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Introduction 

Carlsson, J. and J. Bergstrom: The diurnal variation of urea in cow's milk and how milk 
fat content, storage and preservation affects analysis by a flow injection technique. 
Acta vet. scand. 1994, 35, 67-77. - Six Swedish Red and White dairy cows, producing 
20-39 kg of 4% fat-corrected milk were given a ration balanced m energy and protein. 
They had access to feed from 05.15 to 09.00 and from 13.00 to 16.30 and were milked at 
06.15 and 15.30. The milk was analysed for urea with a FIA technique. 
There was a significant dmrnal variation in milk urea. The highest values were found 
3-5 h after the begmning of the morning feeding and the lowest values (down to 60% 
of the max. values) during late mght. Within 1 h after the start of the mornmg feeding 
the urea values had increased significantly, but they had decreased withm the same 
time after the start of the afternoon feeding. Since there was a pronounced diurnal vari­
ation in the milk fat content, the urea concentration was also recalculated to concen­
tration m the water phase of the milk. It was higher in that phase, but the pattern of the 
dmrnal variation was not changed significantly. However, analyses on milk with a very 
high fat content may give misleading results. 
There were no important differences in the m!lk urea concentration of different udder 
quarters. When calculated as concentration in the water phase of the milk, no differ­
ences in urea concentration were found between the begmning and the end of milking. 
The analytical method had a good prec1s1on (coefficient of variation max. 3% ). The 
m!lk urea concentration was not changed s1gmficantly after storage during 10 days at 
4°C when no preservative was added; but after 17 days the milk had turned sour and 
the urea value had mcreased. When a preservative (bronopole) was added the urea 
concentration remained unchanged during 17 days. Deepfreezing did not mfluence the 
urea concentration. 

milk urea; milk profile test; FIA-technique; milk components; dairy cows. 

In recent years there has been growing inter­
est in using the concentration of urea in milk 
not only as an indicator of the efficiency with 
which protein is being fed to dairy cows but 
also of the balance between the energy and 
protein in their diet (Kaufmann 1982, Oltner 
& Wiktorsson 1983, Gustafsson et al. 1987, 
Ropstad et al. 1989, Hoffmann & SteinhOfel 

1990, Miettinen & Juvonen 1990, Gustafsson 
& Carlsson 1993). In addition to the routine 
analyses for milk fat and protein, and cell 
counts, the Swedish dairy industry can now 
provide farmers and nutritional advisers with 
inexpensive analyses of milk urea, in samples 
from individual cows or from the bulk milk 
tank. However, for the correct sampling and 
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interpretation of urea values from individual 
cows it is necessary to gain a knowledge about 
its diurnal variation. Further, it is essential to 
know how the analysis is affected by other 
milk components and by the methods for sam­
pling, handling and, when necessary, storing 
and preserving the milk sample before it is an­
alysed. 
Oltner & Wiktorsson (1983) and Miettinen & 
Juvonen (1990) found that milk urea concen­
tration was slightly higher in the afternoon 
milk (15.30) than in the morning milk (06.30). 
In both trials the cows were fed twice daily at 
unequal intervals (06.00 and 14.00) and fur­
thermore the interval between the afternoon 
and morning milkings was longer (14to15 h) 
than the interval between the morning and 
afternoon milking (9 to 10 h). In contrast, 
when cows were fed equal portions of their 
daily rations twice a day at intervals of 12 h 
the concentration of urea in milk showed 2 
equal peaks, each occurring a few hours after 
the start of the feeding periods (Ciszuk, un­
published). 
Gustafsson & Palmquist (1993) reported that 
a small sample of milk taken from a healthy 
quarter of the udder at any time of the day 
may be as good for an analysis of the urea con­
centration as a sample taken from a normal 
milking at the same time. Hoffmann & Stein­
hOfel (1990) found that there were no differ­
ences between the urea concentrations of 
milk samples taken at the beginning, the mid­
dle and the end of a single milking, whereas 
Haag (1988) found the lowest milk urea con­
centration at the end of a single milking. 
Wolfschoon-Pombo (1981) found that mas­
titis can influence the urea concentration in a 
quarter sample. 
The aims of the present study were to exam­
ine in more detail the effects on milk urea con­
centration of diurnal variations, the effects of 
variations between quarters and between 
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samples taken at different times during a 
milking, the variations within and between 
the analyses of batches of milk samples and 
the effects on these variations of different pe­
riods of storage either with or without preser­
vative, and finally the effects of variations in 
the fat content of the milk. It was hoped that 
these results would help to make the interpre­
tation of milk urea concentrations more use­
ful and reliable. 

Materials and methods 
Animals and feeding 
Six cows of the Swedish Red and White breed 
were used. Three of them had calved between 
13 and 24 weeks earlier and were producing 
36.0, 36.7 and 38.5 kg 4% fat-corrected milk 
(FCM) per day, and the other 3 had calved be­
tween 46 and 54 weeks earlier and were pro­
ducing 20.4, 21.1 and 21.9 kg FCM per day. All 
the cows were tied in stalls and fed 2.0 kg hay, 
7.0 kg dry matter of grass silage, 2.0 kg dried 
beet pulp and 150 g of a standardized, vita­
minized mineral supplement daily. In addition 
they were fed oats and a commercial protein 
feedstuff in relation to their milk production 
according to Swedish standards, ie, for main­
tenance: 0.507 MJ metabolizable energy 
(ME) per kg bodyweight075 and 6.2 g digest­
ible crude protein (DCP)/MJ ME, and for 
production: 5.0 MJ ME and 60 g DCP/kg 
FCM. The feed gates were open from 05.15 to 
09.00 and from 13.00 to 16.30 and they were 
milked at 06.15 and 15.30 daily. There were no 
feed refusals. Samples were taken from 10.00 
on day 1 to 10.00 on day 2. The feeding rou­
tines and sampling times are shown diagra­
matically in Fig. 1. 

Diurnal variations 
The first 50 ml of milk from the left front 
quarter of each cow were sampled every h 
from 10.00 to 19.00 on the first day and at 
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A blank standard prepared from 8 ml of water 
and 2 ml cream (not centrifuged) was found to 
contain 0.4 to 0.5 mmol/l urea. 

Analytical methods 
Urea was analysed by the flow injection anal­
ysis (FIA) technique of Andersson et al. 
(1986). Fat, protein and lactose were analysed 
by the conventional infrared (IR) technique, 
at a dairy laboratory. All analyses on milk 
samples from individual cows were done once 
for each analyte, without replicates. For the 
urea analyses a 4-point calibration curve was 
established when necessary, i.e. at the begin­
ning of each day and when a reagent or the gas 
diffusion membrane was replaced. All the 
samples were mixed thoroughly to distribute 
the milk fat evenly before they were analysed. 

Statistical analyses 
The SAS computer program package was 
used for all the calculations (SAS Institute Inc. 
1987). Proc Anova was used for anovas, proc 
Means was used to calculate means and stan­
dard deviations, and proc Reg for regressions. 
The diurnal variations in the concentrations 
of protein and lactose were evaluated by test­
ing the null hypothesis that the concentrations 
on all sampling occasions were the same, us­
ing a one-way anova with time of day as the 
only factor. Diurnal variations of milk fat and 
milk urea were not analysed statistically, as 
their patterns of variation are obvious from 
Figs. 2, 3 and 4. 
Differences between samples taken at differ­
ent times during milking (fractions 1 to 3) 
were also analysed using a one-way anova 
with fraction as only factor. 
The method precision was calculated as stan­
dard deviation for each bulk milk treatment 
on each day, i.e. on 40 replicates. The total 
precision over several series was calculated as 
the standard deviation of all series for each 
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treatment, except those on day 17, when un­
preserved milk had turned sour. Differences 
between treatments were evaluated using 
procAnova. 
The change of urea concentraion in bulk milk 
samples with storage time was evaluated using 
a simple regression of urea with time as inde­
pendent variable. The mean value for each 
day for each of the 4 treatments was used 
since all determinations for each day depend 
on the calibration curve determined that day. 
Similarily, when investigating the influence of 
the treatments on the analysis the mean value 
for each treatment for each of the days 3, 5 
and 10 was used in a one-way anova with urea 
as dependent on treatment. 

Results 
Diurnal variation 
The mean (± sd) concentration of urea in the 
108 samples (6 cowsx18 samples) was 4.53 
± 0.88 mmol/l, with a range from 2.9 to 6.9 
mmol/l. 
The 6 cows all showed the same diurnal pat­
tern of variation (Fig. 2) with high plateau val­
ues 3 to 8 h after the start of the morning feed­
ing period (mean peak value 5.52 mmol/l) and 
the lowest values between late evening and 
early morning (mean lowest value 3.35 
mmol/l). At 06.00, only 45 min after the start 
of the morning feeding period, the milk urea 
concentration had already increased consid­
erably. The mean urea concentrations at 10.00 
on the first and second days were the same: 
5.37 mmol/l. In contrast with the increase in 
milk urea concentration after the beginning of 
the morning feeding period there was a de­
crease in the urea concentration after the be­
ginning of the afternoon feeding period. 
There was a wide variation in milk fat content 
during the day (Fig. 3), with the lowest values 
occurring just before the cows were milked 
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Figure 2. The urea concentrations m samples of milk taken from 6 cows on 18 occasions between 10.00 on the 
first day and 10.00 on the second day. Bars along the time axis indicate feedgate open. Cows A, B and C pro­
duced on average 37 kg FCM/day and cows D, E and F produced on average 21 kg FCM/day. 

(lowest mean value 1.1 % at 06.00) and the 
highest values during the first few h after 
milking (highest mean value 11.9% at 07.00). 
The content of fat in the milk affects the ap­
parent concentration of urea in whole milk 
because the urea is dissolved only in the water 
phase of the milk. The milk urea concentra­
tion was therefore recalculated as the concen­
tration of urea in the water phase. As a result 
the adjusted urea concentrations were all 
higher than the unadjusted values (Fig. 4), but 
the general shape of the curve of diurnal vari­
ation was unchanged. 
The concentrations of protein and lactose in 
whole milk also varied significantly during the 
day; the maximum and minimum values for 
protein were 3.53% and 2.87% at 03.00 and 
07.00 respectively, and those for lactose were 
4.66% and 3.77% at 06.00 and 07.00 respec­
tively. However, the anova revealed no signif-

icant differences over time for either constitu­
ent after the concentrations had been cor­
rected, as for urea, for the fat content of the 
milk. 

Variations between quarters 
The mean concentrations of urea in the milk 
from all 4 quarters of each of the 6 cows were 
4.05, 4.58, 4.80, 4.85, 4.89 and 5.05 mmol/l, and 
the largest differences between any pair of 
quarters in the 6 cows were 0.2, 0.2, 0.4, 0.1, 0.0 
and 0.3 mmol/l respectively. No systematic 
differences were found between the front and 
hind or between the left and right quarters. 

Variations during milking 
The mean urea concentrations of the milk 
taken from the 6 cows at the afternoon milk­
ing were 4.03, 4.20, 4.37, 4.43, 4.50 and 4.70 
mmol/l, and the largest differences between 
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Figure 3 The mean (±se) mtlk fat concentrations m samples taken from 6 cows on 18 occasions between 10.00 
on the first day and 10.00 on the second day. Arrows mdicate mtlkmg tlmes. 

any of the 3 fractions taken during the milking 
were 0.4, 0.4, 0.6, 0.2, 0.5 and 0.8 mmol/l re­
spectively. Five of the cows had the lowest 
urea concentration in fraction 3 and 5 had the 
highest concentration in fraction 1. These dif­
ferences were statistically significant in the 
anova (P<0.05). However, when the concen­
tration of urea was calculated as the concen­
tration in the water phase, no significant dif­
ferences remained. 
The content of fat was highest in fraction 3 
(mean 10.14%) and lowest in fraction 1 (mean 
3.26% ), and the concentrations of protein and 
lactose varied significantly (P<0.05) in the op­
posite direction; the highest concentrations of 
protein and lactose (mean values 3.71 % and 
4.72% respectively) occurred in fraction 1, 
and the lowest (mean values 3.23% and 
4.27% respectively) occurred in fraction 3. 
However, these differences were eliminated 
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when the concentrations were calculated as 
the concentrations in the water phase of the 
milk. 

Variations due to preservation and storage 
The regression analysis revealed no tendency 
for the milk urea concentration to change dur­
ing the first 10 days. Neither did an anova re­
veal any differences between treaments. By 
the 17th day the unpreserved milk was dis­
tinctly sour and its urea concentration had in­
creased from 5.7 mmol/l to 7.5 mmol/l, but the 
concentration of urea in the sample preserved 
with bronopole had not changed. 

Precision of the method 
The within series standard deviation ranged 
from 0.08 to 0.17 mmol/l with an average of 
0.12 mmol/l, corresponding to a coefficient of 
variation of 2.1 % . The total standard devia-
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Figure 5. The effect on milk urea concentrat10n of changing milk fat concentration. Cream was added to 
aqueous urea samples contaming 6 mmol/l urea. A: Standards analysed before centrifugation (the increase in 
the urea concentration was due to the urea contained m the cream). B: Standards analysed after centrifugation. 
C: The change m the concentration of urea to be expected if the urea had been evenly d1stnbuted throughout 
the aqueous fract10n of the milk. 

correlated with the changes in blood urea con­
centration (Beutlhauser 1982, Oltner & Wik­
torsson 1983, Refsdal 1983, Miettinen & Juvo­
nen 1990) which in turn are correlated, after a 
lag of a few h, with the changes in the concen­
tration of ammonia in the rumen (Folman et 
al. 1981, Hammond 1983, Blauwiekel & Kin­
caid 1986, Carroll et al. 1988, Carlsson & Pehr­
son 1994). As expected there was an increase 
in the milk urea concentration after the morn­
ing feed, but there was an unexpected de­
crease after the afternoon feed. However, a 
similar pattern was also observed by Ciszuk 
(unpublished) when cows were fed twice a 
day at the same unequal intervals as in the 
present investigation, whereas when the cows 
were fed at regular intervals of 12 h 2 identical 
peaks of milk urea concentration were ob-
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served. There are presumably undefined fac­
tors, such as the excretion of urea in the urine 
or other homeostatic processes, which control 
the relationship between rumen ammonia 
concentration and milk urea concentration. It 
is also possible that some of the milk urea may 
be derived from sources other than rumen 
ammonia. 
In spite of the wide range (1.1%to11.9%; Fig. 
3) in the fat contents of the milk between sam­
plings, the shapes of the curves describing the 
diurnal variations in milk urea concentra­
tions, measured either directly or after being 
corrected for the milk fat content, were simi­
lar (Fig. 4). Misleading values could, however, 
be obtained at very high fat levels. Bulk milk 
should therefore be thoroughly mixed before 
sampling, and spot samples taken out after the 
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ordinary milkings should be avoided since fat 
content was much higher in fraction 3 of milk­
ing than in fraction 1, which was in accordance 
with results published by Haag (1988). 
When correlations between rumen metab­
olites and milk urea are to be studied, a pref­
erable time for milk sampling should be when 
peak values of milk urea can be expected. The 
present study also shows that routine samples 
from the monthly control milking (based on 
an equal mixture from the afternoon and 
morning milkings) can not be equalized with 
samples from single cows taken out by hand­
stripping at another time of the day. It is im­
portant, particularly for a research project 
and in comparisons within herds, that samples 
of milk for the measurement of urea concen­
tration should be taken at the same time rela­
tive to the times of feeding and normal milk­
ing of the cows. Because of the influence of fat 
on the urea concentration it is also important 
to homogenize the sample before analysis so 
that the part of the sample that is actually in­
jected into the flow system is representative of 
the whole sample. Furthermore, in detailed 
scientific studies, it may be prudent to remove 
the milk fat by centrifugation before the sam­
ple is analysed, because different results are 
obtained when samples are analysed either 
with or without the fat present. Fig. 5 shows, 
however, that centrifugation affected the re­
sults more than would have been expected 
simply as a result of the effect of the volume of 
milk fat. The difference may have been due to 
the fact that the water still associated with the 
emulsion of milk fat may be free of urea. 
The feeding and milking times used in the 
study were similar to those used by most 
Swedish dairy herds, particularly those with 
the cows kept tied in stalls. They did not ap­
pear to cause any large differences between 
the urea concentrations in the milk from the 
ordinary morning and afternoon milkings. 

However, Fig. 2 indicates that if the morning 
milking had been delayed by 2 h the concen­
tration of urea in the morning sample would 
have been between 1 and 1.5 mmol/l greater 
than in the sample taken in the afternoon. 
There were only small differences between 
the concentrations of urea in rnilk samples 
taken from the 4 quarters of the udder. Milk 
samples can therefore be taken from any of 
the quarters, although sampling from infected 
quarters should be avoided as a changed 
permeability of cell mebranes may affect the 
milk urea concentration (Wolfschoon-Pombo 
1981). 
The FIA technique for the determination of 
milk urea concentrations has a high capacity 
and can easily be added to the routine milk 
analyses carried out at a dairy (Andersson et 
al. 1986). Further evidence of its good preci­
sion is provided by the coefficients of varia­
tion of 2-3% observed in this study. The major 
part of the between-day variance is probably 
due to differences between calibrations. The 4 
calibration readings are subject to the same 
variation as the milk samples: if desired the 
between-calibration variance can be reduced 
by using more readings to construct the cali­
bration curve. 
The results of this investigation indicate that 
the concentration of urea in milk is stable for 
at least a week when the sample is stored at + 
4°C. A milk sample that has turned sour 
should be discarded, as souring affects urea 
concentration. Preservation by addition of 
bronopole or by freezing increases storage 
stability without affecting the result of the 
analysis. 
Milk is a convenient test medium, as samples 
from the bulk tank are sent to the dairies once 
a week and samples from individual cows are 
sent once a month. Milk samples taken either 
from individual cows or from the bulk tank 
are therefore easily accessible for the routine 
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monitoring of the feeding regimens of dairy 
herds. When studying individual cows it is 
necessary to standardise the time of day when 
samples are taken, as the urea concentration 
varies considerably over the day. However, on 
most farms the milking time is well standar­
dised so that monthly control milk samples 
taken during the ordinary milkings are com­
parable with each other. 
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Sammanfattning 
Dygnsvariatwn 1 m1olkens ureakoncentratwn hos 
m1olkkor och hur m1olkf etthalten, lagrmg och kon­
servermgsmedel paverkar analysen med flow m1ec­
twn-tekmk 

Sex SRB-kor med en daglig avkastning pa 20-39 kg 
4%-ig mjolk erholl en med avseende pa energ1 och 
protem balanserad foderstat. De hade t1llgang till fo­
der kl. 05.15 till 09.00 och 13.00 tJll 16.30. MJolknmg 
skedde kl. 06.15 och 15.30. M1olkens ureahalt analy­
serades med FIA- tekmk. 
Det forelilg en betydande dygnsvanatJon 1 miolk­
ureakoncentratJon. De hogsta vardena uppmattes 3-

8 tlmmar efter morgonutfodrmgens start och de 
lagsta (ned till 60% av max.vardena) under sen kvall 
och natt. lnom en tlmma efter morgonutfodrmgens 
start hade vardena st1g1t avsevart. Daremot sjonk 
vardena mom samma t1dsrymd efter eftenmd­
dagsutfodringens start. Eftersom mjolkens fetthalt 
varierade kraftigt under dygnet beraknades ocksa 
ureahalten 1 m1olkens vattenfas. Halten var hogre 1 
vattenfasen, men monstret for dygnsvanatJonen 
forandrades inte namnvart. Dock kan analysen pa 
miolk med mycket hog fetthalt ge m1ssv1sande resul­
tat. 
Det forelilg mga betydelsefulla sk1llnader 1 ureahalt 
mellan ohka 1uverdelar. Halten var nagot hogre 1 den 
forsta an 1 den s1sta frakt1onen vid varie m1olknmg. 
Analysmetoden hade en god prec1S1on (vanatJons­
koefficient max 3% ). Mjolkens ureahalt uppv1sade 
inga s1gmfikanta forandnngar efter lagnng utan till­
sats av konservenngsmedel v1d +4 °C under 10 dagar. 
Efter 17 dagar hade mJolken surnat och ureavardet 
st1g1t. V1d tJllsats av bronopol forblev ureahalten 
oforandrad efter 17 dagars forvarmg v1d +4°C. 
D1upfrysning paverkade mte ureavardet. 
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