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Background

World wide a lot of effort has been done over the last years
to ensure traceability of food. The trend, initially driven by
food safety considerations, to reduce the time needed to
recall contaminanted food, has been reinforced due to its
benefitial ramifications on other areas such as, anti-fraud
fight and, more recently, sustainability of food systems [1-2].

Till recently, traceability controls were carried out on paper-
based documentation, resulting in time-consuming, prone-to-
error processes. In the digitalisation era, tools such as
Blockchain algorithms that allow to store data in a way that
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cannot be modified, and that cover the full food system from
farm-to-fork, have a high potential. Blockchain is based on
the use of decentralised databases where all member of the
food production chain can record and validate digital data
without centralised supervision [2]. Nevertheless, Blockchain
will only work properly when every single player in the chain
would be obliged to participate [3]. Frequently, food is
produced in regions of the planet that lack the required infra-
structure and, all around the world, some players might not
have the needed know-how to work with digital tools.The
quality of the input data is fundamental, but the very lack of
centralised supervision that contributes to the agile way of
working of Blockchain, would allow data from non-trustable




sources, or erroneous data to be entered into the system
where they would remain permanently [2]. On top of all that,
falsifications and cyberattacks can occur [2-3]. Therefore, any
traceability system, digital or not will have to be combined
with proper audit schemes and product testing.

Figure 1 — Map of world-wide density of internet connectivity
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Due to economic implications, efficient traceability systems
are fundamental to validate information on botanical origin of
plants and animal products such as honey, agricultural
systems (organic versus conventional), and geographical
origin of food.

The market price of some vegetables is higher for some
varieties than for others. Spicies are a clear example, with
some varieties having taste and aroma richer and more
delicate than others, what explains for instance why the price
of cinammomum verum is about twice that of cinammomum
cassia. The same applies to some products of animal origin
such as honey, with monovarietal honeys being generally
more appreciated than multivarietal; milk, with sheep and
goat milk being highly reputed in some networks due to
nutritional and health considerations; and meat, with beef
meat being more expensive than pork meat.

The interest in organic farming came initially from the
sustainability angle but other aspects have developed in the
mean-time. Nowadays, improved organoleptic properties and
health misconceptions, linked for instance to the absence of
pesticides and hormones, are among the reasons given by a
large share of consumers to support their preference for
organic food.

Traceability of geographical origin of food is currently
receiving a lot of attention, not only because many consumers
would pay a higher price for local food or for food holding
certain geographical origin labels such as PDO and PGl, but
also because local food production is linked to social and
economic sustainability of rural areas [4].

Geographical origin and elemental profile of
food. The specific case of PDO and PGI products

With the double purpose of contributing to the economic
development of rural areas and of providing consumers with
food of high quality, the European Commission has put in
place quality schemes to product food products linked to a
geographical origin and to a particular production know-how.
Food products in those schemes are granted intellectual
property rights. Three categories are are covered by the
macro category geographical indication scheme: PDO
(protected denomination of origin, covering food and wine),
PGl (protected geographical indication, covering food and
wine) and Gl (geographical indication, covering spirit drinks
and aromatised wines). The man difference between PDO and
PGl is that in the former, all raw materials must come from a
certain region where all production, processing and
preparation steps must take place, while in the latter, part of
the raw materials may come from a different reagion. Other
quality schemes are aimed to protect “Mountain products” and
products of EU’s outermost regions that due to insularity face
some difficulties in comparison with other not so remote
areas.

Regulation (EU) No 1151/2012 on quality schemes for
agricultural products and foodstuffs sets the production and
processing requirements of foodstuffs holding geographical
indications [5], although the full list of European regulations
on quality schemes is long [6]. Agricultural products and
foodstuffs, wine, and spirit drinks that are registered and
protected across the EU can be found in e-Ambrosia [7], a
repository that also contains all the documentation about the
characteristics that the registered items have to fulfil.

At present, control systems refer only to surveillance of
production, preparation and distribution of the final foodstuff
with PDO, PGI, “mountain food” or EU’s outermost regions
claims, but do not regulate the participation of the already
existing networks of control laboratories in the surveillance
chain. Scientific knowledge and technology, supported by
artificial intelligence tools such as chemometrics and
datamining algorithms, are available to authenticate the
geographical origin of foodstuff.

Over the last years, the use of techniques such as infra-red
spectroscopy (IR), isotope-ratio mass spectrometry (IR-MS),
and nuclear magnetic resonance (NMR), to authenticate the
geographical origin of food has experienced a strong impulse.
However, there are several drawbacks associated to the use
of those techniques. IR-MS and NMR are expensive techniques
that require highly qualified laboratory staff; as a
consequence, even in developed economies, few laboratories
are equipped with those instruments. Lack of standardisation
is another problem related to the use of the mentioned
approaches, making it difficult to compare the results
obtained by different laboratories. Frequently, the



interpretation of the results obtained require the use of
databanks developed, populated and owned by private
investors, increasing even more the price of the analyses and
reducing significantly the transparency of the process.

Characterisation of the elemental fingerprint of food has
proven to be an efficient way to authenticate its geographical
origin [8]. Plants take up from the soil where they grow the
elements they need for the correct functioning of their
metabolism. Those elements could be naturally present in the
soil, been added in the form of fertilisers, or be there as a
results of environmental contamination. In this way elements
enter the trophic chain and, therefore, the elemental profile of
both plants and animals raised in a certain area is different
from that of organisms grown in another place. The elemental
composition of soils and sediments will also affect the
concentration of elements in surface and sea water, making it
possible to authenticate the geographical origin of fish and
algae [9].

Figure 2 — 3D PLS-DA score plot of American and African Arabica
coffee based on elemental profiles obtained by ED-XRF (unpublished
data).

others, such as ED-XRF, began only recently to be used in the
field of food, but they exist also as hand-held devices. They
are ideal for on-site analyses because hardly any sample
treatment is required.

Figure 3 - Cluster analysis of Darjeeling tea and tea from other
regions of the world based on elemental profiles obtained by ED-XRF
(unpublished data)
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Also the geographical origin of animal products other than
meat, such as milk, honey and eggs, has an impact on their
elemental profile [10].

The main advantage of the use of elemental profile to
authenticate the geographical origin of food comes from the
angle of the analytical system. Most analytical laboratories
are properly equipped for elemental analysis, also in the less
favorised economies, and many of them are accredited for
that scope. Standardisation is not an issue in this field with
plently of standardised methods for the determination of
major and trace elements in food. Validation of analytical
methods and routine analyses benefit of the availability of
plenty of certified reference materials that can be used as
quality control. From the point of view of instrumentation,
different options are available. Some of them - like atomic
absorption spectrometry (AAS), atomic emission spectrometry
(AES) and inductively coupled plasma-mass spectrometry
(ICP-MS) - are widely used since several decades. Some
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For all the previously said, determination of the elemental
profile of food is ideal to authenticate food with PGl and PDO
claims. The JRC obtained satisfactory results in the
classification of Dargeeling tea, a product that holds a PGI
label, and that based on its elemental fingerprint could be
clearly differentiated from teas produced in other regions.
The approach is even fitter for the purpose of authenticating
PDO products because the full chain (from production to
processing) takes place in a well-defined region. Trace
elements may enter into the food during processing and
therefore the more controlled the full process is, the less
variability in the elemental profile is to be expected. The JRC
has used the results obtained by ED-XRF to authenticate La
Vera PDO paprika powder and different monovarietal PDO
honeys from Spain [11].

Figure 4 — 3D PLS-DA score plot of Spanish PDO La Vera paprika
and other Spanish paprikas (SNLV) based on elemental profiles
obtained by ED-XRF [11]
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Figure 5 — PLS-DA score plot of two Spanish PDO chesnut honeys
(Tenerife and Granada) based on elemental profiles obtained by
ED-XRF [10]
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The need of databases and the support of
chemometrics

It does not happen frequently that one single element would
allow the authentication of the geographical origin of some
food commodities. For this reason, the use of chemometrics
based on the results obtained by one or another multi-
elemental analysis technique is of paramount importance for
classification and authentication purposes.

From a legislative point of view different approaches can be
applied to confirm/authenticate the geographical origin of
food. One option would be that official control laboratories
feed data they obtain in their routine work on the elemental
composition of food from a certain location/region, in a
database managed by a supervising authority. The quality of
the data would be warrantied because official food control
laboratories are accredited for the analysis of trace elements.
Also comparability of results would be warrantied because
those laboratories take regularly part in proficiency tests.
Access to the mentioned database, to introduce and to
retrieve data for modelling purposes, should be given by the
supervising authority. Without this control the quality of the
data could be jeopardised, and fraudsters could make use of
the existing information to reproduce the specific elemental
composition of a certain food commodity from a particular
PDO, PGI or region in general. Maybe the main drawback of
this approach is the difficulty for control laboratories to have
access to a representative number of genuine samples from a
certain region, a fundamental step for modelling purposes.

Another option would be that PDO, PGl consortia or private
producers from a certain region would maintain a database
with the results obtained for their products by accredited
laboratories. When customs laboratories, investigators or any
other control authority would like to confirm the geographical

origin claims of a product, the product should be sent to the
producer, PDO or PGI consortium for analysis and further
authentication. Construction of the database would be easier
with this approach than with the one described above because
the producers do have access to a representative amount of
samples and the database could be updated on a continuous
basis. In this approach, the authentication of a product would
lie in the hands of the producer, which could be a drawback if
the producer itself is involved in some kind of fraudulent
activity for lucrative purposes.

Figure 6 — PLS-DA score plot of Croatian PDO white wines
(PleSivica and Hrvatska Istra) based on elemental profiles
obtained by ED-XRF (unpublished data).
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The way ahead

From all the discussed above it can be deduced that
accredited laboratories can have access to easy-to-use
techniques capable of authenticating the geographical origin
of PDO and PGl products. Such opportunity should be

exploited in routine controls performed by the national
authorities, however a solid connection with producers and
consortia is fundamental to build Gl-specific databases to be
used as reference for official controls. Any activity regarding
official control of geographical origin declarations should
involve from the very first steps all stakeholders, from
farmers and PDO/PGI consortia to retailors and consumer
associations through official control laboratories. Only in this
way a robust system would be constructed while addressing
possible challenges in an effective manner. Eventually, if
deemed necessary by Member States and stakeholders,
provisions for official controls of geographical origen
indications could be included in European legislation.
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