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  ABSTRACT 

  The ability of near-infrared spectroscopy to trace 
cow feeding systems and farming altitude was tested 
on 486 bulk milk samples from France and northwest-
ern Italy. Milks were grouped into feeding systems ac-
cording to the main forage in the diet. Partial least 
square discriminant analysis correctly classified 95.5, 
91.5, and 93.3% of pasture versus maize silage, hay, 
and fermented herbage feeding systems, respectively. 
Discrimination was slightly less successful when diets 
with large proportions of the nondominant forage were 
included in each group. Near-infrared spectroscopy 
correctly discriminated no-pasture from pasture milk, 
even with only 30% of pasture in the diet (5.4% cross-
validation error), and the error stabilized when pasture 
exceeded 70% (2.5% error). Near-infrared spectroscopy 
did not reliably trace milk geographic origin when the 
feeding system effect was isolated from the altitude ef-
fect. These findings may be usefully exploited for the 
authentication of dairy products. 
  Key words:    near-infrared spectroscopy ,  milk trace-
ability ,  cow feeding ,  geographic origin 

  INTRODUCTION 

  In Europe, certification strategies, such as protected 
designation of origin (PDO) or protected geographical 
indication (PGI), have been designed to support local 
producers, especially in marginal areas with high pro-
duction costs. These certification labels mark out prod-
ucts with high added value and, thus, higher prices, 
encouraging more frequent counterfeiting. To guarantee 
the authenticity of certified products for consumers, 
reliable methods of authentication and traceability are, 
therefore, required. 

  Many certified dairy production areas are located in 
upland regions. Upland dairy products are, on average, 
richer in functional compounds advantageous for hu-
man health, such as FA, and in particular α-linolenic 
acid (C18:3n-3; Leiber et al., 2005; Lucas et al., 2006), 
branched-chain FA, rumenic acid (cis-9,trans-11 C18:2; 
Collomb et al., 2002), and plant secondary metabolites 
with anti-oxidative properties (e.g., terpenes; Tornambé 
et al., 2006; Revello Chion et al., 2010) and polyphenols 
(Besle et al., 2010). 

  Several studies have focused on the traceability of 
upland dairy products to distinguish them from those 
produced in lowland areas. Engel et al. (2007) found 
that terpenes, vitamins A and E, and carotenoids 
could help to authenticate upland milk production (vs. 
lowland). However, FA were the most reliable trac-
ers. Similarly, De Noni and Battelli (2008) identified 
terpene and FA profiles as potential tracers of upland 
origin in Bitto cheese. 

  The useful results previously reported for upland 
product discrimination are not directly linked to al-
titude itself but rely on the specific upland feeding 
strategies based on the extensive use of grasslands for 
animal feeding. Cropping (e.g., maize) is, in general, 
marginal, and environmental conditions associated 
with pasture agronomic practices are responsible for 
the specific botanical composition of grasslands. These 
specific features are known to strongly influence milk 
composition. Dairy product contents in FA, terpenes, 
polyphenols, and carotenoids are also strongly influ-
enced by animal feeding (Dewhurst et al., 2006; Engel 
et al., 2007; Besle et al., 2010). Compared with maize 
silage, grass-fed cows produce milk with lower levels of 
SFA, and higher levels of PUFA (Ferlay et al., 2008; 
Morales-Almaráz et al., 2010, 2011). Also, fresh herb-
age in the cow diet increases contents of β-carotene and 
vitamins A and E in milk (Nozière et al., 2006). Highly 
biodiverse pastures, rich in dicotyledons, have also been 
shown to give milk with higher concentrations of PUFA 
and, in particular, C18:3n-3 (Tornambé et al., 2010; 
Coppa et al., 2011b). 
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The analytical reference methods for the assay of such 
milk constituents, useful for geographic origin or animal 
feeding traceability, involve lengthy work-up, including 
solvent extraction and derivation, followed by analysis 
by gas GC or HPLC, and so are generally expensive 
and time consuming. Their use in routine analysis for 
dairy product authentication is, thus, impracticable. 
Near-infrared reflectance spectroscopy (NIRS), which 
is nondestructive, rapid, cheap, and multiparametric, is 
a candidate alternative technique to collect information 
on animal diet and milk origin. Also, its ability to predict 
FA profile and carotenoid content in dairy products has 
been demonstrated (Lucas et al., 2008a,b; Coppa et al., 
2010). For authentication purposes, González-Martín 
et al. (2011) successfully applied NIRS on cheese to 
recognize its production season, which involves changes 
in animal feeding, and Karoui et al. (2005) were able to 
trace the geographic origin of Emmental cheese. Martin 
et al. (2006) successfully applied NIRS technology to 
the authentication of milk geographic origin (lowland 
vs. upland). However, their experimental design might 
have masked a feeding system effect beneath the alti-
tude effect.

The aim of this work was to distinguish bulk milk 
according to (1) the main cow feeding system; (2) the 
dominant forage in the cow diet, irrespective of altitude; 
and (3) geographic origin (lowland vs. upland), avoid-
ing combined effects of cow feeding, using NIRS. Par-
ticular attention was paid to the effect of fresh herbage 
proportion in cow diets on discrimination results, and 
to the authentication of the milk from alpine pasture.

MATERIALS AND METHODS

Milk Sampling and Survey

Four hundred eighty-six bulk cow milk samples was 
collected from 172 farms in France and northwestern 
Italy during 2007 and 2008. The farms were selected 
to cover a wide variety of milk production conditions, 
cow breeds, and altitude range [0 to 2,430 m above 
sea level (a.s.l.)]. In each farm, milk samples (about 
400 mL each) were collected several times to explore 
the seasonal variation in animal feeding, increasing 
sampling frequency for those farms practicing transhu-
mance, thus changing pasture altitude and vegetation 
type. During sample collection, data on farming con-
ditions and animal feeding were recorded by on-farm 
surveys, according to Agabriel et al. (2004). Surveys 
included questions about altitude, forage management 
(forage characteristics, forage harvesting and storage, 
and cutting and grazing periods), and animal feeding 
during the indoor period or during pasture exploita-
tion. Special attention was paid to forage (maize or 

grass), grasslands, and their exploitation or preserva-
tion modes (pasture, hay, silage, or haylage). Pasture 
intake was estimated by difference between the energy 
requirements of the herd and the energy provided by 
the known quantities of feeds offered in the diet. The 
energy balance was supposed equal to zero. The animal 
requirements and the energy value of each feed were 
attributed according to the Institut National de la Re-
cherche Agronomique (INRA) tables (Faverdin et al., 
2007).

Milk Grouping Criteria

Milk samples were assigned to groups according to 
various criteria based on production conditions. The 
main characteristics of each group are reported in Table 
1.

Cow Feeding System. To define the main cow 
feeding systems, a hierarchical cluster analysis was per-
formed on survey data on the proportion of different 
feedings in cow diet. Milks were classified into 4 main 
groups according to forage. The first group (H) com-
prised milk samples derived from diets with, on average, 
69% of the average total DM daily intake as hay. The 
second group (FH) comprised milk samples derived 
from diets in which fermented herbage (grass silage or 
haylage) was, on average, 60% of total DM daily intake. 
The third (MS) and the fourth (P) groups included 
diets with, on average, 49% maize silage and 75% fresh 
herbage, respectively. However, cutting the cluster den-
drogram at a different level, the P and MS groups were 
divided into 2 subgroups each: the main one comprising 
diets with a small proportion of feed differing from the 
main forage of the main group, the other, smaller one 
comprising milk samples with mixed diets including a 
low proportion of the dominant forage. Only the first 
2 main groups, (noted Ps and MSs, respectively) were 
retained for subsequent statistical analysis. The MSs 
cluster grouped samples with, on average, 56% maize 
silage in the cow diet, reducing from 43 and 45% to 
18 and 30% the maximum proportion of pasture and 
fermented forages in the group, respectively, compared 
with the MS group. The Ps cluster grouped samples 
with a lower maximum proportion of fermented forages 
and concentrates than the P group (from 47 and 48% 
to 25 and 36%, respectively; Table 1).

Dominant Forage in the Cow Diet. To make diet 
more homogeneous within each group classified by the 
cluster analysis, milks with more than 55% of the main 
feed in the group were selected (MS >55%, H >55%, 
and P >55% for maize silage, hay, and pasture, respec-
tively). The average proportion of the dominant forage 
rose to 63, 73, and 82% for MS >55%, H >55%, and P 
>55% groups, respectively (Table 1).
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Finally, to evaluate the effect of different proportions 
of fresh herbage in cow diet on the reliability of milk 
traceability using NIRS, milk samples were grouped 
on the basis of minimum pasture percentage in the 
cow diet, into P = 0%, P >30%, P >55%, P >70%, 
P >85%, P >90%, and P = 100% of the average total 
DMI, irrespective of the results of the cluster analysis. 
The characteristics of each group are reported in Table 
1.

Altitude. Milks produced below or above 600 m 
a.s.l. were assigned to the lowland and upland group, 
respectively. The proportion of the different forages fed 
to animals ranged from 0 to 78% and from 0 to 67% of 
the average total DM daily intake for maize silage for 
the lowland and upland groups, respectively (Table 1), 
and from 0 to 100% for pasture of both altitude groups. 
Similarly, the proportion of hay ranged from 0 to 86% 
and from 0 to 87% and the proportion of fermented 
herbage from 0 to 80% and from 0 to 81%. Finally, 
the proportion of concentrate ranged from 0 to 41% 
and from 0 to 50% for the lowland and upland groups, 
respectively (Table 1).

To test the ability of NIRS to authenticate milk 
originating from lowland, upland, or alpine pasture, 
milk samples derived from pasture providing at least 

70% of average total DMI were divided according to 
altitude into lowland (below 600 m a.s.l.), upland (from 
600 to 1,200 m a.s.l.) and alpine pasture (above 1,200 
m a.s.l.) (Table 1). The 3 groups reflected altitude-
related changes in agronomic practices and grazing 
management and, consequently, in pasture botanical 
composition. In the lowland group, the temporary 
intensively managed grasslands formed the dominant 
forage, whereas in the upland group, the intensifica-
tion of agronomical practices was lower and pastures 
were mainly permanent, with a consequent increase in 
grassland species richness. Alpine meadows were only 
permanent pastures, heterogeneous and highly biodi-
versified, and extensively managed.

Analysis

Bulk milk samples were collected on farm, kept at 
4°C, and transported to the laboratory where they were 
immediately frozen and stored at −18°C until analysis. 
Before analysis, each sample was left for 2 h at room 
temperature, and then 0.5 mL of milk was placed on the 
internal part of a 55-mm glass microfiber filter (What-
man GF/A, 55 mm, catalog no. 1820 055; Whatman 
International Ltd., Maidstone, UK), and oven-dried at 

Table 1. Production condition of milk sample groups within the calibration sets: average value and minimum and maximum values (in 
parentheses) 

Milk group n1

Feeding (% of DMI)2

Altitude (m a.s.l.)3MS P H FH C

Feeding system4

 H 77 1 (0–16) 2 (0–30) 69 (38–87) 7 (0–48) 22 (0–50) 596 (2–1,480)
 FH 19 0 (—) 2 (0–16) 15 (0–38) 60 (39–81) 21 (7–44) 436 (15–930)
 MS 110 49 (14–78) 7 (0–43) 7 (0–24) 11 (0–45) 25 (7–47) 376 (1–950)
 P 280 3 (0–38) 75 (11–100) 7 (0–52) 3 (0–47) 12 (0–48) 937 (2–2,430)
 MSs 71 56 (35–78) 1 (0–18) 8 (0–24) 9 (0–30) 25 (7–41) 332 (1–850)
 Ps 263 2 (0–37) 78 (31–100) 7 (0–52) 1 (0–25) 11 (0–36) 959 (2–2,430)
Dominant forage in cow diet
 MS >55% 44 63 (55–78) 2 (0–32) 5 (0–19) 6 (0–20) 23 (10–40) 198 (1–850)
 H >55% 64 0 (0–13) 1 (0–21) 73 (56–87) 2 (0–34) 23 (6–37) 633 (6–1,480)
 P = 0% 163 24 (0–78) 0 (—) 35 (0–87) 15 (0–81) 25 (0–50) 521 (1–1,480)
 P >30% 288 4 (0–57) 74 (30–100) 7 (0–54) 2 (0–38) 12 (0–36) 912 (1–2,430)
 P >55% 231 2 (0–37) 82 (55–100) 6 (0–38) 0 (0–23) 10 (0–34) 965 (2–2,430)
 P >70% 180 1 (0–23) 88 (70–100) 3 (0–23) 0 (0–17) 9 (0–30) 1,084 (2–2,430)
 P >85% 107 0 (0–13) 95 (85–100) 1 (0–10) 0 (0–3) 4 (0–15) 1,366 (2–2,430)
 P >90% 88 0 (—) 96 (90–100) 0 (0–10) 0 (0–3) 3 (0–10) 1,504 (2–2,430)
 P = 100% 42 0 (—) 100 (—) 0 (—) 0 (—) 0 (—) 1,861 (41–2,430)
Altitude
 Lowland 197 20 (0–78) 37 (0–100) 18 (0–86) 8 (0–80) 16 (0–41) 115 (1–420)
 Upland 289 8 (0–67) 51 (0–100) 17 (0–87) 7 (0–81) 18 (0–50) 1,160 (600–2,430)
 P lowland 57 2 (0–23) 87 (70–100) 4 (0–18) 0 (0–17) 7 (0–24) 115 (2–420)
 P upland 57 0 (0–15) 80 (70–100) 5 (0–23) 0 (0–2) 15 (0–30) 924 (650–1,200)
 P alpine 66 0 (—) 96 (82–100) 0 (—) 0 (—) 4 (0–18) 2,060 (1,570–2,430)
1Number of milk samples.
2MS = maize silage; P = pasture; H = hay; FH = fermented herbage; C = concentrates.
3a.s.l. = above sea level.
4MSs = maize silage subgroup with low proportion of mixed diets; Ps = pasture subgroup with low proportion of mixed diets.
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40°C for 24 h. Each filter was then placed in a 50-mm-
diameter ring cup after cutting the external part of 
microfiber filter and scanned at 2-nm intervals from 
400 to 2,498 nm using a Foss NIRSystems model 6500 
NIRS scanning spectrometer (Foss NIRSystems, Silver 
Spring, MD). The NIRS spectrometer was controlled 
with ISIscan software version 2.21 (Infrasoft Interna-
tional LLC, State College, PA). Each reflectance spec-
trum was averaged from 32 scans and compared with 
the average of 32 measurements of a ceramic reference. 
The absorbance was recorded as log (1/R, where R = 
reflectance). The segment between 400 nm and 2,500 
nm was used. The standard normal variate and detrend 
scatter correction procedure (Barnes et al., 1989) was 
applied to the raw data. The spectra were then trans-
formed using a mathematical first-order gap derivation 
(1,4,4,1, where the first digit is the number of the de-
rivative, the second is the gap over which the derivative 
is calculated, the third is the number of data points 
in the first smoothing, and the fourth is the number 
of data points in the second smoothing). To highlight 
the absorbance bands with the chemical composition of 
milk samples, the average raw spectrum of each group 
was transformed by a second-order gap derivative 
(2,10,10,1). The difference between the transformed 
average spectra of each couple of compared groups was 
then calculated.

Statistics

A hierarchical cluster analysis with the average link-
age method between groups and Pearson correlation 
proximity index was performed on cow feeding data de-
rived from the surveys. Cluster analysis was performed 
with the SPSS for Windows software package (version 
16.0; SPSS Inc., Chicago, IL).

Discriminant analysis between the groups described 
above was performed using the partial least squares dis-
criminant analysis technique, and models were tested 
using a cross-validation procedure. Six cross-validation 
randomly chosen groups were used at each discrimina-
tion. No outlier elimination passes were allowed. WinISI 
II version 1.60 software (Infrasoft International LLC) 
was used. For the discriminations having an error in 
cross-validation lower than 10%, an external validation 
was tested. A pool of 80 samples was then extracted 
from the original groups according to the proportion 
of these groups in the total population constituting the 
validation set. For instance, being 70 the number of 
samples in group A and 30 the number of samples in 
group B of the calibration sets, the validation groups 
comprised 70% of samples extracted from group A and 
the 30% from group B. To make the validation data set 
completely independent, all milk samples taken from 

the same farm were included in the validation set. A 
new calibration was then performed with the remain-
ing samples and the models were validated with the 
validation set. The characteristics of the groups used 
for the external validation are reported in Table 2. The 
external validation was not tested for those compari-
sons involving the FH feeding system, because of the 
low number of samples included in the FH group.

RESULTS AND DISCUSSION

Ability of NIRS to Trace Animal Feeding Systems 
and Dominant Forage

The range and mean values for each milk samples 
group were similar within the calibration and valida-
tion sets (Tables 1 and 2). The results of discriminant 
analysis performed to test the ability of NIRS to trace 
cow feeding systems from milk samples are reported in 
Table 3.

Recently, NIRS has been successfully used on ewe 
milk to trace animal feeding (Mouazen et al., 2009), 
differentiating pasture from box feeding. However, to 
our knowledge, it has never been applied to feeding 
traceability of cow milk collected in ordinary farming 
conditions.

The results of the present study show that NIRS 
responses for discriminating MS from P feeding sys-
tems were promising (92.3% of milk correctly classified 
in cross-validation, and 96.2% in external validation; 
Table 3). The lower external validation error compared 
with the cross-validation one, could be due to the nar-
rower range of production conditions characterizing the 
milk samples from the farms constituting the validation 
set (Tables 1 and 2). The error was reduced when dis-
criminating MSs versus Ps (95.5% of samples correctly 
classified in cross-validation, and 94.9% in external 
validation), because of the lower frequency of mixed 
diets within each group. The discrimination reliability 
was improved again when comparing groups in which 
pasture or maize silage accounted for at least half of the 
DMI (P >55% vs. MS >55%), with 96.4% of correctly 
classified milk in cross-validation, and 96.3% in exter-
nal validation. This result may be mainly linked to the 
reduced presence of mixed diets with a minimal pasture 
proportion. Comparing milk derived from diets without 
pasture (P = 0%) with those composed of more than 
30% of pasture (P >30%), only 5.9% of milk samples 
were misclassified in cross-validation (Figure 1). Also, 
NIRS ability for discriminating between no-pasture (P 
= 0%) and pasture milk increased when the proportion 
of fresh herbage in the cow diet increased (5.0 and 2.9% 
of error in cross-validation, respectively, for P >55% 
and P >70%; Figure 1).



5548 COPPA ET AL.

Journal of Dairy Science Vol. 95 No. 10, 2012

Comparing the average second-order derivative milk 
spectra difference between P >70% and P = 0% (Fig-
ure 2), the greatest differences were found at around 
400 to 700, 904 to 1,066, 1,682 to 1,772, 2,008 to 2,094, 
and 2,146 to 2,370 nm. Prominent peaks of spectra 
(400–700 nm) can be related to the absorption of ca-
rotenoids (Prache et al., 2002); maxima at 904, 1,720, 
1,758, 2,196, 2,296, and 2,334 nm can be related to 
C-H bond absorption of oils and proteins; and maxima 
at 2,076 and 2,376 nm to the absorption of O-H and 
C-C bonds of lipids, respectively (Osborne and Fearn, 
1998). These peaks may result from the differences 
induced in milk carotenoids and FA concentrations by 

pasture or preserved forage diets. It has been demon-
strated that pasture feeding increases milk carotenoid 
content (Nozière et al., 2006), fresh herbage being richer 
in β-carotenes than preserved forages. Pasture milk is, 
thus, yellower (Engel et al., 2007). Also, Lucas et al. 
(2008b) were able to reliably predict β-carotene and 
yellowness of cheeses with NIRS, suggesting that these 
2 variables could contribute to milk discrimination by 
NIRS. Similarly, pasture feeding profoundly changes 
milk fat composition, increasing the concentration of 
PUFA, in particular cis-9,trans-11 conjugated linoleic 
acid, and C18:3n-3, and of MUFA, in particular cis-9 
C18:1 and trans-11 C18:1, with a consequent reduc-

Table 3. Results of discriminant analysis performed on milk samples to trace cow feeding system, dominant forage in cow diet, and geographic 
origin 

Item n1
Milk samples  

correctly classified
Error (%) in  

cross-validation
Error (%) in  

external validation

Altitude2

 Lowland vs. upland 486 367 24.5
 P lowland vs. P upland vs. P alpine 180 112 37.8
Feeding system3

 MS vs. P 390 360 7.7 3.8
 MSs vs. Ps 334 319 4.5 5.1
 MSs vs. H 148 118 20.3  
 Ps vs. H 340 311 8.5 11.2
 Ps vs. FH 282 263 6.7 —
 MSs vs. FH 93 82 11.8  
 H vs. FH 96 82 14.6  
Dominant forage in cow diet4 (% on total DMI)
 P >55% vs. MS >55% 275 265 3.6 3.7
 P >55% vs. H >55% 295 272 7.8 4.9
 MS >55% vs. H >55% 108 83 23.1  
1Number of milk samples.
2P = pasture.
3MS = maize silage system; MSs = maize silage subgroup with low proportion of mixed diets; P = pasture system; Ps = pasture subgroup with 
low proportion of mixed diets; H = hay system; FH = fermented herbage system.
4MS = maize silage; H = hay.

Table 2. Production condition of milk sample groups within the validation sets: average value and minimum and maximum values (in 
parentheses) 

Milk group n1

Feeding (% of DMI)2

Altitude (m a.s.l.)3MS P H FH C

Feeding system4

 H 18 1 (0–13) 3 (0–20) 74 (63–86) 0 (0–0) 22 (10–37) 610 (6–1,400)
 MS 20 49 (27–67) 4 (0–31) 6 (0–15) 10 (0–32) 31 (23–41) 362 (40–815)
 P 60 3 (0–37) 75 (31–100) 6 (0–52) 3 (0–35) 14 (0–36) 1,064 (65–2,430)
 MSs 17 52 (39–73) 1 (0–13) 6 (0–15) 9 (0–20) 30 (23–41) 325 (40–850)
 Ps 63 3 (0–37) 73 (35–100) 10 (0–43) 1 (0–25) 13 (0–36) 857 (6–2,230)
Dominant forage in cow diet
 MS >55% 13 64 (57–73) 2 (0–32) 6 (0–15) 6 (0–19) 22 (10–29) 191 (40–820)
 H >55% 17 1 (0–13) 0 (0–0) 75 (63–86) 0 (0–0) 25 (14–37) 605 (6–1,200)
 P >55% 67 2 (0–30) 81 (57–100) 6 (0–30) 0 (0–0) 10 (0–24) 784 (16–2,230)
1Number of milk samples.
2MS = maize silage; P = pasture; H = hay; FH = fermented herbage; C = concentrates.
3a.s.l. = above sea level.
4MSs = maize silage subgroup with low proportion of mixed diets; Ps = pasture subgroup with low proportion of mixed diets.
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tion in SFA (Chilliard et al., 2007; Morales-Almaráz et 
al., 2010, 2011). Near-infrared reflectance spectroscopy 
sensitivity in milk FA prediction has also been demon-
strated (Coppa et al., 2010).

The error in discriminating between no-pasture (P = 
0%) and pasture-derived milk tended to become stable 
with a pasture proportion in the diet higher than 70% 
(P >70%; Figure 1). Above this proportion of fresh 
herbage in cow diet, the differences in milk composi-
tion become minimal and depend mainly on herbage 
quality: botanical composition, phenological stage, and 

grazing management (Collomb et al., 2002; Tornambé 
et al., 2010; Coppa et al., 2011b). For instance, the 
richness in C18:3n-3, cis-9,trans-11 conjugated linoleic 
acid, and PUFA, in general, in milk from highly bio-
diversified pasture exploitation has been demonstrated 
(Collomb et al., 2002; Leiber et al., 2005). However, 
it was associated with a lower concentration of carot-
enoids (Tornambé et al., 2010). Similarly, a decrease in 
milk carotenoid content when cows graze mature herb-
age rather than herbage at the vegetative stage have 
been associated with a parallel decrease in herbage 
β-carotene content during aging (Nozière et al., 2006). 
A full grazing system, with around 100% of average 
cow daily DMI, is mainly based on the exploitation 
of extensive pasture, which is usually highly biodiverse 
and grazed at a more developed phenological stage. 
Comparing the spectral difference between P = 100% 
and P = 0% with those between P >70% and P = 0% 
milk groups, narrower gaps in the visible band related 
to carotenoids (Prache et al., 2002) and a wider gap in 
the band of the absorption of different bonds related to 
lipids (Osborne and Fearn, 1998) have been observed 
(Figure 2).

The discrimination results for Ps versus preserved 
herbage feeding systems (H or FH) were promising 
(Table 3). As expected, however, the proportion of cor-
rectly classified milk samples in cross-validation was 
slightly lower than those obtained when comparing 

Figure 1. Decreasing trend of cross-validation error when discrimi-
nating milk derived from diet with no pasture (P = 0%) and diet with 
increasing minimal proportions of pasture (30, 55, 70, 85, 90, and 
100%).

Figure 2. Differences between the average second-order derivative spectra of pasture higher than 70% average cow daily DMI (P >70%) and 
with no pasture (P = 0%) milk sample groups, and between 100% pasture (P = 100%) and no pasture (P = 0%) milk sample groups.
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pasture- with maize silage-based diets (91.5% for Ps 
vs. H, 93.3% for Ps vs. FH, and 92.2% for P >55% vs. 
H >55%). Results of external validation also agreed 
with those in cross-validation (Table 3). Fatty acid and 
carotenoid compositions of maize silage-derived milk 
have been shown to be more extreme than those of 
preserved herbage-derived milk, compared with pasture 
milk (Chilliard et al., 2007; Engel et al., 2007).

The cross-validation error increased in the discrimi-
nation among milks derived from preserved forage feed-
ing: only 79.7, 88.2, 85.4, and 76.9% of samples were 
correctly classified for MSs versus H, MSs versus FH, H 
versus FH, and MS >55% versus H >55%, respectively 
(Table 3). Again, differences in FA profiles among 
milks from different preserved forages were significant-
ly smaller than those between preserved forage- and 
pasture-derived milk (Ferlay et al., 2006).

Ability of NIRS to Trace Geographic Origin  
of Milk Production

A novel finding in this study is the similarity of cow 
diets between upland and lowland groups: grouping milk 
only on the basis of altitude, the average proportion of 
each feeding pattern was well-balanced between the 2 
groups, with equivalent minima and maxima. This ho-
mogeneity enabled us to test the altitude effect with no 
confounding effect of animal feeding. In our trial, NIRS 
failed reliably to trace milk geographic origin (lowland 
vs. upland), showing only 75.5% of correctly classified 
samples (Table 3). Even if these results disagree with 
literature data, they are not unexpected. Martin et al. 
(2006), successfully discriminated upland from low-
land milk samples using NIRS. However, the lowland 
milk derived mainly from maize silage and temporary 
grassland (fresh or preserved), whereas the upland milk 
derived from grass-based feeding: grazing on permanent 
pastures in summer and hay- or grass silage-based diets 
in winter. This lowland versus upland discrimination 
may have been mainly related to differences in milk 
composition due to cow feeding, as discussed by those 
authors. Similarly, Karoui et al. (2005) successfully 
discriminated different types of Emmental cheese ac-
cording to origin. Although they gave only little infor-
mation on cow feeding, the different production areas 
may have involved different feeding practices, at least 
for the PDO Gruyère cheese, which was successfully 
discriminated from the PDO L’Etivaz cheese, whose 
production specifications restrict its production during 
summer, with milk derived only from uplands.

In our trial, NIRS also failed to trace altitude sensu 
stricto within the pasture-derived milk (only 62.2% of 
correctly classified samples for P lowland vs. P upland 
vs. P alpine; Table 3). The reduced differences in milk 

composition deriving from the altitude-related changes 
in vegetation types, compared with those among differ-
ent feeding systems, were probably responsible for the 
low reliability of this prediction. Differences in FA pro-
file according to vegetation altitude are mainly related 
to C18:3n-3 and branched-chain FA, which have higher 
concentrations in upland milk, and especially in alpine 
milk (Leiber et al., 2005; Engel et al., 2007). These FA 
were not satisfactorily predicted by NIRS (Coppa et 
al., 2010). Also, fresh herbage β-carotene, giving milk a 
yellow color, which influences the visible part of NIRS 
spectra, is also less influenced by botanical composition 
than by sward phenology (Tornambé et al., 2010), de-
pending on the grazing management, and only slightly 
on vegetation type (Coppa et al., 2011a). In addition, 
Engel et al. (2007) found milk color ineffective in dis-
criminating between lowland and upland milk.

CONCLUSIONS

The low classification error confirms that NIRS can 
correctly discriminate between bulk milk from feeding 
systems based on pasture or on preserved forages. The 
reliability of the discrimination results depends mainly 
on the proportion of fresh herbage in the cow diet, giv-
ing promising results on mixed diets, even with a low 
pasture proportion, and being stable when over 70%. 
These results may prove useful for the authentication 
of those dairy products whose production specifications 
delimit animal feeding. By contrast, in our study, NIRS 
was not powerful enough to trace milk geographic 
origin reliably, suggesting that NIRS results are more 
closely related to the diet of cows than to the altitude 
effect itself.
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