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Abstract: In the present study, we hypothesize that an automated body condition scoring system
could be an indicator of health and pregnancy success in cows. Therefore, the objective of this study is
to determine the relationship of the automated registered body condition score (BCS) with pregnancy
and inline biomarkers such as milk beta-hydroxybutyrate (BHB), milk lactate dehydrogenase (LDH),
milk progesterone (mP4), and milk yield (MY) in dairy cows. Indicators from Herd NavigatorTM
were grouped into classes based on their arithmetic means. Values were divided into various classes:
MY: ≤31 kg/day (first class—67.3% of cows) and >31 kg/day (second class—32.7%); BHB in milk:
≤0.06 mmol/L (first class—80.7% of cows) and >0.06 mmol/L (second class—16.9%); milk LDH
activity: ≤27 µmol/min (first class—69.5% of cows) and >27 µmol/min (second class—30.5%);
milk progesterone value: ≤15.5 ng/mL (first class—28.8% of cows) and >15.5 ng/mL (second
class—71.2%); and BCS: 2.5–3.0 (first class—21.4% of cows), >3.0–3.5 (second class—50.8%), and
>3.5–4.0 (third class—27.8%). According to parity, the cows were divided into two groups: 1 lactation
(first group—38.9%) and ≥2 lactations (second group—61.1%). Based on our investigated parameters,
BCS is associated with pregnancy success because the BCS (+0.29 score) and mP4 (10.93 ng/mL) of
the pregnant cows were higher compared to the group of non-pregnant cows. The MY (−5.26 kg,
p < 0.001) and LDH (3.45 µmol/min) values were lower compared to those in the group of non-
pregnant cows (p < 0.01). Statistically significant associations of BCS and mP4 with the number of
inseminations were detected. The number of inseminations among cows with the highest BCS of
>3.5–4.0 was 42.41% higher than that among cows with the lowest BCS of 2.5–3.0 (p < 0.001). BCS can
also be a health indicator. We found that the LDH content was greatest among cows with the highest
BCS of >3.5–4.0; this value was 6.48% higher than that in cows with a BCS of >3.0–3.5 (p < 0.01). The
highest MY was detected in cows with the lowest BCS of 2.5–3.0, which was 29.55% higher than
that in cows with the highest BCS of >3.5–4.0 (p < 0.001). BCS was the highest in the group of cows
with mastitis (4.96% higher compared to the group of healthy cows), while the highest statistically
significant mean differences in body condition score (9.04%) were estimated between the mastitis and
metritis groups of cows (p < 0.001).

Keywords: precision dairy farming; sensors technology; dairy cows

1. Introduction

The popularity of autonomous analysis systems on farms has grown as dairy herd
sizes have increased. The Herd Navigator (HN, DeLaval International) management tool,
which examines many milk constituents automatically during milking, provides daily
estimates of milk beta-hydroxybutyrate (BHB) [1]. According to Yu and Maeda [2], the HN
system functions autonomously and offers real-time physiological information on lactating
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cows while also assisting with farm management decisions. This tool notifies and advises
dairy farmers about the condition and health of each cow. To maintain herd health, the
system includes unique biological models that take into account measured metrics, cow
information, and other risk factors. This process avoids costly treatments and substantial
output losses. Significant improvements in reproduction, mastitis, and ketosis have been
observed on farms that use this approach [2].

Body condition score (BCS) is a subjective method for calculating the amount of
metabolizable energy stored in fat and muscle in a live animal (body reserves) [3]. The
body condition score (BCS) is, therefore, a measure for estimating cow body fat reserves [4].
BCS is a helpful method for monitoring the relationships between nutritional management,
reproduction, and ketosis and supports farm management decisions [5]. There are some
connections between energy status (ES) markers and reproductive features in the first
several weeks of lactation. Because the negative effect of ES on fertility is well known, the
proposed publicly available milk-based ES indicators are promising management strategies
that can assist farmers in identifying cows that may be sensitive to metabolic stress and
production disorders as well as determining the appropriateness of feeding techniques
and the timing of insemination [1]. The dairy sector places a high value on reproductive
performance management, which includes both fertility and calving.

The main objective of commercialized dairy farming is not only to produce one calf per
year but also to maintain profitability by changing inputs and output. These inputs need
enormous investment in infrastructure, labor, feed, and treatments, among other factors.
The most important of these inputs is nutritional control, which is essential for a normal
production and reproduction cycle. The connection between nutrition and reproduction
was previously established [3]. Loeffler et al. [6] demonstrated that negative energy balance,
physical condition decline, and sickness have an impact on fertility, and poor fertility is one
of the major limiting factors impacting the dairy industry’s economy. Most studies have
found that BCS is a useful tool for dairy cow management in predicting energy balance
and disease risk variables. Overweight cows were found to be at higher risk of developing
metabolic illnesses and had a reduced chance of becoming pregnant during their first
breeding. Low BCS at calving causes oestrus to be delayed, follicular development to be
delayed, fertility to be diminished, and the inter-calving interval to be extended. The link
between nutrition and fertility management is also well understood [3]. It was established
that BCS at calving and its variations throughout lactation have an impact on the health
and fertility of high-producing dairy cows [7]. A fully automated inline LDH, progesterone
(mP4), and BHB analyzer that can be paired with a milking robot is available for purchase
on the commercial market to achieve better herd assessment. Using the precision diagnostic
methods of this tool can provide greater information on the current parameters influencing
dairy cow reproductive physiology. The first commercially accessible 3D BCS system based
on image processing technologies was built by the DeLaval corporation [8].

According to Nyman et al. [9], additional research is needed to determine whether the
diagnostic qualities of LDH improve with adjustment based on their interactions with other
cow variables when used as a diagnostic tool for identifying cows with mastitis. We also
discovered a positive relationship between LDH content in milk and milk yield [10]. An
automated body condition scoring system would produce more objective and consistent
information than observational scoring and result in a more efficient operation that is less
stressful for the animal [11]. In terms of research, automated methods would enable the
utilization of data collected at various precise time periods, resulting in scores that are
unaffected by inter- and intra-evaluator variation [12].

In the present study, we hypothesize that an automatically recorded body condition
score has associations with measures of production, health, and reproduction. Therefore,
the objective of this study is to determine the associations of automatically recorded body
condition scores with measures of production, health, and reproduction (MY, BHB, LDH,
and mP4) in dairy cows.
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2. Materials and Methods
2.1. Study Design

This research was conducted on a dairy farm in northern Lithuania, in the eastern
region of Europe, located at 55.10571, 24.24399. The cows were kept in a loose housing
system and fed a total mixed ration (TMR) that was balanced according to their physio-
logical needs. Cows were fed a TMR composed of 30% corn silage, 10% grass silage, 4%
grass hay, 50% grain concentrate mash, and 6% mineral mixture. Diets were created to fit or
surpass the needs of a 550 kg Holstein cow producing 35 kg milk/d. Every day at 06:00 a.m.
and 06:00 p.m., the animals were fed. The cows were milked twice a day, at 05:00 a.m.
and 05:00 p.m., using a parlor system. The cows weighed an average of 550 ± 45 kg. In
2021, the average energy-corrected milk yield (4.2% fat, 3.5% protein) per cow and year
was 10,500 kg. During the study, contact with animals was kept to a minimum, thus
avoiding the impact of the trial on animal welfare. The cows (n = 597) had an average of
2.10 ± 0.05 lactations at 206.52 ± 5.02 days postpartum and were divided into two groups:
primiparous cows (n = 232) and multiparous cows (n = 365).

2.2. Measurements

The real-time analyzer Herd NavigatorTM (Lattec I/S, Hillerd, Denmark) was applied
in conjunction with a DeLaval milking parlor system to collect data on mP4, MY, BHB,
and LDH (DeLaval Inc., Tumba, Sweden). During the robot milking operation, an inline
sampler automatically took a representative sample of several millilitres of milk from
each cow. The material was then loaded into the Herd NavigatorTM analyzer for further
examination. Three-dimensional BCS cameras were used to measure BCS (DeLaval body
condition scoring BCS, DeLaval International AB, Tumba, Sweden). These systems were
used to collect daily averages of data on the following biomarkers for each cow from the
day of oestrus to 7 days post-oestrus: mP4, MY, BHB, LDH, and BCS.

2.2.1. Measurements of BCS

After each milking, Herd NavigatorTMAutomatic BCS measurements were taken
using a commercially available 3D body condition scoring camera system (DeLaval Body
Condition Scoring, BCS DeLaval International AB, Tumba, Sweden) with two cameras,
including a camera fixed above one of the milking parlor exit races. Cows were identified
individually using a radio-frequency identification collar system, allowing for repeated
BCS assessments per day. As a result, each cow typically had two visual BCS assessments
taken on the same day each week. The camera system reported BCS readings in 0.1 point
increments and provided a 1–5 scale [13]. Data from the camera system are given either
as a one-day BCS rolling average that removes the lowest and highest 20% of data prior
to averaging or as daily (AM and PM) BCS values. Individual daily AM and PM raw
BCS data from each camera were accessed via the manufacturer’s software (DelPro Farm
Manager, DeLaval International AB, Tumba, Sweden) using the pathway Systems > Devices
> BCS Camera > BCS CAM as the data were not readily available for download and were
downloaded weekly before being automatically overwritten by the system after eight days.

2.2.2. Measurements of BHB, LDH, MY, and mP4

To identify milk BHB concentrations and LDH activities, a real-time analyzer Herd
NavigatorTM (Lattec I/S, Hillerd, Denmark) was paired with a DeLaval milking robot
(DeLaval Inc., Tumba, Sweden). Several millilitres of milk were obtained from each cow
during the milking process using an inline sampler to determine the concentrations of
the previously listed parameters. The raw data were adjusted using company-specified
procedures to account for differences in dry-stick sets and variations in the surrounding
humidity. The most extreme outliers were then excluded from the calculations. Data
more than 200 mol/min per liter were set to a maximum value of 200, and any negative
values were removed from the equation because they did not fall within the typical range
of measurements recorded by the Herd Navigator system. This is how data in the Herd
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Navigator system were standardized. An optical milk meter was used to measure the milk
yield from each cow. The LDH concentration (mol/min) was estimated by dividing the
LDH activity by the milk output from the most recent milking activity. The Herd Navigator
system was set to automatically collect milk samples and test the mP4 in individual cows
using dry-stick biosensor technology and enzyme immunoassays based on a bio-model
that establishes the frequency and quantification of mP4 samples. The system adjusted the
frequency of assays to an average of six to seven progesterone studies per cycle, depending
on the postpartum period and the stage of the oestrus cycle. The data were then provided
to a user interface via the analyzer. When the progesterone level in the oestrus cycle of
a cow fell below 5 ng/mL, a heat alert was displayed. The mP4 concentration in milk
samples began on the first postpartum day and was obtained every 5 days until pregnancy
was recognized. Raw (actual) mP4 concentrations were adjusted to smoothed values based
on a standardized procedure to correct for outliers predicted in the serial sampling system,
as described by Friggens and Chagunda [14], in order to reduce random fluctuation and
differences in batches of sticks and reagents.

2.3. Identification of Oestrus and Pregnancy

The cows’ oestrus cycles were all synchronized using the OvSynch protocol. When
an animal displayed a progesterone alarm (registered by the Herd Navigator system), an
increase in cow walking activity (registered by the AMS), or one or more of the oestrus
signs described by Van Eerdenburg et al. [15] (standing to be mounted, mucous vaginal
discharge, cajoling, restlessness at being mounted but not standing, sniffing the vagina
of other cows, resting chin on other cows), rectal palpation was used to assess the cow’s
uterine tone. The cows were artificially inseminated 12 hours after the start of oestrus (as
assessed by the mP4 concentration determined via AMS). At 30–35 days after insemination,
the pregnancies were tested with an ‘easy scan’ ultrasound (IMV imaging, Scotland).

2.4. Identification of Health Status

Out of 850 fresh milking cows (from 1 until 30 days after calving), we randomly chose
483 clinically healthy cows, 21 cows with subclinical ketosis, 26 cows with subclinical
mastitis, and 67 cows with metritis.

Healthy group (n = 483). Cows that had no clinical symptoms of disease after calving
and BHB values at or below 1.2 mmol/L for the entire 30-day post-calving period were
categorized into this group. This group of cows had an average milk F/P of 1.2.

Subclinical ketosis group (SCG) (n = 21). When at least one beta-hydroxybutyrate
(BHB) value throughout the 30-day postpartum period was 1.2 mmol/L, the cows were
identified as having SCK. For this particular herd of cows, the milk fat/protein ratio (F/P)
was recorded as being >1.2. After calving, the cows showed no clinical symptoms of any
additional illnesses, including metritis, lameness, mastitis, displaced abomasus, dyspepsia
with an average rectal temperature of +38.8 ◦C, or rumen motility of five to six times every
three minutes.

Subclinical mastitis group (n = 26). SCC was used to identify cases that belonged to
the subclinical mastitis group (CM). SCM was identified in cows with an SCC of more
than 200,000 cells/mL [16]. SCC was assessed once daily during all studies. A general
clinical evaluation revealed that none of the cows showed clinical indications indicative of
any disease.

Metritis group (n = 67). Every 3 days after calving until day +21, vaginal discharge
(VD) was assessed for each cow. A gloved hand was inserted into the vaginal canal up to
the cervix to remove any discharge present and allow for visual inspection. Based on the
scoring system used by Urton et al. [17], the appearance and smell of the VD were assessed
and categorized as follows: putrid (red/brown color, watery, foul-smelling), no mucus or
clear mucus = 0, cloudy mucus or mucus with flecks of pus = 1, mucopurulent (50% pus
present) and foul-smelling = 2, and mucopurulent (50% pus present) and foul-smelling = 3.
All cows had three points.
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2.5. Data Analysis and Statistics

Indicators from Herd NavigatorTM were grouped into classes based on their arithmetic
means. Values were divided into various classes: MY: ≤31 kg/day (first class—67.3%
of cows) and >31 kg/day (second class—32.7%); BHB in milk: ≤0.06 mmol/L (first
class—80.7% of cows) and >0.06 mmol/L (second class—16.9%); milk LDH activity:
≤27 µmol/min (first class—69.5% of cows) and >27 µmol/min (second class—30.5%);
milk progesterone value: ≤15.5 ng/mL (first class—28.8% of cows) and >15.5 ng/mL
(second class—71.2%); and BCS: 2.5–3.0 (first class—21.4% of cows), >3.0–3.5 (second
class—50.8%), and >3.5–4.0 (third class—27.8%). According to lactation, the cows were
divided into two groups: 1 lactation (first group—38.9% of cows) and ≥2 lactations (sec-
ond group—61.1% of cows). According to their pregnancy status, 1-lactation cows were
divided into two groups, non-pregnant (n = 107 or 46.0%) and pregnant cows (n = 125
or 54.0%); similarly, cows with ≥2 lactations were classified as non-pregnant (n = 207 or
57.0%) or pregnant (n = 158 or 43.0%). The average days in milk (DIM) among pregnant
cows was 151.60 ± 0.11 days, while that among non-pregnant cows was 151.70 ± 0.08
days. The status of pregnancy among all investigated cows was as follows: pregnant
(n = 283) and non-pregnant (n = 314). The statistical analysis of data was performed using
the SPSS 25.0 software package. Normal distributions were assessed using the Kolmogorov–
Smirnov test. The results from Herd NavigatorTM are presented as the mean ± standard
error (M ± SE) with a 95% confidence interval (CI). The Pearson correlation (r) was deter-
mined to define the linear relationship between BCS and indicators from AMS. Multiple
comparisons of group means were calculated using Tukey’s test. A probability below 0.05
was considered statistically significant. The chi-square (χ2) statistic was used to test the
relationship between the categorical variable classes of BCS and the indicators investigated
using Herd Navigator™, BCS, and the reproductive status of cows.

3. Results
3.1. Associations of Automatically Recorded Body Condition Scores with Measures of Production
and Reproduction

For all biomarkers, all differences between groups were significant except for milk
β-hydroxybutyrate. The BCS (+0.09 score) and mP4 values of pregnant cows were higher
(10.93 ng/mL) compared to those of non-pregnant cows. The MY (−5.26 kg; p < 0.001)
and LDH values were lower (3.45 µmol/min) compared to those of non-pregnant cows
(p < 0.01). The data are presented in Table 1. Backward stepwise multivariate logistic
regression showed that, of all tested categorical variables (BCS, mP4, LDH, BHB, and
MY), only mP4 (OR = 1.197, p < 0.001) and MY (OR = 0.886, p < 0.001) had a significant
relationship with the reproductive status of cows.

The pregnancy status of cows was associated with the BCS assessment (p < 0.05). In the
class of cows with BCS = 2.5–3.0, 37.5% of cows were pregnant, whereas with BCS > 3.0–3.5
and BCS > 3.5–4.0, 47.9% and 54.2% of cows were pregnant, respectively (Figure 1).

Of all the biomarkers, differences between BCS classes were significant only in LDH
and MY. The LDH of cows with the highest BCS of 3.5–4.0 was 6.48% higher than that of
the cows with a BCS of 3.0–3.5 (p < 0.01). The highest MY was detected in cows with the
lowest BCS of 2.5–3.0; it was 29.55% higher compared to that of the cows with the highest
BCS of 3.5–4.0 (p < 0.001) (Table 2).
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Table 1. Means and standard errors of the mean of biomarkers based on the pregnancy status of cows
from the day of oestrus to 7 days post-oestrus.

Indicator/Biomarker Status of Pregnancy M SE
95% CI

Lower Bound Upper Bound

BCS, score
Non-pregnant a 3.20 ***,b 0.019 3.16 3.24

Pregnant b 3.29 ***,a 0.019 3.25 3.33

mP4, ng/mL
Non-pregnant 12.89 ***,b 0.600 11.71 14.07

Pregnant 23.82 ***,a 0.255 23.31 24.32

LDH, µmol/min
Non-pregnant 25.01 **,b 0.962 23.11 26.90

Pregnant 21.56 **,a 0.715 20.15 22.97

BHB, mmol/L
Non-pregnant 0.06 0.001 0.057 0.063

Pregnant 0.06 0.001 0.056 0.059

MY, kg/day
Non-pregnant 30.54 ***,b 0.503 29.55 31.52

Pregnant 25.28 ***,a 0.357 24.58 25.99

Different letters (a and b) indicate statistically significant differences between classes (*** p < 0.001, ** p < 0.01).
BCS—body condition score; mP4—milk progesterone; LDH—milk lactate dehydrogenase; BHB—milk
β-hydroxybutyrate; MY—milk yield. M—mean; SEM—standard error of the mean.
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Figure 1. Relation of body condition score with the pregnancy status of cows from the day of oestrus
to 7 days post-oestrus.
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Table 2. Means and standard errors of the mean of biomarkers based on the body condition score
from the day of oestrus to 7 days post-oestrus.

Indicator/Biomarker Class of BCS M SE
95% CI

Lower Bound Upper Bound

mP4, ng/mL
2.5–3.0 16.70 0.865 14.99 18.41
3.0–3.5 18.05 0.580 16.91 19.19
3.5–4.0 19.15 0.740 17.69 20.61

LDH, µmol/min
2.5–3.0 27.16 1.356 24.48 29.84
3.0–3.5 21.81 **,c 0.779 20.27 23.34
3.5–4.0 23.32 **,b 1.289 20.77 25.86

BHB, mmol/L
2.5–3.0 0.06 0.001 0.06 0.06
3.0–3.5 0.06 0.002 0.06 0.06
3.5–4.0 0.06 0.001 0.06 0.06

MY, kg/day
2.5–3.0 32.18 ***,b,c 0.722 30.76 33.61
3.0–3.5 29.24 ***,a,c 0.419 28.42 30.07
3.5–4.0 22.67 ***,a,b 0.511 21.66 23.68

Different letters (a, b and c) indicate statistically significant differences between classes ** p < 0.01,
*** p < 0.001. BCS—body condition score; mP4—milk progesterone; LDH—milk lactate dehydrogenase;
BHB—milk β-hydroxybutyrate; MY—milk yield. M—mean; SE—standard error of the mean; 95% CI—the
95% confidence interval.

The analysis showed that 51.16% more cows with a BCS of 2.5–3.0 were found in the
second mP4 class compared to class 1, 58.41% more cows with a BCS > 3.0–3.5 were found
in the second mP4 class, and 67.20% more cows with a BCS of 3 were found in the second
mP4 class compared to the first mP4 class (Figure 2). Analysis of cows in the first mP4
class showed that 52.81%–53.93% more cows had a BCS of >3.0–3.5 compared to cows
with a BCS of 2.5–3.0 and those with a BCS of 3 (χ2 = 26.244, df = 2, p < 0.001). In the
second mP4 class, the analysis showed almost the same tendency of cow distribution, with
53.93% more cows having a BCS of 2 and 41.59% more cows having a BCS of >3.5–4.0
(χ2 = 60.767, df = 2, p < 0.001) (Figure 2).

The analysis showed that 79.25% more cows with a BCS of 2.5–3.0 were found in the
first BHB class compared to the second BHB class; 78.31% more cows with a BCS of 3.0–3.5
and 82.27% more cows with a BCS of >3.5–4.0 were found in the first BHB class compared
to the second BHB class. In the first BHB class, there were 56.91% and 47.15% more cows
with a BCS of >3.0–3.5 than cows with a BCS of 2.5–3.0 and a BCS of <3.5–4.0, respectively.
In the first BHB class, more cows were determined to have a BCS of >3.0–3.5 compared
to cows with a BCS of 2.5–3.0 and a BCS of >3.5–4.0 (χ2 = 67.214, df = 2, p < 0.001). In the
second BHB class, 59.26% more cows had a BCS of >3.0–3.5, and 53.70% more cows had a
BCS of >3.5–4.0 (χ2 = 18.554, df = 2, p < 0.001) (Figure 2). The distribution of cows according
to LDH classes revealed that 33.77% more cows with a BCS of 2.5–3.0 were present in the
first LDH class than in the second LDH class. Additionally, 61.36% more cows with a BCS
of >3.0–3.5 and 58.47% more cows with a BCS of >3.5–4.0 were found in the first BHB class
compared to the second BHB class. In the first LDH class, there were 65.00% and 46.36%
more cows with a BCS of >3.0–3.5 compared to cows with a BCS of 2.5–3.0 and a BCS of
>3.5–4.0 (χ2 = 78.395, df = 2, p < 0.001). In the second LDH class, 40.00% and 42.35% more
cows, respectively, had a BCS of >3.0–3.5 and >3.5–4.0 compared to cows with a BCS of
2.5–3.0 and >3.5–4.0 (χ2 = 13.276, df = 2, p < 0.001) (Figure 2). The analysis showed that
33.77% more cows with a BCS of 2.5–3.0 were found in the first MY class compared to the
second MY class; 48.50% more cows with a BCS of >3.0–3.5 and 90.07% more cows with
a BCS of >3.5–4.0 were found in the first MY class compared to the second MY class. In
the first MY class, 74.50%–24.50% more cows were determined to have a BCS of >3.0–3.5
compared to cows with a BCS of 2.5–3.0 and >3.5–4.0 (χ2 = 86.075, df = 2, p < 0.001). In the
second BHB class, 25.24% more cows had a BCS of >3.0–3.5, and 85.44% more cows had a
BCS of >3.5–4.0 (χ2 = 62.892, df = 2, p < 0.001) (Figure 2).
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Figure 2. Relationship between the body condition scores of cows with other biomarkers from the
Herd NavigatorTM system. mP4 1—milk progesterone ≤ 15.5 ng/mL; mP4 2—milk progesterone
> 15.5 ng/mL; BHB 1—β-hydroxybutyrate in milk ≤ 0.06 mmol/L; BHB 2—β hydroxybutyrate in
milk > 0.06 mmol/L; LDH 1—milk lactate dehydrogenase ≤ 27 µmol/min; LDH 2—milk lactate
dehydrogenase > 27 µmol/min; MY 1—milk yield ≤ 31 kg/day; MY 2—milk yield > 31 kg/day;
BCS1 = 2.5–3.0; BCS2 ≥ 3.0–3.5; BCS3 ≥ 3.5–4.0.

Differences between classes of biomarkers with the number of inseminations were
statistically significant only in BCS and mP4 (Table 3). The number of inseminations among
cows with the highest BCS of >3.5–4.0 was 42.41% higher than that among cows with the
lowest BCS of 2.5–3.0 (p < 0.001). The number of inseminations among cows with lower
milk progesterone of ≤15.5 ng/mL (mP4 1) was 13.23% higher than that among cows with
a higher concentration of milk progesterone of >15.5 ng/mL (p < 0.01). No statistically
significant associations were found between BHB and LDH classes and the number of
inseminations (p > 0.05).

Table 3. Means and standard errors of the mean of biomarkers registered from the day of oestrus to
7 days post-oestrus based on the number of inseminations.

Indicator/Biomarker Class of Biomarker M SE
95% CI

Lower Bound Upper Bound

BCS
2.5–3.0 2.20 ***,c 0.129 1.94 2.46
3.0–3.5 2.61 ***,c 0.106 2.40 2.82
3.5–4.0 3.82 ***,a,b 0.195 3.43 4.20

mP4
≤15.5 3.10 **,b 0.221 2.66 3.54
>15.5 2.69 **,a 0.086 2.52 2.86

BHB
≤0.06 2.76 0.090 2.59 2.94
>0.06 2.91 0.238 2.43 3.38

LDH
≤27 2.69 0.094 2.50 2.87
>27 3.04 0.180 2.69 3.40

Different letters (a, b and c) indicate statistically significant differences between classes ** p < 0.01, *** p < 0.001).
BCS—body condition score; mP4—milk progesterone; LDH—milk lactate dehydrogenase; BHB—milk
β-hydroxybutyrate.
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The BCS was statistically significantly negatively related to the milk yield, lactation
(p < 0.001), and milk lactate dehydrogenase (p < 0.05). It was positively related to the
number of inseminations (p < 0.001) and milk progesterone concentration (p < 0.05).

3.2. Associations of Automatically Recorded Body Condition Scores with Measures of Health

The BCS was highest in the group of cows with mastitis—higher by 4.96% compared
to the BCS among the group of healthy cows. The highest statistically significant mean
differences in the body condition score (9.04%) were estimated between the mastitis and
metritis groups of cows (p < 0.001) (Table 4).

Table 4. Means and standard errors of the mean of the body condition score based on the health
status of cows.

Biomarker Disease Mean SEM
95% CI

Lower Bound Upper Bound

BCS, score

Healthy a

n = 483 3.26 *,d 0.015 3.23 3.28

Subclinical ketosis b

n = 21
3.13 *,c 0.075 2.97 3.29

Subclinical mastitis c

n = 26 3.43 ***,d,*,b 0.070 3.28 3.57

Metritis d

n = 67
3.12 ***,c,*,a 0.042 3.04 3.21

Different letters (a, b, c and d) indicate statistically significant differences between classes (* p < 0.05, *** p < 0.001).

The body condition scores in healthy and all diseased groups of cows were statisti-
cally significantly negatively related to the milk yield of cows (p < 0.001–0.05). The body
condition score presented a dependence with the number of inseminations in the opposite
direction between groups of cows, showing a positive relationship among healthy cows
(p < 0.001) and those with mastitis (p < 0.05), along with a negative relationship in the
metritis group of cows (p < 0.05). The body condition score had a positive relationship in
healthy cows and a negative relationship in the mastitis group of cows (p < 0.05) (Figure 3).Agriculture 2022, 12, x FOR PEER REVIEW  10  of  14 
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Figure 3. Body condition score correlations with investigated indicators of dairy cows that were
eventually diagnosed as healthy or diseased. *** p < 0.001; ** p < 0.01; * p < 0.05. mP4—milk
progesterone; BHB—milk β-hydroxybutyrate; LDH—milk lactate dehydrogenase; MY—milk yield;
TI—number of inseminations.
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4. Discussion

According to our results, the BCS registered from the day of oestrus to 7 days post-
oestrus was higher among the pregnant cows (+0.29 score) compared to the BCS in the group
of non-pregnant cows. Additionally, the mP4 in pregnant cows was higher (10.93 ng/mL),
the MY was lower (−5.26 kg, p < 0.001), and the LDH was lower (3.45 µmol/min) compared
to the values in the group of non-pregnant cows (p < 0.01). Statistically significant associa-
tions were detected between BCS, mP4, and the number of inseminations. The number of
inseminations of cows with the highest BCS of >3.5–4.0 was 42.41% higher compared to
that of the cows with the lowest BCS of 2.5–3.0 (p < 0.001). According to Roche et al. [18],
the majority of studies on the physiological effects of energy status and energy balance
on fertility revealed a positive link between earlier pregnancy attainment, enhanced BCS,
and reduced BCS loss during early lactation. However, studies using daily BCS testing in
large numbers of cows throughout early lactation remain uncommon. Daily automated
BCS evaluations and the resulting enhanced prediction of pregnancy likelihood at AI may
influence insemination decisions, such as which type of sperm to utilize [19] and when to
discontinue inseminating cows that failed to conceive earlier during lactation [20]. The
causes for the lower conception rates among cows with BCS are unknown. According to
Britt [21], energy status during the early postpartum period may affect follicular/oocyte
quality, resulting in decreased fertility in nursing dairy cows. Reduced functional compe-
tence of the ovulated follicles could be due to the development of follicles under negative
energy balance or caused by subtle changes in the steroid hormone secretions that regulate
gene expression and protein secretion by the endometrium, thereby affecting implantation
and pregnancy recognition [22].

Poor postpartum health has a detrimental impact on dairy cow performance, and
incidences of uterine, metabolic, and other health issues have been extensively recognized
as risk factors for lower subsequent fertility [23]. A loss of body condition, as an indirect
measure of energy balance in early lactation, and health, as a measure of metabolic, im-
munological, and homeostatic functioning, has been shown to produce delayed resumption
of ovarian cyclicity postpartum [24–26]. Specific factors affecting the proper resumption
of cyclicity include parity [27], changes in recoupling the growth hormone/IGF-1 axis in
the liver [28], metabolic and infectious disorders [12,28], insufficient progesterone concen-
trations [29], and dystocia [30]. These implications may explain the effects of changes in
body condition and disease on variables such as P/AI1, supporting the idea of using BCS
and health information to predict fertility [12]. The amplitude of the link between milk
yield and reproductive success is minor and depends on the herd production level [31].
Buckley et al. [31] discovered that high milk output at first service was associated with
an increased risk of being pregnant after 42 days of the breeding season. However, the
majority of research has found an antagonistic link between milk production and a va-
riety of reproductive features [22,32]. These findings are consistent with the findings of
our study, which showed that pregnant cows had a 5.26 kg/day lower milk output than
non-pregnant cows. In previous studies, we found that pregnant cows had a 0.49-point
higher body condition score, a 4.36 kg/day lower milk output, and a 6.11 ng/mL higher
mP4 concentration than non-pregnant cows. Pregnant cows had a 0.49-point higher body
condition score than non-pregnant cows, and cows with a BCS of >3.2 were 22 times more
likely to be successful in reproduction than cows with a BCS of 3.2 [33].

We found that the LDH of cows with the highest BCS of >3.5–4.0 was 6.48% higher
compared to that of cows with a BCS of >3.0–3.5 (p < 0.01). The highest MY was detected
in cows with the lowest BCS of 2.5–3.0, which was 29.55% higher than that of the cows
with the highest BCS of 3.5–4.0 (p < 0.001). The BCS was the highest in the group of
cows with mastitis—the score was 4.96% higher compared to that in the group of healthy
cows—while the highest statistically significant mean differences in body condition score
(9.04%) were estimated between the mastitis and metritis groups of cows (p < 0.001).
According to various studies, combining multiple sensor data is effective for detecting and
differentiating mastitis types in AMS [34,35]. Lactate dehydrogenase (LDH) in dairy milk is
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correlated with somatic cell count (SCC) and utilized as a mastitis indication in commercial
herd management [9,14]. Cell-damaging mechanisms during mammary inflammation,
according to Zank and Schlatterer [36], should be best recognized by monitoring high LDH
activity. Yang et al. [27] investigated the variations in milk malondialdehyde levels and
enzymatic activity caused by subclinical mastitis in dairy cows. The median value of LDH
activity in subclinical mastitis milk was found to be substantially higher than that in normal
milk. The authors concluded that measuring this characteristic in milk is an appropriate
approach for diagnosing SCM in dairy cows [37]. According to Suriyasathaporn [38], poor
body condition reflects a negative energy balance and makes the animal more susceptible
to mastitis. Patel et al. [39] found that cows in both groups (under and over the ideal body
condition score) were at higher risk of developing subclinical mastitis. In comparison to
cows in the high-infection herds, cows in the low-infection herds had considerably lower
BCS results throughout the last month prior to calving and the first month of lactation.
There were, overall, significant correlations between BCS and the incidence of mastitis
infection [40]. A higher incidence of subclinical ketosis in animals with better conditions
at calving may be one reason for the increased risk of developing mastitis among fatter
cows. Ketosis and mastitis may be positively correlated due to the decreased production of
chemoattractants that draw leukocytes to the infected quarter and diminished leukocyte
responses when ketone bodies are present [41].

5. Conclusions

According to the aim of our study, to determine the associations of automatically
recorded body condition scores with measures of production, health, and reproduction
(MY, BHB, LDH, and mP4) in dairy cows, we found that automated registered BCSs can
represent an indicator of pregnancy success because the BCS of the pregnant cows was
higher (+0.29 score). Moreover, the mP4 was 10.93 ng/mL higher compared to that in the
group of non-pregnant cows during insemination. The number of inseminations of cows
with the highest BCS of >3.5–4.0 was 42.41% higher compared to that among cows with the
lowest BCS of 2.5–3.0.

The automatically recorded BCS in cows with subclinical mastitis was higher by 4.96%
compared to that in the group of healthy cows. The BCS was the highest in the group of
cows with mastitis, with a 4.96% higher score compared to that in the group of healthy
cows. Additionally, the highest statistically significant mean differences in body condition
score (9.04%) were estimated between the mastitis and metritis groups of cows.
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