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ABSTRACT

The aims of this work were to determine the effect
of upland origin on milk composition when comparing
similar lowland and upland production system and to
highlight the factors responsible for the added value
of upland milk from commercial farms. Tanker milk
from 55 groups of farms (264 farms in total) in France,
Slovakia, and Slovenia was collected twice during the
indoor season and 3 times during the outdoor season.
The tanker rounds were selected in each country to be
balanced according to their origin (lowland or upland)
and within upland or lowland groups, according to
the forage systems: corn-based or grass-based forage
system. At each milk sampling, the production con-
ditions were recorded through on-farm surveys. The
milk was analyzed for gross composition, carotenoids,
minerals, fatty acids, phenolic compound derivatives,
volatile organic compound concentrations, and color.
The milk from upland and lowland areas differed in
their contents of a few constituents. Upland milk was
richer in not identified (n.i.) retention time (Rt) 13,59,
4-methylpentylbenzene, 1-methyl-2-n-hexylbenzene,
and (-caryophyllene than lowland milk. These differ-
ences could be most likely attributable to the utili-
zation of highly diversified and extensively managed
semi-natural grasslands. The higher forbs content of
upland pastures could be related as well to the richness
in C18:3n-3, CLA c¢is-9,trans-11, MUFA, and PUFA we
observed in upland compared with lowland milk dur-
ing the outdoor season. In contrast, grazing on lowland
pastures rich in grasses gave a yellower milk that was
richer in (3-carotene. Out of the few compounds show-
ing a significant effect of origin or its interaction, most
of the milk constituents were unaffected by the origin
at all. However, almost all milk constituents differed
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according to the forage system and the season, and the
differences observed between seasons can be attributed
to differences in the cow diet composition.
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system, upland milk composition

INTRODUCTION

Upland (or mountain) areas are characterized by
considerable limitations in land-use possibilities mainly
due to the difficult climatic conditions, the unsuitability
of surfaces for machinery, or a combination of these 2
factors that result in an increase in the cost of farming
practices (Santini et al., 2013). Consequently, in these
areas, grassland (mostly semi-natural) is the dominant
and often the only possible agricultural land use. Up-
land areas all over the world face a renewed interest for
ruminant farming, as their exploitation with livestock
does not compete with human food production (Leiber
et al., 2014). The delimitation of upland areas is based
on minimum altitude thresholds that can vary in each
country according to climate and latitude [i.e., in the
European Union (EU) it ranges between 600 and 700
m above sea level (a.s.l.)]. Taking the EU (EU 27)
as an example to understand the relevance of upland
area for agriculture, here uplands account for 18.5% of
the total surface area and 14.2% of the total utilizable
agricultural area (Martin et al., 2014). Upland areas
have 17.8% of the total EU agricultural holdings, and
dairy cows represent approximately 10.5% of the total
dairy livestock units (Santini et al., 2013). To face the
higher costs for the production and collection of milk,
commercial strategies have been historically adopted
to increase the value of upland dairy products [i.e.,
Protected Designation of Origin (PDO) specification or
specific labels for upland productions]. The success of
these strategies is revealed in the share of upland dairy
products of total economic outputs from the EU dairy
sector, which is approximately 12.2%, whereas upland
milk production accounts for only 9.5% of European
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milk (Santini et al., 2013). However, the economic per-
formance of upland dairy farms is often low because of
high production costs in upland regions (Santini et al.,
2013; Martin et al., 2014).

Several studies have highlighted a specific composi-
tion of commercial dairy products from upland origin.
Upland milk showed higher n-3 fatty acid (FA), CLA,
and lower SFA concentrations, in comparison to lowland
milk (Collomb et al., 2002a; Ferlay et al., 2008; Segato
et al., 2017). Other studies found upland milk richer in
terpenoids (Agabriel et al., 2007) and in fat-soluble vi-
tamins than lowland milk (Segato et al., 2017). Upland
cheeses showed also more complex sensory profiles,
characterized by a higher number of sensory attributes
(Martin et al., 2005; Giaccone et al., 2016), with spe-
cific and diversified herbaceous and animal notes, and
stronger taste and flavor compared with lowland ones
(Bugaud et al., 2002; Martin et al., 2005). The FA and
terpenoid profiles were also effective in distinguishing
milk according to its lowland or upland origin (Engel
et al., 2007; Segato et al., 2017). However, most of this
research compared lowland to upland farming systems
significantly differing in cow diet composition (propor-
tion of fresh herbage, level of concentrate, type of con-
served forages, and so on; Agabriel et al., 2007; Ferlay
et al., 2008; Segato et al., 2017). Diet composition and
forage quality are relevant factors affecting milk com-
position and cheese sensory properties (Leiber et al.,
2005; Tornambé et al., 2006; Giaccone et al., 2016).
Even if single specific and previously mentioned fac-
tors in reference to upland conditions have been tested
in controlled experiments, their relative importance in
commercial farms is still not clear.

The specific sensory properties (Martin et al., 2005;
Romanzin et al., 2015) and the positive image of local
products are among the factors determining consumers’
liking for upland products (Romanzin et al., 2015; Ben-
tivoglio et al., 2019). However, the increasing demand
for upland products by consumers and the higher prices
paid for them drives the upland dairy farming systems
through a progressive intensification (introduction of
corn silage, increase in the amount of concentrate in
cow diets, use of high yielding specialized breeds, in-
tensive utilization and fertilization of grasslands, and
so on; Martin et al., 2014). This intensification trend
can affect the sensory properties of upland dairy prod-
ucts (Martin et al., 2005; Giaccone et al., 2016) and
may impair consumers’ willingness to pay for mountain
products. The latter are identified by consumers as spe-
cific and useful for biodiversity preservation, landscape
maintenance, environmental sustainability, cultural
heritage, and ecosystem services in general (Mazzocchi
and Sali, 2016; Bentivoglio et al., 2019). Tt is, however,
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not clear if or how the specific composition of upland
products will be maintained with these trends or if the
added value of the upland products is just intrinsic to
their upland origin.

Taking advantage of a large-scale, transnational
on-farm experiment, the aims of this research were to
determine the effect of upland origin on milk composi-
tion when comparing similar lowland and upland pro-
duction systems and to highlight the relative weight of
the factors responsible for the specific composition of
upland milk from commercial farms.

MATERIALS AND METHODS

Experimental Design, Milk Sampling,
and Data Collection

The experiment was designed to separate the effect of
production in upland areas (upland origin sensu stricto)
from the effect of forage system on the composition
of commercial milk. The tanker milk from 55 groups
of farms (264 farms in total) in France (20 tankers),
Slovakia (20 tankers), and Slovenia (15 tankers) was
sampled twice during the indoor season and 3 times
during the outdoor season. The detailed distribution of
farms and tankers in the different countries is described
in Chassaing et al. (2016). The tanker rounds were
selected according to the characteristics of the farms
that were collected within each tanker aiming to have
geographically close farms with similar production con-
ditions. The tanker rounds were selected to be balanced
according to their origin from lowland or upland areas,
using the national regulation definition for upland to
establish the altitude threshold, as described by Coppa
et al. (2015a): 700 m a.s.l. in France and 600 m a.s.l. in
Slovenia and Slovakia. In each country and within both
upland or lowland groups, the forage system applied in
the collected farms, the tanker rounds were balanced
between (1) corn silage-based forage system (C), in
which corn silage was the dominant forage throughout
the year, and (2) grass-based forage system (G), in
which conserved grass (hay or grass silage) was fed to
dairy cows during the indoor period and cows grazed
during the outdoor season.

At each tanker milk sampling, the herd character-
istics and performance (number of cows, DIM, and
milk yield), diet composition for the lactating cows and
altitude of the farm were collected through surveys on
each farm that delivered milk to a collected tanker,
as described by Chassaing et al. (2016). During the
surveys, the average daily quantities of the different
conserved forages and concentrates fed to the dairy
herd were recorded according to the farmers’ declara-
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tions. Fresh herbage intake in pastures was estimated
by the difference between the potential intake capacity
(Faverdin et al., 2007) and the intake of conserved for-
ages and concentrates. The amounts of the different
feedstuffs were finally expressed as a percentage of cow
daily DMI.

Milk Sampling and Analyses

The tanker milk sampling and analyses were detailed
by Chassaing et al. (2016). Milk samples were stored at
4°C in glass bottles during the transfer to the laborato-
ries (a few hours) where it was divided into 7 subsam-
ples for the analysis of gross composition, FA, minerals,
color, carotenoids, and vitamins A and E, polyphenols,
and volatile organic compounds (VOC). The samples
were stored without preservative at —20°C until analy-
sis, except for milk gross composition, in which milk
fat, protein, lactose, urea, and SCC contents were mea-
sured on fresh milk using Fourier transform infrared
spectroscopy (MilkoScan FT6000 and Fossomatic FC,
Foss, Hillergd, Denmark).

The FA were directly methylated in lyophilized milk
(Thermovac TM-20, Froilabo S.A., Meyzieu, France)
according to Chassaing et al. (2016). The FAME were
injected into a Trace-GC 2000 series gas chromatograph
equipped with a flame ionization detector (Thermo
Finnigan, Les Ulis, France). The FAME were separated
on a 100 m x 0.25 mm i.d. fused silica capillary column
(CP-Sil 88, Chrompack, Middelburg, the Netherlands).
The GC conditions were detailed by Chassaing et al.
(2016). The peaks were routinely identified by reten-
tion time (Rt) comparisons with commercial authentic
standards containing a mixture of FAME (NCP #463,
Nu-Chek Prep, Waterville, MN; Supelco #37, Supelco,
Bellefonte, PA, and 05632, Sigma, St. Louis, MO). The
sum of trans FA did not include C18:1 trans-11 and
CLA cis-9,trans-11.

The analysis of minerals was performed on thawed
milk. Sample preparation and mineral extraction were
described by Chassaing et al. (2016). The concentra-
tions of Ca, Mg, Na, K, and Zn in the milk were deter-
mined by flame atomic absorption spectroscopy (FAAS,
analyst 800, Perkin Elmer, Germany), as described in
ISO 8070 (ISO/IDF, 2007) and ISO 11813 (ISO, 1998).
The concentrations of P were determined by measuring
the absorbance of a molybdenum-phosphate complex at
430 nm on a UV/VIS spectrometer (Cary 100, Varian,
Mulgrave, Australia). For each mineral, the instrument
calibration and accuracy evaluation were described by
Chassaing et al. (2016).

Milk color was determined through a Minolta CR310
chromameter (Minolta France S.A., Carriéres-sur-Seine,

10485

France), according to Verdier-Metz et al. (2000). The
results were expressed using the L, a, b system, where L
(brightness variable) defines the position of the sample
on the light-dark axis, a (red index) on the red-green
axis, and b (yellow index) on the blue-yellow axis.

To determine (3-carotene, 200 pL of milk was di-
luted in 1,200 pL of 2-propanol containing the internal
standard astaxanthin, and butylated hydroxytoluene
(BHT) was used as an antioxidant. After 15 min of
mixing followed by centrifugation (10 min, 4,000 x g
at 10°C), an aliquot of 25 pL from the supernatant
was injected into an HP 1100 liquid chromatograph
(Agilent Technologies, Palo Alto, CA) with an HP 1100
diode array detector set to 453 nm. The carotenoids
were separated on a 2.1 mm x 150 mm reversed-phase
C-30 column. The column temperature was 50°C. A
2-point calibration curve was made from the analysis of
milk calibrators with known carotenoid concentrations.
Recovery was over 95%, the method was linear from
0.03 to at least 3 pM, and the limit of detection was
0.04 p M. Residual standard deviation was 2.0 to 11.3%.

The vitamin A content of the milk was determined as
described by Chassaing et al. (2016). Milk was hydro-
lyzed in 12.5 M KOH/ethanol (2:1 vol/vol) for 25 min
at 80°C. The BHT was added as an antioxidant. After
cooling, retinol was extracted with hexane/toluene (1:1
vol/vol). The extract was then injected into an HP 1100
liquid chromatograph (Agilent Technologies) equipped
with an HP 1100 fluorescence detector, emission: 325
nm and excitation: 480 nm. The vitamin A compounds
were separated on a 4.6 mm x 100 mm normal phase
silica column using 2% 2-propanol in hexane as the
mobile phase. A 3-point calibration curve was used for
quantification.

The analysis of milk vitamin E was performed by
diluting 1 mL of milk with 3 mL of 2-propanol con-
taining the internal standard tocopherol and BHT as
an antioxidant. After 15 min of mixing followed by
centrifugation (10 min, 4,000 x ¢ at 10°C), an aliquot
of 20 pL of the supernatant was injected into an HP
1100 HPLC-fluorescence detector (Agilent Technolo-
gies) equipped with an HP1100 fluorescence detector,
emission: 295 nm and excitation: 330 nm. The tocoph-
erol isomers were separated on a 2.1 mm x 250 mm
reversed-phase column. A 2-point calibration curve was
made from analysis of a 3% albumin solution enriched
with known concentrations of tocopherols.

Milk UV-absorbing compounds were extracted with
acetonitrile, adapting the procedure of Besle et al.
(2010). In addition to phenolic compounds and their
derivatives, acetonitrile extracts a wide range of mol-
ecules, including nitrogen-containing compounds such
as nucleic bases, AA, vitamins, and so on. Briefly,
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10 mL of milk was added to 22 mL of acetonitrile,
stirred for 30 min with vortexing every 15 min, and
finally centrifuged for 20 min at 1,000 x g at 17°C. The
supernatant was evaporated to 0.6 mL at 45°C in a
centrifuge evaporator (RC1010, Jouan, Saint-Herblain,
France). Deconjugation was performed overnight at
37°C with 25 pL of a glucuronidase-sulfatase mixture
from Heliz pomatia GO867 (Sigma, Saint-Quentin Fal-
lavier, France) and 200 pL of formate buffer (0.4 M,
pH 5). After adding 1.5 mL of methanol and vortexing,
the tube was cooled on ice for 1 h to precipitate the
enzyme and then centrifuged for 20 min at 1,000 x g
at 7°C. The supernatant was collected in a calibrated
tube and evaporated to 0.4 mL under nitrogen flow at
45°C, adjusting the weight to 0.4 g with water if neces-
sary and adding 0.4 mL of methanol. The extracts were
vortexed, centrifuged for 20 min (1,000 x g, 7°C), and
filtered through a 0.2-pm polypropylene membrane into
an HPLC injection vial. The milk extracts were injected
into an HPLC-diode array detector system (Waters,
Saint-Quentin-en-Yvelines, France). The sample holder
was kept at 10°C. A volume of 20 pL was injected into a
LichroCART 125 mm x 4 mm diameter HPLC column
containing a SuperSpher 60 RP8-e stationary phase
(Merck Chimie SAS, Fontenay sous Bois, France). The
elution solvents were A: formic acid 0.1% in ultra-pure
water, and B: formic acid 0.1% in acetonitrile-water
70:30 (vol:vol). The gradient shifted from 100% A to
17% B after 3 min, attained 41% B at 26 min, then
46% at 42 min, 51% at 45 min, 54% at 58 min, 86%
at 59 min, 86% at 73 min, finally returned to 100% A
within 0.1 min, and stabilized between 73.1 and 87 min,
the end of the run. The elution flow rate was 0.35 mL/
min at ambient temperature (20-25°C). The peaks were
identified by comparison to commercial standard Rt
and UV spectra (200-400 nm) according to Rouge et al.
(2013). A selection of 39 peaks, identified or not, were
integrated at 275 nm using Millenium Software (Wa-
ters). Based on their UV spectrum, these peaks com-
prised 12 simple phenols, 10 benzoic acid derivatives,
5 cinnamic acid derivatives, 3 flavonoids, 3 quinolines,
2 flavins, 1 urolithin, 1 carboline, lumichrome, and 1
unclassified compound. The area values in arbitrary
area units were converted to their log values before
performing the statistical analyses.

The milk VOC profile was analyzed by solid-phase
microextraction (SPME) coupled to GC-MS. For each
milk sample, liquid lipid extract was obtained by cen-
trifugation according to Viallon et al. (2000). A 1.2-g
aliquot of the lipid extract was kept under nitrogen in
a 10-mL vial, each sealed with a butyl-Teflon septum,
protected from light, and stored at —80°C. The fol-
lowing steps were carried out by SPME/GC-MS with
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an automated sampler (AOC-5000, Shimadzu, Kyoto,
Japan): (1) sample preheating (10 min; 110°C; 500
rpm), (2) SPME trapping with a 75-pm carboxen-
polydimethylsiloxane fiber (30 min; 110°C; 500 rpm),
and (3) thermal desorption of the trapped VOC at
280°C for 2 min in the GC inlet. The VOC analysis was
performed by GC/MS (6890 GC, 5973A MS, Hewlett-
Packard). The VOC were injected in splitless mode into
a DB-5MS capillary column (60 m x 0.32 mm x 1 pm,
J&W, Agilent Technologies). The oven temperature
was held at 40°C for 5 min, increased to 230°C (3°C
min~'), and held at 230°C for 10 min. The temperature
was set at 230°C in the GC-MS transfer line, 180°C in
the MS source, and 150°C in the MS quadrupole. The
electron impact energy was set at 70 eV, and data were
collected in full scan mode in the range of 33 to 250
m/z at a scan range of 6.2 scans/s. After revealing the
VOC markers by statistical treatments, tentative iden-
tifications were performed on the basis of both mass
spectra by deconvolution using AMDIS software (ver-
sion 2.72; http://www.amdis.net/), comparison against
the NIST/EPA/NIH Mass Spectral Library (NIST 14,
https://chemdata.nist.gov/), and linear retention indi-
ces (LRI) by comparison against published LRI values
and those of our internal database. Peak area integra-
tion of the candidate markers was performed with MSD
ChemStation (version D.01.02.1; Agilent Technologies)
using a mass fragment selected as being specific and free
of any coelution. The parameters used for the tentative
identification of the VOC are reported in Table 1.

Statistics

Statistical analysis of the data related to milk com-
position was performed with SAS software (version 8.6,
SAS Institute Inc., Cary, NC). The experimental design
allowed treatment of all the data for production condi-
tions and milk composition by ANOVA using a mixed
model, in which the season, forage system, and origin
were the fixed factors and the sampling period nested
within the season was the repeated factor. The tanker
round was used as the statistical unit. At each sampling
period, survey data collected from the farms belong-
ing to a tanker were averaged and the mean value was
attributed to the tanker. All the interactions (namely,
season X forage system, season x origin, forage system
x origin, and season x forage system X origin) were
also included in the model. The Fisher’s F' value of each
factor/interaction included in the model was used as an
indicator of the relative weight of the factor/interaction
in determining the model itself (Coppa et al., 2015a).
Bivariate Pearson correlations were also used to test
the relationship between the concentrations of milk
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constituents and the proportions of different feedstuffs
in the dairy cow diet and altitude.

RESULTS

Tables 2, 3, 4, and 5 give the average data on milk
composition according to season, forage system, and
origin. Of the 39 analyzed UV-absorbing compounds,
Table 4 reports only those significantly influenced by
the studied factors. Table 6 gives the corresponding
data on the production conditions.

Seasonal Variations

Season significantly affected several milk constitu-
ents. The milk produced during the outdoor season was
the richest in vitamins E and A, C18:0, branched-chain
fatty acids (BCFA), 3,4-dimethylphenol, toluene,
2-methyl-1H-indole, «-thujene, (-citronellene, sabi-
nene, a-copaene, caparratriene, iso-caryophyllene, and
10,10-dimethyl-4-acetyl-tricyclo[5.2.1.0(1,5)]decane,
was the brightest (L), had the lowest Ca, Mg, P, and K,
2,6-quinolinediol, flavin Rt 15.80, riboflavin, 1-methyl-
3-carboxy-3-carbolin, and 2,4-quinolinediol contents
and had lower n-6/n-3 ratio.
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The concentrate proportion of the cow diet was lower
during the outdoor than the indoor season (19 vs. 23%
on a DM basis).

Forage System Effect

The forage system significantly affected the con-
centrations of most of the milk constituents. The
tanker round milk from the farms that adopted a
grass-based forage system was richer in C18:0, C18:3n
-3, BCFA, cymene isomer, a-thujene, (3-citronellene,
sabinene, a-copaene, caparratriene, iso-caryophyllene,
B-caryophyllene, «a-humulene, and 10,10-dimethyl-
4-acetyl-tricyclo[5.2.1.0(1,5)]decane, had a higher
C18:1 ¢is-9/C16:0 ratio, and had a lower content of vi-
tamin E, K, SFA, and 1-methyl-3-carboxy-3-carboline,
4-methylpentyl-benzene, and a lower n-6/n-3 ratio
when compared with milk from the corn-based forage
system.

The proportions of concentrates was lower (18 vs.
24% of diet DM).

Origin Effect

Upland and lowland milks were globally similar,
except for the concentrations of not identified (n.i.)

Table 1. Parameter used for the tentative identification of volatile organic compounds

Volatile organic compound Identification'  m/Z LRI® CAS'
Ketone
2,3-Octanedione m-sp, LRI 99 982  585-25-1
Aromatic compound
Toluene m-sp, LRI 91 771 108-88-3
Benzonitrile m-sp, LRI 76 993  100-47-0
Cymene isomer m-sp, LRI 119 1,033
4-Methylpentyl-benzene m-sp, LRI 91 1,172  4215-86-5
1H-indole m-sp, LRI 117 1,309  120-72-9
1-Methyl-2-n-hexyl-benzene m-sp, LRI 105 1,380  1595-10-4
2-Methyl-1H-indole m-sp, LRI 130 1,408  120-72-9
Monoterpenoid
a-Thujene m-sp, LRI 93 931  2867-05-2
a-Pinene m-sp, LRI 93 942 80-56-8
Sabinene m-sp, LRI 93 981  3387-41-5
B-Citronellene m-sp, LRI 67 944 2436-90-0
Sesquiterpenoid
a-Copaene m-sp, LRI 105 1,400  14912-44-8
Caparratriene m-sp 163 1,405  172549-29-0
Iso-caryophyllene m-sp, LRI 93 1,434 118650
3-Caryophyllene m-sp, LRI 93 1,453 87-44-5
a-Humulene m-sp, LRI 93 1,490 6753-98-6
Germacrene D m-sp, LRI 161 1,501  23986-74-5
10,10-Dimethyl-4-acetyl-tricyclo[5.2.1.0(1,5)]decane m-sp 163 1,525
d-Cadinene m-sp, LRI 161 1,542  483-76-1

"Tentative identification based on mass spectrum (m-sp), linear retention index (LRI) from the literature, or

internal databank.
*Mass fragment used for abundance determination.
3Linear retention indices on a DB5 capillary column.

1CAS = Chemical Abstracts Service identification number.
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2 S Q\: milk was less yellow (b), and richer in de novo synthesis
E 2 s ] :

é . g % FA, benzonitrile, and indole than lowland milk. The
g =& l s § latter was also poorer in 2,3-octanedione.
© 22 E nc—; g“"g vV
2 ZEE o w g &

_EEEL Y E ) .

=X o g E 3 5 g g g Interaction Between Forage System and Origin
) E _ w = S m = .-
= = op 03 5= 59 . . . e . .
= s §§%°§ ER-Loh g = Only a few variables showed a significant interaction
« &w}/gbx 2t é £ o 3 between the forage system and the origin of produc-
= = j&f% 280 -8(5@ £5 I _éi ~ tion (Table 9). In G farms in lowland, winter feeding
& SELEERE="~"8"==|0F ] duration was on average 28 d shorter than in the other
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Table 3. Milk fatty acid (FA) composition according to the season, forage systems, and origin of production’

Forage system

Season (S) (F) Origin (Or) Effect and significance

SxF
FA (g/100 g of FA) (0] I G C L U SEM S F Or SxF SxOr FxOr xOr
3 de novo synthesis FA 23.9 25.4 24.2 24.8 24.5 24.5 0.10 ¥ ** NS * Hx NS NS
C16:0 29.8 31.3 28.9 30.7 30.2 29.4 0.16  **x RkE 4 * NS NS NS
C18:0 9.83 9.16 9.79 9.33 9.32 9.80 0.068 K X T NS NS NS i
C18:1 trans-11 1.84 1.01 1.86 1.16 1.42 1.60 0.052 FFF KNS ok il NS NS
C18:1 c¢is-9 19.4 18.3 19.1 18.9 18.9 19.1 0.11 *** NS NS * * NS NS
C18:2n-6 1.54 1.56 1.53 1.57 1.54 1.56 0.020 NS NS NS NS 1 NS NS
C18:3n-3 0.57 0.45 0.63 0.42 0.51 0.54 0.013 *** % NS NS ok NS NS
CLA c¢is-9,trans-11 0.79 0.44 0.81 0.49 0.60 0.70  0.022 *** HFx NS ok * NS NS
OCFA 2.52 2.52 2.59 2.45 2.56 248 0.015 NS ** NS NS NS * NS
BCFA 2.46 2.31 2.57 2.23 2.38 242 0.023 ¥k HEx NS NS NS NS NS
SFA 67.5 70.7 68.1 69.4 68.9 68.6 0.17  ** % NS NS oK t NS
MUFA 27.8 25.6 27.2 26.6 26.8 26.9 0.13  *** NS NS * * NS
PUFA 4.02 3.31 4.09 3.39 3.65 3.82  0.048 *¥F€ FEX NS HoHK oK NS NS
trans FA 2.17 1.81 2.07 1.98 2.02 2.03 0.032 ** NS NS oK NS NS NS
n-6/n-3 2.78 3.26 2.46 3.48 3.02 293 0.086 *** kNS NS } NS NS
C18:1 ¢is-9/C16:0 0.68 0.59 0.67 0.62 0.63 0.66 0.006 *** ** NS NS * T NS

'0 = outdoor season; I = indoor season; G = grass-based forage system; C = corn silage-based forage system; L = lowland; U = upland; OCFA=

odd-chain fatty acids; BCFA = branched-chain fatty acids.
*EP < 0.001; **P < 0.01; *P < 0.05; 1P < 0.1.

groups and the milk was richer in odd-chain FA and
poorer in benzonitrile than on upland, whereas the lat-
ter was richer in MUFA. Indole was higher in milk from
lowland in C farms, whereas in G farms it was higher
in milk from upland farms. The cows reared in C farms
included in the upland tanker rounds calved later.

Interaction Between Season, Forage
System, and Origin

Only 3 milk constituents showed a significant interac-
tion between season, forage system, and origin (Figure
1). During the outdoor season, the protein content
of tanker round was higher in G lowland than in G
upland milk, whereas during the indoor season the G
milk protein content followed the opposite trend. Dur-
ing the indoor season, the C milk from lowland farms
had higher protein content than milk from the upland
farms. During the outdoor season, the (-carotene con-
tent was higher in milk from G lowland than G upland
farms, whereas in milk from C farms it followed the
opposite trend. However, the (-carotene content in
milk was similar for all the forage systems on lowland
and upland farms during the indoor season. During the
grazing season, the lumichrome content was higher in G
lowland than in G upland milk, whereas it was lower in
C lowland than in C upland milk. However, the differ-
ences between upland and lowland lumichrome content
reversed for both forage systems during the indoor
season.

Relationship Between Production Conditions
and Milk Characteristics

Figure 2 shows the Fisher’s F value of the factors
and interactions included in the statistical model for
milk constituents that showed significant (P < 0.05) or
numerical (P < 0.1) effect of the origin or of the inter-
actions between origin and other factors. Even when
significant, the effect of origin or of its interactions
showed largely lower Fisher’s F' value compared with
season, forage system, or season x forage system. This
was much more evident for the constituents having a
low unexplained error (i.e., almost all FA, (3-carotene,
yellowness, and n.i. Rt 51.89; Figure 2). The Fisher’s F'
of the effect involving origin were relatively higher for
n.i. benzoic compound Rt 13,59, lumichrome, indole,
and the benzenic VOC, for which, however, the error
unexplained by the model was very high (Figure 2).

Table 10 reports the significant Pearson correla-
tion coefficient between the milk constituents and
the production conditions. On one hand, the correla-
tions between altitude and the concentrations of the
different milk constituents, when significant, showed
Pearson correlation coefficients that were always very
low (largely <0.4 or >—0.4). On the other hand, the
proportion of pasture in the cow diet was positively
correlated (Pearson’s R > 0.4) with milk yellowness
and vitamin E, C18:1 trans-11, C18:3n-3, CLA cis-
9,trans-11, PUFA, BCFA, n.i. Rt 51.89, toluene, and
10,10-dimethyl-4-acetyl-tricyclo[5.2.1.0(1,5)]decane
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Table 4. Milk mineral and phenolic compound contents according to the season, forage system, and origin of production’
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Effect and significance

Forage system (F) Origin (Or)

Season (S)

Or SXxFSxOr FxOr SxFxOr

F

SEM S

U

Ttem

Mineral (mg/100 g of milk)

NS

NS NS NS NS NS

ko

ok
kok

NS

6.8
0.6
0.4

0.2

1,279
121

1,288 1,284 1,293

1,329

1,257

s 3
O =z

NS
NS
NS
t
NS

NS
NS
NS
NS
T
NS

NS
NS
NS
NS
NS

NS
NS
NS
NS
NS

NS
NS
NS
NS
NS

P
NS
NS
NS

NS

sokok

NS

0.3
0.41 0.004

157
40
89

123

158

90
0.41

124
159
39
90
0.42

120
156
40
90
0.41

125
159
40
92
0.42

121
156
40
89
0.11

Zn
Phenolic compound (In of AAU)

NS
NS
NS
NS
NS
NS
kok
NS
NS

NS
NS
NS
NS
NS
NS
NS
NS
NS

NS
NS
NS
NS
NS
NS
NS
NS
NS

ok

NS
NS
NS
NS
NS
NS
NS
NS
NS

NS
NS
*
NS
NS
NS
NS
NS
NS
NS

NS
NS
NS
NS
NS
NS
Kok
NS
NS
ok

kksk
NS
NS
*
*
*
kksk
NS
*
skokosk

0.28
0.24
0.38
0.13
0.33

9.7 0.25
14.5 0.11
10.8  0.30
12.0 0.22

12.1
9.9 0.29

13.2
8.5
10.1
5.1

9.0

14.2
8.5
11.0
11.6
12.4
9.7

9.5
14.1

9.2
12.1
124
13.1
11.1
10.0
10.3

2.9

9.2
14.5
10.1
11.0
11.4
12.5

6.6
10.1

9.3

6.0

8.0

14.2
9.4
12.3
12.7
13.5
11.0
9.9
10.9
2.2

10.2
14.5
9.8
11.0
11.2
12.4
7.5
10.1
9.1
6.0

1-Methyl-3-carboxy-3-carboline

3,4-Dimethylphenol
Lumichrome

Hippuric acid
2,4-Quinolinediol

2,6-Quinolinediol
Flavin Rt 15.80
n.i. Rt 51.89

n.i. Rt 13.59
Riboflavin

'AAU = arbitrary area unit; C = corn silage-based forage system; G = grass-based forage system; I = indoor season; L = lowland; O = outdoor season; U = upland; Rt = reten-

tion time; n.i. = not identified.

COPPAETAL.

#6EP < 0.001; **P < 0.01; *P < 0.05; 1P < 0.1.

concentrations in milk. It was also negatively cor-
related (Pearson’s R < —0.4) with milk C16:0, SFA,
and 1-methyl-3-carboxy-3-carboline contents and the
n-6/n-3 ratio. The proportion of grass silage showed
only negative, in particular with C18:1 trans-11, CLA
cis-9,trans-11, PUFA concentrations in milk, and un-
expectedly no significant correlation with 1-methyl-
3-carboxy-3-carboline. The proportion of hay in the
cow diet was negatively correlated with milk ¢rans-FA
(Table 10). Milk yellowness and C18:1 trans-11, C18:
3n-3, CLA cis-9,trans-11, BCFA, PUFA n.i. Rt 51.89,
caparritene, 3-caryophyllene, and 10,10-dimethyl-4-ace-
tyl-tricyclo[5.2.1.0(1,5)]decane contents were negatively
correlated and 1-methyl-3-carboxy-f3-carboline, and
(C16:0 concentrations were positively correlated with
corn silage. The n-6/n-3 ratio was positively correlated
with the corn silage and concentrate proportions in the
cow diet. No significant correlation was observed be-
tween grass silage and 1-methyl-3-carboxy-@3-carbolin.

DISCUSSION

Origin Effect and Its Interactions with Season
and Forage System

In contrast to the results from the literature com-
paring lowland and upland dairy products (Collomb et
al., 2002a; Agabriel et al., 2007; Segato et al., 2017),
we found only few differences in the composition of
milk produced on upland or lowland areas. Upland milk
was richer in several benzenic VOC. Ratel and Engel
(2009) also observed higher concentration of this group
of compounds in upland milk. These compounds are
considered an environmental pollutant (Sexton et al.,
2005) and their preferential accumulation at higher
altitude could depend on the temperature sensitiveness
of the scavenging efficiency of a compound within the
range encountered along a mountain slope (Wania and
Westgate, 2008; Ratel and Engel, 2009). However, Besle
et al. (2010) found higher concentration of benzenic
compounds in milk from cow grazing on (or fed hay
from) upland grasslands and suggested that they origi-
nate from the degradation by the animal metabolism of
phenolic compounds, which are much more abundant in
dicotyledon-rich upland pasture (Reynaud et al., 2010).
The higher value of benzonitrile and indole we observed
particularly in upland milk from grass-based feeding
system could reinforce this hypothesis. A similar in-
terpretation could be made for the higher content of
B-caryophyllene we found in upland milk regardless of
season (Agabriel et al., 2007). Terpenes and phenolic
compounds can be directly transferred from plants to
milk (Viallon et al., 2000; Besle et al., 2010), and their
abundance in upland milk is well documented, espe-
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Table 6. Production conditions according to the season, forage system, and origin of production’

Effect and significance

(F) Origin (Or)

Forage system

Season (S)

Or SxF SxOr FxOr SxFxOr

F

SEM S

U

Ttem
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1.0

NS

27
18
16
16
22

25
14
17
22
20

13
18
11
32
24

39
14

6
18

21

0

25
26
24
23

43
10
10
16
19

o o

O+
P @R
— < =
'R =5
= w g
Er =8
h e >a s
S = T O O
AUIEOO

Journal of Dairy Science Vol. 102 No. 11, 2019

lowland; O = outdoor season; U = upland.

!C = corn silage-based forage system; G = grass-based forage system; I = indoor season; L

kP < 0.001; **P < 0.01; *P < 0.05; TP < 0.1.

COPPAETAL.

cially at pasture (Tornambé et al., 2006; De Noni and
Battelli, 2008; Besle et al., 2010). This is in agreement
with the higher concentration of a-humulene and n.i.
Rt 51.89 we found in upland milk during the grazing
season.

The botanical composition of upland pastures could
as well be at the origin of the difference we observed
in the FA profile between upland and lowland milk
during the outdoor season. The richness in secondary
metabolite (i.e., terpenes and polyphenols) of the forbs,
abundant on upland pastures, can partially inhibit the
ruminal biohydrogenation of dietary FA, resulting in
a milk richer in C18:3n-3, CLA c¢is-9,trans-11, MUFA,
and PUFA (Collomb et al., 2002b; Leiber et al., 2005
Ferlay et al., 2017), as we found during the outdoor
season. Similarly, grazing on pastures rich in grasses,
especially at an early phenological stage, gives a yel-
lower milk, richer in (3-carotene (Noziere et al., 2006),
as we found in lowland milk during the grazing season.
However, the higher 3-carotene content in upland milk
from corn silage-based system, compared with the same
forage system in lowland could be related to a higher
pasture proportion in cow diet (Noziére et al., 2006).
The interaction between origin, forage system, and sea-
son of lumichrome is more difficult to interpret. Palanuk
and Warthesen (1988) identified lumichrome in milk
as the result of photodegradation of riboflavin. They
also observed that and lumichrome appearance did not
follow the same kinetics as riboflavin disappearance,
which they attributed to lumichrome degradation. This
is in accordance with our results, where milk riboflavin
content did not show any significant interaction mirror-
ing the interaction observed for lumichrome.

Out of the few compounds showing a significant
effect of origin or its interaction, most of the milk
constituents were unaffected by the origin at all.
Furthermore, even the affected constituents showed a
low relevance of the origin or of the interactions with
origin, compared with the relevance of season and feed-
ing system effects or interactions (Figure 2). When the
origin significantly affected milk constituents, most of
the error of the model remained (Figure 2). This is
particularly the case of lumichrome, protein, and ben-
zenic compounds, suggesting that other factors, out of
those included in the statistical model could drive the
content of these compounds in milk. Even considering
that the experimental design was studied to separate
the effect of origin sensu stricto for other confounding
factors, the relevance of origin on milk composition was
lower than expected. This was particularly the case for
the grass-based farming systems and during the grazing
season, where the fresh herbage proportion of the cow
diet increased to over 60% of diet DM. In our study,
origin affected only a small number of UV-absorbing
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Table 7. Milk constituents with significant interactions between the season and forage system of production’

0 I

Ttem G C G C Significance
Color

b 9.69"  8.65" 7.64° 7.62° *
Fatty acid (FA; g/100 g of FA)

¥ de novo synthesis FA 23.8" 241" 24.9 25.9° *

C16:0 2770 29.9° 30.8" 317" *

C18:1 trans-11 233 1.31° 1.04¢ 0.91¢ Hork

C18:1 c¢is-9 19.4*  19.5" 18.8" 17.9" *

CLA cis-9,trans-11 1.00°  0.56" 0.47" 0.39" otk

PUFA 448 357 3.44™ 3.14° kK

trans FA 230" 2.07" 1.75° 1.89° o
Phenolic compound (In of AAU)

n.i. Rt 51.89 777 4.03" 2.52" 1.18" *
Volatile organic compound (In AAU)

1-Methyl-2-n-hexylbenzene 9.98"  9.89" 9.48" 9.94" o
Production condition

Milk yield (kg/cow x d) 19.6"  23.6" 18.3° 24.1% ok
Dairy cow diet composition (% on DM diets)

Pasture 64" 22" 0° 0" ork

Grass silage 5¢ 16" 25" 22" ok

Hay 9" 10° 39" 12" Hork

Corn silage 4 27" 11° 38" *

*IDifferent superscript letters within the same row indicate differences among values.

'T = indoor season; O = outdoor season; G = grass-based forage system; C = corn silage-based forage system;
AAU = arbitrary area unit; b = yellow index; Rt = retention time; n.i. = not identified.

#RP < 0.001; ¥¥P < 0.01; *P < 0.05.

compounds, in opposition to previous findings (Besle ruminal biohydrogenation of herbage PUFA, resulting
et al., 2010). A larger effect of pasture plant secondary in a higher concentration of n-3 FA escaping from this
metabolites on milk was expected as well (Leiber et al., rumen pathway and enriching the milk from cows graz-
2005). Plant secondary metabolites can partially inhibit ing on upland pasture (Collomb et al., 2002b; Leiber et

Table 8. Milk constituents with significant interaction between the season and origin of production'

0 I
Ttem L U L U Significance
Color
b 8.96° 9.38° 8.08" 7.17° ok
Fatty acid (FA; g/100 g of FA)
¥ de novo synthesis FA 24.2¢ 23.7° 25.1" 25.7° %
C18:1 cis-9 19.2" 19.7" 18.5" 18.2" *
C18:3n-3 0.53" 0.61° 0.45" 0.43" ok
CLA c¢is-9,trans-11 0.71" 0.85" 0.42° 0.44° *
SFA 68.0° 66.9° 70.3° 70.9° ok
MUFA 27.5" 28.1° 25.9° 25.4° *
PUFA 3.82" 4.22" 3.31° 3.27° %
C18:1 ¢is-9/C16:0 0.66" 0.71°" 0.60° 0.60° *
Phenolic compound (In AAU)
n.i. Rt 51.89 471" 7.10* 2.31™ 1.39° %
Volatile organic compound (In AAU)
Benzonitrile 8.25% 7.89" 7.24 9.47° %
Indole 8.43% 7.56" 7.30° 9.45° *
2.3-Octanedione 11.4* 11.3* 10.6" 11.2° *
a-Humulene 3.39" 5.86" 2.67" 2.46" *

" “Different superscript letters within the same row indicate differences among values.

!0 = outdoor season; I = indoor season; L = lowland; U = upland; b = yellow index; AAU = arbitrary area
unit; Rt = retention time; n.i. = not identified.

**P < 0.01; *P < 0.05.
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Table 9. Milk constituents with significant interaction between the forage system and origin of production’

G C

Ttem L U L U Significance
Fatty acid (FA; g/100 g of FA)

Odd-chain FA 2.67 2.50" 2.44" 2.46" *

MUFA 26.7" 27.6" 27.0° 26.3 *
Volatile organic compound (In AAU)

Benzonitrile 6.76" 8.72" 8.94" 8.31° *

Indole 6.81° 8.89" 9.15" 7.75° *x
Production condition

Age at 1st calving (mo) 32° 32° 29° 30" *

Duration of winter feeding (d) 160" 188" 185" 189" otk

" “Different superscript letters within the same row indicate differences among values.

!G = grass-based forage system; C = corn silage-based forage system; L = lowland; U = upland; AAU =

arbitrary area unit.
kP < 0.001; **P < 0.01; *P < 0.05.

al., 2005; De Noni and Battelli, 2008). However, we did
not find any difference between upland and lowland G
milk in the C18:3n-3 or CLA c¢is-9,trans-11 concentra-
tion during the grazing season. This is probably due
to a higher sensitivity of milk FA composition to the
fresh herbage proportion in the cow diet and to herbage
phenological stage than to the botanical composition in
on farm conditions (Coppa et al., 2015c). The pheno-
logical stage is also a strong driver of plant secondary
metabolite and carotenoid contents in milk (Calderén
et al., 2006; Tornambé et al., 2006), and could have
diminished the expected differences between the upland
and lowland milk composition. Similarly, grazing man-
agement can also affect milk carotenoid, terpenoid, and

FA concentrations (Calderén et al., 2006; Tornambé et
al., 2006; Coppa et al., 2015b). The supplementation
with concentrates as well could have contributed to
reduce the differences that were expected regarding the

botanical composition of upland pasture (Bovolenta et
al., 2009).

Forage System, Season Effects,
and Their Interaction

The effect of feeding systems on milk composition has
been largely studied, and the results from the literature
are consistent with our findings (Marino et al., 2012;
Coppa et al., 2015a; Liu et al., 2018), as well as those

Protein p-Carotene Lumichrome
o 1 o I o |
33.0 55 10.8
328 ; 50 é 10.6 *
306 é 45 i 10.4 + %
40 10.2
T 324 § 2 2
> < 35 @ < 10.0
< 322 ;é ; = =
o 3.0 9.8 * *
<2 25 A 2 9.6 * ;
31.8 20 2 9.4
36 L— 15 9.2
LU L U L U L U L U L U

oG AC oG

AC oG AC

Figure 1. Milk constituents showing significant interactions between season, forage system, and origin (P < 0.05). Error bars indicate SEM.
AAU = arbitrary area unit; G = grass-based forage system; I = indoor season; L. = lowland; C = corn silage-based forage system; O = outdoor
season; U = upland; the lack of overlap between error bars on the y axes indicate significant differences between upland and lowland milk within

each forage system for each season.
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from seasonal differences in milk composition, which
can be mainly ascribed to changes in cow diet (Agabriel
et al., 2007; Butler et al., 2011; Hurtaud et al., 2014).
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Figure 2. Fisher’s F value of the single factors and their interactions included in the statistical model for those milk constituents that showed
significant (or numerical; P < 0.1) effect of the origin or of the interactions between origin and other factors. FA = fatty acid; F = forage system;
O = origin; S = season; FO = forage system x origin; SF = season x forage system; SO = season x origin; SFO = season x forage system x
origin. OCFA = odd-chain FA; AAU = arbitrary area unit.

The cow diet composition (i.e., forage proportion,
type and conservation mode, and concentrate amount;
Coppa et al., 2015b; Khiaosa-Ard et al., 2015), and par-
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Table 10. Pearson correlation coefficients between the concentration of milk constituents and the proportion of different feedstuffs in dairy cow

diets
Dairy cow diet composition (% on diet DM)
Grass Corn Altitude
Ttem' Pasture silage Hay silage Concentrate (a.s.l.)2
Lactose (g/kg of milk) 0.36 —0.37 —0.22 —0.15 0.16
Urea (g/dL of milk) —0.14 0.15 0.37
Antioxidant (mg/kg of fat)
Vitamin E 0.47 —0.22 —-0.37 —0.31
Vitamin A 0.36 —0.30 —0.32
Color
a —0.30 0.18 0.23 —0.12
b 0.54 —0.20 —0.41 —0.70
Mineral (mg/100 g of milk)
P —0.34 0.21 0.26 0.27
Fatty acid (FA; g/100 g of FA)
C16:0 —0.62 0.37 0.24 0.43 0.27 —0.18
C18:0 0.40 —0.26 —0.24 —0.26
C18:1 trans-11 0.82 —-0.51 —0.15 —0.56 —0.55 0.22
C18:2n-6 —-0.27 —0.19 0.25 0.49
C18:3n-3 0.67 —0.41 0.14 —0.66 —0.53 0.32
CLA cis-9,trans-11 0.80 —0.50 —-0.14 —0.57 —0.51 0.26
Odd-chain FA 0.13 0.33 —0.37 —0.19
Branched-chain FA 0.54 —0.33 0.31 —0.68 —0.55 0.23
SFA —0.52 0.31 0.31 0.31 0.13
MUFA 0.34 —0.18 —0.33 —0.16
PUFA 0.70 —0.46 —-0.19 —0.51 —0.32 0.27
trans FA 0.30 —0.23 —0.49 0.13
n-6/n-3 —0.56 0.31 —0.27 0.60 0.63 —0.21
C18:1 ¢is-9/C16:0 0.41 —0.18 —0.26 —0.29
Phenolic compound (In of AAU)
1-Methyl-3-carboxy-f3-carboline —0.43 0.33 —0.14 0.47 0.32 —0.22
n.i. Rt 51.89 0.62 —0.34 —0.57 —0.52 0.23
Volatile organic compound (In AAU)
Toluene 0.57 —0.34 —0.16 —0.35 —0.36 0.19
a-Thujene 0.38 —-0.27 —-0.34 —0.20 0.20
a-Pinene 0.19 0.14 —0.33 —-0.19 0.17
3-Citronellene 0.36 —-0.24 —0.26 -0.19 0.17
Sabinene 0.33 —0.21 0.13 —0.37 —0.29 0.27
a-Copaene 0.27 —0.38 -0.17 0.31
Caparratriene 0.42 —0.18 —0.44 —0.31 0.23
Iso-caryophyllene 0.39 —0.22 —-0.29 —-0.23 0.19
3-Caryophyllene 0.22 0.19 —0.41 —0.23 0.32
a-Humulene 0.35 —0.14 —0.37 —0.27 0.29
10,10-Dimethyl-4-acetyl-tricyclo[5.2.1.0(1,5)]decane 0.56 —0.35 —0.41 —0.40 0.30

!Compounds not showing at least one significant interaction at P < 0.05 with correlation coefficients between 0.3 and —0.3 are not listed; in bold:
correlations coefficients >0.4 or <—0.4. AAU = arbitrary area unit; a = red index; b = yellow index; Rt = retention time; n.i. = not identified.

2
a.s.l. = above sea level.

ticularly its pasture proportion, was confirmed to be the
factor with the greatest effect on milk FA composition
(Coppa et al., 2012; Khiaosa-Ard et al., 2015; Bernard
et al., 2018), as well as on milk yellowness and vitamin
E, toluene, and terpenoid concentrations (Croissant et
al., 2007; Engel et al., 2007; Marino et al., 2012). High
pasture and low corn silage and concentrate propor-
tions in cow diet were confirmed to positively affect
milk composition for the previously cited compounds
(Marino et al., 2012; Coppa et al., 2015b; Khiaosa-
Ard et al., 2015). However, the correlations between
the fresh herbage proportion and the concentrations of
other compounds in milk, such as (3-carotene, 2,3-oc-
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tanedione, and indoles, known to be markers of pasture
feeding, were surprisingly low (Noziére et al., 2006;
Coppa et al., 2011; Liu et al., 2018). This could be
due to the previously discussed factors interacting with
the fresh herbage proportion in the cow diet, including
herbage phenology, botanical composition, or grazing
management.

A new finding of this study was the positive correla-
tion found in on farm conditions between the fresh herb-
age proportion in the cow diet and the concentration of
n.i. Rt 51.89 UV-absorbing compounds, as well as its
negative correlation with corn silage and concentrate
proportions in the cow diet. This unidentified com-
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pound was associated with pasture feeding for the first
time by Cornu et al. (2009) on experimental farms with
different diets. Similarly, the same authors found an
indicator of the presence of corn silage presence in the
cow diet, identified by Rouge et al. (2013), 1-methyl-3-
carboxy-(3-carboline. Although this compound should
be a marker of grass as well as corn silages, our results
validate on farm the findings of Cornu et al. (2009)
resulting from a controlled experiment.

Origin and Forage and Feeding Systems
Are Strictly Linked

As the effect of the feeding system on milk composi-
tion was largely expected, we specifically built our ex-
perimental design to compare lowland and upland milks
derived from similar forage systems. This has therefore
minimized the differences between upland and lowland
groups, which were indeed smaller than expected. It is,
however, important to clarify that our results do not
call into question the specific composition of upland
milk reported by many authors because, in practice, the
dominant forage system applied in uplands is very dif-
ferent from that in lowlands. Indeed, when considering
the farming system in European upland areas, perma-
nent grasslands consist of 59% of the used agricultural
surface (vs. 33% on average in the EU). These surfaces
often cannot allow any different cultivations and are
the basis for ruminant feeding in upland areas (Leiber
et al., 2014). Similarly, the share of arable land in the
upland regions of the EU is often smaller than 20% of
the agricultural surface, and the surface used for forage
production accounts for approximately 73%. Thus, the
specific feeding systems for dairy cows in upland areas
are mostly grass based, resulting, among other aspects,
in a low utilization of human edible feedstuffs (Leiber
et al., 2014). As a consequence, the specific composition
of upland milk is strictly related to the forage system
applied on-farm. Furthermore, the unsuitability of sur-
faces for machinery and the climatic conditions limit
results in an extensive grassland use (Santini et al.,
2013; Martin et al., 2014), which favors the conserva-
tion of biodiversity and natural landscape, the carbon
sequestration in the soil, and ecosystem services in gen-
eral (D’Ottavio et al., 2018; Bentivoglio et al., 2019).
Therefore, a minimal threshold for natural grasslands
in the agricultural surface, a limitation of corn silage
and concentrates, and the maximization of pasture
proportion in the cow diet could be recommended to
keep the specific composition of upland dairy products
and to consolidate the ecosystem services provided by
upland dairy farming systems. This strategy could also
be effective to maintain consumers’ willingness to pay
and liking for upland dairy products.
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CONCLUSIONS

When comparing upland and lowland milk derived
from similar forage systems and seasons, this study
highlighted that the upland origin per se affected the
content of only a few milk constituents. Furthermore,
this study allowed to hierarchize the effects related to
the origin on milk composition that can be considered
as marginal when compared with the effect of season
and forage system. However, when significant, the origin
effects could be attributable to specific characteristics
of upland pasture or derived forages.
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