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Methods for PDO olive oils traceability: state of art and
discussion about the possible contribution of strontium

isotopic tool

Myriam Janin - Salim Medini - Isabelle Técher

Abstract Olive oil represents an important ingredient in the
Mediterranean diet and is appreciated both for nutritional
and sensory properties, often related to geographical origin
and cultivar of olive fruits employed. Fraudsters trying to
seek financial gain can adulterate the product causing
economic repercussions and, sometimes sanitary risks. The
“protected designation of origin” (PDO) label insures a
relative protection of both consumers and honest producers,
since it prescribes production techniques and specific
geographical origin, but one of the main problems is to set
down objective tools to control these specifications. We
reviewed numerous studies using various analytical tools to
discriminate PDO olive oils’ geographical origin depending
on (1) wvolatiles compounds, (2) fatty acid and
triacylglycerol composition, (3) trace elements, and/or (4)
stable isotope ratios, but we highlighted that, despite their
efficiency, none of them could provide an irrefutable
identification. However, 8Sr/®Sr signature revealed to be
an optimal geographical fingerprint in the same purpose for
other food products like cereals, orange juice, coffee or
alcoholic beverages. Such 8Sr/8Sr studies do not exist on
olive oils, probably because of analytical issues, but we
propose that developing complementary &Sr/%6Sr studies
could be a promising tool to reenforce the characterization
of PDO olive ails.
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Introduction

Over the years, recognition of food authenticity has become
an important issue in terms of quality and safety control of
food products. Due to specific characteristics enhancing a
high quality, such as the geographical origin and/or
production processes, some products have higher market
prices. Consequently, fraudsters trying to seek financial gain
can aim to adulterate food by improperly mislabeling
products, mixing high-quality ones with sub-standards, and/
or non-observing specific production processes. In addition
to economic aspects, such adulteration can sometimes cause
severe risks for the public safety. For these reasons, to
protect consumers and honest producers and to protect
prescribed production techniques and specific geographical
origin, the European Union Protected Food Name Schemes
came into force in 1992 [1]. Legal regulations now require
a labeling system for the protection of food names on a
geographical basis. One of the three existing schemes is the
protected designation of origin (PDO) used to describe
foodstuffs production, processes and treatments using
prescribed techniques in a specific geographical area. The
other ones are (1) the protected geographical indication
(PGI), for products having a geographical link in at least one
of the stages of production, processing or preparation and
(2) the certificate of specific character (CSC, also known as
Traditional Specialty Guarantee) which not refers to a
specific geographical origin, but defines traditional
character in terms of production techniques or composition.

to be defined. These controls require the selection of specific
compositional markers to trace any food samples from the
producer to the consumer and ascertain what is claimed on
the previously cited labels.

Strategies employed to detect fraudulent food products
thus cover many different aspects and can be relied on
various analytical methods. The PDO-approved agricultural
products and foodstuffs that are produced, processed and
prepared in a given geographical area, using a recognized
know-how, are related to official specifications. Studies
published on food authentication are usually based on food
composition, which may vary with soil characteristics,
vegetal variety, growing conditions, climate and/or
fertilization. Such authentications are not irrefutable on the
identification of the geographical origin and usually require
comparative indicators. Consequently, they are more
“discrimination” between original and fraudulent products,
than real “identification” of the geographical origin, that is
to say the characterization of a specific geographical area of
the foodstuff production. This “identification” issue has
been resolved for some agrifood products such as rice [2],
wines [3-5] and coffee [6], using of &7Sr/%Sr isotopic ratio
as geographical traceability marker. 8Sr/8Sr ratio could be
an optimal geographical fingerprint for food since (1)
87Sr/®Sr is a parameter reflecting local geological and
geochronological settings and (2) strontium is actively
involved in the metabolism of bio-organisms, and biological
processes do not significantly fractionate strontium isotopes

[7]1.
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Fig. 1 Summary of existing methods to discriminate olive oils geographical origin. See text for specification and examples for each of them
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Extra virgin Olive oil represents an important ingredient
in the Mediterranean diet [8] and is appreciated both for
nutritional and sensory properties, often related to
geographical origin and cultivar of olive fruits employed.
Mediterranean countries are the largest olive oil producers.
Indeed, data collected from 1961 to 2006 point out that
Spain, Italy and Greece took together account for around
three-quarters of all olive oil produced worldwide [9].
Consequently, olive oil quality and purity is important from
the possible repercussions on the economy of
Mediterranean countries, but is also important from a
nutritional point of view since epidemiological studies
provided evidences that consumption of virgin olive oil
contributes to the lower incidence of coronary disease due
to the presence of some antioxidant micronutrient. Many
types of extra virgin olive oils are produced by mixing
from different cultivar, but numerous growers have chosen
high-quality production and European labeling in order to
satisfy consumer requirements. PDO olive oils refer to
specific areas and process of production, and one of the
major issues is the traceability from the producers to the
consumers. To guarantee this high-quality traceability, a
specific regulation applies [10] and numerous accurate and
sensitive analytical methods are developed in order to
insure product authenticity. The different methodologies
range from “simple” organoleptic characterization, to DNA
markers, volatiles compounds, trace element contents and
light isotopes ratios [11]. The aim of this paper is (1) to
provide an overview of existing methodology for
discrimination of PDO in olive oils (summarized in Fig. 1),
with a focus on their respective strengths and weaknesses,
(2) to discuss the promising results given by 8Sr/%Sr
identification on various food products and (3) to evaluate
the existence and feasibility of complementary & Sr/2¢Sr
studies on olive oils.

Organoleptic characteristics

The sensorial quality of a virgin olive oil is determined by a
series of positive (fruity, bitter, pungent) and negative
(fusty, winey-vinegary, musty, muddy, rancid) attributes
that characterized it. The intensities of these olive oil
attributes are quantified by trained assessors able to
discriminate oils specificities. The official methodology is
called panel test and is regulated by the International Olive
Oil Council (I00C) trade norm [12] and the European
Commission Regulation [13]. The aim of the assessors is to
provide an intensity scale of each characteristic (fruity,
bitter, etc....). The European commission provides a
decision tree according to which the testing laboratory

(recognized by the IOOC) can verify whether an olive oil is
consistent with a certain category or not [12].

Oil quality is directly related with both agricultural
aspects (olive fruit quality, grade of ripeness, handling
during harvesting [14]) and manufacturing practice (oil
processing, storage condition [15]). The organoleptic
evaluation of olive oil thus is a very important consideration
regarding a consumer’s refusal toward defect-free oils, but
oil’s rejection may be an objective issue, and not just a
matter of preferences. For instance, Perez-Camino et al. [16]
revealed that the use of olive fruits with fermentive
alteration causes the increase in concentration of fatty acid
alkali esters (FAAES), resulting in musty, winey-vinegary
or muddy attributes. Gomez-Coca et al. [17] related the
FAAEs concentrations of olive oil with sensory
classification and established a connection between the
presence of large quantities of FAAEs and fermentative
organoleptic defects. In the same way, Lopez-Feria et al.
[18] quantified the main sensory defect and one positive
attribute of virgin olive oils using the direct coupling
headspace—mass spectrometry (HS-MS) and multivariate
calibration techniques. Even if instrumental alternatives
must be developed to get further these first appreciations,
sensory determination remains a fundamental method that is
notably able to mark negative sensorial attributes.

The main point here is that low-quality olive oils with
weak organoleptic defects are often the objects of illegal
practices opposite to PDO requirement (e.g., process and
production in a given geographical area using recognized
know-how). However, even if the use of sensory attribute is
successful to detect adulteration of oil samples, its capability
to provide clear identification seems limited. Indeed, this
sensorial analysis may include several disadvantages such
as: lack of references standards, problems of
correspondence of intensity between attributes of complex
blends, poor repeatability and subjectivity [19]. Moreover,
this method requires the adequate panelist’s training, which
can turn out to be lengthy and expensive.

Olive oil is one of the rare food products that undergo a
standards sensory evaluation on top of chemical analysis.
Unfortunately, this information is largely insufficient for
characterizing this oil in the frame of PDOs. No chemical
parameter is set for PDO traceability and authentication of
olive oils [13], but in the past few years, numerous studies
reported on use of analytical tools for discrimination of PDO
products (detailed in next section). These studies were
performed using extremely varied physical-chemical
determinations, often in association with chemometric
analyses.



Chemical characteristics
Volatiles

The sensorial attributes of olive oils are mainly generated by
volatile constituents including carbonyl compounds
(aldehydes, ketones, etc....), alcohols, esters and
hydrocarbons [20, 21]. These attributes may have a high
influence on the flavor of olive oil [22, 23]. Thereby, the
potential discrimination of geographical origin of olive oil
can be based on their volatile profile characterization [24,
25]. The detection of volatile compounds can be achieved
either by analytical techniques such as gas chromatography—
mass spectrometry (GC-MS) or by electronic gas sensor
array system commonly called “electronic nose.”

Most of the techniques directed to the identification and
quantification of volatiles constituents are related to the
analysis of the headspace of the sample through GC— MS,
eventually with some specific variant. The headspace (HS)
technique analyzes the vapors (gas phase) in equilibrium
with the oil (liquid phase) and requires GC—MS coupled
with direct thermal extraction [26] or solid-phase
microextraction (SPME) [23, 27-29]. This technique allows
the detection of numerous volatile species such as
aldehydes, terpenes and alcohols. Depending on the specific
concentration of these substances, they give the specific
aromatic profile of one olive oil. For instance, hexanal and
nonanal (aldehydes family) give an herb olive aroma [21,
30], while ethanol gives the smell of ripened olive [31]. In
the frame of oil characterization, the HS—MS techniques has
been applied with success for the determination of
adulteration such as mixing of olive oil with hazelnut oil,
sunflower oil and/or olive—pomace oil [32, 33], the detection
of contaminants (such as benzene, toluene, ethylbenzene,
xylene isomers and styrene [34] and the differentiation
between different geographical origin, as for instance for
extra virgin olive oils from different Mediterranean areas
[35].

GC-MS techniques are expensive and time consuming,
so a variety of new sensor devices, as well as news
techniques, recently emerged to help manufacturer in the
field of quality control. Several studies demonstrated the
potential of electronic nose in food-relevant applications for
the quality control of olive oil [36, 37] and for the
verification of geographical origin [24, 25]. The interaction
of volatiles on the sensing element causes changes in
electrical resistance of the sensor, changes converted into
odor fingerprint and then interpreted using the appropriate
mathematical technique. When compared to the classic
method (GC-MS and companion techniques), the electronic
nose seems to be a powerful complementary tool and
provides promising perspectives for the use of a low-cost

and rapid system for the verification of the quality and
geographical origin of the olive oils according to their
volatile profile [25, 38]. For instance, Haddi et al. [25]
pointed out the efficiency of the approach in the
discrimination of Moroccan olive oils samples produced
from olive cultivars in five different areas. The methodology
also provides such discrimination among a same olive oil
variety [38].

Organic matrices

Previous studies demonstrated the feasibility of olive oils
characterization using their fatty acid and triacylglycerol
compositions [39-42]. Because of the variability in fatty
acid (oleic, linoleic, palmitic, stearic ...) and triacylglycerol
(e.g., three fatty acids carbon chains fixed on a glycerol
group) compositions in oil samples, statistical methods can
be used to describe PDO characteristics. Such chemometric
treatments are detailed hereunder.

To determine the origin of five French olive oils
recognized by a RDO (registered designations of origin that
is a French designation) or a PDO, Ollivier et al. [40, 42]
performed separate analyses of their fatty acid and
triacylglycerol composition. This approach was realized on
different olive oil varieties. First, olive oil samples in n-
heptane were transmethylated with a cold and fatty acid
methyl esters (FAME) and analyzed on a gas chromatograph
(GC) equipped with a split/split-less injector and flame
ionization detector (FID). Triacylglycerols were analyzed
by a high-performance liquid chromatography (HPLC)
system where a separation in a flow rate linear gradient
according to the specific carbon composition.
Triacylglycerol-specific identification was carried out with
the help of standards and by comparison with literature data.
A linear discriminant analysis (LDA) applied to the
resulting dataset (given as a % of the total composition)
allowed a good discrimination between samples of French
olive oils from different areas. Ollivier and co-workers
studies demonstrated that it was possible to characterize
olive oils from the same country using their fatty acid and
triacylglycerol compositions, but only samples with
different  varietal  compositions  were  perfectly
differentiated. Samples with varieties in common were
misclassified implying that fatty acid and triacylglycerol
composition of olive oils cannot be used as a single
geographical “marker as evidenced by other studies on fatty
acid composition” [39, 41].

Fourier transform infrared (FTIR) spectroscopy is a rapid
and nondestructive analytical tool for the study of oils,
which requires a minimal sample preparation. FTIR is also
an excellent tool for quantitative analysis since the
intensities of spectral bands are proportional to



concentration. For this reason, FTIR has been used, among
others, to distinguish olive oils from different geographical
origin [43-45].

FTIR spectra are obtained from the absorbance at infrared
wavelengths of an olive oil thin film created by direct
deposit between two well-polished disks. Each selected
spectral region (peak or shoulder) represents a structural or
functional group information, either about the lipids or
minor components of the oil samples. This technique is
especially powerful to highlight mixing of olive oil with
low-cost edible oils. Consequently, FTIR is mainly used to
detect adulteration and to establish the authenticity of olive
oil, as well are near-infrared spectroscopy (NIR) [46-48]
and Fourier transform Raman spectroscopy (FT-Raman)
[47, 49]. For example, Bendini et al. [44] determined free
fatty acid (FFA) content on 84 monovarietal olive oil
samples from eight Italian regions and combined their
results to multivariate analysis to discriminate the majority
of the samples coming from three of them (Emilia Romagna,
Sardinia and Sicilia). In the same way, De Luca et al. [45]
succeeded in the classification of different olive oils
produced from the same variety, but in several regions
(areas) in Morocco.

X-ray fluorescence (XRF) is a well-established analytical
technique for the determination of trace, minor and major
elements, in a large variety of matrices [50]. However, the
determination of organic content by XRF remained a
difficult task since the X-ray cross sections for light
elements are very low. However, Bortoleto et al. [51]
developed an innovate technique based on X-ray scattering
and using principal component analysis (PCA) to classify
complex organic matrices of different vegetable oils. With
this new procedure, the X-ray spectra are processed through
PCA, and a classification is obtained as a function of the
nature of the oil (olive, corn, soybean...). However, this
classification is not performed for geographical
discrimination, but to verify oil adulteration (water
addition...) with the possibility of distinguishing different
types of oil having variable fatty acids contents (corn,
soybean, olive, etc.). Finally, this procedure seems to be
very promising, especially with the possibility of
performing in situ measurements with a portable instrument,
but the issue of PDOs authentication remains.

Recently, Pizarro et al. [52] proposed a strategy to
evaluate the potential of visible spectroscopy fingerprints
combined with multivariate data analyses in the
discrimination of Spanish olive oils regarding their
geographical origin. Indeed, the potential of UV-visible
spectroscopy as fingerprint technique in combination with
chemometrics had been examined recently on wines [53] or
coffees [54] and seems to be another alternative for reducing
cost and time in samples preparation and analysis. Pizarro et

al. [52] obtained a perfect discrimination between the
defined categories after performing PLS and LDA (see later
for details) on samples of various varieties and areas, which
emphases the feasibility of the proposed strategy.

Trace element

The normal range of organic compounds in food may vary
with fertilization, climatic conditions and history of the
field, species, as well as geographical location and soil
characteristics. Taking into account all these imprints, it is
sometimes difficult to consider only organic compounds to
discuss the authenticity of a food [55]. Consequently, the
content of selected minerals and trace elements, known to
reflect the environmental growing conditions, proved to be
useful to discriminate the geographical origin of food
samples such as wine [56, 57], potatoes [58-60], pistachios
[61] or even PDO cheese samples [62].

Jimenez et al. [63] assumed a correlation between the
elemental content of Spanish olive oils and their origin and
performed a pilot study on the geographical characterization
of these oils using trace elements contents. Trace elements
in fat and oils are particularly difficult to analyze, and
usually, they required a massive sample treatments in order
to eliminate the organic matrix (wet, dry or microwave
digestion) because of negative effects on inductively
coupled plasma techniques analyses. However, alternative
techniques are available for introduction of oil samples
directly into the ICP, such as online emulsification. The
analytical procedure used inductively coupled plasma— mass
spectrometry (ICP—MS) for multielemental determination
of Al, Ba, Bi, Ca, Cu, Mn, Pb and Sn, coupled to a flame
atomic  absorption spectrometer (FAAS) for the
determination of Na, K and Mg (because of numerous
interferences by ICP—MS). The statistical analysis carried
out showed that Al, Ba and Mn have a differentiating ability,
which permits separation of olive oils from different
Spanish cultivars according to their geographical origin.

However, in 2005, Zeiner et al. [64] used atomic emission
spectrometry (ICP—AES) and electro thermo atomization—
atomic  absorption  spectrometry = (ETA-AAS—for
concentrations below the LOD of ICP-AES) in the same
sample digest and analyzed Al, Ca, Co, Cr, Cu, Fe, K, Mn,
Na, Ni, Pb and Zn contents. They highlighted differences in
Al, Co, Cu, K and Ni contents according the geographical
origin of fourteen Croatian olive oils. Consequently,
multielemental measurements seem to be a powerful tool of
discrimination between different olive oils when associated

to statistical data analysis to extract the relevant
information.
Since then, numerous studies used ICP or AAS

techniques to check the authenticity of olive oils in terms of



geographical origin such as Benincasa et al. [65] on Italian
oils (ICP-MS equipped with a dynamic reaction cell),
Carmen et al. [66] on Spanish oils (ETA-AAS) or
Araghipour et al. [67] on oils from five different European
countries (proton transfer reaction—MS). These approaches
sometimes succeeded in the recognition of an olive oil
country of origin, but were not decisive in terms of
traceability from a specific area of production.

In the same way, the presence of trace metals in olive oils
may be due to both endogenous factors (like plant
metabolism) and environmental factors, so the heavy metals
composition alone could reflect a specific geographical
origin. Some specific techniques such as potentiometric
stripping analysis (PSA) were performed to detect heavy
metals. However, Farhan et al. [68] showed that the
composition in heavy metals may be altered during
production processes (oil extraction, packaging ...) and
cannot be representative of the origin of the product.
Consequently, PSA-similar analyses are limited to the
determination of some trace metals of nutritional and
toxicological interest [69, 70].

Chemometric methods

Volatiles content, organic components, trace element profile
and all possible chemical descriptors were used to establish
differences between PDOs olive oils. Due to the large
number of variables involved, multivariate data analysis was
required to extract the relevant information. Two types of
statistical procedures may be applied to discriminate the
sources of variability. The “untargeted method” consists in
a samples classification without any a priori knowledge of
their origin, while a “targeted method” is used to establish
the similarity of an unknown sample toward authentic
material.
The most common untargeted procedures used are:

(1) The PCA: the objective is to identify in the hyperspace
of the variable the direction, on which most of the
information is retained. In other words, using
projections of the dataset, it is possible to demonstrate
similarities and differences by determining at the same
time, which variables are principally involved [28, 51,
63].

(2) The cluster analysis (CA): the objective is to group the
objects in clusters by measuring the distance or the
similarities between them, with the assumption that the
nearness of objects is correlated with the similarity of
their properties [45].

(3) The analysis of variance (ANOVA): the objective is to
analyze the differences between two or more group
means [71].

The most common targeted procedures used are:

(1) The LDA: is based on the assumption that the samples
distribution is multivariate normal, and the covariance
matrix of each category is not significantly different
from one case to another. In other words, the samples
are assigned to the category with the lowest differences
in the hyperspace of the previously identified variables.
The limit between two categories is a linear function
[42, 65, 72].

(2) The partial least square (PLS): is an asymmetric method
establishing a correlation analysis between two dataset
and permitting to predict one set from another by
estimating the values of one variable from a set of
independent variables [18, 52].

All these methods have been applied to discriminate olive
oil samples from different geographical origin. They may be
applied on volatiles, organic or trace elements profiles, as
well as stable isotope ratios.

Stable isotope ratio

It is now established that the content of selected volatiles,
molecules or selected elements in olive oils reflects the soil
type, the environmental growing conditions and the
manufacturing  processes, allowing  discrimination
depending on their geographical origin. The most frequently
occurring elements in organic matrices do not include
radioactive isotopes, so the content in stable isotopes of
different origin may reflect local agricultures practices and
climatic characteristics and thus may provide unique and
representative fingerprints reliable to different PDOs.
Because of that, stable isotope ratio (SIR) has been
demonstrated to be a good descriptor for different food
products [73]. In case of olive oils, Carbon, Oxygen,
Hydrogen and Phosphorus isotope ratios have been used
with success for the characterization of their geographical
origin. Mainly, by combining stable isotopes and element
data, a good discrimination between various varieties of
olive oils can be obtained [74].

Mass spectrometer (MS) and nuclear magnetic resonance
(NMR) are useful technique for acquiring data on the origin
of food products [55]. Mass spectrometry previously
described (e.g., ICP—MS) does not usually provide the
sensitivity or the precision required to detect slight
differences in natural isotopic abundance. Such precise
measurements thus require a Multicollector magnetic sector
mass spectrometer, also called isotopic ratio mass
spectrometer (IRMS). IRMS is often used for 3C/*%C,
BN/“N and 80/%0 by measuring their atomic mass



according to magnetic deviation. Several interfaces exist to
introduce samples into the IRMS. The most commonly used
are elemental analyzers (EA-IRMS) and gas
chromatographs (GC-IRMS). EA-IRMS involves a sample
pre-treatment and is appropriate for the analysis of
nonvolatile substances (e.g. fatty acids for example).
However, while EA-IRMS provides only an average value
for the entire sample, GC— IRMS can provide additional
information by analysis of a complex mixture. GC-IRMS
exhibits a higher discriminatory power by implies a volatile
form of the samples.

The 3C/*?C may be measured using EA-IRMS or gas
chromatography/combustion—IRMS  (GC/C-IRMS) in
bulk olive oil or in some sub-component such as individual
fatty acids. Royer et al. [75] suited the fatty acids 3C/*?C of
French, Italian and Greek olive oil samples and achieved a
regional classification of the Greek ones. Angerosa et al.
[76] evidenced a relation between *C/*2C and #0/*%0O and
latitude of olive oils from Italy, Greece, Spain, Tunisian,
Morocco and Turkey, suggesting as cofactors of variability
the distance from the sea and environmental conditions
during the growing of plants. This confirms that these SIRs
are good tools for characterizing the geographical origin of
different olive oils, assuming that they are correlated with
the climatic and geological characteristics of the country of
origin.

NMR allows the measurement of, among others, *H, 3C
and 3P and is commonly used in combination with IRMS
for SIR measurements [55]. NRM is less sensitive than MS
(ng range instead of pg range for MS), but allows the
detection of important nuclides from organic compounds
such as *H. Consequently, *H and *3C NMR fingerprints are
commonly investigated in olive and may be combined with
chemometric analysis for the classification and the
prediction of the geographical origin [77-81]. Petrakis et al.
[82] add 3P to 'H NMR fingerprint to characterize Greek
virgin olive oils. Recently, Dais and Hatzakis [83] provided
a critical review of NMR method to characterize olive oils
in terms of quality, adulteration, geographical origin and
botanical origin. They listed numerous studies for the
discrimination of PDO olive oils on a regional (sites with
the same geographical region), national (different region
within the same country) and even on an international scale.
One of their main conclusions is that there is no integrated
approach to obtain irrefutable information about PDOs on a
national, and perhaps international scale, since a multitude
of factors has to be taken into consideration, like
pseudoclimatic conditions (climate, soil, etc.) ripeness of
olives closely connected with the time of collection, genetic
factor (cultivar) and/or agronomic conditions (irrigation).

Studies with other chemical tracers (see previous
sections) lead to the same conclusion. Many factors

influence the food composition, which often limits a real
authentication (e.g., identification) of PDOs products to
only discriminate known samples.

Next issue: identifying instead of discriminating the
geographical origin

As evidenced, traceability and authenticity of olive oils have
been the objects of numerous studies using various
physical-chemical determinations in association with
chemometric analyses. However, none of these
characteristics seems to be irrefutable in the identification of
the geographical origin of these oils without comparative
indicators. Such issues have already been resolved for other
food products such as dairy products [84, 85], rice [2-86],
cereals [87], meat [88], orange juice [89], coffee [6, 90] and
alcoholic beverages [3, 5, 91]. Among the studied
parameters, the ratios of the isotopic abundances of light (H,
C, N, O, S) and Sr elements provided the best promising
results for these purposes. In these last years, the 8Sr/8Sr
ratio has been increasingly used as an optimal geographical
fingerprint for food and animals [92]. For instance,
numerous works on German [3], French [4], Italian [5] and
Argentinean [93] wines have demonstrated a significant
correlation between the value of 8Sr/%Sr in wines and their
respective values in soils. In the same way, Sr isotopes in
Reunion and New Caledonian coffee beans appear to be
correlated with the geological patterns of their country of
origin [6]. Consequently, the use of &7Sr/®Sr isotopic ratio
as geographical traceability marker could be of great interest
in the PDO olive oils authentication.

To our knowledge, such &Sr/%Sr studies do not exist on
any vegetable oil, probably because of analytical issues.
Indeed, a vegetable oil (including olive oils) is a complex
matrix with higher viscosity and organic load that the food
products cited earlier. In addition, olive oils seem
characterized by low Sr content [65]. The development of a
specific methodology of Sr purification thus has to be
performed prior to Sr isotopic ratio analysis. This issue, and
the possibility to performed 8Sr/%Sr analyses on olive oil
samples, will be the object of a future paper [Medini et al.,
Methodological development for &7Sr/%8Sr measurement in
olive oil—application for geographical traceability of PDO
Nimes (France)].

Conclusion
At the present time, recognition of food authenticity is an

important issue in terms of economic aspects and possible
sanitary risks. Consequently, control tools are defined to



insure a real traceability from the producer to the consumer.
The scientific work on the authenticity and quality of olive
oil is an ever-growing area, and studies commented upon
throughout this review evidenced that both organoleptic
assessment and analytical methods are important to
establish the quality and the origin of PDO olive oils.

Negative sensorial attributes may be connected to
fermentive alteration and then to low-quality oils.
Discriminate oils specificities for trained assessors may be
a way to detect adulteration and mislabeling. In addition,
specificities in olive oil composition may also be interpreted
as “marker” to insure product authenticity. Numerous
studies reported on use of various analytical tools for
discrimination of PDO products regarding (1) volatiles
compounds, (2) fatty acid and triacylglycerol composition,
(3) trace elements and/or (4) SIRs. However, no specific
chemical parameter revealed really set for PDO traceability
and authentication of olive oils since this review evidenced
that the current methods allow discrimination of PDO olive
oils, eventually from adulterated oils, but do not provide
clear geographical indications. Indeed, basing on the
traditional methods, discrimination seems sometimes
possible between olive oils from different countries, but at
the moment, no analytical tool is effective in discriminating
the PDO origin for oils from two near regions of production.
Consequently, further research is necessary to insure a real
control on the labeling system, such as PDQO’s, protecting
olive oils on a geographical basis and the use of Sr isotopic
ratios could here provide promising results. & Sr/%Sr
signature revealed an optimal geographical fingerprint in the
same purpose for other food products like cereals, orange
juice, coffee or alcoholic beverages and thus could be a
promising alternative to existing methods for the
characterization of PDO olive oils, even if the development
of a specific methodology of Sr purification has to be
performed.
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