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Summary

Serum urea level of weanling foals increased slightly with age, but the level of serum protein remained rather constant. The increment of se-
rum urea values with age was largest jn foals fed the poorest protein quality- Correspondingly, serum protein concentrations were higher in
foals fed diets not optimized for the amino acid intake, compared to the average protein serum leveLs. There was a negative regression be-
tween average daily gain (ADG) and serum urea concentration, .e. serum urea increased when ADG decreased. ADG between 10 to'12
months was 157o slower on aveEoe than between 7 to 10 months.
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Serum Hamstoff- und Eiweißkonzentration sowie Wachstumsraten bei Absetztohlen

Bei 105 abgesetzen Fohlen wurden vom 7. bis zum 12. Lebensmonat die Konzentrationen von Harnstoff und GesamteiweiB im Serum un
tersucht. De tägllchen Zunahmen der Fohlen differierten altersbedingtr zwischen dem 10. und 12. Lebensmonat wurden um 15% geringere
Zunahmen beobachtet als zuvor zwlschen dem 7. und 10. Monat. Die Serumharnstotfkonzentrationen stiegen bei Fohlen nach dem Abset-
zen mit zunehmendem Alter leicht an, während die Gesarnteiwei8gehalte weitgehend konstant blieben. Der Anstieg der Harnstoffwede war
am größten bei Tleren mit der qualitativ ungünstigsten Elweißversorgung. Die Serume weißkonzentration waren bei Fohlen mit nicht optimal
balancerter und forc erter Rohprotein- und Aminosäurenaufnahme erhöht. Es bestand eine signifikante negative Regression zwschen den
Harnstoffkonzentrationen im Blutserum und täglichen Zunahme an Körpermasse.

Schlüsselwörter: Eiweiß, Ernährung, Fohlen, Pferd, Wachstum

Introduction

The concentration of urea in the blood can be used as an
indicator of protein content and protein quality of feed
(Eggum 1970). lt has also been suggested that blood urea
concentration is a useful tool in determining protein and ly-
sine requirements in pigs (e.9. Coma et al. 1995; Chen et
al. 1995). This is based on the fact that nitrogen metabo-
lism responds rapidly to changes in the dietary concentra-
tion of amino acids. Blood serum protein levels, in turn, have
been measured in several studies to demonstrate the abil ity
of dietary proteins to maintain body protein reserves, How-
ever, if these blood metabolites are to be used in growing
animals, it is imoortant to know the factors which influence
them as well as their relationship to the growth rate and
age of the animal.
The aim of this study was to investrgate the fluctuation of se-
rum urea and protein levels with age, and to determine the re-
lationship between blood metabolites and the age and growth
rate of the foal, The validity of using serum total protein and
urea concentrations as possible indicators of protein utilization
and reouirements is also discussed below.

Material and methods

Data were pooled on the total protein and urea concentra-
tions in the blood serum of 105 healthy weanling foals (73
Finnhorses, 19 Standardbreds, 13 Warmblooded r id ing
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horses).  Blood samples were taken at  ages of  7,  8,9,  10,
1 1 and i 2 months from the jugular vein into evacuated
blood collection tubes approximalely 21lz hours after feed
ingestion had started. Serum protein levels (g/l) were mea-
sured colorimetrically using the biuret method (Weichsel-
baum 1946) and serum urea levels were determined
(mmol/l) enzymatically (Hallet and Cook 1971).
The average daily weight gain (ADG) between 7 and 10, 10
and 12, and 7 and 12 months of age was calculated based
on the weights recorded at those ages.
For statistical analysis, the foals were allotted to eight diet-
management classes (Tab.1). The average amino acid and
digestible crude protein intakes were then calculated for
each class. The serum protein and urea concentrations
were adjusted for sex, breed and diet-management effects.
The accurate age of the foal was included in the statistical
model as a covariate. The data were subjected to a regres-
sion analysis and an analysis of variance. The statistical sig-
nificance of the effects of sex, breed and diet-manaqement
class was tested bv the F-test.

Results and discussion

Figure 1 i l lustrates changes of serum urea levels in wean-
ling foals. Serum urea level was found to increase slightly
with age ( , ,Mean" in Fig. l ) .  The increment of  serum urea
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Fig.1: Changes of serum urea levels in weanling foals on an
average and fed with poor or high quality protein (Data
from the 105 foals in the B diet-management classes).

Veränderungen der Serum-Harnstoffpegel, Durchschnitts-
werte sowre Gruppen mit der geringsten und höchsten Pro-
teinqualität ('105 Fohlen von B verschiedenen Fütterungs-
bzw. Haltungsgruppen)

values with age was largesl (24o/o from 7 Io 12 months of
age) in foals fed the poorest protein quality, i.e. diets not
designed to meet the amino acid needs of the foal. On
the other hand, there were only minor changes, or the
concentration even tended to decrease, when the diets
were balanced for the assumed requirement for certain
essential amino acids, i.e. when dietary protein quality im-
proved. Furthermore, the increment was largest in Finn-
horses; the concentration increased 15% (from 4.92 Io
5.61 mmol/l) between 7 and 12 months of age, perhaps
indicating differences in protein uti l ization and requirement
between the breeds. For 7- and B-month-old Finnhorses,
serum urea levels were lower than those observed for
Standardbred and Warmblooded horses of the same age
(p<0.05), The sex of the foal did not affect the serum urea
levels.

Tab. 1: CP, DCP and DE intakes in different diet-
management classes.

Aufnahme von Rohprotein (CP), verd.
Rohprotein (DCP) und verd. Energie (DE)
in den verschiedenen Fütterungsgruppen

Class t t
öDn
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l- l /1D n
uvt v DE MJ

1
z
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6
7
B
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.10
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779
781
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820
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584
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75
75
75
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77

Blood urea content has been reported to increase with the
protein content of the diet (Eggum 1970; Fonnesbeck and
Symons 1969; Yoakam et al. 1978). A nearly l inear rela-
tionship between protein intake and blood urea level has
been observed (Meyer 1983).
Among the major causes of high blood urea concentra-
tions are an intake of protein in excess of the body's re-
quirements, and a low dietary protein quality resulting
from the deamination of excess amino acids (Fonnesbeck
and Symons 1969). Decreased serum urea levels have
been reported in foals (e.9. Graham eI al. 1994; Saasfa-
moinen and Koskinen 1993) and in pigs (Coma et al.
1995) after supplementation with lysine and/or threonine
and improvement of dietary protein quality, On the other
hand, blood urea has shown an increasing trend when
concentrations greater than the requirement were fed
(Coma et al, 1995), Thus, declined serum urea concentra-
tions may be an indication of improved amino acid balan-
ce and decreased deaminat ion of  amino acids,  i .e.  a lo-
wer degree of wastage of amino acids by the body. Se-
rum urea concentration also decreases with age, possibly
indicating a declined protein requirement (Saastamoinen
and Koskinen 1993).
Serum total orotein levels remain rather constant from 7 to
.12 months of age, The lowest serum protein concentra-
tions (57.4-60.0 g/l) were observed for Standardbred trot-
ter foals, and the highest for Warmblooded foals (60.0-62.3
g/l). The smallest variation in protein values was observed
for Finnhorse foals (60.0-71 .7 g/l).
The diet-management effect on serum protein levels was
statistically significant after the age of 9 months (p<0.05 to
p<0.001).  Serum concentrat ions were B to 10% higher in
foals fed diets not optimized for amino acid intake compa-
red to the average protein serum levels. These diets had
generally higher protein contents, and foals thus responded
to the diets with increased serum orotein levels. Further-
more, these diets also increased the serum urea levels, ob-
viously due to the catabolism of excess protein. This is also
i l lustrated by the posi t ive correlat ion (r=0,35, p<0.01) ob-
served between serum protein and urea levels from 10
months of age onwards, simultaneously with a decreased
growth rate.
Blood protein levels have been used to monitor the abil ity of
dietary proteins to maintain the body protein reserves. How-
ever, many authors have reported that the dietary protein
content and quality have affected the blood protein content
only slightly or not at all (Reitnour and Salsbury 1976;
Goodbee and S/ade 1981 ; Cumbaluk 1990; Saastamoinen
and Koskinen '1993; Saastamoinen eI al. 1994). Elevated
serum protein contents have been reported after moving
the foals to pasture feeding (Menp et al. 19BB and 1994),
indicating that blood protein content may respond to more
considerable differences in the dietary protein content.
Cymbaluk (1990) found that the protein content in serum
declined with age in horses fed without protein supplemen-
tation.
There was a negative regression between average daily
weight gain (ADG) and serum urea concentration, i.e, se-
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rum urea increased when weight gain decreased. The re-
gression was statistically significant (p<0.001) between se-
rum urea level at 10 months of age and ADG measured
from 7 to 1O months of age. These results suggest a redu-
ced protein requirement and increased catabolism as the
growth rate slackens.
The ADG between 10 to 12 months was 15% slower on
average than between 7 to 1O months fl-ab, 2). The growth

Tab.2: Growth rate of weanling foals between different age in-
tervals.

Wachstumsraten der Absatzfohlen in den verschiedenen
Altersgruppen

rate retarded only B% in Standardbreds, but in halfbred
foals about 1B%. Finnhorses, Standardbreds and Warm-
blooded achieved 64,62 and 65% of their total weight gain
between 7 to 10 months of age, respectively. Colts gained
somewhat (7y") faster (p<0.05) than fi l l ies,
It may be suggested that factors confounded with growth
rate and growth rhythm should be taken into account when
using serum total protein and urea concentrations as possi-
ble indicators of protein uti l ization and requirement. Such
factors include sex and breed of the foal as well as indivi-
dual differences. Fudhermore, when blood urea content is
used to assess dietary protein quality, it is important to take
into account the dietary protein content and time after fee-
ding (Eggum 1970). Energy intake must also be considered
(Yongjfu et al. 1995).

Conclusions

The results indicate that the protein requirement of wean-
ling foals decreases with age, due to a slower growth rate
after 9 to 10 months of age. Serum protein and urea con-
centrations respond to the diet and can be used as indica-
tors of protein uti l ization and requirement in foals, but it is
also necessary to consider breed, sex and individual diffe-
rences and other factors affecting growth rate in this con-
text.
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Age
(months)

Growth rate (g/d)
Finnhorse lStandardbred lWarmblooded

7 -10 o tc+ tc.ö 116 d4 6

c tz+J |  .o 694*29.1

10-12 517t17.2 470+34.3 560t31.6

t - t l 577 t13.3 496126.7 643+24.5
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