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Abstract
Aim: The present study was undertaken with the objective to obtain insight into the dynamics of the release of β-endorphin, 
adrenocorticotrophic hormone (ACTH) and cortisol in response to machine milking in dairy cows.

Materials and Methods: A total of 10 healthy multiparous lactating Italian Friesian dairy cows were used in the study. 
Animals were at the 4th-5th month of pregnancy and were submitted to machine milking 2 times daily. Blood samples were 
collected in the morning: In baseline conditions, immediately before milking and after milking; and in the early afternoon: 
In baseline conditions, before milking and after milking, for 2 consecutive days. Endocrine variables were measured in 
duplicate, using a commercial radioimmunoassay for circulating β-endorphin and ACTH concentrations and a competitive 
enzyme-linked immunoassay for cortisol concentration.

Results: Data obtained showed a similar biphasic cortisol secretion of lactating dairy cows, with a significant increase of 
cortisol concentration after morning machine milking, at both the 1st and the 2nd day (p<0.05), and a decrease after afternoon 
machine milking at the 2nd day (p<0.01). One-way RM ANOVA showed significant effects of the machine milking on the 
cortisol changes, at both morning (f=22.96; p<0.001) and afternoon (f=15.10; p<0.01) milking, respectively. Two-way 
RM ANOVA showed a significant interaction between cortisol changes at the 1st and the 2nd day (f=7.94; p<0.0002), and 
between the sampling times (f=6.09; p<0.001). Conversely, no significant effects of the machine milking were observed on 
β-endorphin and ACTH changes, but only a moderate positive correlation (r=0.94; p<0.06) after milking stimuli.

Conclusions: A wide range of cortisol concentrations reported in this study showed the complex dynamic patterns of the 
homeostatic mechanisms involved during machine milking in dairy cows, suggesting that β-endorphin and ACTH were not 
the main factors that caused the adrenocortical response to milking stimuli.
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Introduction

β-endorphin and adrenocorticotrophic hormone 
(ACTH) are two peptides derived from the common 
precursor proopiomelanocortin, which is present in the 
pituitary gland. A recent study showed that the ACTH 
secretion from melanotrophs cells in lactating rats is 
regulated by neuroendocrine dopamine neurons [1]. 
β-endorphin is involved in the endocrinological 
response to suckling in some animals and women, with 
a significant increase after 20 min, suggesting that the 
increased β-endorphin derives from an extra-hypoph-
yseal source [2]. Elevated plasma β-endorphin and 
cortisol concentrations in unfamiliar surroundings in 
dairy cows were described [3]; in addition, when cows 
acclimate to the new surroundings, the concentrations 
of these hormones decrease [4]. These observations 
showed that endogenous opioid peptides play a role 
within the mechanisms causing central inhibition of 
milk ejection; hence, the exogenous opioid morphine 
inhibited both oxytocin release and milk ejection [5]. 

Nevertheless, the role of endogenous opioids in the 
regulation of milk ejection and the mechanisms of inhi-
bition of oxytocin release in cows remains unclear [6]. 
In emotional stress situations, the release of oxytocin 
from the pituitary is inhibited with simultaneously ele-
vated β-endorphin levels in dairy cows [7]. Moreover, a 
decrease of plasma β-endorphin concentrations during 
machine milking in cows with disturbed milk ejection 
and in control animals with normal milk removal were 
shown [8]. In addition, a recent experiment showed 
that β-endorphin releases was not affected by milking 
frequency and not correlated with the magnitude of 
prolactin release [9]. Furthermore, milking frequency 
had no effect on cortisol production [10]. Nevertheless, 
once-daily milking has attracted considerable research 
interest over the years [11].

The hypothalamo-pituitary-adrenal axis activity 
and circulating cortisol contents are generally con-
sidered a good index of the reaction of animals to 
environmental challenges [6,12], and the course of 
adaptation to the novel milking environment can be 
predicted by testing the sensitivity of the adrenal cor-
tex to ACTH in dairy cows [6]. The increase of cortisol 
concentrations during milking was not likely induced 
by ACTH because there were no changes in ACTH 
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concentrations [13], although the control of the adrenal 
glucocorticoid secretion has generally been supposed 
to exclusively depend on the release of ACTH [6]. The 
reaction towards the changeover to automatic milking 
system varied widely within dairy cows; hence, adap-
tation to this milking system was easier in animals 
with a higher adrenal cortex sensitivity to ACTH [14]. 
Increases in cortisol response to milking in the plasma, 
saliva and milk after ACTH administration reflected 
adrenal stimulation in responses to normal physio-
logical events [15]. The relationship between cortisol 
and function of the mammary gland was evidenced, 
and cortisol seems to be important in the reduction of 
mammary epithelial cell tight junction leakiness in the 
udder of dairy cows [16,17]. Automated milking sys-
tem induced higher cortisol level than a conventional 
tandem parlor in dairy cows, but median fecal concen-
trations of the cortisol metabolite dioxoandrostane were 
comparable [18] similarly the milk cortisol concentra-
tions [19]. Circulating cortisol concentrations increased 
physiologically during normal machine milking of 
cows [3], conversely these concentrations decreased 
during suckling in dairy cows and their calves [20]. 
Moreover, an increased cortisol production in cows 
with milk ejection disorders was not obvious [21].

Since milking can represent psychophysical and 
emotional stimulations, with or without effects on the 
behavior, welfare [22-24] and metabolic status [25], 
aim of study was to obtain insight into the dynamics 
of the release of β-endorphin, ACTH and cortisol in 
response to machine milking in dairy cows.
Materials and Methods
Ethical approval

This study was performed according to the guide-
line recommended by the Directives 86/609/EEC and 
2010/63/EU, and was approved by Ethical Committee 
for the Care and Use of Animals of the University of 
Messina.
Dairy cows

A field study using ten multiparous, pregnant 
Italian herds was conducted to determine the effects 
of machine milking on β-endorphin, ACTH and corti-
sol changes. Dairy cows were five (5.2±2.54) years of 
age, milk production (25±5.0 kg) and lactation stage 
(days in milk: 110±10). All subjects approximately 
calving in the same period were at the 4th-5th month of 
pregnancy on the basis of a pregnancy test carried out 
at 21 days post breeding. The milkers were familiar 
with the milking machine and cows were milked twice 
daily (06:00 a.m. and 03:30 p.m.), so data collected 
during this period were used to provide baseline val-
ues, at 06:30 a.m. and at 03:30 p.m. Cows were held 
on a farm located in Catania, eastern Sicily (37° 30’ 
4” 68 N latitude; 15° 4’ 27” 12 E longitude) 380 m at 
sea level. The herd structure was static without cows 
entering and leaving the experimental animals to min-
imize the effect of social stress caused by the addition 
of new animals into a herd; for this reason no new 

animals were mixed into the experimental herd during 
the 2-day period. All dairy cows were subjected to the 
same husbandry procedures, had free access to pasture 
during the day and fed a total mixed ration available 
twice day after milking; diet consisted of 59% grass 
silage and 41% concentrate on a dry matter basis. The 
composition of food ration was the same for the three 
farms, to minimize the effect of different diet; water 
was available ad libitum.

Cows were moved to the loose housing and 
milked in according to normal routines in a rotary 
milking parlor. Prior to milking, all cows were brought 
into a holding area and restrained as a group.
Sample collection

Blood samples were collected via the coccygeal 
vessels in the tail, in the morning: In baseline condi-
tions, immediately before milking at 06:00 a.m., and 
after milking at 07:00 a.m., and in the early afternoon: 
In baseline conditions, before milking at 03:00 p.m., 
and after milking at 04:00 p.m. for 2 consecutive days. 
Multiple veterinarians simultaneously collected blood 
samples from all cows to minimize the restraint time. 
Immediately after exiting the milking parlor after 
being milked cows were moved to a holding area, and 
the post-milking blood sample was collected. Blood 
collection took <30 s per cow. All blood samples were 
collected at approximately the same time each day in 
order to minimize any possible variation due to diur-
nal effects.
Sample analyzes

In order to analyze β-endorphin concentra-
tions, after collection an aliquot of the blood samples 
(2.5 mL) was transferred into polypropylene tubes 
containing ethylenediaminetetraacetic acid (EDTA) 
(1 mg/mL of blood) and aprotinin (500 kallikrein 
inhibitor unit/mL blood, ICN Biomedicals Inc., 
Aurora, OH, USA) and kept at 4°C. Plasma sam-
ples were harvested after centrifugation at 3000 × g 
for 15 min at 4°C and stored at -80°C until analysis. 
Peptides were extracted from plasma samples with 1% 
trifluoroacetic acid (high-performance liquid chroma-
tography [HPLC] grade) and eluted with 60% acetoni-
trile (HPLC grade) in 1% trifluoroacetic acid. Plasma 
β-endorphin concentrations were measured in dupli-
cate, using a commercial radioimmunoassay (RIA) 
kit (Peninsula Lab. Inc., Belmont, CA, USA). The 
standards supplied with the kit were of human origin; 
nevertheless, a synthetic bovine standard was run with 
all assays to confirm the cross-reactivity of the antise-
rum. In addition, dilutions of bovine serum samples 
provided a superimposable curve to those humans’ 
standards. The hormone assay used has a range for the 
amount of β-endorphin detected of 3-371 pmol/L. The 
sensitivity of the assay β-endorphin was 5 pmol/L. 
The intra- and interassay coefficients of variation 
(CVs) were 7.0% and 15.0%, respectively.

Serum ACTH concentrations were analyzed 
in duplicate using a commercially available RIA kit 



Available at www.veterinaryworld.org/Vol.8/March-2015/6.pdf

Veterinary World, EISSN: 2231-0916 286

(ELSA-ACTH, CIS-BioInternational, Gif-sur-Yvette, 
France). The hormone assay used has a range for the 
amount of ACTH detected of 0-440 pmol/L. The sensi-
tivity of the assay ACTH was 0.44 pmol/L. The intra- and 
inter-assay CVs were 6.0% and 15.0%, respectively.

Total serum cortisol concentrations were analyzed 
in duplicate using a competitive enzyme-linked immu-
noassay (EIA, RADIM, Rome, Italy) by a commercial 
test kit and a BRIO automated analyzer (SEAC, Rome, 
Italy). During the first incubation, the cortisol sample 
competed with cortisol conjugated to horse radish per-
oxidase for the specific sites of the antiserum coated on 
the wells. Following incubation, all unbound material 
was removed by aspiration and washing. The enzyme 
activity bound to the solid phase is inversely pro-
portional to cortisol concentration in calibrators and 
samples, and is made evident by incubating the wells 
with a chromogen solution (tetramethylbenzidine) in 
substrate-buffer. Colorimetric reading was carried out 
using a spectrophotometer at 450, 405 nm wavelength 
(Sirio S, SEAC, Florence, Italy). Assay sensitivity was 
13.80 nmol/L. The intra- and interassay CVs were 
4.0% and 6.9%, respectively.
Statistical analysis

Data are presented as mean ± standard deviation. 
To determine whether machine milking stimuli had 
any effect, a one-way analysis of variance for repeated 
measures (RM ANOVA) was applied. Significant dif-
ferences between before and after milking of the 1st and 
the 2nd day values were established using Student’s 
paired t-test. To determine the effects of interaction 
between the 1st and the 2nd day, and between the sam-
pling times, a two-way RM ANOVA was applied. The 
level of significance was set at p<0.05. All calculations 
were performed using the PRISM package (GraphPad 
Software Inc., San Diego, CA, USA). The correlation 
among β-endorphin, ACTH and cortisol concentra-
tions was evaluated by linear regression (r), calculated 
using Pearson’s method.
Results

Data obtained showed that circulating β-endor-
phin concentrations of Italian Friesian dairy cows 
(Figure-1) ranged between 4.25 and 5.29 pmol/L.

Compared to baseline β-endorphin values, dairy 
cows showed moderate higher β-endorphin values 
a.m. and p.m. after machine milking at the 1st day; 
at the 2nd day moderate lower β-endorphin values 
a.m. after milking, and higher values p.m. after milk-
ing were observed. No significant differences were 
observed for the comparison between a.m. and p.m. 
β-endorphin values, neither between the 1st and the 
2nd day values. One-way RM ANOVA did not show a 
significant effect of the treatments on the β-endorphin 
changes, both during a.m. and p.m. machine milking.

Data obtained showed that circulating ACTH 
concentrations of Italian Friesian dairy cows (Figure-1) 
ranged between 0.94 and 1.65 pmol/L.

Compared to baseline ACTH values, at the 
1st day dairy cows showed moderate baseline lower 
ACTH values a.m. and p.m. after machine milking; at 
the 2nd day moderate higher ACTH values p.m. after 
milking were observed. No significant differences 
were observed for the comparison between a.m. and 
p.m. ACTH values, neither between the 1st and the 
2nd day values. One-way RM ANOVA did not shown 
a significant effect of the treatments on the ACTH 
changes, both during a.m. and p.m. machine milk-
ing. A moderate positive correlation (r=0.94; p<0.06) 
between β-endorphin and ACTH changes after milk-
ing stimuli was obtained.

Data obtained showed that circulating corti-
sol concentrations of Italian Friesian dairy cows 
(Figure-1) ranged between 39.72 and 68.56 nmol/L.

Compared to baseline cortisol values, dairy cows 
showed significant higher cortisol values (p<0.05) 

Figure-1: Circulating β-endorphin, adrenocorticotrophic 
hormone and cortisol concentrations (mean ± standard 
deviation) in dairy cows before and after machine milking, 
Different superscripts show significant differences versus 
before a=p<0.05; b=p<0.01; versus a.m. c=p<0.001; 
versus the 1st day d=p<0.01
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a.m. after machine milking both at the 1st and the 
2nd day; regarding to after p.m. milking lower cor-
tisol values (p<0.01) at the 2nd day were found, as 
showed by two-way RM ANOVA (f=7.94; p<0.0002). 
Compared to a.m. after milking, p.m. after corti-
sol values of the 1st day were lower (p<0.01). At the 
2nd day, compared to a.m. baseline cortisol values, 
p.m. baseline cortisol values were higher (p<0.01), as 
showed by two-way RM ANOVA (f=6.09; p<0.001). 
One-way RM ANOVA showed significant effects of 
the machine milking on the cortisol changes, both at 
a.m. (f=22.96; p<0.001) and at p.m. (f=15.10; p<0.01) 
machine milking.
Discussion

Circulating β-endorphin concentrations obtained 
in dairy cows are in accordance with data observed in 
dairy cows [3,4,8] values, but they were lower than 
data reported in previous studies in cattle [26] and 
lactating dairy cows [9]. The superimposable base-
line β-endorphin concentration and moderate changes 
after milking signal that animals were unstressed both 
before and after milking. Therefore, dairy cows in the 
present study were intuitively totally accustomed to 
machine milking system and relaxed in their familiar 
surroundings.

In addition, a comparison of ACTH concentra-
tions obtained in dairy cows with published data seem 
to occur within physiologically tolerable limits [5,27], 
but they were lower than data reported in previous 
studies in plasma young beef bulls [28]. Data obtained 
confirmed that ACTH concentrations did not change 
during milking, whereas cortisol increased [5]. Thus, 
it seems likely that no significant changes of β-endor-
phin and ACTH concentrations after machine milking 
stimuli are due to a probably unmodified pituitary 
gland responsiveness to milking stimuli, indicating 
that these hormones are not a limiting factors on the 
adrenocortical activity. In addition, this finding con-
firms concurrent regulation from the intermediate 
lobe, with a substantial release of both hormones from 
the anterior pituitary gland [29], as confirmed by pos-
itive moderate correlation between β-endorphin and 
ACTH changes.

Circulating cortisol concentrations obtained in 
dairy cows are in accordance with data reported in 
dairy cows [27] and bovine [30] ranges. A compari-
son of the results obtained in dairy cows after machine 
milking with published data showed a similar pattern 
of cortisol concentrations, with a cortisol increases 
after milking than baseline values [5,27].

Moreover, the highest cortisol concentrations 
observed in dairy cows milked during the morning, 
both at the 1st and the 2nd day could indicate that these 
cows were very sensitive to milking stimuli, even if 
all animals appeared to be calm and relaxed during 
milking. Overall, the magnitude of cortisol increases 
after morning machine milking may suggest a stim-
ulus-response relationship and a pulsatile mode of 

release’s cortisol that was probably superimposed on 
baseline circadian variations.

Alternatively, the course of afternoon cortisol 
decrease observed after machine milking could be 
due to the possible inhibition of adrenocortical activ-
ity, reported when the presentation of stressful stimuli 
involved a consummatory event [31]; in this meaning, 
the specific consummatory event could be represented 
by the milk ejection induced by machine milking 
stimulus.

Moreover, these data confirm the cortisol daily 
periodicity described in milk, which was character-
ized by an early morning peak and a late afternoon 
elevation in automatic milking systems [19]. The 
real and concrete difficulty in determining the effect 
played by the machine milking method on the adre-
nocortical responses resulted from the fact that cir-
culating cortisol concentrations could no reflect the 
existence of circadian rhythms, because minute by 
minute fluctuations in cortisol concentrations could 
be observed if more frequent blood sampling were to 
be employed [32]. However, this occurrence has no 
support in our investigations; likewise the presence or 
absence of a circadian rhythm cannot be ascribed to 
the time of year, since all blood sampling for the dif-
ferent groups were performed in the same time.

In addition, data obtained confirmed the evi-
dence that the increase of cortisol concentrations 
during machine milking was not likely induced by 
ACTH because there were no significant changes in 
ACTH concentrations in dairy cows [5]. It seems that 
β-endorphin and ACTH responses were not affected 
by machine milking stimuli in the present study, sug-
gesting that the HPA axis is not activated in response 
to machine milking, but confirming that the cortisol 
increase during milking under normal conditions 
seems to be regulated by other mechanisms than 
stress [33,34]. This hypothesis was confirmed by 
both the existence of significant interaction between 
cortisol changes and morning (a.m.)/afternoon (p.m.) 
milking, and the significant effect of sampling times 
(1st and 2nd day) on the cortisol changes.

The increases and decreases in adrenocortical 
responses after milking, with higher cortisol releases 
after morning milking compared to afternoon milking, 
indicated that the degree of adrenocortical activation 
and or inhibition was maintained, independent of the 
dynamics of β-endorphin and ACTH secretion. Hence, 
although stressful stimuli are likely to act through the 
HPA axis, the neuroendocrine mechanisms involved 
during morning and afternoon machine milking were 
probably different. A wide range of cortisol concen-
trations reported in this study showed the complex 
dynamic patterns of the homeostatic mechanisms 
involved during machine milking in dairy cows, sug-
gesting that β-endorphin and ACTH were not the 
main factors that caused the adrenocortical response 
to milking stimuli.
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Conclusion

The interpretation of the adrenocortical responses 
of dairy cows to machine milking stimuli during 2 
consecutive days can potentially be difficult due to the 
complexity of assessing an individual animal’s per-
ception of aversive and/or predictable stimuli, as well 
as coping strategies and adrenocortical sensitivity can 
have on this response.
Authors’ Contributions

The idea for the paper was conceived by EF and 
AF. The experiments were performed by PM and CC. 
The data were analyzed by PM and CC. The paper 
was written by EF and reviewed and revised by AF. 
All authors read and approved the final manuscript.
Acknowledgments

The work presented in this manuscript was sup-
ported by the University of Messina funds. Special 
thanks to Caterina Trifiletti and Manuela Manera who 
participated in this study and dairy barn staff for tak-
ing care of the cows.
Competing Interests

The authors declare that they have no competing 
interests.
Re ferences
1. Oláh, M., Fehér, P., Ihm, Z., Bácskay, I., Kiss, T.,

Freeman M.E., Nagy, G.M. and Vecsernyés, M. (2009)
Dopamine-regulated adrenocorticotropic hormone secre-
tion in lactating rats: Functional plasticity of melanotropes.
Neuroendocrinology, 90(4): 391-401.

2. Franceschini, R., Venturini, P.L., Cataldi, A., Barreca, T.,
Ragni, N. and Rolandi, E. (1989) Plasma beta-endor-
phin concentrations during suckling in lactating women.
Br. J. Obstet. Gynaecol., 96(6): 711-713.

3. Bruckmaier, R.M., Schams, D. and Blum, J.W. (1993)
Milk removal in familiar and unfamiliar surroundings:
Concentrations of oxytocin, prolactin, cortisol and β-endor-
phin. J. Dairy Res., 60(4): 449-456.

4. Bruckmaier, R.M., Pfeilsticker, H.U. and Blum, J.W. (1996) 
Milk yield, oxytocin and beta-endorphin gradually normal-
ize during repeated milking in unfamiliar surroundings.
J. Dairy Res., 63(2): 191-200.

5. Tančin, V., Schams, D. and Kraetzl, W.D. (2000) Cortisol
and ACTH release in dairy cows in response to machine
milking after pretreatment with morphine and naloxone.
J. Dairy Res., 67(4): 467-474.

6. Bruckmaier, R.M. and Wellnitz, O. (2008) Induction of
milk ejection and milk removal in different production sys-
tems. J. Anim. Sci., 86 13 Suppl: 15-20.

7. Kraetzl, W., Tančin, V., Schams, D. and Bruckmaier, R.M.
(2001) Naloxone cannot abolish the lack of oxytocin release 
during unexperienced suckling of dairy cows. Appl. Anim.
Behav. Sci., 72(3): 247-253.

8. Bruckmaier, R.M., Schams, D. and Blum, J.W. (1992)
Aetiology of disturbed milk ejection in parturient primipa-
rous cows. J. Dairy Res., 59(4): 479-489.

9. Lacasse, P. and Ollier, S. (2014) Effect of premilking
stimulation and milking frequency on milking-induced
prolactin release in lactating dairy cows. Domest. Anim.
Endocrinol., 47: 47-54.

10. O’Driscoll, K., Olmos, G., Llamas Moya, S., Mee, J.F.,
Earley, B., Gleeson, D., O’Brien, B. and Boyle, L. (2012) A 
reduction in milking frequency and feed allowance improves 

dairy cow immune status. J. Dairy Sci., 95(3): 1177-1187.
11. Stelwagen, K., Phyn, C.V., Davis, S.R., Guinard-Flament, J., 

Pomiès, D., Roche, J.R. and Kay, J.K. (2013) Invited
review: Reduced milking frequency: Milk production and
management implications. J. Dairy Sci., 96(6): 3401-3413.

12. Sutherland, M.A., Rogers, A.R. and Verkek, G.A. (2012)
The effect of temperament and responsiveness towards
humans on the behaviour, physiology and milk production
of multi-parous dairy cows in a familiar and novel milking
environment. Physiol. Behav., 107(3): 329-337.

13. Tančin, V., Kraetzl, W.D., Schams, D., Mihina, Š. and
Hetényi, L. (2000) The oxytocin secretion and milk letdown 
during milking immediately after the change of milking and 
housing conditions. Vet. Med. Czech, 45: 1-4.

14. Weiss, D., Helmreich, S., Möstl, E., Dzidic, A. and
Bruckmaier, R.M. (2004) Coping capacity of dairy cows
during the change from conventional to automatic milking.
J. Anim. Sci., 82(2): 563-570.

15. Thinh, N.C., Yoshida, C., Long, S.T., Yusuf, M. and
Nakao, T. (2011) Adrenocortical response in cows after
intramuscular injection of long-acting adrenocorticotropic
hormone (tetracosactide acetate zinc suspension). Reprod.
Domest. Anim., 46(2): 296-300.

16. Bernier-Dodier, P., Girard, C.L., Talbot, B.G. and Lacasse, P. 
(2011) Effect of dry period management on mammary gland 
function and its endocrine regulation in dairy cows. J. Dairy 
Sci., 94(10): 4922-4936.

17. Stelwagen, K. and Singh, K. (2014) The role of tight
in mammary gland function. J. Mammary Gland Biol.
Neoplasia, 19(1):131-138.

18. Hopster, H., Bruckmaier, R.M., Van der Werf, J.T.,
Korte, S.M., Mačuhová, J., Korte-Bouws, G. and van
Reenen, C.G. (2002) Stress responses during milking; com-
paring conventional and automatic milking in primiparous
dairy cows. J. Dairy Sci., 85(12): 3206-3216.

19. Gygax, L., Neuffer, I., Kaufmann, C., Hauser, R. and
Wechsler, B. (2006) Milk cortisol concentration in auto-
matic milking systems compared with auto-tandem milking
parlors. J. Dairy Sci., 89(9): 3447-3454.

20. Lupoli, B., Johansson, B., Uvnäs-Moberg, K. and
Svennersten-Sjaunja, K. (2001) Effect of suckling on the
release of oxytocin, prolactin, cortisol, gastrin, cholecys-
tokinin, somatostatin and insulin in dairy cows and their
calves. J. Dairy Res., 68(2): 175-187.

21. Belo, C.J., Schlegel, S., Moll, J., Möstl, E. and
Bruckmaier, R.M. (2009) Milk ejection disorders in Swiss
dairy cows: A field study. J. Dairy Sci., 76(2): 222-228.

22. Jacobs, J.A. and Siegford, J.M. (2012) Lactating dairy cows 
adapt quickly to being milked by an automatic milking sys-
tem. J. Dairy Sci., 95(3): 1575-1584.

23. Jacobs, J.A. and Siegford, J.M. (2012) Invited review: The
impact of automatic milking systems on dairy cow man-
agement, behaviour, health, and welfare. J. Dairy Sci.,
95(5): 2227-2247.

24. Sutherland, M.A. and Dowling, S.K. (2014) The relation-
ship between responsiveness of first lactation to humans
and behavioral response to milking and milk production
measures. J. Vet. Behav., 9(1): 30-33.

25. Wiedemann, S., Sigl, G., Schmautz, C., Kaske, M.,
Viturro, E. and Meyer, H.D. (2013) Omission of dry
period or milking once daily affects metabolic status and is
reflected by mRNA levels of enzymes in liver and muscle
of dairy cows. Livest. Sci., 154: 193-203.

26. Shaw, F.D. and Tume, R.K. (1990) Beta-endorphin and
cortisol concentrations in plasma of cattle. Aust. Vet. J.,
67: 423-424.

27. Sutherland, M.A. and Huddart, F.J. (2012) The effect of
training first-lactation heifers to the milking parlor on the
behavioral reactivity to humans and the physiological and
behavioral responses to milking and productivity. J. Dairy
Sci., 95(12): 6983-6993.

28. Fazio, E., Medica, P., Cravana, C., Cavaleri, S. and Ferlazzo, 



Available at www.veterinaryworld.org/Vol.8/March-2015/6.pdf

Veterinary World, EISSN: 2231-0916 289

A. (2012) Effect of temperament and prolonged transporta-
tion on endocrine and functional variables in young beef 
bull. Vet. Rec., 171(25): 644.

29. Guillemin, R., Vargo, T., Rossier, J., Minick, S., Ling, N., 
Rivier, C., Vale, W. and Bloom, F. (1977) Beta-endorphin 
and adrenocorticotropin are secreted concomitantly by the 
pituitary. Science, 197(4311): 1367-1369.

30. Proverbio, D., Perego, R., Spada, E., Bagnagatti de 
Giorgi, G., Belloli, A. and Pravettoni, D. (2013) Comparison 
of VIDAS and radioimmunoassay methods for measure-
ment of cortisol concentration in bovine serum. Sci. World 
J., 2013: 216569. Available from: http://www.dx.doi.
org/10.1155/2013/216569.

31. Levine, S., Coe, C. and Wiener, S. (1989) Psychoneuroen

docri-nology of stress: A psychobiological perspective. In: 
Brush, F.R. and Levine, S., editors. Psychoneuroendocrinology. 
Academic Press, Inc., NY. p341-378.

32. Donaldson, M.T., McDonnell, S.M., Scanbacher, B.J., Lamb, 
S.V., McFarlane, D. and Beech, J. (2005) Variation in plasma 
adrenocorticotropic hormone concentration and dexameth-
asone suppression test results with season, age, and sex in 
healthy ponies and horses. J. Vet. Intern. Med., 19(2): 217-222.

33. Ehrhart-Bornstein, M., Bornstein, S.R., González-
Hernández, J., Holst, J.J., Waterman, M.R. and 
Scherbaum, W.A. (1995) Sympathoadrenal regulation of 
adrenocortical steroidogenesis. Endocr. Res., 21(1-2): 13-24.

34. Edwards, A.D. (1997) Aspects of autonomic and neuroen-
docrine function. Equine Vet. J. Suppl., 24: 109-117.

********



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


