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The milk fat-to-protein ratio (FPR) is a valuable indicator of metabolic health in
dairy cows, especially during early lactation when cows are most susceptible to
negative energy balance. This study aimed to evaluate the relationship between
FPR, milk composition, blood biochemical parameters, and behavioral indicators in
early-lactation Holstein cows. Twenty-seven cows between 9 and 59 days in milk
were monitored and categorized into three groups: low-grade ruminal acidosis
(LGRA; FPR < 1.2), healthy (H; FPR 1.2-1.5), and subclinical ketosis (SCK; FPR >
1.5). Milk composition was assessed in real time using the Brolis HerdLine in-line
analyzer, while rumination time, reticulorumen temperature, water intake, and activity
were recorded using SmaXtec boluses. Blood samples were collected weekly to
analyze metabolic and biochemical parameters. Cows in the SCK group exhibited
significantly lower milk lactose and protein concentrations, shorter rumination time,
lower iron levels, and higher milk fat content, NEFA concentrations, and activity
levels compared to the LGRA and healthy groups. The study demonstrated that
elevated FPR is associated with metabolic and behavioral changes indicative of
subclinical metabolic disorders, particularly subclinical ketosis. The integration of
real-time milk composition data, behavioral monitoring, and blood biochemical
analysis enables a comprehensive and non-invasive approach for early detection
and management of metabolic imbalances in dairy herds. This study highlights
the potential of precision monitoring technologies to improve animal welfare
and productivity by supporting proactive herd health management.

KEYWORDS

dairy cows, innovative technologies, fat-to-protein ratio, rumination, locomotion

1 Introduction

Rising world population is leading to a continuous increase in milk demand. Developed
countries consume more dairy products than developing nations. To keep up with this growing
demand, improved technological approaches are essential for boosting milk yield (1).
Advancements in information technology have enabled the use of sensors to monitor cattle
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behavior, allowing for automatic and continuous observation. This
approach is more efficient and less invasive compared to traditional
manual monitoring methods (2, 3). Feeding behavior serves as a vital
indicator of growth and health in cattle. Among these behaviors,
rumination time and eating are the most direct and reliable traits for
assessing the animal’s overall health condition (4). Milk composition
in dairy cattle plays a vital role, particularly in terms of animal health,
overall productivity, and the nutritional value of the milk (5). The
Brolis HerdLine in-line milk analyzer (Brolis Sensor Technology,
Vilnius, Lithuania) is an advanced spectroscopic sensor that measures
lactose content and fat-to-protein ratios in bovine milk. This compact,
reagent-free device provides real-time, continuous monitoring of milk
composition during milking and can be integrated into milking stalls
or automated systems with minimal maintenance (5).

Milk composition is influenced by substances derived from both
blood and feed (6). Understanding the connections among
components in feed, blood, and milk is important for accurately
assessing the health and productivity of dairy animals (5).

The FPR in dairy cows is a key indicator of their energy balance
and overall health, especially during the period of negative energy
balance (NEB) after calving (7). Cows exhibiting suboptimal body
condition score, particularly lower values during early lactation, were
at increased risk of premature culling (8). The milk fat-to-protein ratio
(FPR), calculated as the quotient of milk fat concentration to milk
protein concentration, reflects the cow’s physiological status by
integrating signals from both milk protein synthesis and body fat
mobilization. This makes it a valuable tool for assessing the animal’s
energy reserves available for maintenance and milk production (9).
Cattle ketosis is a metabolic condition that adversely affects milk
production and its components, notably influencing the fat-to-protein
ratio. Elevated levels of ketone bodies, particularly s-hydroxybutyric
acid (BHB), serve as a primary indicator of the disorder. In cases of
subclinical ketosis (SCK), the FPR in milk frequently exceeds 1.4:1,
reflecting the metabolic disturbances present in the cow (10). FPR
exceeding 1.38 is associated with a 2.1-fold increase in the risk of
clinical ketosis in cows. When the FPR surpasses 1.5, the likelihood of
developing ketosis becomes even higher (11). Ketosis in cows most
commonly occurs within the first two months of lactation (10). It was
found that the FPR can be used as a non-invasive marker of metabolic
health, especially in relation to acidosis. Their study showed that a
higher FPR was associated with a reduction in milk yield by 4.97 kg/
day. This effect was mostly pronounced between 5 and 30 days in milk
(DIM), during which the average FPR was 1.32 + 0.30 (12).

The connection between acidosis, ketosis, and rumination time in
dairy cows is well-documented in the literature. Both SCK and
subclinical acidosis (SCA) have been found to negatively influence
rumination time. Specifically, cows with SCK showed a significant
17.47% decrease in rumination time, along with changes in their
eating and chewing behaviors, highlighting the considerable impact
of SCK on these vital activities (12). Ketosis is closely linked to
reduced activity in dairy cows, especially during the transition period
when they are most prone to metabolic issues. SCK often leads to
lower activity levels, which can decline up to five days before clinical
signs appear. That makes activity monitoring a useful early indicator
of health problems (13). SCA impacts cow activity, with affected cows
showing a significant decrease in walking time and other activity-
related measures (12, 14). This study hypothesized that the milk FPR
is significantly associated with changes in blood biochemical
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parameters, milk composition, and behavior in early-lactation cows,
and may serve as an early marker of subclinical metabolic disorders.
The aim was to evaluate the relationship between FPR and selected
blood biomarkers, milk traits, and behavioral indicators using real-
time data from in-line milk analyzers and intraruminal sensors.

2 Materials and methods
2.1 Animal housing conditions of this study

The study was conducted on a Lithuanian university of health
sciences Practical Training and Research Center and large animal
clinic, located in the central part of Lithuania in the eastern region of
Europe. The attempt started on February 7th, 2025, and lasted until
February 27th, 2025. Holstein dairy cows were selected for research.
For this study, out of a total of 109 Holstein cows, we selected 27 (16
primiparous and 11 multiparous) cows for detailed monitoring. These
cows were between 9 and 59 days in milk (DIM), with an average of
28 DIM. The animals were kept in a loose housing system and were
fed a total mixed ration (TMR) year-round, formulated to meet their
physiological needs. Lactating cows received a TMR consisting of
approximately 31% corn silage, 10% grass silage, 4% grass hay, 49%
grain concentrate mash, and 6% mineral mixture on a dry matter
basis. The diet was designed to meet or exceed the nutritional
requirements of a 550 kg Holstein cow producing 35 kg of milk per
day. The ration contained 50.7% dry matter, 28.3% neutral detergent
fiber, 19.8% acid detergent fiber, 38.7% non-fiber carbohydrates,
15.8% crude protein, and provided 1.60 Mcal/kg of net energy for
lactation. Feeding was carried out daily at 08:00 and 16:00. The cows
were milked using DeLaval milking robots (DeLaval Inc., Tumba,
Sweden). The average body weight of the cows was 550 + 45 kg. They
were housed in ventilated free-stall barns. In 2024, the average energy-
corrected milk yield (4.1% fat, 3.4% protein) was 10,304 kg per cow
per year. Throughout the study, contact with the animals was kept to
a minimum to ensure high standards of animal welfare.

2.2 Registration of parameters

In this study, milk composition was recorded using The Brolis
HerdLine in-line milk analyzer (Brolis Sensor Technology, Vilnius,
Lithuania), while rumination time, water intake, reticulorumen
temperature and cow activity behaviors were monitored with the
SmaXtec (SmaXtec animal care GmbH, Graz, Austria). Blood samples
were collected once a week for five consecutive weeks, from the
coccygeal vein at consistent time points on February 7, 12, 17, 22, and
27 in 2025.

2.2.1 Registration of milk composition

The daily fat-to-protein ratio for each cow was recorded using an
in-line milk analyzer developed by Brolis Sensor Technology (Vilnius,
Lithuania). This device operates within the 2,100-2,400 nm spectral
range and utilizes a specially designed GaSb-based, widely tunable
external cavity laser spectrometer. It continuously monitored milk
flow in transmission mode throughout the milking process. The
molecular absorption spectra collected were processed to determine
the levels of key milk components. Installed directly on milking stalls
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or robotic milking systems, this compact “mini spectroscope” required
no additional reagents or maintenance. Milk composition was
measured every five seconds during every milking, and final values
representing the full milking session were calculated by averaging fat
and protein levels, weighted by milk flow dynamics.

2.2.2 Registration of rumination time,
reticulorumen temperature, water intake, and
cow activity

Reticulorumen parameters—including temperature, rumination
time, and physical activity—were monitored using SmaXtec boluses
(SmaXtec animal care technology®, Graz, Austria), designed to
support animal health and welfare through continuous, real-time data
collection. These boluses also recorded reticulorumen temperature.
Following the manufacturer’s instructions, each cow received a single
bolus orally, administered by the same experienced veterinarian using
a dedicated applicator. The boluses were gravity-settling and designed
to remain in the reticulum.

Prior to administration, each bolus was activated, paired with the
cow’s unique ear tag for identification, and linked to the central
monitoring system. During administration, cows were secured in self-
locking head gates, and their heads were gently restrained for bolus
placement at the base of the tongue. All cows were monitored for two
hours post-administration to check for any adverse reactions.

Data was collected via antennas connected to the SmaXtec system.
The system, controlled by a microprocessor and TRR readings using
an A/D converter and stored them on an external memory chip. Data
compilation was managed through SmaXtec Messenger® software
(version 4). Throughout the experiment, we measured reticulorumen
temperature, rumination time, cow activity, and water intake.

2.3 Groups creation

Holstein dairy cows were eligible for inclusion if they were in early
lactation (9 to 59 days in milk), clinically healthy at the start of the
study, and housed under uniform feeding and management
conditions. Only cows with complete data records from in-line milk
analyzers, intraruminal sensors, and repeated blood sampling were
included. Cows would have been excluded if they had shown clinical
signs of disease—such as mastitis, lameness, displaced abomasum,
metritis, or digestive disorders—or if they had incomplete monitoring
data. However, no cows were excluded from this study, as all selected
animals met the inclusion criteria and remained clinically stable
throughout the observation period. The selected group included cows
from both first and later lactation. Measurements were taken
consistently once a week at the same time each day, resulting in 430
total observations.

Each day between 8:00 and 10:00 a.m., the same veterinarian
conducted clinical examinations on the same 27 cows. According to
the literature and clinical findings, milk FPR ratios, and blood BHB
levels, the cows were categorized into three groups (15):

Low-grade ruminal acidosis (LGRA) group (n = 9): Cows in this
group showed reduced rumen motility (5-6 contractions per 3 min),
milk FPR ratios below 1.2, moderate to severe diarrhea, and
undigested feed particles in their feces (confirmed through sieving).
They were also assessed for left abomasal displacement by percussion
of the left flank. No additional post-calving diseases such as metritis,
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mastitis, lameness, displaced abomasum, or digestive disorders
were detected.

Healthy (H) group (n = 9): These cows showed no clinical signs of
illness during examinations and remained healthy throughout the
whole study period. Their milk fat-to-protein ratios ranged between
1.2 and 1.5, and their blood BHB concentrations were up to
1.2 mmol/L.

Subclinical Ketosis (SCK) group (n =9): Hyperketonemia was
identified from samples collected during weekly farm visits, scheduled
to coincide with feeding—specifically, two to four hours after the
delivery of fresh feed—to capture peak BHB concentrations. During
each sampling, cows were secured in a headlock or resting stall, and a
small blood sample was drawn from the coccygeal vein using a needle-
tipped syringe. These cows had milk FPR above 1.5 and blood BHB
concentrations exceeding 1.2 mmol/L, with no visible clinical
symptoms after calving. They remained in this group throughout
the study.

2.4 Statistical analysis

Statistical analysis was conducted using SPSS version 25.0 (SPSS
Inc., Chicago, IL, United States). The normality of variable
distributions was assessed using descriptive statistics and the
Kolmogorov-Smirnov test. Results were presented as means +
standard error of the mean (SEM). Pearson correlation analysis was
performed to examine linear relationships between the studied
variables. For repeated measurements and comparisons across
different days of the experiment, one-way ANOVA and the General
Linear Model (GLM) for repeated measures were applied. 3. Results.

Significant differences in physiological and metabolic traits were
observed across the different FPR classes (Table 1). Among the most
notable findings, cows in the SCK group exhibited significantly lower
lactose content compared to the LGRA and H groups (p < 0.001),
suggesting altered carbohydrate metabolism associated with
subclinical ketosis. Similarly, protein content was significantly reduced
in the SCK group compared to both the LGRA (p < 0.001) and H
groups (p <0.001), with a smaller but still significant difference
observed between LGRA and H (p < 0.05). In contrast, fat content was
highest in the SCK group and lowest in the LGRA group (p < 0.001),
reflecting the influence of energy balance on milk composition.

Rumination time was significantly shorter in the SCK group than
in both the LGRA and H groups (p < 0.001), indicating a potential
impact of metabolic stress on feeding behavior. Interestingly, activity
levels were highest in the SCK group and significantly greater than
those in the LGRA (p <0.01) and H (p < 0.001) groups, possibly
reflecting increased restlessness.

A clear pattern was also observed in blood metabolites. NEFA
concentrations were significantly elevated in the SCK group compared
to the LGRA group (p < 0.01), consistent with greater lipomobilization
during negative energy balance. Serum iron levels were significantly
lower in the SCK group compared to LGRA (p<0.01), and a
significant difference was also observed between LGRA and H
(p < 0.01), suggesting alterations in iron metabolism under metabolic
stress. Other traits did not show statistically significant differences
between FPR classes (p > 0.05).

Significant correlations between FPR and selected parameters are
summarized in Figure 1. A low but statistically significant positive
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TABLE 1 Investigated traits according to milk fat to protein ratio class.

Investigated traits

10.3389/fvets.2025.1632224

FPR class (M + SEM)

Low-grade ruminal Healthy (H) Subclinical ketosis (SCK)
acidosis (LGRA)

Lactose 4.78 + 0.01%%* SCK 4.74 £ 0.02%#* SCK 4.60 + 0.03*#* LGRA, H
Milk yield, kg 37.74 £ 1.46 36.44 +1.14 3298 £1.14
Body condition score (BCS) 3.41+0.04 3.45+0.04 3.18+0.13
Reticulorumen temperature 38.55+0.03 38.61 +0.04 38.71£0.03
Rumination (min/24 h) 521.08 + 6.48%** SCK 514.70 £ 7.11%* SCK 458.25 + 17.55%** LGRA, H
Activity 5.45 + 0.26%* SCK 5.27 £ 0.18%** SCK 7.18 £ 0.55%*%* LGRA, H
Water intake 132.56 + 4.61 123.68 £ 4.12 104.43 £9.15
Albumin (ALB) 36.25 £ 0.50 3540 +£0.34 35.53 +£0.55
Alkaline phosphatase (ALP) 52.85+2.72 47.66 + 1.84 45,92 +3.89
Alanine aminotransferase (ALT) 27.23+£0.87 25.31+0.62 23.68 £ 1.70
Aspartate aminotransferase (AST) 87.27 £3.11 84.16 £2.21 93.34 + 6.55
Calcium (Ca) 2.48 £0.03 2.47 £0.02 2.50 £0.05
C-reactive protein (CRP) 9.85+0.71 10.59 + 0.68 11.19 £ 0.98
Non-esterified fatty acids (NEFA) 0.21 £ 0.02** SCK 0.28 +£0.02 0.39 £ 0.07** LGRA
Iron (Fe) 21.48 £ 0.70** H, SCK 18.46 + 0.63** LGRA 16.62 + 1.54** LGRA
Gamma-Glutamyl Transferase (GGT) 27.89 +0.88 29.08 +0.82 28.41 +2.02
Glucose (GLUC) 3.55+0.05 3.43 +0.05 3.53+£0.10
Magnesium (Mg) 1.04 £0.02 1.03 £0.02 0.97 £ 0.06
Triglycerides (TRIG) 0.10 £0.01 0.10 £0.01 0.10 £ 0.01
UREA 4.16+£0.10 4.15£0.11 3.74+£0.16

*represent statistically significant differences between F:P ratio FPR class. *p < 0.05, **p < 0.01, ***p < 0.001.

correlation was detected between FPR and NEFA (r = 0.281, p < 0.01).
In contrast, negative correlations were found between FPR and lactose
(r=-0.360, p<0.01), protein content (r=-0.388, p<0.01),
rumination time (r = —0.233, p < 0.01), iron (r = —0.308, p < 0.01),
water intake (r=-0.217, p<0.01), and ALP (GPT) activity
(r=-0.199, p < 0.05). These consistent negative correlations suggest
that as FPR increases, several indicators of metabolic and physiological
stability tend to decline.

3 Discussion

The analysis of the examined traits across different FPR classes
revealed notable differences in this study. When the FPR increased,
the lactose content in milk decreased. On average, the lactose
concentration was 3.04% higher in the healthy group compared to
the subclinical ketosis group, and 3.91% higher in the low-grade
ruminal acidosis group than in the subclinical ketosis group. A
negative correlation between milk lactose content and FPR was also
identified (r = —0.360). This supports the idea that cows with a
higher fat-to-protein ratio produce milk with less lactose since it
implies that the lactose content tends to decrease as the fat and
protein levels in milk increase (13). Other scientists supports this
observation, showing that a negative energy balance in the early
stages of lactation causes both a decrease in protein levels and an
increase in fat production, which impacts the FPR and may be a
sign of metabolic disorders (16). Lactose levels and other changes
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in milk composition are common manifestations of such metabolic
changes. Moreover, it has been demonstrated that ketosis adversely
affects the levels of lactose and protein in milk. Ketosis increases fat
content while decreasing lactose percentage and yield, indicating a
change in energy utilization that negatively impacts milk
composition (17). Increased fat, which frequently results from
ketosis or negative energy balance, can cause decreases in lactose
and protein, highlighting the necessity of an integrated approach to
dairy cow health management in order to maximize milk
composition (18).

Real-time monitoring technologies are also significant for
monitoring the health status of dairy cows. Rumination time showed
significant differences between groups in our study. Rumination time
was 12.32% higher in healthy cows compared to those with subclinical
ketosis, and 13.71% higher in the low-grade ruminal acidosis group
than in the subclinical ketosis group. Rumination is an essential part
of cows’ digestive processes because it helps the rumen ferment
efficiently and breaks down complex plant materials mechanically.
These results are supported by the negative correlation found between
FPR and rumination time (r = —0.233). According to a study by
Kaufman et al. (19) rumination time had a positive correlation with
milk fat percentage but a negative correlation with milk yield and
protein percentage. This result implies that rumination time may
decrease as the FPR ratio rises, indicating a comparatively higher fat
content relative to protein content. The energy requirements of
increased fat synthesis may be the cause of this decline, which would
limit the amount of time available for rumination. Another important
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factor is how rumen fermentation processes affect rumination.
Modifications in dietary fat content may cause changes in ruminal
fermentation patterns, which may then affect rumination time and
milk composition. Because of the change in energy allocation, altered
fat fermentation dynamics may result in a reduction in total
rumination time while simultaneously increasing energy availability
for milk fat production (20). However, cows in the low-grade ruminal
acidosis group exhibited the longest rumination time among all
groups. This may reflect an early adaptive response to decreasing
ruminal pH, where cows increase rumination in an attempt to buffer
the rumen environment before clinical signs become apparent (21).
These findings underscore the complexity of rumen health regulation,
particularly during dietary transitions that can challenge metabolic
and digestive stability (22).

Another important parameter recorded in the study through the
use of innovative technologies was activity. The highest activity level
was detected in the subclinical ketosis group. Activity was 36.24%
higher in the subclinical ketosis group compared to the healthy group,
and 31.74% higher than in the low-grade ruminal acidosis group.
Although higher activity is usually associated with good health and
well-being in dairy cows, under conditions of subclinical ketosis it
may instead signal a compensatory behavioral reaction to internal
metabolic strain (15). In early lactation, reduced feed intake in cows
with subclinical ketosis may prompt increased locomotion associated
with feed-seeking behavior (23). In this case, elevated activity should
not be automatically interpreted as a positive indicator—it may reflect
discomfort or imbalance in energy metabolism rather than improved
physiological status (12). For this reason, activity data should always
be evaluated in combination with other behavioral and physiological
parameters, such as changes in rumination or feeding behavior, to
help distinguish between normal movement patterns and those driven
by metabolic stress (3). An interesting area of research is the
connection between increased fat-to-protein ratio and cow activity,
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especially when considering metabolic health. Certain physiological
and behavioral changes in cows, such as changes in activity levels, are
correlated with an increase in the FPR (24). Because of the energy
imbalances brought on by their condition, cows in subclinical ketosis
are more likely to experience other metabolic disorders, even if they
may be more active when foraging or looking for food. Due to reduced
metabolic efficiency, this may lead to increased activity driven by
energy-seeking behavior, rather than reflecting a beneficial or
productive physiological response (25). It can be difficult to keep an
eye out for activity changes in cows with subclinical ketosis because
subtle behavioral changes are harder to spot than in cows with clinical
symptoms. By detecting variations in typical activity levels, a greater
focus on activity tracking using innovative technologies may help in
the early identification of these metabolic problems (26).

Regular blood tests can also help monitor the health status of
cows. The blood biochemical analysis revealed that NEFA levels
showed significant differences, with the highest value observed in the
subclinical ketosis group (0.39 + 0.07). The average difference in
NEFA levels between the low-grade ruminal acidosis and subclinical
ketosis groups was 85.71%, with significantly higher concentrations
observed in the subclinical ketosis group. Although NEFA
concentrations in all cow groups remained within the physiological
range, a trend was observed indicating that NEFA levels increased
with rising FPR values. An increase in the fat-to-protein ratio or the
presence of subclinical ketosis is associated with elevated
concentrations of NEFA (27). This is further supported by the positive
correlation between FPR and NEFA (r = 0.281) found in our study.
Excessive fat mobilization during negative energy balance conditions
raises NEFA concentrations, which exacerbates metabolic disorders
like ketosis. The necessity of appropriate nutritional management to
avoid these imbalances is highlighted by the fact that these problems
usually occur during the transition period (28). FPR reflects not only
milk composition but also the metabolic processes that drive elevated
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NEFA levels. According to Antanaitis et al. (9) NEB and adipose tissue
mobilization, which is linked to elevated NEFA and ketone bodies, are
correlated with increases in the milk FPR. This shows that the
metabolic processes that lead to elevated NEFA levels are reflected in
the FPR in addition to the composition of milk. This relationship
emphasizes how crucial it is to track metabolic markers and milk
composition in order to evaluate animal welfare and productivity,
particularly during crucial times like the early stages of lactation.

Another statistically significant indicator identified through blood
biochemical analysis was iron (Fe). The lowest value of Fe content was
estimated in the subclinical ketosis group (16.62 + 1.54). Fe
concentration was 29.23% higher in the low-grade ruminal acidosis
group compared to the subclinical ketosis group. In our study, we also
found a negative correlation between the FPR and Fe concentration
(r=—0.308). Although the observed statistical relationship between
FPR and iron concentration is relevant, its biological significance
remains unclear. Subclinical ketosis, even in the absence of obvious
clinical signs, is known to cause various metabolic disturbances—such
as intensified fat mobilization, altered glucose metabolism, and
imbalances in nutrient uptake—which could have an impact on
mineral levels, including iron (29). It is possible that the metabolic
pathways that are triggered during subclinical ketosis, specifically fat
mobilization and altered glucose metabolism, will hinder the
absorption of minerals, including iron (30). There are also indications
that cows with elevated concentrations of NEFA may experience
disturbances in nutritional balance, including impaired iron
metabolism. Metabolic stress during subclinical ketosis can affect the
overall nutritional balance in cows (27). Iron availability may
be influenced by a number of factors, including high NEFA
concentrations, inadequate nutritional status, and the body’s reaction
to metabolic stress. A complex subject in dairy science is the
connection between the FPR in cows” milk and their blood iron levels.
Although the findings are promising, the biological significance of
reduced iron levels in cows with subclinical ketosis remains unclear.
The underlying mechanisms are not fully understood and may
be related to reduced feed intake, inflammation, or impaired
absorption. Strong evidence for a direct relationship between milk
fat-to-protein ratio and blood iron levels is lacking in the current
literature. Although metabolic stress may affect mineral balance, the
relationship between increased FPR and low Fe levels is still poorly
documented. Therefore, these results should be interpreted with
caution and further studies are needed to determine whether iron
fluctuations are a consistent biomarker of blood iron levels.

This study showed that changes in milk composition, rumination
behavior, activity levels, and blood biochemical parameters like NEFA
and iron concentrations are all strongly correlated with changes in the
fat-to-protein ratio in early-lactation dairy cows. The use of innovative
real-time monitoring technologies provided a detailed insight into the
metabolic and health status of the cows, highlighting the importance
of integrated monitoring systems for early detection of metabolic
disorders like subclinical ketosis. However, this research also
highlights several areas for improvement and has some significant
limitations that should be acknowledged. Future research should think
about expanding the sample size to improve the findings’
generalizability and statistical power. For better understanding long-
term metabolic trends and recovery patterns, the monitoring period
should be extended beyond the early lactation phase. Additionally,
using more accurate diagnostic instruments, such as continuous
rumen monitoring devices and pH measurements, may help identify
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subclinical conditions, especially acidosis, earlier and with greater
precision. Future research can significantly enhance dairy herd
performance and welfare by expanding research approaches and
advancing monitoring technologies. In addition, greater attention
should be directed toward the dissemination of scientific findings to
the broader public. Recent work has demonstrated the potential of
social media as an effective channel for science communication in
animal agriculture. For example, a study utilizing instagram showed
that complex topics—such as the use of biosensing technologies for
precision monitoring of dairy cattle health—can be effectively
communicated to diverse audiences (31, 32). Such initiatives illustrate
how digital platforms not only enhance accessibility but also foster
community engagement and counteract misinformation. They also
complement the emerging role of influencers in shaping discourse
around animal health and dairy production, offering a valuable avenue
for extending the reach and impact of evidence-based practices.

4 Conclusion

This study underscores the importance of integrating real-time
behavioral and milk composition monitoring tools for the early
detection of subclinical metabolic disorders in dairy cows. The
findings demonstrate a clear association between the FPR in milk and
several physiological, behavioral, and metabolic indicators during
early lactation. Notable alterations in blood parameters, rumination
and activity patterns, and milk composition were observed in cows
exhibiting FPR
metabolic imbalances.

elevated values, reflecting  underlying

The application of advanced, non-invasive technologies—such as
intra-ruminal boluses and in-line milk analyzers—enabled continuous
monitoring of relevant parameters, enhancing both the early
identification of health issues and the understanding of their
development over time. This approach offers valuable insights into the
complex interplay between metabolic health, productivity, and animal
welfare, and highlights the potential for precision livestock
technologies to support proactive herd management.

Overall, the findings of this study reinforce the applicability of the
FPR as a valuable indicator for routine herd health monitoring and
management. The integration of milk composition data with
behavioral observations and blood-based biomarkers enhances the
potential to identify subclinical metabolic disturbances, thereby
supporting more proactive and informed decision-making by dairy

producers and veterinarians.
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