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first 22 weeks of lactation and response to
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Abstract

Background: Cortisol is secreted into blood in reaction to acute stress, but also in phases of diminished feed intake and
changed animal behavior. As cows do not always show clear signs of discomfort, reliable diagnostic markers could be
used to provide information regarding individual cows’ distress. The objective of this study was to establish an ether free
immunoassay for the detection of cortisol and to determine values during the first 22 weeks of lactation. Furthermore, the
response in milk cortisol levels was assessed during times of metabolic stress and pain associated symptoms of lameness.

Methods: Milk yield and composition, blood serum glucose, NEFA and BHBA as well as milk cortisol were determined in
24 multiparous Holstein-Friesian cows over the course of the first 22 weeks of lactation. Animals were further checked
for signs of clinical diseases on a daily basis. Two feed restrictions over three days (FR; 70 % of precious ad libitum intake)
were performed during the 4th wk and the 21st wk, respectively. An ELISA for cortisol measurement in easily accessible
bovine skimmed milk was established and applied.

Results: On the last day of FR in early lactation, a reduction in milk yield and changes in serum metabolites compared to
respective previous values were detected. The FR in mid-lactation resulted in no changes in milk production and serum
metabolites. Milk cortisol was highest during first wk of lactation and remained on comparable levels thereafter. Milk yield
and composition were not influenced by FR. Lameness resulted in enhanced milk cortisol levels.

Conclusion: Milk cortisol could be used as an indicator of painful symptoms such as lameness. Higher values of milk
cortisol levels during first wk of lactation should be taken into account for interpretation.
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Background
High-yielding dairy cows have to face immense metabolic
challenges throughout the gestation-lactation cycles in
their productive lives. The metabolism of dairy cows expe-
riences tremendous alterations around parturition, which
involve complex control and feedback regulations of re-
productive hormones, of insulin as well as of diminished
anabolic with concurrent increased catabolic processes in
adipose and muscle tissue [1, 2]. The onset of lactation ex-
acerbates the energy deficit by direction of glucose to the
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mammary gland for lactose syntheses resulting in low
blood glucose levels [2]. During this critical timeframe of
lactation the probability for the occurrence of production
diseases is largely increased [3]. The activation of the
hypothalamo-pituitary-adrenocortical axis (HPA) is para-
mount to the cows’ physiological endocrine response to
stress. In dairy cows pituitary and adrenocortical activity
are linked to milk yield, energy balance and plasma con-
centrations of glucose and non-esterified fatty acids
(NEFA) and might be mediated by the cows’ individual
adaptation process to the negative energy balance [4]. The
adrenal steroid hormone cortisol serves as an endpoint in
the investigation of HPA-activity. Therefore, the examin-
ation of cortisol is considered to be a valuable tool to
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measure stress response [5]. Because cortisol is secreted in
a pulsatile fashion with mean pulse intervals of approxi-
mately 120 min, single blood samples do not provide ad-
equate information [6]. Thus, cortisol in milk could
provide information on the average levels in blood. Con-
centrations of functional unbound cortisol in milk and
plasma are related very closely (0.96) independent of the
milk yield. Because binding to globulins prevents passive
transfer into milk higher amounts of non-functional
bound and total cortisol are found in blood in comparison
with milk [7]. Increases of cortisol in blood due to acute
stress are reflected by steadily increasing levels in milk
which in turn decrease as blood levels do. Therefore, a
short peak in cortisol release until 4 h before milking does
not affect its concentration in milk [8]. However, meta-
bolic imbalances during early lactation due to high milk
production lead to constant metabolic stress during that
period which could be reflected by altered milk cortisol
concentration [9]. It has been shown that the measure-
ment of cortisol in cows’ milk is an appropriate method to
determine the possible stresses of automatic milking, re-
stricted lying or parturient paresis [10, 11]. Furthermore,
pain-associated diseases such as lameness could lead to
enhanced cortisol levels.
In this study, an enzyme-linked immunosorbent assay

(ELISA) for measurement of cortisol in milk was estab-
lished. Skimmed milk was used because cortisol has a
comparably high solubility in the aqueous fraction of
milk [12]. There have been several approaches to this
aim via radioimmunoassay or via ELISA with prior ether
cortisol extraction. Adopting the protocol of Sauerwein
et al. [13], we developed an assay without preceding ex-
traction to measure cortisol directly in readily accessible
skimmed milk. This work aimed to determine if meta-
bolic stress due to restricted feeding and acute or
chronic stress due to lameness symptoms have an effect
on milk cortisol concentration.

Methods
Experimental cows, housing and feeding
The experimental design was approved by the animal wel-
fare committee of the Government of Upper Bavaria,
Germany (AZ 55.2-1-54-2531-110-09). The study was
carried out from August 2009 to January 2011 using 24
multiparous Holstein-Friesian cows kept at the Veit-
shof Research Farm (Technische Universitaet Muenchen,
Germany). The housing and feeding of the multiparous
Holstein-Friesian cows are described in Sigl et al. [14].
From d 23 until 31 pp and from d 138 until 146 pp, the
cows were moved to a tie-stall with eye contact to the
herd, but with separate feeding troughs. During the first
three days (d 23 to 25 and 138 to 140 pp, respectively), the
cows were fed ad libitum and additional concentrates (6.0
and 4.5 kg during early and mid-lactation, respectively).
From d 26 to 28 and 141 to 143 pp, the cows received a
restrictive diet and no additional concentrates (70 % of
mean ad libitum energy intake; feed restriction, FR). Fresh
feed was mixed daily and the cows were fed half of their
daily allotment of the restrictive diet at 0700 and 1700 h.
The following three days (d 29 to 31 and 144 to 146 pp)
they were re-fed with ad libitum diet and defined amounts
of additional concentrates. During the complete experi-
mental period, fresh drinking water was freely available.
After parturition, twice-daily milking was carried out in a
2 × 2 tandem milking parlor (GEA WestfaliaSurge GmbH,
Boenen, Germany) starting at 0420 and 1540 h. The cows’
general health condition was determined every day for clin-
ical signs of disease. Disease was defined as necessary vet-
erinary intervention. In this study, retained placenta
(retention > 8 h), inflammation of the uterus (discharge of
purulent material from the uterus), ketosis (reduced feed
intake, declining milk yield and urinary ketone bodies) and
mastitis (fever or turgid mammary gland and positive
California Mastitis Test) as well as lameness symptoms
(change in locomotion) were determined.

Milk sampling
Milk yield was recorded with electronic milk meters
(Metatron P21, GEA WestfaliaSurge GmbH, Boenen,
Germany) during each milking. Milk samples for ana-
lysis of major milk components were taken on the
same respective days of lactation in all animals (twice
per lactational wk during the second and third wk pp,
thereafter once per wk) as well as before, during and
after FR daily on d 23 to 31 and 138 to 146 pp, re-
spectively). To obtain a representative sample, aliquots of
morning and evening milk were pooled in proportion to
the morning and evening milk yield [15], preserved by
acidiol and stored at 4 °C for analysis within 7 d. Milk
composition was measured by infrared-spectrophotometry
(MilkoScan-FT-6000, VOSS GmbH, Rellingen, Germany)
in the laboratories of the Milchpruefring Bayern e. V.
(Wolnzach, Germany). Morning milk samples for meas-
urement of cortisol were taken from d 8 pp on twice per
wk throughout the experimental period as well as before,
during and after feed restrictions on a daily basis (d 23 to
31 and 138 to 146 pp, respectively). An 11 mL aliquot of
each sample was stored at −20 °C until analysis.

ELISA of cortisol
Cortisol was determined in skimmed milk by a highly
sensitive competitive ELISA [13] with modifications.
The coating antibody was obtained from goats immu-
nized against rabbit IgG (Sigma-Aldrich GmbH, Munich,
Germany). The second antibody (C1Pool2 Weihenstephan)
was raised in rabbits against cortisol-21-hemisuccinate-BSA
(Sigma-Aldrich GmbH, Munich, Germany). After affinity
purification, the antibodies were diluted in ammonium
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sulfate. Coating of microtiter plates (F96 MikroWell Plates
Maxisorb, Nunc, Thermo Fisher Scientific, Langenselbold,
Germany) was performed by adding goat IgG anti-rabbit
IgG (1 μg/well) dissolved in a coating buffer (100 μL;
4.29 g/L Na2CO3 × 10 H2O, 2.93 g/L NaHCO3, pH 9.6;
Merck KGaA, Darmstadt, Germany). Residual binding
sites were blocked with 380 μL/well 0.1 % BSA in PBST
(phosphate-buffered saline with Tween-20), containing
7.12 g/L Na2HPO4 × 2 H2O, 8.5 g/L NaCl (both Merck
KGaA, Darmstadt, Germany), 1 g/L BSA (Serva GmbH,
Heidelberg, Germany), deionized water and HCl until
pH 7.2 (Merck KGaA, Darmstadt, Germany). Microtiter
plates were stored at −20 °C until the day of measurement.
The competitive agent was cortisol-21-glucuronide (Stera-
loids, Newport, USA) labeled with horseradish peroxidase
(1:12,000, Roche Applied Science, Mannheim, Germany).
To create standard and control samples with known

cortisol concentrations, bulk tank milk was skimmed by
centrifugation (3,000 × g, 4 °C, 15 min). To obtain sam-
ples which were free of endogenous cortisol, activated
charcoal was added to the tube (0.7 mg charcoal per
100 mL skimmed milk). Subsequently, the mixture was
shaken horizontally (30 min, 1,500/min) and centrifuged
(3,000 × g, 4 °C, 15 min). Known amounts of cortisol (0.1
to 34.5 nmol/L and 1.0, 2.0, 5.0 nmol/L; Sigma-Aldrich
Chemie GmbH, Munich, Germany) were added to the
skimmed milk. All experimental milk samples were
thawed (37 °C, 20 min) and skimmed by centrifugation
(3,000 × g, 4 °C, 15 min).
Duplicate skimmed milk samples or standards (10 μL

each) were pipetted to respective coated EIA wells.
Enzyme-labeled cortisol (100 μL, diluted 1:12,000) and
specific antibody C1Pool2 (100 μL, diluted 1:90,000) were
added. After over-night incubation (4 °C), the microtiter
plates were washed with PBST. In the next step, a sub-
strate solution (150 μL/well) was added which contained
equal amounts of substrate A (1 g/L CH6N2O3, 18 g/L
Na2HPO4 × 2 H2O, 10.3 g/L C6H8O7 × H2O, pH 5) and
substrate B (500 mg/L tetramethylbenzidine (TMB),
40 mL/L DMSO, 10.3 g/L C6H8O7 × H2O, pH 2.4).
Sigma-Aldrich Chemie GmbH (Munich, Germany) pro-
vided TMB and DMSO and all other chemicals were
purchased from Merck KGaA (Darmstadt, Germany).
Horseradish peroxidase cleaves hydrogen peroxide in OH-
radicals, which react with the amino-group of TMB, result-
ing in blue TMB-cations. After incubation in the dark
(room temperature (RT), 40 min), enzymatic reaction was
stopped by addition of 2 M H2SO4 (50 μL/well), followed
by protonation of the TMP-radicals, which resulted in a
color change to yellow. Extinction was measured photo-
metrically at 450 nm (Sunrise microplate reader). Standard
curves as well as concentrations of cortisol in skimmed
milk were determined with the Magellan data analysis soft-
ware (both Tecan Group Ltd, Maennedorf, Switzerland).
Blood sampling
Blood samples were taken twice before expected partur-
ition (d 7 and 14 ap), on d 1, 8, 15, 22, 43, 113 pp and at
last day of trial (d 155 pp). Additional blood samples were
collected one day before, all days of and three days after
FR (d 26, 27, 28, 29 and 32 pp as well as d 141, 142, 143,
144 and 147 pp). Blood samples were obtained in the
morning after milking, but before feeding and processed
as described in Sigl et al. [14]. Measurements of serum
metabolites were conducted at the laboratories of the
Clinic for Cattle of the University of Veterinary Medicine
(Hannover, Germany) as described in Sigl et al. [14].

Statistical analysis
Energy balance was calculated using the formula EB = (DMI
diet × NEL diet) + (DMI concentrates × NEL concen-
trates) – (0.293 × body weight0.75) – (0.38 ×milk fat con-
centration) - (0.21 ×milk protein concentration) + 0.95) ×
milk yield) as described by Kamphues et al. [16]. Energy-
corrected milk yield was obtained with the equation ECM
(kg) = (milk yield × 0.327) + (milk fat yield × 12.86) + (milk
protein yield × 7.65) and fat-corrected milk yield with
the equation FCM (kg) = (milk yield × 0.4) + (milk fat
yield × 15).
SAS (Version 9.2, SAS Institute Inc., Cary, NC, USA)

was applied for statistical analyses. All milk and blood data
were compared using the Mixed procedure with the co-
variance structure which fit best according to the Aikaike
information criterion [17]. ‘Day in milk’, ‘season of sam-
pling’ (4 classes: spring, summer, autumn, winter)’, ‘parity’
(two classes: 2, ≥3) and ‘occurrence of lameness symp-
toms’ (no lameness, lameness) were included as fixed ef-
fects. The ‘ECM’ was considered to be a covariate. The
‘cow’ was included as a random effect. For analyses of
DMI, energy intake and energy balance each FR-period
was analyzed separately including the fixed effects ‘day in
milk’ and ‘parity’ and the random effect ‘cow’. If an overall
significant effect was found, subsequent Bonferroni post-
hoc analyses were performed. Simple correlations were
calculated using the Proc corr statement in SAS. A P-
value of < 0.05 was considered significant. Data are pre-
sented as least square means (LSM) ± standard error (SE).

Results
Milk production and key blood metabolites during first
155 days of lactation
The lactation curve patterns for milk yield, milk protein
and milk fat were comparable to the previously reported
results of selected time points by Sigl et al. [18]. Regard-
ing the blood serum parameters, glucose showed the
highest levels at day of parturition (4.75 ± 0.15 mmol/L)
and declined until d 8 pp (3.67 ± 0.14 mmol/L; P < 0.01;
Fig. 1). After d 43 pp, glucose leveled at approximately
4.0 mmol/L. In most of the cows (n = 13) maximum



Fig. 1 Concentration (mmol/L) of glucose (■), non-esterified fatty acids (NEFA;▼) and β-hydroxybutyrate (BHBA; ●) in blood serum of multiparous cows
during the experimental period. Grey shaded areas indicate three days before, three days of and three days after feed restrictions (70 % of previous ad
libitum energy intake) during early (d 23–31 pp) and mid-lactation (d 138–146 pp). Values are presented as LSM± SEM
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NEFA concentrations (>1.0 mmol/L) were measured at
d 8 pp. Blood serum beta-hydroxybutyrate (BHBA) in-
creased in 19 cows after parturition above 0.5 mmol/L
and reached maximum levels at d 8 pp.

Feed parameters, milk production and key blood
metabolites during metabolic challenges
Although cows were accustomed to a cubicle housing sys-
tem, no effects on behavior, such as excessive vocalization
or restlessness, were detected due to tying of animals.
During both FRs DMI, energy intake and energy balance
were reduced as described in Sigl et al., [18]. Milk yield de-
clined during restricted feeding in early lactation by 4.6 kg
(P < 0.01), whereas ECM did not differ during both FRs.
Milk protein and milk fat were not influenced by FRs.
Serum glucose levels dropped during FR in early lactation
below 3.0 mmol/L, but increased during subsequent ad
libitum feeding (P < 0.001; Fig. 1). Blood NEFA values
were not affected by both FRs. From d 26 to 29 pp,
concentrations of BHBA increased to values of 2.65 ±
0.16 mmol/L (P < 0.001). Thereafter, BHBA levels de-
creased in all cows, but did not reach initial values (P <
0.01). During FR in mid-lactation, no increases in blood
serum NEFA and BHBA levels were measured.

Clinical signs of diseases
Lameness was diagnosed at least once in 14 animals prior
and after parturition (d −14 until d 143 pp; total 54 d).
Most changes in locomotion were caused by heel-horn
erosions (52 % of detected lamenesses) and the digital
dermatitis complex (31 %). Lower proportions of lame-
nesses were caused by sole ulcers (9 %), tarsitis (5 %) and
peritarsitis (2 %). Retained placenta or inflammation of the
uterus were seen in 8 animals (d 1 until d 22 pp) and mas-
titis was diagnosed in 6 animals throughout lactation (d
21 until d 148 pp). Clinical signs of ketosis were seen in 3
cows mainly during early FR (d 8 and d 29 to 31 pp). Be-
cause the number of days with disease symptoms other
than lameness was low these diseases and respective corti-
sol values were not included in the analysis.

Cortisol in skimmed milk
Inter-assay and intra-assay coefficients of variability of all
measurements (46 microtiter plates) were acceptable (12.6
and 6.7, respectively). Between 1 and 10 nmol cortisol per
L skimmed milk a high accuracy of the ELISA method
was determined. The recovery rate of the test was 105.3,
102.5 and 111.2 % for control samples with 1, 2 and
5 nmol/L cortisol in skimmed milk. The cross-reactivity of
the test was determined for cortisol (100 %), prednisolone
(26.6 %), 11β-hydroxy-progesterone (20.9 %), cortisone
(15.1 %), corticosterone (13.9 %), prednisone (8.5 %),
progesterone (4.5 %), aldosterone (1.9 %), testosterone
(1.5 %), betamethasone (0.6 %) and pregnenolone (0.2 %).
Cross-reactivity for dexamethasone, estradiol-17β and
cholesterol was below 0.1 %.
The morning milk cortisol concentration in skimmed

milk was effected by the day in milk (P < 0.05; Fig. 2).
Highest concentrations were observed during the first wk
of lactation (5.8 ± 0.48 nmol/L). Thereafter, the weekly
values were comparable (between 3.6 and 6.2 nmol/L).
Second parity animals displayed in trend lower milk cortisol
concentrations in comparison with higher parity animals
(4.59 ± 0.27 vs. 5.15 ± 0.28 nmol/L; P = 0.07). Concentra-
tions of milk cortisol were not elevated after moving the an-
imals to a tie-stall barn on d 23 and 137 pp, respectively
(Fig. 2). Also, restricted feeding did not affect milk cortisol
levels (Table 1). Higher cortisol concentrations were ana-
lyzed in morning milk of lame cows in comparison with
concentrations of sound cows (3.69 ± 0.16 vs. 6.05 ±



Fig. 2 Cortisol (nmol/L) in skimmed milk of multiparious cows during the experimental period. Grey shaded areas indicate three days before, three
days of and three days after feed restrictions (70 % of previous ad libitum energy intake) during early (d 23–31 pp) and mid-lactation (d 138–146 pp).
Values are presented as LSM± SEM
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0.38 nmol/L for sound and lame cows; P < 0.01). Simple
correlations between milk cortisol and other parameters re-
vealed a low negative relationship to yields of milk (−0.170),
protein (−0.134) and fat (−0.091; P < 0.01). Low positive
correlation could be observed between milk cortisol and
protein concentration (0.096, P < 0.01). Furthermore, blood
serum NEFA levels were positively correlated to amounts
of milk cortisol (0.149, P < 0.05).

Discussion
Metabolic transformation processes for preparation
of parturition and lactation already take place during
the prepartal transition period, reflected among other
things by enhanced gluconeogenesis and fat mobilization
Table 1 Mean cortisol in skimmed milk (LSM) at three days
before, three days of and three days after feed restriction (70 %
of previous ad libitum intake) in early and mid-lactation

Relative
to FR

FR in early lactation
(n = 24)

FR in mid-lactation
(n = 22)

RSDa

DIM Cortisol,
nmol/L

DIM Cortisol,
nmol/L

Before 23 4.67 138 5.17 1.86

24 3.85 139 4.74

25 4.24 140 4.76

During 26 4.14 141 4.55

27 3.88 142 3.70

28 4.51 143 3.91

After 29 4.25 144 3.76

30 4.68 145 4.96

31 4.38 146 5.09

FR feed restriction, DIM day in milk, day relative to parturition, RSD residual
standard deviation, ECM energy corrected milk yield
aResidual standard deviation was calculated by extracting the square root of
the residual
[19]. In the present study, blood serum glucose showed
the highest levels at day of parturition, due to the physio-
logical high blood glucose levels during calving [20]. In
agreement with Piechotta et al. [21] who showed an asso-
ciation of prepartum high NEFA values and postpartum
development of production diseases three cows with an
increased blood NEFA concentration were also affected by
retained placenta, recumbency or ketosis after parturition
in our study. Also, most of the cows reached critical
(>1.0 mmol/L) [22] and maximum NEFA levels in wk
2 pp. Thereafter, NEFA values declined constantly [9].
Three cows showed blood serum BHBA levels above
threshold values of 1.2 mmol/L after parturition [23].
A FR in early lactation led to an enhancement of the

metabolic challenge in all cows which is reflected by
changes in metabolic key metabolites. Blood serum glu-
cose levels dropped below critical values of 3.0 mmol/L in-
dicating insufficient energy supply [24, 25]. Blood serum
NEFA levels increased only numerically, whereas BHBA
concentrations rose above threshold values for subclinical
ketosis of 1.2 - 1.4 mmol/L [3]. In mid-lactation lower
serum NEFA and BHBA levels in concordance with a sus-
tained physiological serum glucose concentration suggest
a more stable metabolic status during that time period.
In the present study we developed a sensitive ELISA

for measuring cortisol in milk without previous ether ex-
traction. The ELISA exhibited a high analytical sensitiv-
ity, low imprecision, low cross-reactivity and satisfactory
analytical recovery. Cortisol levels found in our study
are not directly comparable to values described in litera-
ture as they vary highly between applied methods (ethyl-
acetate extraction vs. measurement in skimmed milk
and radio-immunoassay or RIA vs. ELISA, free vs. total
cortisol measurement). Further differences between test
methods are due to variation in specificity, sensitivity
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and cross-reactivity with structural related compounds.
However, average cortisol concentrations are within the
range of values which were previously observed in cows
(0.5 to 11.7 ng/mL) [8].
Earlier studies have reported that cortisol levels are ele-

vated in early (1.63 nmol/L) compared to later stages of
lactation (0.69 nmol/L) [26] which is in agreement with
our results. Hence, results of milk cortisol measurements
during the first wk of lactation should not be included in
the assessment of cows’ well-being. Thereafter, values do
not differ and outliers which are potentially due to distress
could be detected by measuring milk cortisol.
Changing of the housing conditions by tethering of the

animals in a separate area of the barn was unknown to
all animals particularly in early lactation. However, no
rise in concentrations of milk cortisol was examined in
milk samples after separation. This could be due to the
fact that the cows were moved after morning milking
and quickly adapted to the altered environment. A re-
turn of cortisol secretion to basal levels has been shown
to occur within 24–48 h after tethering of bulls [27].
Also, short-time restricted feeding did not result in vari-
ation of milk cortisol levels. It was previously reported
that high milk yield (11,443 kg fat and protein-corrected
milk in preceding 305 d lactation) and associated
assumed large energy deficits (−82 MJ in ongoing lacta-
tion; [4]) as well as ketosis (blood serum BHBA >
1.5 mmol/L) [10] are correlated to lower cortisol levels.
Fisher et al. [11] observed no effects of moderate FR
(3 % vs. 4 % of body weight of dry matter daily for 7 d)
on cortisol levels, supporting our findings. Our results
indicate that a reduced feed intake over a short period of
time does not lead to a stress response involving HPA-
activation and increased cortisol secretion.
Basal blood levels of cortisol are elevated in cows which

are not allowed to lie down (from 15:00 to 06:45 over 7 d)
[11], whereas in ketotic cows, cortisol blood levels are
lower (9.6 nmol/L) compared to cows with mastitis
(23.3 nmol/L) or recumbent animals (96.7 nmol/L) [10].
This trend could also be observed in our animals, how-
ever, due to the very low number of three animals showing
clinical signs of ketosis our finding must be interpreted
very carefully. Severe pain related chronic diseases have
been shown to increase hair cortisol levels in humans [28].
An increase in milk cortisol could also be demonstrated in
our study in animals which showed signs of distress such
as lameness. Lameness is one of the most serious welfare
problems faced by dairy cows. In this study, cows were not
selected due to occurrence of diseases symptoms. Never-
theless, lameness symptoms were seen more often than
the reported prevalence of approximately 48 % in 33 con-
ventional free stall barns in Germany [29]. This might be
due to the fact that the general health of the animals was
checked daily by the researchers and clinical signs were
reported and treated immediately. Due to the low number
and different underlying causes of changes in locomotion
in this study no further analysis was performed on the dis-
crimination power for milk cortisol measurements be-
tween lame and non-lame animals. In this regard, existing
information on the effect of lameness on cortisol levels in
plasma and milk of cows is inconsistent. For instance,
O’Driscoll et al., [30] reported that cows with lameness
caused by sole ulcers displayed higher blood cortisol
levels compared with healthy cows. On the contrary,
Almeida et al. [31] and Walker et al., [32] detected
no significant difference in cortisol levels in blood or
milk between lame and sound cows, although numer-
ical differences were stated (up to 43 % higher values
in lame animals). The detectability of a distinct in-
crease in milk cortisol in lame animals might be re-
lated to the underlying cause and duration of the
distress. In this regard, Almeida et al., [31] and
O’Driscoll [30] proposed the use of the ratio between
cortisol and dehydroepiandrosterone (DHEA) as a
marker of inflammation. However, to the authors’
knowledge the only methods described so far to de-
tect DHEA in milk is liquid chromatography-tandem
mass spectrometry which is labor intensive and ex-
pensive [33].
High circulating cortisol concentrations were reported

to be linked to reduced milk yields [34]. However,
Fukasawa et al. [35] reported a weak positive correlation
between daily milk yield and milk cortisol (0.13) which
could not be confirmed by our results. The correlation
analyses indicated a significant negative association of
milk cortisol and milk yield and milk yield dependent
variables (i. e. protein yield and fat yield). However, the
respective biological meanings of the small correlations
are questionable, particularly in context of inconsistent
earlier reported results. Cortisol levels were not found to
be negatively correlated to milk composition such as
protein (−0.33; [35]) and milk fat concentration (−0.28;
[26]). The positive trend between blood glucose and
milk cortisol supports results of Breves et al. [36] who
found a positive correlation between blood glucose and
blood cortisol (0.18). However, the documented negative
correlation between blood ketone bodies and cortisol
(−0.31; [36]) could not be established in our study.

Conclusion
Milk cortisol concentration was higher during first wk of
lactation, but was not influenced by tethering animals
and restricted feeding in this study. It could act as an
easily accessible diagnostic marker of painful events such
as lameness, independent of its underlying cause, but
further studies on the validation of the prospective
potential of this parameter with a higher number of
animals and disease cases are needed.
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