetone concentration among six clin ically healthy dairy cows 

Cows measuring peaks on trial days 
Date Trial day 

972 999 

Tue 23-05-89 7 
Wed 24-05-89 8 
Fri 26-05-89 10 J J 
Fri 02-06-89 17 J 
Sat 03-06-89 18 J 
Mon 12-06-89 27 J J 
Mon 19-06-89 34 
Fri 23-06-89 38 J J 
Mon 03-07-89 48 J J 
Thu 13-07-89 58 J 

In cow 972 (t-test; t = -5,406, P < 0,001) and cow 
1200 (t = 2,1 06, P = 0,043) the acetone concentra
tion of the milk from infected and healthy quarters 
differed significantly. In cow 972 the acetone concen
trations in the infected quarters were higher than in 
the healthy quarters, but in cow 1200 the concentra
tions in the infected quarters were lower than in the 
healthy quarters. 

There was no significant difference between the so
matic cell counts of milk containing bacteria and un
contaminated milk (t-test; t = -1 ,489, P = 0, 144) . 

The presence of bacteria coincided only twice with 
a peak in SCC, and one of these occasions was in 
a cow (cow 1631) with chronic subclinical infection. 

Somatic cell counts (SCC) 

Somatic cells were counted in 563 milk samples. 

There was no relationship between sec and ace
tone concentrations in the pooled data, or for any of 
the cows individually. Only twice did a peak in the 
sec in at least one quarter coincide with a peak in 
the concentration of acetone. 

1200 1215 1595 1631 

J J 
J 

J J 
J 

J J J J 
J 

J J 
J J J J 

On day 38, two of the three quarters of cow 999 were 
infected (the sample from the fourth quarter was con
taminated) . One of the two samples had an elevated 
SCC and there was a peak in the concentration of 
acetone in the milk and blood. 

The range of the concentration of acetone from a 
cow's quarters on a particular day was independent 
of sec or bacterial infection. 

DISCUSSION 

Suitability of the method 

Although the headspace gas-chromatographic method 
used is, in principle, sufficiently quick and simple for 
monitoring on farms, the high cost of the equipment 
and consumables is likely to restrict it to the research 
laboratory. 

This study confirms Winterbach & Apps' (1991) find
ing that the headspace method is sufficiently sensi
tive for the differences in ketone concentration be
tween body fluids to be ignored when the body fluid 
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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, a-right hind , t>-left-front, ?- left hind 
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FIG. 2 Changes in acetone concentrations in blood (") and milk averaged over four quarters (o) from six clinically healthy Friesian 
dairy cows 
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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 head space 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/1 00 mQ. 
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/1 00 
mQ , which is below the maximum of 40-50 mg/1 00 
mQ 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 2 = 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 other three. 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 quarters 
were synchronized in their changes in acetone con
centration , and the mean acetone concentration be
tween quarters 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 
quarters and between cows, or the close relationship 
between blood and milk ketone levels . 
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Acetone concentrations 

Although the acetone concentrations in milk some
times exceeded the expected threshold for cl1n1cal 
ketosis of 2-4 mg/1 00 m Q (Schultz & Myers 1959; 
Emery et at. 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 & Lundstrom (1984) , and 
very similar to the 0,974 found by Andersson (1984) , 
probably due to improvements in analytical prec1s1on. 
With such close correlations , milk acetone concentra
tions provide a very accurate measure of ketone con
centrations in blood (Andersson 1984; Andersson & 
Lundstrom 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 at. 1942). The acetone concentration in milk 
samples therefore provides a more prec1se measure 
of blood ketones than that in urine samples . M1lk 
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 blood 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, Shook & Schultz 1972). This is consistent w1th 
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, Me Keown & 
llic 197 4) as metabolic substrates, and may produce 
acetoacetate in ketotic cows (Kronfeld et at. 1968; 
Schwalm eta/. 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/1 00 mQ 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 
clinical ketosis and udder health . In this study the 
sec and acetone concentrations found in healthy 



cows were independent of each other. In only two 
of the cows (cow 972 and cow 1200) was there a 
significant relationship between bacterial status and 
ketone concentration, and in them the effects were 
opposite. Apart from the difficulties of diagnosing sub
clinical mastitis (Giesecke & Van den Heever 1974), 
the absence of a consistent relationship between 
ketosis and udder health may have been a conse
quence of the ketone concentrations being low, or 
of any bacterial responses to the effects of ketones 
on milk leucocytes lagging behind the sharp fluctua
tions in ketone concentration . 

In studies of other parameters it has been found that 
milk from quarters infected with mastitis is more like
ly to differ from that in uninfected quarters than to fall 
outside a "normal" range (Maatje & Rossing 1991). 
Had this been the case in the present study, where 
none of the cows had clinical mastitis, there would 
have been a relationship between the range of ace
tone concentrations found in the four quarters, and 
either SCC or bacterial infection. No such relation
ship was found. 

In general, the detection and interpretation of associ
ations between acetone concentrations, sees and 
bacterial infections will be confounded by the delays 
with which any of them can be expected to exert its 
effects on the others. 

In contrast to the lack of effect of acetone concentra
tion on sec found in the healthy cows in this study, 
Lotthammer, Boehnke & Morawietz (1988) found that 
high SCCs were more common in clinically ketotic 
cows than in normal ones. 

Cyclic changes 

Andersson & Lundstrom (1984) found diurnal chang
es in ketone concentration that covered, at most, a 
doubling in concentration. Knodt eta/. (1942) found 
irregular day-to-day fluctuations in milk acetone con
centration, but they did not remark on a synchroni
zation between cows. Although Procos (1961) men
tions transient, strongly positive Ketostix reactions in 
urine, the occurrence of sharp, synchronized peaks 
in the acetone concentrations of blood and milk was 
entirely unexpected. Consequently, in searching for 
an explanation of why they occurred we are ham
pered by a lack of experimental data, as opposed to 
observational data, and by a sampling schedule that, 
in hindsight, is seen to partially obscure the pattern 
of the fluctuations. 

In the milk samples collected at least every weekday 
from cows 999 and 1595, four of the 11 peaks were 
on a Monday, three on a Friday, and two on a Satur
day. For blood, and milk from the other four cows, 
peaks could occur only on the first and last working 
days of a week (usually Mondays and Fridays) be
cause those were the only days on which samples 
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were taken . It must be kept in mind that, with sam
pling only on weekdays, what is apparently a peak 
on a Monday or Friday could be a point on the rising 
or falling slope of a fluctuation reaching a maximum 
on the Saturday or Sunday. The peaks in milk ace
tone for cows 999 and 1595 on days 8 and 18 illus
trate this. If milk samples had not been taken on days 
8 and 18 the peaks would have appeared on days 7 
and 17, and would then have been synchronized with 
peaks in blood acetone. This has no bearing, how
ever, on the occurrence of the peaks on the same 
days in different cows. 

Peaks in acetone concentration on Mondays and Fri
days could have been associated with the drawing 
of blood on those days, which involved extra hand
ling and restraint of the cows. Handling animals in
creases the fatty acid content of their blood (Bowden 
1971) . Fox (1971) asserts that any stress predispos
es a cow to the development of ketosis. 

An additional influence on acetone concentrations on 
Mondays, Fridays and Saturdays could have been 
the change in milking routine at weekends, when the 
afternoon milking was 2 h early and the morning milk
ing was sometimes late. The extended overnight milk
ing interval could well be stressful for the cows. Van 
der lest & Hillerton (1989) found an increase in SCC 
when milking intervals were changed. The high ace
tone concentrations on Mondays could have been 
produced during recovery from the stress of the week
end, but for the weekend routine to increase acetone 
concentrations on Fridays would require anticipation 
by the cows. Similarly, for the stress of blood sam
pling to have affected acetone concentrations, the 
cows would have to have anticipated it, because milk 
samples were taken before blood was drawn, and 
foremilk is secreted several hours before its removal. 
Cows are able to anticipate unpleasant events; Hees
ch en, Reichmuth & Hamann (1991) found peaks in 
sec that they attributed to the stressful anticipation 
of a painful injection. 

Any explanation invoking changes in routine, includ
ing blood sampling, fails to account for the lack of 
acetone peaks on some of the Mondays and Fridays. 
An alternative interpretation is that the acetone con
centrations in all the cows showed a regular cyclic 
fluctuation lasting 9-11 d, with the apparent length 
of each cycle depending on the coincidence of a sam
pling day with a fluctuation in acetone concentration . 

The synchronization between cows, of the fluctua
tions in blood and milk acetone concentrations, sug
gests that the cause of the fluctuations was exo
genous, or that some form of cycle entrainment had 
occurred. The acetone peaks were more closely syn
chronized in time since the beginning of the trial than 
in time since calving, an observation that strongly sup
ports entrained or external cycles over endogenous 
ones. Influences such as temperature, feeding or 
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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 1 0-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 1 0-d cycle of acetone con
centration could arise if acetone concentrations rose 
(or fell) during each change between phases. The 
link between acetone and hormone 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 1 0-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 results in pre
ventive monitoring (Emery et at. 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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