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Abstract

Pavlik A., R. Filip¢ik, P. Jelinek, M. Bjelka, Z. Havlicek, J. Subrt: Indicators of the
Internal Environment of Beef Cattle during Fattening and their Correlation to the Quality of Beef.
Acta Vet. Brno 2008, 77: 539-546.

The objective of the study was to determine selected indicators of the internal environment
in individual cattle categories during the period of fattening to evaluate the relation of the
individual blood components to the growth intensity and qualitative indicators of the meat. The
trial involved half-siblings - bulls, heifers and steers housed in one stable. The threesome always
had a common father. During the trials the live weight was monitored and blood samples were
taken on days 310, 403, 448, 479, 512, 554 and 618 of age. The concentrations of total proteins,
glucose, total cholesterol, urea and catalytic concentrations of ALP, ALT, AST, calcium,
inorganic phosphorus, magnesium and copper in the blood plasma were assessed. In all cases
the levels of indicators of the internal environment were within the range of the physiological
values for the respective age category. Compared to bulls and steers, the concentration of total
plasma cholesterol of the heifers was significantly higher (p < 0.05 and p < 0.01, respectively).
The last samples were taken prior to slaughter of the animals and the individual components
were correlated with the nutritional values and meat indicators; the correlation between the
amount of glucose and urea in the blood serum and the tenderness of the meat was significant
(p < 0.05 and p < 0.01). The correlation between the concentration of proteins in the blood
plasma, the level of nitrogen or total protein in the muscles, the water-holding capacity and
meat tenderness was positive. The study provides a basis for implementing helpful adjustments
in current cattle management practises. Blood indicators presented in this paper can be added to
existing knowledge to benefit veterinary research and clinical evaluations.

Growth, cattle, blood, enzymes, total proteins, glucose, phosphorus, magnesium, copper,
cholesterol, water-binding capacity, shearing tests

The gradually increasing milk efficiency of dairy cows in the Czech Republic and the
quota limitations in milk production resulted in reductions in the numbers of dairy cows
and in the total number of reared cattle. One of the options of how to maintain the numbers
of cattle in the country is to rear cows that do not produce market milk. Therefore beef
cattle breeds are increasingly reared. An important aspect when extending this type of
rearing is to be aware of the effect of the breeding conditions on the animals and to ensure
their good health, optimal efficiency expressed by their growth capacity with regard to
the production of the required amount and quality of animal products. If we are to create
optimal conditions that would correspond to the current requirements of individual animals,
we must draw as much information as possible about the internal environment, which
reflects these effects and, above all, indicates the level of nutrient, mineral and vitamin
supply required, which at the same time shows the functional condition of the animal.
Changes in haematological and biochemical blood indicators of various cattle categories
are well known (Dubreuil and Lapierre 1997; Parra et al. 1999; Whitaker et al. 1999;
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Knowles et al. 2000; Jorritsma et al. 2003; Kumar and Pachauri 2000; Accorsi et al.
2005; Cavestany et al. 2005; Fontaneli et al. 2005). However, the authors mostly focus
on evaluations of the internal environment of dairy cattle breeds, or some categories of
cattle intended for fattening. The objective of the present study was to characterise the
changes in indicators of the internal environment in the process of production of slaughter
cattle (bulls, heifers and steers in the course of fattening) and to evaluate the correlations
between these components and selected qualitative meat indicators.

Materials and Methods

The trials involved 33 half siblings of cattle (11 bulls, 11 heifers and 11 steers) of the Czech Fleckvieh
breed (maternal position), the Charolaise, Galoway, Beef Simmental breeds, and three- and four-breed hybrids
50Ch25C25A, 50MS12,5H12,5Sh25Ch. The animals were reared as cattle without commercial milk production
and they were selected for the investigations on the basis of their date of birth to ensure minimal age differences.
After the end of the grazing period they were transferred to the stable where groups were formed based on sex.
Each group was housed on deep litter in 12 x 12 m pens. During the experiment the animals were fed a mixed
feed ration based on maize silage, clover-grass hay, hay (dry matter 39.14%; CP 106.6 g-kg™; fibres 223.3 g-kg™';
NE 6.18 MJ) and a concentrate mixture (dry matter 86.88%; CP 170.28 g-kg™'; fibres 71.02 g-kg'; PDIN 109.74 g;
PDIE 92.69 g; NE 6.84 MJ; ME 12.03 MJ). Owing to the ventilation of the stable the micro-climate conditions
were based on the climate conditions of this submontane region of the Jeseniky Mts. On days 310, 403, 448,
479, 512, 554 and 618 of age the live body mass of the animals was determined and samples of blood were taken
from the subcaudal vein. Immediately after the sampling using the AVL Critical Care Analyser (OPTIMedical,
USA) the basic variables of the acid-base balance of blood (pH, partial pressure of carbon dioxide - pCO,,
standard bicarbonate - SBC, base excess - BE) were determined as the indicators of the current state of balance
of the processes of uptake, formation and excretion of acids and bases in the organism. The average values for
the entire group of animals was as follows: pH - 7.419 £ 0.008; pCO, -6.21 + 0.181 kPa; SBC - 27.8 + 0.332
mmol'l"'; BE - 4.3 £ 0.301 mmol‘l"". Non-coagulating blood stabilised with EDTA was centrifuged at 1600 x g
for 20 min and the plasma was kept at -20 °C until analysis. The blood plasma was analysed for the content of
total proteins (TP), glucose (Glu), total cholesterol (Chol), urea, catalytic concentrations of alkali phosphatase
(ALP), alanine amino transferase (ALT), aspartate transaminase (AST), calcium (Ca), inorganic phosphorus
(Pi), magnesium (Mg) and copper (Cu). The analysis was performed by spectrometry on the Cobas Mira Plus
automatic analyser (Roche, Switzerland) using available commercial sets (Biovendor a.s., Czech Republic). The
growth rate during fattening was evaluated by calculating the average weight gains (WG) in given time intervals
between the individual samplings. After the termination of fattening the animals were slaughtered and a sample
of the musculus longissimus et thoracis was taken at the level of the halving cut between the 9" and 10™ thoracic
vertebra for laboratory analy51s The laboratory analyses were conducted 48 h post mortem according to the
Czech norm CSN 57 0185 in the blotechnologlcal laboratory of the Department of Animal Breeding of Mendel
University of Agriculture and Forestry in Brno. The water content was determined by pre-drying the meat sample
(5 g) with sand for 2 hours at 60 °C followed by drying for 5 - 7 hours at 103 °C and assessing the weight loss. The
protein content was determined using the method of Kjeldahl, the fat content by extraction with diethyl ether for
6 hours in an extension of Soxhlet’s apparatus, the ash content by burning in a furnace at 550 - 600 °C for 8 hours,
freely bound water was determined applying the modified pressing method according to Grau and Hamm (1953).
The tenderness of the meat was evaluated in the laboratory of the Department of Food Technology of the Mendel
University of Agriculture and Forestry in Brno by a shearing test according to the methods of Christensen et
al. (2000).

Statistical interpretation of the data was conducted in the statistical package SAS 9.1.3. To determine the
effect of age and sex on the indicators of the internal environment we used the two-way analysis of variance with
repeated measures and the differences among the respective categories by post hoc tests using Fisher’s LSD test.
The dependence of indicators of the metabolic and mineral profile on age and growth intensity expressed by the
weight gain was evaluated using correlation analysis at a level of significance (p < 0.05). Correlations between the
internal environment and meat quality were performed by analysis of variance as follows:

=pn+TPAUAG, +e,,
where TP - tofal protems 1-<70.00 g1';2->70.01 g-I'!
U - urea: 1- <2.00 mmol'l"'; 2 - >2.01 mmol-I"
G - glucose: 1 - <5.00 mmol-l"'; 2 - > 5.01 mmol-l"!

Results

In the fattening period from 310 to 618 days of age the highest weight gains were found in
bulls (Fig. 1). In the first half of this period the differences among the groups were significant
(p <0.05). The lowest weight gains were in heifers. During this period the total proteins in
the blood plasma did not change considerably (Table 1), showing a slight increase at the
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Fig. 1. Average daily body weight gains (g-day™') in the period between days 310 and 618 of age in the individual
categories of animals. The data represent the mean + SEM; * represents p < 0.05.

Table 1. Values of selected indicators of the internal environment of bulls, heifers and steers during fattening.
The data represent the mean + SEM for the entire experiment from days 310 to 618 of age. P - probability.

. Bulls Heifers Steers P
Indicator mean SEM mean SEM mean SEM sex time sexxtime
WG [g-day'] 1153.7+81.4 894.8 £58.1 931.1+114.1 | <0.001 |<0.001 0.227
TP [g'1] 69.46 £ 0.60 71.02+0.51 69.25 +£0.50 0.426 [<0.001 0.025
Glu [mmol-1'] 4.80 +0.08 4.86 +0.08 4.79 £ 0.07 0.671 0.006 | 0.041
Chol [mmol-1"] 2.05+0.06 2.59 +0.06 2.06 +0.04 0.003 [<0.001 0.001
Urea [mmol-I"'] 2.82+0.15 3.16£0.13 2.78 +0.14 0.837 [<0.001 0.038
ALP [pkatl-"] 2.81+0.23 2.06+£0.14 2.10+0.14 0.052 0.042 0.003
ALT [ukatl-]"] 0.49 +£0.02 0.58 +0.02 0.54+0.02 0.035 [<0.001 0.049
AST [ukatl-1"] 1.67+£0.08 1.53 +0.06 1.33+0.03 0.207 [<0.001 0.002
Ca [mmol‘l"] 2.42+0.03 2.49+0.03 2.48 +£0.02 0.026 [<0.001 0.167
Pi [mmol-1"] 2.50 +0.04 2.40+0.03 2.50+0.03 0.106 0.002 | 0.047
Mg [mmol-l"'] 0.89 +0.02 0.88 +£0.02 0.93 +£0.02 0.292 [<0.001 0.015
Cu [pmol-1"] 10.95+0.31 11.46 £0.31 11.03 +0.29 0.956 0.005 0.068

end of the experiment in all groups. The content of total proteins on days 479 and 554 of
age was higher (p < 0.05) in heifers than in bulls. No marked changes were detected in the
concentration of plasma glucose either. Non-significantly lower concentrations, particularly in
the second half of trial, occurred in bulls. The concentration of glucose increased (p <0.05) at
the end of the fattening period in heifers and steers as compared with bulls. The concentration
of total cholesterol fluctuated in all animals, being highest in heifers (except for day 310 of
age, see Fig. 2). At the age of 403, 479, and 554 days these differences compared to bulls
and steers were significant (p < 0.01). In the other cases the differences were significant (p <
0.05). During the experiment urea fluctuated in all groups. Its concentrations were the highest
on day 554 of age. Using Fisher’s post-hoc test we found that the average concentration of
urea was lower (p < 0.05) in bulls compared to steers at the age of 403 days. The highest
(p <0.01) catalytic activity of ALP during the experiment was detected in bulls in the middle
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Fig. 2. Concentration of total cholesterol in blood plasma of the individual categories of animals during fattening.
The data represent the mean £ SEM. * represents (p < 0.05), ** represents (p <0.01).

Table 2. Correlation between indicators of the internal environment, live weight gains and age of the animals.
Values presented in bold face are significant at p <0.05, n = 198.

WG| Age | ALP | ALT| AST| Ca | Chol | Glu Mg Pi Urea | TP Cu

WG * -0.41 | 0.04 | -0.09 | -0.08 | -0.16 | -0.16 | -0.29 | 0.23 | 0.13 | -0.41 |-0.19 | -0.23
Age -0.41 | * 0.13 | 0.30 | -0.31 [ -0.40 | -0.05 |-0.22 | 0.06 |-0.01 | 0.16 [-0.12 | -0.09
ALP 0.04| 0.13 | * 0.01 | 0.00 |-0.18 | -0.06 | -0.07 [-0.17 | 0.02 | -0.13 |-0.06 |-0.22
ALT | -0.09| 0.30| 0.01 | * -0.01 | 0.00 | 0.27 | -0.02 | 0.32 [-0.36 | 0.30 | 0.04 | 0.04
AST | -0.08| -0.31| 0.00 | -0.01 | * -0.09 | 0.27 | 0.02 | 0.05 [-0.03 |-0.13 | 0.13 | 0.18
Ca -0.16 | -0.40 | -0.18 | 0.00 | -0.09 | * 0.13 | 0.52 |-0.15 [-0.09 | -0.26 | 0.28 | 0.24

Chol | -0.16 | -0.05 | -0.06 | 0.27 | 027 | 0.13 | * -0.10 | 0.00 |-0.27 [-0.17 | 0.29 | 0.27
Glu -0.29| -0.22 {-0.07 | -0.02 | 0.02 | 0.52 | -0.10 | * -0.10 | -0.08 | 0.08 | 0.45 | -0.07
Mg 0.23| 0.06 -0.17 | 0.32 | 0.05|-0.15 | 0.00 |-0.10 | * -0.11 | 0.19 | 0.02 | -0.06
Pi 0.13] -0.01 | 0.02 | -0.36 | -0.03 | -0.09 | -0.27 | -0.08 |-0.11 | * -0.11 | 0.36 | -0.10

Urea | -0.41| 0.16 [-0.13 | 0.30 | -0.13 | -0.26 | -0.17 | 0.08 | 0.19 |-0.11 | * -0.46 | -0.09
TP -0.19| -0.12 | -0.06 | 0.04 | 0.13] 0.28 | 0.29 | 0.45 | 0.02 | 0.36 | -0.46 | * 0.43
Cu -0.23| -0.09 [ -0.22 | 0.04 | 0.18 | 0.24 | 0.27 | -0.07 |-0.06 |-0.10 | -0.09 | 0.43 *

of the experimental period. With the exception of day 448 of age the average values were
the lowest in the group of heifers. In the first half of the experiment the catalytic activities of
ALT increased with age. The ALT activity was not considerably different among the groups;
only at the age of 512 and 554 days it was higher (p < 0.05) in heifers than in bulls. From
day 448 of age until the end of the experiment the catalytic activity of AST was higher (p
< 0.05) in the plasma of bulls than in the plasma of heifers and steers. From the beginning
of the experiment the concentration of plasma calcium was seen to decrease slightly and
no significant differences were found among the groups. The phosphorus concentration did
not change either; with advancing age its content slightly decreased. In single animals the
difference among the respective categories was significant (p < 0.05), but in no group an
obvious trend towards a higher or lower concentration was observed. Results similar to the



543

P concentrations were found in plasma Mg. Sporadic differences (p < 0.05) occurred at the
beginning and end of the experiment. During the whole period the mean concentrations of
plasma copper decreased and did not differ among the three groups. The average value was
higher (p < 0.05) in heifers than in the other groups on day 479.

With advancing age the growth rate of animals decreased (Table 2). This dependence is
expressed by the value of the correlation coefficient: -0.41. A low significant correlation
intensity of the weight gains was discovered in relation to the concentration of total proteins,
total cholesterol and glucose. A mean dependence of the gains (-0.41) was detected in
relation to the concentration of plasma urea of the animals. A correlation between the age
of animals and indicators of the internal environment was confirmed for ALT (0.30), AST
(-0.31) and Ca (-0.40).

Table 3. Effect of the concentration of total plasma proteins on the qualitative indicators of meat

Blood plasma indicator Qualitative meat indicators
Range Nitrogen (%) Total protein
LS mean SD P LS mean SD P
<70.00 3.42 0.12 0.05 21.40 0.74 0.05
Total protein >70.01 3.35 0.15 21.04 0.89
Range Binding capacity of water (%) TPA 1* (N/em?)
LS mean SD P LS mean SD P
<70.00 78.47 246 0.05 169.67 122.87 0.01
>70.01 76.82 1.76 239.25 149.96

*TPA 1 — force required to press a 1 x 1 x 1 cm meat sample down to 70% of its thickness (N/cm?)

Out of all the indicators under study, a correlation was found (Table 3) between the
proportion of total plasma proteins and the amount of nitrogen, or total proteins of beef at
a 95% level of probability; the values of nitrogen ranged in mean values of 2.95 + 0.12%
(at a plasma protein concentration under 70.00 g-1'") and 3.52% (concentration of plasma
protein above 70.01 g1, the difference being = 0.15%). The amount of total protein in
muscles ranged between 18.42 + % and 21.98%. The concentration of plasma proteins was
correlated with the most important technological properties of meat - its water-binding
capacity. Lower concentrations of total plasma proteins were positively correlated (p <
0.05) with a higher water-binding capacity and also with a higher tenderness of meat (p <
0.01), or to a lower force necessary to grind meat (TPA 1 : 169.67 N at a content of total
plasma proteins of less than 70.00 g1 against 239.25 N at a content of plasma proteins
above 70.01). The tenderness of meat evaluated by means of shearing tests (Table 4) was
affected by the urea and glucose concentrations (p < 0.01 and p < 0.01, respectively).
Lower concentrations of urea and glucose (no more than 2.00 mmol‘I! and 5.00 mmol-1",
respectively) in the plasma had a positive effect on forces necessary to cut through the
muscle fibres (123.16 £22.9 N (urea), 125.32 +£23.22 N (glucose).

Table 4. Effect of the concentration of plasma urea and glucose on the qualitative indicators of meat

Range Shearing force (N)
LS mean SD P
Urea
<2.00 123.16 22.99 001
>2.01 142.20 15.77 )
Range Shearing force (N)
Glucose LS mean SD P
<5.00 125.32 23.22 0.01
>5.01 141.36 16.34 ’




544

Discussion

Evaluation of variables of the metabolic and mineral profile of blood plasma are used
primarily to control the animal’s health condition, to identify any nutritional deficiencies and
metabolic disorders of the organism. The present study describes the changes in indicators
of the internal environment of beef cattle hybrids during fattening and their relation to the
intensity of growth and some qualitative meat indicators. Only a few studies are currently
available dealing with this topic, and comparison with other authors is difficult mostly
because of the altogether different climate conditions in the Czech Republic.

The concentrations of total proteins in the blood plasma decreased slightly with the age
of the animals; this could be connected with the decreasing gains, i.e. with a decreasing
formation of muscle mass. However, in contrast to our results, Otto et al. (2000) reported
a lower concentration of total proteins in younger age categories of the Angoni breed. In
agreement with the conclusions of these authors we did not find any sex-based differences
among the groups, either. The concentration of glucose was maintained by sensitive
homeostatic mechanisms and therefore its sensitivity to changes in the energy balance was
low (Whitaker et al. 1999) and in accordance with the inexpressive changes in the average
values of plasma glucose during the experiment.

In the second half of the study the plasma glucose levels of heifers were higher, in contrast
to the results of Otto et al. (2000), who reported a higher glucose concentration in
bulls. During the entire experiment, the concentrations of total plasma cholesterol were
significantly higher in the group of heifers with the lowest growth intensity. The increase
in plasma urea fluctuated and a significant correlation dependence on the weight gains
was found. The higher concentration in animals with a low intensity of growth is probably
due to the surplus of nitrogenous substances taken up from the feed and not utilised in
the organism primarily for the forming of muscles any more. A significant correlation
dependence (-0.46) was determined also in relation to the amount of urea and content
of total plasma proteins. In accordance with our results Otto et al. (2000) also found an
age-dependent increase in urea content. Grunwaldt et al. (2005) reported concentrations
higher than our data. The effect of the enzymes explored in our experiment was largely
intracellular, i.e. under physiological conditions their catalytic activity in the plasma was
very low. The increase in their activities indicated that the tissues in which they appeared
were damaged. In our experiment the enzyme activity ranged within the physiological
values given for these age categories of cattle. The differences among the respective
groups were significant. A significant age-related correlation was also observed; this is in
accordance with the findings of Roussel et al. (1982) and Otto et al. (2000). These age and
sex-based differences could be associated with the different rate of nitrogen metabolism,
with which these enzymes by their synthesis and amino acid degradation interfere. The
concentration of mineral elements (Ca, P, Mg) did not change considerably with advancing
age, and sex did not have a significant effect on the level of these elements, either. In
contrast, Otto et al. (2000) reported higher concentrations of Ca and P in females and
younger age categories.

In our study significant correlations between some indicators of the internal environment
and qualitative indicators of the meat of cattle were detected. In a similar study, Tipton
et al. (2007) evaluated the correlations between the components of blood serum, or the
amount of calcium and magnesium ions, and the amount of vitamin D, and tenderness of
meat of steers and heifers. They proved that the correlation between the concentration of
calcium, the amount of vitamin D, and the tenderness of meat evaluated by shearing tests
was significant (p < 0.05). Adachi et al. (1999) evaluated the correlation between the
concentration of blood serum components and marbling of meat of steers and they proved
the effect of glucose concentration on meat marbling.
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All indicators of the internal environment monitored in the present study were within
the physiological range for the given category and no health disorder was detected. In
some cases the effect of sex on the indicators of the internal environment was reported as
significant. The differences among the respective categories were apparently due to the
differences in the rate of their intermediary metabolism during the experimental period.
To a certain extent they also reflect the changes in the live body mass of the animals.
Changes in variables of the mineral profile during the trial were probably affected by the
requirements of the individual animals for the intake of these mineral elements in the
feed ration due to metabolic processes during growth and development. The changes in
metabolic processes may also affect the quality of meat which, however, is also affected
by a number of other factors. Our study indicates a correlation between the content of
plasma proteins and amount of proteins in meat. The concentration of plasma protein is
also connected with the water-binding capacity of the meat and with its tenderness, which
to a certain extent is affected by the amount of plasma glucose and urea in cattle.

Ukazatelé vnitiniho prostiedi masného skotu v priibéhu vykrmu
a jejich vztah ke kvalité hovéziho masa

Cilem prace bylo stanovit vybrané ukazatele vnitiniho prostiedi u jednotlivych kategorii
skotu v prubéhu obdobi vykrmu do 310. do 618. dne véku a zhodnotit vztah jednotlivych
slozek krve k riistové intenzité a kvalitativnim ukazatelim masa. Do sledovani v provozni
staji byli zatazeni polosourozenci - byci, jalovice a voli. Dana trojice zvifat mé¢la vzdy
spole¢ného otce. V prubéhu sledovaného obdobi byla 310., 403., 448., 479., 512., 554.
a 618. den véku zjistovana ziva hmotnost a odebirany vzorky krve. V krevni plazmé byla
stanovena koncentrace celkovych bilkovin, glukézy, celkového cholesterolu, mocoviny,
katalytické koncentrace ALP, ALT, AST, koncentrace vapniku, anorganického fosforu,
hoi¢iku a médi. Zjisténé hladiny indikatorti vnitfniho prostfedi se ve vSech pfipadech na-
chézely v rozmezi fyziologickych hodnot pro dané vékové kategorie. Signifikantné vyssi
(» < 0,05 a p <0,01) koncentrace celkového cholesterolu v krevni plazmé byla zazna-
menana u kategorie jalovic ve srovnani s byky a voli. Posledni odbér byl proveden ptred
porazkou zvifat a zastoupeni jednotlivych slozek krve bylo vztazeno k hodnotam nutric-
nich a technologickych ukazateld masa, kde byly zjistény statisticky prukazné (p < 0,05
a p <0,01) zavislosti mezi mnozstvim mocoviny a glukézy v krevni plazmé ke kiehkosti
masa. Koncentrace bilkovin v krevni plazmé vykazovala pozitivni vztah k podilu dusiku,
resp. celkového proteinu ve svaloving, k vaznosti vody a ke kiehkosti masa.
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