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Abstract – A total of 40 milk samples, i.e., 8 milks produced in lowland (430–480 m), 16 milks
produced in mid-mountain (720–860 m) and 16 milks produced in mountain (1070–1150 m) areas
of the Haute-Loire department (France), sampled at key periods of animals feeding, were analysed
by front-face fluorescence spectroscopy. Tryptophan, aromatic amino acids and nucleic acid
(AAA+NA) and riboflavin fluorescence spectra were recorded in triplicate on different aliquots
directly on milks with the excitation wavelengths set at 290 nm, 250 nm and 380 nm, respectively.
The excitation spectra of vitamin A were also recorded in triplicate on different aliquots with the
emission wavelength set at 410 nm. Using Factorial Discriminant Analysis, 74.1%, 81.5% and
76.9% correct classifications were obtained for the calibration data sets of tryptophan, AAA+NA
and riboflavin spectra, respectively. Considering the validation data sets, correct classification of
69.2%, 76.9% and 70.4% was observed for tryptophan, AAA+NA and riboflavin spectra, respecti-
vely. In a second step, the first 5 principal components of the principal component analysis extracted
from each data set (tryptophan fluorescence, AAA+NA fluorescence, vitamin A fluorescence and
riboflavin fluorescence spectra) were gathered together into one matrix and analysed by factorial
discriminant analysis. Correct classifications of 100 and 69.2% were observed for the calibration
and the validation groups, respectively. Milks from the lowlands were well discriminated from the
others. It is shown that fluorescence spectra of milks retained information related to the geographic
origin. However, the size of the data set should be increased in order to improve the robustness of
the algorithm. 

milk / geographic origin / intrinsic fluorescence / chemometry

Résumé – Potentialité de la spectroscopie de fluorescence frontale pour la détermination de
l’origine géographique de laits de Haute-Loire. Un total de 40 laits : 8 laits de plaine (430–
480 m), 16 laits de moyenne montagne (720–860 m) et 16 laits de montagne (1070–1150 m), ont
été collectés en France (Haute-Loire) à des périodes clés de l’alimentation des animaux. Des spectres de
fluorescence des tryptophanes des protéines, des acides aminés aromatiques et acides nucléiques
(AAA+AN) et de la riboflavine ont été enregistrés en triple sur différents aliquots après excitation
respectivement à 290 nm, 250 nm et 380 nm. Les spectres d’excitation de la vitamine A ont été enre-
gistrés en triple sur différents aliquots à une longueur d’onde d’émission de 410 nm. Les résultats
de l’analyse factorielle discriminante montrent que 74,1 %, 81,5 % et 76,9 % de bonnes classifica-
tions ont été obtenus respectivement pour les jeux de calibration des spectres des tryptophanes, des
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AAA+AN et de la riboflavine. En ce qui concerne les jeux de validation, des bonnes classifications
se montant à 69,2 %, 76,9 % et 70,4 % ont été observées respectivement pour les spectres des tryp-
tophanes, des AAA+AN et de la riboflavine. Dans une deuxième étape, les 5 premières composan-
tes principales des analyses en composantes principales réalisées sur chaque jeu de données (spec-
tres de fluorescence des tryptophanes des protéines, des AAA+AN, de la vitamine A et de la
riboflavine) ont été collées les unes aux autres et l’analyse factorielle discriminante a été appliquée
à cette matrice. Les résultats indiquent que 100 % et 69,2 % de bonnes classifications ont été obser-
vés respectivement pour les échantillons principaux et de validation. Les laits de plaine sont bien
discriminés des laits de moyenne montagne et de montagne. Les résultats montrent que les spectres
de fluorescence des laits contiennent des informations relatives à leur origine géographique. Cepen-
dant la taille des jeux de données devrait être augmentée afin d’améliorer la robustesse de l’algo-
rithme. 

lait / origine géographique / fluorescence intrinsèque / chimiométrie

1. INTRODUCTION 

Product authenticity and authentication
are emerging topics within the food sector
[24]. They are a major concern not only of
consumers, but also of producers and dis-
tributors [17]. Indeed, regulatory authorities,
food processors, retailers and consumer
groups all have an interest in ensuring that
foods are correctly labelled. Many products
may be deliberately adulterated, especially
those that are expensive and/or subjected to
natural fluctuations. With the European
harmonisation of the agricultural policy
and the emergence of the international mar-
kets, authentication of such foodstuffs is the
focus of more attention. This trend is the
result of efforts made by regional authorities,
as well as producers, to protect and support
local production. The quality of milk plays
a very important role in the production of all
types of cheeses, affecting both cheese yield
and characteristics of the cheese [39]. In
regions with high production costs, agriculture
needs to produce food of superior quality.
The products can be labelled according to the
specific conditions which characterise their
origin and the processing technology [2].
These regions can be designated as produc-
ing products with Protected Designation of
Origin (PDO) or Protected Geographical
Indication (PGI). 

Animal feeding is one of the elements
which is often considered as important by
milk producers and food processors [5–7].
Grass of natural highland pastures presents
a highly diversified botanical composition
as well as abundant secondary metabolites

which may influence milk quality [6, 7].
While the gramineae and legumineae fam-
ilies dominate artificial pastures of lowlands,
permanent pastures of highlands contain
significant proportions of plants belonging
to many other botanical families such as
rosaceae and plantaginaceae [6, 7, 21]. It
has been shown that secondary metabolites
(terpenoids) are often abundant in the grass
of highland pastures with a highly diversi-
fied botanical composition. The relation-
ships between the origin of cheeses and the
type of pasture was intensively highlighted
by using popular and well-known analyti-
cal methods such as gas chromatography,
olfactometry or chemical analysis [2, 4, 8,
16, 30]. However, only a few papers have
been interested in studying the relationship
between grass and milk [6, 11, 31, 35].
Indeed, Fernandez et al. [17] have found by
using dynamic head space-gas chromatog-
raphy coupled to mass spectrometry that
milks collected in highland regions were
richer in sesquiterpenes than those collected
in lowland regions. In addition, Bugaud et
al. [6] have shown that the proportion of
C18:1 and the total of C18:2 + C18:3 deter-
mined by gas chromatography were higher
in mountain milks than in valley milks.
These methods are tedious and destructive,
relatively expensive, time-consuming and
require highly skilled operators. Recently,
attention has focused on the development of
non-invasive and non-destructive instrumen-
tal techniques such as front-face fluorescence
spectroscopy. Fluorescence spectroscopy
is a sensitive and rapid analytical technique
that provides information on the presence
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of fluorescent molecules such as tyrosine,
phenylalanine and tryptophan residues in
proteins, and their environment in biologi-
cal samples. The fluorescence properties of
aromatic amino acids have also been used
to study protein structure and protein inter-
actions in dairy products [20]. The potential
of using fluorescence in food research has
increased during the last few years with the
propagated application of chemometrics
and with technical and optical develop-
ments of spectrofluorimeters. It has been
shown that front-face fluorescence spec-
troscopy can discriminate milk samples
subjected to heat treatment from those sub-
jected to homogenisation [13] and monitor
structural changes occurring during milk
coagulation [14, 18, 19] and cheese manu-
facture [20, 32, 33]. In addition, this tech-
nique has been used for the determination
of lactulose and furosine in milks [28] and
the evaluation of oxidative changes in proc-
essed cheese during storage [9, 34, 41].
Indeed, Wold et al. [41] have demonstrated
that fluorescence properties of riboflavin
can be used to measure the degree of
degradation of riboflavin in dairy products.
Finally, it has been shown that front-face
spectroscopy allows the determination of
the geographic origin of Gruyère and
L’Etivaz PDO cheeses [15, 24] and of
Emmental cheeses from different European
geographic origins [23, 25, 26].

Most of the studies regarding the rela-
tionship between grass quality and milk
have so far been done on bulk milk samples
from very small tours (few herds) [6, 12,
31]. Therefore, it would be interesting to
validate the relevance on representative
milk samples. The Haute-Loire department
(France) constitutes a favourable ground.
Indeed, even though 95% of milk is
produced in the mountains, the diversity
and the production modes remain important
because of the very heterogeneous pedo-cli-
matic context. The production zone (Haute-
Loire) is characterised by its altitude, which
varies between 400 and 1300 m. This vari-
ation involves varied practices, breeding
and fodder systems.

Previous results [25] have shown the
ability of tryptophan fluorescence spectra to
discriminate between experimental cheeses

manufactured with milks originating from
3 different areas in Jura (France). In the
present study, front-face fluorescence spec-
troscopy combined with multivariate statis-
tical methods were used to test whether bulk
milk from cows fed a mountain grass, with
a highly diversified botanical composition,
could be discriminated from bulk milk from
cows fed on lowland grass. 

2. MATERIALS AND METHODS 

2.1. Localisation of the zones of dairy 
production 

Five dairy production areas, differing
both in the altitude and the nature of the rations
given to the herd, were studied (Tab. I). For
each zone, two collecting tours were organ-
ised (10 tours in total). The 10 tours were
organised 4 times during 2002 at key peri-
ods of animal feeding: the winter period
with one tour was carried out at the end of
February (P1) when animals were housed.
Three other tours were carried out during
the grazing period: at the end of May (P2),
which corresponded to abundant young
grass; at the end of July (P3) and at the end
of September (P4), corresponding to the
dryness and the regrowth of grass periods,
respectively. A total of 40 milk samples,
i.e., 8 milks produced in lowland (430–
480 m), 16 milks produced in mid-moun-
tain (720–860 m) and 16 milks produced in
mountain (1070–1150 m) areas of the
Haute-Loire department (France) were col-
lected. All the samples were frozen and kept
at –20 °C until the analyses.

2.2. Fluorescence spectroscopy

Fluorescence spectra were recorded
using a FluoroMax-2 spectrofluorimeter
(Spex-Jobin Yvon, Longjumeau, France)
mounted with a variable angle front-surface
accessory. The incidence angle of the exci-
tation radiation was set at 56° to ensure that
reflected light, scattered radiation, and depo-
larisation phenomena were minimised.
Milk samples were placed in 3-mL quartz
cuvette and spectra were recorded at 20 °C.
The emission spectra of tryptophan residues
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(305–400 nm) and aromatic amino acids +
nucleic acid (AAA+NA) (280–480 nm)
were recorded with the excitation wave-
lengths set at 290 nm and 250 nm, respec-

tively. The emission fluorescence spectra
(400–640 nm) of riboflavin were recorded
with excitation set at 380 nm. The excita-
tion spectra of vitamin A (250–350 nm)

Table I. Localisation of the French production zones (Haute-Loire department) and animal feeding
during winter and summer periods per tour a.

Zones Mountain Mid-mountain Lowland

Regions Mézenc Velay Volcanique Mont du Forez Velay Granitique Plaine de Brioude

Altitude (m) 1150 1070 860 720 450

Tours M1 M2 V1 V2 F1 F2 G1 G2 B1 B2

Winter period (P1)

Basic ration according 
to the nature of flora

Permanent pasture (%) 100 (0) 93 (12) 52 (27) 27 (28) 45 (28) 36 (34) 22 (40) 21 (36) 15 (20) 24 (18)

temporary pasture (%) 0 (0) 7 (12) 48 (26) 73 (29) 45 (28) 64 (34) 42 (30) 44 (26) 15 (23) 23 (13)

Maize silage (%) 0 (0) 0 (0) 0 (0) 0 (0) 10 (16) 0 (0) 36 (22) 35 (23) 70 (27) 53 (25)

Basic flora according 
to the mode of forage 
conservation

Hay (%) 82 (25) 48 (13) 42 (25) 32 (31) 41 (26) 39 (31) 21 (34) 18 (30) 18 (25) 14 (21)

Wrapped forage (%) 18 (25) 52 (13) 32 (31) 24 (37) 18 (25) 32 (30) 4 (26) 4 (11) 3 (16) 1 (3)

Grass silage (%) 0 (0) 0 (0) 26 (30) 44 (36) 31 (26) 29 (27) 39 (28) 43 (21) 9 (19) 32 (9)

Maize silage (%) 0 (0) 0 (0) 0 (0) 0 (0) 10 (16) 0 (0) 36 (22) 35 (23) 70 (27) 53 (25)

Concentrates 
(kg·cow–1·day–1)

3.1 (1.6) 3.4 (0.7) 5 (1.7) 5.1 (1.4) 5.3 (1.8) 4.6 (1.5) 4.3 (1.1) 4.7 (1.4) 3.2 (1.5) 5.1 (2.0)

Summer period (P2, P3, P4)

Basic ration according 
to the nature of flora

Permanent pasture (%) 99 (3) 94 (14) 71 (32) 56 (33) 66 (38) 63 (35) 48 (39) 62 (30) 42 (23) 28 (34)

temporary pasture (%) 0 (0) 5 (14) 29 (32) 44 (33) 33 (38) 36 (36) 40 (40) 29 (29) 25 (25) 38 (26)

Maize silage (%) 1 (3) 1 (2) 0 (0) 0 (0) 0 (0) 1 (5) 12 (14) 9 (12) 33 (25) 34 (20)

Basic flora according 
to the mode of forage 
conservation

Grass grazed 79 (12) 75 (12) 63 (19) 63 (19) 78 (19) 79 (18) 73 (21) 64 (19) 51 (21) 45 (23)

Hay (%) 20 (11) 22 (11) 33 (17) 27 (15) 16 (14) 15 (16) 13 (14) 15 (16) 7 (9) 12 (15)

Wrapped forage (%) 0 (0) 2 (4) 4 (10) 6 (13) 4 (13) 4 (9) 1 (2) 4 (7) 1 (n.d.) 1 (n.d.)

Grass silage (%) 0 (0) 0 (0) 0 (0) 4 (8) 2 (5) 1 (n.d.) 1 (4) 8 (11) 8 (14) 7 (7)

Maize silage (%) 1 (3) 1 (2) 0 (0) 0 (0) 0 (0) 1 (5) 12 (14) 9 (12) 33 (25) 35 (20)

Concentrates 
(kg·cow–1·day–1)

2.3 (1.5) 2.8 (1.5) 2.8 (1.5) 3.3 (1.7) 3.4 (1.3) 3.1 (1.5) 3.7 (1.8) 3.1 (1.5) 3.1 (1.6) 4.0 (1.4)

a Average values of the quantities of milk collected from agriculture; (): standard deviation.
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were recorded with the emission wave-
length set at 410 nm. All spectra were cor-
rected for instrumental distortions in exci-
tation using a rhodamine cell as a reference
channel. For each milk, three spectra were
recorded on different aliquots. 

2.3. Mathematical treatment of data

2.3.1.  Principal Component Analysis 
(PCA)

Fluorescence spectra were normalised
by reducing the area under each spectrum
to a value of 1, according to Bertrand and
Scotter [1]. PCA was applied to the normal-
ised spectra in order to investigate differ-
ences in the spectra [18, 20]. This statistical
multivariate treatment made it possible to
draw similarity maps of the samples [1, 22]. 

2.3.2. Factorial Discriminant Analysis 
(FDA)

Factorial Discriminant Analysis (FDA)
was performed on the first 5 principal com-
ponents (PCs) resulting from the PCA
applied to the fluorescence spectral data
(tryptophan, AAA+NA, riboflavin or vita-
min A). The aim of this technique was to
predict the membership of an individual to
a qualitative group defined as a preliminary
[36]. A group was created for each type of
milk, i.e., milk produced in lowland, mid-
mountain and mountain areas. FDA could
not be applied in a straightforward way to
continuous spectra because of the high cor-
relations occurring between the wave-
lengths. 

FDA assesses new synthetic variables
called “discriminant factors”, which are lin-
ear combinations of the selected principal
components, and allows a better separation
of the centres of gravity of the considered
groups. The individual milk samples could
be reallocated within the various groups.
For each sample, the distance from the var-
ious centres of gravity of the groups was
calculated. The sample was assigned to the
group where the distance between the cen-
tres of gravity was the shortest. Comparison
of the assigned group to the real group was
an indicator of the quality of the discrimi-

nation. Similarity maps could be drawn, in
analogy to those drawn for PCA. Each of
the data sets used contained 40 spectra,
where each spectrum is the average of the
triplicate recorded on each milk sample.
The fluorescence spectral data were divided
into two data sets for calibration and vali-
dation. Calibration and validation data sets
were obtained by splitting the spectral col-
lection (i.e., milks produced in lowland,
mid-mountain and mountain regions). For
each geographic area, two-third of the spec-
tra were put in the calibration group and
one-third was used to create the validation
group.

2.3.3. Concatenation of the
 fluorescence spectral data

Finally, the first 5 PCs of the PCA per-
formed on each of the 4 data sets (i.e., tryp-
tophan fluorescence, AAA+NA fluorescence,
riboflavin fluorescence and vitamin A flu-
orescence spectra) were pooled into one
matrix and this new table was analysed by
FDA. This concatenation approach helped to
improve the discrimination between milks
by using a number of different fluorescence
spectra, as well as to assess the ability of flu-
orescence spectroscopy to determine the
geographic origin of milks independently
of their production periods.

PCA and FDA were carried out using
StatBoxPro (Grimmer logiciels, Paris,
France).

3. RESULTS AND DISCUSSION 

The recorded fluorescence spectra give
information regarding molecules contain-
ing conjugated double bounds. Aromatic
amino acids and nucleic acids, tryptophan
residues of proteins, vitamin A and ribofla-
vin are the best known fluorescent mole-
cules in milk. However, milks also contain
many other compounds that may fluoresce:
e.g., conjugated linoleic acid (CLA), phe-
nolic compounds, terpenoids or aromatic
acids [2, 3, 37, 38]. So a spectrum recorded
on a milk sample following excitation at
250 nm or 290 nm included information on
several fluorophores and may be considered
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as a characteristic fingerprint which allows
the sample to be identified [20, 25]. In addi-
tion, emission spectra with excitation set at
380 nm were recorded. Indeed, the emis-
sion spectra of riboflavin have been used to
determine the degree of oxidation of milks
and cheeses [9, 34, 41]. Excitation spectra
with emission at 410 nm were also consid-
ered since the excitation spectrum of vita-
min A has the ability to discriminate
cheeses according to their varieties and rip-
ening age [20, 29, 33]. 

The tryptophan and AAA+NA fluores-
cence spectra of the different milks exhib-
ited a maximum located at 340 nm (data not
shown). Considering vitamin A, the shape
of the spectra showed two maxima at 320
and 305 nm and a shoulder at 295 nm (data
not shown). 

Riboflavin emission spectra of the inves-
tigated milks showed the largest differ-
ences according to their geographical origin
(Fig. 1). From the riboflavin spectra, there
are two spectral regions that are of particu-
lar interest: the broad peak at about 520 nm
which corresponds to the green/yellow col-

our and the region between 405 and 480 nm,
which is in the violet and blue regions. It
appeared that milks produced in mid-
mountains and mountains presented intense
fluorescence at about 520 nm, and corre-
spondingly low fluorescence in the violet
region [41]. 

As a result of the small differences and
the complexity of the spectra, univariate
analysis was not really appropriate to sta-
tistically analyse the data sets. Multivariate
statistical techniques such as PCA and FDA
make it possible to extract information
related to the origin of the differences between
spectra.

3.1. Milk discrimination based on 
tryptophan and AAA+NA 
fluorescence spectra 

The ability of tryptophan or AAA+NA
fluorescence spectra to differentiate between
the three groups of milks was investigated
by applying FDA to the first 5 PCs of the
PCA performed on tryptophan and AAA+NA
fluorescence spectra. Three groups were
created for the investigated milks (lowland,
mid-mountain and mountain). Considering
tryptophan fluorescence spectra, the map
defined by the discriminant factors 1 and 2
took into account 100% of the total variance
with discriminant factor 1 accounting for
73.4% (Fig. 2). Considering discriminant
factor 1, milks from the mountains were
observed on the left, whereas milks from
the lowlands were observed on the right.
The milks from the mid-mountain regions
presented on the map co-ordinates close to
the origin and partly overlapped mountain
and lowland samples. Correct classification
amounting to 74.1% and 69.2% was
observed for the calibration and the valida-
tion sets (Tab. II), respectively. Table II
shows that some misclassifications occurred
between milks from the mountain and mid-
mountain. For milks produced in the mountain,
two samples were classified as belonging to
the mid-mountain group. 100% correct
classification was observed for milks pro-
duced in lowland areas.

Considering AAA+NA fluorescence
spectra, the map defined by the discrimi-
nant factors 1 and 2 took into account 100%

Figure 1. Riboflavin fluorescence spectra of
milks produced in lowland (            ), mid-moun-
tain (––) and mountain (…..) areas.
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of the total variance with discriminant fac-
tor 1 accounting for 81% (Fig. 3). Correct
classifications amounting to 81.5% and
76.9% were observed for the calibration
and the validation groups, respectively.

Table II gives the classification of the valida-
tion group for the different milks. This table
illustrates that milks from the mountain
were discriminated from milks produced
from the lowlands: only 1 of the 5 mountain

Figure 2. Discriminant analysis similarity map determined by discriminant factors 1 and 2 for tryp-
tophan fluorescence spectra of milks produced in lowland (◊),mid-mountain ( ) and mountain ( )
areas.

Figure 3. Discriminant analysis similarity map determined by discriminant factors 1 and 2 for aro-
matic amino acid and nucleic acid fluorescence spectra of milks produced in lowland (◊), mid-moun-
tain ( ) and mountain ( ) areas.
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milks was classified as mid-mountain milk.
The worst classification was observed for
milks produced in lowland areas, since only
66.7% correct classification was obtained
(Tab. II). Indeed, one milk was classified as
belonging to the mid-mountain group.
From the results obtained from tryptophan
and AAA+NA fluorescence spectra, it was
shown that misclassification occurred, on
one hand, between milks from the mountain
and mid-mountain, and on the other hand,
between milks from mid-mountain and
lowland areas. This discrepancy could be
explained by the heterogeneity of the loca-

tion of the farms in the mid-mountain area
which varies in altitude between 720 m and
860 m, whereas the altitudes of the farms of
the lowland areas and mountain were more
homogeneous and located at about 460 and
1100 m, respectively. Another explanation
could be due to the effect of the season on
the composition of the milk and the envi-
ronment of the considered fluorophores.

The differences observed in the spectra
recorded following excitation at 250 or 290 nm
on milks produced from the lowland and
mountain areas may also originate from the
contribution of other intrinsic fluorescent

Table II. Classification table for milks from the Haute-Loire department based on tryptophan,
aromatic amino acids + nucleic acids, vitamin A and riboflavin fluorescence validation data sets.

 Predicteda

Realb
Lowlands Mid-mountains Mountains % correct classification

Tryptophan fluorescence spectra

Lowland 3 – – 100

Mid-mountain – 3 2 60

Mountain – 2 3 60

Total – – – 69.2

Aromatic amino acids and nucleic acids fluorescence spectra

Lowland 2 1 – 66.7

Mid-mountain – 4 1 80

Mountain – 1 4 80

Total – – – 76.9

Vitamin A fluorescence spectra

Lowland 3 – – 100

Mid-mountain – 3 2 60

Mountain – 4 1 20

Total – – – 53.8

Riboflavin fluorescence spectra

Lowland 2 1 – 66.7

Mid-mountain 4 1 80

Mountain – 2 3 60

Total – – – 70.4

a The number of milks predicted from the model; b The number of real milks.
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probes than tryptophan or AAA+NA.
Indeed, several fluorescent molecules can
be excited at 250 and/or 290 nm. In the cur-
rent study, the occurrence of potentially flu-
orescent terpenes such as p-cymene could
contribute to the fluorescence spectra of
milks [2, 25]. It has been reported that the
terpenes are found in milks produced in the
highlands, but they are almost absent in
the dairy products from the lowlands [2, 40]. 

3.2. Milk discrimination based on 
vitamin A fluorescence spectra

FDA was applied to the first 5 PCs of the
PCA performed on the vitamin A fluores-
cence spectra. The approach described in
Section 3.1 was also used in this case, i.e.,
three groups were created. The map defined
by the discriminant factors 1 and 2 is shown
in Figure 4. Considering the discriminant
factor 1, which accounted for 90.3% of the
total variance, milks from the lowlands had
positive score values, whereas milks from
the mid-mountains and mountains had
mostly negative score values. Correct clas-

sification was observed for 70.4 and 53.8%
of the calibration and validation samples,
respectively (Tab. III). 

Conjugated linoleic acid (CLA), which
is an intermediate product in the biohydro-
genation of linoleic acid and other polyun-
saturated fatty acids from plants in the
rumen of the cow by the bacteria Butyrovi-
brio fibrisolvum [27, 42], could also explain
the difference in the shape of the excitation
spectra recorded following emission at 410
nm. Factors affecting the milk fat content of
CLA have been reviewed and animal breed,
feeding regime, age of animals and season
play major roles [11]. Previous investiga-
tions have also observed substantial varia-
tions in the milk fat content of CLA depending
on the altitude [10]. 

3.3. Milk discrimination based on 
riboflavin fluorescence spectra

PCA was applied to the riboflavin fluo-
rescence spectra recorded on the milks. The
map defined by PC1 and PC2 showed the
best discrimination of the lowland milks

Figure 4. Discriminant analysis similarity map determined by discriminant factors 1 and 2 for vita-
min A fluorescence spectra of milks produced in lowland (◊), mid-mountain ( ) and mountain ( )
areas.
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from the mid-mountain and mountain
milks. Indeed, milks from the lowlands had
negative scores values considering PC1,
whereas the other milks presented mostly
positive score values. Then, FDA was
applied to the first 5 PCs and the map
defined by discriminant factors 1 and 2 is
shown in Figure 5. Considering discrimi-
nant factor 1 accounting for 92% of the total
variance, milks from the lowlands were
observed on the right, whereas milks from

the mountains were located on the left.
Again, milks produced in the mid-mountain
presented co-ordinates close to the origin
and were not well discriminated from the
other milks. 

Correct classification was obtained for
76.9% and 70.4% of the calibration and the
validation spectra, respectively (Tab. II).
Considering milks from the lowlands, only
1 sample was classified as belonging to
mid-mountain milks. For milks produced in

Table III. Classification table for the spectra of the validation group. FDA performed on the
concatenated first 5 principal components of the PCA performed on the 4 fluorescence spectral
data sets.

Predicteda

Realb
Lowland Mid-mountain Mountain % well classified

Lowland 3 – – 100

Mid-mountain – 3 2 60

Mountain – 2 3 60

Total – – – 69.2

a The number of milks predicted from the model; b The number of real milks.

Figure 5. Discriminant analysis similarity map determined by discriminant factors 1 and 2 for ribo-
flavin fluorescence spectra of milks produced in lowland (◊), mid-mountain ( ) and mountain ( )
areas.
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the mid-mountains, 100% correct classifi-
cation was observed. Finally, regarding
milks from the mountain, two milks were
assigned to the mid-mountain group. 

3.4. Global analysis of the fluorescence 
spectral data recorded 
on the milks: concatenation

Milk is a complex product which con-
tains many fluorescent molecules. The data
sets obtained for the investigated probes
during this study contain information on the
milks which can be complementary. Con-
sequently, a better discrimination of milks
could be obtained by jointly studying the
various spectral data. This combined anal-
ysis can be performed by using the tech-
nique of concatenation. Thus, the first 5 PCs
of the PCA applied to each of the four data
sets were gathered into one matrix (20 var-
iables) and this table was analysed by FDA. 

The map defined by the discriminant fac-
tors 1 and 2 represented 100% of the total
variance with discriminant factor 1 account-
ing for 79% of the total variance (Fig. 6).
Milks were discriminated according to dis-

criminant factor 1: considering this axis,
milks from the lowlands were observed on
the far right, whereas milks from the moun-
tains were located on the far left. Milks
produced in the mid-mountain had co-ordi-
nates close to the origin. It appears that such
coupling is appropriate for the discrimina-
tion of milks according to their geographi-
cal origin. 

Correct classification was observed for
100% (data not shown) and 69.2% (Tab. III)
of the calibration and validation samples,
respectively. Table III gives the classifica-
tion of the validation spectra for the three
groups. This table shows 100% correct clas-
sification for milks from the lowlands. Two
milks produced in the mid-mountains were
misclassified as belonging to milks pro-
duced in the lowlands. This result could be
explained by the close altitudes of certain
tours which are nevertheless classified into
2 different groups: mountain or mid-moun-
tain.

It appeared that the approach using con-
catenation of the four data sets allowed us
to manage in a very efficient way all of the
spectroscopic information collected on the

Figure 6. Discriminant analysis similarity maps determined by discriminant factors 1 and 2. FDA
performed on the first 5 concatenated PCs of PCA performed on the 4 fluorescence spectral data
sets of the investigated milks produced in lowland (◊), mid-mountain regions ( ) and mountain ( )
areas.
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milks. Each of the investigated probes pro-
vides information which can be used for
recognising the geographic origin of such
milks. The concatenation method sums up
the whole lot of this information in two dis-
criminant factors (F1 and F2), taking into
account the relation between the different
data tables. These results, which were not
obtained by FDA performed on each of the
tryptophan, AAA+NA, vitamin A or ribo-
flavin fluorescence spectral data sets,
showed that the concatenation methodol-
ogy allowed the use of all the spectroscopic
information given by the four intrinsic
probes in a very efficient way. The current
study is in agreement with previously pub-
lished data, indicating that fluorescence
spectra can be used for the determination
of the geographic origin of Gruyère PDO
and L’Etivaz PDO cheeses [15] and of
European Emmental cheeses [23, 24].

4. CONCLUSION

Rapid fluorescence measurements applied
directly on milks have been used for mon-
itoring the geographic origin of Haute-
Loire milks. The results obtained suggest
the potential of this spectroscopic method
coupled with chemometrics for the discrim-
ination of milks. Although many factors
influence the final quality of milks such as
the season and the composition of fodder
consumed by the cow, the results are prom-
ising and confirmed the interest of the joint
analysis (concatenation) of fluorescence
spectra. In addition, the simplicity of the
method (i.e., rapid and non-invasive) offers
rich opportunities for efficient characteri-
sation of milks. 

With only 40 independent samples in
each data set, the current model is not very
robust against the inclusion or exclusion of
samples. Providing that the size of the data
sets is increased in order to improve the
robustness of the algorithm, fluorescence
spectroscopy could assist in solving prob-
lems linked with the determination of the
geographical origin of milks in relation to
the wide variations of pastures.
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