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The aim of this study was to examine the possibility of using
results of metabolic profile test in the prediction and diagnosis of fatty
liver in Holstein cows. Forty dry cows, 5 to 7 days before calving, were
chosen from the commercial dairy herd and included in the study. Four
blood samples were taken by jugular venipuncture from each animal: 5
to 7 days before expected calving (dry period), as well as on day 12, 30
and 60 of lactation. Concentrations of glucose, �-hydroxybutyrate
(BHBA), total protein, albumin, urea, total bilirubin, calcium and
phosphorus concentrations were measured in all blood samples. On
day 12 after calving, liver percutaneous biopsies were obtained using a
biopsy instrument. Liver tissue lipid content was determined by
pathohistological determination. Cows were divided into two groups of
equal size based on the degree of lipid accumulation in the liver:
healthy cows (0.00 fat, n = 20) and cows with fatty liver syndrome
(>20% fat, n = 20). Milking was measured each day from day 7 to day
60 of lactation. Results showed that 5 to 7 days before calving, as well
as 12 days after calving, BHBA concentrations were significantly higher
(p<0.001, respectively) in diseased cows than in healthy cows.
Additionally, the concentration of glucose was significantly lower
(p<0.01) and the concentration of total bilirubin significantly higher
(p<0.001) in diseased compared to healthy cows, at day 12 of
lactation. Thirty days after calving, concentrations of albumin, glucose,
BHBA and Ca were significantly lower in diseased compared to healthy
cows (p<0.05, p<0.01, p<0.01 and p<0.001, respectively). At day 60
after calving, concentrations of biochemical parameters did not differ
between diseased and healthy cows. The lactation curve differed in
diseased compared to healthy cows, starting from day 26 of lactation.
Starting form that day until day 60 of lactation average daily milk
production was significantly higher in healthy than in diseased cows,
except on day 32 of lactation when the difference was not significant.
Based on these results it can be concluded that the metabolic profile
test may be a reliable tool for the prediction and diagnosis of fatty liver in
Holstein cows.
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INTRODUCTION

The metabolic profile, a series of specific blood analytical tests, is routinely
used to reveal metabolic problems in dairy cattle (Payne et al., 1970; Stengärde et
al., 2008; Gross et al., 2011). It involves collecting blood samples from eight to
twelve cows at 4 time periods relative to calving (dry, puerperium, peak lactation
and midlactation) and measuring selected blood metabolites (Oetzel, 2004). The
metabolic profile test involves measuring concentrations of blood glucose, �-
hydroxybutyrate (BHBA), non esterified fatty acid (NEFA), trygliceride, total lipids,
cholesterol, total protein, albumin, blood urea nitrogen, total bilirubin, aspartat
aminotransferase (AST), gamma-glutamyl transferase (GGT), calcium (Ca),
inorganic phosphorus (iP) and magnesium (Mg) (Kida, 2002). Our experience
showed that relevant metabolic indicators of energy status are concentration of
glucose and BHBA (Prodanovi} et al., 2010). Although concentration of NEFA is
more sensitive to energy balance changes in transition cows, concentration of
BHBA is most commonly used (Ospina et al., 2010). The reason is the high cost of
reagents for NEFA determination and instability of NEFA in frozen blood serum.
Protein status can be determined by analyzing results for concentrations of total
protein, albumin and urea. Urea concentrations are influenced by a variety of
interrelated parameters including: dietary protein intake and rumen degradability,
dietary amino acid composition, protein intake relative to requirement, liver and
kidney function, muscle tissue breakdown, dietary carbohydrate amount and
rumen degradability (Laven et al., 2007). Total protein and albumin reflect the
availability of protein and their concentration decline in the face of protein
deficiency. However, this occurs over a period of time. Albumin has a relatively
long half-life and can reflect protein deficiency problems over a period of a month
or two (Alberghina et al., 2011).

Liver function can be assessed through a variety of enzymes (glutamate
dehtydrogenase (GLDH) gamma-glutamyltransferase (GGT), aspartate
aminotransferase (AST) and sorbitol dehydrogenase (SDH) and total bilirubin
concentrations in the blood (Gerloff and Herdt, 1984). Unfortunately, an elevation
in any of these parameters does not mean anything more than some insult to the
liver has occurred. Additionaly, liver enzymes activity has high variability and so
low diagnostic values. Althought bilirubin values are most specific to bile flow
problems than overt liver cell damage, our experience showed that there is a
strong relationship between fatty liver and total bilirubin concentration in the
blood.

Macrominerals calcium (Ca), phosphorus (P) and magnesium (Mg) are of
extreme interest as to their status relative to their role in some metabolic problems
(milk fever, alert downer cows and weak cow syndrome). Unfortunately, most of
these minerals are tightly regulated in the body through a variety of homeostatic
processes. Blood concentrations of macrominerals are not reflective of dietary
status when the homeostatic system is functioning properly. Phosphorus and Mg
are macrominerals in which blood concentrations are somewhat sensitive to
dietary intake. Assessment of Ca concentrations around the time of calving is a
useful indicator of how well the Ca regulatory system is working and potential for
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clinical or subclinical hypocalcemia problems. Other than the 2 weeks prior to and
following calving, blood Ca is not a very sensitive diagnostic measure as a result
of the intact regulatory system (Goff, 2004). Therefore macromineral blood
concentrations will need to be carefully interpreted in the light of whether or not
the homeostatic system is in proper operation.

For proper interpretation of the metabolic profile it is necessary to analyze all
blood metabolites together, not separately one by one.

Fatty liver is a major health problem in high yielding dairy cows in early
lactation (Goff and Horst, 1997; Mulligan and Doherty, 2008). Nutritional factors
such as obesity are crucial in fatty liver etiology. Obese cows have a greater
decrease in feed intake during the peripartal period and, therefore, have a more
severe negative energy balance during early lactation (Stockdale, 2001). That
leads to increased lipolysis of adipose tissue. Nonesterified fatty acids (NEFA) that
are released from the stored triacylglycerol (TAG) in the adipose tissue are readily
taken up by liver where they provide energy for liver function. If more NEFA arrive
at the liver that needed for energy purposes, the excess may be oxidized
incompletely and generate ketone bodies (Hanigan, 2004) or be converted to
TAG for deposition. Under normal conditions, TAG are secreted from the liver as
very-low-density lipoproteins (VLDL). Inadequate secretion of VLDL, however,
contributes to development of fatty liver (Bobe et al., 2004).

The aim of this study was to monitor metabolic profil in dairy herds with
different fatty liver incidence in order to investigate its purposes in the prediction of
fatty liver.

MATERIAL AND METHODS

Animals
Forty dry cows were chosen from the commercial dairy herd and placed in

the study. The cows ranged from 4 to 6 years of age. The cows were placed in a
tie-stall barn.

Blood sampling
Four blood samples were taken by jugular venipuncture from each animal:

the first 5 to 7 days before expected calving (dry period), the second 12 days after
calving (puerperal period), the third 30 days after calving and fourth 60 days after
calving. Samples were subsequently centrifuged at 1000 g for 20 minutes, and the
serum was decanted and stored at -18oC until analyzed. To compare blood
metabolite concentrations without influence of daily rhythms, samples were taken
4 to 6 hours after the morning feeding.

Analyses
Blood glucose and �-hydroxibutyrate (BHBA) concentrations were

measured by using commercial test bands (Precision-Xtra plus). The serum total
protein (TP), albumin, urea, total bilirubin, calcium and phosphorus
concentrations were measured by using the automatic analyzer with commercial
kits (Bio-Merieux).
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Liver biopsy
On day 12 after calving, liver percutaneous biopsies were obtained using a

biopsy instrument following the method of Hojovcova and Kacafirek (1967) and
described in details by [amanc et al. (2010). Liver tissue lipid content was
determined at the Pathomorphology Department at the Faculty of Veterinary
Medicine, University of Belgrade. For pathohistological determination of lipids,
sections were made using a freezing microtome and stained with Sudan III. Lipid
content in the hepatocytes was determined through computer image analysis
(Software Q Win). Cows were divided into two groups of equal size based on the
degree of lipid accumulation in the liver: healthy cows (<20% fat, n = 20) and
cows with fatty liver syndrome (>20% fat, n = 20).

Milking values
Milking was measured daily from day 7 to day 60 of lactation. Milk

production was monitored at the morning and evening milking (600 and 1800).
Measurements were performed with an automatic milking machine "Delaval".

Statistical Analysis
All results are expressed as means± SD. Student t test was done to identify

differences between groups. The differences were considered significant at
p<0.05. Correlations between fatty liver degree and the determined blood
parameters are also presented using Pearson correlation coefficients.

RESULTS

According to content of lipids in the liver at day 12 after calving, cows were
divided into two groups: healthy cows (n = 20; 0.00 ± 0.00% fat) and diseased
cows (n = 20; 28.50 ± 6.27% fat).

Blood metabolite concentrations in healthy and diseased cows during dry
period i.e. 5 to 7 days before calving, are shown in Table 1.

It can be seen from table 1 that there was no significant difference in blood
metabolite concentrations between two examined groups of cows, excepted for
BHBA concentrations. BHBA concentrations were significantly higher (p<0.001)
in diseased cows than in healthy cows.

Blood metabolite concentrations in healthy and diseased cows during the
puerperal period i.e. at day 12 of lactation are shown in Table 2.

Concentrations of parameters that indicate protein status of cows (total
protein, albumin and urea) are not statistically different between groups. The
concentration of glucose was significantly lower (p<0.05), while concentrations of
BHBA and total bilirubin were significantly higher (p<0.001, respectively) in
diseased cows.

Blood metabolite concentrations in healthy and diseased cows at day 30 of
lactation are shown in Table 3.

At day 30 after calving concentrations of total protein, albumin, glucose,
BHBA and Ca are significantly lower in diseased compared to healthy cows
(p<0.05, p<0.01, p<0.01, p<0.001 and p<0.05, respectively).
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Blood metabolite concentrations in healthy and diseased cows at day 60 of
lactation are shown in Table 4.

Trend of changes in metabolic parameters that characterized cows at day
30 of lactation were mainly, still present at day 60 of lactation, although differences
in blood parameters between groups were not significant.

Correlation coefficient's between determined parameters and the content of
lipid in liver of cows are shown in Table 5.

Concentration of BHBA showed significant positive correlation with
puerperal fatty liver degree at the dry period and early puerperal period.
Concentration of glucose showed significant negative correlation with fatty liver
degree during puerperium. At the same time the concentration of total bilirubin
showed a significant positive correlation with fatter liver degree. At day 30 of
lactation concentrations of albumin, BHBA, Ca and P showed significant negative
correlation with puerperal fatty liver degree. Additionaly, there was a significant
positive correlation between total bilirubin concentration and puerperal fatty liver
degree. Significant negative correlation was calculated between albumin
concentration at day 60 and puerperal fatty liver degree.

Average daily milk production of healthy and diseased cows from day 7 until
day 60 of lactation is shown in Figure 1.

Milk production did not significantly differ between healthy and diseased
cows until day 25 of lactation. From day 26 of lactation daily milk production was
lower in diseased compared to healthy cows and differences were statistically
significant except for day 32 of lactation. At day 30 of lactation average milk
production in healthy cows was (43.49±3.89 L/day) and was significantly higher
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Graph 1. Milk production from day 7 to day 60 of lactation in healthy and diseased cows



(p<0.01) than in diseased cows (39.26±3.89 L/day). At day 60 of lactation
average milk production in healthy cows (38.52±3.23 L/day) was significantly
higher (p<0.01) than in diseased cows (33.20±4.88 L/day).

DISSCUSION

Concentrations of biochemical parameters during the dry period may be a
good indicator of metabolic changes that may finally lead to postpartal metabolic
diseases (Kida, 2002). Our results showed that a week before calving,
concentration of BHBA was significantly higher in diseased compared to healthy
cows. This result indicates that in cows with postpartum fatty liver, ketogenesis is
higher, probably due to lipomobilization that starts during the dry period. It is well
known that NEFA concentration is a more direct indicator of lipomobilization, but it
is not a widely used parameter under filed condition (Ospina et al., 2010). It is a still
open question what initiates lipomobilization when cows are in the state of
positive energy balance i.e. dry period. According to Rukkwamsuk et al. (1999)
obese cows are more prone to lipomobilisation due to restricted appetite around
calving. On the other hand, [amanc et al. (2010) concluded that the endocrine
status of dry cows is the most important factor that initiates lipomobilization. He
emphasizes the role of low thyroid hormone concentration on lipid metabolism
disorder during the dry period. Due to the fact that all cows from our study were on
the same feeding regime, it is more probable that differences in the endocrine
status are a triggering factor that provoke disturbances in lipid metabolism. There
is a significant positive correlation between BHBA concentration in the dry period
and postpartal fatty liver degree (Table 5) which indicate that changes in BHBA
concentrations during the dry period can be used as a tool for the prediction of
fatty liver. Concentration of glucose was slightly lower in diseased compared to
healthy cows, but the difference was not significant (p = 0.09). Anyway, glycemia
was within the physiological range in both groups of cows during the dry period.

Glucose concentration at day 12 after parturition was significantly lower
compared to the dry period in both groups of cows (p<0.001, respectively). This
was expected due to increased milk production. Namely, blood glucose is partly
used for milk lactose syntesis, partly in other metabolic pathways in the mammary
gland (Lemosquet et al., 2009). Anyway, in diseased cows glucose concentration
is under physiological limits which indicate that there is not enough
gluconeogenic precursors or that gluconeogenesis is impaired (Hammon et al.,
2009). In addition, there was a high negative correlation between postpartal
glucose concentrations and fatty liver degree (Table 5). Ketogenesis is increased
since fatty acid oxidation rote in liver cells is blocked by insufficient supply of
glucose. There was a high positive correlation between puerperal BHBA
concentration and fatty liver degree (Table 5). This finding was consistent with
other observations (Gröhn et al., 1983). Total bilirubin concentration was
significantly higher in cows with fatty liver and may be a reliable indicator of fatty
liver in dairy cows as shown earlier by other authors, too (Kalaitzakis et al., 2006;
2010). Total bilirubin concentration is increased due to impaired morphological
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and functional integrity of the liver. Concentrations of total bilirubin were positively
correlated with liver lipid content (Table 5).

Results obtained at days 30 and 60 of lactation are important to the
determine duration of the liver disfunction. Findings in the metabolic profile test
obtained at day 30 of lactation indicate that liver function is still impaired. Lower
total protein and albumin concentrations are determined in diseased cows
probably due to impaired function of the liver to synthesize albumins (Braun et al.,
1986). Lower glycemia indicate on impaired gluconeogenesis (Nafikov and Baitz,
2007). Lower BHBA in diseased cows may be explained by lower ketogenesis
(Mohamed et al., 2000). On the other hand, these cows have lower milk
production and therefore no need for increased mobilization of endogenous fat
reserves (Figure 1). Lower calcium concentration in diseased cows is probably
due to impaired hepatic hydroxylation. Defective hydroxylation, could be a factor
in 25-hydroxyvitamin D depletion which leads to depressed Ca absorption and
consequently to hypocalcemia (Schröder and Breves, 2006). Fatty liver leads to
hypophoshatemia either through decreasing its dietary intake (Forrester et al.,
1989) or due to ketoacidosis, developed during pathogenesis of fatty liver
(Knochel, 1977). Results for the correlation coefficient calculated between blood
parameters determined at day 30 of lactation and postpartal fatty liver degree
support this discussion (Table 5).

At day 60 of lactation the metabolic profile test is still different in diseased
compared to healthy cows. Since these differences were not statistically
significant it means that hepatic function is restored. There are not enough
literature data about duration of fatty liver in dairy cows but, according to our
biochemical results, it may be supposed that duration of fatty liver is shorter than
60 days.

Based on presented results it can be concluded that the metabolic profile
test can be used as a reliable method for the prediction and diagnosis of fatty liver
in Holstein dairy cows.
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PRIMENA METABOLI^KOG PROFILA U PREDVI\ANJU I DIJAGNOZI MASNE
JETRE KOD KRAVA HOL[TAJN RASE

[AMANC H, KIROVSKI DANIJELA, STOJI] V, STOJANOVI] DRAGICA, VUJANAC I,
PRODANOVI] R i BOJKOVI]-KOVA^EVI] SLAVICA

SADR@AJ

Cilj ovog rada je bio da se ispita mogu}nost kori{}enja rezultata dobijenih
odre|ivanjem metaboli~kog profila u predvi|anju i dijagnostikovanju sindroma
masne jetre kod krava hol{tajn rase. U ogled je bilo uklju~eno 40 krava hol{tajn
rase u periodu zasu{enja, odnosno 5 do 7 dana pre o~ekivanog termina teljenja.
Kravama su uzorci krvi uzeti punkcijom vene jugularis 4 puta i to 5 do 7 dana pre
o~ekivanog termina teljenja, kao i 12., 30. i 60. dana laktacije. U uzorcima krvi
odre|ivane su koncentracije ukupnih proteina, albumina, uree, glukoze, BHBA,
ukupnog bilirubina, kalcijuma i fosfora. Dvanaest dana nakon teljenja perkutanom
biopsijom uzet je uzorak jetre u kome je, patohistolo{kim pregledom, odre|en
sadr`aj ukupnih lipida.

Nakon pregleda tkiva jetre krave su podeljene u dve jednake grupe. Krave
kod kojih je stepen zama{}enje jetre bio ve}i od 20% (obolele krave, n = 20) i
krave bez prisustva masnih kapljica u uzorcima jetre (zdrave krave, n = 20).
Mle~nost je pra}ena svakodnevno od sedmog do 60. dana laktacije.

Dobijeni rezultati su ukazali da je 5 do 7 dana pre o~ekivanog termina telje-
nja kao i 12. dana laktacije koncentracija BHBA bila zna~ajno vi{a (p<0.001, po-
jedina~no) kod obolelih nego kod zdravih krava. Tako|e, 12 dana nakon teljenja,
koncentracija glukoze (p<0.01) je bila zna~ajno ni`a, a koncentracija bilirubina
zna~ajno vi{a (p<0.001) kod obolelih nego zdravih krava. Tridesetog dana nakon
teljenja koncentracija albumina, glukoze, BHBA i Ca je bila zna~ajno ni`a kod
obolelih u odnosu na zdrave krave (p<0,05; p<0,01; p<0,01 i p<0,001, po-
jedina~no). [ezdesetog dana nakon teljenja koncentracije ispitivanih parametara
se nisu zna~ajno razlikovale izme|u obolelih i zdravih krava. Laktaciona kriva je
imala razli~iti trend kod zdravih i bolesnih krava po~ev{i od 26. dana nakon tel-
jenja. Od tog dana pa do 60. dana laktacije prose~na dnevna mle~nost je bila
zna~ajno vi{a kod zdravih nego obolelih krava, izuzev 32. dana laktacije kada ta
razlika nije bila zna~ajna. Na osnovu dobijenih rezultata mo`e se zaklju~iti da se
metaboli~ki profil mo`e sa visokom pouzdano{}u koristiti u predvi|anju i dijag-
nostici zama{}enja jetre kod krava Hol{tajn rase.
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