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Abstract. Dairy production effectiveness in the farm depends on many technical, technological
and biological factors. State of the dairy cow condition constitutes one of the most important
element in the assessment of dairy herd and production indices. Including access to modern
technical solution to assess body condition of dairy cows, i.e. BCS camera, some results of
observation in the herd with 362 cows were collected to find any relationship between BCS index
and milk yield per cow including 5 lactation groups and cows differed in age as well as four
seasons. Basing on data collected in the period of 11 months it was found that cows with the BCS
index lower than 2.9 showed the highest daily milk production. Increase in BCS index was
associated with decrease in amount of produced milk per day. The statistical analysis showed
significant effect of lactation period, age of animals and season on BCS results in the considered
dairy cow production cycle.
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INTRODUCTION

Factors that affect the condition of cows are age, housing system, physiological
state, production cycle and season (Borkowska, 2000). That is why it is important to
constantly monitor the condition of dairy cows at various stages of the production cycle
(Bewley & Schutz, 2008). A tool that can be included as a valuable solution for farmers
in cow assessment is body condition monitoring. This tool allows farmer to assess the
balance of feed and the adequacy of nutrition in relation to the physiological state of the
animal. Excessive fatness as well as emaciation complicate the accumulation of
metabolic energy in adipose tissue and muscle tissue. In practice, a fat cow is doomed to

Problems most often occur in the perinatal period, i.e. about 100 days after calving,
when feed intake is not able to cover energy needs. At that time, fat reserves are not
sufficient enough. This may cause metabolic diseases such as ketosis, acidosis, fatty
liver, or labour paralysis. The results of conducted research have shown that in the case
of these animals milk production does not bring sufficient results compared to the results
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of cows in good condition and reproduction efficiency is also reduced (Sablik et al.,
2014).

The method most commonly used to monitor the condition of cows is the non-
invasive method based on the five-
of this assessment is to attempt to visually determine the thickness of the fat layer under
the skin. Many scientific studies have been conducted and these studies showed a
significant relationship between the condition of animals and their productivity, fertility
and overall health (Berry et al., 2002).

Due to genetic conditions, dairy cows at the peak of lactation release most of their
energy. This is due to high milk production (Wójcik et al., 2012). Early stage of lactation
is a period in which the animals have a negative energy balance, the energy consumed
with the feed is unable to fully cover the demand. In the early lactation phase, due to the
negative energy balance, the animal can produce up to 7 kg of milk using fat reserves.
This phenomenon has a negative effect on the health and condition of the cows. In order
to maintain proper milk production, energy deficiencies are supplemented with adipose
tissues, which means that the mass of dairy cows can be dramatically reduced to even
2 kg per day (Delaby et al., 2009). Therefore, many factors indicate that proper
management of energy reserves significantly affects the level of milk production, animal
health and dry matter intake.

In the research carried out by Contreras et al. (2004) it was found that dairy cows
with a low BCS (body condition score) index, i.e. below 3 points during the dry period
produced significantly more milk after calving in comparison with animals characterized
by the condition rated above 3 points. Moreover, the milk fat content was also higher.
This thesis was also confirmed by Waltner et al. (1993). During the tests, a decrease in
milk production by about 230 kg was observed in group of cows whose condition
exceeded 4 points on the BCS scale.

Based on the research of many authors, it can be concluded that the level of milk
production and lactation efficiency significantly affect the condition of cows
(c McCarthy et al., 2007).

The purpose of the research was to find a relationship between the condition of
cows and season, lactation number, lactation period and milk yield, using a BCS camera
system.

MATERIALS AND METHODS

Research on the assessment of the body condition of dairy cows was carried out
within the period from April 15, 2018 to March 15, 2019 on a farm in the Lower Silesian
region (Poland). On April 15, 2018 the cattle herd included 623 animals, while on the
day of the end of the research period there were 571 heads of cattle. The animals were
kept in a free-stall barn with individual stalls covered with rubber mats. There was a
side-by-side milking parlor (2 16). Cows were milked three times a day. A group of 362
Holstein-Friesian cows was evaluated in the research. In 2018 the average annual milk
yield per cow was just over 10,000 kg.

The animals were fed complete feeds in the TMR system. Feed doses were prepared
separately for each technological group according to the feeding standards
corresponding to daily milk production.
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Each day during the research
period assessment of the condition of
cows on a five-point scale with an
accuracy of 0.1 point was carried out
using a DeLaval BCS 3D camera
(Fig. 1). The camera was mounted
above the selection gate (Fig. 2) and as
a result it was possible to take three-
dimensional photos of each milked
cow after leaving the milking parlour.
The software calculated the cow body
condition based on photography. The
three-dimensional camera analyzed

Figure 1. DeLaval BCS camera.
Source: www.delaval.com and own photo.

profile. The specific places included
in the assessment there were: base of the tail, sciatic tumors, lumbar vertebrae, cruciate
ligaments, and short ribs. The used 3D
camera took 30 photos per second. The
animal health status was assessed
using DelPro software cooperating
with the camera with a low error rate
below 0.1% of the standard deviation.

The processed data support the
decision-making process regarding
herd management, and also facilitate
consultations with a nutritional advisor
and veterinarian. The system also
generates extensive reports (Fig. 3) that
the farmer can individually modify and
select only the data that interests him.

Figure 2. DeLaval BCS camera mounted above
the selection gate.
Source: Lesiakowski, 2016.

Figure 3. Example report generated via DeLaval DelPro system.
Source: Own study.
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All collected data were generated in the form of reports using the DelPro system,
then saved in Excel. The results. of the BCS (body condition score) assessment were
recorded every 30 days for each animal individually Daily and monthly milk
productivity values were also assigned to the appropriate cows.

The time when the condition of dairy cows was assessed in the research included
four periods corresponding to the seasons of the year:

Spring (W): months April - June,
Summer (L): months July - September,
Autumn (J): months October - December,
Winter (Z): months January - February.

In each analyzed season, cows of different ages were identified including
their lactation number. The next factor grouping the animals was the lactation period
(Table 1).

On the basis of the collected and
compiled data, the following indices
were calculated: average BCS values,
daily milk production and milk
production for three months for cows
in each group (including season,
lactation number and lactation period).
Then the test results obtained from the
DelPro system were used to statistical

Table 1. The reproduction status of cows
included in particular lactation period

Period of lactation Stage of lactation
0 50 days After calving
51 90 days Beginning of lactation
91 200 days Middle of lactation
201 300 days End of lactation
> 300 days Dried
Source: Own study.

analysis. Correlation coefficients between variables were determined. Using the
ANOVA test, the significance of the influence of various factors on the condition of
cows characterized by the BCS value was determined. The effect of season, cow age,
and lactation period on the BCS score was assessed. Changes in the average milking test
were also assessed depending on the condition of the animals. Results were statistically
analyzed using Statistica v.13 software (StatSoft Polska, Cracow, Poland).

RESULTS AND DISCUSSION

Basing on the collected data
during the experimental period it was
found that the distribution of dairy cow
condition assessments on the BCS
five-point scale was equivalent to the
normal distribution (Fig. 4). The
average assessment of the condition of
the animals in the analyzed period was
2.99 points, whereas the standard
deviation amounted to 0.15 points.

Analyzing the distribution of
dairy cow condition assessments, it
was found that 34% of all BCS values
are grades between 3.01 and 3.25
points, while 32% of the observations
were grades in the range of 2.76 3.00

Figure 4. Distribution of dairy cow condition
assessments on the BCS scale.
Source: Own study.
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points. In other studies, which consisted of visual assessment of the condition of dairy
cows, the most frequently used assessment was 3.25 points and this result constituted

condition < 2.5 points was 3%. The same result was achieved in the case of cows that
showed high energy reserves. According to Markusfeld et al. (1997) excessively
emaciated animals are characterized by condition on the BCS scale not higher than 2.5
points, while excessively fat cows reach BCS values > 3.5 points. In the research carried
out by Van Os et al. (2019) cows scoring 2.0 were considered thin. The vast majority
of the condition assessments, i.e. 78% were in the range of 2.76 3.5 points.

Analyzing results obtained in the research, it is possible to indicate some
differences in the BCS index value depending on the age of the tested animals, the season
of the year and the lactation period of cows in the analyzed period. Based on the
correlation matrix, Table 2 summarizes the correlation coefficients for the BCS index
given in points.

Table 2. Correlation coefficient between the BCS index and the variables (p < 0.05)

Variable Season
Lactation
number

Lactation
period

Daily milk
productivity

Milk
production

BCS r = - 0.18 r = - 0.17 r = 0.54 r = - 0.66 r = - 0,67
Source: Own study.

The carried out statistical analyses showed some relationships between considered
variables. Correlation coefficients were calculated for five variables. It is possible to
indicate that daily milk yield and milk production were correlated to the highest degree
with the BCS index. The correlation coefficient between the mentioned variables was
r = -0.66 for average daily milk productivity and r = -0.67 for milk production,
respectively. The average BCS indices were negatively correlated with these variables,
i.e. higher milk yield resulted in a decrease in the BCS index (given in points) and a
deterioration in the condition of cows. The difference between the minimum and
maximum value of the features for the average daily milk production was 34 kg, while
in the case of milk production the result was 1,015 kg. The lactation period was also
characterized by a significant correlation with the result of r = 0.54. In the case of the
lactation number, a low relationship was found at r = -0.17. The analyzed features were
significant at p < 0.05. The lactation number connected with the age of dairy cows and
the season of the year were poorly correlated with BCS.

Significant differences in the assessment of the BCS index between heifers after
first calving and older cows were observed in the analyzed period (Fig. 5). The animals
in first lactation showed significantly higher values of the BCS index in comparison
witholder cows. The diversity of average values of animal condition assessments in the
first lactation was about 0.1 point, whereas for older cows the amplitude of diversity
increased to 0.2 points. The curve of changes concerning cow condition during the
examined period for animals in fifth and higher lactation decreased the fastest way and
reached the lowest value amounted to 2.85 points in the winter. In the study carried out

for heifers after first calving in comparison with older cows. It was indicated that heifers
after first calving were characterized by a significantly higher fat content than older
cows. The obtained results of observations are similar with reports given by other authors
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(Ruegg & Milton, 1995; Domecq et al., 1997; Dechow et al., 2003: Mao et al., 2004;
Lee & Kim, 2006; Friggens et al., 2007; Roche et al., 2007). The condition of dairy cows
tends to decrease with subsequent lactation (Waltner et al., 1993; Coffey et al., 2002)
and such changes were recorded in the presented own studies.

Figure 5. Changes in the BCS index for cows in first lactation and more lactations.
Source: Own study.

Table 3. Analysis of variance of the factors influencing the body condition score (BCS)

Factor
Sum of
Squares

Degrees of
freedom

Mean
Square

F-Ratio P-Value

Main variables
Season 0.1112 3 0.0371 5.4 0.002667
Lactation number 0.2335 4 0.0584 8.6 0.000027
Period of lactation 1.5451 4 0.3863 56.6 0.000000
Interactions
Season*Lactation number 0.0553 12 0.0046 0.7 0.765308
Season*Period of lactation 0.0758 12 0.0063 0.9 0.528741
Lactation number* Period of lactation 0.1544 16 0.0096 1.4 0.175204
Error 0.3273 48 0.0068 - -
Source: Own study.

Based on the analysis of variance (Table 3), the significance of the impact of the
lactation period on the BCS value, i.e. the fat level of dairy cows was demonstrated.
Changes in the condition of cows and the average daily performance in relation to the
lactation period are shown in Fig. 6. Including increase in milk yield per cow, a decrease
in the condition of animals was observed. The average BCS value of cows after calving
was 2.95 points, while the average daily milking reached 41.1 kg of milk per cow. In the
early lactation, i.e. up to 90 days after calving, there was an increase in daily milk
production by 2.18 kg per cow at the decreased body condition, which drop to 2.85
points. Kulpys et al. (2009) recorded the similar trends. Studies carried out
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demand for nutrients. This effect is caused by an increase in milk production in the first
days of lactation. Losses of body condition during this period are caused by the
phenomenon of fat concentration as a result of not preparing the body to collect such
large amounts of feed to meet nutritional needs.

Figure 6. Changes in the condition of cows and daily milk production in relation to the lactation
period.
Source: Own study.

After 90 days there was observed a slow increase in body condition state. During
the middle part of lactation cows supplemented their energy reserves, which indicated a
positive balance. Milk production gradually decreased. After 200 days of lactation, the
BCS index value increased rapidly to 3.2 points during the dry period. The average daily
milk production decreased by almost half in comparison with the early lactation period.

Based on the analysis of variance (Table 3), the significance of the effect of
lactation number on the average condition state of dairy cows was indicated. The
condition state of dairy cows decreased with subsequent lactation. Waltner et al. (1993)
and Coffey et al. (2002) recorded similar trends. The research results showed that the
cows produced less milk at the highest BCS index. Analysis of variance also showed a
significant impact of the season on the condition state of cows. There was a downward
trend in the BCS score from April to December. In the experiment carried out by
Jankowska & Sawa (2004) it was shown that the condition of heifers after first calving
was slightly worse than older cows in the spring, while in the other periods the tendency
was reversed. These observations were similar with the presented own investigation
(Fig. 5). The season and the associated thermal conditions, especially heat stress are
among the important factors determining the physiological state and productivity of
dairy cows (Herbut et al., 2019).

Variables included in the analysis of cow condition, i.e. lactation number, period
of lactation and milk yield per cow constitute also important elements of complex
approach to dairy herd efficiency assessment (Luik-Lindsaar et al., 2019), evaluation of
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lifetime milk productivity (Cielava et al., 2017) and assessment of dairy cow herd indices
associated with different milking systems (Gaworski et al., 2018). So there is possible to
find common area for further research, where cow condition can be considered in
connection with many factors creating dairy system in the farm.

CONCLUSIONS

The use of the system with a BCS camera allows for quick and easy assessment of
the condition of cows. The automatic BCS index measurement method saves the time in
comparison with performing a visual or tactile tests. It is the system that supports the
farmer in daily activities concerning management of a dairy herd.

Basing on the analysis of research results regarding the assessment of the dairy cow
condition obtained with help of the BCS camera, the following conclusions can be given:

1. Results of the analysis of variance of the BCS index for cows clearly show that
the factors deciding about differentiation in assessment of the cow condition are:
lactation period, lactation number and season. No significant effect on the BCS index of
cow was found for two considered together factors.

2. Animals in first lactation showed significantly higher BCS values in comparison
with older cows. The diversity of average values of assessments of the condition of cows
in first lactation was about 0.1 point, while for older cows, the amplitude of diversity
increased to 0.2 points.

3. It was confirmed that the cows in first lactation produced smallest amount of
milk at the highest BCS score. The average condition was 3.05 points while the daily
average milk production was about 35 kg per cow. Older cows in fifth and higher
lactation had the lowest condition state with an average value of 2.92 points and milk
production amounted to 36 kg. Cows in third lactation were characterized by the highest
milk productivity.

4. The carried out investigation showed that cows with low energy reserves
obtained significantly better results in daily milk production compared to other animals.
Animals with less than 2.9 points were producing on average 44 kg of milk, while the
lowest results were achieved by cows with a BCS index less than 3.5 points. High BCS
values, regardless of the season of the year, contributed to declines in milk production.
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