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Does Traceability Lead to Food Authentication? A Systematic 
Review from A European Perspective
Maria-Eleni Dimitrakopoulou and Apostolos Vantarakis

Department of Public Health, Medical School, University of Patras, Patras, Greece

ABSTRACT
Food safety and quality concern increasingly both consumers and the entire 
food sector involved. The European Union has implemented specific legisla-
tion for food products in order to monitor food safety and quality, protecting 
each country’s culture, history and local economy at the same time. 
Moreover, Europe’s heritage is being enriched, by establishing quality 
schemes such as Protected Designation of Origin (PDO) and Protected 
Geographical Indication (PGI). Europe’s interest and concern regarding 
food safety proved also by Framework Program 5 Horizon 2020 continuous 
funding.Food traceability as well as food authentication constitute insepar-
able parts of food safety and quality. This systematic review presents inno-
vative research technologies which are used in Europe for food traceability 
and authentication and published within the period 2010–2018. Moreover, 
information about the method used, the country of origin, the food type and 
the level of food process, are provided.This paper offers a new possible 
approach regarding the combination of the existing definitions of food 
traceability and authentication, as far as food provenance is concerned.
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Introduction

Food traceability is defined as the ability to provide information about the history and origin of 
a product through a supply chain. This way could contribute to documentation of a specific produc-
tion chain. Also, through a traceability system, actions such as a recall, if a product is found to be 
unsafe to consume or not according to quality or safety standards, are easily performed[1]. Food 
traceability can offer a new aspect for consumer’s protection by being a basic part of food safety, food 
quality, and essential for food supply chain. However, a food traceability system is related to food 
authentication because it is based on the creditability of originality. International and national 
research have revealed several cases of food adulteration. In Europe, during the period 2016–2018, 
many reports related to adulteration, counterfeiting, and mislabeling have been published. Wine, 
spirits, olive oil, fish, meat, cheese, honey, herbs and spices represent the most commonly reported 
adulterated foods (European Commission, 2019).

For these reasons, standardization organizations for controlling the origin of foodstuff and the 
production process have appeared all over the world e.g., the French ‘Institut National des 
Appellations d’Origine (INAO), Italy’s ‘Denominazione di Origine Controllata’, Spain’s 
‘Denominación de Origen’, South Africa’s ‘Wine of Origin’ or the United States’ ‘American 
Viticultural Areas’. Moreover, the European Union (EU) introduced legislation presenting 
specific names for agricultural products, foods and beverages of a quality or reputation 
(Council Regulation, EEC No 2081/92) such as PDO, PGI and TSG. PDO (Protected 
Designation of Origin) identifies food products that are produced, processed, and prepared in 
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a defined geographical area. PGI (Protected Geographical Indication) identifies agricultural 
products and foods linked to a geographical area where at minimum one production step 
occurred and TSG (Traditional Specialties Guaranteed) identify and protect traditional methods 
of production [2]. These EU schemes are established to protect the reputation of the regional 
foods, to help producers obtain premium prices for authentic products and to minimize the 
unfair and misleading competition from fraudulent products (1151/2012 EU Regulation). Food 
authentication is main concern for severe organizations including the scientific community, law 
enforcement, food producers, importers, exporters, and consumers. This field is in the phase of 
exponential growth and is attracting a high level of attention from authorities and media around 
the world due to the production of counterfeit food and illegal food trade.

Food safety and quality authorities are asking for an extended and updated list of the 
analytical techniques for confirmation of food authentication and to support law enforcement. 
Therefore, there is a growing need for reliable analytical methods that can give a decisive answer 
about the authenticity of foodstuffs. Food authentication methods must be scientifically proven, 
accurate and reliable so that food products can be protected and clearly distinguished from any 
illegal substitutes. Several studies have attempted to summarize different aspects of evaluating 
food authenticity, such as country of origin, or reactions to specific food fraud cases and public 
attitudes towards food safety associated with traceability .[3]

We conducted this systematic review to analyze the correlation between food traceability and 
authentication, record the lab-based methods used for food authentication or/and traceability, 
the countries and food types involved and the level of the food process (raw or processed). As 
far as we know, there is no similar systematic review published.

Methods

Protocol and registration

In the present study a protocol based on PRISMA statement was performed, followed in all steps: 
literature search, study selection and analysis process (Fig. 1 and 2, 3).

Eligibility criteria

All study designs were included in the first step, irrespectively of the date of their publication. The 
literature search was conducted without language limitations, on the condition that an abstract in 
English existed reporting the information of interest. The inclusion and exclusion criteria were set as 
follows:

Inclusion criteria:
• Lab-based techniques
• European studies
• Food type
At least one of the following information is referred: food authentication, food traceability, 

geographical origin
Exclusion criteria:
• Feed traceability/authentication
• Drugs/Medicine type
• Non Lab-based techniques
• Non EU-based study
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Information sources and literature search

Scopus, Science direct and Pub Med were searched for empirical studies published over the past 
8 years i.e. 2010 onwards: A comprehensive literature review was conducted using three online 
databases: Science Direct (Elsevier), Scopus (Elsevier) and PubMed (NCBI). We used the following 
search terms (adapted for each database): (Food) AND (traceability) AND (Food) AND (authentica-
tion) AND (geographical origin).

(TITLE-ABS-KEY (food AND traceability) AND TITLE-ABS-KEY (food AND authentication) 
AND TITLE-ABS-KEY (geographical AND origin) AND (LIMIT-TO (PUBYEAR, 2018) OR LIMIT- 
TO (PUBYEAR, 2017) OR LIMIT-TO (PUBYEAR, 2016) OR LIMIT-TO (PUBYEAR, 2015) OR 
LIMIT-TO (PUBYEAR, 2014) OR LIMIT-TO (PUBYEAR, 2013) OR LIMIT-TO (PUBYEAR, 2012) 
OR LIMIT-TO (PUBYEAR, 2011) OR LIMIT-TO (PUBYEAR, 2010) AND (LIMIT-TO (DOCTYPE, 
“ar”) OR LIMIT-TO (DOCTYPE, “re”)

Study selection

The selection of the studies to be included in the systematic review was evaluated by two reviewers 
independently: (M.D and A.V). Mendeley was used to identify duplicated publications and include 
each article only once. A first screening was performed by titles and abstracts, using the inclusion and 
exclusion criteria. The potentially relevant articles were passed on to the next step for further 
assessment. A second selection of the relevant studies was conducted by the full text of the included 
publications. The authors independently reviewed the potentially relevant studies according to the 
eligibility criteria to determine which studies would finally be included in the review.

Figure 1. Prisma flow diagram.
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Data collection process

Food traceability and/or authentication method, location of the study, food matrix and type and 
correlation with geographical origin were the information extracted from the full text articles selected 
to be included in the study.

Results

Study selection

Only original research papers published with at least a summary in English were included. Initially, 
a total of 724 articles were identified. Next the number of publications was reduced to 693 by removing 
duplicates. The next stage involved the elimination of articles in which titles and abstracts did not refer 

Figure 2. Number of publications according to the food type.

Figure 3. Origin countries of publications on food traceability and/or authentication methods.
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to lab-based methods of traceability or authentication. Three Publications were excluded due to the 
lack of full access. After assessing the remaining papers (n = 337) relevant research papers in terms of 
traceability and authentication methods, were identified. From those 113 papers were discarded due to 
the fact that were non Europe study or the matrix was feed or drugs or the methodology was unrelated. 
Papers in the final set (n = 224)[4–227] mainly concerned food traceability and authentication lab-based 
methods in Europe. The systematic literature review approaches depicted in Fig. 1

Food type

Seafood, dairy, wines, beverages, plants, honey, meat and oils, were the most common food types used, 
in the included studies, in order to confirm the geographical origin or the identity of the product. The 
highest percentage, 29,4% (66 publications) presented techniques for identification of geographical or 
botanical origin of plants such as citrus, cherries, artichokes, garlic, tomato, wheat, rice etc . In 
addition, in this systematic review, 48 articles (21,4%) report methods for oils’ authentication and 
traceability, considered that, olive oils’ production has a great economic impact, resulting to a growing 
need for olive oil authentication. These specialty products such as plants or oils are sensitive to 
counterfeit admixture with cheaper varieties. Furthermore, the aim of 21 published articles (9,3%) was 
seafood authentication and traceability. Honey aldulteration has been recorded in 20 publications due 
to commercial and health aspects. Eighteen reports (8,9%) targeted wine geographical traceability or 
wine authenticity. The origin and identity of dairy products is studied in 17 publications, whereas 
beverages and spirits counterfiet insidents reported in 12 articles. It is also known that meat industry is 
falling behind of its’ major competitors, in terms of traceability, authentication and quality assurance, 
fact that is indicated by a small number of publications concerning this matter. Indeed, only ten 
publications are included in this review, which analysed methods for distinguising meat species or for 
identifying meat geographical origin. Food types such as mushrooms, truffles, flours etc are analysed 
in 8 publication (Food type:Other). Last, but not least, 4 studies handled multiple food types.

Origin countries

Italy, during the period 2010–2018, emerged in the field of food traceability and authentication. This 
period, Italy was the first country in publications, with 37, 5% from the total included studies, 
potentially due to the high number the high number of PDO, PGI and TSG Italian food specialties, 
which are quality labeled and protected by the European Union. The fact that PDO, PGI and TSG 
products often command higher prices and have a worldwide economic impact, makes them subject to 
adulteration and attractive to fraudsters. Moreover, the global trade, the new distribution channels and 
the economic pressure, contribute to food fraud. Mediterranean European countries such as Spain and 
Greece, have also contributed with a large number of articles. Spain had 45 publications about food 
traceability and authentication, while Greece had 20. France, England, Germany and Romania were 
countries with approximately 10 publications each.

Level of food process

The reports described in this systematic review used either raw or processed material, while some of 
studies decided to use both, in order to explore whether the food process is a contributing factor. For 
instance, in the plants/crops’ category, 42 articles are based on raw material, 14 articles on processed 
and 10 articles are based on both. Oils’ traceability refers mostly to processed food, whereas 4 reports 
are based on raw food and 8 reports are based on both. Only a small number of studies focus on raw 
material, as a means for meat or dairy products’ authentication. In the case of seafood, raw material 
and food of both processing levels are used in 9 articles respectively. Furthermore, in order to achieve 
honey traceability, authors in 9 publications used a processed source, in 8 publications raw material 
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and in 5 articles both. Wine or beverages’ authentication and traceability generally appear to be based 
on raw material.

According to Fig. 4, almost half of the included studies (44, 6%) used processed material in order to 
conduct their research. This high percentage is explained by the implemented food categories such as 
wine, oils and beverages, which are only consumed after their process. Furthermore, 35, 3% of the 
articles aim to traceability and authentication through raw material, especially as far as crops are 
concerned. As far as studies concerning both level of processing, they represented the 18, 3% of the 
total number. These studies probably used different levels of food process in order to evaluate their 
impact on food traceability and authentication results. The remaining 1, 8% refer to publications 
which used many food sources of multiple levels of process.

Traceability/authentication methods

Numerous publications have focused on the food traceability and authentication methods. This is 
due to the increased interest and concern of producers, traders, consumers, quality and safety 
authorities on the definition of the geographical origin of products. Nuclear magnetic resonances 
(NMR), Infrared spectroscopy (IR), isotopic techniques, DNA-based methods, Mass spectrometry 
(MS), chromatographic (GC-LC) prove to be very interesting in the study of food traceability and 
authentication. A variety of combinations of these techniques can also be used according to included 
studies. Fig. 5 demonstrates the number of publications in relation with the method used. Typical 
examples of the above mentioned methodologies are hereby provided. Table 1 records the methods 
used for every different food type. It has to be mentioned that several publications include more 
than one food type.

Nuclear Magnetic Resonance (NMR)
Nuclear Magnetic Resonance (NMR) methodologies are already used for analysis of target food 
compounds, since they provide information about chemical and molecular food composition.[228] 

From the included studies, 11, 1% used NMR technologies for food traceability and authentication. An 
important necessity to obtain high resolution NMR spectra is an accurate molecular mobility. All 
liquid foods and beverages can be analyzed without any treatment because of the zero viscosity of 

Figure 4. Articles according to the food matrix used in methodology.
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fluids.[229] Depending on the type of food sample and the NMR analytical method, different sample 
treatment protocols can be applied.[229] NMR-based metabolomics studies have also been applied to 
investigate the origin of several food products. NMR based metabolomics protocol implemented, for 
example, in untreated Greek grape marc distillates, accomplished their classification and revealed 
potent metabolic markers[220].[1]H NMR approaches were used for fingerprinting of the unsaponifi-
able fraction of virgin olive oil and for classification according to their geographical origin[90].[1] 

H NMR metabolomics has been referred as a tool for analyzing boreal varietal honeys and botanical 
origin of Finnish honeys[221]. Clear discrimination of different botanical origin of a product can also be 
achieved by NMR metabolomics.[13]C NMR phospholipid profiles have been analyzed for discrimina-
tion among lean gadoid fish species and stocks [222]. Characterization of metabolic profile of the 
“Tonda Gentile Trilobata “ Italian hazelnuts, both raw and roasted by NMR approaches, as well as 

Figure 5. Number of publications according to methodology.

Table 1. Method used according to food type.

FOOD TYPE NMR IR DNA BASED ISOTOPIC MS/GC/LC OTHER

BEVERAGE 4 1 − 2 5 3
DAIRY 2 5 3 4 5 −
FISH 2 − 15 2 3 1
HONEY 2 4 2 − 12 2
MEAT 1 1 3 3 3 −
OIL 7 8 5 9 21 8
WINE 1 2 1 6 9 1
PLANT 6 12 13 14 30 6
OTHER − − 1 2 4 2
TOTAL 25 33 43 42 92 23
% 9,68% 12,79% 16,66% 16,27% 35,60% 8,91%

FOOD REVIEWS INTERNATIONAL 7



differentiation between cultivars of other geographical origins, were also reported [20]. There were also 
studies which demonstrated NMR-based lipid fingerprints for food traceability. Thus, NMR technol-
ogies seem to be a valid method in assessing botanical and geographical origin of a product.

Infrared spectroscopy (IR)
Spectroscopic technologies have been applied worldwide as an express method for routine analysis of 
a variety of food products, such as dairy, meat, wines and grains and in this systematic review represent 
the 13.8%. The most common techniques for food analysis are IR spectroscopy with sub-division in NIR 
(near-infrared) and MIR (mid-infrared). NIR lies in region between 780 nm < ٨ < 2,500 nm 
(12,820–4,000 cm−1) and MIR in region 3000 nm < ٨ < 50,000 nm.[230, 231] NIR is a rapid and reliable 
method for food authentication, including the determination of its’ geographical origin. It has already 
been used as a reliable tool for real-time authentication of Asiago d’Allevo cheese, via the estimation of 
several chemical properties and also the classification of the dataset according to different farm manage-
ment, ripening age, production period and production height[223]. It has also been reported, that NIR 
spectra provide information for authenticate genuine PGI-Galician honey samples[226]. NIR spectro-
scopy coupled with chemometrics classification methods were demonstrated for the authentication of 
the geographical origin of PDO pistachio samples from Bronte (Italy) [224]. Analysis of FT-NIR (Fourier 
Transform-Near Infrared Spectroscopy) fingerprints can provide also total species and even subspecies’ 
identification. Analysis of a food sample using the MIR spectrum (4000–400 cm_1) or ATR-FTIR 
(Attenuated Total Reflection Fourier-Transform Infrared spectroscopy) spectra reveals information 
about the authentication of food origin. MIR spectra of 250 samples of sheep milk were studied in 
order to discriminate the geographical area where the sheep milk samples had been collected [45].Overall, 
IR spectroscopy is a powerful, fast and cheap method to trace food products and detect food fraud.

Mass Spectrometry – Gas Chromatography-Liquid chromatography (MS-GC-LC)
Mass profile of a food sample can be regarded as an analytical signature of the food product and thus 
can lead to an effective discrimination among food types. 40, 1% from studies included here, based on 
MS/GC/LC methodologies to access food traceability and authentication. For example, by monitoring 
the volatile compounds by SIFT-MS (Selected Ion Flow Tube-Mass Spectrometry) technique, dis-
crimination and classification of a variety of food products can be achieved. A study which analyzed 
the chemical profiling (i.e. free acidity, peroxide value, spectrophotometric indices, fatty acid-, 
tocopherols- and sterol-composition) of extra virgin olive oils and applied three SIFT-MS spectra 
(H3O+, NO+ and O2+ reagent ions) for different geographical origin determination is reported[96]. 
Prediction of virgin olives oils provenance was verified by analysis of MS-spectra of the volatile 
fractions[98]. Moreover, chemometric processing of mass spectrometry seem to be an easy, quick 
and untargeted approach for differentiation between authentic and adulterant food samples. 
Analytical strategies for food authentication based on non-targeted fingerprinting approach utilizing 
gas chromatography coupled to tandem high-resolution mass spectrometry (Q-TOF mass analyzer) 
were also reported during 2010–2018. Mass spectrometric techniques that used fusion approaches, 
represent a robust way for food authentication were presented too. Chromatographic techniques such 
as GC, LC, HPLC, and HTGC were also reported in order to establish models for predicting the 
provenance of food products. Chromatographic methods can create unique chemical food fingerprints 
that enable differentiation between products. Aim of a research article included in this systematic 
review was to investigate the applicability of metabolic fingerprinting using ultra high performance 
liquid chromatography coupled to high resolution tandem mass spectrometry (UHPLC–HRMS) in 
order to authenticate saffron (Crocus sativus) according to their geographical origin and/or harvest 
years[186]. Food traceability and authentication by chromatographic technologies are widely applied 
and implemented upon the identification of minimal analytical differences between patterns or the 
identification of unique marker compounds[2].
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DNA based
New DNA-based technologies which allow species identification with reliability and sensitivity are 
gaining attention in the food traceability and authenticity field and consist of the 18,3% from the 
included studies. For example, PCR-Restriction Fragment Length Polymorphism (PCR-RFLP) 
and COI barcoding are used for confirming mislabeling fraud in raw and processed foods [10]. 
These methods have been already used for mislabeling fraud in processed anchovy products and 
for discrimination E.enrasicolus among species. In addition, DNA markers, such as SSR, enable 
genetic characterization and distinction between species [88]. Genetic traceability in the case of 
Shambucana sheep was proven efficient for certifying the origin and discriminate from other 
breeds[100]. Next Generation Sequencing (NGS) technologies are also a new reliable DNA-based 
method for species identification and food authentication. Real time-PCR, q-PCR, PCR- 
Denaturing Gel Gradient Electrophoresis (PCR-DGGE), High resolution melting (HRM), PCR- 
cloning, are some of the most popular and reliable molecular techniques for this purpose. 
Verification of Asian surimi traceability, using DNA-mini barcoding coupled with PCR-cloning 
for species authentication has been assessed[218]. Discrimination of organic from conventional 
fruits by molecular microbial approaches,such as PCR-DGGE, was also reported[71]. All these 
DNA-based techniques could be reference methods for species identification, for detecting 
accidental contamination and counterfeits or even verifying products geographical origin.

Isotopic
The stable isotopes ratios (SIR) of bio elements, which depend on botanical, geographical, agronomic 
and climatic factors, have been widely suggested for food authenticity and origin assessment. Severe 
isotopic analysis methods, according to our work (18, 75%) have been applied for both geographical 
traceability and authentication. Stable isotopes (C and O) can be compared between different 
geographical areas to achieve total discrimination of products. Stable isotope ratios of bio-elements 
[,2/,1,, 18/,16;,13/,12,,15/14N] combined with elemental profiles are also applied for determination of 
different food products. Use of δ13 C of glycerol in balsamic vinegars of Modena has presented as 
a suitable method for a deeper knowledge of this food source and for vinegars authentication [204]. 
Furthermore, Sr isotopes are already used to access the geographical origin of a food product.[87]Sr/[86] 

Sr isotopes of bioavailable fractions, which are related to the geological substratum of the vineyard, 
were demonstrated as a useful analytical tool to check the geographical provenance of fresh grape 
fruits[7]. Combination of[87]Sr/[86]Sr isotopes and light stable elements (C, N, O, S) with multi- 
elemental profiling for the authentication of geographical origin of European cereal samples was 
already conducted[150].

Methods linked with geographical origin

Table 2 depicts whether there is a correlation between food authentication and geographical origin 
according to the methodologies presented in this review. Among the 224 articles reviewed in total, 130 
of them linked their methodology with the food production’s geographical area. Studies examined the 
relationship between traceability and authentication. In 47 publications, authors used Mass spectro-
metry or Liquid/Gas chromatography and achieved the determination of the food products’ geogra-
phical origin. Over the 35 articles concerning isotopic techniques, 26 have also resulted to proof about 
the geographical area. Less than half of the articles which used DNA-based traceability methods, 
associated the food product with its’ geographical origin. On the other hand, more than half of the 
articles based on NMR or NIR/FTIR methods, linked food traceability to food provenance.

Discussion

Most of the approaches for food traceability and/or authentication presented in this review are very 
promising in fulfilling this role. The findings of this systematic review confirm the fact that methods 
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used for food traceability could also provide information related to food authentication. From 224 
articles searched, 130 of them concluded that food traceability is high related with food authentication 
and that an interdependent correlation between these terms exists.

Most of the publications included, target plant or oil traceability and/or authentication techniques. 
The level of food type process (raw, processed or both) used to conduct these methods is also 
presented. Italy seems to be the leader in food traceability/authentication publications with 84 articles 
out 224 articles included. The reason for this could be explained by the fact that Italy has numerous 
products with EU schemes labels such as PDO Lambrusco wines, extra virgin olive oils from Sabina 
PDO, PDO lard, PDO Pecorino Siciliano cheese etc.

According to this systematic review, the analytical techniques most commonly used to food 
traceability and/or authentication are MS/GC/LC based techniques. Mass Spectrometry can offer 
some important advantages, such as sensitivity, or the possibility to establish more robust 
couplings with separation techniques. Because of this method’s high sensitivity, some com-
pounds at low concentrations in a sample can be easily evaluated .[232] So far, these techniques 
are applied for food traceability and/or authentication by target and non-target approaches. The 
highest percentage of the publications involved, have conducted non-target approaches for food 
traceability and/or authentication. More specific, by the total metabolite screening of a sample, 
end up with a specific characteristic compound each product’s [13] [40] [186]. Metabolite finger-
printing coupled with appropriate statistical data process, provide a mean of comparing the 
profiles of a group of samples, for determination, identification and discrimination quali- and 
quantitative metabolite differences. On the other hand, metabolite profiling is a targeted method, 
in which samples are compared on the basis of the quali-quantitative distribution of a selected 
number of known metabolites (markers) [164]. For non-target approaches is essential, result’s 
validation by an appropriate model, but it is often found to be used inefficiently or unreliable. 
So, when the identification of metabolites cannot be determined, several chemometric tools can 
be employed. Although, target compound approaches are also referred such, as Arabica coffee’s 
authenticity by 16-O-Methylcafestol [5] or cereal’s authenticity by specific peptide markers [80].

In detail, in order to analyze metabolomic data of a food sample, several steps need to be executed 
such as peak detection, integration, and data alignment before multivariate statistical analysis. 
Principal components analysis (PCA) and Partial least square (PLS) are the most-used multivariate 
statistical techniques. PCA intends to group the data from the food samples among new variables 
called principal components in order to find correlations among the different samples and by PLS, 
samples differentiation achieved by reduction of dimensionality while maximizing correlation 
between variables.

In conclusion, non-targeted approaches are much more requiring compared to classical targeted 
approaches. In targeted analysis, results are usually estimated compound-by-compound using uni-
variate statistics. By contrast, the data extracted for non-targeted approaches typically needs to be 
evaluated using multivariate statistical models .[233, 234, 235] Thus, it is essential need a target compound 
analysis for every food product to be found and validated.

Table 2. Correlation of each methodology with geographical origin and 
authentication.

METHOD GEOGRAPHICAL ORIGIN AUTHENTICATION

NMR 14 (6,25%) 11 (4,91%)
DNA BASED 14 (6,25%) 27 (12,05%)
IR 19 (8,48%) 12 (5,35%)
ISOTOPIC 26 (11,6%) 9(4,01%)
MS/GC/LC 47 (20,9%) 32 (14,28%)
OTHER 10 (4,46%) 3 (1,33%)
TOTAL ARTICLES 130 (58,03%) 94 (41,96%)
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Conclusions

During the period 2010–2018, the number of publication research articles which have focused on food 
traceability and/or authentication has been increased due to the fact that consumers are looking for 
high quality products. Consumers also tend to prefer food products with PDO, PGI or TSG status. As 
a consequence, there is a growing need to establish innovative and reliable techniques for food 
authentication and traceability.

In conclusion, apart from confirming the geographical origin of the product, these methods appear to 
represent a new pioneer tool for consumers and importers/exporters, who can be protected from food 
fraud and be reassured of the products’ authenticity and geographical origin. Mass spectrometry, Gas 
and Liquid Chromatography technologies were explored in this systematic review and it was confirmed 
that these methods were able not only to lead to food traceability, but also to food authentication.
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Chromaticity Coordinates. Food Chem. 2014, 145, 284–291. DOI: 10.1016/j.foodchem.2013.08.032.

[154] Pizarro, C.; Rodríguez-Tecedor, S.; Pérez-Del-Notario, N.; Esteban-Díez, I.; González-Sáiz, J. M. Classification of 
Spanish Extra Virgin Olive Oils by Data Fusion of Visible Spectroscopic Fingerprints and Chemical Descriptors. 
Food Chem. 2013, 138(2–3), 915–922. DOI: 10.1016/j.foodchem.2012.11.087.

[155] Jurado, J. M.; Alcázar, Á.; Palacios-Morillo, A.; De Pablos, F. Classification of Spanish DO White Wines 
according to Their Elemental Profile by Means of Support Vector Machines. Food Chem. 2012, 135(3), 
898–903. DOI: 10.1016/j.foodchem.2012.06.017.

[156] Geana, E. I.; Popescu, R.; Costinel, D.; Dinca, O. R.; Ionete, R. E.; Stefanescu, I.; Artem, V.; Bala, C. Classification 
of Red Wines Using Suitable Markers Coupled with Multivariate Statistic Analysis. Food Chem. 2016, 192, 
1015–1024. DOI: 10.1016/j.foodchem.2015.07.112.

[157] Longobardi, F.; Ventrella, A.; Napoli, C.; Humpfer, E.; Schütz, B.; Schäfer, H.; Kontominas, M. G.; Sacco, A. 
Classification of Olive Oils according to Geographical Origin by Using 1H NMR Fingerprinting Combined with 
Multivariate Analysis. Food Chem. 2012, 130(1), 177–183. DOI: 10.1016/j.foodchem.2011.06.045.

[158] Costas-Rodríguez, M.; Lavilla, I.; Bendicho, C. Classification of Cultivated Mussels from Galicia (Northwest 
Spain) with European Protected Designation of Origin Using Trace Element Fingerprint and Chemometric 
Analysis. Anal. Chim. Acta. 2010, 664(2), 121–128. DOI: 10.1016/j.aca.2010.03.003.

[159] Verzera, A.; Tripodi, G.; Condurso, C.; Dima, G.; Marra, A. Chiral Volatile Compounds for the Determination of 
Orange Honey Authenticity. Food Control. 2014, 39(1), 237–243. DOI: 10.1016/j.foodcont.2013.11.012.

[160] Tedeschi, P.; Coïsson, J. D.; Maietti, A.; Cereti, E.; Stagno, C.; Travaglia, F.; Arlorio, M.; Brandolini, V. 
Chemotype and Genotype Combined Analysis Applied to Tomato (Lycopersicon Esculentum Mill.) Analytical 
Traceability. J. Food Compos. Anal. 2011, 24(2), 131–139. DOI: 10.1016/j.jfca.2010.06.008.

[161] Raco, B.; Dotsika, E.; Poutoukis, D.; Battaglini, R.; Chantzi, P. O-H-C Isotope Ratio Determination in Wine in 
order to Be Used as a Fingerprint of Its Regional Origin. Food Chem. 2015, 168, 588–594. DOI: 10.1016/j. 
foodchem.2014.07.043.

[162] Rodríguez-Bermúdez, R.; Herrero-Latorre, C.; López-Alonso, M.; Losada, D. E.; Iglesias, R.; Miranda, M. Organic 
Cattle Products: Authenticating Production Origin by Analysis of Serum Mineral Content. Food Chem. 2018, 264 
(November 2017), 210–217. DOI: 10.1016/j.foodchem.2018.05.044.

[163] Giacalone, R.; Giuliano, S.; Gulotta, E.; Monfreda, M.; Presti, G. Origin Assessment of EV Olive Oils by Esterified 
Sterols Analysis. Food Chem. 2015, 188, 279–285. DOI: 10.1016/j.foodchem.2015.04.139.

[164] Masson, J.; Liberto, E.; Beolor, J. C.; Brevard, H.; Bicchi, C.; Rubiolo, P. Oxygenated Heterocyclic Compounds to 
Differentiate Citrus Spp. Essential Oils through Metabolomic Strategies. Food Chem. 2016, 206, 223–233. DOI:  
10.1016/j.foodchem.2016.03.057.

[165] Galal-Khallaf, A.; Ardura, A.; Borrell, Y. J.; Garcia-Vazquez, E. PCR-Based Assessment of Shellfish Traceability 
and Sustainability in International Mediterranean Seafood Markets. Food Chem. 2016, 202, 302–308. DOI:  
10.1016/j.foodchem.2016.01.131.

[166] Pantelić, M. M.; Zagorac, D. Č. D.; Ćirić, I.; Pergal, M. V.; Relić, D. J.; Todić, S. R.; Natić, M. M. Phenolic Profiles, 
Antioxidant Activity and Minerals in Leaves of Different Grapevine Varieties Grown in Serbia. J. Food Compos. 
Anal. 2017, 62(May), 76–83. DOI: 10.1016/j.jfca.2017.05.002.

[167] Alves, E.; Melo, T.; Rey, F.; Moreira, A. S. P.; Domingues, P.; Domingues, M. R. Polar Lipid Profiling of Olive Oils 
as a Useful Tool in Helping to Decipher Their Unique Fingerprint. LWT - Food Sci. Technol. 2016, 74, 371–377. 
DOI: 10.1016/j.lwt.2016.07.071.

[168] Amodio, M. L.; Ceglie, F.; Chaudhry, M. M. A.; Piazzolla, F.; Colelli, G. Potential of NIR Spectroscopy for 
Predicting Internal Quality and Discriminating among Strawberry Fruits from Different Production Systems. 
Postharvest Biol. Technol. 2017, 125, 112–121. DOI: 10.1016/j.postharvbio.2016.11.013.

[169] Trincherini, P. R.; Baffi, C.; Barbero, P.; Pizzoglio, E.; Spalla, S. Precise Determination of Strontium Isotope Ratios 
by TIMS to Authenticate Tomato Geographical Origin. Food Chem. 2014, 145, 349–355. DOI: 10.1016/j. 
foodchem.2013.08.030.

[170] Mazzeo, M. F.; Siciliano, R. A. Proteomics for the Authentication of Fish Species. J. Proteomics. 2016, 147, 
119–124. DOI: 10.1016/j.jprot.2016.03.007.

[171] Bajoub, A.; Hurtado-Fernández, E.; Ajal, E. A.; Fernández-Gutiérrez, A.; Carrasco-Pancorbo, A.; Ouazzani, N. 
Quality and Chemical Profiles of Monovarietal North Moroccan Olive Oils from “Picholine Marocaine” Cultivar: 
Registration Database Development and Geographical Discrimination. Food Chem. 2015, 179, 127–136. DOI:  
10.1016/j.foodchem.2015.01.101.

FOOD REVIEWS INTERNATIONAL 19

https://doi.org/10.1016/j.foodchem.2015.04.118
https://doi.org/10.1016/j.foodchem.2018.04.019
https://doi.org/10.1016/j.foodchem.2013.08.032
https://doi.org/10.1016/j.foodchem.2012.11.087
https://doi.org/10.1016/j.foodchem.2012.06.017
https://doi.org/10.1016/j.foodchem.2015.07.112
https://doi.org/10.1016/j.foodchem.2011.06.045
https://doi.org/10.1016/j.aca.2010.03.003
https://doi.org/10.1016/j.foodcont.2013.11.012
https://doi.org/10.1016/j.jfca.2010.06.008
https://doi.org/10.1016/j.foodchem.2014.07.043
https://doi.org/10.1016/j.foodchem.2014.07.043
https://doi.org/10.1016/j.foodchem.2018.05.044
https://doi.org/10.1016/j.foodchem.2015.04.139
https://doi.org/10.1016/j.foodchem.2016.03.057
https://doi.org/10.1016/j.foodchem.2016.03.057
https://doi.org/10.1016/j.foodchem.2016.01.131
https://doi.org/10.1016/j.foodchem.2016.01.131
https://doi.org/10.1016/j.jfca.2017.05.002
https://doi.org/10.1016/j.lwt.2016.07.071
https://doi.org/10.1016/j.postharvbio.2016.11.013
https://doi.org/10.1016/j.foodchem.2013.08.030
https://doi.org/10.1016/j.foodchem.2013.08.030
https://doi.org/10.1016/j.jprot.2016.03.007
https://doi.org/10.1016/j.foodchem.2015.01.101
https://doi.org/10.1016/j.foodchem.2015.01.101


[172] Chiesa, S.; Nonnis Marzano, F.; Minervini, G.; De Lucrezia, D.; Baccarani, G.; Bordignon, G.; Poli, I.; 
Ravagnan, G.; Argese, E.; The Invasive Manila Clam Ruditapes Philippinarum (Adams and Reeve, 1850) in 
Northern Adriatic Sea: Population Genetics Assessed by an Integrated Molecular Approach. Fish. Res.. 2011, 
1102, 259–267. DOI:10.1016/j.fishres.2011.04.013.

[173] Mihailova, A.; Abbado, D.; Kelly, S. D.; Pedentchouk, N. The Impact of Environmental Factors on Molecular and 
Stable Isotope Compositions of N-Alkanes in Mediterranean Extra Virgin Olive Oils. Food Chem. 2015, 173, 
114–121. DOI: 10.1016/j.foodchem.2014.10.003.

[174] Corvucci, F.; Nobili, L.; Melucci, D.; Grillenzoni, F. V. The Discrimination of Honey Origin Using 
Melissopalynology and Raman Spectroscopy Techniques Coupled with Multivariate Analysis. Food Chem. 
2015, 169, 297–304. DOI: 10.1016/j.foodchem.2014.07.122.

[175] Rummel, S.; Hoelzl, S.; Horn, P.; Rossmann, A.; Schlicht, C. The Combination of Stable Isotope Abundance 
Ratios of H, C, N and S with 87Sr/86Sr for Geographical Origin Assignment of Orange Juices. Food Chem. 2010, 
118(4), 890–900. DOI: 10.1016/j.foodchem.2008.05.115.

[176] Badaoui, B.; Manunza, A.; Castelló, A.; D’Andrea, M.; Pilla, F.; Capote, J.; Jordana, J.; Ferrando, A.; Martínez, A.; 
Cabrera, B.; et al. Technical Note: Advantages and Limitations of Authenticating Palmera Goat Dairy Products by 
Pyrosequencing the Melanocortin 1 Receptor (MC1R) Gene. J. Dairy Sci. 2014, 97(11), 7293–7297. DOI: 10.3168/ 
jds.2014-8316.

[177] Pina, A.; Begou, O.; Kanelis, D.; Gika, H.; Kalogiannis, S.; Tananaki, C.; Theodoridis, G.; Zotou, A. Targeted 
Profiling of Hydrophilic Constituents of Royal Jelly by Hydrophilic Interaction Liquid Chromatography– 
Tandem Mass Spectrometry. J. Chromatogr. A. 2018, 1531, 53–63. DOI: 10.1016/j.chroma.2017.11.019.

[178] Mahne Opatić, A.; Nečemer, M.; Lojen, S.; Vidrih, R. Stable Isotope Ratio and Elemental Composition 
Parameters in Combination with Discriminant Analysis Classification Model to Assign Country of Origin to 
Commercial Vegetables – A Preliminary Study. Food Control. 2017, 80, 252–258. DOI: 10.1016/j. 
foodcont.2017.05.010.

[179] Perini, M.; Carbone, G.; Camin, F. Stable Isotope Ratio Analysis for Authentication of Red Yeast Rice. Talanta. 
2017, 174(May), 228–233. DOI: 10.1016/j.talanta.2017.05.057.

[180] Mihailova, A.; Pedentchouk, N.; Kelly, S. D. Stable Isotope Analysis of Plant-Derived Nitrate - Novel Method for 
Discrimination between Organically and Conventionally Grown Vegetables. Food Chem. 2014, 154, 238–245. 
DOI: 10.1016/j.foodchem.2014.01.020.

[181] Mahne Opatić, A.; Nečemer, M.; Budič, B.; Lojen, S. Stable Isotope Analysis of Major Bioelements, Multi-Element 
Profiling, and Discriminant Analysis for Geographical Origins of Organically Grown Potato. J. Food Compos. 
Anal. 2018, 71(April), 17–24. DOI: 10.1016/j.jfca.2018.04.005.

[182] Pascoal, A.; Ortea, I.; Gallardo, J. M.; Cañas, B.; Barros-Velázquez, J.; Calo-Mata, P. Species Identification of the 
Northern Shrimp (Pandalus Borealis) by Polymerase Chain Reaction-Restriction Fragment Length 
Polymorphism and Proteomic Analysis. Anal. Biochem. 2012, 421(1), 56–67. DOI: 10.1016/j.ab.2011.10.029.

[183] Mikkelsen, A. T.; Jessen, F.; Ballin, N. Z. Species Determination of Pine Nuts in Commercial Samples Causing 
Pine Nut Syndrome. Food Control. 2014, 40(1), 19–25. DOI: 10.1016/j.foodcont.2013.11.030.

[184] Vararu, F.; Moreno-García, J.; Zamfir, C. I.; Cotea, V. V.; Moreno, J. Selection of Aroma Compounds for the 
Differentiation of Wines Obtained by Fermenting Musts with Starter Cultures of Commercial Yeast Strains. Food 
Chem. 2016, 197, 373–381. DOI: 10.1016/j.foodchem.2015.10.111.

[185] Kharbach, M.; Kamal, R.; Mansouri, M. A.; Marmouzi, I.; Viaene, J.; Cherrah, Y.; Alaoui, K.; Vercammen, J.; 
Bouklouze, A.; Vander Heyden, Y. Selected-Ion Flow-Tube Mass-Spectrometry (SIFT-MS) Fingerprinting versus 
Chemical Profiling for Geographic Traceability of Moroccan Argan Oils. Food Chem. 2018, 263(December 2017), 
8–17. DOI: 10.1016/j.foodchem.2018.04.059.

[186] Rubert, J.; Lacina, O.; Zachariasova, M.; Hajslova, J. Saffron Authentication Based on Liquid Chromatography 
High Resolution Tandem Mass Spectrometry and Multivariate Data Analysis. Food Chem. 2016, 204, 201–209. 
DOI: 10.1016/j.foodchem.2016.01.003.

[187] Pizarro, C.; Rodríguez-Tecedor, S.; Pérez-del-notario, N.; González-Sáiz, J. M. Recognition of Volatile 
Compounds as Markers in Geographical Discrimination of Spanish Extra Virgin Olive Oils by Chemometric 
Analysis of Non-Specific Chromatography Volatile Profiles. J. Chromatogr. A. 2011, 1218(3), 518–523. DOI:  
10.1016/j.chroma.2010.11.045.

[188] Drivelos, S. A.; Danezis, G. P.; Haroutounian, S. A.; Georgiou, C. A. Rare Earth Elements Minimal Harvest Year 
Variation Facilitates Robust Geographical Origin Discrimination: The Case of PDO “Fava Santorinis. Food 
Chem. 2016, 213, 238–245. DOI: 10.1016/j.foodchem.2016.06.088.

[189] Ferreiro-González, M.; Espada-Bellido, E.; Guillén-Cueto, L.; Palma, M.; Barroso, C. G.; Barbero, G. F. Rapid 
Quantification of Honey Adulteration by Visible-near Infrared Spectroscopy Combined with Chemometrics. 
Talanta. 2018, 188(March), 288–292. DOI: 10.1016/j.talanta.2018.05.095.

[190] Espiñeira, M.; Vieites, J. M. Rapid Method for Controlling the Correct Labeling of Products Containing Common 
Octopus (Octopus Vulgaris) and Main Substitute Species (Eledone Cirrhosa and Dosidicus Gigas) by Fast 
Real-Time PCR. Food Chem. 2012, 135(4), 2439–2444. DOI: 10.1016/j.foodchem.2012.07.056.

20 M.-E. DIMITRAKOPOULOU AND A. VANTARAKIS

https://doi.org/10.1016/j.fishres.2011.04.013
https://doi.org/10.1016/j.foodchem.2014.10.003
https://doi.org/10.1016/j.foodchem.2014.07.122
https://doi.org/10.1016/j.foodchem.2008.05.115
https://doi.org/10.3168/jds.2014-8316
https://doi.org/10.3168/jds.2014-8316
https://doi.org/10.1016/j.chroma.2017.11.019
https://doi.org/10.1016/j.foodcont.2017.05.010
https://doi.org/10.1016/j.foodcont.2017.05.010
https://doi.org/10.1016/j.talanta.2017.05.057
https://doi.org/10.1016/j.foodchem.2014.01.020
https://doi.org/10.1016/j.jfca.2018.04.005
https://doi.org/10.1016/j.ab.2011.10.029
https://doi.org/10.1016/j.foodcont.2013.11.030
https://doi.org/10.1016/j.foodchem.2015.10.111
https://doi.org/10.1016/j.foodchem.2018.04.059
https://doi.org/10.1016/j.foodchem.2016.01.003
https://doi.org/10.1016/j.chroma.2010.11.045
https://doi.org/10.1016/j.chroma.2010.11.045
https://doi.org/10.1016/j.foodchem.2016.06.088
https://doi.org/10.1016/j.talanta.2018.05.095
https://doi.org/10.1016/j.foodchem.2012.07.056


[191] Melucci, D.; Bendini, A.; Tesini, F.; Barbieri, S.; Zappi, A.; Vichi, S.; Conte, L.; Gallina Toschi, T. Rapid Direct 
Analysis to Discriminate Geographic Origin of Extra Virgin Olive Oils by Flash Gas Chromatography Electronic 
Nose and Chemometrics. Food Chem. 2016, 204, 263–273. DOI: 10.1016/j.foodchem.2016.02.131.

[192] Yener, S.; Sánchez-López, J. A.; Granitto, P. M.; Cappellin, L.; Märk, T. D.; Zimmermann, R.; Bonn, G. K.; 
Yeretzian, C.; Biasioli, F. Rapid and Direct Volatile Compound Profiling of Black and Green Teas (Camellia 
Sinensis) from Different Countries with PTR-ToF-MS. Talanta. 2016, 152, 45–53. DOI: 10.1016/j. 
talanta.2016.01.050.

[193] Torrecilla, J. S.; García, J.; García, S.; Rodríguez, F. Quantification of Adulterant Agents in Extra Virgin Olive Oil 
by Models Based on Its Thermophysical Properties. J. Food Eng. 2011, 103(2), 211–218. DOI: 10.1016/j. 
jfoodeng.2010.10.017.

[194] Casale, M.; Casolino, C.; Oliveri, P.; Forina, M. The Potential of Coupling Information Using Three Analytical 
Techniques for Identifying the Geographical Origin of Liguria Extra Virgin Olive Oil. Food Chem. 2010, 118(1), 
163–170. DOI: 10.1016/j.foodchem.2009.04.091.

[195] Russo, M.; Serra, D.; Suraci, F.; Di Sanzo, R.; Fuda, S.; Postorino, S. The Potential of E-Nose Aroma Profiling for 
Identifying the Geographical Origin of Licorice (Glycyrrhiza Glabra L.) Roots. Food Chem. 2014, 165, 467–474. 
DOI: 10.1016/j.foodchem.2014.05.142.

[196] Bazakos, C.; Khanfir, E.; Aoun, M.; Spano, T.; El Zein, Z.; Chalak, L.; El Riachy, M.; Abou-Sleymane, G.; 
Ben, A. S.; Kammoun, N. G.; et al. The Potential of SNP-Based PCR-RFLP Capillary Electrophoresis Analysis 
to Authenticate and Detect Admixtures of Mediterranean Olive Oils. Electrophoresis. 2016, 37(13), 1881–1890. 
DOI: 10.1002/elps.201500537.

[197] Camin, F.; Pavone, A.; Bontempo, L.; Wehrens, R.; Paolini, M.; Faberi, A.; Marianella, R. M.; Capitani, D.; 
Vista, S.; Mannina, L. The Use of IRMS, 1H NMR and Chemical Analysis to Characterise Italian and Imported 
Tunisian Olive Oils. Food Chem. 2016, 196, 98–105. DOI: 10.1016/j.foodchem.2015.08.132.

[198] De Rijke, E.; Schoorl, J. C.; Cerli, C.; Vonhof, H. B.; Verdegaal, S. J. A.; Vivó-Truyols, G.; Lopatka, M.; Dekter, R.; 
Bakker, D.; Sjerps, M. J.; et al. The Use of Δ2H and Δ18O Isotopic Analyses Combined with Chemometrics as 
a Traceability Tool for the Geographical Origin of Bell Peppers. Food Chem. 2016, 204, 122–128. DOI: 10.1016/j. 
foodchem.2016.01.134.

[199] Lo, F. G.; Macchione, B.; Naccarato, A.; Sindona, G.; Tagarelli, A. The Volatile Fraction Profiling of Fresh 
Tomatoes and Triple Concentrate Tomato Pastes as Parameter for the Determination of Geographical Origin. 
Food Res. Int. 2011, 44(3), 781–788. DOI: 10.1016/j.foodres.2011.01.017.

[200] Prins, T. W.; Van Dijk, J. P.; Angeline Van Hoef, A. M.; Voorhuijzen, M. M.; Broeders, S.; Trapmann, S.; 
Seyfarth, R.; Pardigol, A.; Schoen, C. D.; Aarts, H. J. M.; et al. Towards a Multiplex Cereal Traceability Tool Using 
Padlock Probe Ligation on Genomic DNA. Food Chem. 2010, 118(4), 966–973. DOI: 10.1016/j. 
foodchem.2008.10.085.

[201] Melis, R.; Cappuccinelli, R.; Roggio, T.; Anedda, R. Addressing Marketplace Gilthead Sea Bream (Sparus Aurata 
L.) Differentiation by 1H NMR-Based Lipid Fingerprinting. Food Res. Int. 2014, 63, 258–264. DOI: 10.1016/j. 
foodres.2014.05.041.

[202] De Alda-Garcilope, C.; Gallego-Picó, A.; Bravo-Yagüe, J. C.; Garcinuño-Martínez, R. M.; Fernández-Hernando, 
P. Characterization of Spanish Honeys with Protected Designation of Origin “Miel De Granada” according to 
Their Mineral Content. Food Chem. 2012, 135(3), 1785–1788. DOI: 10.1016/j.foodchem.2012.06.057.

[203] Magdas, D. A.; Guyon, F.; Feher, I.; Pinzaru, S. C. Wine Discrimination Based on Chemometric Analysis of 
Untargeted Markers Using FT-Raman Spectroscopy. Food Control. 2018, 85, 385–391. DOI: 10.1016/j. 
foodcont.2017.10.024.

[204] Raclariu, A. C.; Ţebrencu, C. E.; Ichim, M. C.; Ciupercǎ, O. T.; Brysting, A. K.; De Boer, H. What’s in the Box? 
Authentication of Echinacea Herbal Products Using DNA Metabarcoding and HPTLC. Phytomedicine. 2018, 44 
(July 2017), 32–38. DOI: 10.1016/j.phymed.2018.03.058.

[205] Stamatis, C.; Sarri, C. A.; Moutou, K. A.; Argyrakoulis, N.; Galara, I.; Godosopoulos, V.; Kolovos, M.; Liakou, C.; 
Stasinou, V.; Mamuris, Z. What Do We Think We Eat? Single Tracing Method across Foodstuff of Animal Origin 
Found in Greek Market. Food Res. Int. 2015, 69, 151–155. DOI: 10.1016/j.foodres.2014.12.033.

[206] Geana, E. I.; Popescu, R.; Costinel, D.; Dinca, O. R.; Stefanescu, I.; Ionete, R. E.; Bala, C. Verifying the Red Wines 
Adulteration through Isotopic and Chromatographic Investigations Coupled with Multivariate Statistic 
Interpretation of the Data. Food Control. 2016, 62, 1–9. DOI: 10.1016/j.foodcont.2015.10.003.

[207] Rees, G.; Kelly, S. D.; Cairns, P.; Ueckermann, H.; Hoelzl, S.; Rossmann, A.; Scotter, M. J. Verifying the 
Geographical Origin of Poultry: The Application of Stable Isotope and Trace Element (SITE) Analysis. Food 
Control. 2016, 67, 144–154. DOI: 10.1016/j.foodcont.2016.02.018.

[208] Capuano, E.; Rademaker, J.; Van Den Bijgaart, H.; Van Ruth, M.; S; Verification of Fresh Grass Feeding, Pasture 
Grazing and Organic Farming by FTIR Spectroscopy Analysis of Bovine Milk. Food Res. Int. 2014, 60, 59–65. doi:  
10.1016/j.foodres.2013.12.024.

[209] Di Domenico, M.; Di Giuseppe, M.; Wicochea Rodríguez, J. D.; Cammà, C. Validation of a Fast Real-Time PCR 
Method to Detect Fraud and Mislabeling in Milk and Dairy Products. J. Dairy Sci. 2017, 100(1), 106–112. DOI:  
10.3168/jds.2016-11695.

FOOD REVIEWS INTERNATIONAL 21

https://doi.org/10.1016/j.foodchem.2016.02.131
https://doi.org/10.1016/j.talanta.2016.01.050
https://doi.org/10.1016/j.talanta.2016.01.050
https://doi.org/10.1016/j.jfoodeng.2010.10.017
https://doi.org/10.1016/j.jfoodeng.2010.10.017
https://doi.org/10.1016/j.foodchem.2009.04.091
https://doi.org/10.1016/j.foodchem.2014.05.142
https://doi.org/10.1002/elps.201500537
https://doi.org/10.1016/j.foodchem.2015.08.132
https://doi.org/10.1016/j.foodchem.2016.01.134
https://doi.org/10.1016/j.foodchem.2016.01.134
https://doi.org/10.1016/j.foodres.2011.01.017
https://doi.org/10.1016/j.foodchem.2008.10.085
https://doi.org/10.1016/j.foodchem.2008.10.085
https://doi.org/10.1016/j.foodres.2014.05.041
https://doi.org/10.1016/j.foodres.2014.05.041
https://doi.org/10.1016/j.foodchem.2012.06.057
https://doi.org/10.1016/j.foodcont.2017.10.024
https://doi.org/10.1016/j.foodcont.2017.10.024
https://doi.org/10.1016/j.phymed.2018.03.058
https://doi.org/10.1016/j.foodres.2014.12.033
https://doi.org/10.1016/j.foodcont.2015.10.003
https://doi.org/10.1016/j.foodcont.2016.02.018
https://doi.org/10.1016/j.foodres.2013.12.024
https://doi.org/10.1016/j.foodres.2013.12.024
https://doi.org/10.3168/jds.2016-11695
https://doi.org/10.3168/jds.2016-11695


[210] Andueza, D.; Agabriel, C.; Constant, I.; Lucas, A.; Martin, B. Using Visible or near Infrared Spectroscopy (NIRS) 
on Cheese to Authenticate Cow Feeding Regimes. Food Chem. 2013, 141(1), 209–214. DOI: 10.1016/j. 
foodchem.2013.02.086.

[211] Rocchetti, G.; Lucini, L.; Gallo, A.; Masoero, F.; Trevisan, M.; Giuberti, G. Untargeted Metabolomics Reveals 
Differences in Chemical Fingerprints between PDO and Non-PDO Grana Padano Cheeses. Food Res. Int. 2018, 
113(July), 407–413. DOI: 10.1016/j.foodres.2018.07.029.

[212] Jakubowska, M.; Sordoń, W.; Ciepiela, F. Unsupervised Pattern Recognition Methods in Ciders Profiling Based 
on GCE Voltammetric Signals. Food Chem. 2016, 203, 476–482. DOI: 10.1016/j.foodchem.2016.02.112.

[213] Bevilacqua, M.; Bucci, R.; Magrì, A. D.; Magrì, A. L.; Marini, F. Tracing the Origin of Extra Virgin Olive Oils by 
Infrared Spectroscopy and Chemometrics: A Case Study. Anal. Chim. Acta. 2012, 717, 39–51. DOI: 10.1016/j. 
aca.2011.12.035.

[214] Mottese, A. F.; Naccari, C.; Vadalà, R.; Bua, G. D.; Bartolomeo, G.; Rando, R.; Cicero, N.; Dugo, G. Traceability of 
Opuntia Ficus-Indica L. Miller by ICP-MS Multi-Element Profile and Chemometric Approach. J. Sci. Food Agric. 
2018, 98(1), 198–204. DOI: 10.1002/jsfa.8456.

[215] Cajka, T.; Riddellova, K.; Klimankova, E.; Cerna, M.; Pudil, F.; Hajslova, J. Traceability of Olive Oil Based on 
Volatiles Pattern and Multivariate Analysis. Food Chem. 2010, 121(1), 282–289. DOI: 10.1016/j. 
foodchem.2009.12.011.

[216] Amenta, M.; Fabroni, S.; Costa, C.; Rapisarda, P. Rapisarda, P.e Di Siracusa PGI” by a Multidisciplinary 
Analytical and Chemometric Approach. Food Chem. 2016, 211, 734–740. DOI: 10.1016/j.foodchem.2016.05.119.

[217] Ritota, M.; Casciani, L.; Han, B. Z.; Cozzolino, S.; Leita, L.; Sequi, P.; Valentini, M. Traceability of Italian Garlic 
(Allium Sativum L.) By Means of HRMAS-NMR Spectroscopy and Multivariate Data Analysis. Food Chem. 2012, 
135(2), 684–693. DOI: 10.1016/j.foodchem.2012.05.032.

[218] Galal-Khallaf, A.; Ardura, A.; Borrell, Y. J.; Garcia-Vazquez, E. Towards More Sustainable Surimi? PCR-Cloning 
Approach for DNA Barcoding Reveals the Use of Species of Low Trophic Level and Aquaculture in Asian Surimi. 
Food Control. 2016, 61(2065), 62–69. DOI: 10.1016/j.foodcont.2015.09.027.

[219] Tenori, L.; Santucci, C.; Meoni, G.; Morrocchi, V.; Matteucci, G.; Luchinat, C.; Metabolomic 
Fingerprinting, N. M. R. Distinguishes Milk from Different Farms. Food Res. Int. 2018, 113(June), 131–139. 
DOI: 10.1016/j.foodres.2018.06.066.

[220] Fotakis, C.; Christodouleas, D.; Kokkotou, K.; Zervou, M.; Zoumpoulakis, P.; Moulos, P.; Liouni, M.; 
Calokerinos, A.; Metabolite, N. M. R. Profiling of Greek Grape Marc Spirits. Food Chem. 2013, 138(2–3), 
1837–1846. DOI: 10.1016/j.foodchem.2012.11.128.

[221] Kortesniemi, M.; Slupsky, C. M.; Ollikka, T.; Kauko, L.; Spevacek, A. R.; Sjövall, O.; Yang, B.; Kallio, H.; 
Profiling, N. M. R. Clarifies the Characterization of Finnish Honeys of Different Botanical Origins. Food Res. 
Int. 2016, 86, 83–92. DOI: 10.1016/j.foodres.2016.05.014.

[222] Standal, I. B.; Axelson, D. E.; Aursand, M. 13C NMR as a Tool for Authentication of Different Gadoid Fish 
Species with Emphasis on Phospholipid Profiles. Food Chem. 2010, 121(2), 608–615. DOI: 10.1016/j. 
foodchem.2009.12.074.

[223] Ottavian, M.; Facco, P.; Barolo, M.; Berzaghi, P.; Segato, S.; Novelli, E.; Balzan, S. Near-Infrared Spectroscopy to 
Assist Authentication and Labeling of Asiago D’allevo Cheese. J. Food Eng. 2012, 113(2), 289–298. DOI: 10.1016/ 
j.jfoodeng.2012.05.037.

[224] Vitale, R.; Bevilacqua, M.; Bucci, R.; Magrì, A. D.; Magrì, A. L.; Marini, F. A Rapid and Non-Invasive Method for 
Authenticating the Origin of Pistachio Samples by NIR Spectroscopy and Chemometrics. Chemom. Intell. Lab. 
Syst. 2013, 121, 90–99. DOI: 10.1016/j.chemolab.2012.11.019.

[225] Mees, C.; Souard, F.; Delporte, C.; Deconinck, E.; Stoffelen, P.; Stévigny, C.; Kauffmann, J. M.; De Braekeleer, K. 
Identification of Coffee Leaves Using FT-NIR Spectroscopy and SIMCA. Talanta. 2018, 177(June 2017), 4–11. 
DOI: 10.1016/j.talanta.2017.09.056.

[226] Latorre, C. H.; Crecente, R. M. P.; Martín, S. G.; García, J. B.; Fast Chemometric, A. Procedure Based on NIR Data 
for Authentication of Honey with Protected Geographical Indication. Food Chem. 2013, 141(4), 3559–3565. DOI:  
10.1016/j.foodchem.2013.06.022.

[227] Chiesa, L.; Panseri, S.; Bonacci, S.; Procopio, A.; Zecconi, A.; Arioli, F.; Cuevas, F. J.; Moreno-Rojas, J. M. 
Authentication of Italian PDO Lard Using NIR Spectroscopy, Volatile Profile and Fatty Acid Composition 
Combined with Chemometrics. Food Chem. 2016, 212, 296–304. DOI: 10.1016/j.foodchem.2016.05.180.

[228] Sobolev, A. P.; Thomas, F.; Donarski, J.; Ingallina, C.; Circi, S.; Cesare Marincola, F.; Capitani, D.; Mannina, L. 
Use of NMR Applications to Tackle Future Food Fraud Issues. Trends Food Sci. Technol. 2019, 91(March 2018), 
347–353. DOI: 10.1016/j.tifs.2019.07.035.

[229] Sobolev, A.; Proietti, M.; Capitani, D.; Mazzei, P.; & Piccolo, A. NMR Applications in Food Analysis. Analytical 
Chemistry—Developments, Applications, and challenges in food analysis. Hauppauge: Nova Science Publishers 
Inc, 103-56.

[230] Babushkin, V.; Spiridonov, A.; Kozhukhar, A.; Application of NIR and FTIR in Food Analysis. J. Phys. Sci. Appl. 
2016, 62, 47–50. DOI:10.17265/2159-5348/2016.02.007.

22 M.-E. DIMITRAKOPOULOU AND A. VANTARAKIS

https://doi.org/10.1016/j.foodchem.2013.02.086
https://doi.org/10.1016/j.foodchem.2013.02.086
https://doi.org/10.1016/j.foodres.2018.07.029
https://doi.org/10.1016/j.foodchem.2016.02.112
https://doi.org/10.1016/j.aca.2011.12.035
https://doi.org/10.1016/j.aca.2011.12.035
https://doi.org/10.1002/jsfa.8456
https://doi.org/10.1016/j.foodchem.2009.12.011
https://doi.org/10.1016/j.foodchem.2009.12.011
https://doi.org/10.1016/j.foodchem.2016.05.119
https://doi.org/10.1016/j.foodchem.2012.05.032
https://doi.org/10.1016/j.foodcont.2015.09.027
https://doi.org/10.1016/j.foodres.2018.06.066
https://doi.org/10.1016/j.foodchem.2012.11.128
https://doi.org/10.1016/j.foodres.2016.05.014
https://doi.org/10.1016/j.foodchem.2009.12.074
https://doi.org/10.1016/j.foodchem.2009.12.074
https://doi.org/10.1016/j.jfoodeng.2012.05.037
https://doi.org/10.1016/j.jfoodeng.2012.05.037
https://doi.org/10.1016/j.chemolab.2012.11.019
https://doi.org/10.1016/j.talanta.2017.09.056
https://doi.org/10.1016/j.foodchem.2013.06.022
https://doi.org/10.1016/j.foodchem.2013.06.022
https://doi.org/10.1016/j.foodchem.2016.05.180
https://doi.org/10.1016/j.tifs.2019.07.035
https://doi.org/10.17265/2159-5348/2016.02.007


[231] Kharbach, M.; Kamal, R.; Mansouri, M. A.; Marmouzi, I.; Viaene, J.; Cherrah, Y.; Alaoui, K.; Vercammen, J.; 
Bouklouze, A.; Vander Heyden, Y. Selected-Ion Flow-Tube Mass-Spectrometry (SIFT-MS) Fingerprinting versus 
Chemical Profiling for Geographic Traceability of Moroccan Argan Oils. Food Chem. 2018, 263(April), 8–17. 
DOI: 10.1016/j.foodchem.2018.04.059.

[232] Castro-Puyana, M.; Mendiola, J. A.; Ibáñez, E.; Herrero, M.; MS-based Metabolomics Approaches for Food 
Safety, Quality, and Traceability. Foodomics: Advanced Mass Spectrometry in Modern Food Science and Nutrition. 
2013, 453–470.

[233] Cavanna, D.; Righetti, L.; Elliott, C.; Suman, M. The Scientific Challenges in Moving from Targeted to 
Non-targeted Mass Spectrometric Methods for Food Fraud Analysis: A Proposed Validation Workflow to 
Bring about A Harmonized Approach. Trends Food Sci. Technol. 2018, 80, 223–241. DOI: 10.1016/j. 
tifs.2018.08.007.

[234] European Commission (2019). Knowledge Centre for Food Fraud and Quality. https://ec.europa.eu/knowledge4 
policy/food-fraudquality_en Accessed Apr 24, 2019.

[235] Food Standards Agency (2017). National Food Crime Unit.https://www.food.gov.uk/about-us/national-food-crime 
-unit Accessed Apr 17, 2019.

FOOD REVIEWS INTERNATIONAL 23

https://doi.org/10.1016/j.foodchem.2018.04.059
https://doi.org/10.1016/j.tifs.2018.08.007
https://doi.org/10.1016/j.tifs.2018.08.007
https://ec.europa.eu/knowledge4policy/food-fraudquality_en
https://ec.europa.eu/knowledge4policy/food-fraudquality_en
https://www.food.gov.uk/about-us/national-food-crime-unit
https://www.food.gov.uk/about-us/national-food-crime-unit

	Abstract
	Introduction
	Methods
	Protocol and registration
	Eligibility criteria
	Information sources and literature search
	Study selection
	Data collection process

	Results
	Study selection
	Food type
	Origin countries
	Level of food process
	Traceability/authentication methods
	Nuclear Magnetic Resonance (NMR)
	Infrared spectroscopy (IR)
	Mass Spectrometry – Gas Chromatography-Liquid chromatography (MS-GC-LC)
	DNA based
	Isotopic

	Methods linked with geographical origin

	Discussion
	Conclusions
	Acknowledgments
	Funding
	References

