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Abstract—The results from the research study to show the dynamics of liveweight for the Kazakh White-
Headed and Hereford cattle youngstock and the index evaluation for liveweight to create the subsequent
breeding livestock populations have been reported. The selection index evaluation for liveweight (at birth,
weaning, and the age of 12 months) was performed with the best linear unbiased prediction (BLUP) method
to form the breeding herds on main farms. The method to estimate the selection index value was developed
based on the statistical method for the animal genetic model and the predicted breeding-value indices for three
production parameters: liveweight at birth, weaning, and the age of 12 months. Overall, 9503 and 2766 farms for
rearing the Kazakh White-Headed and the Hereford cattle livestock, respectively, were analyzed. The accu-
racy of the breeding value index estimation with the BLUP AM method for the Kazakh White-Headed calf
bulls and heifers at birth, weaning, and the age of 12 months comprised 0.509–0.557 and 0.534–0.573,
0.274–0.319 and 0.354–0.368, and 0.336–0.418 and 0.388–0.415, respectively. The accuracy of the breeding
value index estimation with the BLUP AM method for the Hereford calf bulls and heifers at birth, weaning,
and the age of 12 months comprised 0.531–0.810 and 0.511–0.565, 0.330–0.608 and 0.257–0.366, and
0.386–0.498 and 0.342–0.414, respectively. The BLUP AM method can provide the opportunity to improve
the accuracy of evaluation of the Kazakh White-Headed and Hereford cattle livestock through the liveweight
measurements at birth, weaning, and the yearling age.

Keywords: beef cattle, Kazakh White-Headed breed, Hereford breed, index evaluation, liveweight, BLUP,
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INTRODUCTION
Genetic variations, which may be achieved through

selective breeding, are mostly specified by the charac-
teristics of the selected bull sires and their selective
parameters for effective selection policy [1, 2]. The
livestock breeding value is one of the aspects of the
selection breeding program focused on developing the
target-inherited traits and selecting the desirable spec-
imens [3–5].

Selective-breeding practices require selecting the
bull sires of high production performance combined
with the other genetic parameters [6]. Bull selection
based on the actual ancestor and progeny performance
is a positive factor effect on gradual inherited consoli-
dation of the target trait [7].

In countries with developed livestock farming (the
United States, Canada, France, etc.), statistical
approaches and methods, including the animal
genetic breeding value with the animal mixed biomet-

ric models (AM/MM E: Animal Model/Mixed Model
Equation) based on the best linear unbiased prediction
(BLUP), are used to predict the genetic characteristics
of specimens (firstly, the bull sires).

All the factors involved in the model are simultane-
ously assessed, which can provide the opportunity to
compare the values for animals of different genera-
tions, despite any genetic trend in a population. The
popular value indices, such as the expected progeny
difference or deviation (EPD), the estimated breeding
value (EBV), etc., are used based on this mathematical
method [8, 9].

Increasing the breeding beef-livestock population
size requires its genetic improvement and production
of big animals capable of maintaining high growth
rates for a long time, attaining the heavy carcass con-
formation with optimal fat deposition, and achieving
high reproductive performance and good milkability.

ZOOTECHNY AND VETERINARY
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Selection of bull sires with the most valuable beef
characteristics, continually passing these specific eco-
nomically important traits onto their progeny, is the
foundation for building highly productive herds. The
bull sire breeding value should be estimated based on
the two-phase estimation for its own performance and
the performance of its progeny. Therefore, improve-
ment and application of the modern methods for bull
evaluation relative to increasing the proportion of
highly productive beef cattle remain challenges in
Kazakhstan.

The objectives of the research study are to analyze
the liveweight dynamics in the Kazakh White Headed
and Hereford cattle youngstock and to perform the
index selection evaluation for their liveweight to deter-
mine the reasonableness of this method for creating
the breeding livestock population.

EXPERIMENTAL
Index breeding-value assessment of the beef cattle

for selection traits was performed with the best linear
unbiased prediction method (BLUP). The advantage
of this method is to determine the linear predicted bio-
metric animal model (AM) involving multiple perma-
nent, periodic, and occasional factor effects (environ-
ments, seasons, keeping and feeding conditions, addi-
tive genetic functions, selection breeding groups, and
the other randomly registered and unaccounted for
factors) on exhibiting the economically important and
productive traits [10, 11].

The research study was conducted based on the
data on production and zootechnical events in the
herds of pedigree cattle of the Hereford and Kazakh
White-Headed breeds on the commercial breeding
farms registered in the database of the Information
Analytics System of the Republic of Kazakhstan (IAS

DB). The beef cattle production parameters required
for estimation with the BLUP methods are the live-
weight at birth, weaning, and the yearling age. The
factor effects taken into consideration included differ-
ences in keeping the specimens across the farms, calv-
ing years and seasons, sex–age calf groups, maternal
age, birth type (twin or single), additive genetic vari-
ance components caused by parental inheritance
taken through three generations, etc. The general form
of equation for the animal linear biometric model is
present as follows:

(1)
where yyijklm denotes production traits (including live-
weight at birth, weaning and the age of 12 months in
this case), μ is general average value for all the involved
animals, ai is additive genetic variance in a calf evalu-
ated in accordance with pedigree-based data, sj is ani-
mal sex since bull calves and heifers are different in
body mass, dk is year-season of animal birth, hl is herd
or farm, pm is selective groups with similar keeping and
feeding conditions, and eijklm is model error because of
unaccounted factors.

The selection indices in the equation indicate the
groups with similar factor effects on production of the
evaluated animals. The values for liveweight at birth
and weaning were adjusted taking into account the
maternal age affecting these values (Table 1). In addi-
tion, the liveweight values at weaning were adjusted to
consistent 210 days and 365 days of age. The initial
weight values were adjusted with formulae:

(2)
where ALWb denotes adjusted liveweight at birth, kg;
LWb is liveweight at birth; and FALWb is liveweight at
birth, adjusted for maternal age factor, kg;

(3)

,yijklm i j k l m ijklmy a s d h p e= μ + + + + + +

ALWb LW FALWb,= +

LWy LWwALWy 155 ALWw,
CAy Caw

−= × +
−

Table 1. Adjustments for calf liveweight, made taking into account the maternal age

Mother’s age Adjustment for liveweight 
at birth, kg

Adjustment for liveweight at weaning, kg

bull calf heifer

2 years +3.1 +33 +27

3 years +1.3 +17 +14

4 years +0.4 +7 +4.5

5 to 10 years 0 0 0

11 years and older +0.9 +12 +11
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where ALWw is adjusted liveweight at weaning, kg;
LWw is liveweight at weaning, kg; CAw is calf age at
weighing, days; and FALWw is liveweight at weaning,
adjusted for maternal age factor, kg; and

(4)

where ALWy is adjusted liveweight at the yearling age,
kg; LWy is liveweight at the yearling age, kg; and CAy
is calf age at weighing at the yearling age, days.

The data to calculate the breeding value index
(BVI) were taken from the database of the Information
Analytics System of the Republic of Kazakhstan.
Thus, this database involves 9503 registered farming
companies for rearing and breeding the Kazakh White
Headed cattle livestock, including 17 farms, 43 farms,
and 242 farm enterprises holding more than 10 000
cattle, 5000–10000 cattle, and 1000–5000 cattle live-
stock, respectively. In addition, there is information
on 2766 farms specialized on the Hereford cattle,
including nine farms with 10000 animals, nine farms
with 5000–10000 animals, and 62 farm enterprises
holding 1000–5000 cattle livestock.

The survey-based index evaluation of the cattle of
both breeds for liveweight was performed with 20 spec-
imens (ten bull calves and ten heifers) of 24–28 kg
birth liveweight.

RESULTS AND DISCUSSION
Regarding the examined Kazakh White-Headed

cattle livestock population, the bull calf liveweight at
birth, on 210 day, and at the yearling age made up, on

−= ×

× + +

LWw LWbALWw
Caw

210 FALWw ALWb,

average, 27.7, 206.3, and 315.3 kg, respectively, while
the liveweight parameter values for heifers comprised
25.8, 192,4, and 281.7 kg, respectively. With respect to
the Hereford cattle livestock, the parameter data for bull
calves were recorded as 28.9, 215.1, and 318.5 kg, respec-
tively, while the parameter values for heifers comprised
28.1, 203.2, and 301.3 kg, respectively (Table 2).

The estimated values for index evaluation indicate
that the Kazakh White-Headed bull calf liveweight at
birth, at weaning, adjusted to 210 days, at 12 months of
age, and adjusted to 365 days should comprise 24–28,
185–249, 161.1–219,4, 296–350, and 292.8–351.5 kg,
respectively. With respect to heifers, the estimated
parameter values should comprise 24–28, 177–206,
157.8–228.9, 275–300, and 282.8–299.3 kg, respec-
tively.

The accuracy of the index breeding-value assess-
ment of the Kazakh White-Headed bull calves and
heifers at birth, weaning, and 12 months of age com-
prised 0.509–0.557 and 0.534–0.573, 0.274–0.319
and 0.354–0.368, and 0.336–0.418 and 0.388–0.415,
respectively (Table 3). The accuracy of the index
breeding-value assessment of the Hereford bull calves
and heifers at birth, weaning, and 12 months of age
comprised 0.531–0.810 and 0.511–0.565, 0.330–
0.608 and 0.257–0.366, and 0.386–0.498 and 0.342–
0.414, respectively (Table 4).

The cattle livestock achieving 5 years of age and
older, which was evaluated for liveweight at birth,
weaning, 210 days of age, and 12 months of age with
the BLUP method, exceeded the breed standards for
liveweight. Thus, the average liveweight of the mature
(5-year-old) Hereford and Kazakh White-Headed

Table 2. Dynamics of average liveweight in bull calves and heifers across analyzed cattle livestock

Breed, 
sex-age group

At birth, kg Liveweight at weaning at 210 days, kg Liveweight at 365 days, kg

n M ± m n M ± m n M ± m

Kazakh White Headed

Bull calves 158873 27.70 ±0.01 122428 206.30 ± 0.06 86727 315.30 ± 0.08

Heifers 346172 25.80 ± 0.01 300504 192.40 ± 0.03 234087 281.70 ± 0.03

Hereford

Bull calves 24859 28.90 ± 0.03 17807 215.10 ± 0.24 12792 318.50 ± 0.37

Heifers 59672 28.10 ± 0.02 49806 203.20 ± 0.13 39930 301.30 ± 0.18
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bulls comprised 834.1 and 801.4 kg, respectively, and
the parameter values for cows comprised 508.5 and
536.8 kg, respectively (Table 5). The produced data
can demonstrate the efficiency of this method for
index evaluation of cattle for liveweight.

CONCLUSIONS

The BLUP AM method can provide the opportu-
nity to improve the accuracy of evaluation of the
Kazakh White-Headed and Hereford cattle for live-
weight at birth, weaning, and the yearling age.

The accuracy of the breeding value index estima-
tion of the Kazakh White-Headed calf bulls and heif-
ers at birth, weaning, and the age of 12 months com-
prised 0.509–0.557 and 0.534–0.573, 0.274–0.319
and 0.354–0.368, and 0.336–0.418 and 0.388–0.415,
respectively. With respect to the Hereford cattle, the
parameter values comprised 0.531–0.810 and 0.511–
0.565, 0.330–0.608 and 0.257–0.366, and 0.386–
0.498 and 0.342–0.414, respectively.
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Table 5. Average values for liveweight of mature (5-year-old) Kazakh White-Headed and Hereford cattle livestock

Breed
Bulls Cows

number, n M ± m number, n M ± m

Kazakh White Headed 111 801.4 ± 13.8 4308 536.8 ± 0.6
Hereford 14 834.1 ± 14.5 423 508.5 ± 3.3
Total 125 4731 –
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