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There is no data concerning the fatty acid and triacylglycerol composition of French virgin olive oil.
Thus, these compositions were determined using 564 samples coming from four olive harvests (1998—
1999 to 2000—2001). Among these 564 samples, 372 came from the four main French cultivars
(Aglandau, Cailletier, Picholine, and Salonenque) and from both of the oldest French protected
designations of origin: “Nyons” (cv. Tanche) and “Vallée des Baux”. The fatty acid compositions
took the different isomeric monounsaturated fatty acids (C16:1 and C18:1) into account. The eicosenoic
acid is gondoic acid (20:1n-9) and was determined by dimethyl disulfide adduct using GC/MS. The
use of propionitrile as a mobile phase for the HPLC analysis of the triacylglycerols led to better
resolutions between triacylglycerols than those resolutions obtained with the mix of solvents
recommended by the normalized method (acetone/acetonitrile). Of the samples, 88 had a 9-hepta-
decenoic acid level (17:1n-8) higher than 0.3% and 33 had a linolenic acid level higher than 0.9%,
which are maximal values accepted by the International Olive Oil Council and the European Union.
A linear discriminant analysis was carried out on 372 samples with the SAS system and particularly
with STEPISC and CANDISC procedures. Variables (n = 37) representing the different fatty acids,
the sum of saturated, monounsaturated, and polyunsaturated fatty acids, squalene, and triacylglycerols
were used, thus allowing us to classify samples into six groups defined with 100% of well classified
samples. These results constitute an original data bank that can be used to identify the origin of
virgin olive oils.
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INTRODUCTION olive oil on health has created a revival in French olive-tree

The annual world olive oil production amounts to 2.6 million farmiqg. This rev?val has resulted in new plantations of differe_nt
tons for the 2000/2001 harvest, and should be about 3 million Varieties, including some that were not farmed much, in
tons for the 2001/2002 harvest)( The European Union (EU) renovated mllls using recent technology, in special oil vintages
is the most important olive oil producer in the world, with 75%  ©F monocultivar oils that correspond to a recent demand from
of the total production. Within the EU, Spain (43%), Italy (32%), informed consumers. In twenty years, French consumption,
and Greece (22%) provide 97% of olive oil production. France made up of 98% of extra virgin olive oil, has increased from
holds a special position with a very modest production from 20 000 tons to 80 000 tons. The particularity of French olive
2500 to 3500 tons, which is approximately 0.15% of world oils lies in the diversity of their organoleptic characteristics
production. Consumers’ interest for the Mediterranean diet and representative of different varieties and olive growing areas. The
the extensive media coverage for the beneficial effects of virgin pursuit of authenticity and increased quality over the past few
years has led to the recognition of five French protected
* To whom correspondence should be addressed. Tel.: 33-491618201.designations of origin (“AOC” in French), including two that

Fax. 33-491618219. E-mail: denis.ollivier@dgccrt.finances.gouv.fr. received a European protected denomination of origin (PDO).
T Laboratoire Interrégional de la Direction’ @ale de la Concurrence ) -
et gﬁ l‘?, Retpr_essgonctales _Frf/'f\udflesi-_ de IEM . Faced with the difficult nature of the problems to be solved
aboratoire de Chimie Analytique de 'Environnement. : - : P ; A
s Association Fraraise Interprofessionnelle de I'Olive (AFIDOL). to characterize an original variety of virgin olive oil, different
' Centre d’Océanologie de Marseille. ways were explored: stable carbon isotope rafié&/{2C) (2),
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thickness) coated with BP 20 (poly(ethylene glycol), SGE) was used.
The inlet pressure of the hydrogen as carrier gas was 83 kPa. The oven
temperature program was as follows: 1 min at 280 from 180 to
220°C at 3 °C/min, 8 min at 220C.

Analysis of Dimethyl Disulfide Adducts by Gas Chromatography/
Mass Spectrometry. FAME samples (32 mg) were treated in 200
uL of n-heptane by the addition of 100L of dimethyl disulfide
(DMDS) and 50QuL of iodine solution containing-+2 mg of iodine in
20 mL of diethyl ether (8). The reaction was carried out in a 2-mL
closed vial fitted with a Teflon-lined screw-cap lid for 48 h at 8D
in an oven. Thereafter, 2Q0 of n-heptane were added to the reaction
mixture and the excess iodine was reduced by treatment with:200
of an aqueous solution of 5% b&Os. After recovery of the organic
phase, the agueous phase was extracted for a second time wiith. 200
of n-heptane. The combined extracts were concentrated under a stream
Figure 1. Geographical areas of French continental olive growing. of nitrogen prior to subsequent GC/MS analysis.

DMDS adducts were identified on a Hewlett-Packard 5890 series Il

13C nuclear magnetic resonance (NMR) (3), and physico- gas chromatograph equipped with split-less injector and a DB-5MS
chemical characteristics (). fused silica capillary column (60-nx 0.25-mm i.d., film thickness

There are a great deal of data on fatty acid and triacylglycerol 0.25um) (J&W Scientific) coupled to a Hewlett-Packard 5898 A MS

compositions in various original olive oils but paradoxically, Engine mass spectrometer. The transfer line was held at@%nd
there is no general data on French virgin olive oils and more the source at 240C. Electron. impact mass spectrg were acquired at
particularly on the main varieties farmed. 70 eV from 40 to 600 Da. Helium was used as carrier gas at a constant

. I . flow rate of 1 mL/min. The oven temperature program was as follows:
The aim of the present work was to fill this gap by studying ;. at 30°C, from 30 to 70°C at 50°C/min, from 70°C at 120°C

fatty acid and triacylglycerol compositions in virgin olive oils at 10°C/min, from 120°C to 290°C at 2°C/min, and finally held for
produced in France during the four crops of years 198998 20 min.

to ZOOO_ZOO:I. These data haVe- been Used to I‘esearCh dISCI‘ImI- Ana]ysis of Triacy|g|ycero| Composition by |_|qu|d Chromatog_
nant criteria between main cultivars and two PDOs farmed in raphy. Triacylglycerols were analyzed by a HPLC system composed

France. of a Merck liquid chromatograph model LaChrom equipped with a
Merck RP-18 Supersphere 100 column (2444 mm i.d., 4 um,
MATERIALS AND METHODS temperature 24°C) coupled with a Merck refractometric L-7490

Samples.French virgin oil samplesn(= 564) were obtained from  detector. A sample loop of 100-uL capacity was used. Propionitrile
the French Inter-professional Olive Association (AFIDOL), Aix en (9, 10) (Carlo Erba, Milan) was the mobile phase with a flow rate linear
Provence, France. Industrial samples were carried out during the 1997gradient (0.5 to 0.8 mL/min) for 55 mifTriacylglycerols in olive oils
(81 samples), 1998 (88 samples), 1999 (128 samples), and 2000 (26 were separated according to equivalent carbon number (ECN), often
samples) crops. Among 564 samples, 372 stem from the four main defined as CN-& where CN is the carbon number ané the number
French cultivars, Aglandau (65), Cailletier (96), Picholine (33), of double bonds.

Salonenque (19), and from both of the oldest French PDOs, PDO  Chemometric Methods. To investigate the relationships between
“Nyons” (cv. Tanche) (95) and PDO “Vallée des Baux” (64). Oils of an oil sample origin and its triacylglycerol and fatty acid profiles, a
the PDO Vallée des Baux came from a blend of four main sorts linear discriminant analysis (11) was performed on 372 oil samples
(Aglandau, Salonenque, Grossane, Verdale des Bouches du Rhéne)divided into six origin groups (Aglandau, Cailletier, Picholine, Sa-
The other samples came from oils of which the variety origin was lonenque, Tanche, and PDO Vallée des Baux). The original data were
unknown or which were not numerous enough to constitute a group. column centered before analysis. The multivariate distributions of the
The harvest time lasted three months (November to January). profiles in the six groups were assumed normal with equal variance

Figure 1 represents the French continental olive grove areas (11 covariance matrixes. Indeed, considering that these matrixes were
departments). Aglandau is the first French variety for oil with nonequal did not improve the quality of the results. In this case, the
approximately 20% of produced oil on a national scale. Its crop area discriminant functions are linear combinations of initial variables. A
spreads mainly over three departments, “Alpes de Haute Provence”,stepwise method was used for the estimation of the discriminant
“Bouches du Rhone”, “Vaucluse”, and as a secondary variety in some functions. A leaving-one-out cross validation procedure was performed
areas in the “var”. for assessing the performance of the classification rule. In this last step,

Cailletier is better known under the name of “Olive de Nice”. Its the sample data minus one observation was used for calculating
crop area spreads essentially over the department of “Alpes-Maritime”. discriminant functions, then the omitted observation was classified from

Picholine is an original variety of the Gard department whose crop them. The procedure was repeated 372 times. Consequently, each
has developed considerably in the French olive farming basin. It is sample was classified from discriminant functions which were estimated
rather a rustic variety whose production can be used as green table-without its contribution {2). The calculations were carried out with
olives as well as olives for oil. the SAS system and particularly with the STEPISC and CANDISC

Salonenque is a variety essentially grown in the “Bouches du Rhéne”; procedures. The oil samples were plotted on the canonical axes
it represents more than half of the variety population. This variety is (discriminant coordinates). These axes were determined in such a way
also used as green table-olives. that the ratio of the variability inter-groups at the variability intra-groups

Tanche is a variety essentially localized in the region of Nyons was maximized. These axes are orthogonal for the scalar product defined
(Drome department), mainly used as “black table-olives”. Generally, by the intra-group covariance matrix (12).
normal fruits are used for the table and small fruits for oil. Nomenclature.Fatty Acids 14:0, myristic acid (tetradecanoic acid);

Analysis of Fatty Acid Composition by Gas Chromatography. 16:0, palmitic acid (hexadecanoic acid); 16:1n-9, 7-hexadecenoic acid;
Olive oil in n-heptane (0.1 g /2 mL) was transmethylated with a cold 16:1n-7, palmitoleic acid (9-hexadecenoic acid); 17:0, margaric acid
solution of KOH (2 M) according to the NF EN ISO 5509 Nor®).( (heptadecanoic acid); 17:1n-8, 9-heptadecenoic acid; 18:1n-9, oleic acid
Fatty acid methyl esters (FAME) were analyzed according to the NF (9-octadecenoic acid); 18:1n-7, cis vaccenic acid (11-octadecenoic acid);
EN ISO 5508 Norm 7). Analyses were performed on a Perkin-Elmer 18:2n-6, linoleic acid (9,12-octadecadienoic acid); 18:3n-3, linolenic
Autosystem 9000 gas chromatograph equipped with a split/split-less acid (9,12,15-octadecatrienoic acid); 20:0, arachidic acid (eicosanoic
injector (t= 250 °C) and flame ionization detector (FID} € 250 acid); 20:1n-9, gondoic acid (11-eicosenoic acid); 22:0, behenic acid
°C). A silica capillary column (25-mx 0.25-mm i.d., 0.25¢m film (docosanoic acid); 24:0, lignoceric acid (tetracosanoic acid).
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Table 1. Characteristics of Olive Fruits Salonenque (0.92) and Picholine (0.80) had the most impor-
. - tant biological yields, Aglandau (0.77) and Tanche (0.79) had
mean weight nonfatty biological a biological yield slightly higher at the mean, and Cailletier
of olive fatvalue® moisture®  dry matterd  yieldd (0.62) had the lowest.
i ita (") 0, 0,
cultvar frut (g (H) (%) (%) (MSD) (%) _(HMSD) Fatty Acid and Triacylglycerol Compositions in All
Aglandau 2.08 23.9 453 308 0.77 Analyzed SamplesThe fatty acid composition in 564 French
Cailletier 1.36 22.0 425 35.4 0.62 irin oli il I det ined b h t h
picholine 508 190 579 238 0.80 virgin olive oil samples was determined by gas chromatography
Salonenque 3.40 22.1 54.0 24.0 0.92 of their fatty acid methyl esters (6) on a polar column (poly-
Tanche 3.12 25.0 431 319 0.79 (ethylene glycol)) (7). The identification of fatty acids was
carried out with standards, GC/MS, and European Community
a Average on 100 olives.  Extraction with tetrachloroethylene and result obtained regulation (EC) 13). Furthermore, the position of double bonds
by density. ©In oven at 104 °C during 24 h. ¢ By calculation. on monounsaturated fatty acids was determined by GC/MS of
the DMDS formed from fatty acid methyl estei®)(
Table 2. lon Fragments of DMDS Adducts of FAMEs Olive Oil Table 2 gives the molecular ions of DMDS adducts of
carboxylic  carboxylic  aliphatic FAMEs olive oil and two specifical ion fragments (carboxylic
mol ions ions - ions A and aliphatian) from the cleavage of the adduct between the
fatty acid name ions A MeOH n two S—CH; groups and ion fragments corresponding to car-
2 iz iz miz boxylic ion minus the loss of MeOH.
C16:1n-9  7-hexadecenoic acid 362 189 157 173 The results obtained confirmed the identification of fatty acids
gi?i“; S'Eexﬁddece"m? ac'(}'d 3% ég 122 igg usually admitted and showed that the eicosenoic acid was the
1n- -neptadecenolc acl _pi H H . _ H H
C181n-9 Ooctadecenoicacid 390 217 185 173 11-eicosenoic acid (20:1n-9) (gondoic acid).
C18:1n-7  1l-octadecenoic acid 390 245 213 145 The isomers of 16:1 and 18:1 acids were globally evaluated
C20:1n-9  1l-eicosenoic acid 418 245 213 173 on one hand according to the International Olive Oil Council

(I00C) (14), the EC regulationlp), the Codex Alimentarius
(16), and most of the numerous works found in the literature,

Triacylglycerols The triacylglycerols (TAG) are designated by letters  and on the other hand separately, because the use of columns
corre_sponding to abbreviated names_of. fatty acid carpon chains thatyyith high resolutions allows it. This more rigorous approach
I"fe g)l(new(ijtoorI]' tgg glgltiﬁirt ‘())'I'eTlr_‘eSaggggaltho”SO?;;aﬁFyLaﬁﬁ;e“:Tzsngre notably allowed us to differentiate the oleic acid (18:1n-9) from
Ln plinoleo)llényl P b i bt yh cis-vaccenic acid (18:1n-7) and the palmitoleic acid (16:1n-7)

' ' from the 7-hexadecenoic acid (16:1n-9). Fatty acid traces
(<0.1%) were not taken into account.

Table 3 gives variation ranges for each of the virgin olive
The biological characteristics of the five main French olive il fatty acids studied for the entire four years’ harvest during
fruits are presented iflable 1. The biological yield was used ~ the 1997/1998—-2000/2001 crops. These values are compared

rather than fatty matter content, because the aim was not towith those of the IOOC¥4), with those of EC regulatiorit)
give the exhaustive composition of the fruits, but instead to give and with those of the Codex Alimentarius6).

the ability of trees to make fats. The biological yield is a rather ~ The results obtained confirmed the great variability of the
constant parameter for a same variety. For French cultivars, thefatty acid composition of olive oil. This variability is well known
lowest values were about 0.36, the best values were about 1.20and was attributed to numerous factors, cultivar nature, soil
and the medium value was about 0.70. characteristics, climatic conditions, olive maturity, etc.

RESULTS AND DISCUSSION

Table 3. Fatty Acid Composition (%) of 564 French Virgin Olive Oil Samples?

origin this work 100C (14) EC (15) codex alimentarius (16)
sample no. or source 5642 regulation regulation regulation
range range range

fatty acids mean min max %RSDP min max max min max
C14:.0 tr <0.05 <0.05 <0.1
C16:0 113 75 15.6 0.13 75 20.0 75 20.0
C16:1n-9+ C16:1n-7 0.89 0.4 2.0 5.44 03 35 03 35
C16:1n-9 0.14 0.1 02 0.66
C16:1n-7 0.76 0.3 1.9
C17:0 0.1 tr 0.3 2.70 <03 <0.5
C17:1n-8 0.2 tr 05 2.40 <03 <0.6
C18:0 24 14 34 0.57 05 5.0 05 5.0
C18:1n-9+ C18:1n-7 75.2 63.1 83.3 55.0 83.0 55.0 83.0
C18:1n-9 73.1 60.9 82.1 0.07
C18:1n-7 21 0.7 36 2.38
C18:2n-6 8.3 45 16.1 0.19 35 21.0 35 21.0
C18:3n-3 0.7 04 12 0.37 <10 <09 <15
C20:0 0.4 03 05 172 =<0.6 <0.6 <0.8
C20:1n-9 0.3 0.2 05 2.54 <04 <04
C22:0 0.1 tr 0.2 3.48 <02 <0.2 <0.2
C24:0 0.1 tr 0.1 5.94 <02 <0.2 <1.0

2 Crops 1997/1998, 1998/1999, 1999/2000, and 2000/2001. ® Relative standard deviation (n = 13); tr = trace.
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Table 4. Triacylglycerol Composition (%) of 564 French Virgin Olive Oil Samples?

Italy
origin this work Spain Greece Portugal Tunisia
sample no. or source 5642 (23) (23) (18) (24)
range range
triacylglycerol mean max min RSD%® mean mean max min mean

LLL 0.13 0.90 0.01 1.01 0.09 0.06 0.02 0.8
oLnL + PoLLb 0.24 0.85 0.02 1.72 0.9 0.26 0.6 0.1 0.6
PLnL 0.06 0.29 tr 9.42 03 0.01
LOL 1.90 6.20 0.13 0.42 03 5.1 0.0 5.8
OLnO + PoOLb 1.36 2.46 0.52 0.96 1.0 1.04 32 21 15
PLL + PoPoQP 0.55 217 0.05 0.95 05 0.27 12 04 2.8
PLNO + PPoL" + PPoPo* 0.64 1.35 0.25 1.73 03 14 0.1 11
LOO + LnPPP 13.93 23.27 7.48 0.36 104 16.48 16.7 4.2 18.2
PoOO 1.10 321 0.14 0.72 11 4.0 11
PLO +SLLb 5.57 1171 2.16 0.17 45 441 11.8 2.3 12.3
PoOP + SPoL? + SOLn® + SPoPa® 0.66 1.63 0.17 0.80 0.4 22 0.1 1.2
PLP 0.46 1.53 tr 0.44 0.7 0.12 1.1 0.2 21
000 + PoPPb 44.69 58.76 27.32 0.20 43.1 44.05 57.2 25.6 21.8
SLO 0.52 1.77 tr 0.73 1.12
POO 20.03 27.65 14.69 0.20 23.1 17.68 19.1 32.2 20.0
POP 3.08 5.38 0.45 0.55 29 1.77 54 21
SO0 372 7.22 0.49 0.85 36 4.47 8.0 2.6 37
POS + SLSP 0.85 347 0.37 2.30 04 0.9 2.7 0.3 12
PPS 0.52 1.03 0.23 9.06 0.6 1.9 0.4 0.5

a Crops: 1997/1998, 1998/1999, 1999/2000, and 2000/2001. P Low-level triacylglycerol. ¢ Relative standard deviation (n = 13).

The values obtained and compared with those of the Codexyears’ crops. The composition in triacylglycerol presents a great
Alimentarius (6) indicated that all samples had fatty acid levels variability as previously described for fatty acids. For example,
replying to current norms except one, whose 18:1 level (18: triolein (OOOQ) varies between 27.32 and 58.76%, 1,2-dioleoyl-
1n-9 and 1n-7) was greater than 83%. If one compares results3-palmitoyl-glycerol (POO) between 14.69 and 27.65%, 1,3-
of the 564 samples with values retained by the 10Q&) @nd dioleoyl-2-linoleoyl-glycerol (LOO) between 7.48 and 23.27%,
by EC (15) and excluding the sample with a C18:1 level higher and 1-palmitoleoyl-2-oleoyl-3-linoleoyl-glycerol (PLO) between
than 83%, there were 88 samples with a 9-heptadecenoic acid2.16 and 11.71%.

(17:1n-8) level higher than 0.3%, while 33 samples had a The presence of a high triolein (OOOQ) level in an olive oil,
linolenic acid (18:3n-3) level higher than 0.9%, including 13 in inverse proportion to trilinolein (LLL), constitutes a favorable
higher than 1.0%. The existence of French virgin olive oil authenticity indicator for the most common European oils.
samples whose linolenic acid (18:3n-3) level is above the The values obtained were compared with literature values
maximum value fixed by the I00C (1.0%) and by EU (0.9%) (18, 23, 24). Although analysis conditions were different (mobile
is in agreement with previous results obtained in various phase) the main triacylglycerol values (OO0, POO, LOO, PLO)
producing countries of the Mediterranean basin (17—-19). are comparable to those of the most common Spanish, Italian,

It appears therefore that values fixed by the IOOC and by Greek, and Portuguese oils but have significant differences
EC are too low and should be modified to take into account compared with Tunisian oils.
the existence of a large variation range for linolenic acid  Composition in FAME and TAG for the Four Main
(18:3n-3) and 9-heptadecenoic (17:1n-8). French Olive Oil Cultivars and Two French PDOs. About

The differentiation of the structural (position) isomers of fatty 150 different cultivars were counted in Fran@b) Among
acids in C16 and C18, compared with the previous data that these cultivars, only a few of them have significant importance
considers them as a whole, brings a better knowledge of thefor olive oil production. Their particularity is being often linked
chemical composition of olive oil and can be of great interest to a precise southern region of France, which often allows them
in studying their nutritional impact. Considering both of the to be associated with a region, a cultivar, and therefore, a
octadecenoic acid (18:1n-9 and 1n-7) isomers as oleic acid (18:monocultivar oil.
1n-9) is indeed an unsatisfactory way, from both chemical and Compositions in fatty acids and triacylglycerols of 372
nutritional points of view. samples coming from the four main cultivars and from two

The triacylglycerol composition of 564 French virgin olive French PDOs were determined. The results obtained are
oil samples was determined by liquid chromatography on a presented imables 5and6.
reverse phase RP 18 column using propionitrile (9) as mobile  Aglandau oil was characterized by the highest 17 carbon fatty
phase. This solvent allowed a better resolution between someacid (17:0 and 17:1n-8) levels among all those analyzed samples.
triacylglycerol (20,21) that were not or badly separated with 9-Heptadecenoic acid (17:1n-8) had an average value of 0.38%
the solvent (acetone/acetonitrile) proposed by the normalizedincluding 54 samples with a level higher than 0.3% (I00C
method (22). Nevertheless, some triacylglycerol are not yet limit).
separated. The linolenic acid (18:3n-3) level was higher than 0.9% for

Triacylglycerol identification was carried out with the help 10 Picholine oil samples. The average value for this acid is high
of standards and by comparison with data from literat@dg.( (0.85%) contrary to the other cultivars (0-:63.66%).

Table 4 gives variation ranges and the average value for each Tanche oils had the highest average rate in oleic acid
triacylglycerol from those olive oils studied for the entire four (79.21%) and trioleine (54.71%), while the palmitic acid rate
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Table 5. Fatty Acid Composition (%) of 372 French Virgin Olive Oil Samples? Resulting from the Four Main French Cultivars and Both of the Two
Most Ancient French PDOs, Nyons and Vallée des Baux

PDO Nyons
cultivars Aglandau Cailletier Picholine (cv. Tanche) Salonenque PDO Vallée des Baux
sample no. 65 98 33 95 19 62
range range range range range range
mean mean mean mean mean mean

fatty acid % min - max % min  max % min  max % min  max % min  max % min max
C16:0 1194 1085 1397 1042 876 1234 1074 919 1199 863 747 1021 1455 13.02 1559 1351 1128 14.78
C16:1n-9 014 011 016 011 006 019 013 008 017 015 011 019 011 008 012 013 010 015
C16:1n-7 087 071 122 055 033 092 060 041 08 041 030 054 111 094 129 106 073 1.63
C17.0 019 011 026 005 003 009 006 003 008 005 003 006 008 006 012 008 004 018
C17:1n-8 038 023 053 011 008 018 010 008 014 008 006 010 015 010 022 015 0.09 032
C18:0 243 222 282 210 178 292 231 203 282 269 144 304 255 233 284 259 228 301
C18:1n-9 73.24 6848 7593 76.46 7126 80.39 7322 6837 7690 79.21 76.16 8212 6476 6111 6854 66.73 62.74 73.18
C18:1n-7 226 194 271 194 072 271 174 129 208 147 116 176 255 217 277 245 210 3.09
C18:2n-6 706 572 936 675 557 980 931 616 1278 584 500 680 1259 10.19 1512 1175 7.79 1452
C18:3n-3 063 055 078 064 052 09 08 059 109 064 055 076 065 055 075 066 056 0.77
C20:0 040 035 047 038 029 044 036 030 041 038 034 043 044 040 049 044 038 048
C20:1n-9 028 024 030 033 027 040 033 025 039 031 027 036 027 025 029 026 023 031
C22:0 012 009 014 012 003 016 009 004 011 010 003 012 013 010 017 013 011 015
C24.0 005 002 007 005 002 006 005 003 007 004 002 005 006 002 008 006 005 007
squalene® 082 060 100 046 030 062 061 038 078 083 038 108 076 057 093 073 057 084

Zsaturated fa® 1513 1399 1720 1311 1151 1536 1361 1224 1487 1189 1013 1344 1781 1625 1925 16.80 1431 1831
Zmonoenicfa 77.17 7308 79.35 7952 7505 8301 76.13 7159 79.82 81.63 79.01 8428 6894 6546 7270 7085 66.72 77.19
2 polyenic fa 769 629 1002 739 618 1038 1015 687 1372 647 558 750 1324 1081 1575 1236 850 1512

a Crops: 1997/1998, 1998/1999, 1999/2000, and 2000/2001. Values were calculated as the % of the total fatty acids. ° Value was determined as the % of the total fatty
acids and squalene sum. ¢ fa = fatty acids.

Table 6. Triacylglycerol Composition (%) of 372 French Virgin Olive Oil Samples? Resulting from the Four Main French Cultivars and Both of the
Two Most Ancient French PDOs, Nyons and Vallée des Baux

PDO Nyons
cultivars Aglandau Cailletier Picholine (cv. Tanche) Salonenque PDO Vallée des Baux
sample no. 65 98 33 95 19 62
range range range range range range
mean mean mean mean mean mean
triacylglycerol % min - max % min  max % min  max % min  max % min  max % min - max
LLL 008 003 015 005 001 015 017 0.02 028 006 002 013 025 011 041 027 011 044
OLnL + PoLL? 017 011 025 019 013 035 038 023 051 016 010 021 026 018 033 036 024 052
PLnL 005 002 008 005 002 007 008 004 011 002 t° 005 011 006 016 011 006 0.15
LOL 122 061 187 120 057 238 241 127 38 107 056 170 325 221 452 373 199 501
OLnO + PoOLP 128 074 195 134 064 226 145 074 245 145 083 203 082 062 105 183 156 1.99
PLL + PoPoQP 037 011 067 031 010 080 047 019 075 016 005 037 120 069 191 146 060 217
PLNO + PPoLb 072 051 09 057 032 100 066 038 099 045 025 072 058 045 069 091 063 111
LOO + LnPPP 1214 1022 1454 1278 1039 16.68 16.39 13.26 19.84 1195 10.29 13.87 16.76 1503 1847 16.62 13.02 18.70
PoOO 130 070 210 089 020 201 068 014 157 071 027 127 08 058 150 213 168 321
PLO +SLLb 498 351 675 447 330 697 551 410 748 309 216 410 910 706 1143 908 572 1111
PoOP + SPol” + 105 079 130 041 024 083 039 018 062 027 017 039 072 038 120 107 077 1.63
SOLN® + SPoPo®

PLP 034 017 066 025 tr 069 040 010 055 016 ftr 026 099 062 142 109 059 149
000 + PoPP? 4507 37.65 51.94 4990 4055 56.02 4383 3791 49.70 5471 50.95 5876 33.48 28.05 3920 32.82 27.32 42.68
SLO 044 007 099 037 004 075 044 007 102 056 010 106 041 016 061 121 080 161
POO 2197 1895 2492 1998 1756 2222 1882 16.29 2107 1737 1469 1878 2179 2070 23.08 19.23 17.03 2347
POP 353 253 468 267 199 395 302 207 377 206 153 265 431 387 494 341 289 4.06
SO0 385 298 515 336 243 512 362 258 513 457 375 560 349 300 437 324 294 369
POS + SLSP 093 065 126 066 043 119 080 052 108 072 038 105 111 061 139 095 076 134
PPS 052 036 072 053 041 098 046 033 059 055 039 074 050 043 067 049 035 080

a Crops: 1997/1998, 1998/1999, 1999/2000, and 2000/2001. Values were calculated as the % of the total fatty acids. ® Low-level triacylglycerol. © tr = trace.

(8.63%) and linoleic acid rate (5.84%) were the weakest of the methods to describe the characteristics of oils coming from the
studied cultivars. On the other hand, Salonenque oils possessedifferent cultivars and to assess their differences.
the weakest average level in oleic acid (64.76%) and triolein  Several approaches were previously used as monovariate and
(33.48%) within studied groups. On the other hand, they had multivariate analyses of variance or as principal component
the highest average level in palmitic acid (14.55%) and linoleic analysis and hierarchical and nonhierarchical classification
acid (12.59%). methods (26—28). Neuronal classification methods were also
Variability in fatty acid and triacylglycerol concentrations used (26). In this work, stepwise linear discriminant analysis
between oil samples led to perform multivariate statistical was used with fatty acid, triacylglycerol, and squalene concen-



5728 J. Agric. Food Chem., Vol. 51, No. 19, 2003

Table 7. Generalized Distances—Mahalanobis Distances—between the Centers of Oil Groups

Ollivier et al.

group Aglandau Cailletier Picholine Salonenque Tanche Vallée des Baux
Aglandau 0 137.75 177.25 89.69 146.90 121.51
Cailletier 137.75 0 89.75 88.32 80.20 129.62
Picholine 177.25 89.75 0 134.56 120.17 125.79
Salonenque 89.69 88.32 134.56 0 134.06 59.08
Tanche 146.90 80.20 120.17 134.06 0 158.11
Vallée des Baux 12151 129.62 125.79 59.08 158.11 0
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Figure 2. Plan of the two first canonical axes with cultivars Aglandau (A), Cailletier (C), PDO Vallée des Baux (B), Picholine (P), PDO Nyons as cv.

Tanche (T), and Salonenque (S).
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Figure 3. Plan of the canonical axes 2 and 3 with cultivars Aglandau (A), Cailletier (C), PDO Vallée des Baux (B), Picholine (P), PDO Nyons as cv.

Tanche (T), and Salonenque (S).

trations. These parameters were the only ones retained, because Each oil sample was described by 37 relative percentages

they are the most stable and the most indicat282-31) among

of individual, total saturated, total monounsaturated, total

commonly measured parameters (acidity, peroxide value, phe-polyunsaturated fatty acids, triacylglycerols, and squalene

nols, tocopherols, etc.). variables.
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Figure 4. Plan of the canonical axes 3 and 4 with cultivars Aglandau (A), Cailletier (C), PDO Vallée des Baux (B), Picholine (P), PDO Nyons as cv.
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Figure 5. Plan of the canonical axes 4 and 5 with cultivars Aglandau (A), Cailletier (C), PDO Vallée des Baux (B), Picholine (P), PDO Nyons as cv.
Tanche (T), and Salonenque (S).

The generalized distances between groups (Mahalanobisby absolutely certain identification of the cultivars used in the
distances) are displayed rable 7. The Vallée des Baux and  analysis.

Salonenque groups were the nearest (59.08) and presented the The plots of samples on canonical planes clearly showed the

most similar mean profiles. This result was foreseeable becausedlfferences between groups. The discrimination between, on one

Vallée des Baux oils contain a large rate of Salonenque oil. On

the other hand, the Aglandau and Picholine groups presenteolhanoI Aglandau, Vallée des Baux and Salonenque groups, and
on the other hand, Tanche, Cailletier and Picholine groups was

the most different mean profiles (177.25).
' ( ) clearly displayed along the first canonical axis (41.9% of total

Stepwise procedure of discriminant analysis led us to select ~ . 7 ’ ) .
only tvF\)/enty \E)anables (000, 17:1n-8, 18:0, )é)InL POOP, PLO, variability) (Figure 2). On the second canonical axis (25.1%

squalene, POO, 16:0, saturated fatty acids, 16:1n-9, 18:3n-3, of the total variability), the Tanche and Aglandau groups were
LOO, 18:1n-7, LLL, OInO, POP, 24:0, 17:0, 20:0) to determine ‘distinctly separated of Vallée des Baux, Cailletier and Picholine
discriminant functions. groups.

The correct classification rate, given by the leaving-one-out  The third canonical axis (19.1% of total variability) displayed
method, was 100%. This perfect classification can be explained differences between Vallée des Baux and Tanche groups on
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Figure 7. Correlation circle of the coefficients of correlation of all variables
with the canonical variables 3 and 4.

the same side of the axis from Cailletier and Aglandau groups

on the other sideHigure 3).

The fourth canonical axis (10.82% of total variability) enabled
the Picholine group to be individualize®igure 4), and the
fifth canonical axis (3.07% of total variability) individualized
the Salonenque group (Figure 5).

The coefficients of correlation of all variables with canonical
variables are displayed on correlation circl€sg(res 6 and
7). A vector, the components of which are the coefficients of
correlation with two canonical variables, was associated with
each variable. Only the variables with the highest correlation
coefficients are displayed.

Most relative percentages were positively correlated with the
first canonical variableRigure 6). Only 18:1n-9, 20:1n-9, total

Ollivier et al.

monounsaturated fatty acids and OOO were negatively cor-
related with it.

Consequently, Tanche and Cailletier oil samples had higher
contents in these fatty acids and triacylglycerols than Aglandau,
Vallée des Baux, and Salonenque oil samples.

The second canonical variabl€igure 6) was negatively
correlated with OLnL, LOO, LOL, total polyunsaturated fatty
acids, PLO, and PLP. It was positively correlated with squalene,
16:1n-9, 17:0, 17:1n-8 and SOO, but correlation coefficients
were relatively weak (0-40.6). The Picholine, Vallée des Baux,
Cailletier and Salonenque oil samples had higher contents in
OLnL, LOO, LOL, polyunsaturated fatty acids, PLO, and PLP
than Aglandau and Tanche samples.

The correlation circles enabled us to interpret the canonical
variables in terms of the relative percentages of variables.

The third canonical variable (Figure 7) displayed negative
correlations with 18:0 and SLO and positive correlation with
POO (other correlation coefficients were weak). This axis
enabled us to discriminate between Aglandau and Cailletier
groups on one hand and Tanche and Vallée de Baux groups on
the other hand.

The fourth canonical variable (Figure 7) was essentially
negatively correlated with C18:3n-3. Picholine oil samples had
higher contents in this fatty acid than those from the other five
groups.

Finally, the fifth canonical axis enabled us to individualize
Salonenque oil samples as having higher contents in POP and
total polyunsaturated acids than the other oil samples.

This work has enabled us to constitute a bank of original
data concerning the fatty acid and triacylglycerol composition
of French virgin olive oils. Some samples were characterized
by higher levels of fatty acids (17:1n-8 and 18:3n-3) than those
defined by the I00C and EC. The existence of virgin olive
oils presenting “out of norm” physicochemical characteristics
requires the adjustment of commercial criteria and current
regulations (EC).

The statistical processing of the different data obtained by
commonly practiced physicochemical methods (fatty acids,
triacylglycerols) allowed the characterization of the main
cultivars (Aglandau, Cailletier, Picholine, Salonenque) and two
PDOs (Nyons and Vallée des Baux) that split into distinct
groups. These results should enable us to verify the authenticity
of monocultivar and French PDO oils and also to trace them.
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