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ABSTRACT

The influence of conformation traits that characterize mobility, on the life expectancy of Ukrainian brown dairy cows
was investigated: rear legs side view (RLS), rear legs rear view (RLRV), hooves angle (FA), and locomotion (L). The
dataset consisted of records about productive and linear traits of 489 cows collected from January 1, 2006 to December
31, 2016. Cows with 1-4 scores for RLS were at higher risk of culling than animals with legs close together estimated at
6-9 scores. Cows with optimal development of the trait were used in the herd much longer compared to groups of
animals with an estimate of 1-4 scores on 126-831 days and with estimate of 7-9 scores – on 286-505 days. Cows with
the highest classification score of the RLRV were lived on 605 days longer compared to animals with 1 score. The
dependence of cows longevity on the condition of FA was evidenced by a significant difference between groups of cows
with estimates in 7 and 3 scores, which amounted 312 days. Cows with 9 scores for locomotion (L) were retained for 777
days longer as compared to animals with 1 score. The influence of linear traits characterizing extremities development on
the life expectancy of cows of Ukrainian brown dairy cattle can be a predictor of longevity that allows indirect cow
selection by type.
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INTRODUCTION

Productive longevity of cows, from the breeding
point of view, is quite a complex integrated trait that
significantly is determined by genetic factors. However,
effective selection on the basis of longevity is
complicated due to its low heritability, that according to
Pelt et al. (2015), with variability from 0.002 to 0.149.
Stanojević et al. (2016) reporting that values of
heritability coefficients of longevity features varied from
0.066; 0.061 and 0.074 as regards to duration of
productive life, lifetime productivity and number of
lactation, respectively. Estimates of heritability by
features of longevity (herd life and longevity) were low
(0.11 and 0.09) according to Ghaderi-Zefrehei et al.
(2017) and on indicators of survival (0.02-0.05) Krejčová
et al. (2008). Besides, to obtain data on longevity of cows
is necessary to wait for their withdrawal from the herd.

Considering existence a different level of
positive correlation between linear type traits and
longevity indicators (Vacek et al. 2006; Zavadilová et al.
2009; Morek-Kopec and Zarnecki 2012; J. du Toit et al.
2012; Kern et al. 2015), a sufficient heritability level of
conformation traits (Wiggans et al., 2006; de Haas et al.,

2007) and the ability to score animals in the first
lactation, linear type traits can be used as predictors of
longevity (Vukasinovic 2002; Esteves et al., 2004); Getu
and Misganaw 2015). Numerous scientific studies have
proven the longevity of dairy cows as an indicator of
health, animal welfare and a sustainable system of milk
production (VanRaden and Wiggans 1995; Essl 1998;
Sewalem et al., 2005; Zavadilová et al. 2009; Du Toit et
al., 2012; Olechnowicz et al., 2016;).

Mobility of cows in the modern technological
conditions was a growing problem, since they are
constantly located in an aggressive environment on
slippery concrete. If the animals were in the pasture, they
had to walk long distances. In this aspect, the strength of
legs was a certain guarantee of increasing the longevity
of dairy cattle in today's intensive milk production
conditions (Strapak et al., 2010). Pfeiffer et al. (2014)
found correlations between longevity and feet and legs, to
be 0.39.

The aim of this study was to investigate the
influence of linear type traits that characterize: angle of
rear legs (side view), posture of rear legs (rear view),
hoof angle and locomotion, with lifetime of cows of
Ukrainian brown dairy breed.
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MATERIALS AND METHODS

The studies were conducted on livestock of cows
of Ukrainian brown dairy breed. This breed was created
in Ukraine by crossing aboriginal cattle with brown Swiss
breed. In the crossbreeding have been used the sires from
different countries (Germany, America, and Austria). The
breed was approved as a breeding achievement in 2009.

The purpose of creating a Ukrainian Brown
dairy breed was transformation of Lebedinsky breed
combined type of productivity into a specialized breed of
dairy type. The new breed had to be distinguished by
high milk productivity and a strong conformation type,
well adapted to local conditions of feeding and to
technological conditions of retention. For this purpose,
we conducted a linear classification of the new breed of
cows.

Research on the study of relationship between
type traits and the longevity were conducted using the

data of linear scoring of the first-born cows of Ukrainian
Brown dairy breeds of five farms in the Sumy region of
Ukraine. The dataset consisted of records about
productive and linear traits of 489 cows collected from
January 1, 2006 to December 31, 2016. The lifetime of
cows calculated as the number of days between date of
birth and the date of withdrawal. Linear scoring was
performed according to recommendations of the
International Committee for Animal Recording (ICAR
Recording 2014). Linear type traits were determined only
in cows of the first lactation, classified from 15 to 150
days after calving.

In general, the system of linear classification has
been used in Ukraine included 18 linear type traits. We
were focused attention on the traits that characterize the
condition of the limbs. Тable 1. The linear traits were
scored on a 9-point scale. Each trait with the minimum
and maximum deviations, have been represented in
absolute units of measurements.

Table 1. Description of linear type traits using nine-point scoring range

Standard linear type traits
Score

min max
1 9

Rear Legs Set (side view) Straight >158° Sickled <136°
Rear Legs Rear View (rear view) Extreme toe-out Parallel feet
Hooves Angle Very low angle <25° Very steep >61°
Locomotion Severe Abduction/Short Stride No Abduction/Long Stride

A linear trait is the angle of the pelvic limbs,
determined by its bend in degrees. According to our
research results, the desired degree of the angle with an
estimate of 5 scores varied between 146-148° and was
optimal for cows. Decreasing in the angle of hock joint
(elephantiasis) or increase (sickle-shaped) are the
disadvantages of this trait of the conformation.

A linear trait the posture of pelvic limbs - very
important linear trait of the conformation, which was
estimated by their width of the rear view. Cows with
parallel legs set were assessed by the highest score. The
rapprochement of legs in the hock joints or their
curvature significantly reduces the score.

A linear trait - the hoof angle, characterizes the
strength of legs and is responsible for their health. This
significantly depends on the hardness of hoof horn. The
average expression of the state of hoof angle is 45° with
an estimate in 5 score. Than steeper the hoof angle, the
higher score characterizing the best development of this
trait.

A linear trait - locomotion, was evaluated in the
process of movement of the animal. In this case, the
direction of movement, linear displacement in space, the
intensity of movement, fixation of the support phase and
the phase of legs transfer were evaluated, the condition of

hooves was taken into account. The score was reduced if
the movement was weak and when lameness was present
and, on the contrary, solid, confident, steady locomotion,
the correct posture of legs, strong hooves and pasterns
increase the level of linear assessment. (ICAR Recording,
2014).

From statistical indicators, the average value of
linear traits (x) and standard error (S.E.) were studied.

n
ES 
..

were: σ – standard deviation;
n – number of variants.
The coefficient of linear correlation was determined by
formula of Pearson :

Where: xi – value for variable Х;
yi – value for variable У;

– average value for Х;

– average value for У.
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Statistical data processing was performed using
the software in Microsoft Excel using the statistical
software package “STATISTICA” version “8.0”. The
reliability of the statistical values was evaluated by
testing the “null hypothesis” with the calculation of
standard errors (representativeness) and Student's criteria.
The level of reliability (probability of error) was
classified by comparison with standard values (levels)
generally accepted in statistical practice. The results were
considered reliable at the first (P <0.05), second (P
<0.01) and third (P <0.001) thresholds of probability.

In this research 4 type traits, very important for
the characteristics of legs: rear legs (side view (RLS),
rear legs (rear view (RLRV), foot angle (FA) and

locomotion (L) were considered. The development of
traits based on visual evaluations expressed in the range
of 1 to 9 scores. 5 scores for rear legs (side view (RLS)
considered the best variant, that is, 5 scores is
characterizing the desired development of this trait.

RESULTS AND DISCUSSION

The influence of rear legs (side view), rear legs
(rear view), foot angle and locomotion on duration of
lifetime use in cows of Ukrainian Brown dairy cattle, has
been presented in histograms Fig. 1-4.

Figure 1. The influence of linear trait the angle of the rear legs (side view) on the lifetime of cows.

According to research results, angle of rear legs
significantly affected on the longevity of cows of the
studied herd, as evidenced by histogram (Fig. 1).

Experimental cows of Ukrainian brown dairy
breed with a 5 score of the assessment of linear trait the
hock angle (side view) had the highest lifetime (2719
days). Similar results were obtained by Buenger et al.
(2001) at the analysis of survival in dairy cows with
supplementary data on type scores and housing systems
from a region of Northwest Germany and Caravello et al.
(2004) in the analysis of the relationship between type
traits and functional survival in US Holstein cattle.

Animals with close posture of legs had the
highest risk of culling, which were estimated at 1-4
scores. The lifetime of cows with a score for development
of linear trait the hock angle (side view) at 5 scores was
longer for 126-831 days than for groups of animals with

1-4 scores (P <0.01-0.001). Similarly, cows with a 7-9
scores lived longer for 286-505 days (P <0.001). A
similar trend was found in Jovanovac and Raguz (2011)
by linear trait of the rear legs (side view) in cows of
Croatian Simmental cattle. According to their studies,
cows with very straight legs and 2 scores were 1.6 times
more likely to be culling than other animals. According to
their research cows with a very straight legs and 2 scores
had in 1.6 times more likely to be culled than other
animals.

The results of researches showed a positive
effect of rear legs set (rear view) on the lifetime of
animals (Fig. 2). The longest period of time is used in the
herd cows with 9 score (2718 days) for rear legs set, but
most cows received 7 and 8 scores. With a decrease of
score from 6 to 1, an adequate reduction in the duration
of life is observed. Similar results were obtained by
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Vacek et al. (2006), which reported about the lowest
duration of lifetime in cows with converged rear legs.
Zavadilova and Stipkova (2012), reported about positive
genetic correlations between traits of feet and legs, direct

longevity and functional longevity (0.19 and 0.14). Cows
of Holstein breed in the Czech Republic with an extreme
toe-out of rear legs had a lower longevity than cows with
straight legs (1998).

Figure 2. The influence of linear trait of the rear legs (rear view) on the lifetime of cows.

Histogram parameters (Fig. 3) indicated a high
influence of foot angle on longevity of cows. Animals

with the highest classification lived on 605 days longer
than cows with 1 score (P <0.001).

Figure 3. The influence of linear trait of hoof angle on cow lifetime.
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It should be noted that, from all traits that are
characterizing the rear legs quality, foot angle with an
estimate in 1 score had the least effect on the longevity of
cows. Similar results were obtained in the study of
complex linear traits in relationship with duration of use
Holstein cows of Czech selection Boelling and Pollott
(1998), under which influence of foot angle on longevity
of cows was minimal. The dependence of longevity cows
on the condition of foot angle was evidenced by a
significant difference between cows group's with an
estimates in 7 and 3 score, which was 312 days at P
<0.001. Obtained by Kern et al. (2015) negative and
moderate genetic correlations in cows of Holstein breed
between the foot angle and traits of longevity, which
ranged from -0.18 to 0.23, have a tendency to reduced the
lifetime of cows in the herd. According to Samoré et al.
(2010) functional longevity had a negative correlation
with the posture of rear legs (-0.56 ± 0.10).

The importance breeding value of estimation for
locomotion was confirmed by other studies, due to a
corresponding relationship between this and other traits.
For example, in Holstein cows of Italian breeding, a high
positive relationship was found between this trait with
angularity (r = 0.650) and moderate with milk yield (r =
0.238) (Battagin et al., 2013). Easy and confident
locomotion of cow largely depended on the condition of
other descriptive traits of legs. Zavadilová et al. (2011)
found that between the estimation of motion and hock
angle, correlation coefficients varied from 0.33 to 0.78,
and foot angle - from 0.58 to 0.96.

About the relationship of locomotion estimation
with the assessment of angle of hock and hooves was
confirmed by our studies (Fig. 4). Similarly, cows with an
estimate of 9 score were used on 777 days (P <0.001)
longer compared to animals with an estimate in 1 score.

Figure 4. The influence of linear trait of locomotion on cow lifetime.

In general, when we calculated the average
longevity of cows Ukrainian Brown dairy breed,
depending on the score level for locomotion according to
the histogram, we observed that the most enduring were
cows with an estimate in 5 scores and higher.

The relationship of linear traits that characterize
the development of legs of animals with the lifetime of
cows confirming the positive correlation coefficients
(Table 2). The greatest influence on the lifetime of cows
of Ukrainian brown dairy breed has the trait of
locomotion.

Table 2. Phenotypic correlation between the linear
type traits that characterize the condition of
legs and lifetime of cows (n = 428).

Linear type traits r ± S.E.
Rear Legs Set (side view) 0,185 ± 0,0524***

Rear Legs (rear view) 0,268 ± 0,0471***

Hooves Angle 0,265 ± 0,0587***

Locomotion 0,311 ± 0,0522***
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Conclusions: The phenotypic association between linear
type traits characterizing the condition of limbs and the
life expectancy has been allowed to indirectly selection
cows of Ukrainian Brown dairy breed by type. The rear
legs (side view), rear legs (rear view), foot angle and
locomotion can be predictors of longevity for dairy cattle.
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