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146 Traverse Charles-Susini, 13388 Marseille Cedex 13, France
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Abstract

The sensory and chemical characteristics (fatty acid and triacylglycerol compositions) of the five registered designations of origin

(RDOs) of French virgin olive oils (�Aix-en-Provence�, �Haute-Provence�, �Nyons�, �Nice� and �Vallée des Baux de Provence�)
(n = 539) were determined over a six year harvest period. The evaluation of fruity, bitter and pungent oils was insufficient for

describing the RDOs, so it was necessary to complete the olive description with descriptive attributes (analogical describers) put

forth by the tasters. All the isomers were taken into account to determine the fatty acid composition. The utilisation of propionitrile,

instead of the mixture of acetone/acetonitrile, leads to a better separation of the triacylglycerols especially of the crucial pairs

LOO + PLnP/PoOO, PLO + SLL/PoOP, SOL/POO. The fatty acid and triacylglycerol compositions make up a data bank of the

five French RDOs. A linear discriminant analysis applied to the samples, described by 37 parameters, allow us to perfectly differ-

entiate the RDOs: �Nyons�, �Nice� and �Haute-Provence�. The �Aix-en-Provence� and �Vallée des Baux de Provence� RDOs, which are

separate from the three other RDOs, are not completely differentiated. In fact, these two poly-varietal RDOs have two principal

varieties in common: Salonenque and Aglandau which, at different levels, explains the established resemblances.

� 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

One of today�s major problems in the agricultural-

food industry is to set down objective tools in order to

determine the traceability of raw materials as well as fin-
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ished products so that we can follow the products from

the producer to the consumer.

France is a modest producer of virgin olive oils with

about 4000 tons annually, while consumption in 2003

was about 97,000 tons. This deficit on one hand and
the rising interest of consumers for the Mediterranean

diet, as well as an information and advertising cam-

paign on the other hand, have brought about a revival

in the French olive oil industry. The French olive
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growers have chosen quality and the pursuit of authen-

ticity for a type of oil that is found today in the five

registered designations of origin (RDO) (AOC in

French) which represent about 30% of the national

production. Four of these oils have obtained recogni-

tion on the European level: protected designation of
origin (PDO) (AOP in French).

Virgin olive oil is one of the rare agricultural food

products that undergoes a standard sensory evalua-

tion on top of chemical analysis (EEC Regulation,

1991). These analyses which are based on the percep-

tion of defects, allow the classification of olive oils

into three categories: extra virgin, virgin or lampante

virgin. The RDOs are regulated by agricultural and
practice specifications. No chemical parameter is set

for these RDOs except for acidity. A sensory descrip-

tion has been done by professional trade associations

which are responsible for the different RDOs. This

information is largely insufficient for characterising

these oils.

Traceability and the authenticity of olive oils have

been the object of numerous studies in the past few years
using extremely varied physical–chemical determina-

tions in association with chemometric analyses: fatty

acids (Alonso Garcia & Aparicio Lopez, 1993; Bucci,

Magri, Magri, Marini, & Marini, 2002; Forina & Tiscor-

nia, 1982; Stefanoudaki, Kotsifaki, & Koutsaftakis,

1999; Tsimidou & Karakostas, 1993); fatty acids and

triacylglycerols (Aranda, Gómez-Alonso, Rivera del

Álamo, Salvador, & Fregapane, 2004; Tsimidou, Mac-
rae, & Wilson, 1987); sterols (Leardi & Paganuzzi,

1987); 1H and 13C NMR (Mannina, Patumi, Proietti,

Bassi, & Segre, 2001; Vlahov, Shaw, & Kell, 1999; Vla-

hov, Del Re, & Simone, 2003); isotopic ratios 13C/12C,
18O/16O (Angerosa et al., 1999; Bianchi, Angerosa,

Camera, Reiniero, & Anglani, 1993); near-infrared spec-

troscopy (NIR) (Bertran et al., 2000); Fourier transform

infrared spectroscopy (FTIR) (Tapp, Defernez, &
Kemsley, 2003); electronic nose (Guadarrama, Rodri-

guez-Méndez, Sanz, Rioz, & de Saja, 2001); aromas

(Angerosa, 2002; Morales, Aparicio, & Rios, 1994; Ser-

vili, Selvaggini, Taticchi, & Montedoro, 2000; Zunin

et al., 2004). We recently demonstrated (Ollivier, Ar-

taud, Pinatel, Durbec, & Guérère, 2003) that the deter-

mination of fatty acid and triacylglycerol compositions,

taking into account the different isomers, associated
with statistical methods of data processing, allowed us

to characterise the oils of the principal French cultivars

as well as two RDOs.

This study is part of a wider work (Moutier et al.,

2004) for the characterisation of French virgin olive oils.

Its aim is to determine the principal sensory characteris-

tics and the fatty acid and triacylglycerol compositions

of the virgin olive oils of the five French RDOs in order
to create a data bank which will permit us to determine

the origin of these oils.
2. Materials and methods

2.1. Materials

Industrial virgin olive oil samples (n = 539) were ob-

tained from the French Inter-Professional Olive Oil
Association (AFIDOL), Aix-en-Provence, France. Sam-

ples were collected during six successive crops (1997/

1998–2002/2003). There exist, today, five French RDOs,

including four that received an European protected des-

ignation of origin (PDO) (Fig. 1). Certain samples which

come from RDOs �Aix-en-Provence�, �Haute-Provence�
and �Nice� were analysed before the creation date of

RDO but possess varietal compositions that make up
the RDOs.

Table 1 shows the date of the creation of the RDOs,

their registration as PDOs and the different constituted

varieties. The RDOs are made up of primary and sec-

ondary varieties, as well as local and old varieties.

�Nyons� (n = 126), �Haute-Provence� (n = 85) and �Nice�
(n = 131) are made up of one unique principal variety.

�Aix-en-Provence� (n = 99), and �Vallée des Baux de
Provence� (n = 98) have up to three or four principal

varieties of which at least two do not have varietal pro-

portions specified (Table 1).

2.2. Sensory characterisation

The fruity, bitter and pungent intensities were evalu-

ated with the European method (EC Regulation, 2002).
The oils coming from three olive harvests (2000, 2001,

2002) were tasted 2 and 14 months after their elabora-

tion date. During this 12 month period, the samples

were stored at 12 �C.

2.3. Chemical characterisation

2.3.1. Fatty acid determination

Olive oil in n-heptane (0.1 g/2 ml) was transmethylated

with a cold solution of KOH (2M) according to the Euro-

peanStandardNFENISO5509 (2000).Fatty acidmethyl

esters (FAME) were analyzed according to the European

Standard NF EN ISO 5508 (1995). Analyses were per-

formed on a Perkin–Elmer Autosystem 9000 gas chro-

matograph (GC) equipped with a split/split-less injector

(t = 250 �C) and flame ionisation detector (FID) (t =
250 �C). A silica capillary column (60 m · 0.25 mm i.d.,

0.25 lmfilm thickness) coated with DBWAX (polyethyl-

ene glycol, JW) was used. The inlet pressure of the hydro-

gen as carrier gas was 154 kPa with a ratio: 70. The oven

temperature program was as follows: 13 min at 200 �C,
from 200 to 230 �C at 6 �C/min, 17 min at 230 �C.

2.3.2. Triacylglycerol determination

Triacylglycerols were analyzed by a HPLC system

composed of a Merck liquid chromatograph Model



Fig. 1. Geographical areas of the five French RDOs. PDO1: Nyons; PDO 2: Vallée des Baux de Provence; PDO 3: Haute-Provence; PDO 4:

Aix-en-Provence; RDO 5: Nice.

Table 1

Virgin olive oils from five French designation of origin

Nyons (T) Vallée des Baux (VB) Aix-en-Provence (PA) Haute Provence (A) Nice (N)

Creation date

of RDO

1994 1997 1999 1999 2001 and 2004

Registration date

as PDO

1996 2000 2001 2001 No for moment

Primary varieties Tanche Agalandaua, Grossane,

Salonenque,

Verdale BdRb

Aglandau, Cayanne,

Salonenque

Aglandau Cailletier

Secondary varieties – Picholine Bouteillan, Grossane,

Picholine, Verdale BdRb

Bouteillan, Picholine,

Tanche

–

Local and old varieties – Yes Ribiére, Sabine, Saurine,

Sigoise, Triparde

Boube, Colombale,

Estoublaisse, Filayre,

Grapié

Araban, Blanquetier,

Blavet, Nostral, Ribeyrou

a Synonym of Bégurette.
b Verdale des Bouches du Rhône.
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LaChrom equipped with a Merck RP-18 Supersphere

100 column (250 · 4 mm i.d., 4 lm particle size, temper-

ature 28 �C) coupled with a Merck refractometric L-

7490 detector. A sample loop of 100 ll capacity was

used in which 10 ll was injected. Acetone/acetonitrile,

applying the IUCPA method, 2324 (1987) and propio-

nitrile (Fiebig, 1985; Schulte, 1981) (Carlo Erba, Milan)

were the mobile phases with a flow rate linear gradient
(0.5–1 ml/min) for 47 min. Triacylglycerols in olive oils

were separated according to equivalent carbon number

(ECN), defined as CN-2n, where CN is the total acyl

carbon number and n is the number of double bonds

of fatty acids. Triacylglycerol identification was carried

out with the help of standards and by comparing

data from the literature (Fiebig, 1985; Moreda, Pérez-

Camino, & Cert, 2003). POS and POA (e.g., in 2.5) triacyl-
glycerols were identified after HPLC collection and

FAME GC analysis.

2.4. Chemometric methods

The discrimination of the five oil origins was inves-

tigated by means of the linear discriminant analysis

(Rencher, 1995). It is a multivariate statistical method
designed for classifying a set of observations in prede-

termined classes. It makes it possible to investigate dif-

ferences between the distributions of the fatty acid

descriptors and the triacylglycerol contents in oil origin

groups. For k groups, k linear combinations of vari-

ables are constructed, called discriminant functions.

The calculation of the values of these functions for

each sample makes it possible to allocate this sample
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to the group for which the probability of belonging is

the highest.

A method of cross-validation (leaving-one-out cross-

validation) was performed for classifying the oil samples

after the discriminant functions were estimated from all

the others. The importance of each fatty acid and each
triacylglycerol in discrimination, in the presence of the

other contents, was investigated by analysing their coef-

ficients in the discriminant functions. To make the com-

parisons more informative (Rencher, 1995), each

coefficient in discriminant functions were multiplied by

the standard deviation within groups of the related var-

iable. Graphic representations were performed using the

canonical variables. These synthetic variables are non-
correlated linear combinations of initial variables (fatty

acids and triacylglycerols) and are determined so that

the rate of the variance between groups to the variance

intra-groups are maximised. Plots of the samples on

the plane defined by the two canonical variables make

it possible to visualise the differences between the

groups. Moreover, the linear correlation coefficients of

fatty acid and triacylglycerol contents, with canonical
variables, were calculated and represented on correla-

tion circles. Each content is represented on these circles

by a vector with components equal to the linear correla-

tion coefficient with two canonical variables. These cor-

relations show the contribution of each variable to the

discrimination as it was alone and not in the presence

of the others. They make it possible to characterise the

different groups. The statistical analysis was performed
with SAS system (SAS Institute, Inc., 1990) and espe-

cially with the discrim procedure for discriminant

analysis.

2.5. Nomenclature

Fatty acids. 14:0, myristic acid (tetradecanoic acid);

16:0, palmitic acid (hexadecanoic acid); 16:1n�9,
hypogeic acid (7-hexadecenoic acid); 16:1n�7, palmit-

oleic acid (9-hexadecenoic acid); 17:0, margaric acid

(heptadecanoic acid); 17:1n�8, margaroleic acid

(9-heptadecenoic acid); 18:1n�9, oleic acid (9-octadece-

noic acid); 18:1n�7, cis-vaccenic acid (11-octadecenoic
0.0 1.0 2.0 3

RDO Vallée des Baux

RDO Olive de Nice

RDO Nyons

RDO Haute-Provence

RDO Aix en Provence

Fig. 2. Defining intervals of the medians for the fruitine
acid); 18:2n�6, linoleic acid (9,12-octadecadienoic acid);

18:3n�3, linolenic acid (9,12,15-octadecatrienoic acid);

20:0, arachidic acid (eicosanoic acid); 20:1n�9, gondoic

acid (11-eicosenoic acid) (Ollivier et al., 2003); 22:0,

behenic acid (docosanoic acid); 24:0, lignoceric acid (tet-

racosanoic acid).
Triacylglycerols. The triacylglycerols (TAG) are des-

ignated by letters corresponding to abbreviated names

of fatty acid carbon chains that are fixed on the glycerol.

The abbreviations of fatty acids names are: P, palmitoyl;

Po, palmitoleyl; S, stearoyl; O, oleoyl; L, linoleoyl; Ln,

linoleolenyl; and A, arachidoyl.

For the remainder of this study, the five RDOs will be

designated by the following simplified names: Aix-en-
Provence (PA), Haute-Provence (A), Nyons (T), Nice

(C), and Vallée des Baux de Provence (Vallée des Baux,

VB).
3. Results and discussion

Figs. 2–4 show the defining intervals of the medians
(median: the 50th percentile of a distribution of numbers

arranged in increasing order) for the three positive

descriptors: fruity, bitter and pungent (EC Regulation,

2002). The intensities of these three attributes vary from

one harvest to another. The intervals are defined by the

averages of the lowest and highest limits of the confi-

dence intervals, obtained from 10 to 17 samples from

each designation. PA and A are fruitier than the three
other RDOs, which are similar; PA has the highest bit-

terness level while T has the lowest. The RDOs are very

close in pungency, except for T which has a much lower

rate. The low bitterness and pungency levels for T is due

to the fact that the oil is prepared with very ripe olives.

A lowering of the intensity of the three descriptors is ob-

served after a period of 12 months. The defining inter-

vals are rather large then, especially for pungency
which diminishes very quickly during conservation.

Fruity, bitter and pungent descriptors are not suffi-

cient to take into account the sensory characteristics

presented by these oils. The tasters identify each of the

designations essentially through the fruitiness of each
.0 4.0 5.0 6.0 7.0

ss of the virgin olive oil of the five French RDOs.
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Fig. 4. Defining intervals of the medians for the pungency of the virgin olive oil of the five French RDOs.
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Fig. 3. Defining intervals of the medians for the bitterness of the virgin olive oil of the five French RDOs.
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RDO. The first three ‘‘fruity’’ analogical descriptors, the

most often cited by the tasters, are shown in Table 2.

These descriptors characterise each of five RDOs.

The oleic (18:1n�9), palmitic (16:0), linoleic

(18:2n�6) and stearic (18:0) acids are the main fatty

acids commonly found in virgin olive oils. The palmito-

leic (16:1n�7), hypogeic (16:1n�9), oleic (18:1n�9)

and cis-vaccenic (18:1n�7) acids are analysed separately
contrary to European regulation (EEC Regulation,

1991) and to Codex Alimentarius (Codex Alimentarius,

2003) which count them together (Table 3). The fatty

acids which leave slight traces (<0.01%) are not taken

into account. All the values of fatty acids are in confor-

mity to those of the International Olive Oil Council�s
regulation (IOOC, 2003) and Codex Alimentarius (Co-

dex Alimentarius, 2003) with the exception of A where
72 samples out of 86 show a level of margaroleic acid

(17:1n�8) higher than 0.3%. These results should be

compared to those obtained for the variety Aglandau

(Ollivier et al., 2003) which is the most important culti-

var of A (Table 1). The European regulation (EEC Reg-

ulation, 1991) does not define the maximum value for

this fatty acid.
Table 2

The principal analogical descriptors of the fruitiness of the five RODs

RODs First descriptor

Aix en Provence Artichoke

Haute-Provence Artichoke

Nyons Green apple

Nice Fresh almond

Vallée des Baux Artichoke
T and C are the most unsaturated oils with ratios

(MUFA + PUFA/SFA) (Table 3) of average values at

7.51 and 7.05, respectively. The least unsaturated oils

are PA and VB with ratios at 4.92 and 4.89, respectively.

A has an unsaturation average of 5.76.

PA and VB are the most saturated and polyunsatu-

rated oils and the least monounsaturated, which is the

opposite for T and C. These results illustrate the kinetic
differences of reactions during the biosynthetic cascade

of the fatty acids: palmitic, oleic and linoleic acids.

The analysis of the triacylglycerols by high-

performance liquid chromatography (HPLC) was stan-

dardised in 1987 (IUPAC, 1987) and became the object

of an European regulation (EC Regulation, 1997). This

technique�s over all principle is to use a reverse phase

stationary phase, and as mobile phase, a mixture of ace-
tone/acetonitrile. However, the obtained separation is

not very satisfactory. For the past few years (Ollivier,

Bruckert, Noyer, Guérère, & Artaud, 1999; Ollivier,

Souillol, Noyer, Guérère, & Artaud, 2001), we have

been using propionitrile (Fiebig, 1985; Schulte, 1981)

as the elution solvent instead of the solvent mixture ace-

tone/acetonitrile. The utilisation of propionitrile as the
Second descriptor Third descriptor

Fresh almond Grass, leaf tomato bush

Banana Pear, Fresh almond

Fresh hazelnut Peach, Fresh almond

broom flower Artichoke

Green pepper Fresh hazelnut, Fresh almond



Table 3

Fatty acid composition (%) of 539 virgin olive oil samplesa resulting from the five French RDOs

RDO Aix-en-Provence (PA) Haute-Provence (A) Nyons (T) Nice (C) Vallée des Baux (VB)

Samples no. 99 85 126 131 98

Fatty acid Mean

(%)

Range Mean

(%)

Range Mean

(%)

Range Mean

(%)

Range Mean

(%)

Range

Min Max Min Max Min Max Min Max Min Max

16:0 13.55 11.18 15.79 11.62 10.10 12.92 8.49 7.47 10.21 10.55 8.76 12.58 13.72 11.28 16.23

16:1n�9 0.13 0.11 0.17 0.14 0.09 0.16 0.15 0.11 0.19 0.11 0.06 0.19 0.13 0.10 0.15

16:1n�7 1.03 0.63 1.40 0.86 0.71 1.14 0.40 0.30 0.54 0.58 0.33 0.95 1.11 0.73 1.63

17:0 0.12 0.05 0.20 0.19 0.12 0.26 0.05 0.03 0.06 0.05 0.03 0.09 0.09 0.04 0.20

17:1n�8 0.22 0.08 0.37 0.38 0.25 0.53 0.08 0.06 0.10 0.10 0.07 0.18 0.16 0.09 0.36

18:0 2.59 2.17 2.99 2.42 2.22 2.69 2.69 2.38 3.04 2.11 1.64 2.92 2.55 2.02 3.01

18:1n�9 68.33 62.21 73.99 73.86 70.86 75.93 79.39 76.16 80.97 76.20 71.26 80.39 66.36 59.93 73.18

18:1n�7 2.39 1.80 2.95 2.26 1.94 2.63 1.47 1.16 1.76 2.01 0.72 2.71 2.51 2.10 3.09

18:2n�6 10.13 6.51 14.48 6.82 5.72 8.67 5.82 5.00 6.80 6.81 5.47 9.80 11.85 7.56 15.53

18:3n�3 0.63 0.52 0.82 0.61 0.51 0.78 0.62 0.52 0.76 0.63 0.46 0.96 0.65 0.55 0.77

20:0 0.43 0.36 0.49 0.40 0.34 0.46 0.38 0.34 0.43 0.37 0.29 0.44 0.43 0.38 0.48

20:1n�9 0.26 0.22 0.33 0.27 0.21 0.30 0.31 0.27 0.36 0.32 0.24 0.40 0.26 0.23 0.35

22:0 0.13 0.10 0.15 0.12 0.07 0.14 0.10 0.03 0.12 0.12 0.03 0.16 0.13 0.10 0.15

24:0 0.06 0.05 0.07 0.05 0.02 0.07 0.04 0.02 0.06 0.05 0.02 0.07 0.06 0.05 0.08

Squaleneb 0.74 0.55 0.94 0.82 0.33 1.00 0.86 0.38 1.14 0.45 0.28 0.62 0.72 0.52 0.90

SFA 16.88 14.26 19.40 14.79 13.22 16.32 11.75 10.40 13.44 13.25 11.51 15.53 16.99 14.31 19.50

MUFA 72.36 66.80 77.74 77.76 74.74 79.37 81.80 79.01 83.17 79.32 75.05 83.01 70.51 64.61 77.19

PUFA 10.76 7.15 15.06 7.43 6.29 9.33 6.44 5.58 7.50 7.44 6.09 10.38 12.50 8.26 16.17

a Crops: 1997/1998, 1998/1999, 1999/2000, 2000/2001, 2001/2002, 2002/2003, values were calculated as the % of the total fatty acids.
b values were determined as the % of the total fatty acids and squalene sum, SFA saturated fatty acids sum, MUFA monounsaturated fatty acids

sum, PUFA polyunsaturated fatty acids sum.
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elution solvent allows us to improve the separation of

the triacylglycerols which have been eluted or poorly re-

solved in the standard method as, for example, the cru-

cial pairs LOO + PLnP/PoOO, PLO + SLL/PoOP,

SOL/POO. Nevertheless, some triacylglycerols are not

still separated. Propionitrile has the advantage of lead-

ing to a better chromatographic stability compared to

the mixture acetone/acetonitrile. Similar results were ob-
tained recently on the Chamlali and Picual varieties of

virgin olive oil (Moreda et al., 2003). Fig. 5 shows the

improvement of the separations of the triacylglycerols

from the same virgin olive oil using propionitrile as

the eluent compared to the official method using the

mixture acetone/acetonitrile.

Table 4 gives variation ranges and the average value

for triacylglycerols from those olive oils whose harvests
were studied during six-years. The oils of the five RDOs

are characterised by four primary triacylglycerols: OOO,

POO, LOO and PLO and three secondary triacylglyce-

rols: LOL, POP and SOO. For all the RDOs, OOO

makes up the biggest part with levels that vary. Thus,

T (54.59%) and C (49.01%) have the highest level of

OOO while PA (35.81%) and VB (32.63%) have the low-

est level. A (45.36%) has an intermediate level. These re-
sults agree with those found for the fatty acids. Because

of the variability in fatty acid and triacylglycerol compo-

sitions in the RDO samples, multivariate statistical

methods were performed to describe the RDO character-

istics. The discrimination between the five groups was
investigated by means of the linear discriminant analysis

method. Each oil sample was described by 37 relative

percentages of individual acids, SFA, MUFA, PUFA,

triacylglycerols and squalene variables. The Mahalan-

obis distances between the RDOs are shown in Table 5.

The two closest origins (Mahalanobis D2 = 19.60)

were PA and VB. The T oil was the most removed from

the others with C being its closest neighbor (Mahalan-
obis D2 = 115.63). Because there are five groups, only

four discriminant functions can be calculated.

The representation of the samples in terms of the

canonical variables clearly shows the relative positions

of five groups (Figs. 6–8) and their identicalness. The

correlation circles display on each coordinate the corre-

lation coefficients of the canonical variables with fatty

acids and triacylglycerols. According to the standardised
discriminant coefficient, the most important variables

for discriminating between groups in a multivariate con-

text are, in descending order: OOO, LOO, POO, PoOO,

LOL, MUFA, oleic, palmitic, stearic and hypogeic

acids. However, it must be noted that all the variables

are useful for discrimination. The most important vari-

ables for characterising the groups are also those which

give the strongest standardised discriminant coefficient
(Rencher, 1995). We note three groups of samples con-

cerning the two first canonical variables (Fig. 6). The

first canonical variable gives a separation between, on

one hand, T and C groups and on the other hand, A,

PA and VB. The second canonical variable shows a



Fig. 5. HPLC separations of one virgin olive oil with acetone/acetonitrile (a) and propionitrile (b) as eluents. (1) LLL; (2) OLLn + PoLL; (3) PLLn;

(4) OLL; (5) OOLn; (6) PLL; (7) POLn; (8) LOO + PLnP; (9) PoOO; (10) PLO + SLL; (11) PoOP; (12) PLP; (13) OOO; (14) SOL; (15) POO; (16)

POP; (17) SOO; (18) POS; (19) POA.

Table 4

Triglycerides composition (%) of 539 virgin olive oil samplesa resulting from the five French RDOs

RDO Aix-en-Provence (PA) Haute-Provence (A) Nyons (T) Nice (C) Vallée des Baux (VB)

Samples no. 99 85 126 131 98

triacylglycerol Mean

(%)

Range Mean

(%)

Range Mean

(%)

Range Mean

(%)

Range Mean

(%)

Range

Min Max Min Max Min Max Min Max Min Max

LLL 0.21 0.06 0.47 0.08 0.03 0.16 0.06 0.02 0.13 0.06 0.01 0.15 0.31 0.11 0.67

OLLn + PoLLb 0.32 0.19 0.53 0.18 0.11 0.35 0.17 0.10 0.24 0.20 0.13 0.36 0.39 0.24 0.64

PLLn 0.09 0.04 0.14 0.04 0.02 0.10 0.02 0.00 0.08 0.05 0.02 0.07 0.11 0.06 0.19

LOL 2.91 1.36 4.98 1.29 0.61 2.03 1.13 0.57 1.70 1.30 0.57 2.38 3.80 1.78 5.65

OOLn 1.65 1.03 2.02 1.41 0.74 1.95 1.47 0.83 2.03 1.40 0.64 2.26 1.80 1.45 2.01

PLL 1.09 0.44 2.20 0.39 0.11 0.67 0.17 0.05 0.37 0.35 0.10 0.82 1.53 0.60 2.75

POLn 0.84 0.67 1.11 0.74 0.51 0.95 0.46 0.25 0.72 0.60 0.32 1.00 0.91 0.63 1.12

LOO + PLn Pb 14.97 11.52 18.13 12.05 10.22 14.54 12.00 10.29 13.87 12.83 10.39 16.68 16.35 12.16 18.70

PoOO 1.88 1.27 2.31 1.55 0.70 2.27 0.78 0.27 1.27 1.04 0.20 2.01 2.06 1.65 3.21

PLO + SLLb 7.74 4.94 10.58 4.90 3.51 6.31 3.14 2.16 4.10 4.61 3.30 6.97 9.04 5.70 11.56

PoOP 0.93 0.47 1.32 1.09 0.77 1.37 0.27 0.17 0.39 0.46 0.24 0.87 1.01 0.63 1.63

PLP 0.80 0.40 1.32 0.34 0.17 0.66 0.17 0.00 0.27 0.29 0.00 0.69 1.07 0.47 1.59

OOO 35.81 27.71 45.01 45.36 39.71 51.94 54.59 50.95 58.58 49.01 40.43 56.02 32.63 25.22 42.68

SOL 1.03 0.58 1.56 0.58 0.07 1.02 0.62 0.11 1.06 0.46 0.04 0.93 1.17 0.61 1.61

POO 21.72 18.70 24.56 21.69 18.95 24.92 17.22 14.69 18.78 20.15 17.56 22.92 19.80 17.03 23.47

POP 3.56 2.41 4.40 3.31 2.53 4.64 2.03 1.53 2.65 2.69 1.99 3.95 3.49 2.89 4.06

SOO 3.18 2.53 3.96 3.70 2.98 4.59 4.49 3.73 5.60 3.32 2.43 5.12 3.17 2.63 3.69

POS 0.86 0.59 1.21 0.83 0.60 1.24 0.68 0.38 1.05 0.66 0.43 1.19 0.89 0.59 1.34

POA 0.43 0.30 0.54 0.49 0.32 0.70 0.52 0.35 0.74 0.51 0.33 0.98 0.44 0.30 0.80

a Crops: 1997/1998, 1998/1999, 1999/2000, 2000/2001, 2001/2002, 2002/2003, values were calculated as the % of the total.
b Low-level triacylglycerol.
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discrimination between C and the other groups. Con-

cerning the first two canonical variables, A, PA and

VB are practically the same.
The correlation circle (Fig. 7) shows that T is charac-

terised by concentrations higher than the average in

MUFA, OOO, SOO, squalene and stearic acid and is



Table 5

Mahalanobis� distances between the origin groups

To

Haute-Provence (A) Nice (C) Aix-en-Provence (PA) Nyons (T) Vallée des Baux (VB)

From Haute Provence (A) 0 114.49 42.62 133.35 71.57

Nice (T) 114.49 0 89.84 115.63 107.10

Aix-en-Provence (PA) 42.62 89.84 0 145.43 19.60

Nyons (T) 133.35 115.63 145.83 0 148.66

Vallée des Baux (VB) 71.57 107.10 19.60 148.66 0

Fig. 6. Plan of the canonical axes 1 and 2 with Nyons (T), Nice (C), Haute-Provence (A), Aix-en-Provence (PA) and Vallée des Baux (VB) RODs.
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characterised by concentrations lower than the average

in cis-vaccenic acid, SFA, POO. C is essentially charac-

terised by low concentrations of squalene, stearic, hypo-

geic acids; other concentrations are closer to mean

values. A, PA and VB are essentially characterised by

concentrations higher than mean values in cis-vaccenic

acid, PoOP, arachidic acid and low concentrations in
MUFA, gondoic acid and OOO.

The canonical variable 3 (Fig. 8) discriminates be-

tween A on one hand and PA, and VB on the other hand.

A is characterised by higher concentrations in margaro-

leic and margaric acids and lower concentrations in
LOO, LOL, LLL, than VB. PA is at an intermediary po-

sition between the two preceding groups, close to VB.

The canonical variable 4 shows a difference between

PA and VB (Fig. 9). The coefficients of the correlation

of the variables with the canonical variable 4 are weak.

However, if we take as a basis the standardised discrim-

inate coefficients, we can explain that the existing differ-
ences between the PA and VB groups are due to the

distances in the level of the following variables: OOO,

PLO, MUFA, linoleic and margaroleic acids.

We obtained the results displayed in Table 6 using a

cross-validation method for classifying the samples. The



Fig. 7. Correlation circle of the coefficients of correlation of all variables with the canonical variables 1 and 2.

Fig. 8. Representation of the samples in the sub-spaces of the first three canonical variables.
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Fig. 9. Plan of the canonical axes 3 and 4 with Aix-en-Provence (PA) and Vallée des Baux (VB) RODs.

Table 6

Classification of oil samples according to their origin

To

Haute-Provence (A) Nice (C) Aix-en-Provence (PA) Nyons (T) Vallée des Baux (VB) Total

From Haute-Provence (A) 84 0 1 0 0 85

Nice (C) 0 131 0 0 0 131

Aix-en-Provence (PA) 1 0 95 0 3 99

Nyons (T) 0 0 0 126 0 126

Vallée des Baux (VB) 0 0 14 0 84 98

D. Ollivier et al. / Food Chemistry 97 (2006) 382–393 391
mean error rate is about 4%. Indeed, the error rates are

zero or very low except for the VB group (14.3%). All T

and C samples are correctly classified. Only one A sam-

ple is classified in the PA group by the method. Four PA

samples are misclassified. Three PA samples are identi-

fied as VB group and one is identified as A group. Four-

teen VB samples are classified in the PA group. PA and

VB RDOs are poly-varietal oils and are made up,
among other components, of the two principal cultivars:

Salonenque and Aglandau (Table 1). The varietal com-

positions of these two RDOs is close, which explains the

difficulties in completely separating them. As a general

rule, during blending, the cultivar Salonenque is the
dominant factor in the VB oils while the cultivar Aglan-

dau is dominant in the PA oils. The statistical study con-

firms that these two varieties are the dominant ones for

each of the two RDOs.
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