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Abstract-The aim of this research was to measure, in terms of milk quantity and quality and varia-
tions of live weight (LW) and body condition score (BCS), the effect of offering different levels
of concentrate to dairy cows grazing at high altitude. The experiment, which lasted 8 weeks,
was conducted on a pasture located at an altitude of 1800-2200 m. Three groups of 10 Italian brown
cows were fed different levels of concentrate offered above a production of 7 kg energy correc-
ted milk (ECM), which was assumed to be provided by the pasture: group L, 1 kg of concentrate
as fed every 2.3 kg ECM; group M, 1 kg every 2.0 kg ECM; and group H, I kg every 1.7 kg ECM.
Botanical and chemical measurements were performed on the grazed grass and temperature and
rainfall recorded. The nutritive value of the herbage fell from 0.90 UFL/kg DM at the begin-
ning of the trial to 0.65 UFL/kg DM at the end. The mean daily production of ECM was more than
I kg higher for group H with respect to the other two groups (mean 17.2 kg). The protein level
increased slightly with the increasing proportion of concentrate (difference 0.1 1 perccntage
points between groups L and H). Thc times for aggregation (k2o) and gel firmness (a30) were
better, but not significantly, in the milk from group H. The mean changes in LW and BCS were
nil for group L and positive and increasing with the increasing level of concentrate in groups M
and H. According to estimates based on productive performance and BCS variations, the overall l
mean herbage consumption was 12.2 kg DM, which would have supported a production of 7.4 kg
ECM. (&copy; Elsevier/Inra)
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Résumé - Supplémentation des vaches laitières au pâturage alpin : effet du niveau du
concentré sur la production laitière, l’état corporel et l’aptitude du lait à la coagulation. Consi-
dérant que les pâturages de montagne ne sont pas capables de couvrir les besoins des vaches en
lactation, le but de cette étude a été de vérifier les réponses des animaux - en termes de quantité
et de qualité du lait, ainsi que de variations d’état corporel - à la supplémentation de différents
niveaux de concentré. L’essai a été conduit pendant les mois de juillet et août, pendant huit
semaines, sur un pâturage situé à 1800-2200 m dans la région des Alpes orientales italiennes.
Trente vaches en lactation de race Brune italienne ont été réparties en trois groupes de dix animaux
recevant différents niveaux de concentré au-dessus d’une production de 7 kg de lait corrigé pour
l’energie (ECM), supposée assurée par le pâturage : groupe L, 1 kg de concentré pour 2,3 kg de
ECM ; groupe M, 1 kg pour 2,0 kg de ECM ; groupe H, 1 kg pour 1,7 kg de ECM. La quantité
du concentré a été calculée toutes les deux semaines, en fonction des contrôles de production lai-
tière. Le poids vif (LW) et la note d’état corporel (BCS) ont été déterminés au début et à la fin de
fessai. Les caractéristiques moyennes de l’herbe (tableau lI), déterminées sur des échantillons pré-
levés suivant la technique du hand plucking, se sont progressivement dégradées : la valeur nutri-
tive est passée de 0,90 UFL/kg MS, à 0,65 UFL/kg MS à la fin de l’essai. La production moyenne
par jour (tableau III) a été presque égale dans les groupes L et M (moyenne de 17,2 kg ECM), tan-
dis qu’elle a été supérieure de plus de 1 kg dans le group H, avec un rendement marginal du
concentré de 0,7 kg ECM par kg. La teneur en protéines s’est légèrement accrue avec l’apport de
concentré (différence de 1, I g/kg entre L et H), tandis que les teneurs en matières grasses, lactose
et urée sont restées pratiquement sans changement. Le temps de raffermissement du caillé (k2o)
ainsi que sa fermeté (a3o) ont été meilleurs dans le lait du groupe H, bien que les différences ne
soient pas significatives (tableau IV). Les variations moyennes de LW et de BCS (tableau Ill)
ont été nulles dans le groupe L, mais positives et croissantes à l’augmentation du niveau de
concentré dans les groupes M et L. Selon une évaluation basée sur la production du lait et sur la
variation de BCS, l’ingestion moyenne de l’herbe a été de 12,2 kg MS, ce qui aurait assuré une
production de 7,4 kg ECM. Dans des conditions analogues à celles de cet essai, il est par consé-
quent indispensable de complémenter avec des concentrés au-dessus de ce niveau de produc-
tion. «D Elsevier/Inra)
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1. INTRODUCTION

The problems associated with the uti-
lization of pasture by dairy cows have
been widely studied in lowland environ-
ments [3, 17, 22], but the conditions are
very different for mountain pastures,
which are still commonly used during the
summer period in all alpine regions. In
effect, pastures located at high altitudes
are not only considerably less productive
for various reasons - colder climate, fre-
quent rocky outcrops, less possibility of
correct management - but grazing them
also requires that the animal uses more
energy for walking on sloping ground. As
a consequence, the herbage alone is only
capable of supporting modest milk pro-

duction levels. Summer grazing on moun-
tain pastures thus frequently implies a fall
in production, which may be more or less
severe according to the production level
and the distance from calving [25, 42],
and the failure to recover body reserves,
with negative effects on the following lac-
tation. In order to overcome the nutritional
deficit of the pasture it thus becomes

necessary to supplement with concentrate.
Due to the changing conditions of the pas-
ture during the season and the depressing
effect of the concentrates on the herbage
intake, many experimental trials are requi-
red before general statements can be made
about the quantity of concentrates to be
supplied and their effects on productive
performance. I



The objective of this trial, conducted
on a ‘malga’(this term, of paleoeuropean
origins, in the central and eastern Italian
Alps means a farm composed of the pas-
ture and the buildings for the animals, the
staff and possibly also for processing the
milk) in the high mountains, was to verify
the response, in terms of the quantity and
quality of the milk produced, including its
rennet coagulation properties and varia-
tions of body condition, to the supple-
mentation of different levels of concen-
trate to lactating cows.

2. MATERIALS AND METHODS

2.1. Pasture and grazing management

The trial was carried out for 8 weeks in the
months of July and August 1996 on a high
mountain pasture in the eastern Alps region
(malga Juribello, Province ol’Trento, Italy).
The grazable area extended over 157 ha; the
lower part, of about 100 ha and located at a
mean altitude of 1900 m, is almost flat, with a
deep soil, rich in organic matter and at several
points very damp; the remainder, reaching up
to 2200 m, is steeper with a progressively shal-
lower soil, presenting, at the higher altitudes,
outcrops of dolomitic rock. The entire area of
the malga is located within the Natural Park
’Paneveggio - Pale di San Martino’. An exa-
mination of the botanical composition of the
pasture indicated that it was rather variable.
Especially near the farm buildings, there were
rank patches with Rumex spp. (mainly R. alpi-
nus, and less frequently R. acetosa), Senecio
alpinus and Stellariti nemorum. The weed Nar-
dus .stricta was widespread and general ly asso-
ciated with good herbs such as Festuca rubra,
Anthoxanthum odoratul11, Phleum alplnum and
Poa alpina or, in the damp areas, with De.r-
charnhsia cesnitosa and various species of Carex
(c. fusca, C.,flacca, C. palle.scens, C. stellu-
latn). Legumes were scarce and represented
mostly by Trifbliurn pratense ssp. nivale; spe-
cies of little grazing interest, such as Poteii-
tilla aurea, Potentilla e!f<’/!, Campanula
barbam and Geum 1110lltanum were also com-
mon. On the rocky slopes, a Seslerietum, a flo-
ristic association typical of poor herbage swards
on calcareous substrates, was predominant,
with Sesleria varia, Agrosti.v spp., Anthylli.s

vulneraria and Dryas octopetcila. Thus the pas-
ture was overall rather poor, at least for a large
proportion of its area.

During the day, the cows were free to graze
over an area of about 1 10 ha, while during the
evening and overnight, i.e., in the interval be-
tween the evening and morning milkings, the
grazing was rotated over the remaining area,
close to the buildings, divided into four zones
of about 10 ha each.

2.2. Animals and feeding supplements

Thirty mature lactating Italian brown cows,
part of a herd of 147 animals, were divided
into three groups of 10 animals each, on the
basis of calving data and the productive per-
formance recorded over the 2 weeks before the
trial. The mean data, with the relative standard
deviations, were as follows: days in milk 162
(56), milk yield 19.7 kg (3.3), fat 3.92!! (0.31), ),
protein 3.30°h (0.22), lactose 5.02% (0.17).

In order to calculate the rations, on the basis
of previous experience and the stocking rate, it
was prudently assumed that the pasture alone
was capable of supporting a mean production
of at least 7 kg of energy corrected milk
(ECM), assuming I kg ECM = 750 kcal [4].
The production exceeding 7 kg was covered
by three different levels of concentrate (0.91 1
UFL/kg as fed): low group (L) I kg pcr 2.3 kg
ECM; medium (M) 1 kg per 2.0 kg ECM; high
(H) I kg per 1.7 kg ECM. The quantitics of
concentrate were revised at 2-week intervals,
following the effective milk production. The
concentrate was offered twice daily during mil-
king, with any refusals being recorded.

2.3. Measurements, estimates
and chemical analysis

The live-weight (LW), on 2 consecutive
days, and body condition score (BCS [8]) were
determined at the beginning and end of the
trial. BCS values were obtained by two inde-
pendcnt evaluators. The mean initial values
were 558 kg LW (S.D. = 43) and 3.18 BCS
points (S.D. = 0.35) respectively.

At 2-week intervals the milk yield was
recorded and samples were collected twice
daily for 2 consecutive days. Individual
samples were analyzed for fat, protein, lactose



and urea with an infrared Milk-o-scan appa-
ratus. On the morning milk samples, the titra-
table acidity, expressed as °SH/50 mL, and the
rheological parameters, rennet clotting time
(r), time for aggregation (k2o) and gel firmness
(a!«), were determined with a Foss Electric
Formagraph [29].

Samples of herbage were hand-plucked by
simulating animal grazing at about 3-week
intervals. The samples were collected four
times per day, at about 09.00, 11.00, 19.00 and
21.00 h. At each sampling time, 20 samples of
herbage were collected, the 80 daily samples
were classified botanically and then bulked
and dried in a forced draught oven at 60 °C
prior to analysis for proximate composition [1] ]
and fiber components [ 12]. The same deter-
minations were also performed on four samples
of the concentrate. The organic matter diges-
tibility (OMD) of the herbage was determined
in vitro with the rumen liyuid-pepsin technique
[39]. The OMD of the concentrate was esti-
mated from the concentrations of the fiber com-

ponents and ether extract [ 11 ].

The supposed herbage intake was obtained
by a reverse calculation [37] based on Inra
standards for maintenance and production [ 16], ] ,
the energy value of variations in BCS [5] and
the mean nutritive value of the herbage and
concentrates. In order to account for the energy
costs of walking, the maintenance requirement
was increased by 25% [ 18, 42].

The temperature and precipitation were
recorded daily with an automatic weather sta-
tion. The average daily temperature was cal-
culated as the mean of the maximum and mini-
mum values.

2.4. Statistical analysis

The data were analyzed with the following
models:

- milk production and composition:

- rennet coagulation properties (r, k20 and

az!!), titrataole acidity and variations of LW
and BCS:

where: p, general mean, Ai, feeding treat-
ment (i = I, .., 3), bx . covariates (data recor-
ded during the preliminary period) and ci,, error.

3. RESULTS

3.1. Meteorological recordings

The temperature was particularly low,
with a minimum value of 0 °C in July and
a mean for the whole experimental per-
iod of 9.3 °C, with a small increase be-
tween July and August (9.1 °C vs. 9.5 °C).
Rainfall was high: in 8 weeks, 307 mm
were recorded, distributed fairly evenly
( 164 mm in July and 143 mm in August).

3.2. Feed composition

Table I presents the botanical compo-
sition of the grazed herbage, estimated
from the hand-plucked samples. As expec-
ted, Gramineae, including the less valuable
species such as Nardu.s stricta and Des-
champsia cespitosa, were the main com-
ponent of the diet over the entire period,
although Fabaceae (legumes) and Rosa-
ceae were also well represented. Rurnex
spp. were consumed to a small extent.

The mean chemical composition of
the grazed herbage samples is reported
in tcrble Il. The protein content, always
rather high, showed a slight trend to dimi-
nish as the trial progressed. The variations
in the fiber fractions were in the opposite
sense and more accentuated: the NDF
increased by 11.1 percentage points over
the 2-month period and the ADF increased
by 6.2 points. As a consequence, the diges-
tibility of the organic matter diminished
progressively, passing from 73 to 56°l0, as
did the net energy, falling from 0.90 to
0.65 UFL/kg DM. The chemical compo-
sition, feeding value and the components
of the concentrate are also presented in
table II.

3.3. Intake, milk yield, LW and BCS
changes

The performance of the three groups is
shown in table III. The daily production
was almost identical in groups L and M,



both in terms of milk and ECM, and more
than I kg higher in group H. This higher
production level accentuated, as a conse-
quence of the rationing scheme adopted
which followed the lactation curve and of
a feed-back mechanism, the difference
between the quantity of concentrates given
to group H and that given to the other two
groups. The milk protein content increased
with the level of concentrate, with a dif-
ference of 0.11 points between groups H

and L; the fat diminished slightly and not
significantly and the lactose remained
constant. The daily production of all the
components increased with the level of
concentrate, but significant differences
were observed only for the protein and
lactose in group H with respect to those
in groups L and M. The mean milk urea
concentration was 31.4 mg/100 mL, with
slightly higher values in groups M and H
in comparison with L, although these dif-



ferences were not significant due to the
high variability. The mean variations in
LW and BCS were practically zero in
group L and positive and increasing with
the increase of the supplementation level
in the other two groups. The mean her-

bage intake, estimated indirectly from the
energy balance, was not significantly dif-
ferent between the three groups, with an
overall mean value of 12.2 kg DM.

3.4. Rennet coagulation properties

The values of the rheological parame-
ters and titratable acidity are presented in
table IV. The rennet clotting times (r) were
almost equal in groups M and H, and
about 1 min lower in group L. The time

for aggregation and the gel firmness (k20
and a30 respectively) were better in group



H, with a tendency, for a!!, to increase
with the increasing level of supplementa-
tion. The titratable acidity passed from 3.2
°SH for groups L and M to 3.5 °SH for

group H. However, none of these diffe-
rences were significant.

4. DISCUSSION

The correct sampling of herbage from
a pasture which reflects the feeding choice
of the grazing animal is a difficult pro-
blem to resolve. In this trial the evalua-
tion of the quality of herbage consumed
by the cows was performed by hand pluck-
ing, which appears to be a good technique
on mixed pastures with an irregular dis-
tribution of different plant species [10, 31,
33]. The inevitable imperfect coincidence
with the feeding behavior of the animal
was overcome, as far as possible, with a
high number (80) of daily samples. The
measurements performed showed that, in
a context of only moderate herbage avai-
lability, even grasses of scarce pasture
value formed a consistent part of the diet.
The intake of legumes, particularly clo-
ver, was always consistent, notwithstan-
ding their limited presence in the pasture,
thus confirming the dietary preference for
these species of recognized high grazing
value. These components ensured, for the
entire period, an almost constant protein
content. In contrast, the fiber fractions
increased progressively, reflecting the ove-
rall maturation of the sward, and at the
same time the OMD diminished dramati-

cally. Similar wide variations in the com-
position and digestibility of the pasture
have also been reported by Ulyatt [40].

The productive response to the three
treatments was characterized by the higher
milk yield of group H in comparison with
groups L and M. The marginal efficiency,
taking as reference the mean of L and M,
was 0.7 kg milk per kg of concentrate. In a
preceding trial on a different alpine pas-

ture, values a little higher than 1 were
found [26], while other researchers wor-
king on mountain pastures reported a mean
value of 0.7 [9, 15]. In any case it should be
considered that the productive response of
grazing animals to concentrate feeding
depends on many factors, of which the
quality and availability of the herbage and
the stage of lactation are predominant
[18, 20]. The protein content of the milk
increased with the quantity of concentrate,
in agreement with the results of other wor-
kers [6, I5, 24, 38]. At the same time, the
fat content showed a very feeble negative
trend: apparently the quantity of fiber
ingested with the herbage was sufficient
to ensure a normal acetic fermentation in
the rumen. As expected, lactose remained
an essentially stable component, indepen-
dent of the quality of the diet. The urea
content of the milk, which represents an
index of the equilibrium between the
energy and protein in the diet [7], was
slightly higher in the two groups with the
highest levels of concentrate and thus the
protein supply. In any case, the values of all
groups are within the tolerance limit,
33 mg/100 mL, reported by Peyraud [34].

The rennet coagulation properties of
milk, notwithstanding the fact that these
generally worsen in late lactation [23],
were in agreement with the mean values

reported for the Italian brown [28, 41].
The time for aggregation and the gel firm-
ness were slightly better in group H,
confirming the positive relationship with
the protein content [ 13, 19, 2 l , 27, 36].

Increasing the level of concentrates had
a positive influence on the reconstitution
of the body reserves, evaluated both in
terms of LW and BCS. This latter means
of expressing the body situation is prefe-
rable as it is not influenced by the digestive
tract content, which varies with the stage
of maturity of the herbage [5 1.

The fact that the mean herbage intake
was similar in the three experimental
groups would appear to indicate that it



was influenced by some external factor.
The particularly low temperatures undoub-
tedly had a negative influence on the pro-
duction and thus availability of the her-
bage; furthermore, the frequent rainfall
would have constituted a disturbance fac-

tor, reducing the time available for gra-
zing [2, 14, 35]. The fiber content of the
herbage may also have represented a limi-
ting factor, as the mean NDF intake was
l.0 kg/100 kg LW, a value close to the
value of 1.1 kg considered by Mertens
[30] to be the threshold for the intake by
dairy cows. An average calculation for the
entire experimental period indicated that
the milk production supported by herbage
alone was 7.4 kg ECM, slightly higher
than the 7 kg predicted before the trial,
but nevertheless still a low figure compa-
red with the production supported by low-
land pastures, which can exceed 20 kg [ 16,
18]. This considerable difference from
lowland pastures is not only due to the
lower productivity and nutritional value
of the alpine pasture itself, but is also a
result of the increased energy demand by
the grazing animals, caused by the low
temperatures and walking on sloping
ground.

The dietary protein level never consti-
tuted a limiting factor for milk produc-
tion, as the quantity supplied by the her-
bage, rich in legumes, and the concentrates
always ensured a mean crude protein
concentration of more than 15% of the

DM, which, according to the standards of
National Research Council [32] covers the
requirements for a production of 20 kg of
milk.

5. CONCLUSIONS

The results of the trial represent a fur-
ther confirmation that high altitude alpine
pasture is capable of supporting only
modest milk yields. In general, it is thus

necessary to supplement with concentrate

feeds. The highestlevel adopted, 1 kg per
2.8 kg ECM, gave the highest production
levels and, at the same time, a good reco-
very of body reserves. The chemical com-
position of the milk was favorably influen-
ced by the highest level of concentrate in
terms of its protein level and, at least as a
trend, its rennet properties; in contrast, no
negative effects were observed for the
contents of fat or urea. For cows with par-
ticularly high milk yields, the low energy
intake from herbage would require very
high levels of concentrate, with possible
fermentation and/or metabolic distur-
bances. This indicates that it would be

inopportune to send high yielding animals
onto alpine pastures unless feeding sys-
tems are available for offering fractional
doses of concentrate (out of parlor fee-
ders). ).
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