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PAPER

Previous alpine grazing experience of cows has little medium-term effect on
feeding behaviour, milk yield and composition in a traditional alpine system

Madeline Koczuraa, Steve Perviera, Elisa Manzocchia, Germano Turilleb, Rupert M. Bruckmaierc,
Michael Kreuzera and Joel Berarda,d

aETH Zurich, Institut f€ur Agrarwissenschaften, Universitaetstrasse 2, Z€urich, Switzerland; bInstitut Agricole R�egional – Regione, Aosta,
Italia; cVetsuisse Faculty, University of Bern – L€anggassstrasse 120, Bern, Switzerland; dETH Zurich, AgroVet-Strickhof, Eschikon 27,
Lindau, Switzerland

ABSTRACT
Previous grazing experience on high alpine pastures may help cows to optimise feed selection
and minimise impairments in milk production. Eight inexperienced and eight experienced Aosta
Red Pied cows were compared (primiparous:multiparous¼ 1:1). Measurements were performed
when cows grazed sites at 600, 1800 and 2100 m a.s.l. The statistical model included experience,
parity and site as fixed effects. The longest ingestion time was recorded for primiparous inex-
perienced cows at 1800 m a.s.l. Milk yield remained unaffected by experience, but the main
milking time was shorter in inexperienced cows in the lowlands. Milk of inexperienced cows
had a higher urea content than experienced cows. Somatic cell score remained unaffected by
experience, but inexperienced cows had more incidences of clinical mastitis on alpine pastures.
Compared with experienced cows, proportions of the fatty acids RC16:1 and RC17:1 in milk fat
of inexperienced cows were higher and proportions of C18:1 t9 and C18:1 t6–8 lower. Overall,
alpine grazing had substantial effects on milk yield and composition coinciding with results
from previous studies. There were interactions between experience and site in milking character-
istics and milk composition, and for the latter also between experience and parity. In conclusion,
experience had effects on several of the variables tested, effects which were sometimes exhib-
ited already on lowland pasture. Still, the effects of experience were much lower than those of
the transhumance system.

HIGHLIGHTS

� The advantages of previous site-specific and age experience of cows were studied on
alpine pasture.

� Lack of experience had mostly minor effects on economically relevant traits.
� Experience helped to maintain udder health in this alpine environment.
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Introduction

Transhumance for exploiting high-altitude pastures for

milk production during summer is a traditional prac-
tice in alpine regions. Effects of alpine conditions on

the cow’s physiological status and links to milk and
cheese properties were investigated in various previ-

ous studies (e.g. Leiber et al. 2006; Sturaro et al. 2013;
Farruggia et al. 2014; Zendri et al. 2016). Conditions in

the hypoxic environment of alpine pastures differ
from those in the lowlands and therefore require
metabolic and behavioural adaptation of cows. In add-

ition, alpine grazing regularly results in a milk yield

decline as a consequence of moving to and staying
on these pastures (Kreuzer et al. 1998; Leiber et al.
2006; Zendri et al. 2016).

Experience affects feeding behaviour and physio-
logical status of ruminants. Accordingly, grazing
experience acquired at a juvenile age affects diet
selection years later in cows (Lopes et al. 2013). Early
exposure of lambs to dietary diversity affected their
acceptance of new flavours in new environments and
reduced stress (Villalba et al. 2012). Primiparous cows,
exposed to a high-quality pasture early in life, exhib-
ited higher milk yields during the first days on pasture
than cows unfamiliar with grazing (Lopes et al. 2013).
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Alpine animal caretakers also report about behavioural
differences between cows experienced with the spe-
cific conditions of a distinct alp and others arriving
there for the first time (Silbernagel 2002). This
included that experienced cows remembered the pla-
ces on alpine pastures where the most palatable feed
grows from the previous year. However, it remains
unclear whether this knowledge is helpful for feed
selection and maintaining milk yield over the whole
season. A different feeding behaviour might also affect
the alpine-specific fatty acid (FA) profile of the milk, as
cows might ingest herbage with a different botanical
composition (Elgersma 2015). Low-input systems prac-
tised on biodiverse alpine pastures allow such selec-
tion and, concomitantly, affect amount and profile of
plant secondary compounds (PSC) ingested (Willems
et al. 2014). Accordingly, body lipids of lambs and
milk fatty acid profiles of goats varied between differ-
ent alpine pastures (Willems et al. 2014; Iussig
et al. 2015).

The aim of the present study was to test the pos-
sible advantages of previous site-specific alpine graz-
ing experience on feeding behaviour, performance,
milking characteristics and milk composition. It was
further tested if multiparous cows, due to the experi-
ence obtained as lactating cows before, had an advan-
tage over primiparous cows. The investigation was
performed in an established transhumant mountain
system in the Aosta Valley (Northwestern Italy) with
autochthonous Aosta Red Pied (ARP) cows.

Materials and methods

Experimental design

All animal-related procedures were in compliance with
EU Directive 2010/63/E.U. Supplementary Table S1
gives an overview of the experimental schedule.
Sixteen ARP cows were used where half were
‘experienced’ and originated from the herd of the
Institut Agricole R�egional (IAR, Aosta, Italy). They had
experience on the experimental alpine pastures
(>800 m a.s.l.) as cows and on comparable plots in the
same valley as heifers before. The other half, obtained
from a private herd (Pollein, Aosta Valley, Italy), had
never experienced alpine pastures on comparable sites,
either as heifers or cows. Animals were randomly
selected from these two herds in a way that in both
groups, (1) half of the cows were primiparous and half
multiparous, and (2) mean values for DIM, milk yield,
fat and protein contents were similar during the pre-
experimental period. Accordingly, pre-experimental
milk yields were 16.3 ± 3.5 (mean± standard deviation)

and 15.3 ± 3.2 kg/day in experienced and inexperienced
cows, respectively. The corresponding milk composition
was 32.2 ± 3.2 and 32.4 ± 2.8 g fat/kg, and 31.5 ± 1.4 and
35.6 ± 1.9 g protein/kg, and cows weighed 514± 25 and
522 ± 21 kg. Experienced and inexperienced cows were
121 ± 33 and 114 ± 30 days in milk (DIM), respectively.
Individual milk yield, fat and protein contents had been
obtained from milk control (one sample/cow/month
during 5 months) in their respective home-tied stalls,
where they had received hay from their respective low-
land pastures and 3 kg/day of concentrate (Mangime
Settebello Ma. Co. Pa., Mareine & Cie, Bosconero, Italy)
containing, per kg of original substance, 925 g organic
matter, 208 g crude protein, 85 g crude fibre and 38 g
ether extract. Data on feeding behaviour and milking
characteristics were individually collected two times
during the weeks before the start of the experiment for
their use as covariates.

At the beginning of the grazing season (calendar
week 16), the 16 experimental cows were integrated
into the IAR herd and grazed on lowland pastures.
Cows were transported by truck from 600 m
(Montfleury, Aosta) to 1800 m a.s.l. (Alp Chaudanne),
and later walked on a steep track to Alp Entrelor
(2100 m a.s.l.). On each site, samples were collected 9
and 28 days after moving cows to the respective pas-
ture (equivalent to calendar weeks 17 and 20, 25 and
27, and 29 and 32 on the three pastures,
Supplementary Table S1). We focussed on medium-
term effects (9 days after arrival) of experience in graz-
ing on alpine pastures and therefore sampling started
at a time where there were no longer carry-over effects
of the transhumance. In the lowlands, cows started
grazing outside during daytime, were tethered at night
and milked at 05:00 and 16:00 h (AfiMilk, TDM, Brescia,
Italy). They received local hay and 3 kg/day of the same
concentration as that used in the pre-experimental
period and had free access to water. At high altitude,
cows had permanent access to pasture and water
resources. Throughout the grazing period, a new por-
tion of the pasture was offered daily to the animals
(strip grazing technique). Milking was accomplished
outside with a mobile milking parlour (Eliar 4, Eli IAR,
equipped with AfiMilk machines) at 04:00 and 16:00 h,
where cows received exclusively 2 kg/day of the same
concentrate manually.

Sampling protocols

Botanical composition of the pastures was recorded
using the point-quadrat method (Daget and Poissonet
1971). Samples of fresh grass were collected two times
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per sampling period from 10 cm� 10m strips dis-
persed randomly across the area offered to the cows.
Compositional analysis was performed with
NIRSystems 5000 (Foss, Hillerød, Denmark; Niero et al.
2018). Feeding behaviour of the cows was recorded
using chewing sensors and data analysis software
(MSR Electronics, Henggart, Switzerland) (Nydegger
et al. 2011). Each of the 16 cows was equipped with
these sensors during 2� 24 h on each site.

Individual milk-related measurements were con-
ducted during two morning and evening milkings per
period. A LactocorderVR (WMB AG, Balgach,
Switzerland) provided data on milk yield, milking char-
acteristics and electrical conductivity. Milking time was
separated into time to reach the plateau (incline
phase, flow <0.500 kg/min), duration of plateau and
decline phases, and main milking time (start to a
decline to 0.200 kg/min). Two 50-ml milk samples/day
were taken with the Lactocorder equipment. The
morning samples were stored at 4 �C and the evening
samples at �20 �C. For the baseline winter barn
period, an average between data on milk yield and
composition during the 5months before the experi-
ment was obtained along with the official milk control
analyses of the breeders’ association of Aosta. Milk
samples then were obtained with the sampling device
MPC (AfiMilk, TDM, Brescia, Italy).

In the morning milk, mid-infrared spectroscopy
(MilkoScan FT6000, Foss Electric A/S, Hillerød,
Denmark) was used to determine milk gross compos-
ition. Somatic cells were counted by a fluorimetric
method (Fossomatic 5000, Foss Electric, Hillerød,
Denmark) and converted into somatic cell scores (SCS;
Ali and Shook 1980). All devices were calibrated
monthly using reference samples (Regione Autonoma
Valle 2006). Clinical mastitis was assumed when milk
conductivity was >9 mS/cm and milk reacted positively
with Leucocytest solution (Sacco System, Cadorago,
Italy). The percentage of cows with clinical mastitis
was calculated. Milk compositional data of these cows
were removed from the dataset. The milk FA profile
was determined by gas chromatography (Hewlett-
Packard HP, Waldbronn, Germany) following K€alber

et al. (2011), but with a CP7421 column
(200m� 0.25mm� 0.25lm, Varian Inc., Darmstadt,
Germany). Individual FA were grouped into saturated
FA (SFA), mono-unsaturated FA (MUFA), poly-unsatur-
ated FA (PUFA), n-3 FA, n-6 FA and conjugated linoleic
acids (CLA), and the iso-to-anteiso FA. The C14:1 c9 to
C14:0 ratio was calculated.

Statistical analysis

After the normality of the data was checked using
Shapiro-Wilk’s test, Repeated Time Mixed Procedure
was run with SAS version 9.4 (SAS Institute, Cary, NC,
USA). Individual cow data obtained in the pre-experi-
mental lowland barn period were used as a parity-cen-
tred covariate, as statistical differences were observed
for milk yield and protein content already in the barn.
As no significant differences between sampling days
occurred within the period (9 and 28), these data
were averaged. The model included previous site-spe-
cific alpine grazing experience (Yes vs. No), parity
(1 vs. >1), site (600, 1800 vs. 2100m a.s.l.) and all their
interactions as fixed effects. Site was used as repeated
factor with a compound symmetry covariance struc-
ture, with the cow (experimental unit) being the sub-
ject nested within group. For milk yield, DIM was used
as covariate to differentiate between DIM and site
effect. Multiple comparisons among means were
adjusted with Tukey’s method. Effects were considered
significant at p< .05 and as trend at .05� p< .10. The
tables give least square means and standard errors of
the mean.

Results

Composition of the grass

Grass from alpine pastures at 1800 and 2100m a.s.l.
was generally richer in acid detergent fibre and lignin
than lowland grass (Table 1). All other constituents
analysed were quite similar at all three sites, with gen-
erally moderate contents of crude protein. Details of

Table 1. Chemical composition of the pasture grass, g/kg dry matter. (n¼ 2; means ± stan-
dard deviation).
Site, m a.s.l. 600 1800 2100

Dry matter, g/kg grass 168 ± 7 179 ± 7 184 ± 1
Crude protein 119 ± 10 125 ± 1 128 ± 6
Ether extract 23.50 ± 0.80 25.10 ± 1.30 27.20 ± 0.80
Neutral detergent fibre 442 ± 7 452 ± 5 455 ± 18
Acid detergent fibre 284 ± 3 335 ± 11 327 ± 11
Acid detergent lignin 41.60 ± 0.10 62.50 ± 1.80 61.30 ± 1.20
Calcium 7.23 ± 1.38 7.68 ± 0.46 6.18 ± 0.81
Phosphorus 2.97 ± 0.11 2.60 ± 0.00 2.57 ± 0.04
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the botanical composition of the experimental pas-
tures are listed in Supplementary Table S2.

Feeding behaviour

Inexperienced cows tended (p< .10) towards a longer
rumination time (342 ± 21.7min/day) compared to
experienced cows (286 ± 18.7min/day) (Table 2).
Ingestion time (min/day) increased (p< .05) from low-
land (287 ± 28.3) to 1800m a.s.l. (416 ± 33.7) and
declined thereafter to 335 ± 34.6. Ingestion time
doubled for inexperienced primiparous cows (p< .05)
between lowland and 1800m a.s.l. (p< .05), but not in
experienced primiparous cows (three-way interaction,
p< .10). The ingestion-to-rumination ratio changed
like ingestion time. The multiple comparisons among
means using Tukey’s method showed that the total
number of ingestion chews (�103/day) was higher
(p< .05) at 1800m (27.6 ± 2.43) than at 600m
(20.1 ± 2.07) and at 2100m a.s.l. (21.5 ± 2.50), inde-
pendent of parity and experience, even though the
three-way interaction was significant. The number of
rumination boli/day was higher (p< .05) at 2100m
(470 ± 21.0) than at 600m a.s.l. (403± 15.5).

Milking characteristics and milk properties

The DIM-adjusted milk yield was not affected by the
transfer from lowland to 1800m a.s.l. but declined
(p< .05, Table 3) from 12.5 to 11.3 kg/day at 2100m
a.s.l. Milking characteristics were mainly influenced by
experience and site; changes within sites occurred for
experienced cows only. Main milking time declined
between lowland (7.27 ± 0.292min) and alpine sites
(5.65 ± 0.284 and 5.39 ± 0.284min for 1800 and 2100m
a.s.l., respectively) only for experienced cows. The milk-
ing plateau phase of experienced cows did not decline
at 1800m a.s.l. (3.27 ± 0.284min) whereas it was lower
(p< .05) at 2100m a.s.l. (2.57 ± 0.284min) than at
600m a.s.l. (3.78 ± 0.292min). However, the experi-
enced cows’ decline phase was already reduced at
1800m a.s.l. (2.06 ± 0.284min) compared to 600m a.s.l.
(3.19 ± 0.292min) and did not decline between 1800
and 2100m a.s.l. (2.55min ± 0.284min) (Figure 1).
Maximum milk flow decreased (p< .05) from
1.70 ± 0.101 kg/min to 1.53 ± 0.103min when cows
went from 1800m to 2100m a.s.l. Multiparous cows
had a longer (p< .05) decline phase and a reduced
(p< .05) maximal milk conductivity compared to prim-
iparous cows.

There were some effects of experience (without
interaction with site or parity) on milk composition, Ta
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and a number of significant interactions, but not
always the same in different traits (Table 4). Milk
casein content decreased (p< .05) in inexperienced
cows at 1800m a.s.l. but remained unchanged in
experienced cows. Milk urea content was 1.4 times
higher (p< .01) and, along with a general increase in
SCS (p< .05) from lowland to alpine pastures, SCS was
2.4 times higher (p< .05) in inexperienced cows com-
pared to experienced cows, respectively. The latter dif-
ference was numerically highest at 600m a.s.l. and
declined thereafter (experience� site, p< .001). More
inexperienced than experienced cows exhibited clin-
ical mastitis on alpine pastures (37.5 and 12.5% vs.
12.5 and 0% of inexperienced and experienced cows
at 1800m and 2100m a.s.l., respectively; data not
shown). Milk protein content was higher in primipar-
ous than multiparous experienced cows (36.7 ± 0.76
and 33.5 ± 0.92 g/kg, respectively, p< .05). Milk fat
increased (p< .05) from 29.0 ± 1.42 g/kg at 600m a.s.l.
to 34.9 ± 1.56 g/kg at 1800m a.s.l. and 40.0 ± 1.85 g/kg
at 2100m a.s.l. Milk lactose declined (p< .05) from 600
to 1800m a.s.l. Site effects on contents of fat were
recovered in total solids and on lactose in solids-
non-fat.

Proportions of some C18:1 trans isomers were influ-
enced by experience, whereas this did not apply for
C18:0, C18:1 n-9, C18:2 n-6, C18:2 c9t11 and C18:3 n-3
(Table 5). Proportions of C18:1 t6–8 and t9 were
higher (p< .05) by 18.2 and 24.3%, respectively, in
milk of experienced compared to inexperienced cows.
For C18:1 t10 and t12, the experience effect was less
systematic. C18:1 t10 proportion was higher (p< .05)
in experienced than inexperienced primiparous cows,
but only at 600m a.s.l., and higher (p< .05) than in
experienced multiparous cows, but only at 2100m
a.s.l. (p< .05). Apart from an interaction with site for
C18:2 c9t11 and C18:1 t11, parity had no effect on
C18 FA proportions. Site increased (p< .05) propor-
tions of C18:0, C18:1 t6-8, C18:1 t9, C18:1 t11, C18:2 n-
6, C18:2 c9t11 and C18:3 n-3 by 13.9, 14.5, 17.9, 38.1,
19.6, 27.5 and 52.2%, respectively, between 600 and
1800m a.s.l.

Among the short- and medium-chain-length FA (C4
to C17) only C8:0, RC16:1 and RC17:1 were affected
(p< .05) by experience and only one interaction (C15:1
c10; with site, p< .01) was found (Supplementary
Table S3). Experience enhanced proportions of C8:0
and reduced those of RC16:1 and RC17:1. Almost
every short- and medium-chain-length FA was affected
by site. C4:0 proportion increased (p< .05) by 9.4 and
12.6% at 1800 and 2100m a.s.l. compared to 600m a.
s.l. Proportions of C8:0, C10:0, C12:0, C15:0, C16:0,Ta

bl
e
3.

Ef
fe
ct

of
ex
pe
rie
nc
e,
si
te

an
d
pa
rit
y
on

m
ilk

yi
el
d,

m
ilk
in
g
ch
ar
ac
te
ris
tic
s
an
d
m
ilk

pr
op

er
tie
s.

Si
te
,m

a.
s.
l.
(S
)
an
d
pa
rit
y
(P
)

60
0

18
00

21
00

p-
va
lu
es

Va
ria
bl
e

Ex
pe
rie
nc
e
(E
)a

1
>
1

1
>
1

1
>
1

SE
M

E
P

S
E
�
P

E
�
S

P
�
S

E
�
P
�
S

M
ilk

yi
el
d,

kg
/d
ay

Ye
s

12
.5
0

13
.8
0

12
.6
0

13
.9
0

12
.0
0

12
.3
0

1.
93
0

.1
92

.8
01

.0
13

.6
26

.8
48

.1
87

.5
67

N
o

10
.8
0

11
.6
0

12
.1
0

11
.4
0

11
.0
0

10
.1
0

M
ilk
in
g
ch
ar
ac
te
ris
tic
s

M
ai
n
m
ilk
in
g

Ye
s

7.
18

7.
96

5.
82

5.
39

5.
19

5.
77

0.
62
1

.0
04

.2
48

<
.0
01

.6
44

.0
12

.2
69

.6
36

tim
e,
m
in

N
o

4.
41

5.
40

4.
09

4.
65

3.
80

4.
45

In
cl
in
e
ph

as
e

Ye
s

0.
25

0.
23

0.
19

0.
21

0.
27

0.
22

0.
02
8

.2
99

.1
39

.0
67

.9
12

.8
10

.7
10

.2
32

(m
in
)

N
o

0.
28

0.
24

0.
24

0.
21

0.
24

0.
25

Pl
at
ea
u
ph

as
e

Ye
s

3.
69

3.
19

3.
16

2.
83

2.
12

2.
14

0.
45
9

.1
2

.1
25

.0
05

.4
54

.0
28

.7
34

.9
08

(m
in
)

N
o

2.
83

1.
97

2.
53

1.
84

2.
58

1.
90

D
ec
lin
e
ph

as
e

Ye
s

3.
24

4.
02

2.
40

1.
95

2.
74

3.
15

0.
60
5

.0
65

.0
46

.0
14

.1
47

.0
80

.2
70

.8
10

(m
in
)

N
o

1.
46

3.
35

1.
54

2.
76

1.
14

2.
47

M
ax
im
um

m
ilk

Ye
s

1.
32

1.
78

1.
37

1.
92

1.
37

1.
67

0.
22
3

.7
77

.3
89

.0
08

.2
02

.6
90

.5
02

.2
64

flo
w
,k
g/
m
in

N
o

1.
71

1.
52

1.
79

1.
73

1.
55

1.
53

El
ec
tr
ic
al

co
nd

uc
tiv
ity
,m

S/
cm

Ye
s

5.
84

6.
20

5.
75

6.
10

5.
77

6.
21

0.
15
8

.2
75

.0
01

.9
90

.7
30

.4
66

.9
81

.8
56

N
o

5.
82

6.
27

5.
88

6.
39

5.
87

6.
31

Va
lu
es

ar
e
Le
as
t
Sq
ua
re

m
ea
ns
,s
ta
nd

ar
d
er
ro
rs

of
th
e
m
ea
ns

(S
EM

)
an
d
p-
va
lu
es
.D

IM
,d

ay
s
in

m
ilk
;a
Ye
s:
n
¼
8
co
w
s
th
at

al
re
ad
y
ex
pe
rie
nc
ed

al
pi
ne

pa
st
ur
es
;N

o:
n
¼
8
co
w
s
w
ith

ou
t
pr
ev
io
us

ex
pe
rie
nc
e
in

al
pi
ne

pa
st
ur
es
.

E:
Ex
pe
rie
nc
e;
P:

Pa
rit
y;
S:
Si
te
.

ITALIAN JOURNAL OF ANIMAL SCIENCE 5

https://doi.org/10.1080/1828051X.2018.1532326
https://doi.org/10.1080/1828051X.2018.1532326


RC16:1 and RC17:1 decreased (p< .05) by alpine graz-
ing by 8.8, 15.5, 17.2, 6.3, 9.0, 17.3 and 17.4%, respect-
ively. Proportions of C14:0 and C14:1 c9 decreased by
15.6 and 10.3%, respectively, at 1800m a.s.l., then
increased at 2100m a.s.l. (p< .05). Experience and
parity did not affect proportions of FA>C18
(Supplementary Table S4). Proportions of C20:0,
RC20:1, C20:2 n-6, C20:4 n-6, C20:4 n-3, C22:0 and
C22:1 c13 increased (p< .05) by 12.9, 20.7, 13.7, 76.2,
65.9, 18.8 and 38.9% between 600 and 1800m a.s.l.,
respectively. C20:3 n-3 proportion decreased (p< .05)
between 1800 and 2100m a.s.l. by 82.7%.

Site significantly affected every group of FA (Table
6). Interactions found with total CLA resembled those
in C18:2 c9t11. The iso-to-anteiso FA ratio was higher
(p< .05) for experienced than inexperienced multipar-
ous cows at 2100m a.s.l. Moreover, it increased
(p< .05) in experienced multiparous cows and inex-
perienced primiparous cows from 600 to 1800m a.s.l.
The SFA proportion (p< .05) decreased by 5.2% from
lowland to alpine pastures. Proportions of PUFA, total
CLA, n-3 and n-6 FA increased (p< .05) by 28.8, 23.2,
44.5 and 24.1% between 600 and 1800m a.s.l.,
respectively, and returned to an intermediate level
from 1800 to 2100m a.s.l. for PUFA and total CLA
(p< .05). Between 1800 and 2100m a.s.l., n-6 FA pro-
portion returned to its previous level at 600m a.s.l.
The n-6-to-n-3 FA ratio decreased (p< .05) by 32.4%
between 600 and 2100m a.s.l. The ratio C14:1 c9 to

C14:0 was higher in milk of inexperienced cows
(0.119 ± 0.002) than in that of experienced cows
(0.111 ± 0.003, p< .05).

Discussion

Effects of alpine grazing

The present study involves a common type of alpine
transhumance system, where cows are moved to pro-
gressively higher altitudes. This scheme offers grass of
sufficient quality throughout the season due to the
delayed vegetation growth at higher altitude. The
nutrient composition of the forages was quite similar
at the three sites except that the alpine grass con-
tained more lignified fibre, consistent with the botan-
ical composition found. The phenology of the plants
may also have contributed, but this was not recorded
in the present study. Indeed, highly digestible grasses
make up a smaller proportion in alpine swards
(Jeangros et al. 1999).

Most variables measured in the cows changed
between sites. Ingestion time was lower than previ-
ously observed by O’Driscoll et al. (2010) with
Holstein-Friesian cows, which most probably had
higher intake capacity and energy requirements than
Aosta Red Pied in the present study. It increase when
cows were moved from 600 to 1800m a.s.l. likely
resulted from the extension of the time on pasture, as

Figure 1. Effect of experience at the sites on durations of main milking time, plateau and decline phase of milking (interactions
of experience� site, p< .05, p< .05 and p< .01, respectively). Error bars reflect standard errors. Within the same variable, col-
umns (Least Square means) marked without a common superscript differ (p< .05).
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rearing system changed between these sites. Indeed,
with cows milked once a day, the same authors
showed that the extra time allowed on pasture
resulted in an increased grazing time. Romanzin et al.
(2018) showed that a low level of supplementation
increased the grazing time on low-energetic heteroge-
neous pastures, which could be another possible
explanation. The decline in ingestion time at 2100m
a.s.l. might indicate that cows spent less time search-
ing for the more palatable grasses. Moreover, the
cows’ energy requirements declined with the advanc-
ing stage of lactation, which probably diminished their
ingestion time, too. Differences between pastures in
lignified fibre were obviously too small to cause
rumination time to differ. Cows with higher milk yield
typically express a substantial decline in milk yield
when moved to high altitude (Leiber et al. 2006).
Causes are the limited nutrient supply by the grass
and the extra energy needed to cope with hypoxia
and climbing on steep slopes (Leiber et al. 2006). Also
in the present study, milk yield declined to some
extent from 1800 to 2100m a.s.l. However, this
decrease was smaller than that reported from other
studies with ARP (Renna et al. 2010; Gorlier et al.
2012). The transfer from 600 and 1800m a.s.l. was tol-
erated by this robust breed, even without milk yield
decline going beyond that caused by the progressing
lactation, as DIM-adjusted values show. At 2100m a.s.l.
the harsher conditions (higher temperature difference
between night and day, hypoxic environment, topog-
raphy) may have prevented the full exhibition of the
milk yield potential. Under stress like changing the
milking environment, shorter milking times and
changes in milk fat content were expected, as milk
ejection may be inhibited (Wellnitz and Bruckmaier
2001). In the present study, this was only the case for
inexperienced cows at the lowland site. A confounding
effect by changing milking equipment with different
properties (e.g. vacuum strength) when moving from
lowland to alpine pastures could not be excluded.

In the lowland, milk fat content was unexpectedly
low compared to Renna et al. (2014). However, to our
knowledge, previous measurements only featured hay.
In the present study, cows in the lowland grazed on
young and less fibrous grass, with fibre being the sub-
strate for milk fat synthesis (Chilliard et al. 2001). The
milk composition found on alpine pastures was con-
sistent with previous studies using ARP (Battaglini
et al. 2005; Renna et al. 2010), even though grazing
system and location were not the same. The milk fat
content continuously increased during the alpine
sojourn, because of the increasing need for body fat

mobilisation (Kreuzer et al. 1998) and the elevated
fibre content of the grass. The continuous decrease in
lactose was likely only an effect of the progressive lac-
tation (Dillon et al. 2003). Different from previous stud-
ies (Leiber et al. 2005, 2006), protein and urea
contents remained unaffected by the alpine sojourn in
the present experiment. This may be related to the
comparably low requirements of the ARP cows for
energy, the most limiting factor for milk protein syn-
thesis. The effect of change from lowland to alpine
grazing in FA profile was the subject of several previ-
ous studies (e.g. Bugaud et al. 2001; Leiber et al.
2005), and, more specifically, studies with ARP cows
(Battaglini et al. 2003, 2005; Renna et al. 2010).
Consistent with that, the alpine milk fat was character-
ised by low SFA and high MUFA, PUFA and CLA pro-
portions. The n-6-to-n-3 FA ratio was also changed
towards n-3 FA as expected (Leiber et al. 2005),
although long-chain n-3 FA were present in minutes
amounts. Elevated CLA, trans C18:1 FA (especially
C18:1 t11) and n-3 FA, and less C18:0 suggest that PSC
in alpine forage might have inhibited ruminal biohy-
drogenation of part of the PUFA (Buccioni et al. 2012).
Proportions of branched-chain iso- and anteiso-FA,
indicative of rumen microbial activity, were higher in
milk fat in the alpine period, a shift which is further
enhanced by diets poor in starch and rich in fibre
(Zhang et al. 2017).

Effect of experience

Cows start learning how to graze as young animals,
mostly by observing older or more experienced ani-
mals (Costa et al. 2016). However, this opportunity
was not given to calves in the current ARP husbandry
system. Cows have a long memory, leading them to
remember where older animals were grazing and on
what (Fraser and Broom 1997). Touching the grass
and exploring are important for feeding behaviour,
too (Distel and Provenza 1991; Currie 1995). It was
reported that older cattle spend less time grazing
than younger ones because of their eating experience,
but still ingest for a longer time when arriving on a
new pasture because they spend more time exploring
(Krysl and Hess 1993). However, this was not the case
in the present study. Eventually, feeding behaviour
depends on prior bad eating experience and recogni-
tion of the presentation of plants as forages (Distel
et al. 1995; Provenza et al. 2015). Moreover, cows have
cognitive and physiologic abilities to determine
whether they achieved their nutritional and energetic
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needs (Provenza et al. 2015). This can also affect their
grazing behaviour.

Taken together, previous experience on specific
alpine pastures could, therefore, result in more effi-
cient feeding behaviour. Animals originated from two
different farms, but their genetic background was
similar. Thus, differences in milk yield and composition
can be attributed to the experience with experimental
conditions and associated behavioural differences.
Cows of both groups were found to be similar in feed-
ing behaviour and milk yield on alpine pastures. The
only direct effect of experience was a tendency
towards a reduced rumination time. This could indi-
cate the ability of experienced cows to select plants
with higher digestibility. However, this needs to be
confirmed by a more in-depth analysis of the feeding
behaviour. Finally, the results indicate that when using
robust breeds in extensive alpine farming systems,
previous experience would not provide a general
medium-term advantage. Experience could be more
important directly after transhumance, but its effect
would be confounded with that of the walk or trans-
port to the highland.

Milking dynamics were affected by experience, but
this was already the case in the lowlands. Since the
inexperienced cows, different from the experienced
cows, did not know milking equipment and staff in
the farming system investigated, the effects observed
were likely due to the novel milking procedure and
not to the lack of pasture-related experience, even
though this was determined after an adaptation
period. Overall, milk flow data indicate that milking
time of experienced cows was longer compared to
inexperienced cows at the lowland site. As all milking
machines were left on each cow for the same length
of time, this could have led to overmilking of the inex-
perienced cows. The breeder of inexperienced animals
may have selected cows with short milking time,
which might have intensified the problem.
Overmilking is detrimental to udder health (Edwards
et al. 2013). This could also explain why SCS and inci-
dence of clinical mastitis were subsequently higher in
inexperienced cows in both alpine periods. Mastitis
and high SCS can also be linked to the stress of ani-
mals arriving on a new pasture, as alpine grazing pro-
motes somatic cell count (Lamarche et al. 2000; Leiber
et al. 2005). Furthermore, Coulon et al. (1998) demon-
strated that physical motion increases SCC in milk of
untrained cows. However, as strip grazing was applied,
only small effects of the latter were expected.

Data on milk composition indicate that the feed of
inexperienced and experienced cows differed in

composition. The lower casein content in milk of inex-
perienced compared to experienced cows at 1800m
a.s.l. points towards a lower energy supply and, thus,
metabolisable protein (Leiber et al. 2005). The higher
urea content in milk of inexperienced cows was unex-
pected. Possibly their previous grazing experience
could have had an effect, as they were used to graz-
ing lowland pastures rich in protein-rich plants.
Although the strip grazing technique reduces the pos-
sibility to select among plant species, cows still may
have been able to recognise and select species-rich in
protein through ‘feed hedonics’ (Villalba et al. 2015).
Further studies on ingested feed composition would
be needed to confirm this assumption. Effects of
experience on milk FA profile consisted of three cate-
gories: experience enhanced proportions of some
short- and medium-chain FA, reduced proportions of
mono-unsaturated medium-chain FA, and enhanced
those of several C18:1 trans isomers. The latter points
towards a specific selection by experienced cows
towards forages rich in PSC. Relationships between
phenolic compounds and ruminal biohydrogenation
were repeatedly shown (Vasta et al. 2009; K€alber et al.
2011; Willems et al. 2014). However, herb selection
was not monitored in the present experiment. Apart
from that, higher RC16:1 and RC17:1 proportions in
milk fat of inexperienced cows, together with the
higher C14:1 c9-to-C14:0 ratios, point towards a higher
D9-desaturase activity in the mammary gland
(Rutkowska et al. 2012).

Distinction between site-specific and
age experience

Cows are able to learn through observation of older
animals (Costa et al. 2016), which is a different experi-
ence from that acquired by grazing a specific site. In
the present study, primiparous cows could be consid-
ered less experienced than multiparous cows because
of their young age and the fact that calves and heifers
are not kept together with more experienced animals
before first calving. We aimed at testing if the age
experience was more important than the site-specific
one. Interactions of experience with parity (and
together with site) were rare, suggesting that the site-
specific experience obtained before first calving was
equally valuable as that obtained as a dairy cow. One
exception was that only inexperienced primiparous
cows responded to the new situation at 1800m a.s.l.
They increased their ingestion time in response to the
new pasture. However, it is unclear if they increased it
more than what would have been needed to cover
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the extra energy and nutrients necessary to maintain
milk yield at this altitude.

Conclusions

No clear advantage of previous experience with dis-
tinct alpine pastures used in a traditional extensive
transhumance system and those associated with age
(multiparous vs. primiparous cows) was found on feed-
ing behaviour. Several medium-term effects on milking
characteristics and milk composition were observed.
However, these effects were much lower in general
than those caused by the transhumance to alpine pas-
tures. In addition, the new farming environment rather
than the lack of habituating to the specific alpine pas-
tures caused part of the stress for inexperienced cows.
As the milking characteristics demonstrate, familiarisa-
tion to new staff and milking equipment already on
lowland pastures could be effective. In the transhu-
mance system investigated, the dispersal of feed
across inhomogeneous alpine pastures had been mini-
mised by strip grazing. In all other approaches, experi-
ence may have a greater importance. Future studies
are needed to determine the importance of experi-
ence during transport and the actual days of transition
and to compare autochthonous breeds with high-
yielding genotypes.
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