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Introduction 

Abdelkader S. V. and E. Ropstad: Diurnal and individual variations in bile acids in 
the plasma of normal dairy cows. Acta vet. scand. 1989, 30, 221-228. - Blood 
samples were collected every 2 h dunng a 24 h period from 6 cows of one herd and 
10 cows of another herd. In a third herd 9 cows were sampled every 2 h from 6 
a.m. to 8 p.m. Concentrations of total bile acids, acetoacetate, glucose and free 
fatty acids were determmed in blood plasma. 
A marked difference in ind1v1dual bile acid concentrations and patterns of dmmal 
vanat10n was found. For most cows the highest bile acid values were observed 
between 2 and 6 a.m. (overall mean (± SD) at 6 a.m.: 104 ± 84 µmo!/!, range: 
2(}-307 µmol/I). Fourteen cow' with a bile <11:1d \alue > 90 µmol/I at 6 am 
("high BA") were characterized as a group by showmg a pronounced decrease m 
the mean bile acid concentrat10n after mommg feeding. In the group of 11 cows 
with a 6 a.m. bile acid value < 90 µmol/I ("low BA") the time of day did not 
contribute significantly to the bile acid vanation. 
For the "high BA" group a nearly synchronous variation between the mean values 
of the 3 feedmg dependent parameters (acetoacetate, glucose and free fatty acids) 
and the mean values of bile acids was found. The withm ammal coefficients ofcor
relat10n between bile acids and the feedmg dependent parameters were significant
ly higher m the "high BA" group than in the "low BA" group. 
No direct connection was found between bile acid levels and the quantity of con
centrates fed or the mdiv1dual milk yield. 

liver function; plasma acetoacetate; plasma glucose; 
plasma free fatty acids. 

Determination of serum bile acids has pro
ved to be a useful test of liver function in 
humans (Carey 1958, Kaplowitz et al. 1973, 
Skrede et al. 1978) and dogs (Hauge & Ab
delkader 1984). In these species an increa
sed serum bile acid level serves as a sensi
tive marker of non-specific liver disease. An
wer et al. (1976) found elevated bile acids in 
calves after CC14-induced liver damage. 
Olsson & Andersson (1986) found that the 
stage of lactation significantly influenced 
bile acid levels, with the highest values ob-

served in early lactation. Olsson (1986) also 
made the finding that dairy cows with par
turient paresis had significantly lower bile 
acid levels than healthy cows at partus. To 
our knowledge, however, the applicability of 
the bile acid concentration as an indicator 
of liver function in ruminants has not been 
thoroughly studied. 
The aim of the present study has been to re
cord the variability of bile acids in apparent
ly normal cows. Special attention is given to 
the possible occurrence of diurnal variations 
related to the feeding routine. Acetoacetate, 
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glucose (Hove & Blom 1973, Halse 1982) 
and free fatty acids (Kronfeld 1965) are bo
vine blood metabolites showing marked di
urnal variation closely associated with the 
ingestion of food. These parameters were 
measured together with bile acids in order to 
compare the patterns of variation. 

Materials and methods 
Animals 
Twenty-five dairy cows of the Norwegian 
Red Cattle were used, the cows belonging to 
3 different herds (6 cows in herd A, IO in 
herd B and 9 in herd C). The animals were 
considered normal, not showing objective 
signs of disease. Two of the cows in herd A 
were non-lactating, with calving due within 
2 weeks, 2 were in early lactation and 2 in 
mid-lactation. In herds B and C, all cows 
were between 2 and 12 weeks post partum. 
(Averages were 47 and 53 days postpartum 
for herds B and C, respectively). The cows of 
herd A were fed at 5:30 a.m. and 2 p.m., 
whereas in herds B and C the fodder was 
portioned out at 6 a.m. and 2 p.m. In herd 
A the fodder consisted of grass silage accord
ing to appetite and commercially purchased 
concentrates (Kuf6r A). The rations of con
centrates were adjusted to Norwegian stan
dards (Breirem 1984). In herds B and C the 
animals participated in feeding experiments 
where the cows received concentrates in a 
2x2 design, with 2 crude protein (CP) levels 
and 2 allowances during week 2-12 of lacta
tion. Grass silage was fed ad libitum. The 
high protein levels exceeded the standard of 
digestible CP relative to energy. The lower 
allowances aimed at underfeeding, notably 
in herd C. The estimated energy balances at 
the day of blood sampling were 1.4 ± 1. 7 
(± SD) fattening feed units (FFU) and -3.8 
± 1.8 (± SD) FFU for herd B and C, re
spectively. 
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Blood sampling 
Blood was sampled during the indoor season 
(Nov./Dec.). In the case of herds A and B, 
samples were collected at two-hourly inter
vals over a period of 24 h. For herd C, 
sampling was performed at two-hourly inter
vals from 6 a.m. to 8 p.m. Heparinized 
vacutainers were used. The plasma from 
freshly drawn blood was frozen in liquid 
nitrogen. When all samples from the herd 
had been obtained, plasma was transferred 
to -80°C and stored at this temperature until 
analysis. 

Determination of bile acids (BA) 
Determination of plasma BA was carried 
out with a centrifugal analyser (Gemsaec 
fast Analyzer from Electronucleonics, Inc.). 
Total plasma BA were quantified by an en
zymatic technique involving 3 a-hydroxy
steroid-dehydrogenase (3a-HSD) and dia
phorase (Mash1ge et al. 1981). In a serum/ 
plasma sample 3a-HSD specifically oxidizes 
all hydroxy BA and their corresponding tau
rine and glycine conjugates. The method 
may be applied to bovine plasma as BA with 
a free OH-group in position 3a and their 
glyco- and tauroconjugates contribute to 
more than 95 % of the total BA in bovine 
blood (Giirtler 1980). In the coupled enzyme 
reaction 3a-HSD initially oxidizes hydroxy 
BA to 3a-ketosteroids in the presence of 
NAO. The NADH formed enables diapho
rase to convert nitroblue tetrazolium into 
coloured formazan. The formazan produzed 
may be measured spectrophotometrically at 
540 nm. Necessary reagents were provided 
in the commercial kit Enzabile (from Nyco
med Pharma, Oslo). All bovine plasma 
samples were diluted 1:3 before analysis. 
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Free fatty acids (FFA), acetoacetate (ACAC) 
and glucose (GLUC) determinatzon 
FF A were assayed by the acyl CoA synthe
tase - acyl CoA oxidase method (Reagents 
from Wako Chemicals, W. Germany). Plas
ma ACAC and GLUC were estimated by 
the methods described by Blom & Halse 
(1975). 

Stat1st1cal analysis 
Statistical analysis was performed by pro
grammes of SAS (1982) (The GLM proce
dure). The levels of BA were evaluated by 
linear models which accounted for the effect 
of the animal factor (cow) and the effect of 
sampling time. 
The variance contribution was calculated for 
each independent variable from its sum of 
squares (SS) type III divided by total SS; i.e. 
(SS III/SS total) x 100 by the SAS (l 982) 
programme (PROC GLM). 
The analyses were performed separately for 
each herd. Alternatively, the animals were 
grouped according to their BA levels at 6 
a.m. A discriminatory level of 90 µmol/l 
plasma was chosen to distinguish between 
animals with "high" and "low" BA levels. 
Testing for significance of differences be
tween coefficients of correlation was perfor
med according to Snedecor (1959). 

Results 
For most cows the highest BA values were 
observed in the early morning between 2 
and 6 a.m. The BA concentrations at 6 
a.m. averaged 104 µmol/l ± 84 (± SD), 
ranging from 20 to 307 µmol/l. The lowest 
and the highest value were found within the 
same herd (8). 
Twenty of the cows showed decreasing BA 
values after morning feeding. In cows with a 
6 a.m. BA value above approx. 90 µmol/l 
the decrease was very distinct and rapid 

(mean values ± SE given in Fig. 2). In 1 
cow (herd B) the BA value decreased from 
270 µmol/l at 6 a.m. to 130 µmol/l at 
8 a.m. Only 3 of the 20 cows with declining 
BA values after morning feeding had values 
below 50 µmol/l at 6 a.m. In contrast, the 
remaining 5 cows showed increasing plasma 
BA levels after feeding. Their BA values at 6 
a.m. were conspicuously low, ranging from 
20-48 µmol/l. 
In most of the cows decreasing BA values 
were also seen after feeding at 2 p.m. In the 
late afternoon, at 6 p. m., the individual 
values appeared to be the least diverging 
(overall mean ± SD: 53 ± 35 µmol/l). 
In Fig. l average BA/time curves for the re
spective herds are presented. The large vari
ation of plasma BA within the herds is indi
cated by standard errors. A marked differ
ence between herds was seen, the mean BA 
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Figure l. Mean levels of plasma bile acids 
related to sampling time in Herd A (• e, 6 
cows), Herd 8 (• •, IO cows) and herd C 
(t--t. 9 cows). Vertical bars represent stan-

dard errors. 
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Table I. Contnbution to the variance of bile acids from the 
ammal factor (Cow) and the time of day (Time). Cows in Herd 
A and Herd B were blood sampled every second hour for 24 
h. In Herd C blood sampling was performed every second 
hour between 6 a.m. and 8 a.m. The analysis was first per
formed separately for each herd. Thereafter all samples col
lected between 6 a.m. and 8 p.m. were grouped accordmg to 
the b!le acid levels at 6 a.m. A d1scnmmatory level of 90 
µmoll! was chosen to distinguish between animals with "high" 
and "low" bile acid (BA) levels. Finally, all samples collected 

between 6 a.m. and 8 p.m. were grouped together. 

Percent of total sum of squares 1) 

Animal Number of Partial effects2) Model 
group ammals 

Cow Time 

HerdA 6 26.sc 14.lns 40.9c 
HerdB IO 71.9c I0.2c 82.JC 
HerdC 9 5.3ns 32.3c 37.6b 

High BA 14 60.7c I 9.4c 80.9c 
Low BA 11 37.6c 5.4ns 43.oc 

All ammals 25 72.JC 7.oc 79.JC 

1) Level of significance: b = p < 0.01, c = p < 0.001, 
ns = not significant. 

2) (Variable SS type III/total SS) x 100; Proc GLM by SAS 
(1982). 

values of herd B on a level 3 to 5 times 
higher than those of herd A, and with herd 
C on a level in between. 
According to Table I the time of day contri
buted significantly to the BA variation in 
herd B and C. The variance contributions 
were 10.2 % (p < 0.001) and 32.3 % (p < 
0.00 I), respectively. The animal factor con
tributed significantly to the variation of BA 
in herds A and B, but not in herd C. In herd 
B the animal factor accounted for as much 
as 71.9 % (p < 0.001) of the total variation. 
The variation of BA in the "high BA" 
group (cows with 6 a.m. BA values > 90 
µmoll!) was significantly influenced by the 
time of day (Time, Table I). The variance 
contribution was 19.4 % (p < 0.001) com-
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pared to 5.4 % (not significant) in the "low 
BA" group (cows with 6 a.m. BA values < 
90 µmoll!). 
As illustrated in Table 2, BA showed sig
nificant within animal coefficients of corre
lation with FFA (r = 0.43, p < 0.001), 
ACAC (r = --0.45, p < 0.001) and GLUC (r 
= 0.39, p < 0.001). These correlations were 
reflected in an obvious synchronous varia
tion of mean BA values with the mentioned 
parameters during the day. 
In Fig. 2 the mean values of FF A showed a 
very distinct diurnal variation both in the 
"high BA" group and in the "low BA" 
group. This was in contrast to mean values 
of BA where only the "high BA" group 
showed a significant diurnal variation (p < 
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Table 2. Matnx of w1thm ammal coefficients of 
correlat10n between plasma constituents. Samples 
from 25 cows of 3 different herds were collected 

every second hour from 6 a.m. to 8 p.m. 

W1th1n ammal coefficients of correlation2) 

Parameters I ) BA 

1.00 
0.43c 

FFA ACAC GLUC 

1.00 
BA 
FFA 
ACAC 
GLUC 

-0.45c -0.41 c 1.00 
0.39c 0.46c -0.74c 1.00 

I) BA =bile acids 

160 

170 

160 

150 

140 

ACAC = acetoacetate 
FF A = free fatty acids 

2) p < 0.001 

0.001). Similarly, the withm animal coeffici
ents of correlation between BA and the me
tabolic parameters were significantly higher 
m the "high BA" group than in the "low 
BA" group. The coefficients were r = 0.64, p 
< 0.001 (BA/FFA), r = -0.53, p < 0.001 
(BA/ACAC) and r = 0.51, p < 0.001 
(BA/GLUC) in the "high BA" group as 
compared to r = 0.24, p < 0.05 (BA/FF A), r 
= -0.21, p < 0.05 (BA/ ACAC) and r = 0.13, 
not significant (BA/GLUC) in the "low 
BA" group. The differences observed were 
all significant at p < 0.02. 
No significant interrelations were observed 
between BA levels and m!lk yield or quan
tity of concentrates fed. 

Discussion 
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The cows in our survey demonstrated a 
rather non-uniform variation of plasma BA. 
Even within the same herd a marked differ
ence in individual BA concentrations and 
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Figure 2. Mean levels of plasma bile acids in 14 
cows with "high" (•--•) and 11 cows with 
"low" (• e) bile acid levels. A d1scnmma
tory level of90 µmoll! was used to distingmsh bet
ween ammals with high and low levels. For com
panson, the correspondmg mean values of free 
fatty acids in cows with "high" (V'--V') and 
"low" (0---0) bile acid levels are drawn. Only 
16 cows were blood sampled between 22 p. m. 
and 4 a. m. This is marked by dotted lines 
(-----).Vertical bars represent standard errors. 

feeding. The "low BA" group was characte-
rized by smaller fluctuations and a more 
random variation. 
The pronounced diurnal variation of plasma 
BA found m many of the cows is in contrast 
to the condition in healthy humans and 
dogs. Except for a 3-4 fold postprandial rise 
of about 2 h duration in the latter species, 
their plasma BA concentration rests at a low 
and steady level throughout the day (Fausa 
1976, Hauge & Abdelkader 1984). 
In ruminants as in monogastric animals, BA 
are subject to enterohepatic circulation. Any 
change in the plasma BA concentration re-
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fleets an imbalance between the rate of BA 
absorption to blood from the intestines and 
the rate of hepatic reabsorption from the cir
culation. It is likely that mechamsms deter
mining the plasma BA level are influenced 
by hormonal and nervous stimuli in connec
tion to feed intake and digestion. Conside
ring the distinctive features of feeding and 
digestion in the ruminant, it is perhaps not 
surprising that the picture of plasma BA in 
the cow appears to diverge from that seen in 
monogastric species. 
Vagus nerve activity which is promoted by 
feeding, enhances the synthesis of BA in the 
liver. Also conditioned reflexes may increase 
BA synthesis and secretion (Giirtler 1980). 
Taking account of the observed decrease in 
plasma BA concentration after feeding, it 
seems likely that the uptake of fodder or 
even the expectation of food, can influence 
the BA level of peripheral blood. This could 
imply that the vagus nerve is involved in a 
feeding-induced lowering of the blood BA 
concentration. 
Analysis of the BA variance showed a mode
rate connection between the time of day and 
the plasma BA levels. The animal factor ge
nerally contributed more to the total vari
ance (Table 1). Herd C represented an ex
ception, however, the time contributing to 
almost 1 /3 of the variance and the animal 
factor being non-significant. The relatively 
narrow range of 6 a.m. BA values combined 
with a tendency to parallel variation within 
this herd, could be responsible for this find
ing. 
In search of individual factors influencing 
the BA variance, record was taken of milk 
yield and quantity of concentrates fed. A 
comparison with plasma BA revealed no 
connection between this parameter and milk 
yield or feeding intensity. Similar results 
were achieved for another group comprising 
27 dairy cows (unpublished results). In spite 
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of non-significant correlation between BA 
and milk yield, one common feature of the 8 
non-lactating cows in this group were their 
exceptionally low 6 a.m. BA values. Also 
for the 2 non-lactatmg cows of herd A low 
BA values were observed. 
In another experiment 3 cows, ordmanly fed 
according to Norwegian standards (Brezrem 
1984), were given a double ration of con
centrates at 6 a.m. on day 1 and no con
centrates at all on day 3 (unpublished mate
rial). During the experimental period blood 
was sampled every hour from 5 a.m. to 3 
p.m. and plasma BA determined. No sign
ificant changes in BA levels occurred from 
day 1 to day 3. This was true for 2 cows 
showing low BA and little dmrnal variation, 
as well as for the cow with a high 6 a.m. BA 
level and pronounced variation. 
It was found by Ropstad (to be published) 
that dairy cows generally have low BA va
lues before calving. After calving the 6 a.m. 
BA values mcrease gradually to reach maxi
mum values 6-7 weeks post partum. There
after the BA level slowly decreases and even
tually reaches the lowest values some weeks 
before calving. This is in accordance with 
the findings of Olsson & Andersson (1986). 
The difference in plasma BA values between 
herds B and C can hardly be explained on 
the basis of time after calving, as this factor 
is practically the same for both herds. The 
most evident distinction is the underfeeding 
of the herd C cows. In spite of the lack of 
correlation between BA level and individual 
feeding intensity in our material, the general 
feed strength might possibly influence the 
BA pool over time and thereby the BA level 
of blood. 
To test the hypothesis that digestion and ab
sorption are important inducers of BA diur
nal variation, plasma concentrations of 
ACAC, GLUC and FFA were compared to 
the corresponding BA concentrations. A 
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high degree of synchrony occurred in the 
group of cows with BA values above 90 
µmoll!. In the "low BA" group, however, 
only low coefficients of correlat10n could be 
demonstrated between BA and the 3 feed
ing-dependent parameters. These results in
dicate that there is no direct relationship 
between BA and the 3 blood metabolites. 
The synchronous variation observed bet
ween BA on one hand and ACAC, GLUC 
and FFA on the other, may be a coincidence 
of physiological events. 
Due to a marked variation of plasma BA 
levels in normal dairy cows and little know
ledge of the sources of variation, it seems 
difficult to define reference ranges for this 
parameter. The impression so far, is that the 
plasma BA concentration is not applicable 
as an indicator of liver function in cattle in 
the same way as serum BA in humans and 
dogs. 
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Sammendrag 
Dognvarias;on og znd1v1duelle varias;oner av 
gallesyrer 1 plasmafra normale melkekyr. 
I 10pet av 24 timer ble <let tatt blodprnver hver 2. 
time fra 6 melkekyr I en besetning og 10 melkekyr 
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1 en annen besetning. I en tredje besetnmg med 9 
dyr ble det tatt blodpT11Jver hver 2. time mellom kl. 
6 og 20. PlasmakonsentrasJonen av gallesyrer, ace
toacetat, glukose og frie fettsyrer ble bestemt. Det 
kunne pav1ses store forskjeller i mdiv1duelle galle
syreverd1er og 1 d0gnvanasJonsm0nstre. De fleste 
kyr hadde h0yeste gallesyremva mellom kl. 2 og 6 
om morgenen (middelverd1 (± SD) kl. 6: 104 ± 
84 µmol/I, sprednmg: 20-307 µmol/I). FJorten kyr 
med gallesyreverdi > 90 µmol/I kl. 6 ("high BA") 
ble som gruppe karakterisert ved a fremv1se en 
sterk nedgang 1 gjennomsnitthg gallesyrekonsen
trasjon etter ffinng om morgenen. For de reste
rende 11 kyr med en gallesyreverd1 kl. 6 < 90 

µmol/I ("low BA") ga 1kke pT11Jvetakmgstidspunk
tet noe s1gmfikant b1drag t1I vanasJonen 1 galle
syreverd1er. 
For gruppen "high BA" var det nesten synkron 
vanasJon mellom giennomsmttsmvaene for galle
syrer og giennomsmttsnivaene for de 3 ffirmgs
avheng1ge parametrene acetoacetat, glucose og fne 
fettsyrer. KorrelasJonen mnen dyr mellom de 3 
s1stnevnte parametrene og gallesyrer var 
kant h0yere 1 gruppen "high BA" enn 1 gruppen 
"low BA". 
Det ble 1kke funnet noen d1rekte sammenheng 
mellom gallesyremva og kraftffirinntak eller mel
keytelse. 
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