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Abstract
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The analysis of milk productivity, examination of conformation traits and measuring the exterior parameters of the cattle
play a significant role in the improvement of genetic potential of animal’s productive qualities and creation of high-yielding
herds. The article dwells on the objective assessment values of cow conformation obtained by the contact method and presents
a method for animals’ conformation study using digital technologies. The correlation between the conformation parameters
and cattle productivity was revealed. A new approach to conformation assessment was introduced and non-contact methods
for measuring main body constitution parameters were analyzed. The values of conformation parameters were obtained by
processing the photo image of an animal and through the use of the depth sensor. Basic body measurements (height at withers,
height at rump, chest depth, chest width, rump width, rump length, body length, metacarpus girth) were taken in the produc-
tion environment. They were determined with the accuracy up to 1 mm and an error of about 2%. The experimental findings
demonstrate that these techniques may be considered as an innovative method of non-contact measuring of cattle conformation
traits. A positive correlation between the conformation body built index and measurements characterizing the degree of body
development of the animal (body length, chest width, chest depth, rump length, and rump width) was revealed to vary within
the range 0.13—0.52. The correlation between the milk yield, quality indicators of milk and conformation traits was weak or
absent (r = from -0.34 to +0.25). A weak (0.19) positive correlation between the conformation body built index and productiv-
ity index was observed.

Keywords: contact and non-contact methods; constitution index of cows; exterior; selection and genetic param-
eters; milk productivity of cows

Introduction

An intensive technology of milk production places high
demands not only on the level of cow productivity but also
on their physical and physiological conformity to industrial
technologies. In dairy farming much attention is given to the
assessment of animal conformation as the external appear-
ance and inner properties are closely related to productive
and reproductive qualities of the constitution (Abugaliev et
al., 2017; Konstandoglo et al., 2017; Lepekhina et al., 2018;
Basonov et al., 2018; Batanov et al., 2019).

Studying of the constitution and exterior is important for
an animal technician to understand the basis on which bio-
logical make-up and production efficiency are developing, as
well as advantages and disadvantages, to notice the signs of
body composition weakening, and to identify the breeding
value of the animal (Brade, 2017; Conte et al., 2017; Ba-
sonov et al., 2018; Batanov et al., 2018).

Body exterior examination is based on three main prin-
ciples:

» animal productivity and its level are reflected into

the constitutional peculiarities;
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e exterior traits correlate between each other and the
development of internal parts of the body;

e peculiarities of exterior traits depend on breed char-
acteristics of the animal (Batanov et al., 2018; 2019).

Therefore, a conformation type as an external manifesta-
tion of animal constitution should be considered in all com-
plexity of its interrelation with productive qualities from the
position of the body integrity. The type of animals is related
to their health status and productivity (Zubriyanov et al.,
2001; Babylova & Berezina, 2014; Basonov et al., 2018).

Nowadays an increased attention is being given to the is-
sues of constitution examination and assessment in the coun-
tries with developed dairy farming. In the early 1980s a whole
new scoring system of dairy cow conformation assessment
was introduced in the USA, Canada and West European coun-
tries. This system put into practice new principles of subjec-
tive visual appraisal of animal constitution, defined the model
type of a dairy cow, reduced the influence of appraiser’s sub-
jective assessment, created the basis for servicing bull assess-
ment by the conformation traits of their daughters, and stand-
ardized assessment by the conformation traits at the country
level (Prozherin et al., 2008; Kharitonov et al., 2011).

The assessment of livestock conformation is performed
using the following methods of subjective and objective
methods:

* methods of visual assessment include free visual as-
sessment, diagram assessment (scoring) and linear
assessment of the conformation type;

*  objective assessment methods include animal meas-
uring and statistical processing of obtained values
(indices of body constitution, outline diagram) and
photographing.

In zootechnical practice a greater importance is being
attached to photographic images of animals. Herewith, the
photos of animals are often used for advertising purposes
(Holloway, 2005; Kharitonov et al., 2011; Furaeve & Voro-
byeva, 2014).

With the use of the scientific approach and digital tech-
nologies, the photo can provide a precise reflection of the
reality.

Every year over 500 million heads of cattle is appraised
for their breeding value, conformation traits, health and pros-
pects of their use. Herewith, the majority of measurements
and the conformation assessment itself is a labor-consuming
and subjective process (Valitov & Karamaev, 2012; Mishk-
hozhev et al., 2017; Basonov et al., 2018; Batanov et al.,
2018).

A traditional approach to animal assessment is based on
the visual examination, manual assessment, and, as a rule,
contact measuring. So, today expert scores are formed by

professionals (appraisers) with due account of available lin-
ear measurements. The accuracy of such appraisals is deter-
mined by subjective reasons (Prozherin et al., 2008; Halach-
mi et al., 2008; Kharitonov et al., 2011; Huang et al., 2018;
Sun et al., 2019; Shi et al., 2019).

Therefore, the development of the comprehensive assess-
ment system for animal conformation with the use of depth
sensor is relevant and of scientific and practical significance.

In view of this, the purpose of our study was to analyze
the findings of the objective assessment of cow conforma-
tion obtained by the contact method and develop the method
to study the animal conformation using digital technologies,
as well as to reveal the interrelation between conformation
traits and productivity of animals.

Material and Methods

The two-phase experimental research (2018-2019) was
held on Kholmogory breed cows at the stud farm Put’Ilicha
JSC, Zavyalovo District, Udmurt Republic. The size of ani-
mal selection was 159 cows.

Phase 1. In the period from the 90" to 150" lactation
days the animals were assessed through the measurements
and calculation of the body built index. We selected the fol-
lowing measurements: height at withers, chest depth, chest
width, rump width, rump length, body length, and metacar-
pus girth. The specified measurements provide the most ac-
curate characteristics of the animal dimensions (carcass). For
a more complete assessment of the animal’s conformation
type, the body built index was calculated according to the
formula developed by S. D. Batanov and 1. A. Baranova:

4
animal’s budy.M G

BBI = 1
P (M)

where the volume of animal body is calculated according to
the formula of truncated pyramid:

inal’s bod :vl -BL-((RW-RL) +NCD-CW-RW-RL +
animal’s body 3
+ (CW~CD)),

where BBI — body built index; BL — body length, RW — rump
width, RL — rump length, CD — chest depth, CWW — chest
width, MG — metacarpus girth, HW — height at withers, cm.

Three methods were used to obtain conformation param-
eters. The first method was contract measuring. In this case
measurements were taken with measuring tools (measuring
tape, measuring stick and compasses).

The second method involves measuring of cows’ points
using their images (photos).
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Determination of body measurements of the cows by
their photo image was made with the use of the perspec-
tometer with known dimensions in the photo. We used the
measuring stick as the perspectometer. The photo image
was taken with a tripod-mounted high-resolution camera
Canon EOS 6D (20 mp) using the focusing screen grid. The
specified function allows leveling the taken image against
the screen. This way the animal image in three views (side
view, front view and back view) was obtained. For the side
view the cow was placed parallel to the camera, for two other
views — perpendicular.

The obtained images were processed in the graphic editor
in the following manner. We identified the limits of the per-
spectometer and studied parameters and drew lines between
them (Figure 1).

Fig. 1. Diagram of measurements taken from photos: a)
front view; b) back view; c) side view; where: 1) per-
spectometer; 2) chest width; 3) rump width; 4) rump

length; S) body length; 6) chest depth; 7) height at with-

ers; 8) metacarpus girth

This way we obtained the required measurements in pix-
els. The actual dimensions of conformation parameters were
calculated according to the formula:

sl
L= s ),

S

where / — perspectometer length, cm; s — perspectometer size
in pixelss,—object size in pixels. The line length in pixels was
calculated as the hypotenuse of the right-angled triangle, legs
of which make the length and width of the distinguished area
when identifying the measurement from the photo.

The third method of conformation parameter measuring
includes the processing of depth images obtained with Struc-
ture Sensor 3D (Occipital Structure Sensor 3D-scanner). The
depth sensor is a camera that is attached to the tablet and
allows capturing 3D-image of objects. Besides the camera
the device comprises the infrared laser, sensor and special
backlight. The infrared laser projects a dotted pattern (invis-
ible for a human eye) on objects within the distance of 3.5
meters, and the infrared sensor concurrently record the pat-
tern distortion. Thus, a depth map for the scene and objects
on it is created. The pattern is supplemented with the photo
image from the camera, which provides 3D models of the
objects and the surrounding space. The sensor software al-
lows obtaining the information on the distance between ob-
jects, distance from the camera to the object and determining
any linear dimension of the object on a real-time basis. The
main significant advantage of the depth sensor is that it al-
lows determining dimensions of the object without the use of
the perspectometer; it may be made with the involvement of
the minimum number of people and reduces the stress level
in animals. The obtained model provided all necessary con-
formation parameters.

Phase II. Milk productivity was assessed by such indica-
tors as milk yield over 305 days of the last completed lacta-
tion (MY), mass fraction of fat and mass fraction of protein.
The productivity index was calculated using these indicators
according to formula (3):

 MY(MFFa + MFPa)
MFFb+ MFPa

where MFFa — actual mass fraction of fat, %; MFPa — actual
mass fraction of protein, %; MFFb — basis mass fraction of
milk fat (3.4%); MFPb — basis mass fraction of milk protein
(3.0%).

The initial data were used to calculate the selection and
genetic parameters of cow’s conformation and productivity
within the studied population. The correlation factor was cal-
culated to determine the relation between all conformation

3)
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assessment parameters, body built type and milk productiv-
ity of the animals.

Results

The parameters obtained in the study of conformation
traits in the cow population by the above-mentioned meth-
ods are given in Table 1.

When assessing the exterior of animals, it should be gen-
erally noted that the cows have a strong core muscles, good
parameters of the height, properly positioned fore and hind
limbs. The animals are noted for high adaptation to the pro-
duction process. The conformation development in the studied
cow population is rather balanced and the variability of the
study parameter is within the range 3.56-8.87%. However, it
should be noted that there are no significant differences in the
values of conformation assessment parameters obtained by
different methods except for the metacarpus girth measure-
ment, the deviation in which is 4.41% (P <0.01) and 3.43% (P
<0.05) (Tables 1 and 2). The measurement “metacarpus girth”

Table 1.Values of exterior parameters obtained through
three different methods

Indicator X +Ax, cm Lim Cv, %
min-max, cm
Contact method (Measurements)
Height at withers 138.70+£0.66 | (131.00-148.00) | 3.60
Body length 147.40+0.93 | (132.00-172.00) | 4.70
Chest depth 84.30+0.62 (75.00-94.00) | 5.54
Chest width 52.40+0.31 (46.00-57.00) | 4.60
Rump width 67.60+0.59 (60.00-79.00) | 6.74
Rump length 113.20+0.61 (99.00-119.00) | 4.23
Metacarpus girth 20.40+0.11 (19.00-22.00) | 3.90
Photo image processing
Height at withers 141.80+0.69 | (130.50-151.00) | 3.69
Body length 145.86+0.91 | (127.10-160.00) | 4.69
Chest depth 82.18+0.59 (72.40-92.30) | 5.47
Chest width 51.20+0.47 (44.40-59.00) | 6.86
Rump width 65.90+0.74 (54.50-79.00) | 8.42
Rump length 111.40+0.92 (96.40-129.30) | 6.23
Metacarpus girth 21.30+0.16** (16.70-24.20) | 5.80
Processing of depth images from depth sensor
Height at withers 141.10+£0.67 | (130.20-148.50) | 3.56
Body length 145.72+0.87 | (135.30-162.00) | 4.50
Chest depth 81.60+0.77 (71.20-89.60) | 7.19
Chest width 50.50+0.50 (44.00-57.00) | 7.58
Rump width 66.00=0.81 (55.80-77.00) | 8.87
Rump length 112.10+0.60 (107-120.00) | 3.99
Metacarpus girth 21.10+£0.23* | (17.90-24.00) | 8.27

*P<0.05; ** P<0.01

characterizes the degree of carcass development and may be
considered as one of the most difficult to measure, so the ob-
tained results have a relatively high margin of error (4.41%
and 3.43%). As for other tested conformation parameters, the
error in the value of obtained measurements between methods
1 and 2 vary from 1.04% to 2.51%, and between methods 1
and 3: 0.97% to 3.62%, respectively (Table 2). The analysis
of Table 2 demonstrates that the measurement error between
the contact method and method of photo image processing, as
well as between the contact method and method of measure-
ments obtained with the depth sensor does not exceed 5%.

Table 2. Relative error in measurements of exterior pa-
rameters obtained by contact method, method of photo
image processing and with depth sensor

Parameter Relative error of Relative error of
exterior parameters exterior parameters
obtained by a contact | obtained by a contact
method and image method and depth
processing method, % sensor, %
Height at withers 2.24 1.73
Body length 1.04 1.14
Chest depth 2.51 3.20
Chest width 2.29 3.62
Rump width 2.51 2.37
Rump length 1.59 0.97
Metacarpus girth 4.41 343

Therefore, the analysis of the obtained results suggests
the feasibility of digital technologies implementation and new
methods for measuring conformation parameters in the produc-
tion environment. Non-contact methods allow for the high ac-
curacy of linear measurements (up to mm); they are less time-
consuming and less stressful for animals.

The primary criterion for the assessment of biological
make-up of dairy cattle is the level of milk productivity and
quality indicators of milk. Selection and genetic parameters of
milk productivity and cow’s body constitution indicators are
presented in Table 3.

The study of milk productivity in the cumulative sample
demonstrated that in the Kholmogory breed population the milk
yield for 305 lactation days is rather high (7242.73 kg) with the
fat and protein content in milk amounted to 3.85% and 3.08%
respectively. The productivity index was 7847.82 kg.

The variability of exterior characteristics was assessed by
individual evaluation of animals, which cumulatively charac-
terized the level of cattle population development according to
the studied indicators. The most objective indicator of the sign
variability is the variability coefficient, as due to the fact that it
is expressed as a percentage, it is universal for any parameter.

The data analysis demonstrates that the parameters of dairy
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Table 3. Selection and genetic parameters of milk productivity and cows’ body constitution indicators

Indicator Lim min-max Cv, %
Milk yield for 305 lactation days, kg 7249.73+£97.95 (4513-11600) 17.04
Mass fraction of fat, % 3.85+0.02 (3.4-5.07) 5.04
Mass fraction of protein, % 3.08+0.01 (2.92-3.45) 2.66
Productivity index, kg 7847.82+106.09 (5232.51-12270.63) 17.05
Body built index 0.457+0.002 (0.417+0.482) 2.87
Table 4. Correlation between exterior parameters and milk productivity of cows
1 2 3 4 5 6 7 8 9 10 11 12
1 1.00 -0.22 -0.01 0.96 0.03 0.06 0.22 0.09 0.03 0.25 0.14 0.24
2 -0.22 1.00 0.45 0.06 -0.03 0.03 -0.12 -0.02 -0.01 -0.27 -0.10 -0.16
3 -0.01 0.45 1.00 0.20 -0.09 -0.06 -0.06 -0.16 -0.03 -0.34 0.01 -0.13
4 0.96 0.06 0.20 1.00 0.02 0.06 0.19 0.08 0.02 0.16 0.12 0.19
5 0.03 -0.03 -0.09 0.02 1.00 0.60 0.56 0.15 0.58 0.31 0.35 -0.28
6 0.06 0.03 -0.06 0.06 0.60 1.00 0.43 0.23 0.43 0.51 0.17 0.30
7 0.22 -0.12 -0.06 0.19 0.56 0.43 1.00 0.08 0.35 0.33 0.29 0.14
8 0.09 -0.02 -0.16 0.08 0.15 0.23 0.08 1.00 0.05 0.11 -0.06 0.19
9 0.03 -0.01 -0.03 0.02 0.58 0.43 0.35 0.05 1.00 0.33 0.21 0.13
10 0.25 -0.27 -0.34 0.16 0.31 0.51 0.33 0.11 0.33 1.00 0.11 0.52
11 0.14 -0.10 0.01 0.12 0.35 0.17 0.29 -0.06 0.21 0.11 1.00 0.38
12 0.24 -0.16 -0.13 0.19 -0.28 0.30 0.14 0.19 0.13 0.52 0.38 1.00

*1— Milk yield per lactation, kg, 2— Fat content in milk, %, 3 — Protein content in milk, %, 4 — Productivity index, 5 — Height at withers, 6 — Body length,

7 — Chest depth, 8 — Chest width, 9 — Rump length, 10 — Rump width, 11— Metacarpus girth, 12 — Body built index

cows body constitution are not highly variable. It has been
found that the least variable parameters are the animal height
(3.56%), body length (4.50%), rump length (3.99%) and com-
plex body built index (2.87%). The parameters of maximum
variability are the chest depth (7.19%), chest width (7.58%),
rump width (8.87%) and metacarpus girth (8.27%). Among
the indicators characterizing the milk productivity, the milk
yield for 305 lactation days (17.04%) and productivity index
(17.05%) is the indicator of the highest variability. These pa-
rameters ensure more efficient selection than parameters with
low variability coefficient.

The conformation and productivity parameters of daily
cattle are characterized by certain relation between each other
(Table 4). Many parameters are in positive or negative interrela-
tions. Herewith, the relation between parameters may be strong
or weak.

The analysis and assessment of the correlation coefficient
between parameters allow predicting so called indirect selec-
tion, when making a selection by one parameter we indirectly
change the other interrelated parameter. The analysis of the
correlation coefficient value between various body constitu-
tion parameters of the study population demonstrates that the
basic measurements characteristic of conformation peculiarities
of animals reveals positive (moderate, average) relation in the
following indicators: “height at withers—body length” - 0.60;

“height at withers—chest depth” - 0.56; “height at withers—rump
length” - 0.58; “height at withers—metacarpus girth” - 0.35;
“body length—chest depth” - 0.43; “body length-rump length”
- 0.43; “body length—rump width” - 0.51; “rump length—chest
depth” - 0.35; “height at withers—rump width” - (0.31); “rump
width-rump length” - (0.33). Herewith, the analysis reveals
weak relation between the height at withers and chest width
(0.15), body length and chest width (0.23), chest width and
rump width (0.11), body length and metacarpus girth (0.17),
rump length and metacarpus girth (0.21), rump width and meta-
carpus girth (0.11) (Table 4).

The study of correlation between the conformation index
and measurements forming the body constitution type is of cer-
tain interest. The study reveals a positive correlation between
the body constitution index and measurements characterizing
the level of the animal’s body development (body length, chest
width, chest depth, rump length, and rump width), which varied
within the range 0.13-0.52. A negative correlation (r= -0.28)
between the conformation index of body built and height of the
animal seems logical.

Table 4 also provides the value reflecting the following cor-
relations: milk yield—mass fraction of fat, milk yield—mass frac-
tion of protein, fat content and protein content in milk, as well as
milk yield—productivity index and milk yield—conformation in-
dex of body constitution. It is found that the correlation between
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milk yield and qualitative milk content was generally negative
in the studied population. The fat-protein content correlation
was positive. The productivity index is under a strong positive
influence (r = 0.96) of milk yield with a weak correlation be-
tween the mass fraction of fact and mass fraction of protein in
milk.

The correlation between the milk yield, qualitative charac-
teristics of milk and exterior parameters was weak or absent (r
=-0.34—+0.25). At the same time, it is necessary to note a weak
(r=+0.19) positive correlation between conformation index of
body constitution and productivity index.

Conclusion

Therefore, rapidly changing technologies in the area of
dairy farming and formation of genetic diversity of parameters
encourage the specialists choose advanced methods for en-
hancement and acceleration of the selection process. The use
of digital technologies and new methods in the assessment of
biological specificity of animals allows to characterize more
precisely the body constitution at the production and to reveal
an interaction between conformation and productive parameters
of the dairy cattle. Herewith, proper application of assessment
results will contribute to increased milk yield and productive
longevity of cows, as well as qualitative characteristics of milk.
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