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Abstract: The aim of this study was to monitor the Czech Aberdeen Angus population for backfat thickness (BT), 
musculus longissimus lumborum et thoracis (MUSCLE) and live weight (LW) in relation to environmental and 
genetic conditions. In this study, we also wanted to display the potential for future inclusion of these parameters 
into national monitoring. Parameters of BT, MUSCLE and LW were measured at 120, 210, and 365 days of age 
in 769 Aberdeen Angus calves (417 bulls and 352 heifers) on seven farms. Statistical evaluation was performed in 
the SAS v9.3 software. The bulls achieved significantly higher (P < 0.01) weights and larger MUSCLE compared 
to the heifers, although the heifers had higher BT. The age of the dam at calving significantly influenced the growth 
ability of tested calves, but it did not influence BT nor MUSCLE. The nested effect of the year-season, farm and 
sire bulls (or genetic background) significantly affected LW, BT and MUSCLE of tested calves. The use of the 
same breeding bulls on different farms resulted in significant differences in growth parameters. Our results dis-
played the potential of nationwide monitoring of MUSCLE and BT of beef breeds, as official parameters of the 
beef performance testing in the Czech Republic. The inclusion of these globally used traits in the Czech breeding 
system would allow to predict breeding values for the Czech beef population. This would lead not only to general 
improvement of MUSCLE in the population, but also to the production of better breeding animals and slaughter 
animals with higher value. 
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toring of  the musculus longissimus lumborum 
et thoracis (MUSCLE) area has already been es-
tablished in Australia, New Zealand or Scotland 
but not in the Czech Republic (Duff et al. 2018; 
Breedplan 2020).

The final product of beef cattle breeding is beef 
from animals slaughtered at optimal age with ap-
propriate weight, meatiness and fatness (Bures 
and Barton 2012). These parameters heavily af-
fect monetization in the Czech Republic (Krupova 
et al. 2020), but also in the world. They are influ-

The profitability of cattle breeding is based on ex-
cellent reproduction results of breeding cows and 
great growth ability of calves. A lot of parameters 
within these traits are monitored as a part of the 
beef performance testing in the Czech Republic. 
The system for assessing the growth ability and 
carcass parameters is constantly evolving and can 
be continuously updated. There are relatively large 
differences between countries in monitored pa-
rameters and in methods of beef performance 
evaluation (Venot et al. 2009), e.g. routine moni-

Supported by the S grant of the Ministry of Education Youth and Sports.



138

Original Paper	 Czech Journal of Animal Science, 66, 2021 (05): 137–148

https://doi.org/10.17221/274/2020-CJAS

enced by a number of factors such as breed, genetic 
background (Ptacek et al. 2018; Moravcikova et al. 
2019), nutrition, technology and others (Mazzucco 
et al. 2016). Farmers would welcome a possibility 
to  evaluate meatiness and fatness even on live 
animals, so they could better focus on breeding 
for these parameters during rearing (Meyer et al. 
2005). Various studies pointed out the usefulness 
of ultrasonography to measure meatiness and fat-
ness without slaughtering the animals (Emenheiser 
et al. 2014). The development of this body part cor-
relates with the development of other body parts 
(Stadnik et al. 2011), so it can be used to predict 
overall meatiness and fatness (Nogalski et al. 2017).

Ultrasound measurement of MUSCLE is done 
in a precisely defined loin area where ultrasound gel 
or vegetable oil is applied (Emenheiser et al. 2014) 
to improve performance. This method has been 
used in  developed cattle breeding countries 
for many years. From this scan, we can determine 
backfat thickness (BT), depth of the MUSCLE, and 
area of MUSCLE (Stadnik et al. 2011). Genetic pa-
rameters as well as breeding values (Weber et al. 
2012) are already routinely predicted for  these 
parameters in developed cattle breeding coun-
tries. Possibilities of BT and MUSCLE monitoring 
are still being considered in the Czech Republic 
(Stadnik et al. 2011). Direct utilization of these pa-
rameters from the performance testing of devel-
oped cattle breeding countries is possible, although 
in many countries the cattle performance testing 
is performed at different ages (Venot et al. 2009), 
which complicates the comparison.

The Czech Republic should have a  (techno-
logical, expertise, labour, good animal genetics) 
potential to fully monitor MUSCLE on a nation-
wide level. Introduction of this monitoring could 
create the prerequisite to select superior breed-
ing animals and/or slaughter animals with added 
value. As we suggested in the introduction, there 
are differences in growth ability and meatiness  
and fatness parameters based on environmental and 
genetic conditions. Therefore, differences should 
be observed among farmers and individual animals 
within the farm. The aim of this study was to moni-
tor the Czech Aberdeen Angus population for BT, 
MUSCLE and LW in relation to environmental 
and genetic conditions. The secondary aim was to 
create the potential for future inclusion of these 
parameters in the beef performance testing of the 
Czech Republic.

Material and Methods

This experiment was carried out in accordance 
with the Czech legislation for prevention of cru-
elty to animals (No. 246/1992) and with Directive 
2010/63/EU on the protection of  animals used 
for scientific purposes.

Animals and herd management 

An experiment was  conducted on seven 
Aberdeen Angus farms in  the Czech Republic 
with approximately 50 to 150 head of cattle per 
basic herd (altitude: 280–494 m above sea level; 
average annual temperature: 7.4–8.6 °C; average 
annual rainfall: 535–946 mm). Data were collected 
from 2015 to 2017. A total of 769 calves (417 bulls 
and 352 heifers) born from January to September 
were included. Semi-intensive cattle breeding sys-
tem was used on the farms, which meant that most 
of the calves were born in the stable during win-
ter months. All stables in the test used free stall 
housing in cubicles on deep bedding. Subsequently, 
the calves were separated by sex and reared on pas-
ture with their mothers during summer months. 
Feeding rations in the winter period consisted of si-
lage or haylage with hay, mineral supplements and 
a small amount of barley. Animals spent summer 
months on the pasture, with addition of hay and 
mineral supplements. Animals had ad libitum ac-
cess to drinking water. 

Sample collection and analyses

Data on backfat thickness (mm) and the depth 
of the musculus longissimus lumborum et thora-
cis (mm) were measured by one trained research-
er during the routine beef performance testing 
by the Czech Beef Breeders Association. Trained 
inspectors of the Czech Beef Breeders Association 
measured live weight (kg) of tested animals. Czech 
Beef performance testing follows the French sys-
tem, in which animals are measured three times 
at different ages: 90–170 days of age; 171–289 days 
of age; 290–450 days of age. Subsequently, all re-
corded data are recalculated to specific, standard-
ized age of 120, 210, and 365 days. 

Ultrasonography was  used to  determine BT 
and MUSCLE (ALOKA SSD-500 ultrasound 
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effect of the year-season of calves’ birth, sex of the 
calves, age of the dam, farm and nested fixed ef-
fect of sire bull on the farm. Only bulls with 10 or 
more offspring were further evaluated. The Tukey-
Kramer method was used for evaluation of the dif-
ferences in least square means. The model equation 
used for the evaluation was as follows:

Yijklmn = µ + YSi + SEXj + AGEk + FARMl +	 (1)
              + BULL(FARM)m + eijklmn

where:
Yijklmn 	 – dependent variable (BT 120; MUSCLE 120; LW 

120; BT 210; MUSCLE 210; LW 210; BT 365; 
MUSCLE 365; LW 365);

µ 	 – mean value of dependent variable;
YSi 	 – cumulative fixed effect of  ith year-season 

of calves’ birth (i = 1 – December 2014, n = 
10; i = 2 – January 2015, n = 30; i = 3 – Febru-
ary 2015, n = 53; i = 4 – March 2015, n = 71; i = 
5 – April 2015, n = 31; i = 6 – May 2015, n = 11; 
i = 7 – December 2015, n = 16; i = 8 – January 
2016, n = 41; i = 9 – February 2016, n = 97; i = 
10 – March 2016, n = 88; i = 11 – April 2016, n = 
38; i = 12 – May 2016, n = 5; i = 13 – December 
2016, n = 12; i = 14 – January 2017, n = 51; i = 
15 – February 2017, n = 101; i = 16 – March 
2017, n = 72; i = 17 – April 2017, n = 34; i = 
18 – May 2017, n = 8);

SEXj 	 – fixed effect of jth sex of the calves (j = bull, n = 
417; j = heifers, n = 352);

AGEk 	 – fixed effect of kth age of the dam (k = 2, n = 88; 
k = 3, n = 116; k = 4, n = 120; k = 5, n = 102; 
k = 6, n = 84; k = 7, n = 67; k = 8, n = 45; k = 9, 
n = 42; k = 10 and more, n = 105);

FARMl 	 – fixed effect of lth farm (l = 1, n = 106; l = 2, 
n = 109; l = 3, n = 95; l = 4, n = 105; l = 5, n = 
37; l = 6, n = 215; l = 7, n = 102);

BULL(FARM)m 	 – nested fixed effect of lth of sire bull 
on the farm (m = 36 bulls on seven farms, some 
bulls were used on more farms);

eijklmn 	 – random error.

Significance levels P < 0.05, P < 0.01, and P < 0.001 
were used to evaluate the differences between groups.

RESULTS 

Basic statistics for  growth ability described 
by BT, MUSCLE and LW are shown in Figures 2, 

machine; Hitachi Aloka Medical, Ltd., Tokyo, 
Japan) with a 3.5-MHz 17.2 cm linear array probe 
UST5011U-3.5. The probe was put behind the last 
lumbar vertebra on the left side of the animal body, 
where vegetable oil was previously applied. This 
methodology is in accordance with the Breedplan 
(2020). Using ultrasound gel is possible, although 
we achieved better image quality with vegetable 
oil. The  ultrasound examination was  recorded 
into the laptop with the Sweex Video Graber USB 
(Nedis BV, 's-Hertogenbosch, Netherlands) and 
these videos were evaluated in the program NIS-
Elements AR 3.2 (Nikon Corp., Tokyo, Japan). BT 
and MUSCLE were recalculated in the same man-
ner as live weight. An example of ultrasound scan 
for BT and MUSCLE is shown in Figure 1.

Statistical analysis

SAS v9.3 was used for statistical analysis (SAS/
STAT®; SAS Institute, Inc., Cary, NC, USA). The 
UNIVARIATE procedure was  used to  calculate 
basic statistics. The REGG procedure was used 
to recalculate BT, MUSCLE and LW of variously 
old animals to represent values for ages of 120 and 
210 days. The CORR procedure was used to calculate 
Pearson’s correlation coefficients. The STEPWISE 
method and the REG procedure were used for the 
selection of suitable factors for the model equa-
tion used in the MIXED procedure. The best model 
for the evaluation was selected in accordance with 
the  values of  the Akaike information criterion 
(AIC). A model equation consisted of cumulative 

Figure 1. Example of ultrasound scan from the measure-
ment of  backfat  thickness (BT) and musculus longissi-
mus lumborum et thoracis (MUSCLE)
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3 and 4. We observed significant correlations be-
tween monitored parameters, with the strongest 
correlation observed for MUSCLE and LW at 

365 days of age. Correlations between the other 
parameters at different ages also showed me-
dium or even strong relations (from r = 0.232 
to r = 0.736; P < 0.001). Basic statistics for the 
MIXED evaluation of  growth ability param-
eters (BT 120; MUSCLE 120; LW 120; BT 210; 
MUSCLE 210; LW 210; BT 365; MUSCLE 365; 
LW 365) can be found in  Table 1. The model 
equation was significant for all growth ability 
parameters (P < 0.001) and explained variabil-
ity from 47% to 84%. Cumulative effect of  the 
year-season of calving significantly influenced 
all observed parameters (P < 0.05), except LW 
120. Effect of the sex was significant for all evalu-
ated growth ability parameters (P < 0.05), except 
BT 120. The age of the dam was significant only 
for MUSCLE 120, LW 120 and LW 210. The ef-
fect of the farm was significant for the majority 
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Figure 4. Development of live weight (LW) in the relation 
to the age of tested animals

Figure 2. Development of backfat thickness (BT) in rela-
tion to the age of tested animals

Figure 3. Development of the musculus longissimus lum-
borum et thoracis (MUSCLE) depth in the relation to the 
age of tested animals

Table 1. Basic statistics for model evaluation

 
Model equation YS SEX AGE FARM BULL(FARM)

R2 P F P F P F P F P F P
BT 120 0.62 < 0.001 3.48 < 0.001 1.85 0.174 1.32 0.234 2.75 0.013 1.71 0.009
MUSCLE 120 0.5 < 0.001 3.38 < 0.001 28.95 < 0.001 2.73 0.006 4.72 < 0.001 1.71 0.009
LW 120 0.54 < 0.001 1.68 0.051 45.18 < 0.001 6.94 < 0.001 0 1 1.89 < 0.001
BT 210 0.47 < 0.001 3.77 < 0.001 23.67 < 0.001 0.87 0.539 1.99 0.066 1.68 0.004
MUSCLE 210 0.52 < 0.001 1.66 0.047 24.71 < 0.001 1.9 0.058 2.06 0.057 1.63 0.007
LW 210 0.54 < 0.001 2.7 < 0.001 49.9 < 0.001 3.18 0.002 1.75 0.108 2.73 < 0.001
BT 365 0.86 < 0.001 1.92 0.02 46.97 < 0.001 1.2 0.3 5.55 < 0.001 1.6 0.028
MUSCLE 365 0.77 < 0.001 1.9 0.022 12.79 < 0.001 0.54 0.827 5.71 < 0.001 1.15 0.277
LW 365 0.84 < 0.001 2.62 < 0.001 21.61 < 0.001 0.23 0.984 9.1 < 0.001 1.5 0.053

120 = 120 days of age; 210 = 210 days of age; 365 = 365 days of age; AGE = fixed effect of the age of the dam; BT = back-
fat thickness; BULL (FARM) = nested fixed effect of the bull on the farm; FARM = fixed effect of the farm; LW = live 
weight; MUSCLE = musculus longissimus lumborum et thoracis depth; R2 = coefficient of determination; SEX = fixed 
effect of the sex of the calves; YS = cumulative fixed effect of year-season of calves’ birth
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large differences in all observed growth parameters 
between individual farms, due to slight differenc-
es in the breeding environment. The differences 
were statistically significant (P < 0.05 to P < 0.01) 
in some cases.

The results for nested fixed effect of sire bull 
on the farm are presented in Tables 3, 4 and 5. 
We observed numerous significant differences 
between sire bull’s offspring within individu-
al farms in growth ability parameters (BT 120 
ranged from 3.08  mm to  3.58  mm; MUSCLE  
120 ranged from 44.92 mm to 49.55 mm; LW 120  
ranged from 182.24 kg to 199.10 kg; BT 210 ranged 
from 3.55 mm to 4.01 mm; MUSCLE 210 ranged  
from 52.77 mm to 57.79 mm; LW 210 ranged from  
280.95 kg to 321.38 kg; BT 365 ranged from 4.75 mm  
to 5.73 mm; MUSCLE 365 ranged from 63.03 mm to  
72.70  mm; LW 365 ranged from 427.50  kg 
to 553.01 kg). A lot of sire bulls were used on 
evaluated farms, but only a small number of bulls 
was used in more than one herd. We also found 
significant differences in growth ability of the 
offspring that had the same father but that were 
reared on different farms. However, these differ-
ences are not mentioned in the tables to achieve 
better clarity. This imbalance may be caused 
by different nutrition, different numbers of off-
spring on tested farms and various epigenetic 
factors.

of the evaluated growth ability parameters, except 
for LW 120, BT 210, MUSCLE 210 and LW 210. 
Nested fixed effect of the sire bull on the farm 
was significant (P < 0.01) for all growth param-
eters at 120 and/or 210 days of age and BT 365. 

The calves born during January and February, or 
in later years of evaluation achieved better growth 
parameters compared to  the calves born later 
in the season and in earlier years of our evalua-
tion. Results for the sex and the age of the dam 
are presented in Table 2. Tested bulls achieved 
significantly higher LW (+14.20 kg, +22.45 kg, 
and/or +36.84 kg; P < 0.01) and MUSCLE dur-
ing all measurements (P < 0.01) although heif-
ers had higher BT at  120, 210 and 365 days. 
Effect of the age of the dam was significant only 
for some growth parameters. The age of the dam 
influenced growth parameters, but only up to 
210 days. An increase in values for BT, MUSCLE 
and LW was observed for calves born to seven- 
or eight-year-old dams. Much better results 
for MUSCLE 120, MUSCLE 210, LW 120 and 
LW 210 were obtained in the calves from older 
cows (five to nine years of age) when compared 
to younger cows (two to four years of age). 

The results for fixed effect of the farm and nested 
fixed effect of sire bull on the farm for evaluated 
growth parameters are presented in Tables 3, 4 
and 5. In our evaluation, we observed relatively 

Table 2. Evaluation of selected effects*

Effect Level BT 120 MUSCLE 120 LW 120 BT 210 MUSCLE 210 LW 210 BT 365 MUSCLE 365 LW 365

SEX
bull 3.18 47.90A 198.15A 3.73A 56.62A 305.27A 4.58A 66.92A 494.42A

heifer 3.23 45.72B 183.95B 3.92B 54.46B 282.82B 5.31B 64.08B 457.58B

AGE 

2 3.14 44.82a 173.57A 3.71 53.95 275.77A 5.01 65.55 470.68
3 3.17 45.84 184.91a 3.86 55.01 291.6 5.19 66.37 472.26

4 3.17 46.51 195.02B,b 3.87 55.76 294.24 5.09 65.83 477.37

5 3.26 47.32 196.17B,b 3.78 56.06 293.8 5 64.89 483.34

6 3.26 46.83 200.25B,b 3.88 56.85 308.18B,a 4.85 65.75 471.35

7 3.28 48.15b 197.78B,b 3.88 56.27 298.65 4.78 64.72 482.44

8 3.3 48.78b 199.03B,b 3.83 56.57 297.65 5 67.26 484.69

9 3.14 47.04 191.11 3.78 55.17 302.45 4.55 63.96 470.53
10 and older 3.14 45.99 181.59b 3.84 54.22 284.07b 5.05 65.17 471.38

120 = 120 days of age; 210 = 210 days of age; 365 = 365 days of age; AGE = fixed effect of the age of the dam; BT = back-
fat thickness; LW = live weight; MUSCLE = musculus longissimus lumborum et thoracis depth; SEX = fixed effect of the 
sex of the calves
*Data are presented as least square means
A,B,a,bDifferent letters in columns indicate statistical significance A, B = P < 0.01; a, b = P < 0.05
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Table 3. Evaluation of the effect of the farm and nested effect of sire bulls on monitored parameters* at 120 days of age

FARM BT 120 MUSCLE 120 LW 120 SIRE BULL BT 120 MUSCLE 120 LW 120

1 3.13A 52.77A,a 182.24A
1 3.14 45.48 169.99A,a

7 3.09 45.58 186.74B

8 2.88 43.12 178.87b

2 3.12A 53.56A 189.04

2 3.16a 44.34 186.66
4 3.01 44.92 184.55
5 3.23A 46.43 183.26a

9 3.31 46.44 200.27b

10 3.16a 46.61 190.62
22 2.87B 45.97 185.71
23 2.77B,b 47.41 194.27

3 3.21A 56.32b 195.36

12 3.16 47.82 196.89
20 3.57A 53.19A 219.4A

28 2.95B 45.35B 165.75B

35 3.17 47 192.89

4 3.08A,a 53.55A 192.34

3 2.97A,a 48.27 183.98a

6 3.23B 49.52 201.30A

11 3.32 51.28A.a 205.94A

14 2.99A 44.75B 195.16
16 3.04 47.08b 196.39a

17 3.31B 50.88A 210.66A,b

19 3.05 49.04 209.49A

20 3.11 48.63 197.18
25 3.14b 47.95b 176.73a

31 3.01 45.99B 163.60B

5 3.58B 57.34B,b 198.48B,a

13 3.73A 50.77A 201.32a

26 3.04 48.54 190.64b

28 2.98B,a 42.64B 191.48
36 3.49b 49.87 201.97a

6 3.28A,b 57.79B 199.1B

9 3.58 46.05 214.43
14 3.78 55.26A,a 249.11A,a

18 3.99A,a 54.53 204.14b

22 3.27b 45.76B 194.47B

23 3.30b 48.84b 201.57b

24 3.30b 48.05b 193.89B

26 3.06B 51.41 212.37b

27 3.41 52.04c 220.22

7 3.27A 54.9a 182.85A,b

15 3.2 45.29a 194.63A

18 2.91a 42.57 171.71
26 3.29 44.68 147.93B,a

30 3.49A,b 45.45a 196.62A

32 2.88B 40.25b 157.44B

33 3.25 46.36a 176.26b

120 = 120 days of age; BT = backfat thickness; MUSCLE = musculus longissimus lumborum et thoracis depth; LW = live weight; 
FARM = fixed effect of the farm; SIRE BULL = nested fixed effect of the sire bull on the farm; LSM = least square means
*Data are presented as least square means
A,B,a,bDifferent letters in the column of FARM indicate statistical significance A, B = P < 0.01; a, b = P < 0.05; different letters 
in the column of SIRE BULL indicate statistical significance between bulls within individual farms A, B = P < 0.01; a, b = P < 0.05
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Table 4. Evaluation of the effect of the farm and nested effect of sire bulls on monitored parameters at 210 days of age*

FARM BT 210 MUSCLE 210 LW 210 SIRE BULL BT 210 MUSCLE 210 LW 210

1 3.64A,a 52.77A,a 280.95A

1 3.67a 52.61 279.87
7 3.45A 57.01A 288.35
8 3.68b 52.39a 272.58

20 3.98B 55.69 295.36
26 3.86 56.34 275.59
29 3.47A,c 51.30B,b 285.68

2 3.87B,b 53.56A 296.69

2 3.75A,a 51.7 289.24
4 3.98b 54.07 296.75
5 3.64A 53.26 309.88A

9 4.13B 57.35A 307.36
10 4.31B 57.42A 305.31
20 3.8 54.83 298.83
28 3.4A 47.32B 273.79B

3 3.86b 56.32b 321.38B,a

12 3.89 57.34a 329.09A

20 3.71a 57.29 337.13A

28 3.81 52.4b 262.64B

35 4.01b 56.29 313.31

4 3.55A,a 53.55A 288.34A

3 3.54a 52.94A 273.79A

6 3.59a 55.06 297.67
11 3.18A 51.13A 265.88A

14 4.27B,b 63.23B,a 343.92B,a

16 3.55a 51.74A 299.47
17 3.68 55.85 311.68
19 3.36A 49.21A 287.51b

20 3.75 55.97 296.78
21 3.81 56.77 311.3
25 3.74 57.5 281.53b

31 3.64a 54.6b 260.73A

34 3.89 54.61b 284.3b

5 4.01B 57.34B,b 305.32B

13 4.08A 57.95 306.29
20 4.14 58.65 295.15
21 4.21 57.64 325.85a

26 3.5B 57.34 281.18b

28 3.98 56.87 295.26
36 3.79 56.7 314.75

6 3.99B 57.79B 287.65b

7 3.85A 61.24A,a 216.44
9 4.65B,a 53.32B 191.71A

14 3.54b 56.93 276.41B

18 3.84 59.04 193.35A

20 3.49b 61.93A,a 308.89
21 4.25B 61.13A,a 333.77C,a

22 3.88 55.12b 291.16B

23 4.08 56.55b 307.6
24 4.01d 59.43 317.19
26 3.22C 53.59B 259.09b

27 4.33B 56.5b 350.57C,a
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Table 5. Evaluation of the effect of the farm and nested effect of sire bulls on monitored parameters at 365 days of age*

FARM BT 365 MUSCLE 365 LW 365 SIRE BULL BT 365 MUSCLE 365 LW 365

1 4.84A 64.03A 427.5A

1 5.25A 65.76A 438.71A

7 3.81B,a 58.47B,a 368.9B,a

8 4.94b 64.72 439.73A

20 4.1C 61.17 366.57B

26 4.43 63.18b 375.19
29 4.21 64.05b 429.14b

2 4.87 64.87 491.45
2 4.94 61.23A 498.44
9 5.04a 71.74B 511.95A

10 4.21b 57.57A 437.48B

4 4.75A 63.39A,a 436.08A,a

3 4.96a 63.48a 428.35
6 4.82 65.35 458.09A

11 4.81 63.11 421.71

14 4.44b 59.18A,b 438.47

16 4.83 64.04 457.99a

17 4.85 66.77B 462.81A

19 4.35b 62.83 440.41

20 4.40b 61.94 412.15

21 5.02A 65.8B 435.48

25 4.06B 61.63 404.62B,b

31 4.88a 64.72a 417.15
34 4.65C 62.06 400.23B,b

5 5.12 68.74b 511.17B

13 5.29 73.18A 523.32A

20 4.75a 61.24B,a 456.74B

26 5.18 67.52b 529.49A

28 5.4b 66.71 511.63

FARM BT 210 MUSCLE 210 LW 210 SIRE BULL BT 210 MUSCLE 210 LW 210

7 3.77b 54.9a 301.01

15 3.67a 54.43 301.43
18 3.78 54.83 306.28
20 3.81 52.05 282.44a

26 4.22b 57.65a 274.86a

30 3.86 56.57 317.66b

32 3.63a 51.98b 279.98
33 3.94 56.82 300.05

210 = 210 days of age; BT = backfat thickness; FARM = fixed effect of the farm; LSM = least square means; LW = live 
weight; MUSCLE = musculus longissimus lumborum et thoracis depth; SIRE BULL = nested fixed effect of the sire bull 
on the farm
*Data are presented as least square means
A–C,a–cDifferent letters in the column of FARM indicate statistical significance A, B = P < 0.01; a, b = P < 0.05; different let-
ters in the column of SIRE BULL indicate statistical significance between sire bulls within individual farms A–C = P < 0.01; 
a–c = P < 0.05

Table 4 to be continued



145

Original Paper	 Czech Journal of Animal Science, 66, 2021 (05): 137–148

https://doi.org/10.17221/274/2020-CJAS

Discussion 

Ultrasound methods to assess meatiness and fat-
ness (Duff et al. 2018) have been developed and 
used around the world for many years, as a pre-
requisite for prediction of breeding values (Lopes 
et al. 2016). In some countries, an assessment sys-
tem for MUSCLE, BT and marbling have been 
in  place for  several years (Hassen et  al. 2004; 
Breedplan 2020). Greiner et al. (2003) pointed 
out that ultrasonography can be used as an accu-
rate tool for estimating carcass traits in live cattle. 
However, measurements should be taken by an 
experienced, well-trained staff, with only small 
differences in accuracy between years. As Barton 
et al. (2006) pointed out, meatiness and fatness 
are valued parameters in terms of monetization; 
therefore, the Czech Republic should seek to in-
clude a routine evaluation of these parameters 
into beef performance testing to allow estimation 
of breeding values like in the United Kingdom 
(Breedplan 2020).

In our study, the bulls achieved significantly high-
er weights and MUSCLE compared to the heifers, 
which was also observed in the study of Hassen 

et al. (2004). The effect of the year-season of calv-
ing significantly influenced our results, which is 
in accordance with many studies (Barton et al. 2006; 
Tousova et al. 2018). One of the reasons could be 
genetic progress as was suggested by the authors.

Carcass quality parameters are influenced by 
breeds of fattened cattle, used technology and 
other factors (Barton et al. 2006). We observed 
significant differences between individual farms, 
which was also shown in the study of Sri Rachma 
Aprilita Bugiwati et al. (1999). Sri Rachma Aprilita 
Bugiwati et al. (1999) found differences in BT and 
MUSCLE area in the local Japanese Brown cattle 
breed due to the year and season of calving. Our 
results also suggested that older cows are most 
suitable for production of fattened calves, which 
is probably caused by their maturity and adult-
hood (Cortes-Lacruz et al. 2017). On the other 
hand, younger cows are genetically better, but 
they are not fully able to achieve their genetic 
predispositions. These cows have less milk and 
smaller calves, but can provide faster genetic pro-
gress on a farm.

The effect of  the farm and hence of  the level 
of environmental factors, management and nu-

Table 5 to be continued

FARM BT 365 MUSCLE 365 LW 365 SIRE BULL BT 365 MUSCLE 365 LW 365

6 4.9a 72.7B 553.01B

14 5.18 71.24a 603.29a

18 5.07A,a 72.66 524A

22 4.76A,b 74.48 555.98A

23 6.3B 83.20A,b 664.79B,b

24 5.04A,a 74.06 542.54A

26 5.26 69.89B 510.1A

7 5.73B,b 63.03A,a 466.74A,b

15 5.69A 63.46 490.63A,a

18 6.30A,a 64.49a 489.71
20 3.81B 54.78A,b 352.87B

26 5.21b 60.79 391.13b

30 5.88b 64.87B 493.76A,a

32 4.68C 59.24 427.51b

33 6.25A 64.79B 464.17

365 = 365 days of age; BT  = backfat thickness; FARM = fixed effect of the farm; LSM = least square means; LW = live 
weight; MUSCLE = musculus longissimus lumborum et thoracis depth; SIRE BULL = nested fixed effect of the sire bull 
on the farm
*Data are presented as least square means
A–C,a–cDifferent letters in the column of FARM indicate statistical significance A, B = P < 0.01; a, b = P < 0.05; different let-
ters in the column of SIRE BULL indicate statistical significance between sire bulls within individual farms A–C = P < 0.01;  
a–c = P < 0.05
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trition on the growth ability of young cattle until 
the age of one year was confirmed by Taylor et al. 
(2018). Incidence of infections and diseases on in-
dividual farms in the test could also be an impor-
tant factor, because it could negatively influence 
growth rate. Some individuals can be more resistant 
or were not exposed to a disease or an infection, 
and thus their growth is not negatively influenced 
by it. The growth of fully tolerant individuals is 
not affected, whereas the growth of sensitive ones 
decreases greatly (Kause and Odegard 2012). 

The growth ability (MUSCLE, BT, LW) of calves 
significantly differed based on genetic predisposi-
tions of their fathers, which was also confirmed 
in Tousova et al. (2018) or on rams by Ptacek et al. 
(2018). This was further confirmed by the inher-
itance coefficients calculated by Bouquet et al. 
(2010). Moreover, these authors observed not only 
differences between carcass parameters of beef cat-
tle breeds, but also numerous significant relation-
ships between parameters of muscularity, weight 
and feed intake. Ultrasonography is a useful tool 
to attest heritability for certain traits of meatiness 
and fatness on live animals (Yokoo et al. 2008). 
In general, beef breeds vary in MUSCLE, BT and 
LW development due to the breed differences at the 
age of maturity (Meyer et al. 2005).

In our results, we characterized the growth 
curve of MUSCLE and BT depending on age and 
weight. Pires et al. (2017) also confirmed a posi-
tive relationship between weight after rearing and 
muscle development. In the study on the Blonde 
d’Aquitaine breed and Czech Fleckvieh crossbreds 
Stadnik et al. (2011) showed a significant influ-
ence of age, individualism, genetics, sex and birth 
season on MUSCLE development. In this study 
the authors measured MUSCLE area and loin 
dimensions, but these parameters were closely 
related to MUSCLE depth and its development 
during rearing. Hassen et al. (2004) found strong 
genetic (r = 0.91–0.97) and phenotypic (r = 0.64–
0.85) correlations between ultrasound measure-
ments at various ages (from 27 to 62 weeks) in the 
Aberdeen Angus breed. Pinheiro et al. (2011) 
pointed out the suitability of measuring BT and 
MUSCLE in younger animals for further estima-
tion of breeding values. This corresponds with 
the possibilities of Czech farmers, when most 
animals are available for measuring during and 
right after rearing, which was true even of our 
experiment.

Many studies confirmed the relationship between 
growth ability parameters, BT, MUSCLE and meati-
ness, fatness, and/or meat quality (Bures and Barton 
2012). There is no genetic antagonism between 
the longissimus muscle area and the backfat thick-
ness. If those traits were introduced into breed-
ing programs, they would quickly respond to the 
selection pressure (Yokoo et al. 2008). In addition, 
the selection for increased muscle mass in beef cat-
tle has a cumulative positive effect on carcass yield 
and no negative effect on mineral content, pH de-
cline or colour stability (McGilchrist et al. 2016).

Quality of beef and its variability are among 
the main problems of beef production. Consumer 
requirements for beef have increasingly shifted 
towards safety, high quality, nutritive value, and 
products from sustainable farming practices 
(Hocquette et al. 2014). Improved consumer trust, 
economic benefits and predictive relation to car-
cass yield/dressing percentage are the main reasons 
for developing quality evaluation systems for live 
animals (Tait 2016).

CONCLUSION

MUSCLE, BT and LW showed linear de-
velopment with age, although MUSCLE and 
BT showed higher variations during the  test 
compared to LW. Observed variations suggest 
that the inclusion of MUSCLE and BT monitor-
ing might prove to be expedient for  complex 
evaluation. Growth ability, meatiness and fat-
ness (defined by MUSCLE, BT and LW) were 
affected by a number of effects during rearing. 
The results confirmed the effect of genotype on 
the monitored parameters. However, a strong ef-
fect of breeding environment was also confirmed 
when we observed significant differences in mus-
cle development between sons from one father 
on different farms. From our results we can see 
that some breeding environments are more suit-
able for certain genotypes, which allows them 
to reach their full genetic potential for growth 
rate and carcass quality. For the development 
of MUSCLE and BT it is necessary to take into 
account epigenetic factors which would allow 
farmers to achieve better results for fattening 
and to improve their competitiveness. Our initial 
results created a prerequisite for further review 
of possible future application of MUSCLE and BT 
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monitoring in the official breeding practice of the 
Czech Republic. Some European countries have 
already introduced such monitoring, therefore 
its inclusion in official Czech breeding practices 
would be advantageous for Czech farmers who 
often sell their beef in the European market. 
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