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Abstract

Geographical indication (GI) is used to identify a product’s origin when its characteristics or quality are a result of geo-
graphical origin, which includes agricultural products and foodstuff. Metabolomics is an “omics” technique that can support
product authentication by providing a chemical fingerprint of a biological system, such as plant and plant-derived products.
The main purpose of this article is to verify possible contributions of metabolomic studies to the marketing field, mainly
for certified regions, through an integrative review of the literature and maps produced by VOSviewer software. The results
indicate that studies based on metabolomics approaches can relate specific food attributes to the region’s ferroir and know-
how. The evidence of this connection, marketing of GIs and metabolomics methods, is viewed as potential tool for marketing
purposes (e.g., to assist communication of positive aspects and quality), and legal protection. In addition, our results provide
a taxonomic categorization that can guide future marketing research involving metabolomics. Moreover, the results are also

useful to government agencies to improve Gls registration systems and promotion strategies.
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Introduction

Consumer attitudes, habits, and behaviors toward food have
changed over the years, especially regarding its character-
istics, production systems, and consumption patterns [58].
To meet consumers’ demands for safety, quality, and dis-
tinguish the offer from competitors’, producers differentiate
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their products through production, distribution, quality
standards, and value incorporation, information that should
be signaled to consumers [31]. As a result, product certifi-
cations of many types have emerged to inform consumers
about the product’s unique characteristics and to protect pro-
ducers against fraud and free-riding [82]. For example, such
certifications can be given to food, foodstuff, and beverages.

In this context, the origin of the product has emerged
as a guarantee of food safety, quality, and differentiation,
once the place connotations and emotional values transfer to
the product [32]. Albeit certifications of origin vary across
countries, one frequent link to the names of products is the
geographical indication (GI), used when the product char-
acteristics are strongly related to origin and know-how [20].
Considered a variety of intellectual property, GIs can com-
prise different levels of certification, such as the protected
designation of origin (PDO) and protected geographical
indication (PGI), depending on the product category, the
portion of raw materials that come from the defined area
or the number and which of the production processes take
place there [31].

Regarding the economic aspects of Gls, products with
GI certification presented a sales value of €74.76 billion in
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the European Union in 2017 [37, 38]. Since European GI
products represent 15.5% of the total EU agri-food exports,
with the U.S.A., China, and Singapore accounting for half
of its export value, the EU has special funds for GIs devel-
opment and support [37, 38]. In 2020, the European Fund
for promoting GI products within and outside the EU was
around €200 million [36]. The EU studies and reports also
acknowledge that the sales value of products with GI is usu-
ally double that for similar products without certification of
origin [37, 38].

Over time, consistency in marketing strategies and invest-
ments in branding can support a strong and positive place
reputation and identity, which translates into higher prices
and sales [32]. Along with EU reports, studies also con-
firmed the positive effects of origin labels on sales and price
[1, 26]. Some studies validate the influence that places have
on consumers’ attitudes, intention to purchase [62] and pref-
erences [86]. The economic benefits of GIs led to the regis-
tration of GIs in sectors other than the traditional ones (i.e.,
fruits and vegetables, fresh meats, pasta and bread, seafood
products, etc.) [37, 38].

Gl registration is a very demanding and bureaucratic pro-
cess, requiring time, collective investments and efforts [78].
Once acquired, GI certification enables price premia and the
access to new marketing channels, advantages that other pro-
ducers may want to benefit from [82]. GIs can be considered
an instrument for the valuation of goods that are territorially
distinguished and recognized for their quality, depending on
the region from where these goods come from [20].

In this regard, we suggest that metabolomics can be used
as a chemical fingerprint system that could be applied to
Gls, which could improve the registration processes and
protection against frauds. Metabolomics is also a potential
tool to improve marketing decisions, such as those related to
communication, since chemical fingerprints could be com-
municated to specific targeted market segments.

Lately, it is observed considerable growth in studies
focused on food that verify the metabolic peculiarities of
products from GIs, using a set of analytical techniques
known as metabolomics to fight against counterfeit prod-
ucts [8, 64, 80, 92].

Metabolomics is considered part of a multidiscipli-
nary approach from the "omics" sciences (i.e., genomics,
transcriptomics, and proteomics) that aims to evaluate the
correlation between genotype and phenotype profiles of a
biological system, which are influenced by genetic and envi-
ronmental changes [17, 42]. The metabolomics approach is
used in large-scale studies of metabolites and, when applied
to plants, it involves high-throughput analyses of complex
metabolite mixtures. For example, plant metabolomic stud-
ies can focus on the investigation of abiotic effects on plants
metabolism, to find bioactive compounds in plant matrices
[25], in the biogeography of species [75], employed as an
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authentication tool or quality control for food products [35,
871.

The plant metabolome comprises primary and second-
ary metabolites, all small molecules. Primary metabolites
(amino acids, peptides, carbohydrates, fatty acids, etc.) are
important for plant growth and development. Secondary
metabolites (flavonoids, alkaloids, tannins, terpenes, etc.)
are related to the attraction of pollinators, protection against
parasites, pathogens, and herbivores, and are also involved
in the perception of color, aroma, and plant flavor [48]. For
instance, secondary metabolites are involved in the taste,
aroma, color, and quality of wines, which are affected by the
terpenes and phenolics found in grape berries [67]. Some
metabolomic studies have products with certification of ori-
gin as the object of study, aiming to verify and compare the
metabolic differences between certified and non-certified
samples [81, 85, 103].

Analytical, spectrometric, and computational techniques
used in metabolomic studies enable the identification of par-
ticular characteristics and nuances of metabolites of plants
belonging to the same species, revealing the consequences
of region-specific natural resources and human processes
involved in the cultivation system. A great variety of agricul-
tural products and foodstuff have already been investigated
using metabolomics, such as olive oils [46], wines [64],
coffee [5], cheeses [91], hops [72], nuts [13], and vinegars
[104]. Furthermore, globalization and smaller economic bor-
ders increase the importance of traceability for products with
certification of origin as a way to fight fraud and adulteration
of certain products [88].

Bearing in mind the certifying character of GIs and the
use of plant metabolomics to reveal differences in plant
chemical profiles, the purpose of this work is to indicate
contributions and opportunities that plant metabolomic
studies can bring to marketing issues, especially related to
GI regions and products, through an integrative literature
review. Despite the vast number of chemical studies on GI
products, it is necessary to integrate these concepts with
marketing and then move towards promotion and protection
matters. There have been no similar studies found across
some of the key academic databases (Scopus, Web of Sci-
ence, Springer) that link metabolomic concepts to the mar-
keting field. The present work is the first study to outline this
theoretical scenario, and the results are a basis for structur-
ing a research agenda and taxonomy for the combination of
marketing and metabolomic topics.

Despite the vast body of published research, a system-
atic review to integrate marketing and metabolomics is still
missing. Summarizing the literature of both areas involved
would provide a research agenda and a taxonomy that could
benefit the comprehension of the subjects associated with
them [95]. Nevertheless, this work is the first to propose an
investigation of the relationship between these two topics,
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both related to the origin of products. The origin is an impor-
tant extrinsic attribute and sign of quality for the marketing
purposes and also the main source of metabolomic varia-
tions in agri-food products. Hence, besides de protective
character of Gls, there is an opportunity for producers in
using metabolomics as proof of product’s distinctiveness,
therefore evidencing its attributes to consumers through
chemical confirmation, or chemical fingerprints.

A brief literature review is presented next to elucidate the
concepts examined and analyzed in the integrative literature
review.

Literature review
Origin protection and certification

Agricultural and food products comprise a highly competi-
tive sector and, although taste and preference play a major
role in decision-making processes, products are still very
similar and commonly held as commodities by consumers
[58]. Often referred to as a “commodity trap”, food produc-
ers face the challenge of being a direct competitor to every
other that offers the same good [2]. In this scenario, price is
a powerful tool and sometimes the only attribute capable of
influencing consumers’ judgment and choices [94].

Since ancient times, the origin of goods has a significant
influence on peoples’ ideas, once place image and reputa-
tion can be directly associated with a product category [32].
Besides, natural conditions (zerroir) and local know-how
(savoir-faire) proved to be important sources of product dis-
tinctiveness that, once properly valued and communicated,
could draw consumers’ attention and preference [24, 40].
Thus, it was around the origin that producers have coopera-
tively organized themselves to achieve product differentia-
tion, higher prices, and traceability of local and typical food
products through legal protection systems that are assigned
to a specific form of production, as well as social traditions,
symbols, and regional culture [49].

In an international context, the Agreement on Trade-
Related Aspects of Intellectual Property Rights (TRIPS-
Agreement) was designed in 1994 to regulate the protection
of GIs. The GI system can comprise different categories of
protection, such as the European Union’s PDO and PGI, dif-
fering themselves by the number of production processes
that take place in the specific region [47].

Changes in social values and consumption patterns
driven by media, digitalization, and connectiveness have
transformed the way food is produced and assessed by con-
sumers. In a world where globalization intertwines food
markets and food is easily available with countless options,
legal designs are necessary to ensure the product’s origin
[40]. Acting also as a quality cue, certifications of origin

contributed to economic growth. According to the report on
the economic value of EU GIs, there was an increase of 37%
of sales of GI products between 2010 and 2017, representing
an amount of EUR 20.2 billion, which was led by French and
Italian wines and Italian agricultural products and foodstuffs
[37, 38]. In view of the notable capacity of GI products in
levering economic growth, an increase in GI registrations is
observed in developing countries and in food categories that
were not related to origin before (i.e., Cambodia’s Kampot
pepper with EU PGI) [65].

Albeit the TRIPS-Agreement provides strong protection
and bans the use of the term GI for goods not originating in
the registered place, delocalizing terms (i.e., “kind,” ”gen-
der”, “style”, “type”) are used to confuse consumers and
take advantage on the benefits that the communication of
the GI bring [101]. Once metabolomic tools can be used to
identify specific compounds of agricultural products, they
could be applied to support the uniqueness and sustainability
of a GI, minimizing the risk of losing its strength as a quality
and safety extrinsic cue.

Plant and food metabolomics

Similar to genomics, proteomics, and transcriptomics (used
often in studies involving high-throughput genes, proteins,
and transcriptions), the term “metabolomics” was coined
in the late 90 s by Oliver, Winson et al. [73], based on a
study using functional yeast genomics as a way to describe
approaches to measure all metabolites present in a cell, tis-
sue, or organism during a genetic modification or physi-
ological stimulus [15]. Therefore, metabolomics refers to
the study of a biological metabolome system, representing
a quantitative description of all endogenous low-weight
molecular compounds present in a biological sample (i.e.,
urine, plasma, plants’ leaves, or food) [17, 52, 71].
However, due to the wide diversity of chemical classes
and the solubility of small molecules, especially in the plant
kingdom, it is not possible to provide the complete metabo-
lome of an organism employing only one analytical method
or analysis protocol. For this reason, for a better view of the
metabolomes present in biological samples, it is common to
combine separation with detection techniques. Nowadays,
the most used separation techniques are gas chromatography
(GC), liquid chromatography (LC), and capillary electro-
phoresis. The most used techniques for compound detec-
tion/identification are nuclear magnetic resonance and mass
spectrometry (MS) [84] and, when coupled to a separation
technique, the colloquial term “hyphenated” is frequently
used. In general, GC or LC with tandem mass spectrom-
etry (GC-MS and LC-MS) are the most used approaches
for metabolomics platforms due to their high sensitivity or
reproducibility in detecting metabolites [12].
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Metabolomic studies are based on three distinct experi-
mental steps: metabolite extraction, analytical tools for data
acquisition, and statistical data analysis [19, 56]. To obtain
a representative sample for future analysis, it is necessary
to carry out the extraction using optimized conditions, tak-
ing into account aspects such as the solvent characteristics,
solvent and sample ratio, and the time frame for extraction
[19, 56]. In summary, Fig. 1 illustrates a metabolomic assay
workflow.

Fiehn et al. [41] applied these tools for the first time to
determine the chemical profile of transgenic plants, with
GC-MS techniques applied to leaf extracts of Arabidopsis
thaliana (ecotype and mutant). Besides quantifying more
than 300 different compounds, the results showed metabolic
divergences among the individuals/samples analyzed [41].
The purpose of metabolomic studies with plants, which was
earlier postulated by Sumner, Mendes and Dixon [92], has
been widened and diversified from crops’ genetic/transgenic
improvement to (1) drugs development [23, 29], (2 samples/
compound characterization [27, 51, 97], (3) quality control
[43, 100], (4) chemotaxonomy/chemophenetics [66, 83], and
(5) ecology-chemistry [14, 87].

Regarding the field of food sciences, metabolomics
proved to be an important tool for regulatory compliance,
processing, quality, and safety [22]. In a review, Cevallos-
Cevallos et al. [22] identified that the most common stud-
ies in food analysis were focused on fruits and vegetables.
Recently, there is no doubt that metabolomics has the

1. Sample preparation

potential to play major roles in many aspects of food authen-
ticity and traceability [28]. In this sense, several studies
using metabolomic methods and analyses have been carried
out to investigate food authenticity [21, 100] and [44] and
characterization [54], to the determination of samples’ geo-
graphical origin [8, 57], and to the separation/distinction of
samples produced in different geographical origins [45, 98].

Based on the presented literature, an integrative review
would gather the concepts, clarify the research scenario,
constitute a scientific taxonomy, and propose insights for
future studies. The next section explains how the integrative
review was structured and conducted.

Methods
Data collection

This work is exploratory in nature since it aimed to show
the interconnections between the marketing and metabo-
lomics fields. To achieve this purpose, an integrative lit-
erature review was proposed based on published research
articles. This approach has an important role in stimulating
new research, because it can generate new frameworks and
perspectives on a certain topic based on a review and syn-
thesis of the representative literature [95].

3. Data processing

5. Data interpratation

LC-MS

Fig. 1 Overview of a generalized metabolomics protocol. (1) Sample
extraction must be defined, as it is a crucial step in selecting com-
pounds. (2) The common workflow starts with separating and detect-
ing molecules (for example by LC-MS). (3) The selected bigdata sets
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2. Data acquisition

4. Data analysis

are processed. (4) Multivariate statistics can be used in data analysis.
(5) It is up to the researcher to interpret the analyzes and make a diag-
nosis
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The database chosen for data collection was Scopus, since
it has a rigorous and multidisciplinary indexer and a large
corpus of academic articles that can be reached with preci-
sion using operators, time frames, and keywords [11]. Data
were obtained in January 2021 and included the period from
2000 to 2020, since the first metabolomic studies on plants
were published at the beginning of the twenty-first century
[41].

The search strings were defined based on the main key-
words in marketing literature (regarding the origin extrinsic
cue) and metabolomics. The strings were searched in the
title, summary, and keywords of articles, according to the
following operationalization:

(“metobolomics” OR “food metabolomics” OR “nat-
ural products metabolomics” OR "phytochemical
studies” OR “metabolomic characterization”) AND
(“denomination of origin” OR “indication of origin”
OR "geographical indication” OR “protected desig-
nation of origin” OR “protected geographical indica-
tion”).

The search field chosen for the string search was “Arti-
cle title, Abstract, Keywords.” The following filters were
applied to Scopus: articles from academic journals; Eng-
lish language only. Following an adapted process of iden-
tification, screening, eligibility, and inclusion from [68],
Fig. 2 provides an overview of the analysis conducted.

Fig.2 Overview of analysis

The inclusion and exclusion criteria are presented in the
Results and Discussion section.

VOSviewer software

After data collection, the VOSviewer software was used
to verify and better visualize connections between data
through graphs and maps [59]. Bibliometric maps were
created on retrieved publications, using the VOSviewer
software version 1.6.5.0 (freely available at http://www.
vosviewer.com). Aiming to identify the main journals and
most used keywords, analyses were based on the results
presented by VOSviewer, which originates maps of dis-
tance, indicating the strength of relationships between
items.

VOSviewer was specifically developed for creating,
visualizing and exploring science’s bibliometric maps,
including bibliographic couplings, co-citations, and
co-occurrences [96, 99]. To graphically visualize the
nodal network created by VOSviewer, the software uses
two standardized weights, such as the number and total
strength of links, thus the size of the nodes and the inter-
connecting lines between the nodes denote the relevance
and strength of the nodes’ links [33].

adapted from [68]

SCOPUS
N =371

Identification and
Screaning

Eligibility

Potencial articles

Excluded

N =371 g Ni= 174

Included

Final Sample

N =143

Analysis

VOSviewer analysis
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Results and discussion

Following the procedure presented, 314 articles were col-
lected. First, data were tabulated according to product
category, products’ origins, year of publication, and if the
study involves products with certification of origin or not
(GI, PDO, PGI). After this, 171 articles were excluded due
to the exclusion criteria: articles focused only on chemical-
analytical methods validation, articles with no relation to
metabolomics approach, and articles with no mention/analy-
sis of samples’ origin. Thereafter, 143 articles composed the
database (Supplementary Material I) used to verify: i. the
number of publications by year; ii. the average number of
publications by year; iii. the main journals with publications
on the subjects; and iv. the trends in metabolomic studies
involving products with the certification of GI, PDO, PGI.

The first article collected was published in 2009. Between
2009 and 2020, the average of publications on the Scopus
platform was 13 publications per year. The largest number
of publications was in 2019, with a total of 39 articles. Fig-
ure 3 shows the growth of publications on the subject over
the years.

Based on the data set, the following theoretical gap is
observed: no studies relating the topics “marketing” and
“metabolomics” were found, either with theoretical or
applied methods that use metabolomic tools to promote and
guarantee a GI product, therefore, corroborating the onto-
epistemological importance of the subject. This gap starts a
novel scientific venue and a foundation for future research,
which will ally metabolomics studies with marketing theory
so that product certification, traceability, and promotion
based on chemical compounds can be achieved.

There is ongoing growth in the number of publications in
the chemistry area focused on products with certification of
origin. One reason for that is the evolution of metabolomic
techniques, which are cheaper and faster nowadays, con-
sequently more accessible to researchers and laboratories.

Number of publications per year

4 3 4 3

o . E E NN

2009 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Fig.3 Number of publications per year
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Many of these studies misuse the terms of certification of
origin (GI, PDO, PGI), and often there is no precise specifi-
cation of the origin of the samples used. Consequently, the
results could make researchers of the chemical field aware
of the importance of correctly applying the terms related to
certification of origin in their future works, mainly if there is
the intention of sharing them with other stakeholders (e.g.,
producers, government, agricultural cooperatives).

It is important to note that the number of publications
in 2020 did not follow the growth pattern seen in previous
years. One possible cause is the COVID-19 pandemic that
affected research around the world by the impossibility of
cultivating and collecting samples in the field and attending
to laboratories.

Studies indicate that the pandemic directly impacted aca-
demic publications with a decrease in the average time of
analysis and acceptance of articles concerning the COVID-
19 pandemic, which were prioritized at the expense of
articles not related to the topic [7, 34]. According to Aviv-
Reuven and Rosenfeld [7], international collaboration on
research unrelated to COVID-19 slowed down during the
pandemic crisis.

Figure 4 illustrates all 41 academic journals using density
to relate them to the respective number of publications.

Sixteen journals corresponded to 83 of 108 publications
found. The journals that published three or more articles
are illustrated in Fig. 4. The journals that published more
articles are, respectively: Food Chemistry (22), Journal of
Agricultural and Food Chemistry (10), Food Research Inter-
national (9). Together, they account for almost 38% of all
articles. Most of the articles are concentrated in journals
from chemistry and food fields, and none of them are from
the marketing area. It is confirmed that a great part of these
article analyzes samples with certification of origin. Conse-
quently, chemical and biological results could be extended
to other issues and discussions regarding marketing and
consumer perspectives (i.e., management, promotion, and
commercialization of GI/PDO/PGI products).

To identify the most used words, a keywords co-occur-
rence map is depicted in Fig. 5. The keywords co-occurrence
map is based on analyzing the most frequent or important
words found in the articles [18], referring to terms contained
in the title and summary. From these words, 11 related to
the format of the academic texts were excluded (i.e., arti-
cle, procedures, analysis, multivariate analysis, compounds,
etc.). The result is a map based on the following 23 words:
chemistry, discriminant analysis, mass spectrometry, metab-
olomics, multivariate analysis, high-performance liquid
chromatography, classification, chemometrics, Italy, nonhu-
man, geographical origins, geography, food analysis, proton
nuclear magnetic resonance, metabolism, unclassified drug,
authentication, wine, protected designation of origins, geo-
graphical origin, olive oil, geographic origin, quality control.
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The keywords were categorized by year of publication
(Fig. 6) to deepen the analysis. The VOSviewer software
represents the years with the highest number of publica-
tions in a timeline between 2016 and 2018. However, arti-
cles from 2009 to 2020 are contained in this analysis. The
most frequent keywords are in purple in Fig. 6, respec-
tively: authentication, metabolomics, geographical origin,
high-performance liquid chromatography, and wine.

Results of both co-occurrence maps (Figs. 5 and 6)
provide guidance on the main discussions conducted in
the last 20 years on metabolomics research using products
with certification of origin.

Based on the analysis of abstracts and conclusions of
all articles and on the keywords co-occurrence map, the
main subthemes’ taxonomic categorization is proposed:
(1) chemical studies using products with no certification
of origin, (2) chemical studies using products with certi-
fication of origin, (3) comparison of chemical composi-
tion between products with certification of origin from
different countries, (4) comparison of chemical composi-
tion between products from different certified regions, (5)
comparison of chemical composition between different
sites within the same certified region, (6) comparison of
chemical composition between products with and without
certification of origin, and (7) chemical analysis to support
the registration of a region as GI, PDO or PGI.

nonhuman

To provide a facilitator for research on products’ metabo-
lomics studies with certification of origin, Table 1 relates
the proposed categories to the number of articles and a brief
explanation about classification adopted.

The articles that consist of the first category, “chemical
studies using products with no certification of origin,” apply
chemical analyses to products that are originated in a spe-
cific region or country, but the author does not state in any
part of the article if that place has its origin certified. As
an example of a study in this category, Wu et al. [102] ana-
lyzed wines from different countries and geographic regions,
but the authors have not determined if there is certification
of origin on the product. Similarly, Kalogiouri, Aalizadeh,
and Thomaidis [55] confirm the excellent quality of Greek
oils as consequences of local climatic and edaphic condi-
tions, emphasizing the benefits that the characterization and
authentication of Greek extra virgin olive oils based on cul-
tivation and geographical origin could bring, a possibility of
establishment of a country brand in the international market.
Nevertheless, Kalogiouri et al. [55] do not indicate whether
the analyzed products have certification of origin.

In the wine category, one of the most affected by fraud,
adulteration and other misleading practices, the verification
of product authenticity with chemical—analytical methods
are necessary. For this reason, Springer [90] used multi-
class chemometric strategies to classify and distinguish
between German and non-German wine varieties. [63] have

chemometrics

geography

olive oil
italy

unclassified drug

geographigal origin

quality control

geographical origins

chemistry
mi.

discriminant analysis

food analysis

Sptotected designation of origins

authenfication
@©

metalﬂpmics

proton nuclear magnetic resonance

6% VOSviewer
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Fig.6 The keywords co-occurrence map categorized by year of publication
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Table 1 Taxonomic categories, number of articles and a brief explanation about classification adopted

Taxonomic categorization

Number

Brief explanation

of articles

Chemical studies using products with no certification of origin 65

Chemical studies using products with certification of origin 26

Comparison of chemical composition between products with 5
certification of origin from different countries

Comparison of chemical composition between products from 15
different certified regions

Comparison of chemical composition between different sites 10
within the same certified region

Comparison of chemical composition between products with and 21
without certification of origin

Chemical analysis to support the registration of a region as GI, 1
PDO or PGI

Studies with products of a specific country or region, although
the authors do not mention if the product analyzed has its
origin certified (GI, PDO, PDI). Wu et al. [102]

Studies analyzing products with certification of origin (GI, PDO,
PDI) with the purpose of identification and quantification of
metabolites; or product authentication and traceability. Pascale
etal. [77]

Studies comparing products from different countries. Authors
indicate the origin of the samples as certified (GI, PDO, PDI).
Arana et al. [4]

Studies comparing two or more products from different certified
regions within the same country. Papotti et al. [76]

Studies comparing products from different sites within the same
GI/PDO/PDL. [61]

Studies comparing products from a certified region (GI, PDO,
PDI) with a similar from a non-certified region. Rocchetti et al.
(81]

The authors confirm that the analyzed product comes from a
region that still has its name under legal process for registration
and that the research results could support it. Heude et al. [50]

classified 126 wines from Romania and France based on
cultivar, geographical origin, and crop. The influence of the
terroir was confirmed in the study, but the authors do not
indicate whether part of the wine samples came from a certi-
fied region.

The second category, “chemical studies using products
with certification of origin,” addresses articles that adopt
metabolomics approaches to identify the certified origin
of the analyzed product. For instance, Pascale et al. [77]
described chemical substances in peperoni di Senise peppers
(Capsicum annuum L.), a European Union PGI. Napolitano
et al. [70] identified 11 phenolic compounds of fresh and
roasted hazelnut grains “Tonda di Giffoni”, a PGI product
from the region of Campania (Italy).

In categories 3, 4, 5, and 6, all authors identified the certi-
fied origin source for the samples. The third “comparison of
chemical composition between products with certification of
origin from different countries” taxonomic category encom-
passes studies similar to Arana et al. [4], with metabolomics
techniques to discriminate Colombian coffees from foreign-
ers’ coffees, especially from neighboring countries. Olmo-
Garcia et al. [74], another example, adopted a metabolomic
approach as a strategy to authenticate the declared origin of
extra virgin olive oils. The analysis included samples from
six different GIs from the Mediterranean and resulted in the
discrimination and definition of distinct compositional pat-
terns for each GI [74].

Studies comparing products with certification of ori-
gin that belonged to the same country, but different pro-
ducing regions, were included in category 4, “comparison

of chemical composition between products from different
certified regions.” Papotti et al. [76] (comparison between
three different PDO Lambrusco wines from Modena) and
from Moyano et al. [69] (comparison of eight Spanish wines
from different DOs) are examples of studies of this category.
The results of this category’s studies help to conclude that
metabolomic methods are useful tools to determine vola-
tile compounds in products, such as wines. Other studies
focus on Grape marc, which is a by-product exploited by
many wine producing countries because of its high levels of
polyphenols, a compound that decreases the risk of chronic
diseases. Alvarez-Casas et al. [3] studied the phenolic com-
position of grape marcs from five different Spanish certified
regions aiming to characterize this important by-product.
As a result, the authors found differences in the antioxidant
capacity of the marc varieties, which is useful to market this
product to consumers with a demand for more natural and
functional additives in wines.

The unparalleled sensitivity of metabolomics methods
can provide the specification of samples within the same
site. The fifth taxonomic category, “comparison of chemical
composition between different sites within the same certified
region,” includes studies similar to Lima et al. [61], which
performed metabolomics in Portuguese cheeses from Serra
da Estrela region and concluded that products from different
producers were different (an extreme relevant conclusion for
producers and consumers). Another study in this category
demonstrates the “soil effect” in the biochemical composi-
tion of PDO Aleatico di Gradoli grapes and wines cultivated
in the northern part of the Lazio region (central Italy) [30].
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To prove environmental variability and to verify the rela-
tionship between soil and grape quality (the core of terroir
definition), De Santis et al. [30] collected samples from five
sub-areas of the region. Data confirmed that the identifica-
tion of grapes and wines’ biochemical parameters can be an
indicator of oenological potential according to the origin.

The sixth category, “comparison of chemical composi-
tion between products with and without certification of ori-
gin,” includes articles analogous to Rocchetti et al. [81] that
determined chemical differences in the fingerprints of PDO
Grana Padano cheeses and non-PDO “Grana type” cheeses.
Similarly, Salzano et al. [85] analyzed 11 dairy products
located in a DOP region and nine dairy products located
in a non-DOP region, both in Italy. After data processing,
PLS-DA graphs clearly differentiated samples of mozzarella
milk PDO and non-PDO and identified which metabolites
were discriminate to the separation. These discoveries are
examples of articles that establish metabolomic methods as a
powerful technology platform to determine authenticity and
create protection for products with certifications of origin.

The last category, “chemical analysis to support the regis-
tration of a region as GI, PDO or PGI,” considers studies like
Heude et al. [50], which aimed to support Aquitaine’s caviar
producers to establish a PGI by defining the metabolomic
profiles of the product. The authors developed multivari-
ate statistical models to discriminate which caviar samples
belonged to the region, attesting that the results are of great
interest in the context of PGI registrations.

Another important finding is the high number of stud-
ies on certain product categories and countries. In detail,
Table 2 organizes these articles by type of product studied,

the corresponding number of certifications of origin in that
category, and the samples’ country of origin.

The product categories most used for analysis in metabo-
lomics studies are oils, wines, cheeses, fruits, and vegeta-
bles. More than half of the samples studied have certification
of origin (GI, PDO, or PGI). Origin cue has been attached to
the first three product categories for a long time as a sign of
quality and tradition [9, 60, 79]. Though, there has been an
increase in studies of other product categories (i.e., spices)
with a record in registration and communication of origin
[16, 65].

According to the statements of Banks et al. [9] about
wines, these products will be integrated into regional tra-
ditions in the near future, gradually becoming part of the
place’s references. The certification of origin of products
produced by countries or regions with a recent history in
producing them (i.e., Brazilian and Australian wines) are
based mainly on demonstrating the benefits that these uncon-
ventional or exotic origins can add to the product. Based on
the number of GIs and studies in certain product categories
and regions, it can be said that origins that already have
traditions in particular productions are now demonstrating
interest in signaling it. (i.e., Chinese mushroom, rice, and
vinegar, Iranian saffron).

Table 2 also shows that most studies focus on products
of European origin, a place that has an ancient tradition in
origin registration and the largest number of registered prod-
ucts. Another reason is the fact that many non-EU countries
use EU legal systems for origin registration purposes, like
Cambodia’s Kampot pepper, which achieved the EU PGI
title in 2016.

Table 2 Product studied,

. Product category Number  Most analyzed products’ countries Products with
number of art.lc'les, samples’ of articles origin certifica-
country of origin and tion
corresponding number of
certifications of origin in that 0il 30 Italy (20), Spain (7), Tunisia (4), Greece (3) 10
category Wine 29 Italy (8), Australia (7), France (5), Greece (5), Spain (5) 18

Cheese 16 Italy (7), Greece (4), Mexico (2), Portugal (2) 12
Fruit/Vegetable 16 Italy (7), Greece (3), China (2), Spain (2) 9
Coftee 9 Brazil (6), Colombia (5) 3
Nut 9 Italy (6), France (2), Germany (2) 4
Grain 7 Italy (3), Brazil (2), Canada (2) 2
Spice 7 Italy (5), China (1), Iran (1), Ucrania (1) 4
Tea 5 China (5) 1
Honey 4 Brazil (1), China (1), Marokko (1), Portugal (1) 1
Vinegar 3 Italy (1), Spain (1), China (1) 2
Medicinal Herb 3 China (2), Vietnam (1) 0
Seafood 2 France (1) in progress
Beer 1 Czech Republic and Spain 0
Mushroom 1 China (1) 0
White Lotus Seed 1 China (1) 1
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Italy appears as the most cited source in the studies of
products that are already registered as GI and of those that
are still not. Furthermore, the country is used as a source
of products for studies in several food categories, confirm-
ing Italy’s high level of expertise in origin certifications.
Another fact is that most GI records in the world are concen-
trated in southern European countries: Italy, Spain, France,
Greece, and Portugal. Together, these countries have more
than 70% of EU Gls food registrations and 80% of EU GlIs
wine registrations [53]. The emphasis of studies on some
countries can also be attributed to the fact that they repre-
sent the highest value of exports of GI products to non-EU
countries [37, 38].

Figure 7, a VOSviewer map of co-authorship by coun-
tries, expresses the country’s sphere size and position based
on the number of studies the diversity of the co-authorships
related to that country, which is a corroboration of the results
presented in the column “Countries” of Table 2.

Concerning the agricultural products that were chosen
as the object of study by researchers, the product categories
with the most GI records (wines: 1616 records, cheeses: 248,
and oils: 143) are the focus of most collected articles [39].
These products are also the most exported by the EU, there-
fore, they warrant legal protection and studies of authen-
ticity and traceability. In part, reasons for the academic
interest in these product categories can rely on economic
data. Although research analyzes agricultural products and
foodstuff with the use of metabolomic techniques, it can be
noted based on results that the main goals of most studies are
driven to the identification of chemical profiles to distinguish
the product with registration of origin.

greece
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Fig.7 Map of co-authorship by countries

The importance and relevance of “-omics” studies were
evidenced, especially in metabolomics, and for products
with certifications of origin. The field is useful to dem-
onstrate the effects of “country of origin” and “terroir” in
chemical composition. In addition, it presents the possibility
of establishing a fingerprint to authenticate that the analyzed
product belongs to a certain region.

The articles used by the authors to exemplify each sub-
category indicate that metabolomics techniques are pow-
erful tools to be included within the GI system, and also
be expanded to other economic sectors (e.g., tourism, culi-
nary), since it presents chemical evidences to define product
authenticity and typicality. Recent studies show the impor-
tance of differentiation strategy for food products (e.g., wine,
cheese, olive oil) and its impact on the consumer decision
process [10]. The utilization of metabolomic as product cue
is a guarantee of the product’s intrinsic value and a reason-
able excuse for higher prices. It means that metabolomic
gives real evidences of premium prices, validating ter-
roir interferences (e.g. specific compounds or biomarkers
identification).

For instance, wineries belonging to the German wine
route could apply metabolomics techniques to prove wines’
differentiation (e.g., based on wine chemical fingerprinting)
and intrinsic characteristics. In this way, smaller and new
wine producers within that region have a chance to com-
pete with already established and renowned wine producers,
utilizing chemical data to add value to their product and
therefore to attract tourists. Also, new wine blends could be
promoted based on metabolomics. Ingredients with verified
chemical attributes (evidenced through metabolomics tools)
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could have their culinary use promoted, such as restaurants
offering dishes with local ingredients (e.g., cheese, olive oil,
mushroom, saffron) can present their chemical fingerprints
as a rational proof of authenticity, typicality and unique
properties. This strategy could also foster local tourism,
contributing to the place development.

New ventures and applications for metabolomic studies
are established once marketing purposes are combined. For
instance, chemical profiles derived from metabolomics stud-
ies could compose a fingerprint system for the authentication
of agri-food products, making it easier and faster for public
agencies to register new Gls. Metabolomic can also be used
to detect product fraud and free-riders who take advantage
of GI's name, image, and reputation to add value to products
that were not produced in the certified place. In these cases,
certified food producing places can apply metabolomics
techniques to preserve place image and reputation.

In addition, the metabolomic approach can be used as
a marketing tool by producers to promote the quality of
their products further, indicating chemical evidence as
proof of the effects of terroir and savoir-faire in the final
product. Gradually, consumers could be educated to under-
stand certain metabolomic information and relate it to the
intrinsic attributes of the product, similar to the knowledge
that regular wine consumers acquired about wine composi-
tions and the sensory characteristics related to them (i.e.,
the presence of tannins associated with astringency, other
phenolics associated to color, or volatiles related to flavor).
Based on metabolomic studies, organoleptic nuances could
be explored and promoted to penetrate existing market seg-
ments and enter into new ones.

Specifically, the wine industry presents a clear demon-
stration of how metabolomics can be used for marketing
purposes. For instance, wine quality is influenced by con-
sumer’s expectations and sensory experiences [89]. Accord-
ing to Sherman et al. [89], sensory experience is based on
wine’s intrinsic features, defined mainly by aroma, taste, and
mouthfeel. In other words, wine quality is drastically influ-
enced by consumer perceptions of the product’s metabolites.
As proved by Arapitsas et al. [6] in a study with 11 types
of red wines (Aglianico, Cannonau, Corvina, Montepul-
ciano, Nebbiolo, Nerello, Primitivo, Raboso, Sagrantino,
Sangiovese e Teroldego) from 12 locations in Italy, geno-
typically similar grapes, but from different regions, result in
wines of distinct chemical compositions. Using liquid chro-
matography coupled with mass spectrometry, the authors
prove the similarities among the analyzed cultivars, identify-
ing biomarkers for each origin studied and a characterization
of each “cultivar-terroir” combination. Such metabolomic
analysis can be applied to a certain GI’s product with the aim
to confirm that it is indeed different from other from special-
ized producing regions, and that presents a unique sensory
experience based on its own chemical fingerprint. Moreover,
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authenticity and typicality can be proven on the basis of
chemical data and then be used for terroir promotion.

In other words, metabolomics techniques scientifically
prove that products originated in different regions are dis-
tinct due to their local particularities (e.g., altitude, climate,
producing methods, soil, etc.). Hence, food producers can
rely on metabolomics reports, produced by specialized sci-
entists, to indicate the link between place and product, and
promote the product’s uniqueness. The metabolomic report
would point out which substances can serve as product
biomarkers (i.e., proof of place-product link), confirming
product authenticity. Arapitsas et al. [6] proved with metabo-
lomics techniques that, despite various similarities, 11 grape
cultivars produced in different regions of Italy are very spe-
cific in terms of metabolomes. This kind of study is a start-
ing point for producers, associations, and GI managers to
product differentiation.

Following the categorization proposed and our analy-
sis, it was possible to identify the correlations between the
researched scientific fields. In this way, Fig. 8 summarizes
the main topics of our discussion, illustrating the possibili-
ties of metabolomics in the marketing of GIs.

Conclusions

The results of the analysis in VOSviewer software and the
integrative literature review support our main theoretical
contribution: an original taxonomic categorization related
to metabolomics studies using products with GI/PDO/PGI
in the last 20 years. The presented results shed light on the
state of the art that concerns the combination of metabo-
lomics and marketing areas. The taxonomy created can be
used as a facilitator and guide for future studies in this new
venue of research. Metabolomics can provide a chemical
fingerprint system that could be applied to Gls, optimiz-
ing registration processes. It is also a potential marketing
tool once the chemical fingerprint is linked to the product’s
intrinsic attributes and quality and applied to reach differ-
ent market segments. The establishment and communication
of the product’s chemical profile can increase consumers’
confidence. Chemical differences and nuances can be trans-
formed into competitive advantage, enhancing consumer
communication programs and making it possible to deepen
existing market segments and exploring new niches.

The main limitation of the research relates to the selec-
tion of one database, Scopus, and the analysis of stud-
ies only in the English language. It was confirmed that
metabolomics is a valuable tool with great potential for the
marketing field, and, to explore possible benefits, further
studies are needed. Our suggestions for future research
relating to marketing and metabolomics are metabolomics
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Fig.8 Overview of results

studies focused on more specific marketing themes (i.e.,
consumer segmentation, product development, labeling,
branding); the use of other “omics” to contribute to the
chemical profile resulted from metabolomics techniques
(i.e., [93] and the Greek “omics” consortium); studies on
consumer education and acceptance of metabolomics pro-
file and chemical information availability; studies on the
possible contribution of metabolomics data to economic
activities related to GIs (i.e., tourism).
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