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Abstract

This study focuses on research of economically important traits of Ukrainian black-and-white dairy cows with different
types of body constitution. The aim of the study was to differentiate dairy cows into constitution types and to identify the best types
in terms of growth, exterior, milk productivity and reproductive capacity. The cows were differentiated into low-, mid- and high-ca-
pacity types of body constitution. Depending on their type the features of growth, exterior, milk productivity and reproduction
capacity of primiparous have been studied.

It has been established, that the intensity of growth of heifers from birth to 18 months depended on the type of their body
constitution. Higher live weight, absolute and average daily gains were characteristic of heifers with low-capacity body constitution.
Their live weight at the age of 18 months on average was 388.5 kg, it was on 30.9 kg and 60.3 kg (P<0.01) more than live weight of
mid- and high-capacity heifers. The advantages of low-capacity heifers in average daily gain during the growing period were 60 g
and 117 g, respectively.

The results of the exterior evaluation have shown that primiparous with the high-capacity type of body constitution had
greater size and larger measurements primarily of the chest and barrel (P<0.05-0.001).The higher values of linear evaluation were
also observed in cows with the high-capacity type, which were characterized by well-developed chest, wide rump, desired rear view
of rear legs, firm udder attachment and strong central ligament. The power of influence of the type of body constitution on linear
type traits ranged from 0.5 % (rear teat placement) to 46.2 % (chest width).

Higher milk productivity was a characteristic of mid-capacity cows (an advantage of 305-d milk yield — 340—662 kg, milk fat
yield — 9.0-21.0 kg, milk protein yield — 9.8—19.8 kg).The best results of reproduction capacity have been observed in cows with the
high-capacity type of body constitution (calving percentage — 87.5 %).
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1. Introduction

Until recently, the most important traits for dairy cows were considered milk yield and milk
composition [1]. However, one-sided selection for high yield has led to decrease the resistance of
animals to disease, deterioration in reproductive performance and reduction of productive life of
dairy cows [2, 3]. Nowadays the range of interest of milk producers has significantly expanded
and the selection process takes into account reproductive traits, live weight, exterior, longevity,
health of animals etc. Exterior as well as body constitution belong to the functional traits, they are
elements of selection indices worldwide. Their share in the most widespread indices varies from
17 to 40 % [4—6]. The importance of studying the body constitution is that only animals with good
constitution can be healthy, high producing, they have a high level of reproductive performance and
longevity. Taking into account the types of body constitution in the selection process contributes to
more objective and informative assessment of dairy cows.
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Numerous studies of scientists were devoted to the types of body constitution. Their teach-
ings were based to the ratio of tissues and organs in the body of animals [7], the intensity of the
redox processes and gas exchange[8], the adaptability of species [9], the density of the animal
body [10], the Golden Ratio of Pythagorean [11] etc.

For evaluation of the body constitution of dairy cattle, the shape of chest and its cross-sec-
tional area was assessed [12]. Later this method was developed and it was proposed to assess the
capacity of the thoracic cage [13]. Three types of body constitution was identified — with large me-
dium and small volume. This method of determining the body constitution was further developed.
The aim of this research was in developing a fundamentally new method of differentiation of dairy
cows into low-, mid- and high-capacity types. The author proposed to determine the type of body
constitution as a ratio of thoracic conditional capacity and live weight and he called it — the capaci-
ty-weight coefficient [14]. It was proposed to implement the capacity-weight coefficient into linear
evaluation of dairy cows, which was recognized by ICAR [15] and was effective from selection and
production standpoints.

The research aim was to investigate the economically important traits of dairy cows de-
pending on their body constitution and establish the types of body constitution with the expected
rate of growth, exterior, milk productivity and reproduction capacity. In order to achieve this goal
primiparous were divided into three types of body constitution and depending on the type their
growth, exterior, milk productivity and reproduction capacity have been studied.

2. Materials and methods

The study was carried out on the commercial dairy farm LLC “nd. a. Shchorsa”, which
located in Kyiv region, Ukraine. The study was conducted in 2016—2018. The farm is rearing more
than 1500 dairy cattle of Ukrainian black-and-white dairy breed with 600 lactating cows. The
differentiation of cows by types of body constitution included measurements of the chest depth
and chest width behind the shoulder blades and last rib, length of the thoracic cage, area of the
thoracic cage behind the shoulder blades and last rib, conditional capacity of the thoracic cage and
live weight. Individual constitutional characteristics of animals were determined by the integrated
capacity-weight coefficient (CWC), which characterized the liters of thoracic capacity per kilogram
of live weight [14], (»=101).

hx|S, +4SS, +S
CWC = ( 1 172 2)’ (1)
LW x3,000

where CWC — capacity-weight coefficient, L/kg; & —length of the thoracic cage, cm; S, — cross-sec-
tional area of the thoracic cage behind the shoulder blades, cm?; S§,— cross-sectional area of the
thoracic cage behind the last false rib,cm?; LW — liveweight, kg; 3,000 — a constant value, obtained
as a result of mathematical structuring of the formula (3x1,000).

In the studied group of cows CWC was 0.72 L/kg. Cows were divided into three types of
body constitution based on the deviation CWC 0.67c: low-capacity type (n=26, CWC=0.67 L/
kg or less), mid-capacity type (n=52, CW(C=0.68—0.75 L/kg) and high-capacity type (n=23,
CWC=0.76 L/kg or more).

The intensity of growth of repair heifers was estimated by live weight, absolute growth
rate and average daily gain from birth to 18 months. The exterior of cows with different types
of body constitution was assessed through body measurements and linear evaluation. Milk
productivity of primiparous (milk yield, fat content and protein content in milk, milk fat yield,
milk protein yield, duration of lactation, milk yield per day of lactation) was estimated for
305-day and per lactation. Reproduction capacity of cows was studied by age and weight at
first mating and first calving, days open, calving interval, services per conception and calving
percentage.

Statistical analyses were performed using Microsoft Excel 2010.
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3. Discussion of research results

It has been found, that the biggest newborn heifers had the high-capacity type of body
constitution, but the highest live weight from birth to the age of 18 months was characterized
for heifers with the low-capacity type. The live weight of low-capacity heifers at 18 months was
by 30.9 kg (P<0.05) and 60.3 kg (P<0.01) more than the live weight of mid- and high-capacity
heifers (Table 1).

Heifers with the low-capacity body constitution in the period of 0—3.0 months had by 6.4 kg
higher absolute growth rate compared to the other types, in the period of 3.1-6.0 months — 3.2—
4.0 kg, 6.1-9.0 months —2.7-8.2 kg, 9.1-12.0 months — 3.9-11.9 kg, 12.1-15.0 months — 8.1-15.6 kg,
15—18 months — 8.1-17.3 kg. For average daily gain there was a trend similar to the absolute growth
rate: the highest value was shown by the animals with the low-capacity type, the lowest — by ani-
mals with the high-capacity type of body constitution. The average daily gain of heifers with the
low-capacity type from birth to 18 months was 657 g, mid-capacity — 597 g, high-capacity type —
540 g. Depending on growing periods, heifers with the low-capacity type of body constitution had
an advantage in average daily gain over animals of the same age with the high-capacity type by
71-193 g, and with age the differences have been increased. The average daily gain of heifers with
the low-capacity type was 29-90 g higher compared to the mid-capacity type.

Table 1
Growth rate of repair heifers with different types of body constitution, x+S.E

Type of body constitution

Parameters = 5 2 5 5
low-capacity mid-capacity high-capacity
Birth weight, kg 33.5+0.74 35.0+0.43 36.6+£0.48
0-3.0 50.7+1.86 44.3+1.80 4434341
3.1-6.0 59.9+£3.29 56.7+£2.36 55.9+4.71
Absolute growth rate 6.1-9.0 62.3+2.84 59.6+2.38 54.1+4.69
during periods, kg 9.1-12.0 64.9+3.18%* 61.0+£2.70 53.0+4.17
12.1-15.0 61.1+3.34** 53.0+2.01 45.5+£3.09
15.1-18.0 56.1+3.92%* 48.0+2.13 38.8+3.72
Live weight at 18 months, kg 388.5+11.76%* 357.6+£9.38 328.2+17.01

Note: "P<0.01; "P<0.05, level of significance compared to the high-capacity type

It has been claimed, that the higher live weight of newborn heifers, the higher their growth
rate, and cows with higher live weight were characterized by higher milk productivity. In our study
mixed results were obtained. In particular, newborn heifers with the low-capacity type of constitu-
tion had less live weight compared to heifers with the mid- and high-capacity types but at the age
of 18 months heifers with the low-capacity type had an advantage in live weight [16, 17].

The optimal average daily gain of heifers from birth to the age of first mating was consid-
ered not less than 500 g [18] and 830 g at the age of 10—15 months [19, 20]. In our study the average
daily gain from birth to 18 months exceeded 500 g, but at10—15 months was less than recommend-
ed [19, 20] and ranged from 506 g to 721 g depending on the type of body constitution.

Features of economically important traits of dairy cows, differentiated by the types of body
constitution with CWC, were studied by the author of the method. The results of our research par-
tially coincided with the data, provided earlier [21]. In particular, he reported the higher live weight
at birth by 2.5 kg (P>0.95) in heifers with the low- and mid-capacity types of body constitution. In
our study higher live weight was observed in newborn heifers with the high-capacity type.

Analyses of linear evaluation of cows with different types of body constitution on a 9-point
scale have shown that animals with the high-capacity type compared to the low-capacity type had
greater size, they were taller (+0.8 point), more width of chest (+1.7) and depth of barrel (+0.8), wid-
er in the rump (+0.5), they had more correct shape of rear legs (+0.8, P<0.05), stronger fore and rear
udder attachment (+0.4, P<0.05 and +0.9, respectively), stronger central ligament (+0.8, P<0.05)
and longer teats (+0.5 point) (Table 2).
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Linear evaluation of dairy cows with different types of body constitution on a 9-point scale, x+S. £

Linear type trait

Type of body constitution

low-capacity

mid-capacity

high-capacity

Stature 4.5+0.36 4.8+0.26 5.3+0.44
Chest width 4.5+0.20 5.5+0.13 6.2+0.21
Body depth 7.3+0.17 7.5+0.11 8.1+0.14
Angularity 5.9+0.28 5.9+0.18 5.7+0.28
Rump angle 6.3+£0.25 6.2+0.16 6.4+0.22
Rump width 6.9+0.19 7.240.16 7.4+0.21
Rear legs set 4.9+0.22 4.7+0.14 4.9+0.28
Rear legs rear view 4.4+0.21 4.6+£0.14 5.240.21*
Foot angle 4.7+£0.26 4.7+£0.12 4.8+0.28
Fore udder attachment 4.4+0.10 4.2+0.09 4.8+0.19*
Rear udder height 5.2+0.36 5.3+£0.24 6.1+0.31
Central ligament 5.840.23 6.1+0.19 6.6+0.23*
Udder depth 5.140.33* 4.7+0.21 4.0+0.26
Front teat placement 5.3+£0.36 5.540.23* 5.4+0.36
Rear teat placement 4.7+0.21 4.7+0.19 4.9+0.23
Teat length 5.3+0.21 5.8+0.12 5.8+0.13
Body condition score 5.5+0.20* 4.8+0.22 4.8+0.25

Note: *P<0.05, level of significance compared to the lowest value

Simultaneously, cows with the low-capacity type had a deeper udder (P<0.05) and higher body
condition score (P<0.05). The development of linear type traits of cows with the mid-capacity type of
body constitution usually has taken an intermediate position between the low- and high-capacity types.

The strength and direction of relationship between the types of body constitution and linear
type evaluation of dairy cows depended on the type of constitution and linear type trait. The correlation
between them ranged from —0.22 to 0.58. There was a strong correlation between the type of body con-
stitution and chest width (=0.58, P<0.001), body depth (+=0.48, P<0.001); medium correlation — with
rear legs set (#=0.30, P<0.01), central ligament (r=0.26, P<0.05), teat length (+=0.25, P<0.05) and udder
depth (r=—0.22, P<0.05). It should also be noted the correlation between the type of body constitution
and stature (#=0.17) and rump width (+=0.19). The power of influence of the types of constitution on
linear type traits ranged from 1’ = 0.5 % (rear teat placement) to 1 = 46.2 % (chest width).

The analyses of milk productivity of primiparous with different types of body constitution
had shown the advantage of cows with the mid-capacity type in 305-d milk yield, milk fat yield and
milk protein yield. Their advantage compared to the low- and high-capacity types in 305-d milk
yield was 340 kg and 662 kg, respectively, milk fat yield — 9.0 kg and 21.0 kg, milk protein yield —
9.8 kg and 19.8 kg (Table 3).

Table 3
Milk productivity of primiparous with different types of body constitution, x+S.E.

Type of body constitution

Note: "P<0.05, level of significance compared to the lowest value

12

Parameters - 5 3 3 3
low-capacity mid-capacity high-capacity

Duration of lactation, days 404+23.5 387+16.0 358+25.9
305-d milk yield, kg 7,055+288.6 7,395+205.7 6,733+357.6
Milk yield per lactation, kg 9,338+782.6 9,239+ 540.4 7,800+£704.5
Fat content in milk, % 3.52+0.013* 3.48+0.007 3.51+0.010*
Milk fat yield, kg 328.7£17.09* 321.6+18.33* 273.7+13.51

Protein content in milk, % 3.11£0.004 3.10+£0.003 3.11+£0.004
Milk protein yield, kg 290.7+14.34* 286.3+10.62* 242.7+12.97

Milk yield per day of lactation, kg 23.1+0.85 23.9+0.73 21.8+1.17
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Prolonging lactation of cows with the low-capacity type has led to higher milk yield per lac-
tation, milk fat yield and milk protein yield. The milk yield per lactation of cows with the low-ca-
pacity type of body constitution compared to the high-capacity type was 1538 kg higher, milk fat
yield — 55.0 kg (P<0.05), milk protein yield — 48.0 kg higher (P<0.05). Cows with the mid-capacity
type have also significantly prevailed over animals with the high-capacity type in milk yield per
lactation (+1439 kg), milk fat yield (+47.9 kg, P<0.05) and milk protein yield (+43.6 kg, P<0.05).
More objectively the milk yield per day of lactation has shown the efficiency of milk production.
Given this trait, cows with the mid-capacity type of body constitution have shown higher efficiency
of milk production. Their milk yield per day of lactation was 23.9 kg that was 0.8 more compared
to the low-capacity type and 2.1 kg more compared to the high-capacity type.

It was found, that the higher milk productivity was observed in cows with the high-capacity
type of body constitution [22]. The advantage of Holstein cows with the high-capacity type com-
pared to the low-capacity type in 305-d milk yield was 1718 kg, milk fat yield — 64.84 kg, milk
protein yield — 55.26 kg (P>0.999 in all cases). In our study Ukrainian black-and-white dairy cows
with the mid-capacity type of body constitution have prevailed in 305-d milk productivity. The
higher milk yield per lactation, milk fat yield and milk protein yield have been shown by cows with
the low-capacity type of body constitution. Milk per day of lactation of cows with the mid-capacity
type was 23.9 kg, low-capacity — 23.1 kg, high-capacity type — 21.8 kg.

The influence of body constitution type of primiparous on traits of milk productivity ranged
from 2.4 to 34.8 % and it was significant for milk yield (n} = 24.5 %, P<0.05), milk fat yield
(M: =34.8 %, P<0.01) and milk protein yield (n’ = 26.0 %, P<0.05).

It has been reported, that cows with higher average daily gain had prevailed in milk yield
over animals with lower growth intensity [17]. The difference between them for the first lactation
milk yield was 1093.0 kg or 28.06 % (P>0.999). The statement that animals with higher growth
rate were characterized by higher milk productivity has not been confirmed in our study. If higher
growth rate were observed in cows with the low-capacity type of body constitution, the highest
305-d milk yield was shown by primiparous with the mid-capacity type.

In our study we found some differences in the traits of reproduction capacity depending
on the type of body constitution. The youngest age at first mating was typical for cows with the
mid-capacity type of body constitution — 15.9 months, that was 2.8 months less compared to the
high-capacity type (P<0.05) (Table 4).

Table 4
Reproduction capacity of primiparous with different types of body constitution, x+S.E.

Type of body constitution

Parameters - . : : 3
low-capacity mid-capacity high-capacity
Age at first mating, months 17.0+0.58 15.9+0.58 18.7<1.16*
Live weight at first mating, kg 367.4+12.95%* 313.7+6.70 320.6+9.02
Age at first calving, months 26.3+£0.55 26.3+£0.67 28.8+1.33
Live weight at first calving, kg 503.0+£6.30** 474.5£5.17 452.1£7.95
Days open 183+23.4 169+15.3 140425.8
Calving interval, days 461+23.3 444+15.6 417+£25.7
Services per conception 2.0+0.23 2.240.24 1.8+0.41
Calving percentage, / 79.1£3.61 82.2+2.56 87.5£2.56

Note: "P<0.03, level of significance compared to the lowest value

However, this did not have an impact on the age at first calving, which was the same for
cows with the low- and mid-capacity types — 26.3 months. This was due to the higher value ser-
vices per conception in cows with the high-capacity type (2.2), which was 0.2 higher compared to
the low-capacity and 0.4 higher — high-capacity types. Since the cows with the low-capacity type
of body constitution were characterized by the highest growth rate, their advantage in live weight
at first mating and at first calving was evident. Their live weight at first mating was 46.8 kg and
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53.7 kg higher, at first calving —28.5 kg and 50.9 kg higher compared to the high-capacity and
mid-capacity types, respectively (P<0.01 in all cases).

An optimum age of dairy cows at first calving was not considered older than
24 months [19, 20, 23]. The recommended live weight at first mating was about 85 % of adult
cows live weight, at which primiparous were characterized by high milk productivity and
reproduction capacity. In our study an average age at first calving of primiparous was higher —
26.3-28.8 months with live weight 465-485 kg.

The less days open, shorter calving interval, higher calving percentage were recorded for
cows with the high-capacity type of body constitution, the worst value of reproduction capacity
traits was inherent to cows with the low-capacity type. Cows with the high-capacity type compared
to the low- and mid-capacity types had 43 and 29 days open less, respectively, 44 and 27 days
shorter calving interval, 8.4 and 5.3 % higher calving percentage.

Thus, respecting features of cows with different types of body constitution made it possi-
ble to optimize the selection process in a herd and to forward it into the required direction. It has
been established, that cows with the low-capacity type had the higher live weight from birth to
18 months, higher growth rate and, as a result, higher age and live weight at first calving. Primip-
arous with the mid-capacity type had the higher 305-d milk productivity and milk yield per day
of lactation. Cows with the high-capacity type were of the greater size, they have shown the best
results of linear evaluation and reproduction capacity.

4. Conclusions
The obtained results of the study can be used in dairy herds to differentiate cows by types
of body constitution. Since the type of body constitution of cows is associated with economically
important traits (growth, exterior, milk productivity, reproductive capacity), it can be involved into
the selection process in a herd, taking into account the desired characteristics of future offspring.
The disadvantage of this study is the lack of results of differentiation of mature cows (second, third
lactation) on types of body constitution and their relationship with economically important traits.
This research has already been conducted and it will be presented in a future publication.
Differentiation of cows depending on the type of body constitution has enabled to identify
the features of their growth, development, exterior, milk productivity, reproduction capacity. Tak-
ing into account the results could help to optimize the selection process in the herd.
It has been established, that growth intensity of heifers from birth to the age of 18 months
depended on the type of body constitution. Higher live weight, absolute growth rate and average
daily gain were characteristics of heifers with the low-capacity type. Primiparous with the high-ca-
pacity type were bigger, with higher measurements of chest and barrel (P<0.05—-0.001). The influ-
ence of the low- mid- and high-capacity types of body constitution on the linear type traits ranged
from 1’ =0.5 % (rear teat placement) to M = 46.2 % (chest width).
Higher milk productivity was inherent to the cows with the mid-capacity type. The influence
of the type of body constitution on milk yield was 1’ = 24.5 % (P<0.05), milk fat yield — 1’ = 34.8 %
(P<0.01), milk protein yield — ni =26.0 % (P<0.05). Better reproductive performance was observed
in cows with lower milk productivity— high-capacity type (calving percentage — 87.5 %)).
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