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Machine Milking Impact on Dairy Cows’ Physiological Adjustments:  
an Observational Approach According to Different Breed  

Esterina Fazio, Pietro Medica, Cristina Cravana & Adriana Ferlazzo 

ABSTRACT

Background: Machine milking can induce both physical and psychological stimuli, with physiological adjustments, 
including adrenocortical, haematochemical and haematological  changes, particularly in dairy farms. The purpose of the 
present study was to evaluate the physiological patterns of cortisol responses and total protein and haematocrit changes 
in pregnant dairy cows before and after morning and early afternoon  machine milking, by taking into account the effect 
of different milking times and breed.  
Materials, Methods & Results: This was a comparative and observational study on the adaptive responses of circulating 
cortisol concentrations, total protein and haematocrit values to machine milking evaluated in 36 healthy multiparous lac-
tating dairy cows, 5.2 ± 2.54 years of age, at the 4th-5th month of pregnancy, stabled in stall. The animals were divided in 
three groups according to different breed (group A: 10 Holstein Friesian dairy cows; group B: 10 Swedish Red dairy cows; 
group C: 16 crossbred (Friesian-cross) dairy cows and were submitted to machine milking 2 times daily at 06:30 a.m. and 
at 03:30 p.m.  Blood samples were collected via  the coccygeal vessels in the tail, in the morning: in baseline conditions 
(before milking) at 06:00 a.m., and after milking at 07:00 a.m.; and in the early afternoon: in baseline conditions, at 03:00 
a.m., and after milking at 04:00 p.m. for two consecutive days. One-way RM ANOVA showed significant effects of the 
machine milking on the cortisol (F=29.66 and F=11.50; P < 0.001), total protein (F=27.24 and F=30.34; P < 0.001) and 
haematocrit (F=19.44 and F=13.50; P < 0.01) changes in Holstein Friesian dairy cows, both at morning and at afternoon. 
Conversely, no significant effects of the milking were observed in Swedish Red and Crossbreed dairy cows on cortisol 
changes, but only for total protein (F=7.69 and F=14.20; P < 0.01) and haematocrit  (F=18.12 and F=12.11; P < 0.01) 
changes for group B, and for total protein (F=12.21 and F=19.11; P < 0.01) and haematocrit  (F=16.21 and F=21.15; P < 
0.01) changes for group C, respectively. 
Discussion: Data obtained showed a similar biphasic adrenocortical response of all three groups of lactating dairy cows 
depending on milking times, with higher cortisol concentration in the morning than in the afternoon, irrespective of dif-
ferent breed. Moreover, the results confirmed that the degree of the coping capacity towards the new milking environment 
varies widely among cows of different breeds, as showed by significant differences described among the Holstein Friesian, 
Swedish Red and crossbred dairy cows along time. The similar pattern of total protein, characterized by a general increase 
after morning and afternoon milking confirmed the physiological transfer of amino acid from rumen to milk. The super-
imposable Hct trend, characterized by a general decrease after morning and afternoon milking, confirmed the hypothesis 
that physiological dehydration state occurred after milking in dairy cows. The significant and fluctuating involvement of 
total protein and haematocrit changes after machine milking could be due to metabolic stimuli associated to physiologi-
cal dehydration and productive performances. The highly dynamic patterns of the homeostatic mechanisms involved and 
activated during machine milking made it difficult to deduce any simple relationship between different breed and milking 
times in dairy cows.

Keywords: dairy cows, machine milking stimuli, cortisol, total protein, haematocrit.
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INTRODUCTION 

Machine milking can induce physical and psy-
chological stressors, represented by machine settings, 
new environment, calf separation and a close human-
animal interaction, with an impact on productivity 
[16,17,52], energy balance or dehydration [14,32], 
behaviour and welfare [5,44,51]. Adrenocortical ac-
tivity was involved in response to psycho-physical 
[31,42,50], metabolic [21] and physiological [23,24,34] 
stimuli, particularly in dairy cows [2,41,43], cattle [19] 
and young beef bulls [20]. Although milking properties 
and milk yield, daily rhythm and habits of dairy cows, 
according to different housing systems, were described 
[4,40,55], many physiological similarities [22,27] 
and several specific differences [15,21,50] in cortisol 
values were observed. Numerous studies were carried 
out on the effects of genetic merit on lactating dairy 
cows [6,54] and the effects of the automatic milking or 
the automation of the milking process [7,11,27], with 
or without the introduction of heifers [30,48,55] were 
described. Physiological changes during machine milk-
ing stress according to the sensitivity of adrenal cortex 
to ACTH [35,47,49] and the coping capacity towards 
the new milking environment in cows of different 
breeds were performed [53]. Cortisol increased physi-
ologically during normal machine milking [3,25,37] 
and hand milking [18,25], and a relationship between 
temperament and cow responsiveness to human was 
recently studied [46]. 

The purpose of study was to evaluate the cor-
tisol patterns, total protein and haematocrit changes in 
pregnant dairy cows of different breed during morning 
and afternoon machine milking.

MATERIALS AND METHODS 

Dairy cows 

In total thirty-six, multiparus, pregnant, dairy 
cows were selected for this study. 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 after breeding. 
The animals were divided in three groups according 
to different breed (group A: 10 Friesian dairy cows; 
group B: 10 Swedish Red dairy cows; group C: 16 
Crossbred (Friesian-cross) dairy cows) and were 

submitted to machine milking. 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 pro-
vide baseline values. at 06:30 a.m. and at 03:30 p.m. 
Cows were held on three farms located in Catania, 
eastern Sicily (37° 30’ 4” 68 N latitude; 15° 4’ 27” 
12 E longitude) 380 m at sea level. The three herd 
structures were static without cows entering and 
leaving the group for minimize 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 two 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 according to normal routines in a rotary milking 
parlour. Prior to milking, all cows were brought into a 
holding area and restrained as a group. 

Sample collection

Blood samples were collected via the coccy-
geal vessels in the tail 2 times daily: in the morning, 
in baseline conditions (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 two consecutive days. Multiple vets simul-
taneously collected blood samples from all cows to 
minimize the restraint time. Immediately after exit-
ing the milking parlor after being milked cows were 
moved to a holding area, and the post-milking blood 
sample was collected. Blood collection took less than 
30 s per cow. 

All samples were collected into evacuated 
tubes (Venoject, Terumo®)1 and into K3-EDTA tubes2 

and were immediately refrigerated at 4°C after collec-
tion; the first samples were subsequently (within 1 h) 
centrifuged for 15 min at 1500 x g, the second samples 
were used to assess haematocrit values. Plasma was 
harvested and stored in polystyrene tubes at -20°C until 
assayed for cortisol and total protein concentrations.
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Sample analysis 

Total serum cortisol concentrations were 
analysed in duplicate using a competitive enzyme-
linked immunoassay supplied by SEAC3. During 
the first incubation, the cortisol sample competed 
with cortisol conjugated to horseradish peroxidase 
(HRP) for the specific sites of the antiserum coated 
on the wells. Following incubation, all unbound ma-
terial was removed by aspiration and washing. The 
enzyme activity bound to the solid phase is inversely 
proportional to cortisol concentration in calibrators 
and samples, and is made evident by incubating the 
wells with a chromogen solution (tetramethylbenzi-
dine, TMB) in substrate-buffer. Colorimetric reading 
was carried out using a spectrophotometer at 450 and 
405 nm wavelength (Sirio S)3. Assay sensitivity was 
5 ng/mL and intra- and interassay CVs were 4% and 
6.9% respectively.

Total protein concentrations were analysed 
using spectrophotometric biuret method4.

To determine haematocrit values, 2 capillary 
tubes were filled from K3-EDTA tube and centrifuged 
in a microcapillary centrifuge for 5 min. Hct values 
were the mean of the 2 capillary tubes.

Statistical analysis

Data are presented as means ± standard de-
viation (sd). Statistical analysis was carried out using 
one-way repeated measures analysis of variance (RM 
ANOVA) to test the effect of machine milking on cor-
tisol, total protein and haematocrit changes. Significant 
differences in values after the milking times compared 
to baseline values using the Student’s paired t-test were 
established. 

Two way repeated measures analysis of vari-
ance (2-way RM ANOVA) was applied to test the 
differences among the three groups along time 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). 
The correlation among cortisol, total protein and Hct 
variables was evaluated by linear regression (r), cal-
culated by using Pearson’s method.

RESULTS 

Data obtained showed that circulating cortisol 
concentrations of dairy cows (Figure 1) were between 
35.40 and 71.73 nmol/L.

Compared to baseline cortisol values, Holstein 
Friesian dairy cows showed significant higher cortisol 
values (P < 0.05) after morning machine milking both 
at the 1st and the 2nd day, with lower cortisol values 
(P < 0.01) after afternoon milking at the 2nd day. 
Compared to morning cortisol values, post-milking 
afternoon cortisol values of the 1st day were lower  
(P < 0.01), and baseline afternoon cortisol values were 
higher (P < 0.01). Compared to the 1st day cortisol 
values, baseline afternoon cortisol concentrations of 
the 2nd day were higher (P < 0.01) at the 2nd day. One-
way RM ANOVA showed significant effects of the 
treatment (machine milking) on the cortisol changes 
in group A, both during morning (F=29.66; P < 0.001) 
and afternoon (F=11.50; P < 0.001) machine milking. 

Swedish Red dairy cows showed significant 
lower cortisol values (P < 0.01) after afternoon milking 
at the 2nd day than baseline values, and higher baseline 
afternoon cortisol values (P < 0.01) than both morning 
(P < 0.01) and the 1st day (P < 0.01) values. 

Although Crossbred dairy cows showed an 
increase of cortisol values after morning milking and 

Figure 1. Circulating cortisol concentrations (Mean ± sd) in Holstein 
Friesian (group A), Swedish Red (group B) and Crossbred dairy cows 
(group C) before and after machine milking. Different superscripts show 
significant differences vs before a= P < 0.05; b = P < 0.01; versus morning 
c= P < 0.01; versus the 1st day d= P < 0.01.
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a decrease after afternoon milking, no significant dif-
ferences were observed.

Data obtained showed that circulating total 
protein concentrations of dairy cows (Figure 2) were 
between 6.12 and 9.84 g/dL. Holstein Friesian dairy 
cows showed significant lower total protein values  
(P < 0.001) after morning machine milking at the 1st 
day, and an increase (P < 0.001) after morning milking 
at the 2nd day, with higher total protein values after 
afternoon milking at the 1st day (P < 0.001) and at the 
2nd day (P < 0.01), than before values. Compared to 
morning total protein values, baseline afternoon values 
of the 1st day and 2nd day were respectively lower (P 
< 0.001) and higher (P < 0.01). Compared to the 1st 
day total protein values, both afternoon baseline and 
post-milking values were higher (P < 0.01) at the 2nd 

day. One-way RM ANOVA showed significant ef-
fects of the treatments on the total protein changes in 
group A, both during morning (F=27.24; P < 0.001) 
and afternoon (F=30.34; P < 0.001) machine milking. 

Swedish Red dairy cows showed significant 
higher afternoon post-milking total protein values  
(P < 0.01) than baseline values at the 1st day, lower 
afternoon baseline total protein (P < 0.001) than morn-
ing values at the 1st day, and higher baseline afternoon 
total protein values (P < 0.01) than morning values at 
the 2nd day. Significant effect of the treatments was 
observed for total protein changes for group B, both 
during morning (F=7.69; P < 0.001) and afternoon 
(F=14.20; P < 0.01) machine milking. 

Crossbred dairy cows showed higher post-
milking afternoon total protein values (P < 0.01) than 
baseline values at the 1st day. One-way RM ANOVA 
showed significant effects of the treatments only on the 
afternoon total protein (F=14.20; P < 0.01) changes. 

Figure 2. Circulating total protein concentrations (Mean ± sd) in Holstein 
Friesian (group A), Swedish Red (group B) and Crossbred dairy cows 
(group C) before and after machine milking. Different superscripts show 
significant differences versus before a= P < 0.01; b= P < 0.001;  versus 
morning c= P < 0.001; versus the 1st day d= P < 0.01.

Figure 3. Haematocrit values (Mean ± sd) in Holstein Friesian (group A), 
Swedish Red (group B) and Crossbred dairy cows (group C) before and 
after machine milking. Different superscripts show significant differences 
versus before a= P < 0.01; and versus the 1st day b= P < 0.01

Data obtained showed that Hct values of dairy 
cows (Figure 3) were between 27.4 and 31.6 (%). Hol-
stein Friesian dairy cows showed significant lower Hct 
values after afternoon machine milking at both the 1st (P 
< 0.01) and the 2nd (P < 0.01) day than baseline values. 
One-way RM ANOVA showed significant effects of the 



5

                                                                                                           E. Fazio, P. Medica, C. Cravana & A. Ferlazzo. 2015. Machine Milking Impact on Dairy Cows’ Physiological Adjustments: an Observational  
Approach According to Different Breed.                                                                                                                  Acta Scientiae Veterinariae. 43: 1265.

treatments on the Hct changes in group A, both during 
morning (F=19.44; P < 0.01) and afternoon (F=13.50; 
P < 0.01) machine milking. 

Swedish Red dairy cows showed significant 
lower values (P < 0.01) after afternoon machine milk-
ing at the 1st day than baseline values. Compared to the 
1st day, baseline Hct values at afternoon were lower  
(P < 0.01) at the 2nd day. Significant effect of the treat-
ments was observed for Hct changes for group B, only 
during afternoon (F=12.11; P < 0.01) machine milking. 

Crossbred dairy cows showed lower afternoon 
post-milking Hct values (P < 0.01) than baseline values 
at the1st day. One-way RM ANOVA showed significant 
effects of the treatments only on the afternoon Hct 
(F=16.21; P < 0.01) changes for group C. 

Two-way RM ANOVA showed significant dif-
ferences (F=17.86; P < 0.0001) among the three groups 
(Holstein Friesian, Swedish Red and crossbred dairy 
cows) according to sampling time, on the cortisol changes.

No correlations among different physiological 
variables were obtained.

DISCUSSION

Circulating cortisol concentrations obtained 
in dairy cows are in accordance with data observed in 
bovine [38] and dairy cows [46] measurements. The 
baseline cortisol concentrations signal that animals 
were unstressed before milking; thus, the release of 
cortisol was considered to be influenced only by ma-
chine milking. Though, these dairy cows had become 
totally accustomed to machine milking system and 
relaxed in their familiar surroundings.

In addition, a comparison of the results ob-
tained in dairy cows after machine milking with pub-
lished data reported for dairy cows reveal a similar 
trend of cortisol levels, with higher cortisol concen-
trations after milking than baseline values [37,45,48]. 
The magnitude of cortisol increases after morning 
machine milking may suggest a stimulus-response 
relationship and a pulsatile mode of cortisol release 
that was probably superimposed on baseline circadian 
fluctuations. Moreover, these data confirm the daily 
periodicity of cortisol concentration obtained in milk, 
that was characterized by an early morning peak and a 
late afternoon elevation in automatic milking systems 
[27]. On these basis, part of the difficulty in determin-
ing the role played by the milking method in stress 
responses is caused by the fact that circulating cortisol 

concentrations may no reflect the existence of circadian 
rhythms, because minute by minute fluctuations in 
plasma cortisol concentrations could only be observed 
if more frequent blood sampling were to be employed 
[9]. However, this consideration has not been tested 
experimentally. Certainly, the presence or absence of 
a circadian rhythm cannot be ascribed to the time of 
year, since all blood sampling for the different groups 
were performed in the spring.

On the other hand, the progressive decrease 
of afternoon circulating cortisol concentrations ob-
served after machine milking could be related to the 
possible inhibition of adrenocortical activity, reported 
when the presentation of stressful stimuli involved a 
consummatory event [33]; in our experimental design 
the exact consummatory event could be represented 
by the machine milking stimulus and subsequent milk 
ejection. An additional observation confirmed that 
the hypothalamus-hypophysis-adrenocortical (HPA) 
axis is responsive to milking method [1,28], but that 
suppression of cortisol secretion is only restricted to 
afternoon machine milking. Hence, the presumptive 
inhibitory cortisol signal could be modified by milking 
methods and times.

Moreover, it is not possible to exclude that HPA 
sensitivity could have been affected by the time milking 
method, with the highest cortisol levels after morning 
milking and the lowest after the afternoon machine 
milking, independent of different breed. Moreover, 
data obtained confirmed that the degree of the cop-
ing capacity towards the new milking environment 
varies widely among cows of different breeds [53] as 
showed by significant differences described among the 
Holstein Friesian, Swedish Red and crossbred dairy 
cows along time.

Moreover, the highest cortisol concentrations 
observed in Holstein Friesian dairy cows milked during 
the morning, both at the 1st and the 2nd day, could indi-
cate that these cows were very sensitive to stressful milk-
ing stimuli. However, this explanation seems unlikely, 
since all subjects of three different groups appeared to 
be calm and relaxed during milking. In addition, there is 
evidence that the increase of cortisol concentrations dur-
ing machine milking was not likely induced by ACTH, 
because there were no changes in ACTH concentrations 
in dairy cows [48]. It seems that the HPA axis is not 
activated in response to machine milking, but the cor-
tisol increase during milking under normal conditions 
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seems to be regulated by other mechanisms than stress 
[49], likewise the autonomic nervous system that can 
influence adrenocortical steroidogenesis by splanchnic 
sympathetic nerve activation [12,13]. 

Hence, the rhythmicity of cortisol synthesis 
could be regarded as hormone concentrations that 
may substantially enhance circulating cortisol levels. 
These changes may subsequently result in the increase 
and decrease in adrenocortical responses after milk-
ing, with higher cortisol levels after morning milking 
compared to afternoon milking. 

In conclusion, the existence of similar cortisol 
patterns between dairy cows showed a significant cor-
relation between adrenocortical function and different 
milking times. Although stressful stimuli are likely to 
act through the hypothalamic-pituitary-adrenal axis, 
the neuroendocrine mechanisms involved during 
morning and afternoon machine milking were prob-
ably different. It is also possible that the short interval 
time between morning and afternoon milking (9 h) and 
the long interval time between afternoon and morning 
milking of the day after (15 h) could mask the daily 
physiological pattern of cortisol. 

Data obtained showed that circulating total 
protein concentrations of dairy cows were in agree-
ment with published data reported for physiological 
bovine ranges [10,29] measurements. Results showed 
that metabolic changes and mammary nutritional 
adjustments are linked to the downregulation of milk 
synthesis, and emphasizes the complex interactions 
of numerous endocrine changes occurring during 
lactogenesis in dairy cows [8,26]. The similar pattern 
of total protein, characterized by a general increase 
after morning and afternoon milking confirmed the 
physiological transfer of amino acid from rumen to 
milk, suggesting that ruminants were more efficient 
at converting ingested N into digestible protein, as 
shown by an evaluation of equations predicting the 
net portal appearance of amino acid nitrogen in dairy 
cows [36,39]. In addition, gene ontology and pathway 

analysis demonstrated that the differently expressed 
genes were enriched in specific biological processes 
with regard to protein and fat metabolisms, and mam-
mary gland development in dairy cattle [6]. Moreover, 
the evaluation of total protein and Hct trend, with 
opposite ways, did not exclude a moderate but physi-
ological dehydration after milking, as occurred both 
after morning and afternoon milking. 

Related to Hct values, results showed that data 
obtained in dairy cows were in agreement with published 
data reported for physiological bovine measurements 
[29,32]. The superimposable Hct trend, characterized by 
a general decrease after morning and afternoon milking, 
confirmed the hypothesis that physiological dehydration 
state occurred after milking in dairy cows.

The highly dynamic patterns of the homeo-
static mechanisms involved and activated during ma-
chine milking make it difficult to deduce any simple 
relationship between different breed and milking times 
in dairy cows.

Therefore, in all production systems the great-
est possible reduction of stress has to be aimed for, 
and physiological measurements may help evaluate 
animals’ state of care, welfare or stress.
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