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Abstract

Selected indicators for the metabolic profile of blood plasma in 22 Aberdeen Angus bulls reared
by the extensive method were monitored during postnatal development (from 4 to 564 days of age),
including total proteins, albumin, urea, creatinine, glucose, cholesterol, triacylglycerols, bilirubin,
alkaline phosphatase, alanine transaminase, aspartate transaminase, tyroxin, triiodothyronine,
calcium, inorganic phosphorus, magnesium, potassium, sodium, chlorides, copper, zinc and
iron. In assessing the relationship of age to the indicators of the internal environment, values
of correlation coefficients for total proteins (r = –0.70; p < 0.01), albumin (r = –0.56; p < 0.01),
urea (r = –0.73; p < 0.01), glucose (r = –0.38; p < 0.01) and triiodothyronine (r = –0.82; p < 0.01)
were established. Significant relationships were shown between the temperature of the external
environment and the amount of total proteins (r = –0.38; p < 0.01), urea concentration (r = –0.41;
p < 0.01), ALP (r = 0.58; p < 0.01) and ALT (r = 0.45; p < 0.01) activity. Temperature also showed
a significant impact on the concentration of P (r = 0.57; p < 0.01), K (r = –0.69; p < 0.01) and
Zn (r = 0.33; p < 0.01). The work yields important information on changes in the indicators of
the metabolic profile of the blood plasma of bulls during postnatal development under defined
nutritional and temperature conditions that can be used as reference values for evaluating health
status as well as nutrition level.
Beef cattle, internal environment, blood plasma nutrition status

Evaluating the nutrition and health status of beef cattle raised in extensive conditions
is a necessary prerequisite for effective production of quality beef. In order to precisely
examine the relationship between dietary and production factors, the obtaining of detailed
information on changes in the internal environment of animal during individual phases of
the animals’ production life is essential (Rusel and Wright 1983; Cavestany et al. 2005).
Changes in the concentrations of different metabolites in the blood of extensively reared
cattle can be caused, for example, by qualitative or quantitative restrictions in feeding
(Agenas et al. 2006; Cooke et al. 2008; Ndlovu et al. 2009). The quality of grazing
vegetation can be changed depending on changes in climatic conditions (Chimonyo et al.
2000; Brown and Adjei 2001). An influence of rearing technology on blood metabolic
profile is also evident (Philips et al. 1989; Myers et al. 1999; Coppo et al. 2002; Hickey
et al. 2003; Blanco et al. 2009). Influence of temperature, season and breed on the indicators
of the internal environment was studied, too (Doornenbal et al. 1988; Thrall et al. 2004;
Grundwaldt et al. 2005; Yokus and Cakir 2006; Ndlovu et al. 2009). The concentration
of metabolites in animals’ blood is an important indicator associated with the production
of particular animal products (Rueg et al. 1992; Casasus et al. 2002; Ban-Tokuda et
al. 2007). Determining indicators of the metabolic profile during the breeding season is
helpful in diagnosing metabolic problems in animals (Jagos et al. 1985; Verheyen et
al. 2007). The knowledge of physiological processes can contribute to achieve greater
production at given levels of genetic potential of the reared animals (Pereira et al. 2008;
Sasaki et al. 2002).
The goal of this work was to determine selected indicators of the metabolic profile in
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the blood plasma of Aberdeen Angus (AA) bulls during post-natal development. Obtained
indicators of metabolic profile can be used for assessing health and nutrition status of
animal and for early detection of production disorders that are often a side effect in
extensive rearing.
Materials and Methods
The experiment was conducted on a farm in the foothills of the Orlické Mountains. The elevation in this area
is around 500 m a.s.l., and the total annual precipitation is on average 728 mm per year. The average monthly air
temperatures and relative air humidity are indicated in Fig. 1 .

Fig. 1. Average air temperatures and relative air humidity during the examined period
Twenty-two Aberdeen Angus bull calves born between February and April 2007 were selected for
experiment. These animals were divided into two groups of 11 according to the date of birth so that the
age difference among two groups of animals was minimal. During the growing period at the beginning of
experiment, the feeding ration for the animals was composed primarily of their mothers’ milk and starter,
with gradual transition to grazing and supplemental hay. After the grazing period, the bulls were transferred
to a feedlot, where the basis of the feeding ration was composed of corn silage, hay and granulated distiller’s
grains. The content of standard nutrients in the feeding rations is presented in Table 1. At 4 days of age and
subsequently at the average ages of 56, 95, 116, 155, 168, 207, 252, 291, 329, 368, 434, 473, 525 and 564
days, blood was taken from the subcaudal vein using the Hemos extraction system. The blood samples were
stabilised with heparin and centrifuged at 1,200 g for 15 min. The blood plasma was held at a temperature
of –20 °C until analysed. From the blood plasma, the concentrations of the following indicators of the
metabolic profile were determined: total proteins (TP), albumin, urea, creatinine, glucose (Glu), cholesterol
(Chol), triacylglycerols (TAG), bilirubin (Bil), alkaline phosphatase (ALP), alanine transaminase (ALT),
aspartate transaminase (AST), creatine kinase (CK), tyroxin (T4), and triiodothyronine (T3). Among mineral
elements, concentrations of calcium (Ca), inorganic phosphorus (P), magnesium (Mg), potassium (K),
sodium (Na), chlorides (Cl), copper (Cu), zinc (Zn) and iron (Fe) were measured. Biochemical indicators
were analysed on an XT20i automatic analyser (Thermo Fisher Scientific, Finland). T3 and T4 contents
were determined using an Immulite automatic analyser (DPC, USA) and currently available commercial kits
(Biovendor-Laboratorní medicína, a.s., ČR).
Statistical analysis of the obtained data was performed using the STATISTICA 8.0 programme by singlefactor analysis of variance for animal age. ANOVA was followed by post-hoc Fisher’s LSD test for pairwise
comparisons where appropriate. Evaluation of the interdependence between the animals’ age, temperature of
the external environment and individual indicators of the animals’ internal environment was conducted using a
correlation coefficient at the level of probability (p < 0.01).

Zn
mg·kg-1
26.33
17.71
25.94
30.96
70.54
25.16
28.11
17.27
Cu
mg·kg-1
6.66
5.02
9.93
5.02
11
4.52
4.73
4.14
Fe
mg·kg-1
189.37
215.14
173.17
108.51
81.8
129.4
92.14
145.06
Mg
g·kg-1
1.29
3.01
1.79
1.53
1.21
1.55
1.59
1.07
0.74
K
g·kg-1
24.82
24.93
29.81
13.07
10.25
15.01
12.01
21.14
11.08
Nutrient content
P
Na
g·kg-1
g·kg-1
2.82
0.78
2.91
0.95
3.02
0.63
2.26
0.83
2.24
0.1
2.86
0.93
2.39
0.62
2.47
0.64
8.62
3.80
Ca
g·kg-1
4.13
3.18
4.27
5.02
3.35
7.45
4.57
3.97
0.21
PDIE
g·kg-1
65.08
66.05
90.28
67.32
69.56
68.55
68.24
51.93
149.04
PDIN
g·kg-1
60.21
63.19
109.05
72.65
53.31
70.29
63.57
41.22
207.93
NEV
MJ·kg-1
4.16
4.84
5.1
6.26
6.67
6.25
6.5
4.95
4.44
VI 2007
VIII 2007
IX 2007
XII 2007
III 2008
VI 2008
IX 2008
hay
distiller’s grains

Dry matter Roughage
%
%
100
26.82
100
33.12
100
23.12
100
20.95
100
19.46
100
22.67
100
21.13
100
32.83
100
5.7
Period (month)

Table 1. Nutrient contents of feeding rations during the experiment period (June 2007–Sept 2007 grazing and supplemental hay, Dec 2007–Sept 2008 corn silage)

421
Results
Average values of the concentrations of metabolic
profile indicators are given in Tables 2 and 3. A
relationship was detected between the temperature
of the environment and the concentration of total
proteins (r = –0.38; p < 0.001). During the monitored
period, changes (F (12, 141) = 17.820; p < 0.001)
were recorded in the content of total proteins in
the bulls’ blood plasma. The lowest average values
of total proteins were determined at the start of
the experiment, in the so-called natal calves.
Subsequently, an increase (p < 0.05) of total proteins
was recorded up to 252 days of age. At 329 and 368
days, a drop (p < 0.01) of values was observed,
followed by their further increase until the end of the
monitored period. The same progression of changes
was recorded in the concentration of plasma albumin.
The amount of urea in blood plasma did not change
dramatically during the experiment. The temperature
of the environment had a decisive influence on the
concentration of urea in blood plasma (r = –0.41;
p < 0.001). Average values of urea fluctuated
between 3.42 and 5.37 mmol·l-1 with an increase
(p < 0.05) recorded at 252 days of age. At this
age, conclusively higher values of creatinine were
seen in blood plasma. Changes in concentration of
plasma glucose were recorded during the experiment
(F (12, 141) = 5.962; p < 0.01). A rapid increase
(p < 0.01) of glucose concentration was detected in
bull calves in the period from birth until 56 days of
age with subsequent modest fluctuation until the end
of the experiment.
For assessing the relationship between age and the
indicators of the internal environment, correlation
coefficient values were established for albumin (r =
–0.56; p < 0.01), total proteins (r = –0.70; p < 0.01),
urea (r = –0.73; p < 0.01) and glucose (r = –0.38;
p < 0.01). The concentration of total cholesterol
increased significantly after birth (p < 0.01), and its
level subsequently decreased with slight fluctuation
until the end of the monitored period. An increase
(p < 0.05) was recorded in bulls at 168 days of age.
The content of triacylglycerols showed a decreasing
tendency (F (12, 141) = 3.359; p < 0.001) from
the start of observation. In contrast to plasma
cholesterol, high concentrations (0.324 to 0.370
mmol·l-1) were observed at the start of observation
compared to the average values seen at an older
age. The highest amount of bilirubin in the bulls’
blood plasma was also observed at the start of the

TP [g·l-1]
51.5 ± 1.19
64.2 ± 1.86
60.8 ± 1.68
58.2 ± 1.86
66.5 ± 1.68
67.3 ± 1.76
72.6 ± 1.68
77.6 ± 2.10
75.5 ± 1.76
64.1 ± 1.86
66.8 ± 1.76
70.3 ± 1.97
71.3 ± 1.86
69.5 ± 1.84
70.4 ± 1.86
< 0.001

Albumin [g·l-1]
26.5 ± 0.36
31.7 ± 0.57
30.7 ± 0.52
31.4 ± 0.57
31.3 ± 0.52
33.5 ± 0.54
33.7 ± 0.52
34.1 ± 0.65
32.8 ± 0.54
30.1 ± 0.57
30.2 ± 0.54
32.3 ± 0.61
31.1 ± 0.57
30.9 ± 0.55
31.1 ± 0.56
< 0.001

Urea [mmol·l-1]
3.81 ± 0.33
3.56 ± 0.52
3.80 ± 0.47
4.12 ± 0.52
3.76 ± 0.47
4.43 ± 0.49
4.39 ± 0.47
5.37 ± 0.59
4.42 ± 0.49
3.66 ± 0.52
3.67 ± 0.49
3.85 ± 0.55
3.42 ± 0.52
4.06 ± 0.50
3.89 ± 0.51
< 0.001

P values represent results of single-factor ANOVA for animal age

Age [day]
4
56
95
116
155
168
207
252
291
329
368
434
473
525
564
P

Indicator
Creatinine [µmol·l-1]
Glucose [mmol·l-1]
107.3 ± 3.77
5.00 ± 0.20
117.3 ± 5.62
6.29 ± 0.32
113.9 ± 5.09
5.94 ± 0.29
120.2 ± 5.62
5.22 ± 0.32
116.5 ± 5.09
5.00 ± 0.29
108.4 ± 5.33
5.42 ± 0.30
119.7 ± 5.09
5.35 ± 0.29
129.1 ± 6.38
4.89 ± 0.36
123.9 ± 5.33
4.71 ± 0.30
117.4 ± 5.62
5.08 ± 0.32
109.3 ± 5.33
5.39 ± 0.30
128.9 ± 5.96
5.04 ± 0.34
117.1 ± 5.62
5.29 ± 0.32
114.2 ± 5.37
5.08 ± 0.31
117.3 ± 5.50
5.12 ± 0.31
< 0.001
0.002
Cholesterol [mmol·l-1]
1.45 ± 0.18
4.26 ± 0.27
3.98 ± 0.24
4.13 ± 0.27
4.05 ± 0.24
4.75 ± 0.26
4.10 ± 0.24
3.52 ± 0.31
4.09 ± 0.26
3.42 ± 0.27
3.31 ± 0.26
3.00 ± 0.29
3.06 ± 0.27
3.46 ± 0.26
3.21 ± 0.269
< 0.001

TAG [mmol·l-1]
0.370 ± 0.036
0.324 ± 0.055
0.376 ± 0.050
0.248 ± 0.055
0.227 ± 0.050
0.286 ± 0.052
0.301 ± 0.050
0.241 ± 0.062
0.236 ± 0.052
0.212 ± 0.055
0.222 ± 0.052
0.225 ± 0.058
0.249 ± 0.055
0.258 ± 0.049
0.214 ± 0.055
< 0.001

Table 2. Concentrations of total protein, albumin, urea, creatinine, glucose, cholesterol and triacylglycerols in blood plasma of AA bulls during the experimental period
(data represent mean ± SEM)
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experiment. In the subsequent
period, its concentration did
not change significantly. The
highest average values for
alkaline phosphatase activity
were recorded from birth
to 95 days of age (3.63 to
4.04 µkat·l-1). From 116 days
of age, ALP activity decreased
(F (12, 141) = 4.212; p <
0.001) until the end of the
experiment. The lowest values
for ALT activity were observed
in bull calves after birth.
These values then increased
(F (12, 141) = 39.272; p <
0.001) until 329 days of age.
From this time, catalytic ALT
activity fluctuated between
0.53 and 0.56 µkat·l-1 until the
end of the monitored period.
The catalytic concentration
of AST in bulls’ blood
plasma (F (12, 141) = 9.332;
p < 0.01) showed a similar
development.
Correlation
coefficients were calculated
for age and catalytic ALP
(r = –0.77; p < 0.01), ALT (r =
0.69; p < 0.01), and AST (r =
–0.41; p < 0.01) activity. The
temperature of the external
environment also affected
ALP and ALT activity (r =
0.58 and r = –0.45; p < 0.001).
Creatine kinase activity did
not change dramatically
from the beginning of the
experiment through 155 days
of age. A decrease (p < 0.05)
in catalytic concentration was
recorded in the animals from
that time until 291 days of age
with a subsequent increase (p
< 0.05) until 564 days of age.
The highest concentration of
triiodothyronine was observed
in bull calves after birth (6.85
nmol·l-1). With increasing age,
its level decreased through
155 days of age (F (12, 141)

Bilirubin [µmol·l-1]
12.16 ± 0.59
2.96 ± 0.90
3.12 ± 0.81
2.94 ± 0.90
3.20 ± 0.85
2.61 ± 0.90
2.96 ± 0.81
3.37 ± 1.02
2.92 ± 0.85
3.14 ± 0.90
2.98 ± 0.85
2.94 ± 0.95
3.10 ± 0.90
2.52 ± 0.82
2.69 ± 0.90
< 0.001

ALP [µkat·l-1]
3.80 ± 0.28
4.04 ± 0.44
3.63 ± 0.40
2.55 ± 0.44
2.92 ± 0.40
2.23 ± 0.42
2.17 ± 0.40
2.57 ± 0.54
2.28 ± 0.54
2.14 ± 0.44
2.69 ± 0.42
2.35 ± 0.47
2.51 ± 0.44
2.05 ± 0.40
1.99 ± 0.46
< 0.001

ALT [µkat·l-1]
0.171 ± 0.016
0.270 ± 0.025
0.212 ± 0.022
0.302 ± 0.025
0.274 ± 0.022
0.359 ± 0.023
0.460 ± 0.022
0.454 ± 0.028
0.476 ± 0.023
0.550 ± 0.025
0.545 ± 0.023
0.550 ± 0.026
0.533 ± 0.025
0.542 ± 0.022
0.564 ± 0.025
< 0.001

P values represent results of single-factor ANOVA for animal age

Age [day]
4
56
95
116
155
168
207
252
291
329
368
434
473
525
564
P

Indicator
AST [µkat·l-1]
0.96 ± 0.07
1.30 ± 0.11
1.19 ± 0.10
1.36 ± 0.11
1.38 ± 0.10
1.56 ± 0.11
1.49 ± 0.10
1.62 ± 0.13
1.39 ± 0.11
1.97 ± 0.11
1.76 ± 0.11
1.76 ± 0.12
1.69 ± 0.11
1.49 ± 0.10
1.58 ± 0.11
< 0.001
CK [µkat·l-1]
4.29 ± 0.45
4.45 ± 0.71
4.65 ± 0.64
4.17 ± 0.81
4.25 ± 0.68
3.67 ± 0.76
3.31 ± 0.68
3.18 ± 1.07
3.73 ± 0.76
4.20 ± 0.76
3.99 ± 0.71
4.28 ± 0.81
4.59 ± 0.76
4.76 ± 0.68
4.86 ± 0.79
0.021

T3 [nmol·l-1]
6.85 ± 0.21
2.94 ± 0.33
2.64 ± 0.31
2.58 ± 0.33
1.97 ± 0.29
2.04 ± 0.31
2.35 ± 0.29
1.63 ± 0.40
1.83 ± 0.33
2.74 ± 0.33
2.82 ± 0.33
2.86 ± 0.35
2.76 ± 0.33
2.55 ± 0.29
2.84 ± 0.33
< 0.001

T4[nmol·l-1]
167.33 ± 9.16
89.36 ± 14.32
96.16 ± 13.59
73.47 ± 14.32
61.29 ± 12.95
70.02 ± 14.32
65.01 ± 12.95
61.60 ± 17.54
73.96 ± 14.32
82.61 ± 14.32
73.30 ± 14.32
78.36 ± 15.19
74.32 ± 14.32
76.26 ± 13.09
72.59 ± 14.73
< 0.001

Table 3. Concentrations of bilirubin, alkaline phosphatase, alanine transaminase, aspartate transaminase, creatine kinase, triiodothyronine and tyroxin in blood plasma
of AA bulls during the experimental period (data represent mean ± SEM)
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= 34.189; p < 0.001). Slight
fluctuation was recorded
from day 168 to 291. At
329 days of age, average
values rose but subsequently
did not change through the
end of the experiment. The
correlation coefficient r =
–0.82 (p < 0.01) expresses
the
interdependence
of
triiodothyronine concentration
with the animals’ age. A similar
progression of changes was
seen during the experiment in
the concentration of tyroxin (F
(12, 141) = 9.141; p < 0.001).
The contents of micro- and
macro-elements in blood
plasma during the monitored
period are given in Table 4.
The plasma concentration of
calcium decreased, with slight
fluctuation, from birth until the
end of experiment. Phosphorus
in the blood plasma of
monitored
bulls
showed
increased average values in
the period from 56 to 116 days
of age. It increased thereafter
until day 168, at which time
it decreased until day 291.
Concentration of magnesium
in blood plasma slighty
decreased from birth until 155
days of age, then it increased
until 291 days of age, but
thereafter again decreased (F
(12, 141) = 13.031; p < 0.001).
In the first half of experiment,
the concentration of plasma
potassium did not change
significantly; a drop (p < 0.01)
in its average concentration
was recorded from 368 to
473 days of age. The amount
of sodium in the bulls’ blood
plasma fluctuated in a range of
139.4–144.9 mmol·l-1 during
the experiment. A marked
decrease (p < 0.01) in the
concentration of chlorides

Ca [mmol·l-1]
3.04 ± 0.04
2.93 ± 0.06
2.85 ± 0.06
2.65 ± 0.06
2.81 ± 0.06
2.68 ± 0.06
2.80 ± 0.06
2.65 ± 0.08
2.72 ± 0.08
2.46 ± 0.07
2.60 ± 0.06
2.72 ± 0.07
2.62 ± 0.06
2.51 ± 0.06
2.65 ± 0.07
0.052

P [mmol·l-1]
2.41 ± 0.08
2.95 ± 0.12
2.73 ± 0.11
2.84 ± 0.12
2.41 ± 0.11
2.79 ± 0.12
2.44 ± 0.11
2.22 ± 0.14
2.21 ± 0.12
2.65 ± 0.12
3.01 ± 0.12
2.73 ± 0.13
2.84 ± 0.12
2.75 ± 0.11
2.32 ± 0.12
0.006

Mg [mmol·1-l]
0.84 ± 0.02
0.75 ± 0.04
0.71 ± 0.03
0.74 ± 0.04
0.70 ± 0.03
0.98 ± 0.04
0.93 ± 0.03
1.14 ± 0.05
1.18 ± 0.05
1.01 ± 0.04
1.18 ± 0.04
1.04 ± 0.04
1.00 ± 0.04
0.91 ± 0.03
1.01 ± 0.04
< 0.001

P values represent results of single-factor ANOVA for animal age

Age [day]
4
56
95
116
155
168
207
252
291
329
368
434
473
525
564
P

K [mmol·l-1]
4.25 ± 0.09
4.22 ± 0.14
4.12 ± 0.13
3.98 ± 0.11
4.10 ± 0.09
4.37 ± 0.09
4.52 ± 0.11
4.57 ± 0.12
4.50 ± 0.08
4.37 ± 0.10
4.20 ± 0.08
3.87 ± 0.06
3.38 ± 0.05
4.17 ± 0.05
4.41 ± 0.04
0.002

Indicator
Na [mmol·l-1]
Cl [mmol·l-1]
142.4 ± 1.49
98.6 ± 0.52
141.6 ± 1.21
101.2 ± 0.82
143.5 ± 0.97
101.2 ± 0.74
141.2 ± 0.89
101.9 ± 0.82
139.4 ± 1.12
102.1 ± 0.74
143.6 ± 0.79
101.7 ± 0.78
144.9 ± 0.15
102.0 ± 0.74
144.8 ± 0.93
98.4 ± 0.93
145.8 ± 0.14
98.3 ± 0.78
143.1 ± 0.21
95.1 ± 0.82
142.3 ± 0.89
94.5 ± 0.78
143.5 ± 0.79
99.8 ± 0.87
141.9 ± 1.21
97.1 ± 0.82
144.2 ± 1.19
98.2 ± 0.74
143.1 ± 0.95
96.3 ± 0.82
< 0.001
< 0.001
Fe[µmol·l-1]
29.1 ± 2.82
30.0 ± 4.32
36.4 ± 3.90
28.6 ± 4.32
32.4 ± 3.90
29.4 ± 4.09
31.3 ± 3.90
30.8 ± 4.89
34.0 ± 4.09
32.7 ± 4.32
35.5 ± 4.09
38.6 ± 4.58
36.0 ± 4.32
36.2 ± 3.89
29.5 ± 4.31
0.043

Cu [µmol·l-1]
8.52 ± 0.63
8.13 ± 0.91
8.97 ± 0.82
8.35 ± 0.91
9.89 ± 0.82
9.09 ± 0.86
10.81 ± 0.82
10.41 ± 1.03
12.88 ± 0.86
10.52 ± 0.91
10.79 ± 0.91
13.98 ± 1.37
14.51 ± 1.12
13.86 ± 0.83
12.75 ± 1.01
< 0.001

Zn [µmol·l-1]
18.15 ± 1.22
13.78 ± 1.91
13.40 ± 1.73
13.93 ± 1.91
13.68 ± 1.73
13.29 ± 1.81
11.24 ± 1.73
10.96 ± 2.56
11.35 ± 3.31
10.04 ± 2.02
15.58 ± 1.81
19.14 ± 2.02
18.22 ± 2.02
16.19 ± 1.72
13.59 ± 2.21
< 0.001

Table 4. Concentrations of calcium, phosphorus, magnesium, potassium, sodium, chloride, iron, copper and zinc in blood plasma of AA bulls during the experimental
period (data represent mean ± SEM)
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was recorded from 252 to 434
days of age. The concentration
of plasma iron increased from
the start of the experiment
(29.1 µmol·l-1) through 525 days
of age (36.2 µmol·l-1). Similar
development was recorded
for copper concentration in
the bulls’ blood plasma with a
significant increase (p < 0.05)
at 434 days of age. In the same
period, there was a significant
rise in the concentration of zinc.
Unlike that of plasma copper,
the concentration of zinc
decreased from the beginning
of experiment. Conclusive
relationships
(p    <    0.001)
with the animals’ age were
recorded for Ca, P, Mg and Zn
(r = –0.38, r = –0.33, r = 0.32
and r = –0.53). A conclusive
relationship was also noted
between the temperature of the
external environment and the
concentration of P (r = 0.57),
K (r = –0.69) and Zn (r = 0.33)
(Table 5).
Discussion

As reported by Chimonyo
et al. (2000), changes in the
amount of total proteins in
bulls’ blood plasma can be
caused to a certain extent by
variability in the quality of
feedstuffs provided. Among the
factors increasing the amount
of proteins, a prevalence of
internal parasites in the period
from December to March tends
to be included owing to the
increase in the globulin fraction
(Thrall et al. 2004; Grunwaldt
et al. 2005). In our experiment,
the amount of total proteins
increased from September to
December. Considering that
preventive measures against
parasitic illnesses were taken,
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Table 5. The correlation of the internal evironment indicators, age and temperature. Values presented in bold
face are significant in p < 0.01
Age
Temperature
 	
Age
Temperature
 	
Age
Temperature

TP
0.7
-0.38
ALP
-0.77
0.58
Mg
0.32
-0.07

Abumin
0.56
-0.32
ALT
0.69
-0.45
K
0.29
-0.69

Urea
0.73
-0.41
AST
0.41
-0.06
Na
0.15
0.12

Crea
0.46
-0.14
CK
0.29
-0.13
Cl
-0.35
0.58

Glu
-0.38
0.22
T3
-0.82
0.51
Fe
0.05
-0.12

Chol
0.05
-0.19
T4
-0.29
0.10
Cu
-0.08
-0.03

TAG
-0.42
0.31
Ca
-0.38
0.16
Zn
-0.53
0.33

Bilirubin
0.01
0.05
P
-0.33
0.57

we assume that the increase in the protein content is due to a higher amount of nitrogen
compounds in the feed ration in this period. This hypothesis also supports the increase
in the concentration of albumin and urea during the same period. Plasma albumin is a
sensitive nutritional indicator of protein status (Doornenbal et al. 1988; Slobodianik
et al. 1999). The concentration of plasma urea also reflects changes in the metabolism of
proteins, whereby changes in the amount of total proteins and albumin in the blood can
be explained (Payne 1987). This statement is also supported by the work of Godden et
al. (2001), Brown and Adjei (2001), Nazi et al. (2003), Thrall et al. (2004) as well as
Grunwaldt et al. (2005), who found out that the concentration of urea in blood plasma
depends on the amount of ingested proteins in the feed and their degradation in the rumen,
the dietary composition of ingested amino acids, and the capacity for degradation of
saccharides in the rumen. In our experiment, higher average values for the concentration of
urea were recorded in bulls, corresponding with the findings of Otto et al. (2000). Byers
and Moxon (1980) set an optimum concentration of urea in the blood plasma of fattened
beef cattle in the range 1.8–2.5 mmol·l-1 and pointed to over-supplied intake of nitrogen
compounds leading to higher values of urea. A lower concentration of urea may be due
to a higher capacity to convert nitrogen into amino acids and proteins that leads to faster
growth of the organism, as further reported by Otto et al. (2000). Increased concentration
of plasma creatinine is recorded during a period of insufficient nutrition in animals, when
skeletal muscles are used as a source of energy (Thrall et al. 2004). In our study, an
increase in the concentration of creatinine in bulls’ blood plasma was recorded during the
summer and winter months. Similar results were found by Ndlovu et al. (2007). Summer
and winter are periods of lower quality nutrition for grazing beef cattle (Chimonyo et al.
2000; Grundwaldt et al. 2005).
During the experiment, glucose concentration changed with fluctuating tendency.
Cabaraux et al. (2004) indicated a decrease in the concentration of glucose with age.
They attributed this phenomenon to a rise in the concentration of plasma insulin due to
the increase in feed intake. In our experiment, glucose concentration decreased during
the summer and winter months. This corresponds with the findings of Chimonyo et al.
(2000), Grunwaldt et al. (2005), Fraser et al. (2009) and Ndlovu et al. (2009). These
authors attributed decrease in the concentration of glucose to insufficient nutrition in this
period. Holenbeck et al. (2006) recorded an average value of glucose concentration of
4.77 mmol·l-1 in Aberdeen Angus bulls and supposed that a decrease of glucose concentration
may be due to higher respiration rates of bulls during the hot season. Ban Tokuda et al.
(2007) pointed to the decreasing concentration of glucose during fattening, which does not
entirely correspond with our results as the concentration of plasma glucose in bulls during
fattening did not change significantly.
Ban Tokuda et al. (2007) noted that the concentration of total cholesterol in bull calves
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increases until three months of age. Similarly, they detected an increase in the concentration
of TAG until five months of age, followed by its decrease. In our observations, the influence
of increase in the concentrations of plasma cholesterol and TAG was also recorded in
the period of up to five months of age, with a subsequent decrease until the end of the
experiment. Certain studies connect an increased level of cholesterol with a better energy
balance (Cavestany et al. 2005). Thrall et al. (2004) regarded the higher concentration of
cholesterol in the blood plasma of cattle as an indicator of higher energy reserves. On the
other hand, there is a hypothesis that it is the result of energy insufficiency (Bruss 1997).
According to Margollese (1983), the concentration of cholesterol increases as a result
of lipids mobilisation due to the activity of glucagon or as a result of an increase in the
synthesis of plasma lipoproteins. The higher concentration of cholesterol at the beginning
of experiment may be attributed to its relationship to the amount of plasma glucose. As
indicated by Reynolds et al. (2001), a higher concentration of glucose in blood plasma
stimulates the secretion of insulin, which reduces the concentration of cyclic adenosine
monophosphate (cAMP), thereby stimulating the synthesis of cholesterol. Pavlik et al.
(2009) recorded a positive relationship between the concentration of plasma cholesterol
and weight gain while they detected a significant decrease in the concentration of total
cholesterol along with a drop in weight gain during weaning. According to Ban Tokuda et
al. (2007), this drop may be due to the method of reducing feed intake because cholesterol
is used as a source of energy for ruminant animals (Adachi et al. 1997). These findings do
not correspond with the results of our experiment, as no significant drop in the concentration
of cholesterol was recorded during the weaning period in the interval from 250 to 290 days
of age.
Ndlovu et al. (2009) pointed to the higher concentration of metabolites (glucose,
cholesterol) related to nutrition for breeds adapted to an insufficiency of quality grazing
vegetation. They explained this phenomenon as a certain physiological adaptation of energy
need when searching for and obtaining nutrition. In their work, they found a considerably
lower concentration of these metabolites in the Aberdeen Angus breed compared with our
results. These differences can be explained by the quite different climatic conditions in
their experiment.
The catalytic concentration of ALP decreased from the beginning of experiment until
the animals were one year old. This tendency is also evident in other species and is the
result of rapid growth in young animals, as ALP concentration becomes elevated during the
mineralisation of bone tissue when it is released from growing bones and enters the blood
(Kaneko et al. 1997; Knowles et al. 2000). Otto et al. (2000) found a correlation between
age and ALP (r = 0.649) in their study. Ndlovu et al. (2009) supposed that higher ALP
activity is connected with a higher ratio of bone tissue to muscle tissue. Pavlik et al. (2009)
observed an increase in catalytic ALT and AST activity during the weaning of Gasconne
bull calves at approximately 270 days of age together with a significant drop in growth
intensity. The reason for ALP and AST increased concentration. can be higher pressure on
the liver due to insufficient nutrition connected with negative energy and nitrogen balance
(Parra et al. 1999; Cavestany et al. 2005). In our experiment, as in the work of Ndlovu
et al. (2009), no impact of weaning on the increase of the concentration of these enzymes
was seen. Activity of ALT and AST enzymes increased during the experimen in connection
with the age of the animals.
Daix et al. (2008) indicated a T3 value of 1.16 nmol·l-1 and a T4 value of 124.8 nmol·l-1
for Aberden Angus bulls aged 18 months. They detected significantly lower average values
for the Belgian Blue breed, and they explained this difference by the lower intensity of
basal metabolism, which to a certain extent can also explain the better conversion of food
by this breed. In our experiment, the average concentrations of these hormones fluctuated
in ranges of 1.63–2.94 nmol·l-1 for T3 and 61.6–96.1 nmol·l-1 for T4. A markedly higher
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concentration of these hormones was observed in the period after birth. These high
concentrations are most likely connected with the importance of the thyroid hormones in
differentiating cells during intrauterine development and shortly after birth.
Individual indicators of the mineral profile of blood plasma were found in our experiment
within physiological ranges mentioned by, e.g., Whitaker et al. (1999) and Grunwaldt
et al. (2005). The concentration of plasma calcium did not change significantly during the
monitored period despite the higher content of Ca in the winter feeding ration. Similarly as
in the study by Ndlovu et al. (2009), season did not prove to have an effect on concentration
of Ca as indicated by McDowell et al. (2005). The average values of Ca observed in our
experiment were higher compared to the values determined by Farver (1997). Overton
and Waldron (2004) and Ndlovu et al. (2009) found lower concentrations of phosphorus
and magnesium in the blood plasma of AA bulls in the winter period. Our results are in
agreement with these finding, because the lower concentration of phosphorus was found in
bulls in December when they were 252 and 291 days old. But in case of magnesium, different
results were obtained. Farver (1997) and Ndlovu et al. (2009) found a concentration
of P between 1.2 and 2.3 mmol·l-1. These values are lower compared to our results. But
the concentration of plasma magnesium (0.6–1.2 mmol·l-1), however, fully corresponds
with our results. Despite the higher amounts of iron and copper in the grazing area at the
beginning of experiment, a higher concentration of these elements was found in the bulls’
blood plasma only in the second half of the experiment. An increase in the concentration
of plasma zinc was found in bulls in age from 329 to 434 days, during which time a higher
amount of zinc was included in the feeding ration. The values of zinc in bulls detected in
our experiment corresponded to the physiological range set by Suttle (1993).
In this experiment, the ranges of average values for indicators of the internal environment
of Aberdeen Angus bulls from birth to their slaughter were established. Significant influence
of age and environmental temperature was found for certain indicators of the blood plasma’s
metabolic profile. Changes in the concentration of established indicators correspond to the
levels of metabolic processes in animals during individual phases of their production lives.
This results can be used in assessing health and nutritional status of animals as well as for
early detection of production disorders in beef cattle raised in extensive breeding.
Metabolický profil krevní plazmy býků plemene Aberdeen Angus
v průběhu postnatálního vývoje
U 22 býků plemene Aberdeen Angus chovaných extenzivním způsobem byly v průběhu postnatálního vývoje (od 4 do 564 dnů věku) sledovány vybrané ukazatele metabolického profilu krevní plazmy a to celkové bílkoviny, albumin, urea, kreatinin, glukóza, cholesterol, triacylglyceroly, bilirubin, alkalická fosfatáza, alaninaminotransferáza,
aspartátaminotransferáza, kreatin kináza, tyroxin, trijodtyronin, vápník, anorganický
fosfor, hořčík, draslík, sodík, chloridy, měď, zinek a železo. Při hodnocení vztahu věku
k ukazatelům vnitřního prostředí zvířete byly stanoveny hodnoty korelačních koeficientů u celkových bílkovin (r = -0,70; p < 0,01), albuminu (r = -0,56; p < 0,01), močoviny
(r = -0,73; p < 0,01), glukózy (r = -0,38; p < 0,01) a trijodtyroninu r = -0,82 (p < 0,01).
Byl zjištěn průkazný vztah mezi teplotou vnějšího prostředí a obsahem celkových bílkovin
(r = -0,38; p < 0,01), koncentrací močoviny r = -0,41; p < 0,01), aktivity ALP (r = 0,58;
p < 0,01) a ALT (r = 0,45; p < 0,01). Významný vliv teploty byl zaznamenán také u koncentrace P (r = 0,57; p < 0,01), K ( r = -0,69; p < 0,01) a Zn (r = 0,33; p < 0,01). Práce
přináší důležité informace o změnách ukazatelů metabolického profilu krevní plazmy býků
v průběhu postnatálního vývoje při definovaných podmínkách výživy a teploty prostředí,
které lze využít jako referenční hodnoty pro hodnocení zdravotního stavu zvířete i kvality
výživy.
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