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L’origine geografica dei prodotti
ortofrutticoli freschi: metodi analiti-
ci per la prevenzione delle frodi ali-
mentari

Riassunto. Negli ultimi anni si è sviluppata una

grande attenzione del consumatore verso la prove-

nienza degli alimenti, con un conseguente aumento

dei prodotti riportanti l’indicazione geografica. A causa

di un sistema di tracciabilità insufficiente, soprattutto a

livello internazionale, si sono diffuse frodi alimentari

connesse alla non corretta dicitura d’origine. Diversi

metodi analitici sono stati sviluppati per contrastare

questa frode e distinguere i prodotti in funzione della

provenienza. Grazie al perfezionamento strumentale

e metodologico, tecniche come l’analisi multielemento

e la determinazione del rapporto isotopico unitamente

all’analisi chemometrica mostrano ottimi risultati di

discriminazione tra prodotti ortofrutticoli freschi o par-

zialmente lavorati di origine differente.

Parole chiave: tracciabilità, frodi alimentari, com-

posizione multielemento, rapporto isotopico.

Introduction

For thousands of years, food has been largely cul-
tivated or bought locally, with little or no transforma-
tion and processing. This implied a short production
chain. Urban and social transformations through the
centuries, especially in the developed countries,
weakened the link between food and territory (Luykx
and van Ruth, 2008; Drivelos and Georgiou, 2012).
More recently, new radical changes in consumers’
habits have led to an all year round demand of a great
variety of fresh products. Additionally, the request for
non-local food is raised, eased by improvements in
storage and transportation technologies. Therefore,

the market largely shifted from local to global (Perez
et al., 2006; Brereton, 2013).

In the last decades, consumers have shown a new
attention towards the origin of produces and their pro-
duction process. In fact, as attested by a survey con-
ducted on behalf of the Directorate-General in
Agriculture and Rural Development of the European
Union in March 2012 in 27 member states of the EU
(fig. 1), about 71% of EU citizens recognize the
importance of food origin in determining their buying
habits  (TNS Opinion & Social, 2012). Moreover,
EU27 consumers assigned a great value to quality and
price, respectively important for 96% and 91% of the
interviewees, while brand is considered a marginal
factor, declared not important by half of the survey
participants (fig. 1). Many reasons can be ascribed to
this attitude: patriotism, intrinsic features associated
with regional food, higher quality or safety associated
to specific production areas and local products, con-
cerns about production methods in other countries,
worries about food miles and environmental impact
and need to support local economy (Kelly et al., 2005;
Bingen et al., 2010; Drivelos and Georgiou, 2012).

Due to the complexity of the global food network
and the difficulty to trace back the origin of goods
without reliable and exhaustive records, false declara-
tion about food provenance, classified as food fraud,
may easily spread. For this reason, there has been an
increasing attention of scientists and other stakehold-
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Fig. 1 - Fattori che influenzano l’acquisto di beni alimentari (TNS
Opinion & Social, 2012).

Fig. 1 - Consumers priorities when buying food (TNS Opinion &
Social, 2012).
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ers on this topic. This has been followed by an
increase in the number of scientific publications and
research projects with the main purpose of developing
analytical methods, legally admissible, able to detect
this type of fraud (Rossmann, 2001; Ehleringer and
Matheson Jr., 2010; Camin et al., 2017). Particularly,
developments of the present methods to provide
robust and reliable results are required to support
legal cases. Existence of databanks based on data and
metadata of authentic material, a suitable sampling
design, method validation and laboratory accredita-
tion, measurement of the uncertainty budget are some
examples of requirements needed to support the valid-
ity of the analysis performed in front of a court
(Camin et al., 2017). 

The aim of this review is to:
define the phenomenon of fraudulent activities in•

the food sector and its consequences, focusing on
frauds related to food provenance and traceability;
describe the underlying principles and the advan-•
tages and disadvantages of the analytical tech-
niques applied to authenticate agrifood based on
its provenance especially focusing on multiele-
ment composition and isotope ratio measurement; 
report a few representative case studies published•
in literature comparing the different analytical
and chemometric approaches applied by authors
to improve sample discrimination. 

We have reviewed the most relevant papers found
in literature dealing with the discrimination of horticul-
tural products, solely based on their geographical ori-
gin (tab. 1). We decided to focus only on fresh or just
slightly transformed (polished rice) horticultural prod-
ucts leaving therefore behind all transformed products

Food Food origin Analysis Instrument N Data treatment Reference

Apple 4 Italian provinces δ13C, δ15N IRMS 128 ANOVA, PCA,
LDA

Mimmo et al.,
2015

Blackcurrant 4 Chinese production
areas

δ2H, δ13C, δ15N,
δ18O IRMS - ANOVA, DA Li et al., 2013

Cabbage Korea, China ME, 87Sr/86Sr ICP-AES, ICP-MS,
MC-ICP-MS 363 DA Bong et al., 2013

Clementine PGI clementine vs
non-PGI clementine ME DRC ICP-MS 88 PCA, LDA,

SIMCA, PLS-DA
Benabdelkamel et

al., 2012

Green coffee
bean 5 Hawaiian Islands ME, δ13C, δ15N,

δ18O, δ34S, 87Sr/86Sr
IRMS, ICP-MS,

MC-ICP-MS 47 ANOVA, CDA Rodrigues et al.,
2011

Green coffee
bean

South and Central
America, Africa,

Asia

ME, δ2H, δ13C,
δ15N, δ18O ICP-MS, IRMS 62 ANOVA, CDA Santato et al.,

2012

Green coffee
bean

Africa, Asia,
Oceania, Central and

South America
ME ICP-MS, ICP-AES 51 PCA, LDA Valentin and

Watling, 2013

Fava
Greece, India, Iran,
Australia, Canada,

USA
ME ICP-MS 39 PCA, PLS-DA Drivelos et al.,

2014

Grape Italy, Spain δ2H, δ13C, δ15N,
δ18O IRMS 146 PCA, DA Longobardi et al.,

2016

Hazelnut Italy, Turkey ME ICP-MS - PCA Oddone et al.,
2009

Onion

Japan, China, USA,
New Zealand,

Thailand, Australia,
Chile

ME ICP-AES, ICP-MS 309 LDA Ariyama et al.,
2007

Onion
Japan, China, USA,

New Zealand,
Australia, Thailand

Sr and 87Sr/86Sr ICP-MS, MC-ICP-
MS 139 LDA Hiraoka et al.,

2016

Tab. 1 - Riassunto delle pubblicazioni più rilevanti che riportano l’applicazione dell’analisi multielemento e del rapporto isotopico di
diversi elementi per determinare l’origine geografica dei prodotti ortofrutticoli freschi.

Tab. 1 - Summary of the most relevant literature related to the use of multi-element and multi-isotope analysis of fresh horticultural prod-
ucts to determine their geographical origin.

segue
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Food Food origin Analysis Instrument N Data treatment Reference

Paprika

Hungary, China,
France, Germany,
Italy, Romania,
Senegal, Spain

ME, 87Sr/86Sr HR-ICP-MS, MC-
ICP-MS 64 PCA, CDA Brunner et al.,

2010

Pistachio Turkey, Iran,
California (USA)

ME, δ13C, δ15N,
C/N ICP-AES, IRMS 372 PCA, CDA, LDA,

ANN
Anderson e
Smith, 2005

Potato Six Italian regions ME ICP-MS 60 LDA Di Giacomo et al.,
2007

Rice
(polished)

Japan, USA,
Australia

C, N, δ13C, δ15N,
δ18O IRMS 14 - Suzuki et al.,

2008

Rice Spain , Japan, Brazil,
India ME ICP-AES 153 LDA Gonzálvez et al.,

2011
Rice (polished

and brown)
Japan, USA, China,

Thailand ME, 87Sr/86Sr, PbIR HR-ICP-MS 350 ANOVA, PCA,
LDA, SIMCA, KNN

Ariyama et al.,
2012

Rice 4 Chinese provinces ME ICP-MS, FAAS 32 ANOVA, LDA, CA Shen et al., 2013

Rice
(polished)

Thailand, France,
India, Italy, Japan,

Pakistan
ME HR-ICP-MS 36 PCA, DA Cheajesadagul et

al., 2013

Saffron
(fresh steam) 3 Italian regions ME ICP-MS 27 LDA D’Archivio et al.,

2014
Schisandra

fruits 6 Chinese provinces δ13C IRMS 96 - Li et al., 2011

Tomato Italy, China 87Sr/86Sr TIMS 118 ANOVA, t-test Trincherini et al.,
2014

Tropea red
onion

PGI and non-PGI
production area ME DRC ICP-MS 200 LDA, SIMCA,

ANN Furia et al., 2011

Welsh onions Japan, China ME FAAS, ICP-AES,
ICP-MS 244 LDA, SIMCA Ariyama et al.,

2004

Wheat Australia, Turkey,
Canada, Italy δ13C, δ15N, δ18O IRMS 35 ANOVA Brescia et al.,

2002

Wheat 4 Chinese production
areas ME ICP-MS 240 ANOVA, LDA Zhao et al., 2011

Wheat 3 Argentinean
regions

ME, δ13C, δ15N,
87Sr/86Sr

ICP-MS, IRMS,
TIMS 80 ANOVA, DA Podio et al., 2013

Wheat Australia, USA,
Canada, China δ13C, δ15N IRMS 35 ANOVA Luo et al., 2015

Wheat 3 Chinese regions δ2H, δ13C, δ15N,
87Sr/86Sr IRMS, TIMS 54 ANOVA, DA Liu et al., 2016

Wheat Six Indian states δ13C, δ15N IRMS 20 ANOVA Rashmi et al., 2017

White
asparagus

Austria, Germany,
Slovakia, Hungary,
Netherlands, Perù

Sr and 87Sr/86Sr ICP-MS, MC-ICP-
MS 155 - Swoboda et al.,

2008

Burdock,
Ginger, Taro,
Garlic, Pea

Japan , China Sr and 87Sr/86Sr ICP-MS, MC-ICP-
MS 403 LDA Aoyama et al.,

2017

Strawberry Oregon (USA) vs
Mexico ME, ICP-AES, 80

ANOVA, t-test,
CDA, LDA, QDA,

PCA

Perez et al.,
2006

Blueberry Oregon  (USA) vs
Chile δ13C, δ15N, IRMS 74

ANOVA, t-test,
CDA, LDA, QDA,

PCA

Perez et al.,
2006

Pear Oregon  (USA) vs
Argentina C/N 80

ANOVA, t-test,
CDA, LDA, QDA,

PCA

Perez et al.,
2006

segue tab 1

Analysis: ME multielement fingerprint; δ2H hydrogen isotope ratio; δ13C carbon isotope ratio; δ15N nitrogen isotope ratio; δ18O oxygen iso-
tope ratio; 87Sr/86Sr strontium isotope ratio; PbIR lead isotope ratio.
Instrument: IRMS isotope ratio mass spectrometer; FAAS flame atomic absorption spectrometer; ICP-AES inductively coupled plasma
atomic emission spectrometry; ICP-MS inductively coupled plasma mass spectrometer; DRC ICP-MS dynamic reaction cell ICP-MS; HR-
ICP-MS high resolution ICP-MS; MC-ICP-MS multicollector ICP-MS; TIMS thermal ionization mass spectrometer.
Data treatment: ANN artificial neural network; ANOVA analysis of variance; CA cluster analysis; CDA  canonical discriminant analysis;
DA discriminant analysis; DFA discriminant function analysis; KNN k-nearest neighbour; LDA linear discriminant analysis; PCA princi-
pal component analysis; PLS-DA partial least square discriminant analysis; QDA quadratic discriminant analysis; SIMCA soft independent
modelling of class analogy.
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such as fruit juices, wine, canned vegetables, etc. For
each of these produces, a dedicated review would be
desirable, since several authors showed that the pro-
cessing itself might introduce further modifications
independent from geographical origin (Almeida and
Vasconcelos, 2003; Hopfer et al., 2015).  Only studies
in which multielement fingerprint and/or isotope ratio
analysis are applied were included. Studies combining
these techniques with other methods were excluded
and papers published starting from year 2000 were
chosen. Following these criteria, papers were selected
from the two databases Scopus and Web of Science. 

Fraudulent activities in the food sector

A food fraud mainly consists on the adulteration or
misrepresentation of foods or food ingredients. Origin
masking is recognized as one of the existing food
frauds (Johnson, 2014). The National Centre for Food
Protection and Defence (NCFPD) at the University of
Minnesota compiled a registry analysing food frauds
occurred worldwide since 1980. According to this
database, food frauds included are either economically
motivated (EMAs) or intentionally harmful, such as
those related to agro-terrorism. Figure 2 summarizes
the distribution of incidents according to the NCFPD
EMA Incident Database sorted by type of adulteration
(Johnson, 2014). Aside the economic damage, the
direct consequence of adulterations is “a change of the
identity and/or purity of the original and purported
ingredient by substituting, diluting, or modifying it by
physical or chemical means” (Moore et al., 2012).
Unfortunately, often the fraudster has scarce aware-
ness of the safety risks related to such adulteration
with dramatic consequences, as happened for the 2008

Chinese milk scandal. Melamine, a nitrogen-based
organic compound, was used to mask the dilution with
water of milk, increasing the overall nitrogen content
directly associated to food protein. The tainted milk
was sold on the market for different purposes, includ-
ing infant formula production. The melamine toxicity,
that a few years earlier had already been associated to
several cases of pet death in the USA (Ingelfinger,
2008; Pei et al., 2011), caused more than 52000 hospi-
talization of children due to renal and kidney failure,
and the death of six infants in China.  Another remark-
able example is given by the horsemeat scandal in
2013, in which beef-products or beef-ingredients were
found positive to the presence of undeclared horse-
meat (Food Safety Authority of Ireland,
http://www.fsai.ie). As consequence of this scandal,
Irish consumers changed their purchasing behaviour
and ca. 40-50% of the habitual consumers of
processed food containing meat declared to have
reduced their purchase because of that (FSAI  2013).
Many other frauds do not evolve to the status of scan-
dal but are well documented and affect consumers’
confidence in buying food, leading to diffidence in
paying a higher price for goods that easily may be not
integer. Indeed, often, the fraud consists in replacing
entirely or to a certain extent an expensive ingredi-
ent/product with a cheaper one: regular olive oil for
extra virgin olive oil, bovine milk for sheep/goat milk,
different types of syrup for honey, farmed for wild
salmon, conventional for organic food. Several chemi-
cals are used for blending spices (saffron, pepper,
paprika) or natural compounds are substituted with
synthetic ones (vanilla) especially for saving money
on expensive raw material or enhancing its colour and
taste in case of poor quality. False declaration of ori-
gin is committed either for increasing the appeal of a
product (e.g. PGI and PDO labelled products) or for
escaping paying taxes and tariffs in certain countries
(Johnson, 2014). Even if origin mislabelling can be
considered a marginal fraud, it should not be underes-
timated as it deeply affects subtle factors such as the
reliability and intrinsic quality of an item that can be
severely damaged by misidentification scandals
(Anderson and Smith, 2002).

Food provenance and traceability

The geographical indication (GI) can confer a
higher value to food, and many products are named or
identified with their place of origin (Parmigiano-
Reggiano, Champagne, Scotch whisky). To protect
these goods and their unique characteristics, since
1992 with the European Union Protected Food Names
Scheme the EU has introduced legal certification

Fig. 2 - Principali casi di frode alimentare per tipo di adulterazio-
ne (Johnson, 2014).

Fig. 2 - Leading EMA Incidents by type of adulteration (Johnson,
2014).
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marks, such as PDO (Protected Designation of
Origin), PGI (Protected Geographical Indication), and
TSG (Traditional Specialties Guarantee). In this way,
the EU officially recognized the importance of the
place of origin. In Europe, more than 700 agricultural
produces and processed foods received the PGI label.
Almost half of these comes from France, Italy and
Spain. As shown in figure 3, the largest class of prod-
ucts that received the geographical indications con-
sists of agrifood (fruit, vegetables and cereals, fresh or
processed) according to the database of origin and
registration (DOOR) of the European Union
(https://ec.europa.eu/agriculture/quality_en). 

Protected food requires higher production costs
that are reflected on the final price charged to con-
sumers (Heaton et al., 2008). The possibility of profit
attracts fraudsters who sell cheaper goods as typical
products (Zhao et al., 2014), taking advantage of price
variability of raw material from place to place
(Ariyama et al., 2007). An explicative example is
given by the case of PGI Tropea Red Onion: despite a
production capacity of about 20000 tons the PGI
labelled onions on market are more than 100000 tons
(Furia et al., 2011). This causes a significant econom-
ic damage for honest producers of labelled goods; on
top of that, once the fraud is discovered, it might
adversely affect the GI-product reputation.
Unfortunately, this is not an isolate case. A monthly
report delivered by the European Commission sum-
marizes the main investigations conducted to prevent
and fight EMAs, highlighting that the agrifood sector
is equally affected by the problem as others (wine
production, meat industry, fishery) (JRC European
Commission). Beside producers’ protection, also con-
sumers’ tutelage must be ensured. The free and delib-
erate choice of buying based on food origin should be
guaranteed. Therefore, the good practice of keeping

record of the history of food must be implemented.
Traceability is defined as “the ability to follow the

movement of a food through specified stages of pro-
duction, processing, and distribution” (Codex
Alimentarius, 2006). Nowadays, it is largely based on
paper-records, easily falsifiable or insufficient to meet
specific requirements (Germain, 2003). Recently, new
instruments (labelling, bar-cording, radio frequency
identification RFID) have been introduced  to
increase the reliability and accessibility of records
(Regattieri et al., 2007; Charlebois et al., 2014).
Traceability is even more difficult in international
trading and commerce, since different countries
developed different regulatory systems (Charlebois et

al., 2014). It should be highlighted that several bene-
fits should encourage companies to implement a
traceability process:

simplifying management procedure in case of•
risks or safety issues (e.g. products recall);
ensuring product authenticity and quality;•
providing credible information to consumers or•
authorities;
improving identification of non-compliance in the•
production process;
increasing the production-chain efficiency•
(Germain, 2003; Alfaro and Rábade, 2009).

In this context, the need for analytical tools able to
recognize and attest the food provenance has become
a priority (Fortunato et al., 2004; Kelly et al., 2005;
Perez et al., 2006).

Analytical tools

Different techniques have been tested for food
authentication and traceability through the years.
Near infrared spectroscopy (NIR), mass spectrometry,
chromatography, nuclear magnetic resonance (NMR)
and DNA profiling have been largely employed
(Kelly et al., 2005; Luykx and van Ruth, 2008). Many
studies were based on the analysis of classes of
organic compounds (fatty acids, volatile compounds,
polyphenols) as non-targeting analysis. However
organic compounds are susceptible to degradation
processes (Anderson and Smith, 2002) and can be
affected by several factors in addition to provenance,
a fact that causes a low discrimination power
(Anderson and Smith, 2005; Gonzalvez et al., 2009).
Consequently, techniques independent from organic
compounds, such as those based on the content of
mineral elements and on the ratio of stable isotopes of
light and heavy elements, have been improved for
application in the field of geographical traceability.
Many of these methods are also successfully applied

Fig. 3 - Classificazione dei prodotti IGP per categoria secondo il
database DOOR (https://ec.europa.eu/agriculture/quality_en).
Fig. 3 - Classification of PGI products per class according to
DOOR database (https://ec.europa.eu/agriculture/quality_en).
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to discover other types of frauds, as in the case of the
analysis of isotope ratio of light elements.

Multielement fingerprint

Basic concept. Each plant produce is characterized
by a unique profile of inorganic elements, which are
absorbed by plants and distributed in the biomass.
Hydrogen (H), carbon (C) and oxygen (O) are essen-
tial non-mineral elements that are absorbed from air
and water and are the main constituents of organic
molecules in plants. Mineral elements are absorbed
mainly through the soil solution and are classified
according to their nutritional value as primary
macronutrients (N, P, K), secondary macronutrients
(Ca, S, Mg) and micronutrients (B, Cl, Mn, Fe, Cu,
Zn, Mo). In addition, the soil contains many other ele-
ments, such as strontium (Sr), rubidium (Rb), barium
(Ba), etc., that can be absorbed by the plant even if
they do not have any biological role. While the uptake
of elements with high nutritional value is mainly con-
trolled by plant needs, the uptake of non-nutritional
elements is mostly related to their concentration and
bioavailability in the soil. This, in turn, mainly
depends on chemical-physical processes such as soil
pH, moisture, mineral weathering, organic matter
decomposition (Perez et al., 2006; Drivelos and
Georgiou, 2012) or on external factors such as anthro-
pogenic pollution, atmospheric depositions, agricul-
tural practices and the use of fertilizers or soil
improvers (Perez et al., 2006). Therefore, the multi-
element composition of a produce is generally highly
correlated to the soil and environmental conditions of
the growing area (Gonzalvez et al., 2009), and much
information can be inferred from its analysis, which is
often restricted to specific groups of elements that are
considered soil markers. For instance, many authors
showed that a good separation between areas of origin
can be achieved focusing on elements present at trace
and ultra-trace levels, such as those belonging to the
group of rare earth elements composed by scandium,
yttrium and the fifteen lanthanides (Oddone et al.,
2009; Joebstl et al., 2010; Gonzálvez et al., 2011;
Aceto et al., 2013; Ma et al., 2016).

Advantages and disadvantages of multielement
analysis. Elemental analysis has been widely applied
to traceability studies due to the strong influence of
the environment on the multielement composition of
crops. Therefore, one of the advantages of this tech-
nique is that well described analytical methods and
pre-treatment procedures for several matrices are
already available in literature. 

The disadvantages are mainly related to the behav-
iour of elements in the soil and in the plant. Indeed,

dissimilarities in cation uptake through the root system
exist due to differences in species and variety even
when plants grown in the same environment are inves-
tigated (Almeida and Vasconcelos, 2003; Chietera and
Chardon, 2014). In addition, the transfer from the soil
to the plant of mineral elements with no or little nutri-
tional importance can be controlled not only by their
concentration in the soil, but also by mechanisms
intrinsic to plants (Hopfer et al., 2015). For instance,
biopurification processes imply the preferential
absorption of nutrients and consequently the exclusion
of non-nutrient substances within a nutrient cycle.
Considering the elements of the second group of the
periodic table (alkaline earth metals), this phenomenon
explains why moving from the soil to the plant there is
a decrease of the Sr/Ca and Ba/Ca ratio (Elias et al.,
1982; Blum et al., 2000). Consequently, the mineral
profile of vegetable material can be partially or com-
pletely not directly comparable to that of the soil and
the final relationship between the two matrices can be
weak (Tyler, 2004; Shen et al., 2013). Nevertheless,
characteristic trends and patterns for specific areas can
still be present in vegetable material ensuring prove-
nance discrimination (Oddone et al., 2009; Furia et al.,
2011; Benabdelkamel et al., 2012; Zhao et al., 2013;
D’Archivio et al., 2014; Drivelos et al., 2014). 

Another disadvantage is that the multielement pro-
file of a produce can be severely altered by its trans-
formation process, as it happens in the wine produc-
tion chain (Almeida and Vasconcelos, 2003; Hopfer
et al., 2015; Kaya et al., 2017). Consequently, all
these factors must be considered when approaching to
traceability using multielement fingerprints.

Available instruments. The main analytical tech-
niques used for the multielement detections are induc-
tively coupled plasma (ICP) techniques where a stable
plasma source ionizes the elements. Since most of the
analytical methods for ICP techniques works with liq-
uid samples, pre-treatment procedure is required. For
instance, organic samples are usually acid digested at
high temperature to dissolve the organic material and
release analytes into solution. The ICP-based tech-
niques differ consistently for the separation module
that can be either an atomic emission spectrometer
(AES) (figure 4), also called optical emission spec-
trometer (OES), or a mass spectrometer (MS) (figure
5). Other techniques employed for multielement
analysis are based on atomic absorption spectrometry
(AAS). Even if mass spectrometry techniques are
highly performant and can reach very low detection
limits (typically 1-10 ppt), the choice of the instru-
ment is not univocal and depends on many factors
(Thermo Elemental, 2001). The type of application
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and the nature of the element of interest should be
considered. ICP-MS should be preferred to detect
trace metals, whereas ICP-AES or HR-ICP-MS is
required to detect sulphur. The relatively low tempera-
tures reachable by FAAS instruments (2600 °C) limit
the detection capability only to certain elements in the
sub-ppm range, slightly improved by GFAAS (sub-
ppb range). However, flame AAS systems are easy to
set up and use, precise and their costs are moderate.
The number of elements to detect is a considerable

factor of choice: FAAS works quickly for less than
five elements, but moving up to 15 or more elements
the total analysis time is reduced with simultaneous
ICP-AES and ICP-MS. Finally, each technique suffers
for several types of interferences (spectral, back-
ground, matrix) that must be considered to avoid seri-
ous problems affecting the measurement. Table 2
summarizes the main features per technique.

Stable isotope ratio

Basic concept. Among the natural elements, more
than 50 have two or more stable isotopes. For specific

Fig. 4 - ICP-OES (Thermo Fisher Scientific) disponibile presso
Eco-research srl.

Fig. 4 - ICP-OES (Thermo Fisher Scientific) instrument available
at Eco-research srl.

Fig. 5 - ICP-MS (Thermo Fisher Scientific) disponibile presso
Eco-research srl.

Fig. 5 - ICP-MS (Thermo Fisher Scientific) instrument available
at Eco-research srl.

Flame AAS GFAAS ICP-AES ICP-MS
Detection limits sub-ppm range sub-ppb range 1-10 ppb 1-10 ppt
Linear dynamic range 103 102 105-108 104-108

Precision
Short term 0.1-1% 0.5-5% 0.3-2% 1-3%
Long term - tube lifetime < 5% < 5%
Interferences:

spectral almost none few common few
chemical (matrix) many many almost none moderate
ionization some minimal minimal minimal
isotopes no no no yes

Applicability (n elements) >68 >50 >73 >75
Samples usage high low high low
Throughput per sample 10-15 s per el. < 3 min per el. 1-60 el. per min all el. in < 1 min
Ease of use easy moderately easy easy moderately easy
Method development easy difficult moderately easy difficult
Capital costs low medium-high high very high
Running costs low medium high high

Tab. 2 - Confronto tra diversi strumenti per l’analisi multielemento (Tyler, 1994; Thermo Elemental, 2001).
Tab. 2 - Comparison between multielement analysis instruments (Tyler, 1994; Thermo Elemental, 2001).
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elements, the ratio between some of their isotopes can
provide valuable information and many applications
in several fields have been developed through the
years. Since these ratios can show local variability
(depletion or enrichment), their application as prove-
nance tracers has been highlighted. The most used
isotope ratios for this purpose are those of the light
elements hydrogen (H), carbon (C), nitrogen (N) and
oxygen (O). In the last decade, also the number of
papers regarding the isotope ratio of heavy elements
such as strontium (Sr) and lead (Pb) has increased. 
Light elements are characterized by very small differ-
ences in absolute abundance of their stable isotopes.
Therefore, by convention, their isotope ratio is com-
pared to that of a standard material and expressed in
delta notation:

Rsample∂n  E = ( ) -1 × 1000
Rstandard

where E is the element of interest (e.g. O), n repre-
sents the atomic mass of the heavier isotope (e.g. 18),
R is the absolute ratio of the two isotopes considered
(e.g. 18O/16O). A multiplication factor of 1000 is
included to facilitate data handle. A positive δ value
means that the sample is enriched in the heavier iso-
tope compared to the standard while a negative δ
value corresponds to a sample depleted of the heavier
isotope compared to the standard (Dawson and
Siegwolf, 2007). For the isotopes of light elements,
the difference of mass between isotopes is relevant
respect to their atomic masses (for example, 13C is 8%
heavier than 12C); therefore, several common bio-
chemical, chemical and physical processes can result
in isotope separation based on their mass. This phe-
nomenon is called isotope fractionation. 

Carbon isotope ratio (13C/12C) - The main process•
affecting carbon fractionation in plants is photo-
synthesis. The first fractionating step occurs when
12CO2 preferentially passes through plant stomata
from the atmosphere. Then, different photosyn-
thetic pathways (C3, C4 or crassulacean acid
metabolism CAM) contribute to enhance more or
less the fractionation: in C3 plants (e.g. wheat,
rye, oats and most trees), the depletion of 13C is
higher compared to C4 plants (e.g. maize, sugar
cane) so that δ13C of C4 and C3 plants is around -
10‰ and -28‰, respectively. CAM plants (e.g.
pineapple) cover the entire δ13C range between C3
and C4 plants. Finally, terrestrial plants are usual-
ly characterized by a higher fractionation than
marine and aquatic plants, where also dissolved
carbon dioxide is available (Dawson and
Siegwolf, 2007). Additionally, also the growing
environment plays a role in determining carbon

isotope composition in plants, since climatic fac-
tors affect the exchange mechanism of several
compounds among which CO2 in the plant-atmos-
phere system (Brescia et al., 2002).
Nitrogen isotope ratio (15N/14N) – The nitrogen•
isotope composition is severely altered by anthro-
pogenic sources and large shifts can be measured
in different ecosystems. N isotopic fractionation
in plant-soil system is still not fully understood
due to the complexity of the N cycle. However,
several biogeochemical processes are considered
responsible for nitrogen fractionation: biological
fixation, mineralization, nitrification or denitrifi-
cation, ammonium and nitrate ion exchange,
volatilization, N reallocation and assimilation,
foliar uptake (Dawson and Siegwolf, 2007).
Plants growing near the costs, in saline environ-
ment or, to a lesser extent, in hot and dry ecosys-
tems are generally characterized by higher δ15N
(Heaton, 1987). In cultivated areas, agricultural
practices deeply affect the δ15N: the application of
animal manure is reflected by an enrichment of
15N in the plants, compared to chemical fertilizers
or unfertilized plants, considering equal N-avail-
ability (Szpak, 2014). δ15N values of plant materi-
als range between -10‰ and +20‰ (Dawson and
Siegwolf, 2007). 
Hydrogen (2H/1H) and oxygen (18O/16O) isotope•
ratio – Hydrogen and oxygen fractionation is
mainly related to the water cycle. Seasonality, lat-
itude, altitude and “continentality” (the distance
covered by an air mass rich of water from the cost
to the point where the meteoric event takes place)
impact on the water isotope ratio of precipitations
(Dawson and Siegwolf, 2007). Plant water
derives principally from the soil solution, whose
isotopic profile reflects to some extent that of pre-
cipitations (Roden and Ehleringer, 1999; De Rijke
et al., 2016). Water absorption in root and trans-
port is little or no affected by fractionation and
isotopic signal is retained in structural organic
compounds in plants (Deniro and Epstein, 1979;
Cernusak et al., 2016). Therefore, it is possible to
link food to specific geographical areas analysing
its H and O isotope ratio. Referring to agrifood in
particular, the use of irrigation water should be
taken into account, since it can affect significantly
the final isotope ratio (Gómez-Alonso and
García-Romero, 2010). δ2H ranges between -
350‰ and +50‰ in plant water, while δ16O
ranges between -35‰ and +5‰ in plant water
and between 0‰ and +40‰ in plant organic mat-
ter(Dawson and Siegwolf, 2007). 
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Contrarily to light elements, heavy elements such
as strontium (Sr) and lead (Pb) are hardly fractionated
during biogeochemical cycles due to the low relative
mass difference between isotopes (Drivelos and
Georgiou, 2012). In this case, the variability of the
isotope ratio is given by the peculiar nature of these
elements. Both Sr and Pb have primordial and radi-
ogenic isotopes. Primordial isotopes exist in nature
since the Earth formed, while radiogenic isotopes
derive from the radioactive decay of other isotopes
with specific half-life time. The combination of time
and parent/daughter ratio brought to nowadays values
of isotope ratios.  Even if they tend to increase with
time, they can be assumed as constant within a time
scale < 104 years (Nakano, 2016). For these elements,
the isotope ratio is expressed by the absolute ratio,
that is the ratio between the heavy and the light iso-
tope (e.g. 87Sr/86Sr), without δ notation. 

Strontium isotope ratio (87Sr/86Sr) – The 87Sr/86Sr•
of plants reflects that of the soil in which they are
grown, since strontium is principally absorbed
through root uptake from the soil solution with
calcium. Indeed, both the metals belong to the
group of the alkaline earth elements and share
common chemical features. Due to their similar
ionic radius, roots do not significantly discrimi-
nate between the two. Local geological features
give the variability of the 87Sr/86Sr in the soil. In
fact, Sr is released by rocks into the soil through
physico-chemical processes such as weathering,
and here its soluble fraction becomes bioavailable
for plants. Many authors showed that Sr does not
fractionate during root uptake and translocation to
the different plant organs (Blum et al., 2000;
Flockhart et al., 2015) independently from species
or cultivars. (Aoyama et al., 2017). Consequently,
the isotope ratio is kept unaltered from the soil to
the plant allowing its use to detect food origin. 
Lead isotope ratios – Lead has many relevant iso-•
topes, namely 204Pb, 206Pb, 207Pb, 208Pb, and their
ratio have been used for fraud detection. From a
plant perspective, soil represents the main reser-
voir from which Pb is absorbed. Pb presence and
isotopic composition in soil is related to soil for-
mation and weathering, but it is also contaminated
by atmospheric deposition due to the substantial
Pb pollution (Reimann et al., 2012). As reported
in literature, Pb isotope ratio (PbIR) measured in
aerosols all over the world varies significantly
especially due to anthropogenic sources whose
contribution to Pb emission in the atmosphere is at
least two order of magnitude higher than that from
natural sources (Bollhöfer and Rosman, 2000,

2001; Komárek et al., 2008). The use of alkyl-
lead compounds in leaded petrol from 1940s until
its ban starting from the end of the 80s, dramati-
cally increased global Pb pollution, while nowa-
days-industrial activities represent the major
source. Consequently, Pb isotope composition in
food may reflect both geogenic and anthropogenic
sources, a fact that allows its application to deter-
mine food origin as effective geographical tracer
(Ariyama et al., 2011; Evans et al., 2015).

Advantages and disadvantages. Thanks to the
improvements of isotopic mass spectrometer (IRMS)
instruments at the beginning of the 90s, isotope ratio
analysis of light elements applied to food studies
gained much interest. There are several advantages in
applying this technique in the food sector. Isotope
ratio analysis of light elements can reveal not only
food geographical origin but provides valuable infor-
mation about other frauds. Relevant applications in
the second case are exhaustively described in litera-
ture (Rossmann, 2001; Camin et al., 2017). Several
analytical procedures already exist as routine methods
for detecting specific frauds. Some examples are the
detection of dilution with water measuring δ18O or the
addition of organic compounds (e.g. sugars)
measuring δ2H and/or δ13C for goods such as fruit
juice, honey, vinegar, wine and spirits (Rossmann,
2001). Moreover, official methods to distinguish
between synthetic and natural vanillin are based on
the analysis of δ2H (AOAC, 2006). More recently,
efforts to detect the production process of horticultur-
al products through the analysis of δ15N have been
published. N-fertilizers are among the main sources
of N for plants, and synthetic N-fertilizers are charac-
terized by a lower isotope ratio compared to manure
and organic fertilizers. Consequently, many authors
showed the feasibility of this approach for distin-
guishing between conventional and organic crops
(Bateman et al., 2005; Camin et al., 2011; Chung et

al., 2017b), even if further studies are required.
Another advantage related to the analysis of the iso-
tope ratio of light elements in food is that usually the
sample pre-treatment is very limited, including only
few steps such as drying and powdering. Regarding
food traceability, an important limitation is related to
varietal-dependent fractionation that has to be
accounted when different cultivars are included in the
study. Isotopes of light elements are differently frac-
tionated by diverse plant cultivars and species causing
a significant intra-region data variability that can
reduce the discrimination power of the parameters (Di
Giacomo et al., 2007; Mimmo et al., 2015; Chung et

al., 2016, 2017a). 
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The advantage of using the isotopes of heavy ele-
ments is that their fractionation is negligible and that
they are directly linked with geolithological features.
Their analysis is linked to many applications, such as
geochronological, environmental and archaeological
studies, for dating evidences and establishing products
authenticity or sources of pollution (Komárek et al.,
2008; Yip et al., 2008; Irrgeher and Prohaska, 2015;
Nakano, 2016). In particular, in the last decades, the
number of papers dedicated to 87Sr/86Sr for traceability
purposes increased also thanks to instrumental
improvements. However, there are some limits to its
applicability: crops cultivated in districts with similar
geological features are not easily distinguishable
(Mercurio et al., 2014), and intensive agricultural
practices or anthropogenic sources may significantly
alter the 87Sr/86Sr of the soil solution compromising
the origin identification (Techer et al., 2017). The
main disadvantage of using lead for food traceability
is that it is present at low concentration in food sam-
ple and there is a high risk of contamination during
the analytical steps. Hence, publications related to
PbIR for traceability studies are still uncommon. In
addition, from a methodological viewpoint, the analy-
sis of the isotope ratio of heavy elements is more
time-consuming since separation steps for isolating
the element of interest are required and dedicated lab-
oratory facilities are necessary. 

Available instruments. Light element isotope ratio
is generally measured through IRMS instruments (fig.
6) after conversion into gas that are ionized and sepa-
rated for their mass-to-charge ratio (m/z) in the mass
spectrometer before reaching the detector. Several
peripherals for sample gasification can be coupled to
the IRMS according to the type of material and iso-
tope to be analysed. Solid and liquid samples for the
analysis of C and N isotopes are burned at 950 °C into
CO2 and N2 in an elemental analyser (EA). Solid and
liquid samples for the analysis of O and H isotopes
are burned at 1350-1450 °C into CO and H2 in a tem-
perature conversion elemental analyser (TC/EA). EA
is a bulk measurement technique and the measured
isotope ratio is the average of the whole sample. If
specific compounds need to be analysed, for example
sugars or amino acids, gas or liquid chromatography
(GC or LC) separation can be performed before
gaseous transformation. TC/EA and EA-IRMS
require no or very few preparative steps, while in gen-
eral GC- and LC-IRMS require extensive extraction
steps before the sample is clean enough from contam-
inants to be injected. LC-IRMS is still at an early
stage of applications and analytical problems are not
fully solved yet (Muccio and Jackson, 2009). 

In recent years, an optical spectrometer called cav-
ity ring down spectrometer (CRDS) has been devel-
oped (fig. 7), which, in different configurations, can
analyse the isotopes of C, N, O and H. Compared to
traditional IRMS instruments, CRDS is cheaper, com-

Fig. 6 - IRMS (Thermo Fisher Scientific) disponibile presso la
Libera Università di Bolzano-Bozen.

Fig. 6 - IRMS (Thermo Fisher Scientific) instrument available at
the Free University of Bozen-Bolzano.

Fig. 7 - CRDS (Picarro Inc) disponibile presso la Libera
Università di Bolzano-Bozen.

Fig. 7 - CRDS (Picarro Inc) instrument available at the Free
University of Bozen-Bolzano. 
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pact and easily moveable for in-situ measurements.
For these reasons, this new technology is becoming
particularly popular for food traceability (Chesson et

al., 2010) and adulteration detection (Meier-
Augenstein et al., 2012; Beer et al., 2015).

Isotopic composition of H and/or C can also be
detected using the site-specific natural isotope frac-
tionation studied by nuclear magnetic resonance
(SNIF-NMR). In this case, only pure or purified mol-
ecules are analysed and a larger amount of sample is
required.

The isotope ratio of heavy elements can be deter-
mined using two types of instruments: thermal ioniza-
tion mass spectrometer (TIMS) or multi-collector
ICP-MS (MC-ICP-MS) (fig. 8). Until recently, the
TIMS was the instrument of choice, while nowadays
the MC-ICP-MS is getting more popularity after
improving its precision, sensitivity and accuracy. In
both cases, before injecting the sample into the instru-
ment, the element for which the isotope ratio has to be
measured must be separated from the other elements
on a selective resin to prevent interferences.
Comparing the two instruments, TIMS is less affected
than MC-ICP-MS by the isotope fractionation effects
that can occur during the analysis. In both cases, the
instrumental bias must be corrected. Therefore, the
results must be adjusted using a correction factor
inferred measuring reference material isotope ratio,
calculating the ratio between the certified and the
measured value. Moreover, quality control protocols
are still not established for MC-ICP-MS (Walczyk,
2004). Nevertheless, MC-ICP-MS is less time con-
suming, has a greater ionization potential and compa-
rable costs to TIMS (Walczyk, 2004; Yang, 2009).

Data treatment

Since usually the number of variables considered
in traceability/authentication studies is large, chemo-
metric tools are essential for a better comprehension
of the data. Multivariate data analysis helps maximiz-
ing the information that can be extracted from data.
The first papers applying chemometrics to food fraud
studies were published in 1988 (Moore et al., 2012).
Since then, there has been a great expansion in
chemometrics use and in the reviewed literature (tab.
1) most of the authors applied multivariate data
analysis. Chemometric tools are divided in unsuper-
vised and supervised methods. All the a priori knowl-
edge of the sample is excluded performing unsuper-
vised methods. These methods are used for explorato-
ry data analysis since they permit to separate samples
based on common patterns (Berrueta et al., 2007;
Cocchi et al., 2017). Examples of unsupervised meth-
ods are principal component analysis (PCA) and clus-
ter analysis (CA). Supervised methods are applied in
authentication studies, in which an unknown sample
has to be compared with authentic material predicting
similarity among samples. A priori knowledge is
required to build the proper model on a training set.
The prediction ability is then evaluated on a test set.
They are divided into two categories: classification
and modelling methods. In classification, the focus is
on the differences between classes while in modelling
on the similarities among samples of the same class.
Practically, the major difference resulting from the
two categories is that classification always assigns an
unknown sample to one class while in modelling the
sample can be assigned to one, more than one or no
class (Berrueta et al., 2007; Cocchi et al., 2017).
Examples of supervised methods are K-nearest neigh-
bours (KNN), discriminant analysis (DA), partial
least squares discriminant analysis (PLS-DA), soft
independent modelling of class analogy (SIMCA),
artificial neural networks (ANN).

Case studies on food provenance

The reviewed literature, chosen accordingly to the
parameters previously discussed, is representative of
different analytical techniques, combination of vari-
ables (for example only multielement, which may
include different combinations of elements; only sta-
ble isotopes of light and/or heavy elements; or a com-
bination of multielement and stable isotope analysis)
and data treatments. Results refer to a great variety of
fresh agrifood, comprising fruit and vegetables,
tubers, spices, and cereals. 

Fig. 8 - MC-ICP-MS (Thermo Fisher Scientific) disponibile pres-
so Eco-research srl.

Fig. 8 - MC-ICP-MS (Thermo Fisher Scientific) instrument avail-
able at Eco-research srl.
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All but two of the included papers combined at
least two variables or used a technique that includes
multiple variables (multielement profile) to discrimi-
nate sample geographical origin. Indeed, a multi-tech-
nique or multi-variable approach strengthen the
power of the separation since more information about
sample is available. For instance, the separation of
Schisandra fruits based uniquely on δ13C was not
fully effective as several Chinese production areas
included in the comparison overlapped, unless macro-
regions were considered (Li et al., 2011). This is an
example of the limited capacity of a single parameter
to assess food origin, particularly if not linked to spe-
cific territorial features such as δ13C. Although still
using only one parameter, better results were obtained
by Trincherini et al. (2014) who applied the measure-
ment of the 87Sr/86Sr to tomato authentication. The
comparison was between samples coming from dis-
tant production areas, Italian and Chinese, and the
corresponding samples showed distinct ranges:
0.70810 ± 0.00036 and 0.71051 ± 0.00033, respec-
tively. Despite the use of a single variable,
Trincherini et al. (2014) proved the discrimination
potential of the 87Sr/86Sr due to its strong link with the
geo-lithological features of the investigated growing
area. To improve sample discrimination, the obvious
way to go is increasing the number of analysed vari-
ables to two or more (Swoboda et al., 2008; Luo et

al., 2015; Hiraoka et al., 2016; Aoyama et al., 2017;
Rashmi et al., 2017). An alternative, if other parame-
ters cannot be added to the study, information extrap-
olated from samples can be increased considering not
only the bulk sample but also its sub-fractions. An
example is given by Mimmo et al. (2015) who signif-
icantly increased the accuracy of the method
analysing δ13C and δ15N in different apple parts (peel,
pulp, seeds) in addition to the whole fruit. 

The great advantage given by multielement finger-
print is that dealing with a high number of variables is
intrinsic within the method and therefore multivariate
data analysis is always applicable for data treatment.
Indeed, with ME analysis there are enough variables
to run the method and highlight useful patterns other-
wise not evident. The number of elements analysed
varies a lot, from a minimum of 8, but combined with
other parameters by Ariyama et al. (2011), to a maxi-
mum of 59, used without additional variables
(Valentin and Watling, 2013). Not all the elements,
though, are always suitable to be included in the data
treatment. When elements at trace and ultra-trace lev-
els are measured, instrumental analytical limits have
to be considered. Certain authors reported that despite
the initial large number of elements analysed they had

to discharge part of them, reducing the number of
variables, because present in samples at concentration
lower than the instrumental detection limit
(Gonzálvez et al., 2011; Benabdelkamel et al., 2012;
Bong et al., 2013; Podio et al., 2013). 

The degree of discrimination power associated to
each variable varies largely, and different studies can
reach different conclusions. For instance, several
authors worked on the geographical origin of wheat,
applying different analytical tools or combination of
variables. Two works report data of δ13C and δ15N
visualized on a two-dimensional scatter plot (Luo et

al., 2015; Rashmi et al., 2017). In these papers, a
good separation was obtained, even if overlapping
areas of samples with different provenance were still
present. Another work including δ18O in addition to
δ13C and δ15N also obtained significantly different val-
ues for each variable using the analysis of variance
(ANOVA) (Brescia et al., 2002). However, the
authors chose to show the data on two-dimensional
scatter plots, combining each time two variables,
despite of having three. In this case, using two-dimen-
sional plots clearly hid the differences among wheat
origins, since the overall dataset was split in different
plots and data visualization was more difficult. Again
for wheat, Liu et al. (2016) demonstrated that the cor-
rect classification rate obtained by discriminant analy-
sis could be considerably improved, from 77.8% to
98.1%, including the 87Sr/86Sr measurement in addi-
tion to light element isotope ratio (δ2H, δ13C, δ15N). A
different approach was used by Zhao et al. (2011),
who compared wheat from four Chinese provinces
sampled in two years based on the concentration of 15
elements obtaining an overall classification rate in
cross-validation of 79.4%. The results obtained from
two provinces were particularly overlapped and mis-
classification was high between the two probably due
to soil type and agricultural practices as well as annu-
al and cultivar variability. However, the best result
was obtained by Podio et al. (2013) whose approach
included the determination of the multielement finger-
print together with light and heavy element isotope
ratio. They identified through discriminant analysis
the 11 variables giving 100% accuracy. Among the
isotope ratio measured, 87Sr/86Sr and δ13C gave the
greatest contribution to samples separation.
Interestingly, they extended the number of variables
of the multielement profile including ratio among ele-
ment concentration with remarkable results. For
instance, they found out that K/Rb and Ca/Sr have a
great discrimination power, contrarily to the corre-
sponding single elements that do not appear among
the 11 discriminating variables. 
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Not only the method of analysis of the samples,
but also the chemometric tools used for data analysis
are of great importance, especially when supervised
methods for sample classification are run. Since each
method is based on a different statistical model, the
ability of correctly recognize and assign samples to a
specific group varies from one method to another.
Many authors compared several methods to test the
accuracy in classification, showing how misclassifica-
tion can be reduced choosing the proper method
(Anderson and Smith, 2005; Perez et al., 2006; Furia
et al., 2011; Benabdelkamel et al., 2012; Ariyama et

al., 2012). Furia et al. (2011) evaluated the possibili-
ties of discriminating Tropea red onion production
from non-Tropea red onions comparing the prediction
ability of LDA, SIMCA, ANN. They obtained satisfy-
ing results for all the three methods (> 90%) with
LDA giving the highest classification rate (94%).
Different models are also able to separate different
countries as proved by Ariyama et al. (2012). These
authors compared the discrimination power of three
supervised methods (KNN, LDA and SIMCA) to sep-
arate rice production countries (Japan, USA, China,
Thailand) based on the results of multielement finger-
print and Sr and Pb isotope ratio. Considered singular-
ly the performance of these chemometric methods
was not satisfying, while their combination proved to
be effective with a considerable reduction of sample
misclassification and 97% accuracy. Another strategy
to improve sample classification is to group together
several countries/regions according to common fea-
tures. This is particularly useful when products
labelled according to their geographical indication are
compared to focus the attention on the GI-product
(Swoboda et al. , 2008; Furia et al., 2011;
Benabdelkamel et al., 2012). For instance,
Benabdelkamel et al. (2012) included in their study
clementine samples coming from Calabria (Italy),
Algeria, Spain, Tunisia. Since clementine from
Calabria are awarded with the PGI label, they decided
to group together all the samples from abroad the bor-
ders of the “Clementine of Calabria” production area,
specifically Algeria, Spain, Tunisia, creating the non-
PGI clementine group. With this approach, they
obtained excellent results in distinguishing between
PGI and non-PGI produce. 

Another factor that is crucial for the success of ori-
gin discrimination is an appropriate sampling step,
both for sample size and distribution (Benedetti et al.,
2015). Particularly, a great variability in sample size
per country or area considered in the published litera-
ture was observed. For instance, Bong et al. (2013)
included more than 360 samples comparing cabbages

from Korea (N=219) and China (N=144) while
Cheajesadagul et al. (2013) indicated to have collect-
ed only 31 samples of Thai rice to be compared with
5 samples from 5 countries abroad (one per country).
Choosing the number of samples is highly related to
economic and logistic constrains, especially when
foreign countries are included in the study. Moreover,
there are no specific guidelines indicating sample
numerosity for traceability studies. Sample size
depends closely, among others, on the research pur-
pose and it is a function of the target population size.
Even if there are statistical tests that can be applied,
sample size is often a choice of the analyst. An excess
of samples requires a large amount of resources along
the analytical pathway, while a defect leads to statisti-
cally inaccurate results (Benedetti et al., 2015).
Therefore, it is important to underline that representa-
tive and generalized information can only be obtained
if the dataset is properly constructed. 

Conclusions

Multielement profile together with multi-isotope
ratios are widely used in traceability works to authen-
ticate the origin of agricultural produce. Many suc-
cessful studies are reported in literature showing
through classifying and modelling that high discrimi-
nation power is associated to these variables, espe-
cially if used in a combined approach. Several instru-
ments dedicated to these analyses are available nowa-
days, characterized by different performances and
features. The choice of the analytical apparatus
depends on several factors and is highly related to the
research purpose. Elemental composition is character-
ized by a large number of variables that can be suc-
cessfully treated through chemometric tools. Specific
ratio among element concentration can provide addi-
tional useful information. C and N isotope ratios have
been often measured, but results show a low connec-
tion with geographical features. The analysis of the
isotope ratio of heavy elements such as Sr and Pb is a
recent technique, however, due to their link with the
geo-lithological features of the growing area they
show a great potential as geographical tracers. Further
studies are needed for better investigating and com-
prehending the limits and potential of the described
techniques, specifically when applied to detect origin
misdeclaration. These methods are promising to hin-
der food frauds, however in order to be used in offi-
cial controls or for supporting legal cases, they need
to be standardized and officially recognized by certi-
fication bodies through a procedure of inter-laborato-
ry validation. Moreover, known samples can be used
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to define the analytical features of authentic goods.
These data can be included in reliable and exhaustive
databanks that can be used to compare unknown sam-
ples or as support for data interpretation.
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Abstract

Modern food chain is highly complex and food is
transported all around the world to satisfy consumers’
demand. However, in the last years there has been an
increased interest for local products and a major atten-
tion towards food provenance. Moreover, there are
goods for which the geographical origin is recognized
as an added value and is highlighted through specific
indications or labels. It is known that fraudulent activ-
ities with the aim of a financial gain or illicit behav-
iours in trades related to origin misdeclaration are
spreading and therefore tools for hindering this fraud
are required. In the agrifood sector, traceability sys-
tems are largely based on paper-records, and despite
recent implementations, they are still insufficient for
following all the movement of food, especially in case
of international trades. Consequently, in the last
decades many efforts have been made to implement
analytical methods able to discriminate samples based
on their geographical origin. Very often different
approaches are combined together to collect more
information and increase the discrimination power.
Particularly, in this review the application of multiele-
ment fingerprint and of the light and heavy elements
stable isotope ratio analysis is examined, considering
solely horticultural products, fresh or with slight
transformation (polished rice).  The main features of
each technique together with an evaluation of the
advantages/disadvantages and a brief description of
the instruments available for these analysis are dis-
cussed. The most common multivariate approaches
used for data interpretation are also reported. A critic
overview of different approaches from papers pub-
lished in literature since 2000 is provided, analysing

specific aspects such as the chosen approach, the
number and nature of the included variables, the
chemometric tools applied, and the sample size. Many
authors reached satisfying classification rates, show-
ing that these techniques are very promising in the
field of food authentication and traceability and that
can become useful analytical tools to support legal
cases.

Key words: traceability, food frauds, multielement
composition, isotope ratio.
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