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ABSTRACT

An automatic milking system (AMS) was compared
with a traditional milking parlor (MP) to evaluate meta-
bolic and psycho-physiological aspects of animal wel-
fare. Twenty Italian Friesian heifers were allocated to
2 groups of 10 cows each after calving and maintained
in the same free-stall barn. The first group was milked
twice daily in a MP; the second group was milked in
a single box AMS. Feed and diet characteristics were
analyzed. Health status and body condition score (BCS)
were evaluated in each cow. Blood samples were ob-
tained from —14 to 154 d in milk (DIM) to determine
metabolic profile and basal concentrations of cortisol in
plasma. Data collected from 10 cows per group were
processed. No significant difference was detected in
milk yield, BCS, and energy-related metabolites (glu-
cose, nonesterified fatty acids, S-hydroxybutyrate, and
triglycerides) from cows in MP or in AMS during the
first 22 wk of lactation. These results, jointly with the
absence of significant differences in plasma metabolites
related to protein metabolism, mineral metabolism, and
liver function during the first 22 wk of lactation, indi-
cates that cows in AMS did not suffer metabolically.
Greater basal concentrations of plasma cortisol in AMS
cows, even if absolute values were considered to be in
an acceptable range, might indicate chronic stress in
these primiparous cows. Further research is necessary
to confirm this hypothesis.
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~y-glutamyltransferase, LDH = L-lactate dehydroge-
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INTRODUCTION

The automatic milking system (AMS) relieves dairy
producers of labor-intensive routines of the traditional
milking parlor (MP; Mathijs, 2004). A growing concern
about animal welfare, however, requires an evaluation
of the impact of this new technology on cow health,
physiology, and behavior (Hillerton et al., 2004). Both
negative and positive animal welfare consequences
arising from AMS introduction may be hypothesized.
Two kinds of factors should be considered in the evalua-
tion of cow welfare under AMS conditions: 1) psycho-
physiological aspects related to disruption of social be-
havior rather than problems caused by the interaction
between animal and machine and 2) metabolic aspects
related to a possible increase in nutrient demand rather
than a different feeding behavior in comparison with a
MP system. For example, disruption of the cow’s social
behavior when milking becomes an individual rather
than a social activity could have a negative outcome
(Wiktorsson and Sgrensen, 2004). Conversely, one posi-
tive effect could be the cow’s free choice to enter the
milking unit when it needs to eat concentrate and the
fact that it can then be milked (Wiktorsson and
Sgrensen, 2004).

Furthermore, rolling herd average milk production
is almost 15% greater for herds milking 3x/d than for
herds milking 2x/d (Smith et al., 2002). The AMS allows
a voluntary increase in milking frequency, which could
increase milk yield from 3 to 11% over the common
twice-daily milking strategy (Baines, 2002; de Koning
et al., 2002; Wade et al., 2004). Increase in milk yield
from increased milking frequency is essentially caused
by local control of milk secretion. More milk is secreted
because chemical and physical inhibitory mechanisms
are less invoked (Knight et al., 1998). One matter of
concern is whether cow metabolism is able to support
related increases in nutrient requirement by means of
mobilized body reserves.
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Wiktorsson et al. (2003), investigating some physio-
logic and metabolic aspects of the cow in an AMS
throughout the first 19 wk of lactation, showed that
primiparous cows may experience a severely negative
energy balance in early lactation, with a greater body
tissue mobilization than that in older cows, when a high
milking frequency occurs in the AMS. Recently, Wenzel
and Nitzschke (2004) studied the incidence of ketosis
and reported no differences in serum glucose, (-
hydroxybutyrate, urea, and aspartate aminotransfer-
ase (AST) for cows milked in a MP vs. an AMS.

Cows exposed to an AMS may have a possible de-
crease in nutrient balance during early lactation, but
also a different pattern of some plasma metabolites
from those milked in a MP as a consequence of the
differences in feeding behavior between the 2 milking
systems (Olofsson et al., 2000; Wagner-Storch and
Palmer, 2003). In a behavioral study, feeding activity
increased after milking and feed delivery for parlor
cows, whereas milking and feeding activity in the AMS
increased after human intervention (Wagner-Storch
and Palmer, 2003). Olofsson et al. (2000) reported that
feed intake was less during the night for cows in an
AMS. Differences in feeding behavior (i.e., low night-
time feeding activity in AMS) might lead to differences
in the plasma metabolites (i.e., increased plasma NEFA
in early morning as a consequence of long night-time
feed withdrawal). In addition, socially low-ranked ani-
mals spent less time in the feeding area and made fewer
visits to the feeding stations (Olofsson and Svenners-
ten-Sjaunja, 2004), increasing their average interval
between meals.

The hypothesis that milk yield increases because of
AMS, together with insufficient information in AMS
field trials, justifies specific research on these metabolic
aspects. Blood metabolites considered in a metabolic
profile may provide information on energy and protein
metabolism, and together with BCS and milk yield,
might show changes in lipid mobilization (Bertoni et
al., 1999). Minerals, plasma proteins, and enzymes also
could be useful to show whether inflammatory condi-
tions occur or whether hepatic function and digestive
processes are affected by husbandry (Bertoni et al.,
1999).

With regard to the psycho-physiological aspects, the
milking process represents a source of factors that may
be stressful for naive primiparous cows, including nov-
elty and interaction with a human (as in MP) or a
mechanical robotic system (as in AMS), which might
alter plasma cortisol, a glucocorticoid hormone related
to stress response. Milking cows in an unfamiliar envi-
ronment results in elevated concentrations of plasma
cortisol, elevated heart rates, reduced oxytocin release,
and less milk yields concomitant with an increase in
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the fraction of residual milk (Bruckmaier et al., 1993;
Rushen et al., 2001). Cortisol itself does not seem to
influence central inhibition of milk ejection (Wellnitz
and Bruckmaier, 2001). In a previous study of primipa-
rous cows, AMS produced baseline concentrations of
plasma cortisol similar to those of cows milked in a MP
(Hopster et al., 2002). Cortisol is widely considered to
be a marker of stress in cattle. Baseline concentrations
of plasma cortisol may be of interest to verify whether
the milking system per se can affect the cow’s suscepti-
bility to suffer stress. Cortisol patterns in a chronic
stress situation, however, are often controversial, espe-
cially when social hierarchy is taken into account (Wik-
torsson et al., 2003).

The objective of this study using primiparous cows
was to compare the effects of the milking system and
related milking frequency on the susceptibility to meta-
bolic stress and to psycho-physiological chronic stress
in cows milked in a MP or by an AMS.

MATERIALS AND METHODS
Animals and Husbandry

Twenty healthy Italian Friesian first-lactation cows
were chosen to study differences resulting from milking
in a MP vs. an AMS. Two months before calving, heifers
were allocated to 2 groups of 10 cows each that were
comparable in terms of average breeding value, ex-
pected age at first calving, expected calving season,
and BCS (Edmonson et al., 1989). At the beginning of
lactation, the cows were introduced into 2 similar herds,
each composed of a total of 50 cows, which were also
comparable for average milk yield and parity. Ten first-
lactation cows in each herd were selected from among
those that had not experienced calving-related disor-
ders, to study animal welfare mainly through metabolic
and endocrine aspects during the first half of lactation.

Both herds were housed in the same free-stall barn.
A double-8 herringbone MP was located at 1 end of the
barn and at the other end was located a single box AMS
(DeLaval VMS; DeLaval, Tumba, Sweden). Both groups
of cows were fed a similar TMR distributed once daily
(0800 h). The AMS cows also received a concentrate
supply in the milking stall: 1 kg/d for every 10 kg of
daily milk yield. Concentrate supplied in the milking
stall had a chemical composition similar to that of the
TMR (Table 1). The MP cows received additional con-
centrate supplied in the TMR ranging from 0.5 to 1.5
kg/d; the TMR was provided at the planned DMI level
for the cows of the 2 groups, which allowed for a balance
in average energy and protein intake between the 2
groups (Table 1). Routine milking times in the parlor
started at 0530 and at 1630 h. Ingredients of the TMR
in both groups are reported in Table 1.
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Table 1. Ingredient and chemical composition and nutritive value
(on DM basis) of TMR fed to cows milked in a traditional milking
parlor or in a single box automatic milking system (AMS).

Milking system

Ingredient Parlor AMS!
— (% of DM) —

Fescue hay 8.6 9.6
Alfalfa hay 7.8 7.2
Corn silage 33.2 34.0
Cottonseed whole 8.1 8.1
Corn grain (70% ground and 30% steam flaked) 22.2 21.1
Commercial protein concentrate? 19.2 19.1
Vitamin and mineral premix? 0.9 0.9

Chemical
CP 15.10 14.90
Ether extract 4.78 4.77
NDF 32.77 33.23
ADF 20.26 20.71
Starch 27.61 27.05
NE.,* Mcal/kg of DM 1.57 1.57

!Cows in the automatic milking system also received a concentrate
supply in the milking stall (1 kg/d for every 10 kg of daily milk yield).
One kilogram of DM contained 177 g of CP, 37 g of ether extract,
292 g of NDF, 120 g of ADF, and 245 g of starch.

20One kilogram contained 12 g of Ca, 7.8 g of P, 23 mg of Fe, 6 mg
of Cu, 110 mg of Mn, 0.3 mg of Co, 165 mg of Zn, 0.9 mg of I, 0.11
mg of Se, 45,000 IU of vitamin A, 2000 IU of vitamin D3, and 65 mg
of vitamin E.

30ne kilogram contained 145 g of Ca, 70 g of P, 1350 mg of Fe,
400 mg of Cu, 2500 mg of Mn, 50 mg of Co, 5000 mg of Zn, 115 mg
of I, 20 mg of Se, 1,000,000 IU of vitamin A, 150,000 IU of vitamin
D3, and 5000 mg of vitamin E.

“Determined using NRC (2001) values.

In the AMS area, selectively forced cow traffic (Harms
et al., 2002) was applied. The feeding area was sepa-
rated from the resting area by one-way gates, which
allowed free access of cows to free stalls without being
milked. Cows were obligated, however, to pass the AMS
area before entering the feeding area, with a bypass
consisting of a preselection gate. Cows recently milked
(<5 h earlier, with the exception of passages after an
incomplete milking) were not obligated to pass through
the milking stall and the waiting area in front of it but
were deviated directly to the feeding area; others were
admitted to the milking stall (Figure 1). The AMS was
always accessible except during cleaning at 0400, 1200,
and 2000 h for about 30 min each time. Any cow not
milked during the last 12 h was directed to the AMS
(0530 and 1730 h) to avoid milking intervals >12 h.
Health disorders of each cow were recorded and classi-
fied during the trial.

Milk yield was recorded continuously in the AMS,
using a daily mean calculated on 4 consecutive d to
represent one week for statistical analysis, whereas
milk yield in the MP was recorded weekly (for 2 consecu-
tive milkings).
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Data on traffic of the 10 cows were obtained from the
recorded passages through the preselection gate and in
the milking unit.

Sampling

A representative sample of each feed was taken at
every batch change to estimate compositional analyses
and nutritive value.

Blood samples were obtained before the morning dis-
tribution of TMR at 0730 h. Blood was collected at —14,
1, 7, 14, 28, 42, 70, 98, and 154 d relative to calving.
At the same schedule, BCS was evaluated for each cow.
A single blood sample was collected from the jugular
vein via venipuncture using 10-mL Li-heparin Venoject
tubes (Terumo Europe, Leuven, Belgium). Blood sam-
ples were immediately placed in an ice bath, where they
were stored until processed approximately 30 min later.
Packed cell volume (PCV) was determined using a he-
matocrit centrifuge; then, plasma was separated by cen-
trifugation (2850 x g for 20 min). Four subsamples were
stored frozen at —20°C until analyzed.

Milk composition was determined monthly on indi-
vidual daily composed milk to obtain milk fat and pro-
tein contents and to calculate energy-corrected milk
yield (ECM).

Laboratory Analyses

Feedstuffs were analyzed for DM, CP, crude fiber,
NDF, ether extract, ash, and starch content (Martillotti
et al., 1987). Values of NE;, were estimated according
to the NRC (2001).

Blood metabolites were analyzed at 37°C by clinical
analyzer (ILAB 600; Instrumentation Laboratory, Lex-
ington, MA). End-point analysis for glucose, urea, cal-
cium, inorganic phosphorus, magnesium, total protein,
albumin, total bilirubin, and creatinine were conducted
using commercial kits (Instrumentation Laboratory,
Lexington, MA) and for Zn by using a commercial kit
(Wako Chemicals GmbH, Neuss, Germany). Enzymatic
end-point analyses for total cholesterol and triglycer-
ides were conducted using commercial kits (Instrumen-
tation Laboratory, Lexington, MA) and for NEFA by
using a commercial kit (C-Test Wako; Wako Chemicals
GmbH). Kinetic analyses to determine activity of alka-
line phosphatase (AP; EC 3.1.3.1), aspartate amino-
transferase (AST; EC 2.6.1.1), y-glutamyltransferase
(GGT; EC 2.3.2.2), and L-lactate dehydrogenase (LDH;
EC 1.1.1.27) also were conducted using commercial kits
(Instrumentation Laboratory, Lexington, MA). A poten-
tiometric system, with specific electrodes, was used to
determine Na, K, and Cl. Ceruloplasmin, haptoglobin,
and BHBA were determined with reagents prepared
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Figure 1. Layout of the automatic milking barn (AMS = automatic milking system).

according to Bertoni et al. (1998). Plasma cortisol was
analyzed using a commercial kit for radioimmunologi-
cal assay (SORIN SpA, Vercelli, Italy), using the
method modified by Bertoni et al. (2002).

Contents of fat and protein in milk were determined
with an infrared analyzer (Bertoni et al., 1998).

Statistical Analyses

Normal distribution of blood metabolites was tested
by using the Shapiro-Wilk test before further analyses.
Therefore, the following variables were log trans-
formed: triglycerides, NEFA, BHBA, creatinine, cerulo-
plasmin, haptoglobin, AST, GGT, AP, LDH, bilirubin,
and cortisol. Main effects of milking system, DIM, and
milking system x DIM were determined by using the
MIXED models procedure of SAS (SAS Inst., Inc., Cary,
NC), in which prepartum values were used as covari-
ates. Where repeated measures were assessed, cow was
the “subject” in the MIXED model procedure to account
for correlations of measures within animal. A compound
symmetry structure of covariance was selected on the
basis of the results from fit statistics Akaike’s informa-
tion criteria and Bayesian information criteria. Least
squares means (+SEM) were generated and reported
herein for selected variables. When a significant (P <
0.05) F test was detected, interactions were evaluated
using the PDIFF option in SAS.

Separate analyses for plasma NEFA and BHBA were
conducted within AMS to evaluate the effect of the in-

terval between blood sampling and the most recent
meal. Two classes of time intervals between the most
recent meal and blood sampling were identified: <3 and
>3 h. Only data from 7, 14, 28, and 42 DIM were consid-
ered in these analyses. Main effects of time interval,
DIM, and time interval x DIM were determined by us-
ing the MIXED model procedure of SAS (SAS Inst.,
Inc., Cary, NC). As before, cow was used as the “subject”
for the MIXED procedure.

The same statistical procedure was used to analyze
milk yield. The only difference was a larger number of
observations in time (each week from calving to the
22nd week of lactation), and no covariate was incorpo-
rated in the model.

RESULTS
Milk Yield

To better understand cow traffic in the AMS, Figures
2 and 3 illustrate the following descriptive graphics:
diurnal pattern of milkings (Figure 2a), diurnal pattern
of total passages through the preselection AMS gate
(Figure 2b), frequency distribution for classes of inter-
vals between passages through the milking stall (Fig-
ure 3a), and intervals between passages through the
preselection gate (Figure 3b). In these figures, times of
TMR distribution, cow fetching, and AMS cleaning are
reported. From Figure 2, it seems that night-time feed-
ing activity was less than daytime feeding activity, as
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Figure 2. Diurnal pattern of a) milkings and b) total passages
through the preselection gate in the automatic milking system (AMS).
Values are expressed as total number per cow during the first 154
DIM. Arrows indicate time of TMR distribution (TMR), time of cow
fetching (FET), and cleaning time (CL). Vertical lines at the top of
the bars represent SEM.
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demonstrated by reduced cow passage rate through the
preselection gate. In fact, between 0800 and 2000 h,
55% of total passages occurred, compared with 45%
between 2000 and 0800 h. The class with the larger
frequency of intervals between passages through the
milking stall was between 7 and 8 h (Figure 3a), and
>60% of milkings occurred at intervals ranging between
6 and 9 h. The class with the larger frequency of inter-
vals between passages through the preselection gate
was between 3 and 4 h (Figure 3b), and >70% of pas-
sages through the preselection gate occurred at inter-
vals <5 h.

No difference in milk yield was detected between
milking systems during the first 22 wk of lactation. No
interaction was detected between milking system and
DIM (Figure 4). No difference was detected in ECM
between cows in MP and AMS (30.5 vs. 30.4 kg/d, re-
spectively), during the first 22 wk of lactation. No inter-
action was detected between milking systems and DIM.
Milking frequency for 10 cows in AMS averaged 3.0 £
0.5 milkings/d in the first 154 DIM (Figure 4). Night-
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Figure 3. Frequency distribution for classes of intervals a) be-
tween passages through the milking stall and b) between passages
through the preselection gate in the automatic milking system (AMS)
during the first 154 DIM for the 10 cows.

time feeding activity was less than daytime feeding
activity, as was demonstrated by the reduced cow pas-
sage rate through the preselection gate. In fact, between
0800 and 2000 h, 67% of total passages through the
preselection gate directly to the feeding area took place,
compared with 33% between 2000 and 0800 h. During
the same time periods, milkings were 54 and 46%, re-
spectively.

Milk yield, kg/d
L
T
w
AMS milking frequency, no./d

T 0

0 T T T T T T T T T
140 154 168

T
0 14 28 42 56 70 84 98 112 126
Time since calving, d

Figure 4. Least squares means (+SE) of daily milk yield (kg/d)
during the first 154 DIM for cows managed in a traditional milking
parlor system (MP; ) or in an automatic milking system (AMS; H).
Milking frequency of AMS heifers was reported as the average value
calculated from 4 d/wk (O).
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Figure 5. Least squares means (+SE) of BCS during the first 154
DIM for cows managed in a traditional milking parlor system (MP;
@) or in an automatic milking system (AMS; W).

BCS and Energy Metabolism

Metabolic conditions at calving were used only to
check whether cows had metabolic disorders related to
late pregnancy; they were not included for statistical
evaluation because they are strongly influenced by the
time interval between calving and bleeding.

No difference was detected in BCS of cows between
the 2 milking systems. Both groups had similar changes
in BCS after calving (Figure 5). Before calving, BCS
was 3.4 £ 0.1 in both groups. Cows in MP had the least
BCS at 70 DIM and tended to have a faster rate of
recovery, whereas cows in AMS had the least BCS at
42 DIM and tended to have a slower rate of recovery,
even when no differences were detected at 154 DIM.

No differences between cows exposed to the 2 milking
systems were detected in plasma concentrations of glu-
cose, NEFA (Figure 6a), BHBA, triglycerides, and cho-
lesterol (Figure 6b), nor were interactions between
milking systems and DIM observed (Table 2). Total
cholesterol gradually increased (P < 0.05) from calving
to 98 DIM in both groups (Figure 6b).

In contrast, within AMS cows, intervals between the
last meal and blood sampling altered (P =0.001) plasma
NEFA. An interaction (P = 0.003) was detected between
milking system and DIM. Specifically, cows having no
passages to the feeding area during the 3 h preceding
blood sampling had greater (P = 0.001) plasma NEFA
than those that passed through the milking unit or
through the preselection gate to the feeding area during
the 3 h preceding blood sampling (602 vs. 406 pmol/L,
respectively; Figure 7a). Differences (P < 0.001) within
DIM occurred at 42 DIM (517 vs. 174 pmol/L, respec-
tively). These differences in plasma NEFA did not lead
to differences in plasma BHBA (542 vs. 490 pmol/L,
respectively; Figure 7b).

Protein Metabolism, Inflammatory Response,
and Liver Activity

No differences were found in plasma concentrations
of urea and creatinine (Table 2). Plasma urea increased
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Figure 6. Least squares means (+SE) of a) plasma NEFA concen-
tration (reported as logjp; pmol/L) and b) plasma total cholesterol
concentration (mmol/L) during the first 154 DIM for cows managed
in a traditional milking parlor system (MP; ) or in an automatic
milking system (AMS; H).

(P < 0.001) in both groups of cows from 7 to 154 DIM
(from 3.6 to 5.0 mmol/L, SEM = 0.2), whereas plasma
creatinine decreased (P < 0.001) from 7 to 98 DIM (from
1.99 to 1.96 log;y pmol/L; SEM = 0.007, corresponding
to 97.9 and 90.8 pmol/L, respectively).

Plasma concentration of ceruloplasmin was unaf-
fected by milking system (Table 2; Figure 8a). It quickly
decreased from 7 to 42 DIM, reaching values <3.0 pmol/
L in both groups. Plasma haptoglobin was unaffected
by milking system (Table 2); elevated concentations
were observed in both groups at 7 DIM and then de-
creased in the same way for both groups until 154 DIM.
Plasma Zn level was unaffected by both milking sys-
tems and DIM (Table 2).

Plasma concentrations of total protein, albumin, and
globulin did not differ between groups (Table 2). Plasma
albumin increased (P < 0.001) with DIM, but there was
an interaction (P < 0.001) detected between milking
system and DIM (Table 2; Figure 8b). Cows in AMS
had greater (P < 0.05) concentrations of plasma albumin
during early lactation (14 and 28 DIM); then, after 70
DIM, plasma albumin in AMS cows remained stable
(approximately 36 g/L), whereas plasma albumin in MP
cows increased further. Plasma albumin also differed
(P < 0.05) at 154 DIM (38.1 vs. 36.1 g/L for MP and
AMS cows, respectively).
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Table 2. Least squares means of blood variables in first-lactation cows milked in the milking parlor or in the automatic milking system

(AMS) during early to mid lactation (7 to 154 DIM).

Milking system

Parlor AMS P

Item! Mean SE or CI Mean SE or CI? MS? DIM MS x DIM
PCV, L/L. 0.308 0.004 0.309 0.004 NS 0.006 NS
Glucose, mmol/L 3.99 0.07 4.09 0.07 NS 0.024 NS
Total cholesterol, mmol/L 4.72 0.21 5.04 0.22 NS <0.001 NS
Triglycerides,* mmol/L 0.12 0.11-0.13 0.12 0.11-0.13 NS <0.001 NS
NEFA,* umol/L 248 215285 269 234310 NS <0.001 NS
BHBA,* pmol/L 440 385503 407 356466 NS <0.001 NS
Urea, mmol/L 4.40 0.14 4.35 0.14 NS <0.001 NS
Creatinine,* pmol/L 93.7 91.3-96.2 94.5 92.0-97.1 NS <0.001 NS
Ca, mmol/L 2.39 0.04 2.35 0.04 NS <0.001 NS
Inorganic P, mmol/L 1.95 0.07 1.98 0.07 NS <0.001 NS
Mg, mmol/L 1.06 0.02 1.05 0.02 NS <0.001 NS
Na, mmol/L 143.1 0.4 141.8 0.4 0.026 NS NS

K, mmol/L 4.09 0.06 3.98 0.06 NS NS NS
Cl, mmol/L 104.4 0.5 103.9 0.5 NS <0.001 NS
Total protein, g/LL 75.84 1.07 77.97 1.08 NS <0.001 NS
Albumin, g/L 35.25 0.45 35.67 0.45 NS <0.001 <0.001
Globulin, g/L 40.82 1.14 42.07 1.14 NS <0.001 NS
Ceruloplasmin,* pmol/L 3.09 2.84-3.36 3.15 2.90-3.43 NS <0.001 NS
Haptoglobin,* g/L 0.059 0.038-0.092 0.096 0.061-0.149 NS <0.001 NS
Zn, pmol/L 21.67 0.89 21.06 0.90 NS 0.058 NS
AST,* U/L 83.93 75.89-92.83 78.05 70.57-86.36 NS <0.001 NS
GGT,* U/L 23.35 20.88-26.12 25.23 22.55-28.23 NS <0.001 NS
AP * U/L 47.86 43.12-53.11 44.65 40.17-49.61 NS <0.001 NS
LDH,* U/L 2085 19752202 2166 2050-2288 NS <0.001 NS
Bilirubin,* pmol/L 1.95 1.72-2.21 2.35 2.07-2.66 0.038 <0.001 NS
Cortisol,* ng/mL 3.18 2.47-4.09 6.31 4.93-8.06 <0.001 NS 0.029

IPCV = Packed cell volume, AST = aspartate aminotransferase, GGT = ~-glutamyltransferase, AP = alkaline phosphatase, and LDH =

L-lactate dehydrogenase.
2SE = Standard error; CI = confidence interval at 95%.
3MS = Milking system.

4Values are back-transformed in the original measure unit scale after logl0 transformation occurred before statistical evaluation. For

these variables, 95% confidence intervals are reported in lieu of SE.

Plasma GGT and AP activities increased (P < 0.001)
with DIM and were unaffected by milking system (Ta-
ble 2). The remaining analyzed enzymes also were unaf-
fected by milking systems (Table 2).

Mineral Metabolism

Plasma Ca, inorganic P, and Mg were unaffected by
milking system (Table 2), showing the normal dairy
cow postpartum pattern. Plasma K and Cl also were
unaffected by milking system, whereas plasma Na was
greater (P < 0.001) in MP cows than in AMS cows (Ta-
ble 2).

Basal Plasma Cortisol

Basal concentrations of plasma cortisol were greater
(P <0.001) in AMS cows, and a milking system x DIM
interaction (P < 0.05) was detected (Figure 9). Plasma
cortisol was greater (P < 0.05) in AMS cows than in MP
cows at 7 (7.6 vs. 2.8 ng/mL, respectively), 42 (5.2 vs. 1.9
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ng/mL, respectively, 98 (8.3 vs. 2.6 ng/mL, respectively),
and 154 DIM (8.2 vs. 3.0 ng/mL, respectively).

DISCUSSION
Aspects of Metabolic Stress

The first factor that prompted investigation of the
metabolic aspects associated with welfare of cows
milked in the AMS was the potentially negative energy
balance. Especially in cows during early lactation, nega-
tive energy balance could be due to increased milk yield
as a result of increased milking frequency (Wiktorsson
et al., 2003). It was estimated that AMS leads to in-
creased milk yield ranging between 2 and 11% (Baines,
2002; de Koning et al., 2002; Wade et al., 2004). Never-
theless, recent studies have confirmed the lack of sig-
nificant differences in milk yield between MP and AMS
for cows, even at greater milking frequencies in AMS
(Hopster et al., 2002; Speroni et al., 2004). Our results,
as well, do not support a significant increase in milk
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Figure 7. Least squares means (+SE) of a) plasma NEFA and b)
plasma BHBA concentration (reported as logyg; pmol/L) during the
first 42 DIM for cows managed in an automatic milking system (AMS)
when time interval between the last meal and blood sampling was
<3 h (open bars) or >3 h (hatched bars). Significant differences within
DIM were highlighted and are reported as the P value above the bars.

yield (both actual milk and ECM) from cows in AMS,
thus confirming the most recent literature. A lack of
milk yield increase in cows with AMS, even if with an
increased milking frequency compared with MP, is an
issue already highlighted by Spolders et al. (2004), who
observed that primiparous cows had a greater milking
frequency than multiparous cows, but this behavior did
not imply an increased milk yield. The high milking
frequency and the small percentage of milking intervals
>12 h were probably due to the 2x daily fetching proce-
dure in our study. Under our experimental conditions,
as on many farms, to avoid stress for the cows, the
herdsman did not always individually select the cows
that had to be fetched. Therefore, when different cows
were near, it was possible that some cows milked from
>5 h, but <12 h, were also milked again, as could take
place in practical operating conditions. Nevertheless,
the 2x daily milking activity in the opposite side of the
barn at fixed times (starting at 0530 and 1400 h), for
the management of the MP cows, could be partially
responsible for increased activity in AMS cows.

Even if milk yield did not increase, as was true in
our study, an increase in negative energy balance might
be due to the inability of cows to adapt to a new feeding
behavior imposed by a new management system, such
as AMS. Results in Figures 2 and 3 could contribute to
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Figure 8. Least squares means (£SE) of a) plasma ceruloplasmin
concentration (reported as log;o; ng/mL) and b) plasma albumin con-
centration (g/L) during the first 154 DIM in primiparous cows man-
aged in a traditional milking parlor system (MP; ) or in an automatic
milking system (AMS; HM). Values sharing an asterisk on the same
DIM differ (P < 0.05).

a better understanding of our results on milk yield and
animal welfare. Cow traffic is an important issue in an
AMS. Our management system, having only one TMR
distribution per day, could be considered less suitable
than other systems that distribute more TMR and
match the requirements of better cow traffic to the feed-
ing area. As highlighted in Figure 2, however, our re-
sults on daily patterns of cow traffic, especially for the
reduced activity in early morning, agree with other re-
ports (Hogeveen et al.,, 2001; Harms et al., 2002;

1.2+

Cortisol, log4g (ng/mL)

0.0 T T
1] 14 28 42 56 70 84 98
Time since calving, d

T T T T T T T T 1
112 126 140 154 168

Figure 9. Least squares means (+SE) of plasma cortisol concentra-
tion (reported as log;o; ng/mL) during the first 154 DIM in primiparous
cows managed in a traditional milking parlor system (MP; #) or in
an automatic milking system (AMS; H). Values sharing an asterisk
on the same DIM differ (P < 0.05).
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Wagner-Storch and Palmer, 2003). Nevertheless, a
more negative energy balance did not occur in our study
because cows in different milking systems exhibited a
similar extent of BCS variation during early lactation
(0 to 154 DIM) and no difference in milk yield. Adapta-
tion to a less suitable feeding procedure might have oc-
curred.

Plasma metabolites related to energy metabolism
confirmed the lack of significant differences in body
reserve mobilization at the onset of lactation. Plasma
concentration of NEFA is widely considered a good
marker of body fat mobilization during early lactation
(Bertoni et al., 1999). In our study, plasma glucose,
triglycerides, NEFA (Figure 6a), and BHBA had similar
patterns in MP and AMS cows. The only slight differ-
ence (not significant) was the greater plasma NEFA
concentration in AMS cows during the first month of
lactation when AMS cows had reduced night-time feed-
ing activity (Figure 7a). When the timing of the feeding
of the 10 cows in AMS is considered, it was observed
that cows with longer feed withdrawal before blood
sampling (i.e., those cows with reduced night-time pas-
sages through the preselection gate) had greater
plasma NEFA, especially at 28 and 42 DIM. Our find-
ings may confirm earlier observations (Bertoni et al.,
1994) in which increased plasma NEFA and BHBA
were detected before major meals and when the be-
tween-meal intervals were longer, particularly 3 wk
after calving. A lack of difference in plasma triglycer-
ides and BHBA between MP and AMS cows confirms
that AMS did not negatively affect metabolic pathways
in cows that could lead to metabolic disorders such as
ketosis or fatty liver, according to Wenzel and
Nitzschke (2004).

General inflammatory status was not altered by milk-
ing system, considering the normal pattern of plasma
ceruloplasmin (Figure 8a), haptoglobin, and Zn (Table
2). Ceruloplasmin and haptoglobin increased at calving
in both groups. This increase in ceruloplasmin and hap-
toglobin could have been due to typical inflammatory
conditions associated with the puerperium, and values
can be considered in the reference range proposed by
Bertoni et al. (2000) for lactating cows.

Hepatic ability to synthesize the normal proteins (the
so-called negative acute phase proteins) was confirmed
to be similar in the 2 milking systems. Our reported
albumin (Figure 8b) and total cholesterol (Figure 6b)
results are in agreement with the positive acute phase
proteins (haptoglobin and ceruloplasmin). Both of these
measures were in the range of reference values before
calving as reported by Bertoni et al. (2000). Plasma
albumin changes in MP and AMS cows had a different
pattern during the first 22 wk of lactation. Cows in
AMS had greater concentrations of plasma albumin
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during the first month of lactation. The mean concentra-
tion then stabilized at around 36 g/L until the end of
the experiment (154 DIM). Conversely, plasma albumin
in MP cows increased almost linearly from parturition
to 154 DIM, when the MP mean was greater than the
AMS mean. The differences observed in the first month
of lactation were mainly due to the lesser reduction of
albumin immediately after calving in the AMS cows
than in the MP cows.

The substantial absence of significant effects of milk-
ing systems and MS x DIM on plasma concentrations
of urea, creatinine, minerals, and enzymes (Table 2)
indicates that the AMS and its related management
did not affect protein metabolism, mineral status, or
tissue and organ integrity, as detectable by the used
methods. The only exception was the plasma Na concen-
tration, which was slightly reduced in AMS cows; how-
ever, its values were within the reference range for
lactating cows (Bertoni et al., 2000).

Aspects of Psycho-Physiological Stress

Dairy cows trained for daily collection of a single
blood sample by jugular venipuncture is a suitable
method of collecting blood if baseline cortisol concentra-
tions need to be determined (Hopster et al., 1999). Back-
transformed values of the least square means from AN-
OVA of cortisol ranged from 1.9 to 8.3 ng/mL (Table 2;
Figure 9) and were greater in AMS cows than in MP
cows. The trend was particularly significant and clear
at 98 and 154 DIM. In fact, this kind of pattern revealed
a difference in plasma cortisol behind an initial adapta-
tion in early stages of lactation. It is sometimes sug-
gested (Bruckmaier et al., 1993) that slightly elevated
basal concentrations of cortisol could be a consequence
of greater responsiveness because of a chronic stress
situation (for AMS cows only, in our case) when man-
aged and immobilized for bleeding. Nevertheless, the
response of plasma cortisol to chronic stress is still con-
troversial. For example, although Weiss et al. (2004)
considered the elevated cortisol response to an ACTH
challenge to indicate an absence of chronic stress, Wik-
torsson and Sgrensen (2004) suggested that cows with
elevated plasma cortisol were those under chronic
stress. A possible explanation of the more frequent
spikes in the concentrations of cortisol >5 ng/mL in
AMS cows (60%) compared with MP cows (30%) could
be seen in the different activities occurring in the 1 to
2 h (including fetching) before blood collection. The MP
cows were almost completely quiet, but increased activ-
ity of AMS cows was observed. Nevertheless, no correla-
tions were detected between plasma cortisol concentra-
tion and time lag from last passage through the prese-
lection gate to blood sampling. Furthermore, our recent
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data (Bertoni et al., 2005) indicated that an interval
of 1 h is sufficient to allow baseline concentrations of
cortisol to normalize after usual daily animal handling
and manipulations. Another possible explanation could
be anxious situation occurring in some cows forced into
a system that did not allow more social behavior (Wik-
torsson and Sgrensen, 2004). This second possibility
agrees with the fact that greater basal concentrations
of cortisol in some dairy cows are better explained by
their lack of comfort in general rather than by the corti-
sol changes occurring 15 and 30 min after the first
manipulation and bleeding (Trevisi et al., 2005).

CONCLUSIONS

In Italian Friesian first-lactation cows, an increased
milk yield in response to an increased milking fre-
quency associated with an AMS is not always con-
firmed. Therefore, with similar milk yields between MP
and AMS, body reserve mobilization was similar, and,
as consequence, no differences were detected in plasma
metabolites relating to energy metabolism, protein me-
tabolism, mineral metabolism, and liver function. The
AMS per se seems not to exert a negative effect on
metabolic measures related to nutrient balance. Basal
plasma cortisol, a measure of the psycho-physiological
stress perceived by the cows, was greater in AMS cows
than in MP cows, suggesting a slight chronic stress
condition; however, absolute concentrations were
within the acceptable range. Finally, further research
will be useful to determine how differences between cow
traffic systems may lead to different results in milking
frequency and milking interval, considering labor re-
quirements and animal welfare associated with forced
movement to the AMS for cows not milked at 12-h in-
tervals.
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