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Eggg f&?gﬁ?on scote In this study the body weight (BW) and body condition score (BCS) of lactating cows was estimated

by using the digital image analysis methods (DIAM). BCS is an important factor to facilitate
different practices of management in dairy cattle. A total of 204 Holstein cows live images were
taken by remote shutter camera. Six body measurements such as heart girth (HG), wither height
(WH), hip height (HH), body length (BL), front hip-width (FHW), and back hip-width (BHW) were
used for the assessment of BW and BCS by conventional (CM) and DIAM. The estimation of

conventional method
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holstein

Aecepred LA CBW using HG, FHW, and BL vaiables was cffective (R = 0.75). However, all the body
Published Online : 31.12.2021 measurements were ineffective for body condition scote by measurements (MBCS), (R? = 0.06,
Article Code : 963188 conventional) and DBCS (R? = 0.05, digital) estimation. The measurements of WH, HG, FHW,
BHW, and BL were precise in DBW estimation (R? = 0.77). No significant differences were found
across the assessment methods (CM, DIAM) for body measurements. The intra-class reliability
g/frlr{e; OXdence: coefficient (ICC) of conventional and digital (MBW, DBW) measurements was “good” and
(mehmet.kaya@adu.edu.tr) “excellent” between conventional and digital estimations. This study indicates that DIAM is a
reliable method for determining DBW and MBW, and can be interchanged effectively with CM.
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INTRODUCTION

The regulation of animal health and profitability of the
commercial dairy farms is influenced by various management
factors like feed intake, animal productivity, maintenance of
body weight (BW), body condition score (BCS), and feeding
program (1). The concept of automation has changed the face
of dairy farming with innovative equipment’s of feeding, mil-
king, and heat detection. To maximize the profitability of dairy
farms, BW and BCS is regularly monitored with conventional
or automated techniques (2). Innovative technology for auto-
matic detection of animals with poor body health can help to
maximize milk yield, minimize vetetinary costs, and improve
herd management. The conventional methods (CM) of CBW
and CBCS are prone to subjective variation and labor intensive
for large dairy farms, moreover the observed data might be
inconsistent during frequent measurements. Early detection
of BCS can significantly reduce risks of developing lameness
and various health problems (3). Therefore, monitoring the
petformance of the dairy animals i.e., body/health condition
at key stages of parturition, mating and lactation is important
to increase the productivity and profitability according to ani-
mal welfare criteria (4). Manual estimation of animal weight is
performed by using specific anatomic points using livestock
scale and weighing balance is used or BW measurement. The
weighing devices are fixed in special area, this not only induces
stress to animals but also interferes with normal dairy activi-
ties. Automated weighing devices ate becoming more practi-
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cal, but this technology remains extremely costly (5). Recent
studies reported that BW and BCS (digital BW and BCS, DBW
and DBCS) can be estimated by using digital image analysis
method (DIAM), (6,7). Furthermore, DIAM is not prone to
subjective error by individual experts and can be conducted
with low cost. Various benefits of this technology include con-
tinuous (24/7) monitoring of animals, based on quantitative
data, rather than qualitative information, and digital imaging is
more reliable than CM (8). Low-cost automatic collection and
data analysis of DBW and DBCS for large herds is practically
unavailable. Therefore, the aim of this study was to estimate
BW and BCS of dairy animals by digital method and predict
its reliability by regression model.

MATERIAL and METHODS

The study was conducted at a private intensive dairy farm
in Aydin. In this study 204 Holstein cows were used. Animals
with excessive weakness, posture disorder, and lameness,
6> months pregnant, under treatment or in dry period were
excluded from the study in order to avoid the measurement
errors. Similarly, cow age/parity, lactation stage or any other
parameters were also excluded from the statistical method.

Methods of body measurements

Body measurements of dairy cattle were performed once
with two methods, in first step with conventional method
(CBW, CBCS) and in the second step digital image analysis
method (DBW, DBCS).
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Figure 1. Represents the stepwise sequence of both procedures (conventional and digital) and the

measurements with scale.

The stepwise sequence of both procedures (conventional
and digital) and the measurements with scale was shown in
Figure 1. Body weight (BW) and body condition score (BCS)
were measured at each step. The body parts of the cows were
examined by veterinarian according to the prominence of bone
protrusion, muscle, and subcutaneous fat accumulation in a
studio environment created for the animals in a separate area.
The examination was controlled by palpation and inspection
for BCS. The cows were kept stablewhile conducting the
imaging procedure and measurements.

Measuring cane and tape were used to take body
measurements and body weight (MBW) and body condition
score (MBCS) evaluation was performed using California
Technique (9).

Image Collection and processing

BW and BCS were estimated by using body measurements
such as heart girth (HG), wither height (WH), hip height
(HH), body length (BL), front hip-width (FHW), back hip-
width (BHW), and data was recorded to perform the imaging
processing,

Images were taken with digital camera (Nikon D3200) and
the remote shutter release system synchronized cameras were
utilized in a studio environment created for animals. Digital
scales were determined to process the images by software with
reference to the BW of animals. The evaluation of BCS and
BW by digital imaging method was performed on images of
the animals from four different directions (front, back, top,
and side). The images were then processed and analyzed in the
Digital Image Analysis Program (MATLAB-Image Processing
Toolbox).

Statistical Analysis

All the data were analyzed by using SPSS® 22.0 (Statistical
Package for the Social Sciences 22). In terms of body
measurements, groups were determined as conventional and
digital image analysis methods and compared by paired-samples
t-test. The reliability analysis was performed by finding high
correlations between the given measurements and BW and BCS
values to evaluate the reliability of the data. The results were
interpreted by test-retest reliability analysis and the absolute
agreement between conventional and digital image analysis
methods was determined separately. The variables (BW, BCS)
with high association were considered reliable. Similarly, the
level of absolute agreement between the methods, and intra-
class correlation coefficient (ICC) was estimated (10). Multiple
linear regression analysis was also used to estimate BW and
BCS in conventional and digital image analysis methods. The
estimation of BW and BCS using regression model was defined
as“g=a+B1xXx1 +B2Xx2+ 63 Xx3”whereyis the depend
variable (BW, BCS) of cow, a is the intercept;31, 32, and 33 are
regression coefficients corresponding to the co-variables heart
girth (HG), wither height (WH), hip height (HH), body length
(BL), front hip-width (FHW), and back hip-width (BHW)
respectively. “Enter method” was applied to all variables to
examine the correlation between independent variables in
terms of model fit. Afterwards “Backward, Forward, and
Stepwise” methods were applied for the important parameters.
Data were presented as the mean & standard error and P <0.05
was considered as statistically significant (11).

RESULTS

BW and BCS of cows were 629.10 kg and 3.05 for CM
and for DIAM 628.62 kg and 2.90, respectively. Correlation of
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CBW and CBCS (r = 0.40) was found significant (P < 0.001).
In CM the body measurements were utilized effectively for
estimation of body weight (MBW) and highest correlation (r =
0.71) was found between HH and WH; and lowest correlation
(r = 0.22) was found between BHW and HH. Similarly, for
DIAM showed highest correlation (r = 0.86) between HH and
WH, and lowest correlation (r = 0.31) between BHW and HH
(P < 0.001) was found.
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showed that HG, BL, FHW and BHW (independent
variables) have significant effect (R?> = 0.77). But for BCS the
parameters like HG and BHW (independent variables) were
found to be non-significant (R? = 0.05).

No significant differences were found for WH, HH, HG,
FHW, BHW and BL values of the cows between both metho-
ds (Table 2).

Table 1. Shows estimation of BW and BCS of dairy cattle by using both methods (CM, DIAM) of body conformation using

regression analysis.

Method Regression equation R?
Conventional BW (MBW) = -1016.827 + 5.402 X HG + 5.273 X FHW + 1.864 X BL 0.75
Conventional BCS (MBCS) = 1.493 + 0.014 X HG — 0.054 X BHW 0.06

Digital BW (DBW) = -1060.360 + 5.100 X HG + 2.564 X BL + 3.099 X FHW + 5.255 X BHW 0.77
Digital BCS (DBCS) = 1.222 + 0.017 X HG - 0.027 X FHW 0.05

Table 2. Shows comparison of both methods (CM, DIAM) used to body measurements (x s.), (n = 204)

Body measurements Method P
Conventional Digital
WH 148.04 £ 0.27 147.88 £ 0.31 0.443
HH 146.52 £ 0.24 146.83 £ 0.30 0.115
FHW 57.31 £0.23 57.12 £ 0.22 0.086
BHW 21.84 £ 0.09 21.84 £ 0.08 0.916
BL 160.34 £ 0.45 160.67 £ 0.46 0.236
HG 193.43 £ 0.56 193.26 £ 0.57 0.224

X: Mean, s.: Standard error

Regression coefficients of independent variables were
found to have significance between the studied parameters and
are given in Table 1. In CM, the parameters like HG, FHW
and BL (independent variables) were significant (R? = 0.75)
for the estimation of body weight; however, for the BCS
(depen-dent) HG and BHW (independent variables) were
found to be non-significant (R? = 0.06). In the DIAM, BW
estimation

Table 3 shows the reliability analysis of both methods for BW
and BCS; Cronbach’salpha coefficient (o) and intra-class correla-
tion coefficient ICC) were in an absolute agreement (P <0.001)
for the WH, HH, HG, FHW, BHW,, and BL. for CM and DIAM.
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Table 3. Reliability analysis between methods (CM, DIAM) for body measurements (n = 204)

Body measurements Reliance range* o ICC F P
WH 0.70 - 0.81 0.86 0.76 7.54 0.000
HH 0.68 - 0.80 0.85 0.75 7.04 0.000
FHW 0.85-0.91 0.94 0.89 17.50 0.000
BHW 0.72 - 0.83 0.87 0.78 8.24 0.000
BL 0.76 - 0.86 0.90 0.82 10.11 0.000
HG 0.95-0.97 0.98 0.96 61.09 0.000

*:195%

Table 4. Some descriptive statistics of
BW and BCS (x £ s.), (n = 204)

Xt s,
CBW 629.10 = 5.15
MBW 629.21 £ 4.47
DBW 629.04 + 4.53
CBCS 3.05 = 0.03
MBCS 3.02 £ 0.00
DBCS 2.96 £+ 0.00

%: Mean, s.: Standard error

Table 5. Reliability analysis for BW and BCS (n = 204)

Reliance range * o ICC F P
CBW - MBW 0.82-0.89 0.92 0.86 13.28 0.000
CBW - DBW 0.83-0.90 0.93 0.87 14.60 0.000
MBW - DBW 0.95-0.97 0.98 0.96 54.86 0.000
CBCS - MBCS -0.02 - 0.24 0.20 0.11 1.25 0.054
CBCS - DBCS -0.03 - 0.22 0.18 0.09 1.22 0.079
MBCS - DBCS 0.27 - 0.71 0.77 0.55 4.50 0.000
*:95%

The mean values estimated by CM or DIAM i.e., MBW,
MBCS, DBW, DBCS and the CBW and CBCS were measured
by body measurements are shown in Table 4.

Reliability analysis was performed for the measurement
compliance between CM and DIAM. The reliability analysis
determined that body measurement parameters were signifi-
cant (P < 0.001) for CBW - MBW, CBW - DBW, and CBCS
- DBCS (Table 5).

DISCUSSION

The benefits of regular monitoring of BW in intensive da-
iry farms are well known to most of the dairy producers. The
profitability of dairy enterprise solely depends on health of

animals, and various issues of nutrition especially in early la-
ctation can be controlled easily with body condition scoring
(12). In the past few years, producers’ interest has therefore
grown in various estimation procedures of body conformati-
on. BCS is well known due to its low cost and easy incorpo-
ration in dairy management (13). Traditional methods (CBW
and CBCS) are simple but demand long hours of commitment
from skilled observers. There is likelihood of variation in body
measurements also and lack of practicality at big dairy farms.
Therefore, such concerns have paved the way for digital/au-
tomated system of BCS in dairy animals. Both methods (CM,
DIAM) estimated CBW, DBW effectively and further proces-
sed for regression analysis to understand the relationship with
body measurements. The reliability analysis for MBW showed
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that regression parameters HG, FHW and BL were 5.402,
5.273 and 1.864 respectively; and the coefficient of determi-
nation (R?) was 0.75. This cleatly shows that the body measu-
rements can be used for MBW estimation accurately. Using
the DIAM, regression parameter HG, BL, FHW and BHW
were found significant (R? = 0.77) for DBW. BHW added as
an extra parameter of body measurement in the DIAM. In
this study both methods of body conformation assessment
showed non-significant results for MBCS, DBCS (R? = 0.06
for CM and R? = 0.05 for DIAM). In the literature BCS using
the body measurements are reported to be not feasible practi-
cally. Tasdemir (14) reported that MBW estimation with body
measurements (WH, HH, BL, HW), is possible (R? was 0.64)
and Kuzuhara et al. (15) found coefficient of determination
for MBW (R? = 0.80) and MBCS (R? = 0.74) values via
obser-vation and estimations from thurls, hook and pin
bones of da-iry cows. Researchers have identified 23
anatomical points for BCS estimation by regression model
(16,17). Heinrichs et al. (18) predicted that heart girth can
estimate the MBW, similarly highest R? value was determined
for the heart girth by (19). However, in several studies, it is
reported that the measure-ment of heart girth might vary
according to the BW categories of the animals (20,21,22,23).
Therefore, the differences of selected animals in the studies
and the measurement accuracy of variables can cause

differences between the results.
ansen et al. (5) acknowledged the accuracy of the results

of the digital image analysis method and suggested that DIAM
methods were better for estimation of DBW and DBCS than
the conventional method in dairy cows. Various studies have
reported accurate digital systems to determine composition
of body in dairy buffalo (24) and Zebu cattle (25). Negretti et
al. (24) reported BW and BCS estimations as R* = 0.94 and
0.92, by digital image analysis in dairy cows, which is hig-her
to our study (R?> = 0.77), this difference might be due to the
image analysis by MATLAB software. Tasdemir (14) dec-
lared that the regression coefficient values for BL and HW
were 2.05 and 7.86, in 220 Holstein dairy cows. The regression
coefficient determined for BL was similar with the findings
of our study. A study was conducted in 229 dairy cows for
the estimation of DBW an error value of 11.7% was reported
(26). The variation in the results is possible due to selection
differences of point, posture and position of animals during
imaging process and the lack of program sensitivity. In the
current study, regression coefficients of HG and FHW were
effective in DBCS estimation and determined to be 0.324 and
-0.197. In a study by Kuzuhara et al. (15), DBCS was determi-
ned using a three-dimensional camera system and mean value
of 3.2 was reported, however in this study lower mean value
of 2.96 was found.

The high correlation of digital and conventional body me-
asurements is shows that DIAM can be easily incorporated
in the form of digital or android application in mobiles or
computers. But still the final output is an estimation of DBW.
Unfortunately, the accurate estimation of DBW cannot give
information of true energy reserves of cattle. This is the li-
mitation of this study that the scale measurements can help
in estimation of BW but much less useful for DBCS. In ano-
ther study a three-dimensional imaging method was used to
find the correlation coefficient of BCS value in 40 Holstein
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cows and it was determined to be 0.84 (27). The difference
form other studies are possible due to lack of sensitivity of the
program in our study and image processing in different digital
image analysis methods. Furthermore, the diversity of body
parts used for body measurements, age and sex differences of
experimental animals have resulted in lower value in our study.

Ozkaya et al. (28) found the correlation coefficients betwe-
en the actual and predicted values of body measurements for
BL, WH, HH, and HW were 0.94; 0.95; 0.90 and 0.78. In
the reliability analysis between both methods (CM, DIAM),
intra-class correlation coefficient for HG was highest in our
study. The reference points during heart girth estimation are
casily accessible and this might be the reason of high accuracy
for HG while measuring the body points. Stajnko et al. (29)
reported that prediction of body weight with hip height was
morte accurate by using thermal image analysis. DIAM to es-
timate body conformation has advantage of better efficiency,
being hygienic and risk free. However, CM instead requires
skilled experts who travel between farms and increase the risks
of disease transmission. DIAM method has another advanta-
ge of providing continuous dataflow for early warnings and
management actions specially at bigger dairy farms (4,30). The
comparison between CBCS and DBCS useful in a sense to
find out the practicality at farm level. Visual BCS assessment
for CBCS assessment is easier but using the above mentioned
six measurements is complex. Similarly, during the movement
of cows from patrlor to the barn digital images can be taken on
routine basis to figure out DBCS. The procurement of body
measurements for DBCS is however time consuming if it is
performed manually. Therefore, a program or android app-
lication can be developed for estimation of DBCS digitally.
However, in this case, Cronbach’s alpha coefficient is quite
small (0.18, Table 5). The low agreement in this study claims
that DIAM cannot reliably replace visual appraisal of BCS.
But the CBW can be reliably replaced.

CONCLUSION

In conclusion DIAM methods can easily replace CM for the
calculations of CBW in dairy animals. Both CM and DIAM
methods provide fair estimates of CBW or DBW and CBCS,
MBCS and between these methods high intra-class correlation
coefficients were found. The results of this study suggest that
the objective determination of DBW and MBW by DIMA can
be estimated adequately. Furthermore, explorative studies for
DBCS using camera technology are suggested for future.
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