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Abstract

During the transition period, the cow’s body activates adaptive mechanisms aimed at adjus-
ting to the changing demand for energy and nutrients, which are necessary for the growing fetus
and the subsequent start of milk production. This time is also associated with an increased risk
of metabolic diseases and reproductive disorders.

Our study aimed to identify prepartum and postpartum biochemical markers and weight loss
patterns that could differentiate cows that would exhibit ultrasonographic signs of liver fatty
infiltration during the latter half of the transition period.

The study was performed in a single herd of Holstein-Friesian cows and the animals were
divided into two groups: CON (n=13) — cows without ultrasonographic signs of fatty liver,
and FL (n=16) — cows with ultrasonographic signs of fatty liver. Backfat thickness and specific
biochemical parameters were measured weekly from one week before parturition to 9 weeks
postpartum.

Our study highlights the importance of using a combination of monitoring methods to assess
the metabolic status of transition dairy cattle. The results showed that ultrasound measurements
of backfat thickness, blood NEFA levels, glucose concentration, and AST activity were all diffe-
rent (p<0.05) between the control and FL groups, indicating the usefulness of these parameters
in monitoring the health status of transition cows. Additionally, the results suggest that high
prepartum glucose levels (4.99 mmol/l) could serve as a potential marker for future FL, while
the elevated NEFA levels (0.51 mmol/l) and decreased AST activity (80.56 u/l) in FL animals
indicate their potential as indicators of lipid mobilization and liver structural damage, respec-
tively.
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Introduction

The transition period in dairy cattle, which occurs
between 3 weeks before and 3 weeks after parturition,
is marked by various physiological, immunological,
and metabolic changes (e.g. transition from gestation
to lactation, increased nutrient demands, lipid mobiliza-
tion, weight loss, immunosuppression, etc.), that can
lead to an increased risk of metabolic diseases and
reproductive disorders (Bezerra et al. 2014, Redfern
et al. 2021). This period is important for the overall
health, milk production, and welfare of the dairy cow.

During this period, the cow’s body activates adap-
tive mechanisms aimed at adjusting to the changing
demand for energy and nutrients, which are necessary
for the growing fetus and the subsequent start of milk
production (Ceciliani et al. 2018). Postpartum, dairy
cows experience a negative energy balance (NEB)
characterized by weight loss, body fat reduction, inten-
sification of gluconeogenesis, mobilization of fat
reserves, and decreased peripheral insulin sensitivity
(Aschenbach et al. 2010, Contreras and Sordillo, 2011,
Abuelo et al. 2016). This phenomenon is common
in female mammals, but the duration and extent of these
adaptations in high-yielding dairy cows may be consi-
dered a biological extreme (Ceciliani et al. 2018),
and may lead to metabolic/production diseases such as
ketosis or fatty liver syndrome (Bezerra et al. 2014,
Esposito et al. 2014, Raboisson et al. 2014).

Fatty liver syndrome is a complex metabolic disease
that occurs during the transition period in dairy cattle
(Tharwat 2012, Gerspach et al. 2017b). During this
time, there is an increase in the concentration of circu-
lating fatty acids and blood flow to the liver, leading
to the transport of excessive amounts of fatty acids to
the organ (Reynolds et al. 2003). When the liver takes
in more lipids in the form of fatty acids than it can
oxidize or secrete, triglycerides accumulate in the liver
cells (Tharwat 2012). According to Jorritsma et al.
(2001), up to 50% of cows may develop hepatic
triglyceride accumulation based on the presented
mechanism during the first 4 weeks of lactation. Exces-
sive hepatic lipid accumulation during the transition
period in dairy cattle can result in anorexia, decreased
rumen motility, displaced abomasum, ketosis, increased
susceptibility to infections, reduced fertility, and weight
loss (Van Dorland et al. 2009, Tharwat et al. 2012).
However, some cows with the mild or moderate fatty
liver syndrome may not exhibit any visible clinical
signs but may still have reduced milk yield, resulting
in long-term financial losses for dairy farmers
(Ceciliani et al. 2018).

Fatty liver syndrome develops as a result of the
negative energy balance and weight loss experienced

by dairy cows postpartum, particularly in those with
a higher body condition score near calving (Melendez
et al. 2018). Body condition score (BCS) is a simple
on-farm tool used to assess body nutrient reserves and
fat mobilization (Siachos et al. 2021). Total BCS loss
during early lactation has been linked to a higher inci-
dence of metabolic disorders postpartum (Roche et al.
2009). However, ultrasound measurements of back fat
thickness can be a more reliable and objective alterna-
tive, as it strongly correlates with back fat measure-
ments in carcasses and BCS scores (Brethour 1992,
Strieder-Barboza et al. 2015).

Proper diagnosis of fatty liver syndrome and deter-
mination of the stage of liver lipid infiltration is often
necessary to assess the cow’s metabolic status and liver
function (Gerspach et al. 2017b). Liver function can be
evaluated using various methods such as blood bio-
chemistry (liver profile), liver ultrasound, and examina-
tion of liver tissue (e.g., specific gravity or histopathol-
ogy) obtained through ultrasound-guided biopsy (Bobe
et al. 2004, Tharwat et al. 2012, Jawor et al. 2016,
Gerspach et al. 2017b). Although liver biopsy remains
the gold standard, the constant improvement of ultra-
sound machines and software makes it worthwhile
to continue searching for reliable algorithms to evaluate
liver function using ultrasound as a preventive tool on
farms to reduce the risk of metabolic diseases in dairy
cattle during the transition period.

Given the decreased welfare of dairy cattle, the eco-
nomic impact, and the high prevalence of fatty liver
syndrome worldwide, it is important to search for
simple, non-invasive, and reliable on-farm protocols
to assess liver health and identify cows that may suffer
from excessive NEB and hepatic fatty infiltration post-
partum. This is especially crucial now, with the many
advances in on-farm diagnostic tools and the increasing
metabolic challenges facing high-yielding dairy cows
due to genetic selection for increasing milk production,
heat stress from climate change, and reduced fertility.

Blood parameters, including NEFA, BHB, and
cholesterol, have been shown to reflect the energy bal-
ance of dairy cattle and are often included in routine
tests for transition cows (Kida 2003, Stengirde et al.
2008). BHB is one of the major ketones, and NEFA
concentration reflects the mobilization of lipid reserves
(Oetzel 2007, Ospina et al. 2010). High levels of both
are associated with a higher incidence of periparturient
metabolic diseases such as ketosis or fatty liver (Bobe
et al. 2004).

This study aimed to identify prepartum and postpar-
tum biochemical markers and weight loss patterns that
could differentiate cows that would exhibit ultrasono-
graphic signs of liver fatty infiltration during the latter
half of the transition period.
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Fig. 1 Ultrasonograms of the cow liver imaged using the 4 Vet Slim ultrasound machine (Draminski, Olsztyn, Poland) with a convex
probe. Panels A and B depict ultrasonograms of a normal liver (CON), demonstrating a homogenous granular echotexture of the
parenchyma with sharp vessel margins. Panels C and D depict ultrasonograms of fatty infiltration (FL), with Panel C showing
a bright pattern and blurred vessel margins, and Panel D showing a bright pattern, blurred vessels, and deep attenuation.

Materials and Methods

Animals and study design

All experimental procedures in this study were
approved by The Local Ethics Committee for Animal
Experiments in Olsztyn (Resolution No. 28/2020).
The study was conducted in a herd of Polish Holstein-
-Friesian cows and was part of a larger research project
on changes in the hepatic transcriptome of peripartu-
rient Polish Holstein-Friesian cows. The cows were
housed in a free-stall barn, meeting the requirements for
animal welfare following EU law, and fed a partially
mixed ration. Over six months, all cows in the herd
were monitored, and 29 cows entering third or higher
lactation with an average milk yield of 9500 kg were
eligible to participate in the experiment. Heifers and
cows with low milk yield were excluded from the study.

All animals were subjected to weekly body condi-
tion score assessments, subcutaneous fat measurements,
and blood biochemistry evaluations weekly 10 times
from one week before parturition to 9 weeks postpar-
tum. The body condition score was determined based
on back fat thickness to investigate the correlation
between weight changes and ultrasonographic signs
of liver fat infiltration according to Raschka et al.
(2016). Blood samples were collected to determine the
correlation between the biochemical profile and ultra-
sonographic signs of liver fat infiltration.

Sample collection and analysis - liver ultrasound
examination and image analysis

The liver ultrasound was conducted twice, once
between the 215 and 28" day postpartum and then again
between the 42™ and 49" day postpartum, using
the 4 Vet Slim ultrasound machine with a convex probe
(Draminski, Olsztyn, Poland). The images were
captured and analyzed using MicroDicom software
(MicroDicom Ltd, Sofia, Bulgaria). The ultrasound im-
ages of the liver were evaluated for fatty infiltration,
following the method described by Komeilian et al.
(2011), which involved examining characteristics such
as the brightness pattern, hepatic vessel blurring,
presence of deep attenuation, diaphragm visibility,
hyperechogenicity of the nearfield, and a dark shadow
behind (Komeilian et al. 2011). These image features
are used to describe various stages of fatty infiltration,
but in the study, we chose not to differentiate between
different stages of fatty liver (Fig. 1). The cows were
divided into two groups based on the results of the liver
image analysis. Cows with no signs of fatty infiltration
were designated as the control group (CON, n=13),
while those with signs of fatty infiltration were diag-
nosed with fatty liver syndrome (FL, n=16).

Sample collection and analysis — body condition

Body condition was assessed once a week by the
measurement of a backfat thickness (BFT) in the sacro-
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Fig. 2. Exemplary measurement of the backfat thickness (Panel A) and the change in backfat thickness of cow CON and FL groups rela-
tive to parturition over the study period (Panel B). The images were obtained using the 4 Vet Slim ultrasound machine (Draminski,
Olsztyn, Poland) with a linear, rectal probe (frequency - 7 MHz, range - 80 mm, focus - 55 mm).

Table 1. Change of the backfat thickness (mm) of cow CON and FL groups.

lw.prep. 1w.pp. 2 W. pp. 3 w. pp. 4 w. pp. 5 w. pp. 6 w. pp. 7 w. pp. 8 w. pp. 9 w. pp.
FL 36.67 34.98" 32.52 29.98" 29.93 29.87" 29.9 30.43 28.99 30.61
(4.94) (5.62) (6.09) (5.76) (3.07) (3.98) (4.29) (5.03) (3.63) (7.45)
30.77" 29.62" 28.25" 27.67 25.78" 26.78 26.51 26.04 26.19
CON (3.74) 5.1 28:56(3.6) (3.24) (3.59) (3.03) (4.55) (4.22) (4.95) (3.48)

mean (sd), * significant difference (p<0.05) between groups, w — week, pp — postpartum

tuberous region using the 4 Vet Slim ultrasound
machine with a linear, rectal probe (Draminski,
Olsztyn, Poland). The measurement was performed
as described by Raschka et al. (2016) using the same
settings on the ultrasound machine each time (frequen-
cy — 7 MHz, range — 80 mm) (Fig. 2). The obtained
images were saved and then analyzed using the
MicroDicom software (MicroDicom Ltd, Sofia,
Bulgaria). All measurements were repeated three times,
and the mean values were used during statistical analy-
sis.

Sample collection and analysis — blood samples

Blood was collected from the coccygeal vein once
a week up to 3 hours after morning milking using the
vacuumed blood collection system with 20G x 1.5mm
needles into three 9ml collection tubes with a clot acti-
vator and two 4ml collection tubes with K3EDTA
(VACUMED, F.L. Medical, Torreglia, Italy). Samples
were transported to the laboratory within an hour
after collection in a cooler with an inside temperature
of 6°C.

Serum for blood biochemistry was obtained
by centrifuging the blood at 4000 rpm for 10 minutes.
The analysis was performed using the ACCENT-200

biochemical analyzer with corresponding reagents kits
(Cormay Group, ACCENT-200, Lomianki, Poland) and
included glucose (GLUC), triglycerides (TG), alanine
aminotransferase (ALT), aspartate aminotransferase
(AST), alkaline phosphatase (ALP), creatine kinase
(CK), lactate dehydrogenase (LDH), non-esterified
fatty acids (NEFA), total cholesterol (TC) and
B-hydroxybutyrate (BHB). These parameters were
measured on the day of sample collection.

Statistical analysis

The normality and homogeneity of the parameters’
distribution were assessed using Shapiro-Wilk and
Levene tests, with the R software (version 3.11.2,
Python Programming Language, Frederick, Maryland,
United States, 1991). Both log-transformed and
non-transformed data were analyzed to test the assump-
tions. Since the data did not follow a normal distribu-
tion, log2 transformations were applied for further anal-
ysis. A standard cross-sectional cohort study was
conducted by comparing the CON group (cows without
fatty liver signs ) with the FL group (cows with fatty
liver) at each time point using t-tests on log2 trans-
formed data, with the Python software (version 4.1.0, R
Development Core Team, Vienna, Austria, 2008).
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Time-dependent metabolite changes were analyzed
over the period from -1 to 9 weeks using a repeated
measures analysis of variance. In cases where the
assumption of sphericity was not met, the Green-
house-Geisser correction was applied. Statistical signi-
ficance was set at p<0.1, p<0.05, and p<0.001.

Results

The mean BFT of the CON group was found to be
lower than the FL group across all time points.
The greatest discrepancy between the two groups
was noted prior to parturition, with a mean BFT
of 36.67 mm (4.94) for the FL group and 30.77 mm
(3.74) for the CON group. The FL group exhibited
the largest decrease in BFT from one week before par-
turition to week 3 postpartum (pp), after which their
BFT stabilized around 30 mm which was the starting
value observed in the CON group. The BFT in the CON
group continued to decrease until stabilization around
week 5 pp and remained at a similar level for the dura-
tion of the study (Table 1, Fig. 2).

The ALT activity in the FL and CON groups varied
over time. The ALT activity in the CON group showed
a rapid decrease from the time of parturition to week
4 pp, resulting in a numerically lower concentration
compared to the FL group throughout the cows’ moni-
toring (p>0.1), however those changes appeared to be
insignificant (Table 2, Fig. 3).

The ALP activity showed a significant decrease
over time in both the CON and the FL group (p<0.001).
The concentration was highest before the parturition
and lowest at the end of the monitoring period. In the
CON group, the highest concentration was 68.54 U/l
(19.88) before parturition and the lowest was 43.46 U/l
(8.45) at week 8 pp. In the FL group, the highest con-
centration was 58 U/l (16.28) before parturition and the
lowest was 45.94 U/l (8.64) at week 6 pp, which
remained unchanged until the end of the monitoring
period. There was no significant difference in ALP
activity between the two groups (p=0.434) (Table 2,
Fig. 3).

The AST activity was higher in the CON group
compared to the FL group over the time of cow moni-
toring (p=0.01). There was a significant increase in AST
activity over time in both groups (p=0.002). However,
the pattern of change in time was similar in CON and
FL groups (p>0.1) (Table 2, Fig. 3).

The results indicate an effect of time (p=0.041)
on the levels of GLUC. A significant interaction
between time and presence of fatty infiltration of the
liver (p=0.003) on the levels of GLUC were also found.
In the FL group, the GLUC concentration changed over

time, with the highest level of 4.99 mmol/l recorded
before parturition and the lowest level of 3.48 mmol/l
at week 3 pp. Then, the concentration increased and
became similar to the concentration in the CON group.
In the CON group, GLUC levels increased from
3.67 mmol/l (0.52) at parturition to 4.34 mmol/l
(0.63) at 9 weeks pp (Table 2, Fig. 4).

TG concentration in the CON group was generally
lower than that in the FL, except for the week before
parturition where the mean concentration of TG was
similar in both groups (p>0.05). The mean concentra-
tion of TG in both groups decreased, with a significant
decrease over time in the control group (p<0.001)
(Table 2, Fig. 4).

The TC concentration changed over time in both
groups (p<0.001). It increased over the monitoring
period, with the lowest concentration at the beginning
of monitoring and the highest concentration at the end.
In the CON group, the lowest TC concentration
was 1.96 U/l (0.74) at week 1 pp and the highest was
5.74 U/1 (1.1) at week 9 pp. similarly FL group had the
lowest concentration of 2.19 U/l (0.85) at week 1 pp,
and the highest of 5.23 U/I (1.56) at week 9 pp. There
was no significant difference in TC concentration
between the two groups (p>0.1) (Table 2, Fig. 4).

The NEFA concentration was found to be higher
in the FL group compared to the CON group at all time
points (p=0.016). Both groups showed a similar trend
in NEFA concentration, with an increase until week
2 pp, followed by a decline until the end of the cows’
monitoring period (Table 2, Fig. 4).

The LDH, CK activity and BHB concentration did
not show any significant difference between the two
groups. Neither the passing of time nor the absence
of fatty liver signs had an impact on the concentration
of those metabolites/enzymes (Table 2, Fig. 3).

Discussion

Our study aimed to evaluate the weekly changes
in selected biochemical parameters, back fat thickness,
and ultrasonographic signs of fatty infiltration of the
liver in periparturient Polish Holstein-Friesian cows.
We hypothesized that cows exhibiting ultrasonographic
liver changes characteristic of fatty infiltration postpar-
tum would have different weight loss patterns and bio-
chemical serum profiles during the transition period
compared to cows without such changes. This would
enable early recognition on-farm of cows that are most
likely to experience excessive adaptation mechanisms
during the transition period, which would allow for
more detailed postpartum examination to ensure their
health and future lactation potential.
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Table 2. Changes in metabolite serum concentrations in cow CON and FL groups.
Gluc TG ALT AST ALP CK LDH NEFA BHB CHOL
mmol/l mmol/l ui ui ui ui ui mmol/l mmol/l mmol/l
1 w. pre partum
3.67 46.92 106 68.54 432.38 3054 0.27* 0.71 227
CON (0.52) 0-4(0.78) (33.57) (57.08) (19.88)  (1115.78)  (335.26) (0.38) (0.29) (0.77)
FL 4.99 0.41 35.69 80.56 58 204.14 3079.75 0.51 0.73 2.53
(2.43) (0.47) (19.6) (20.47) (16.28) (299.66)  (804.54) (0.59) 0.2) (0.89)
1 w. pp.
CON 3.63 0.11" 48.77 116.23 56.77 276.2 3177.23 0.39° 0.77 1.96
(0.87) (0.07) (36.8) (31.24) (14.18) (463.58)  (464.08) (0.37) (0.26) (0.74)
FL 4.77 0.28 41.06 95.88 56.63 240.93 3277.06 0.71 0.79 2.19
(2.31) (0.28) (24.2) (23.85) (20.52) (214.88)  (902.64) (0.48) (0.23) (0.85)
2 wW. pp.
CON 3.88 0.12 38.31 112.69" 52.54 161.24 3283.15" 0.57 0.7 2.6
(0.96) (0.02) (23.39) (19.95) (10.51) (81.81) (550.05) (0.35) (0.21) (0.56)
FL 3.69 0.23 39.94 91.94 50.88 116.63 2577.79 0.85 0.74 2.66
(0.69) (0.22) (25.03) (23.47) (12.27) (47.31)  (1029.14) (0.56) (0.28) (0.86)
3 w. pp.
CON 3.71 0.13 33.54 99.46 50.62 145.61 3129.77 0.47" 0.79 3.51
(0.81) (0.09) (12.73) (22.19) (16.53) (75.25) (319.42) (0.32) (0.14) (0.5)
FL 3.48 0.19 41.31 89.91 49.03 182.22 2812.67 0.84 0.7 3.19
(0.71) (0.16) (24.25) (16.9) (8.2) (249.18)  (548.1) (0.53) (0.25) (0.81)
4 w. pp.
CON 3.58 0.09 31.38 95.62 47.92 185.55 3120.15 0.4 0.74 3.96
0.41) (0.04) (11.93) (22.82) (6.2) (229.67) (520.3) (0.18) (0.07) (0.68)
FL 3.56 0.15 44 89 46.19 222.67 3022.63 0.65 0.8 3.88
(0.43) (0.13) (32.14) 21.77) (7.29) (265.47) (493.9) (0.47) (0.16) (0.93)
5 w. pp.
3.99 31.15 105.08" 47.38 108.6 2958.54 0.43 0.76 443
CON (0.33) 0-1(0.02) (11.47) (28.41) (11.39) (32.82) (364.48) 0.2) (0.16) (0.65)
FL 3.71 0.16 43.06 84 47.38 104.41 2920.56 0.63 0.78 43
(0.65) (0.11) (27.49) (23.74) (6.9) (36.09) (189.21) (0.29) (0.17) (1.13)
6 wW. pp.
CON 4.41 0.12 30.85 105.85 49.92 114.82 3189.62 0.33 0.76 4.77
(1.22) (0.06) (9.84) (28.66) (6.92) (44.11) (409.4) (0.18) (0.09) (1.11)
FL 3.76 0.13 4481 88.38 45.94 145.71 2994.88 0.47 0.81 4.61
(0.59) (0.09) (26.67) (24.92) (8.64) (108.8) (266.49) (0.29) (0.16) (1.22)
7 w. pp.
CON 4.04 0.1 31.31 118 51.08 166.64 3032 0.24" 0.77 5.03
(0.66) (0.03) (8.35) (36.93) (10.43) (114.45)  (235.91) (0.16) (0.09) (1.16)
FL 3.75 0.19 45.13 94.94 46.31 159.69 3042.06 0.47 0.78 491
(0.62) (0.23) (28.39) (27.14) (11.98) (127.85)  (388.97) (0.18) (0.13) (1.35)
8 w. pp.
CON 4.2 0.13 30.54 127.15 43.46 225.06 3097.31 0.41 0.76 5.6
(0.56) (0.07) (7.85) (38.1) (8.45) (213.46)  (353.87) (0.34) (0.16) (1.13)
FL 3.99 0.13 40.44 94.75 46.44 135.58 2857.84 0.42 0.8 5.1
(0.93) (0.09) (26.28)  (29.37)  (12.99)  (128.26) (857.87)  (0.25) (0.15) (1.44)
9 w. pp.
CON 4.34 0.11 31.23 124.62" 45.38 164.7 3075.31 0.26 0.68 5.74
(0.63) (0.03) (9.41) (39.11) (6.23) (96.96) (520.57) (0.13) (0.22) (1.1)
FL 4.16 0.13(0.1) 38.19 97.19 47.31 168.16 2990.44 0.37 0.78 5.23
(0.81) (23.29) (30.59) (16.45) (188.26)  (334.96) (0.24) (0.15) (1.56)

mean (sd), * significant difference (p<0.05) between groups, w — week, pp — postpartum
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Fig. 3. Change in serum concentration of ALT, ALP, AST, and BHB over time 9 weeks in cow CON and FL groups.

to the liver during the first weeks of lactation (Akbar
et al. 2015, Melendez et al. 2018). The bovine species’
limited ability to transfer lipids back to the bloodstream
is iterated in our findings, which demonstrate that cows
with more intense weight loss patterns and lipid mobili-
zation exhibit signs of hepatic fat infiltration (Gerspach
et al. 2017a).

Body condition score evaluation, whether assessed
by BCS or ultrasound measurement, should be comple-
mented by monitoring biochemical blood parameters
and ultrasonographic images of the liver during the
transition period. To assess and predict the occurrence
of NEB and postpartum metabolic diseases, until now
several biochemical markers have been proposed,
including BHB and NEFA, which are among the most
commonly used markers (Ospina et al. 2010, Strieder-
-Barboza et al. 2015, Angeli et al. 2019, Luke et al.
2019).

Hussein et al. (2020) studied daily variations
of the levels of blood metabolites. Based on their

6 weeks postpartum. This suggests that serum glucose
prepartum could be a potential marker for future fatty
infiltration of the liver (Schroder and Staufenbiel 20006,
Strieder-Barboza et al. 2015, Angeli et al. 2019).
Aspartate aminotransferase activity reflects the
function of various organs, including the heart, liver,
and skeletal muscles (Puppel and Kuczynska 2016).
According to Sakowski et al. (2012), the highest AST
activity occurs during early lactation, which is consis-
tent with our findings. Our results showed that CON
animals had the highest AST activity at 8 weeks post-
partum. In contrast, FL animals did not reach similar
levels of AST activity throughout the experiment and
had significantly lower AST activity at 2, 5, 8, and
9 weeks postpartum. Sejersen et al. (2012) reported
that cows with high liver TG content in early lactation
had higher postpartum plasma concentrations of BHB,
NEFA, and AST activity (Sejersen et al. 2012). Howe-
ver, our results did not show significant differences
in BHB between groups, and AST activity was lower in
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Fig. 4 Change in serum concentration of GLUC, TG, TC, and NEFA over time 9 weeks in cow CON and FL groups.

animals with signs of TG accumulation in the liver.
These differences may be due to the absence of severe
fatty infiltration in our study. AST activity in the blood
can result from increased activity within cells, as well
as cell structural damage, which is consistent with our
findings.

Stojevic et al. (2005) reported that ALT activity
showed significant variations in healthy dry and lacta-
ting cows and a statistically significant increase after
46" day of lactation up to the dry period, which
is consistent with our results. Variations in this parame-
ter demonstrated between groups over time could
be useful to differentiate healthy animals from those
suffering from transition diseases.

Puppel and Kuczynska (2016) mentioned that
increased ALP activity can be related to the risk
of metabolic syndrome, however our results did not
show significant differences in ALP between both
groups.

Conclusions

In conclusion, our study highlights the impor-
tance of using a combination of monitoring methods
to assess the metabolic status of transition dairy cattle.
The results showed that ultrasound measurements
of backfat thickness, blood NEFA levels, glucose con-
centration, and AST activity were all significantly dif-
ferent between the control and FL groups, indicating the
usefulness of these parameters in monitoring the health
status of transition cows. Additionally, the results sug-
gest that high prepartum glucose levels could serve
as a potential marker for future FL, while the elevated
NEFA levels and decreased AST activity in FL animals
indicate their potential as indicators of lipid mobili-
zation and liver structural damage, respectively.
It is recommended to complement the traditional body
condition score evaluation with monitoring of these
parameters to better assess the energy balance and liver
health of transition cows. Further research is needed



www.czasopisma.pan.pl P N www.journals.pan.pl
=

POLSKA AKADEMIA NAUK

Ultrasonographic image of fatty infiltration of the liver ... 731

to validate these findings in a larger population of dairy
cattle worldwide.
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