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Simple Summary: In modern cow farms, the use of automatic milking systems makes it possible to
detect cow diseases by analyzing AMS registered biomarkers. The aim of this study was to evaluate
the relationship of an inline registered milk lactose concentration with biomarkers from AMS and
some blood gas parameters and to determinate milk lactose concentration as indicator of health
status in fresh dairy cows. However there is lack of information about how an inline registered
lactose concentration form AMS can work as indicator of health status on fresh dairy cows.
According this we hypothesized the possibility that inline registered milk lactose concentration can
act as indicator for the health status in fresh dairy cows. In these studies cows with higher lactose
concentration were more active and had less risk of mastitis and metabolic disorders according to
fat and protein ratio (F/P). In contrary low levels of lactose can be an indicator of mastitis and
metabolic disorders (Subclinical ketosis, SARA) according to F/P.

Abstract: In this study pH, temperature of the contents of the forestomach of cows and cow activity
were measured using specific smaXtec boluses manufactured for animal care. Rumination time,
body weight, milk yield, milk fat/protein ratio, milk lactose, milk somatic cell count, milk electrical
conductivity and conception of concentrates were registered with the help of Lely Astronaut® A3
milking robots. The following parameters were obtained: base excess in blood, partial carbon
dioxide pressure, partial oxygen pressure, bicarbonate, hydrogen potential, total carbon dioxide
carbon, base excess in extracellular fluid, sodium, calcium, potassium, packed cell volume,
chlorides, hemoglobin concentration and lactate. According to the concentration of lactose in milk,
cows were grouped into two groups: group 1 - milk lactose <4.70% (n = 20), group 2 - milk lactose >
4.70% (n = 15). Data of cows were also divided by milk fat and protein ratio: F/P<1.2 (class 1),
F/P=1.2 (class 2) and F/P>1.2 (class 3). According our results we can conclude that inline registered
milk lactose concentration can be used as indicator for the health status of fresh dairy cows. Cows
with higher lactose concentration (> 4.70%) developed more activity (54.47%) and had less risk of
mastitis (lover milk EC, and SCC) and metabolic disorders according to F/P. Cows with higher
lactose concentration showed higher glucose concentrations. Low level of lactose can be used as
indicator of mastitis (milk SCC > 100 thousand/ml) and metabolic disorders according to F/P.
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1. Introduction

Precision livestock farming (PLF) might be defined as “real-time monitoring technologies
aimed at managing the smallest manageable production unit, otherwise known as the ‘sensor-based’
individual animal approach”. PLF technology clearly has great potential to create added value for
many stakeholders, especially as a management tool for farmers, making it possible to improve
animal welfare, health, efficiency and the environmental impact [1]. One part of PLF is automatic
milking systems (AMS). AMS and automatic milking rotary (AMR) parlors represent the most recent
technological efforts, offering the potential for frequent milking events without depending on
human labor. To date, scientific research has examined various aspects of AMS technology and its
effect on milk quality, herd health, welfare, behavior, and management [2]. Automatic sensors,
particularly those that monitor udder health, milk production, reproductive status, feed intake and
body weight (BW) changes provide detailed information about each cow, which was not easily
obtained with previous management and milking systems [3]. As a result, the health and production
of individual animals can be monitored in greater detail. The milking robot is a classical PLF
application and one of the types of AMS: the smallest manageable production unit in this case is one
single quarter of an udder [4]. Simulation-optimization based on animal behavior was developed for
robotic milking farms at the beginning of this century [5]. In robotic milking the following
parameters are usually recorded: milk content, milk protein, milk fat, milk lactose, electrical
conductivity and somatic cell count. It is the major bovine milk solid, and its synthesis and
concentration in milk are affected mainly by udder health and the cow’s energy balance and
metabolism. Because this milk compound is related to several biological and physiological factors,
information on milk lactose in the literature varies from chemical properties to heritability and
genetic associations with health traits that may be exploited for breeding purposes [6]. Several
studies have investigated the relationship of lactose content with fertility [7]. It is prescribed that
lactose percentage seemed a good predictor of days to first and second postpartum ovulation [8].
Higher lactose percentage was associated with increased pregnancy rate [9] and higher lactose
percentage in first 8 weeks postpartum was related to early luteal response in second-parity cows
[10]. Fat to lactose ratio has been shown to be an indicator of subclinical and clinical ketosis [11] and
the most informative trait for estimation of energy balance [12]. It has been reported that milk lactose
concentrations decrease and SCC increases during clinical and subclinical mastitis [13]. The lactose
concentration of milk could be used as an indicator of mastitis, since it clearly decreases during
inflammation [13]. Monitoring the lactose levels may help in the quality control and management of
farms, helping in the identification of low quality milk [14] and energy inefficiencies [15, 16].

2. Materials and Methods

2.1. Location, animals and experimental design

The study was conducted during the summer period from 2019.09.01 to 2019.10.01. The
experiment was carried out on a dairy farm in the central region of Europe at 56 00 N, 24 00 E. 35
Fresh Lithuanian Black and White dairy cows (1 — 30 days after calving) were selected according to
having had two or more lactations (on average 2.9+0.13 lactation) and being clinically healthy. The
average BW of all cows was 649.14+18.92 kg, and the level of milk SCC less than 200 thousand/ml.
The cows were kept in a loose housing system and fed total mixed ration (TMR) twice daily, at 06:00
h and 18:00 h. A typical total mixed ration for high-producing, multiparous cows that consisted
primarily of 50% grain concentrate mash, alfalfa hay (13 proc. protein), 10% grass silage, sugar beet
pulp silage, 30% corn silage, 4% grass hay wheat straw and compound feed. To be able to motivate
the cows to visit the milking robot, a total of 2 kg of daily concentrates were fed to them by the
milking robot. The average cow production was 40.94+1.07 kg milk/day.

2.2. Measurements
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The pH values, temperature of the contents of the forestomachs of cows and cow activity were
measured using specific smaXtec boluses manufactured for animal care. SmaXtec animal care
technology® enables the continuous real-time display of data such as ruminal pH and temperature.
According to the directions of the manufacturer, the boluses were inserted into the forestomachs of
the cows investigated with the help of a specific tool. The data was measured with the help of
specific antennas (smaXtec animal care technology®). For monitoring the forestomachs pH, an
indwelling and wireless data transmitting system (smaXtec animal care GmbH, Graz, Austria) was
used. The system was controlled by a microprocessor. The data (pH temperature) was collected
using an analogue-to-digital converter (A/D converter) and stored in an external memory chip. Due
to its dimension (length: 12 cm, width: 3.5 cm, weight: 210 g), this indwelling system can be orally
administered to an adult cow and is shock-proof and resistant to rumen fluid. Calibration of the
pH-probes was performed using pH 4 and pH 7 buffer solutions at the beginning of the experiment.
The data were read every 10 minutes daily. All data was obtained by smaXtec messenger® computer
software.

The cows were milked with Lely Astronaut® A3 milking robots with free traffic. To be able to
motivate the cows to visit the robot, a total of 2 kg/d of concentrates were fed to them by the milking
robot. Rumination time (RT), body weight (BW), milk yield (MY), milk fat/protein ratio (F/P), milk
lactose (L), milk somatic cell count (SCC), milk electrical conductivity (EC) of all quarters of udder
(front left (FL), front right (FR), rear left (RL), rear right (RR)), and conception of concentrates were
registered with the help of Lely Astronaut® A3 milking robots.

Blood samples for measuring biochemical and blood gas indices were taken one time from the
coccygeal vessels. Blood samples were taken at 10:00 am, prior to the start of feeding. Blood samples
for measuring blood gas were collected in vacuum tubes with lithium heparin (BD Vacutainer®,
Great Britain) and blood samples for measuring biochemical indices were collected into vacuum test
tubes without additives (BD Vacutainer®, Great Britain). The collected blood samples were stored in
an ice bath until all samples were taken.

Blood gas was analyzed using Epoc blood gas analyzers (EPOC, Canada). The following
parameters were measured: partial oxygen pressure (PO2), hydrogen potential (pH), sodium (Na),
calcium (Ca), potassium (K), packed cell volume (PCV), lactate (Lac) and glucose (Glu).

For blood biochemical testing, blood samples were delivered for examination to the Large
Animal Clinic's Laboratory of Clinical Tests at the Veterinary Academy of the Lithuanian University
of Health Sciences, and were centrifuged for seven minutes at a speed of 3.000 rpm. The blood serum
that was obtained was examined using the Hitachi 705 analyser (Hitachi, Japan), and DiaSys
reagents (Diagnostic Systems GmbH, Germany), determining the concentrations of blood serum
albumin (Alb), urea (Urea), iron (Fe), alanine aminotransferase (ALT), aspartate aminotransferase
(AST).

The research was performed according to the provisions of the Law of the Republic of Lithuania
No. 8-500 on Protection, Keeping and Use of Animals, dated 06/11/1997 (Valstybeés Zinios (official
gazette) No. 108 dated 28/11/1997) and orders of the State Veterinary Service of the Republic of
Lithuania on Breeding, Care, Transportation of Laboratory Animals (No. 4-361, dated 31/12/1998)
and Use of Laboratory Animals for Scientific Tests (No. 4-16, dated 18/01/1999). The study’s
approval number was PK016965.

According to the concentration of lactose in milk, cows were grouped into two groups: group 1
- milk lactose <4.70% (n = 20), group 2 - milk lactose > 4.70% (n = 15).

Data of cows were also grouped by milk fat and protein ratio: F/P<1.2 (class 1), F/P=1.2 (class 2)
and F/P>1.2 (class 3).

2.3. Data analysis and statistics

The statistical analysis of data was performed using the SPSS 25.0 (SPSS Inc., Chicago, IL, USA)
program package. Mean values recorded by milking robots (RT; BW; MY; F/P; L; SCC; EC) average
from 30-day period were used in the study. Using descriptive statistics, normal distributions were
assessed using Kolmogorov-Smirnov test. The results were expressed as the mean + standard error
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of the mean (M+SE). Differences in mean values of normal distributed variables were analyzed using
Student’s t-test. A probability of less than 0.05 was considered reliable (P-value <0.05).

The Pearson correlation (r) was calculated to define the linear relationship of milk lactose with
forestomach parameters like pH and temperature (T) as well as biomarkers from AMS: milk yield
(MY), milk fat, milk protein and milk fat and protein ratio (F/P), electrical conductivity of milk (EC)
at udder quarters level (left front, right front, left rear, right rear), activity of cows, rumination time
(RT) and consumption of concentrates (CC). The relationship between the SCC class of milk
(5CC<100 thousand/ml or SCC>100 thousand/ml) and a group of cows by milk lactose level was
evaluated using Pearson’s x2 test.

A binary logistic regression method was performed using milk lactose level as a dependent
variable to predict the relationship with SCC and F/P levels in cow’s milk. Estimates were used to
calculate odds ratios (ORs).

3. Results

The average productivity of cows was 40.94+1.07 kg milk, milk fat concentration - 4.46+0.106%,
milk protein - 3.66+0.034%, milk lactose - 4.65+0.009%, milk fat and protein ratio - 1.22+0.029.
3.1. The relationship between the level of milk lactose and milk characteristics of cows

The lactose content in milk of cows was statistically significantly positively related to the
content of milk protein (r = 0.436; P <0.05) and negatively correlated with EC of milk (r = -0.695 -
0.993; P <0.001). The correlations of milk lactose with MY, milk fat, and F/P were slightly positive
(0.091-0.170), but statistically unreliable (Fig. 1).
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Figure 1. Milk characteristics of cows by milk lactose level.

Productivity in the cows of the 1st group was 10.26% lower and the milk fat and protein ratio
was 9.59% lower. In the milk of cows of the 2" group there was less milk fat and protein (1.09 and
1.02 times), but the differences between the average for these indicators of milk were not statistically
significant.

The electrical conductivity level of milk in group 1 was higher in all quarters of the udder
compared to cows in group 2 (Fig. 2) from 5.66% (rear right quarter) to 9.72% (front right quarter),
and differences between groups in EC means of milk in all udder quarters were statistically
significant (P<0.001).
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Figure 2. Electrical conductivity of cows milk at the level of udder quarters (uS/cm): EC1 - rear right,
EC2 - rear left, EC3 - front right, EC4 - front left.

A statistically significant relationship between group of cows and level of SCC in milk has been
estimated (P<0.001). In group 1 we found 59.52% more cows with milk SCCz100 thousand/ml (Table
1). A binary regression analysis showed that milk lactose <4.70% statistically reliable increased the
risk of subclinical mastitis in dairy cows (OR=15.583, P=0.001).

Table 1. Relationship of milk SCC with milk lactose level.

Milk SCC level (thousand/ml) Cows %
Group 1 Group 2
SCC<100 21.43 80.95
SCC>100 78.57 19.05

x2=12.153, DF =1, P<0.001
Cows with lactose <4.70% in milk were also found to be more prone to the risk of subclinical
acidosis or ketosis (OR = 2.00, P = 0.376). The cows of the first group with SARA signs accounted for
33.33% more animals in the mentioned SARA class (F/P <1.2) than the cows of the second group. We
also found that in F/ P> 1.2 class there were 9.09% more cows of the first group, and in this class with
signs of subclinical ketosis, the total number of cows of the second group was 54.55% (Fig 3).

Cows %

F/P<1.2 F/P=1.2 F/P>1.2

= Milk lactose <4.70% = Milk lactose > 4.70%
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Figure 3. Relationship of milk fat to protein ratio (F/P) with milk lactose level.

From our investigation, 50% of cows in the first group had a risk of mastitis (milk SCC > 100
thousand/ml) and at the same time - a risk of metabolic disorders according to F/P. None of the cows
in the second group had this risk of both diseases.

3.2. The relationship between the level of milk lactose and biomarkers from AMS

The average forestomach pH of all cows was 6.42+0.002, forestomach temperature - 38.83+0.041
°C, activity - 9.913+0.656 steps/hour, RT- 441.14+12.58 min/d.

Forestomach pH in group 2 was 2.52% higher (P<0.001), level of activity - 54.47% higher
(P<0.001), rumination time - 9.86% longer compared to cows of group 1 (Table 2).

Table 2. Indicators of forestomach, RT, activity of cows and their relationship with milk lactose.

Group of .. Forestomach Forestomach RT, Activity of cows,
Statistic o .
COWS pH T°C min/d. steps/hour

1 M 6.34 38.84 467.40 8.39
SE 0.291 0.113 34.230 1.006

5 M 6.50*** 38.82 421.33 12.96%**
SE 0.302 0.263 49.600 4.186

Correlation 0.762* 0.130 -0.296 0.751"

*P<0.05, **P<0.01, **P<0.005

Milk lactose highly positively related with forestomach pH and activity of cows (P<0.01).

3.3. The relationship between the level of milk lactose and blood indicators of cows

In group 2 higher concentrations of K, Fe, Lac, Urea, ALB, higher activities of ALT and AST,
higher levels of pOz, urea, pH, PCV and lower Na as well as Ca were calculated. In group 2 Glu was
statistically higher (P<0.05).

As the data in table 3 show, milk lactose was negatively correlated with Na in the blood.
Statistically significant positive correlations of lactose were calculated with blood K, Fe, ALB, ALT,
AST, urea (P<0.01) and glucose (P <0.05).

Table 3. Blood indicators and their relationship with milk lactose.

Group 1 Group 2
SE M SE
Na (mmol/I) 137.80 1.020 137.00 1.155 -0.505**
K (mmol/l) 400 0148 433 0.120 0.486™*
Ca (mmol/l) 116  0.024 1.127 0.047 0.011
Fe (umol/l) 23.60 2440 3153 6.14 0.585**
Glu (mmol/l) 270 0145 2.867* 0.233 0.422
Lac (mmol/I) 1.80 0691 196  0.306 0.050
ALB (g/) 3541 0742 3798 1.173 0.790**
ALT (TV/1) 29.20 2.035 3233 4.333 0.673**
AST (TV/1) 92.00 13.012 102.67 23.695 0.578**
Urea (mmol/l) 589 0278 615 0.111 0.459**
pH 742 0.030 7421 0.029 -0.256
pO2 mmHg 79.50 29.522 45.500 15.432 -0.263
PCV (fraction) 24.00 1.304 25,6  2.028 0.279

*P<0.05, **P<0.01

Blood indicators Correlation

4. Discussion

d0i:10.20944/preprints202009.0331.v1
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In current study we hypothesized the possibility that inline registered milk lactose
concentration can be an indicator for the health status in fresh dairy cows. Lactose, EC and their
combination were the most accurate variables to detect mastitis on dairy farms equipped with
in-line sensors. Clinical (CM) and subclinical (SCM) mastitis influence the quantity and quality of
milk and therefore they are of major economic concern for the dairy industry. Early detection of
mastitis (especially SCM) can improve animal welfare and the quality of milk production, and
increase economic gains. According the current study, we found that with increase of the
concentration of lactose, possibility of mastitis decreases (lower milk EC, and SCC). The
concentration of lactose has been reported to be influenced by high milk somatic cell counts (SCC).
Berglund et al. [17] observed that an increase from 31,000 to 450,000 somatic cells mL-1 reduced the
lactose content from 4.86 to 4.69 %. This was due to a reduction in lactose secretion [18] and loss of
lactose to the bloodstream because of increased permeability of the tight junction [19]. Substantial
reductions in the lactose levels were correlated with the increase in SCC, as observed in the factor
analysis, in which the lactose content had contrary relationship with SCC [20]. Phenotypic and
genetic correlations of -0.774 and -0.227 between the lactose content and SCS were estimated by
Lindmark-Maénsson et al. [21] and Miglior et al. [22], respectively. The increase in SCC, which is an
indicator of clinical and subclinical mastitis, decreases the lactose levels in milk, due to changes in
the homeostasis of mammary glands [23], increasing the blood concentration of lactose [24].
According Leitner et al. [25] blood lactose is increased in cases of subclinical mastitis and, in a more
pronounced way, in clinical mastitis. However, in subclinical mastitis the integrity of tight junctions
is partly maintained. Leitner et al. [18] argued that the lower concentration of lactose in cows with
intramammary infection was also related to the reduction in the secretion of lactose by further
conversion of plasminogen to plasmin. Ebrahimie et al. [26] found that milk lactose concentrations
decrease and SCC increases during clinical and subclinical mastitis. Few studies by other scientists
say that lactose, SCC and milk electrical conductivity has been widely reported to be one of the most
informative traits for mastitis diagnosis [27, 28]. According to a study conducted by Costa et al. [29],
mastitis genetically correlated with milk lactose yield.

The results in this study indicate that cows with a low lactose (<4,70%) and F/P ratio in the
interval (< 1; > 2) in milk reliable increased the risk of metabolic disorders (subclinical ketosis and
acidosis). Toni et al. [30] also found that the F/P interval (<1;> 2) in milk is a valuable indicator of
lipo-mobilization and the negative energy balance in postpartum cows. According Ganter et al. [31]
due to a negative energy balance at the beginning of lactation, the milk fat content tends to increase,
while the milk protein content tends to decrease, which makes the F/P ratio a good indicator in
metabolic disorder detection.

We found, that cows with higher lactose concentration, were more active (54.47%), and had less
risk of subclinical acidosis (SARA) (2.52 % higher forestomach pH, and 9.86% longer rumination
time). Antanaitis et al. [32] reported that cows with acidosis showed lower activity than healthy
cows. According Church [33] increased time ruminating enhances the saliva production. Saliva
contains inorganic buffers, that contribute to the neutralization of the organic acids produced during
fermentation in the rumen [33, 34]. Corresponding few studies, the rumen fluid pH that defines
SARA is still a controversial issue [35], however in previous studies [36, 37, 38] a decrease in rumen
pH below 6 indicates the occurrence of SARA. Agreeing Antanaitis et al. [39] cows affected by SARA
have been shown to have reduced rumination time.

According blood biochemical parameters relation with lactose concentration, we found that
cows with higher lactose concentration have higher glucose concentration. Our results are in
agreement with the results of studies [40, 15], which state that as blood glucose levels increase, milk
lactose levels also increase. Mammary tissue of dairy cows extracts ~20% of glucose from blood [15,
29]. According to Costa et al. [29] milk lactose is the main carbohydrate in mammals' milk, and it is
responsible for the osmotic equilibrium between blood and alveolar lumen in the mammary gland.
The differences between the seasons affect the food intake, metabolism of nutrients, and therefore,
the availability of glucose, which is the substrate for the synthesis of lactose [15, 16], with
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consequently impacts the milk yield and composition. The supply of glucose for lactose synthesis
increases dramatically in the mammary gland of lactating animals [41].

In previous studies, we have determined the heritability coefficient for milk lactose (h?=0.279)
and a negative genetic correlation (rg=-0.43; p<0.01) with milk somatic cells [42]. Data from this study
also confirmed that higher levels of lactose in cows' milk are associated with a lower risk of mastitis.

Lactose is a major osmotic component of milk and is a major driver of water secretion into milk.
Thus, a lower lactose content results in smaller volume of milk produced [28].

5. Conclusions

According our results we can conclude that inline registered milk lactose concentration can be
an indicator for the health status in fresh dairy cows. Cows with a higher lactose concentration (>
4.70%) were more active (54.47%) and had less risk of mastitis (lover milk EC and SCC) and
metabolic disorders according to F/P. Cows with higher lactose concentrations show higher glucose
concentrations. Low level of lactose can be an indicator of mastitis (milk SCC > 100 thousand/ml)
and metabolic disorders (Subclinical ketosis, SARA) according to F/P.
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