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Introduction 

The health of dairy cows can be monitored by their 
ability to maintain normal blood concentrations of nu­
merous metabolites. Therefore, clinical biochemistry 
analyzes, using metabolic profile tests, were introduced 
in the early seventies.36 Since then, many researcher~ 
have been using biochemical analyzes as a diagnostic 
aid in subclinical conditions such as reproduction disor­
ders 24·40 and in the assessment of nutritional status or 
feeding deficiencies. 24,4o,45 

Blood glucose (GLC) is not a direct indicator of 
nutritional input, but concentrations are measured for 
detection of breakdown of its homeostasis.37 Blood glu­
cose increases when rumen propionate concentration 
increases. 1•11•34 Glucose concentrations give an indication 
of the activity of the rumen biomass51 and of the effi­
ciency of gluconeogenesis in the liver. Ketone bodies15 
and especially ~-hydroxybutyrate (BHB) have also been 
used as indicators of the energy deficiency.22·23•27•31,37 Urea 
nitrogen (BUN) is a useful indicator of the nutritional 
energy-protein balance.26·41·42 Plasma urea nitrogen is 
typically elevated in the energy-deficient cows compared 
to those fed relatively high amounts of concentrates.20 

· Non-esterified fatty acids (NEFA) appear in blood 
as a consequence of the mobilization of body fat. During 
early lactation, glucose oxidation is reduced as a spar­
ing mechanism for lactose synthesis. Therefore, fat oxi­
dation is enhanced to provide the cow with energy4 and 
NEFA concentrations in blood are elevated. Cholesterol 
(CHOL) was found to be associated with improved fer­
tility in cows.43·44 Furthermore, cholesterol concentra­
tions are elevated with high dietary fat13·46•47 and with 

198 

propylene glycol administration.17 It is also reported as 
an indicator of good fibre supply.25 The concentration of 
total serum protein (PROT) gives an indication concern­
ing the long term energy and protein supply. 

Diurnal fluctuations are known to be an impor­
tant source of variations of many blood metabolites. 
Diurnal variations of glucose have been considered neg­
ligible by some authors, 8·30·37 whereas Blum et al. showed 
a significant 24-hour pattern, depending on energy sup­
ply.7 Also ~-hydroxybutyrate showed diurnal variations 
which appeared to be of major importance,7·9·30.49 with a 
typical increase after feeding. Conflicting information 
exists about the diurnal variations of BUN concentra­
tions.20 Some authors found higher,21·39 some others 
lower32·35 concentrations of urea nitrogen in the morn­
ing milk compared to the afternoon. During the day, 
NEFA concentrations decreased after feeding. 10•14•37 The 
diurnal pattern of cholesterol was considered negli­
gible,5·7·48·49 whereas total protein showed either signifi­
cant48 or not significant7 diurnal variations. 

The results of some of these studies are contradic­
tory. An explanation for the contradictions could be the 
relatively small number of cows used in many of these 
studies, leading to an overexpression of individual cow 
effects. Another hypothesis for this discrepancy is that 
the feeding dynamics (solubility of the components, feed­
ing strategy) have an important effect on the daily pat­
tern. 

The purpose of this study was to determine the 
influence of the concentrate feeding frequency and some 
intrinsic factors on the diurnal variations of the blood 
metabolites glucose, ~-hydroxybutyrate, urea nitrogen, 
non-esterified fatty acids, cholesterol and total protein 
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in two herds with different concentrate feeding fre­
quencies . These informations should yield knowledge 
for a better standardization of the sampling procedure 
when biochemical analyzes are to be used as diagnos­
tic aids. 

Materials and Methods 

Two herds with similar production levels and de­
mographic characteristics , but with different feeding 
strategies were chosen. The first herd had a traditional 
feeding system (TRAD) with two meals ofroughage and 
concentrate per day, whereas in the second herd, two 
meals of roughage and up to six concentrate feedings 
per day with an automatic computerized distribution of 
concentrate (ACD) were given. Time of first feeding was 
06h30 in herd TRAD and 06h00 in herd ACD, both be­
ginning with grass silage. 

In each herd, 20 cows divided in two groups of 10 
(group 1: 40 to 110 days post partum (DIM); group 2: 
150 to 230 DIM) were randomly selected. Blood samples 
for serum and plasma were taken through venipunction 
of the caudal vein four times daily (08h30, 11h00, 13h30 
and 16h00). 

Glucose (GLC), non-esterified fatty acids (NEFA) and 
~-hydroxybutyrate (BHB) were analyzed in fluoride 
plasma, whereas urea nitrogen (BUN), cholesterol (CHOL) 
and total protein (PROT) were analyzed in serum. 

To characterize the diurnal pattern of each metabo­
lite, a multivariate repeated measures analysis of vari­
ance model was fitted to test the interactions of time 
(TIME) with the factors feeding strategy (TYPE), lac­
tation group (GROUP) and the intrinsic factors parity 
(LN), days post partum (DIM) and daily milk yield 
(KGMI). Furthermore, the differences between each 
sequential sample and between the 8h30 and the 16h00 
samples were tested with a Wilcoxon rank sum test for 
paired samples. 

Results and Discussion 

Glucose, {3-hydroxybutyrate and Urea Nitrogen 
For those three parameters, a rapid (within hours) 

reaction to the feeding of concentrate could be observed 
(Figures 1-3). The diurnal variations showed a signifi­
cant difference between the two herds, which is most 
probably related to the frequency of concentrate feed­
ing. Frequent distribution of small amounts resulted in 
a constant level of the parameters, whereas the patterns 
for the herd with only two larger concentrate meals 
showed marked differences between morning and af­
ternoon. 

These three parameters remain useful diagnostic 
tools in the evaluation of the protein and energy me­
tabolism, but the influence of diurnal variations and type 
of feeding has to be taken into account. 
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Figure 1. Glucose concentrations (GLC) of the indi­
vidual cows in the herd with automatic concentrate dis­
tribution (ACD) and the herd with traditional feeding 
(TRAD) for the two production groups. 
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Figure 2. Concentrations of ~-Hydroxybutyrate (~­
HB) of the individual cows in the herd with automatic 
concentrate distribution (ACD) and the herd with tra­
ditional feeding (TRAD) for the two production groups. 

Non-esterified Fatty Acids, Cholesterol and Total Protein 
In contrast, the diurnal patterns of NEFA (Figure 

4) and CHOL were similar for both herds, but more 
marked differences (although statistically not signifi­
cant) in the shape of the curves were observed between 
the two production groups. 

Time of sampling did not seem to be important for 
cholesterol because of the absence of significant 
diurnalvariations. However, the number of days in lac­
tation have an important influence on the value of this 
parameter.13-19•46 This has to be taken into account to de­
termine sampling strategy or for analyzing and com­
paring CHOL concentrations in dairy cows. 
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Figure 3. Urea nitrogen concentrations (BUN) of the 
individual cows in the herd with automatic concentrate 
distribution (ACD) and the herd with traditional feed­
ing (TRAD) for the two production groups. 
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Figure 4. Concentrations ofnon-esterified fatty acids 
(NEFA) of the individual cows in the herd with auto­
matic concentrate distribution (ACD) and the herd with 
traditional feeding (TRAD) for the two production 
groups. 

Although the diurnal variations and differences 
between the two herds for PROT concentrations were 
statistically significant, the absolute value of these dif­
ferences was considered biologically negligible. 

lnfiuence of production group 
Only slight differences were observed between the 

two production groups within herds. For all the metabo­
lites except for BHB, the stage of lactation (DIM) and 
the level of production (KGMI) did not have a major 
impact on diurnal variations. However, some effects were 
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shown through the shapes of the NEFA curves which 
were different between both productions groups. 

Conclusions 

Under practical conditions, the strategy of sam­
pling should focus on cows in the group at risk accord­
ing to the clinical diagnosis or suspicion. In several stud­
ies, a relationship has been found between feeding and 
the metabolic situation on one hand and fertility on the 
other hand. Due to the marked diurnal variations, sam­
pling strategy must be planned according to the prob­
lem that will be investigated. In a situation of insemi­
nation only once a day for example, biochemical ana­
lyzes should be performed at the same time as insemi­
nations occur. 

In order to obtain consistent and comparable re­
sults of biochemical analyzes, time after feeding has to 
be standardized for sampling. Under normal conditions, 
4 to 5 hours after the beginning of feeding, the metabo­
lites are most sensitive to changes potentially caused 
by metabolic disorders. At this time, concentrations of 
GLC and NEFAshould then be at their nadir and BHB 
at its peak. If at this time NEFA are elevated, it can be 
concluded that the cow has not been able to compensate 
the energy deficiency and had to mobilize increased 
amounts of body fat . At the same time, the cow is at 
highest risk to show a breakdown of GLC homeostasis, 
which could be falsely normal at another time of the 
day. Blum7 showed that BHB increased for a longer pe­
riod after feeding in energy deficient cows than in cows 
fed high energy diets. Therefore, this time of sampling 
should allow the detection of truly ketotic cows in mini­
mizing the impact of a dietary induced increase of BHB 
in healthy cows. 

These findings emphasize the need of a stan­
dardization of the time of sampling during the day 
and are a possible explanation why non standard­
ized samples will provide uninterpretable results. 
The necessity of a standardization of the collec­
tion of samples in order to allow an appropriate 
interpretation of the analyzes has already been 
reported. 32•37 

As the dynamic changes during the day can be dif­
ferent between herds, a double sampling in the morn­
ing and in the afternoon could be a further use of bio­
chemical analyzes in order to better understand the 
metabolic situation of a herd, especially if the morning 
and evening feeding strategies are different. For eco­
nomic reasons, pooling of the individual samples has 
been proposed.45•51 

The present study shows different diurnal 
patterns in herds with different feeding practices, 
indicating that the feeding strategy, or the com-
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position of the food, or both of them, have a major 
impact on blood metabolites. 
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Edited by T Garland, Department of Veterinary Physiology and Pharmacology, 
Texas A & M University and AC Barr, Department of Toxicology, 

Texas Veterinary Medical Diagnostic Laboratory, USA 

Toxic plants and other natural toxicants have a 
variety of roles in the fields of human health, medical 
research and the production of safe food and also rep­
resent an economic problem in terms of animal health 
and crop production. Estimates of economic impact on 
livestock have ranged in the millions of dollars in coun­
tries such as Australia and the United States. 

This book brings together applied and fundamen­
tal research from botanists, chemists, biochemists, 
agricultural scientists, veterinarians and physicians 
and advice from regulatory bodies. It consists of more 
than 100 edited papers from the Fifth International 
Symposium on Poisonous Plants, held in Texas in May 
1997. All aspects of poisonous plants, mycotoxicoses 
and herbal intoxications are covered. Their adverse 
effects are described, such as fatalities, reduced or 
failed reproduction, fetotoxicity, spontaneous abortions, 
deformities, reduced productivity and organ-specific 
toxicity. Methods of detection, isolation and identifica­
tion of the chemical compounds responsible are 
included. The biochemistry of the plant-associated tox­
ins and elucidation of their mechanism of action is 
investigated, including the protocols for management 
or eradication, immunization programs, behaviour 
modification, withholding periods for metabolic detoxi­
fication, regulatory advice concerning human usage of 
natural products and advice concerning toxin-residue 
in agricultural produce. The development of non-toxic 
strains of plants for use as fodder is also discussed. 

This book is essential reading for toxicologists 
concerned with animal and human health, food indus­
try regulators and plant scientists. 

Contents: 
• Regional and Epidemiological Issues 
• Cardiopulmonary System 
• Diagnostic/Treatment Issues 
• Miscellaneous Topics 
• The Reproductive System and the Embryo 
• Public Health and Herbal Medicine Corners 
• The Musculoskeletal and the Neurological System 
• Mycotoxins and Mycotoxicoses 
• Detoxification, Digestion and Elimination Index 

June 1998 608 pages HB 
ISBN O 85199 263 3 
£75.00 (US$140.00) 
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aro@cabi.org 
Caribbean, Gordon Street, Curepe, Trinidad, West 
Indies. Tel: 1 868 645 7628 Fax: 1 868 663 2859 E­
mail: cabi-cro@cabi.org 

THE BOVINE PROCEEDINGS-NO. 31 

(Q) 
n 
0 

"O 
'< 
>-; ..... 

{IQ 

s:' 
► 
~ 
>-; ..... 
(") 

§ 

► C/) 
C/) 

0 
(") 

~-..... 
0 
i:i 
0 
>-+i 
t:o 
0 
< s· 
(1) 

'i::I 
p5 
(") ,....,. ..... ,....,. 

~r 
(1) 
>-; 
C/) 

0 
"O 
(1) 

i:i 

~ 
(") 
(1) 
C/) 
C/) 

&. 
C/) ,....,. 
>-; 

;.: 
a ..... 
0 p 


	aabp_1998_proceedings_0216
	aabp_1998_proceedings_0217
	aabp_1998_proceedings_0218
	aabp_1998_proceedings_0219
	aabp_1998_proceedings_0220

