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Abstract: The aim of the current study was to evaluate the relationship of different parameters from
an automatic milking system (AMS) with the pregnancy status of multiparous cows at first service and
to assess the accuracy of such a follow-up with regard to blood parameters. Before the insemination
of cows, blood samples for measuring biochemical indices were taken from the coccygeal vessels
and the concentrations of blood serum albumin (ALB), cortisol, non-esterified fatty acids (NEFA)
and the activities of aspartate aminotransferase (AST) and gamma glutamyltransferase (GGT) were
determined. From oestrus day to seven days after oestrus, the following parameters were registered:
milk yield (MY), electric milk conductivity, lactate dehydrogenase (LDH) and β-hydroxybutyric
acid (BHB). The pregnancy status was evaluated using ultrasound “Easy scan” 30–35 days after
insemination. Cows were grouped by reproductive status: PG− (non-pregnant; n = 48) and PG+
(pregnant; n = 44). The BHB level in PG− cows was 1.2 times higher (p < 0.005). The electrical
conductivity of milk was statistically significantly higher in all quarters of PG− cows (1.07 times)
than of PG+ cows (p < 0.05). The arithmetic mean of blood GGT was 1.61 times higher in PG− cows
and the NEFA value 1.23 times higher (p < 0.05) compared with the PG+ group. The liver function
was affected, the average ALB of PG− cows was 1.19 times lower (p < 0.05) and the AST activity was
1.16 times lower (p < 0.05) compared with PG+ cows. The non-pregnant group had a negative energy
balance demonstrated by high in-line milk BHB and high blood NEFA concentrations. We found
a greater number of cows with cortisol >0.0.75 mg/dL in the non-pregnant group. A higher milk
electrical conductivity in the non-pregnant cows pointed towards a greater risk of mastitis while
higher GGT activities together with lower albumin concentrations indicated that the cows were more
affected by oxidative stress.

Keywords: automatic milking system; reproduction; blood; metabolic profile

1. Introduction

As milk production per cow has increased, fertility in dairy cows has decreased. This
can be explained by genetics, physiology, nutrition and management issues and these
variables have been examined at the animal, organ and cellular level at critical time points
during the production life of dairy cows [1]. An increased adoption of technologies will
enable farmers to have access to rich data sources that can aid in further improving animal
health and welfare [2].

The system “Herd Navigator” (Lattec I/S, Hillerød, Denmark), according to Yu and
Maeda [3], works autonomously and delivers real-time physiological information about
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lactating cows and at the same time also helps with farm management decisions. This
system alerts and advises dairy farmers of each cow’s condition and health. The system
contains unique biological models that consider measured parameters, cow information
and additional risk factors to keep the herd healthy. In this way, it prevents costly treatments
and large production losses. Significant improvement results on reproduction, mastitis and
ketosis have been proven on the farms that are running the system [3]. The use of Herd
Navigator technology enhances our understanding of the factors influencing the modern
milk cow’s reproductive physiology and informed decision-making can enhance fertility
in dairy cows. In addition to helping with reproductive management decisions, Herd
Navigator generated data offers a new opportunity to evaluate luteal activity parameters [4].
Inferior cattle performance can be monitored on a real-time basis with Herd Navigator and
factors that lead to ketosis and reproductive management can be recognized and corrected
to increase farm performance [5]. Although it requires a considerable investment during
the installation stage, which would be costly for small farms, the tool is profitable for
large farms compared with the frequent manual collection of progesterone information [6].
Additional assays augmented by the analyzer (urea nitrogen, lactate dehydrogenase and β-
hydroxybutyrate) can be used in real-time to classify metabolic diseases and animal mastitis
for more detailed monitoring [7]. According to Yu and Maeda [3], an in-line Herd Navigator
system automatically provides real-time physiological information on lactating dairy cows
for farm management decisions. This is not only a new tool for scientific research but also
may enhance production, food safety, animal wellbeing and the environment. According
to our past study, we found that the real-time measured β-hydroxybutyrate levels and
changes in their dynamics correlated with different reproductive statuses, productivity and
number of lactations [8]. Previous results highlighted that lactate dehydrogenase changes
in the automatic milking system (AMS) indicators of cows may be considered an additional
tool for improving reproductive management in dairy herds but further research-based
studies are necessary before a practical application [9]. The Herd Navigator system has led
to promising preliminary results but further work is required to validate it [2]. The aim
of this study was to determine the prediction of reproductive success in multiparous first
service dairy cows by parameters from in-line sensors and blood metabolic profiles. We
hypothesized that in-line measurements could be predictive of the fertility status in dairy
cows. To test our hypothesis, we investigated the relationship between the AMS and blood
biochemical parameters with cow reproductive success.

2. Materials and Methods
2.1. Location and Animals

The research was conducted during the period from 1 February to 30 October in 2019
(272 days). The experiment was carried out on a commercial dairy farm (in total around
1300 cows) located in the southern part of Lithuania (54.9753923◦ N, 23.7662303◦ E). A total
of 92 Lithuanian Holstein cows were selected based on the following criteria: having
had two or more lactations (2.9 ± 0.13 lactation), from 60–90 (on average 78 ± 6) days in
milk (DIM) and being clinically healthy. The cows were kept in a free housing system,
milked with 15 DeLaval milking robots (DeLaval Inc. Tumba, Sweden) (average number of
milkings per day = 3.5) and were fed a total mixed ration (TMR) two times per day at a
set time, balanced according to their physiological requirements. The TMR was composed
of 25% corn silage, 15% grass silage, 4% grass hay and 50% grain concentrate. The main
nutritional characteristics were dry matter (DM) (%) 48.8%, neutral detergent fiber (% of
DM) 28.2% DM, acid detergent fiber (% of DM) 19.8% DM, non-fiber carbohydrates (%
of DM) 38.7% DM and crude protein (% of DM) 15.8% DM; the net energy for lactation
(Mcal/kg DM) was 1.6. The feed ration was composed to fit the requirements of a 550 kg
Holstein cow producing on average 35 kg/day of milk (during the experiment). The
average of the body condition score in a 5-point scale was 2.70 (±0.15). Oestrus was
identified when a cow exhibited one or more of the following signs: progesterone alarm
(registered by the Herd Navigator system), an increase on the walking activity of cows
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(registered by the AMS), mucosal discharge, restlessness, vigilance, tail lift, the occlusion of
the vulvar mucosa and a strong uterine tone by clinical examination. Twelve hours after
the onset of oestrus, the cows were inseminated. The pregnancy status was evaluated using
ultrasound “Easy scan” (IVM imaging, Scotland) 30–35 days after insemination. Cows
were grouped by reproductive status: PG− (non-pregnant; n = 48) and PG+ (pregnant;
n = 44).

Welfare and Protection of the Republic of Lithuania (study approval number PK016965).

2.2. Measurements

From oestrus day to seven days after oestrus, the following parameters from the AMS
were registered: milk yield (MY), electric milk conductivity (EC) front right (FR), front left
(FL), back left (BL), back right (BR), lactate dehydrogenase (LDH), β-hydroxybutyric acid
(BHB) and blood parameters: albumin (ALB), aspartate aminotransferase (AST), gamma
glutamyltransferase (GGT), blood cortisol concentration and non-esterified fatty acids
(NEFA) (Table 1).

Table 1. Measured parameters and their source.

Measured Parameters Source

Milk yield (MY) Herd Navigator
Electric milk conductivity (EC) front right (FR), front left

(FL), back left (BL), back right (BR) Herd Navigator

Lactate dehydrogenase (LDH) Herd Navigator
β-hydroxybutyric acid (BHB) Herd Navigator

Albumin (ALB) Hitachi 705 analyzer
Aspartate aminotransferase (AST) Hitachi 705 analyzer

Gamma glutamyltransferase (GGT) Hitachi 705 analyzer
Cortisol Analyzer AIA-360

Non-esterified fatty acids (NEFA) Rx Daytona, Randox Laboratories

The research was carried out in accordance with the provisions of the Law on Animal.
The blood samples were collected using an evacuated tube without an anticoagulant

(BD Vacutainer®, Eysin, Switzerland). The blood samples were centrifuged at 3500 RPM for
10–15 min. Samples were delivered to the Large Animal Clinic’s Laboratory of Clinical Tests
at the Lithuanian University of Health Sciences Veterinary Academy. The obtained blood
serum was examined using the Hitachi 705 analyzer (Hitachi, Tokyo, Japan)) and DiaSys
reagents (Diagnostic Systems GmbH, Berlin, Germany) to determine the concentrations
of blood serum albumin (ALB) and the activities of aspartate aminotransferase (AST) and
gamma glutamyltransferase (GGT). The blood cortisol concentration levels were deter-
mined with automated immunoassay analyzer AIA-360 (Tosoh Bioscience, USA) using the
fluorescence enzyme immunoassay method. The samples for NEFA were analyzed using
an automated wet chemistry analyzer (Rx Daytona, Randox Laboratories Ltd., London,
UK) using reagents from Rx Daytona (Randox Laboratories Ltd., London, UK).

An automated real-time analyzer, Herd Navigator, was used in combination with a
DeLaval milking robot for milk BHB and LDH detection (DeLaval Inc, Tumba, Sweden). An
in-line sampler in the milking robot automatically took a representative sample of several
milliliters of milk from an individual cow during milking and determined the concentration
of those parameters. In the Herd Navigator system, the LDH activity and BHB values were
measured using dry stick technology. The raw measurements were corrected according to
company-determined methods to account for variations in the surrounding humidity and
differences between sets of dry sticks. The most extreme outliers were then taken out of
the equation. Measurements exceeding 200 µmol/min per liter were set to a 200 maximum
value and all negative values were removed because they did not comply with the usual
range of measurements obtained from the Herd Navigator system. This editing of data is
usual for data from the Herd Navigator system.



Agriculture 2021, 11, 334 4 of 11

2.3. Data Analysis and Statistics

The statistical analysis of the AMS and Herd Navigator variables was carried out using
SPSS 25.0 software (IBM Corp, released 2017, IBM SPSS Statistics for Windows, Version 25.0.
Armonk, NY, USA: IBM Corp.). The data (according to a Shapiro–Wilk test) were normally
distributed. The results were expressed as a standard error of the mean of a sample (M
and SEM). Data of parameters from in-line sensors were tested for significance (p < 0.05)
using the repeated measures analysis. A general linear model was used to evaluate the
differences between groups (PG− and PG+) of cows and variables with repeated (seven
days) measurements (MY, FL, FR, BL, BR, LDH, BHB and cortisol, ALB, AST, GGT, NEFA).
The difference in times of the variables with repeated measurements was tested using a
Bonferroni post-hoc test.

The relationship between the level of indicators of the metabolic blood profile, the AMS
variables and the group of cows according to their reproductive status was determined
using the chi-squared (χ2) statistic. A multivariable binary logistic regression technique
was carried out using pregnancy as the dependent variable (where 1 denoted pregnancy
and 0 denoted absence) to investigate the relationship between the predicted variable
and variables from the AMS and the blood metabolic profile indicators of cows. The
predictors for logistic regression were considered class variables in the analyses. The
values of ALB were classified: <21 g/L, 21–36 g/L and > 36 g/L [10], AST: <78 U/L and
78–132 U/L [10], GGT: <8.11 U/L and 8.11–27.79 U/L [11] and NEFA: <0.320 mmol/L
and ≥0.320 mmol/L [12]. The cortisol of cows was recorded as < 0.45 mg/dL, 0.47–
0.75 mg/dL and > 0.0.75 mg/dL [10]. The values of milk LDH were grouped as being ≤
25 µmol/min or > 25 µmol/min, MY ≤ 44 kg/d and >44 kg/d, BHB < 0.06 mmol/L and
>0.06 mmol/L and were classified on the basis of the arithmetic mean. Based on the average
of all udder quarters, cows were divided into three EC levels: (1) EC = 3.5–3.9 mS/cm,
(2) EC = 4.0–4.4 mS/cm and (3) EC = 4.5–5.0 mS/cm [13]. For each cow, we calculated
the difference in udder quarters EC (DifEC) between the maximum and minimum EC
values. With this in mind, we grouped the cow data into classes: DifEC < 0.5 mS/cm and
DifEC ≥ 0.5 mS/cm. The factors that contributed to the possibility of pregnancy were
analyzed with multivariable logistic regression models by applying a backward stepwise
logistic model to eliminate all non-significant explanatory variables. The results of the
logistic regression are presented in terms of the odds ratio (OR) and its 95% confidence
interval (PI), which indicates a 95% probability that the true OR is likely to be within the
specified range.

3. Results
3.1. Relation of Cows’ Pregnancy Success with Automatic Milking System (AMS) Parameters

The analysis revealed a statistically significant relationship of changes of the AMS
parameters on the pregnancy success of cows (Table 2). The BHB level in PG− cows was
1.2 times higher (p = 0.003). The electrical conductivity of milk was statistically significantly
higher in all quarters of PG− cows (1.06–1.07 times) than that of PG+ cows (p < 0.05).
Although LDH was 1.28 times higher in the PG− group, the difference with the PG+ group
was not statistically significant.
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Table 2. Automatic milking system (AMS) variables by groups of cows.

Parameter
PG− (n = 48) PG+ (n = 44) p (Between Days) p (Between Groups

M SEM M SEM

MY (kg/d) 44.56 2.252 43.99 2.203 0.009 0.231
FL (mS/cm) 4.41 0.06 4.17 0.048 0.423 0.002
FR (mS/cm) 4.45 0.05 4.17 0.043 0.192 <0.001
BL (mS/cm) 4.37 0.043 4.15 0.05 0.521 0.002
BR (mS/cm) 4.42 0.047 4.14 0.044 0.458 <0.001

LDH (µmol/min) 29.23 3.288 22.81 2.310 0.560 0.366
BHB (mmol/L) 0.06 0.001 0.05 0.001 0.078 0.003

PG+ = pregnant cows; PG− = non-pregnant cows; M = mean; SEM = standard error of the mean of a sample; MY = milk yield; FL = electric
milk conductivity of front left; FR = electric milk conductivity of front right; BL = electric milk conductivity of back left; BR = electric milk
conductivity of back right; LDH = lactate dehydrogenase; BHB = β-hydroxybutyric acid.

3.2. Relation Between Cows’ Pregnancy Success and Biochemical Parameters in Serum

The arithmetic mean of blood GGT activity was 1.61 times higher in PG− cows
compared with the PG+ group (p = 0.017). The NEFA value was 1.23 times higher compared
with PG+ cows (p = 0.049). On the other hand, the average ALB level of PG− cows was
1.19 times lower (p = 0.017) and the AST activity was1.15 times lower (p = 0.048). The
average cortisol value was 1.66 times lower in PG+ cows but this difference was not
statistically significant (Table 3).

Table 3. Metabolic profile indicators of blood.

Parameter
PG− PG+ p (Between Days)

p (Between Groups)
M SEM M SEM

Cortisol (mmol/L) 1.37 0.358 0.83 0.119 0.612 0.227
ALB (g/L) 20.85 1.257 24.85 1.046 0.201 0.017
AST (IU/L) 49.51 2.666 57.37 2.755 0.543 0.048
GGT (IU/L) 10.46 1.555 6.50 0.519 0.487 0.017

NEFA (mmol/L) 0.16 0.008 0.14 0.006 0.199 0.049

PG+ = pregnant cows; PG− = non-pregnant cows; M = mean; SEM = standard error of the mean of a sample; ALB = albumin; AST =
aspartate aminotransferase; GGT = gamma glutamyltransferase; NEFA = non-esterified fatty acids.

3.3. The Relationship of Cow Pregnancy with Milk and Blood Parameters

There were 1.7-fold more cows with cortisol > 0.0.75 mg/dL in the PG− group com-
pared with the PG+ group but also 1.7-fold fewer cows with cortisol < 0.45 mg/dL (Figure 1A).
PG+ cows tended to have higher blood ALB levels compared with the PG− group (p = 0.008).
Cows with ALB < 21 g/L accounted for 27.3% in the PG+ group (there were 2.1 times fewer
in the PG− group). The recommended ALB level was set for a 1.3 times higher number of
cows in the PG+ group compared with the PG− group. On the other hand, 9.1% of cows
with ALB > 36 g/L were found in the PG+ group while there were no such cows in the PG−
group (Figure 1B). There were 1.2 times more cows with AST < 78 U/L (p = 0.117) in the
PG+ group compared with the PG− group. The chi-squared independence test (Figure 1),
in which a question was asked about the relationship between the pregnancy of cows
and the level of AST, did not show a statistically significant relationship (Figure 1C). PG+
cows tended to have a lower GGT (Figure 1D). If there were 50% of such cows in the PG−
group, then in the PG+ group there were twice as many. There were four times more cows
with NEFA > 0.320 mmol/L (p = 0.031) in the PG− group compared with the PG+ group
(Figure 1E).



Agriculture 2021, 11, 334 6 of 11
Agriculture 2021, 11, x FOR PEER REVIEW 6 of 11 
 

 

 

 

 

 

 

Figure 1. Frequency of PG+ and PG− cows by level of metabolic blood profile indicators: (A)—cows ℅ by cortisol level; 
(B)—cows ℅ by albumin level; (C)—cows ℅ by aspartate aminotransferase level; (D)—cows ℅ by gamma glutamyltrans-
ferase level; (E)—cows ℅ by non-esterified fatty acids level; ALB = albumin; AST = aspartate aminotransferase; GGT = 
gamma glutamyltransferase; NEFA = non-esterified fatty acids; PG+ = pregnant cows; PG− = non-pregnant cows. 

When analyzing the dependence of cow pregnancy success and studied milk indica-
tors (Figure 2), a statistically significant relationship was found only with milk BHB and 
EC (p < 0.001). The number of cows with BHB ≤ 0.06 mmol in the PG+ group was 2.6 times 
higher than in the PG− group (Figure 2B). The analysis showed that relatively low EC 
levels in milk (3.5–5.0 mS/cm) were found in the studied cows (Figure 2B). The PG+ group 
had a 1.6-fold higher number of cows (p < 0.001) with a low EC (3.5–3.9 mS/cm) compared 
with the PG− group. In the PG− group, more (1.4–1.5-fold) cows were found with a larger 
EC difference between udder quarters in milk (Figure 2E) and also a larger MY (Figure 
2A). 

A multivariable logistic regression analysis showed that cows with a higher ALB ac-
tivity in the blood were less likely (OR = 4.230; 95% CI = 1.635–10.946, p = 0.003) to become 
pregnant (p = 0.049). We also found that at relatively low EC levels in milk, cows were 
more likely to become pregnant (OR = 4.230; 95% CI = 1.635–10.946, p = 0.01) when their 
milk ECs were higher and met recommended levels [14]. 

Figure 1. Frequency of PG+ and PG− cows by level of metabolic blood profile indicators: (A)—cows

1 
 

℅ by cortisol level; (B)—
cows

1 
 

℅ by albumin level; (C)—cows

1 
 

℅ by aspartate aminotransferase level; (D)—cows

1 
 

℅ by gamma glutamyltransferase
level; (E)—cows

1 
 

℅ by non-esterified fatty acids level; ALB = albumin; AST = aspartate aminotransferase; GGT = gamma
glutamyltransferase; NEFA = non-esterified fatty acids; PG+ = pregnant cows; PG− = non-pregnant cows.

When analyzing the dependence of cow pregnancy success and studied milk indicators
(Figure 2), a statistically significant relationship was found only with milk BHB and EC
(p < 0.001). The number of cows with BHB ≤ 0.06 mmol in the PG+ group was 2.6 times
higher than in the PG− group (Figure 2B). The analysis showed that relatively low EC
levels in milk (3.5–5.0 mS/cm) were found in the studied cows (Figure 2B). The PG+ group
had a 1.6-fold higher number of cows (p < 0.001) with a low EC (3.5–3.9 mS/cm) compared
with the PG− group. In the PG− group, more (1.4–1.5-fold) cows were found with a larger
EC difference between udder quarters in milk (Figure 2E) and also a larger MY (Figure 2A).
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A multivariable logistic regression analysis showed that cows with a higher ALB
activity in the blood were less likely (OR = 4.230; 95% CI = 1.635–10.946, p = 0.003) to
become pregnant (p = 0.049). We also found that at relatively low EC levels in milk, cows
were more likely to become pregnant (OR = 4.230; 95% CI = 1.635–10.946, p = 0.01) when
their milk ECs were higher and met recommended levels [14].

4. Discussion

We found that in-line milk BHB levels in non-pregnant multiparous dairy cows at
first service was 1.2 times higher than in pregnant cows. Animals with an elevated blood
BHB had lower pregnancy success at first artificial insemination than healthy cows [3].
However, a decrease of pregnancy success within 70 days post-voluntary waiting period
was reported by Ospina et al. [14]. Moreover, a greater number of inseminations per
pregnancy (2.8 vs. 2.0, respectively), a lower peak activity (35% less activity), a shorter
activity at oestrus (14% less hours) and a longer interval from calving to first observed
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oestrus also prolonged days open for multiparous cows in cows with ketosis than in healthy
cows [15]. The mean predicted blood BHB of cows with ketosis was higher in early [16]
lactation but decreased rapidly with the stage of lactation toward the level found in more
healthy cows [8]. Subsequent studies revealed that there was an association between
excessive negative energy balance (NEB) and decreased reproductive performance [17]
According to the milk BHB results we can state that non-pregnant cows had a higher risk
of ketosis.

According to our results, the in-line electrical milk conductivity of non-pregnant cows
was 1.06–1.07 higher. Norberg et al. [18] aimed to evaluate the accuracy of electric milk
conductivity (EMC) for predicting infection status; it also has some potential in terms
of detecting mastitis. EMCs are parameters for the detection of mastitis in dairy farms
equipped with in-line sensors [19]. During mammary tissue inflammation, the osmotic
balance is maintained by an increase of Na+ and Cl−; in particular, Na+ derived from
the highly Na+ concentrated extracellular environment is the main ion responsible for the
increase of the electrical conductivity [20]. Based on that, we can suspect that non-pregnant
cows have a greater risk of mastitis.

Our results of the blood biochemical parameters of non-pregnant cows showed that
the GGT activities and NEFA values were higher and the albumin concentration was lower.
We found that pregnant cows tended to have a higher blood albumin concentration. In
dairy cows in the puerperium, a certain degree of fatty liver is noticed, which leads to the
dysfunction of organs, releasing the enzymes of hepatocytes. Thus, the GGT activity in the
blood increases significantly [21]. The strong association between NEFA concentrations and
reproductive performance is likely because of the more direct physiological relationship
between NEFA concentrations and a NEB [22]. The concentration of NEFA increases
because of lipolysis, which is positively stimulated by glucagon [23]. According to Yang
et al. [24], increased serum GGT may be a marker of oxidative stress, which is strongly
associated with hypertension, dyslipidemia and an abnormal glucose tolerance. Albumin
can be considered to be a negative acute-phase protein [25] with subnormal concentrations
indicating an impaired liver function following a diverted synthesis to positive acute-phase
proteins [26]. A low level of serum albumin may be associated with hepatocyte dysfunction,
fat infiltration, degeneration and damage to liver tissue [27]. Albumins are also negative
acute-phase proteins and their low serum levels can be found in various acute or chronic
inflammations [28]. In the cows tested, slightly reduced serum albumin levels may have
been caused by testing and a slightly reduced feed intake, which only confirmed the need
to monitor the internal homeostasis of high-yielding animals [29].

Considering the data of our study, the AST was significantly lower in PG− compared
with PG+ but the GGT activity was higher. This can be explained as the AST acts as a non-
specific liver enzyme and is not inevitably accompanied by liver damage but often appears
in connection with puerperal disorders. Increased AST activities were also measured
shortly before and after normal parturition in cows and can be explained by the caruncle
transformation and their degradation. Higher levels of AST enzymes were also recorded
with a higher rate of muscle cell damage caused by the mobilization of body reserves [22].

Our results described in this study showed that the non-pregnant group had a negative
energy balance demonstrated by high in-line milk BHB and high blood NEFA concentra-
tions. Several studies have reported that a NEB as measured by NEFA or BHB has a strong
association with reproductive performance. NEFA and BHB have a detrimental effect on
reproductive performance [8]. In the early postpartum period, dairy cows resynthesize fat
and muscle to support lactation and this in turn alters the blood metabolic and hormone
profiles, which affects milk yield and fertility [16].

In our study we found a greater number of cows with cortisol > 0.0.75 mg/dL in the
non-pregnant group. According to Burnett et al. [30] chronic and acute stress can trigger
disruptions in reproductive function. Chronic stress is linked to disruptions in the pulsatile
pattern of gonadotropin-releasing hormone (GnRH) and the consequent impairment of
estrous behavior expression [31]. Stressors such as isolation, transport and restraint (acute
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causes) have been found to interfere with the endocrine events preceding ovulation and
thus results in ovulation failure [32].

According to our results we found a positive correlation between LDH and milk EC at
udder quarter level and BHB. In the AMS, the sensors that measure electrical conductivity
are the most commonly used to detect mastitis. These sensors can continuously measure
the concentration of ions in milk during the milk harvesting process, albeit with variable re-
sults [33]. Although lactate dehydrogenase testing at present is only commercially available
in Herd Navigator, it is currently used for the automatic detection of mastitis [34]. Accord-
ing to Khatun et al. [33] LDH activity was strongly associated with mastitis. Subclinical
ketosis is a risk factor for subsequent diseases and has been associated with mastitis. It has
been demonstrated that BHB concentrations exceeding thresholds of 1.1 and 1.6 mmol/L
are associated with a decreased probability of pregnancy and an increased culling risk,
respectively [35]. According to our results we found that the Herd Navigator system does
not just take a role as a novel tool for scientific research but could also be used in manag-
ing cow reproduction from a practical point. An in-line system automatically provides
real-time physiological information for farm management decisions [3]. We confirmed the
hypothesis that that in-line measurements could be predictive of the fertility status in dairy
cows. By monitoring in-line parameters from the Herd Navigator such as BHB and EMC
we could predict reproductive success in multiparous first service dairy cows. Our results
suggest paying attention to non-pregnant cows having a higher risk of a negative energy
balance and mastitis greatly affected by oxidative stress.

5. Conclusions

According to the results of the current study, we can conclude that the prediction of
reproductive success in multiparous first service dairy cows by parameters from in-line
sensors can be achieved through in-line biomarkers such as BHB and EMC. BHB levels
were 1.2 times higher and electrical milk conductivity was 1.06–1.07 times higher in non-
pregnant cows compared with pregnant cows. We also found that cows in the non-pregnant
group had a negative energy balance indicated by high milk BHB and high blood NEFA
concentrations. Higher milk EMC in the non-pregnant cows pointed towards a greater
risk of mastitis while higher GGT activities together with lower albumin concentrations
indicated that the cows were more affected by oxidative stress. More cows with a higher
cortisol concentration in the non-pregnant cow group indicated the negative impact of
stress on pregnancy success.
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