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Abstract

The Mediterranean diet is promoted as one of the healthiest and closely linked to
socioecological practices, knowledge and traditions, promoting sustainable food production,
and linking geographical origin with food quality and ecosystem services. Consumer
adherence to this dietary pattern drives increased consumption of authentic “premium” foods,
such as Iberian pig meat and dry-cured ham from Portugal and Spain, argan oil from Morocco,
“Djebel” lamb from Tunisia and truffles from Italy and Slovenia, i.e., food products that
respond to current ethical, environmental and socially sustainable demands. Geographical
indication and appellation of origin can increase traditional food products competitiveness,
but the high-value recognition of these products can also lead to economically motivated
product adulteration. It is therefore imperative to protect the high added value of these unique
food products by ensuring their quality, authenticity, provenance and sustainable production
systems. In this review, we provide a critical evaluation of the analytical methods that are
currently used for the determination of provenance and authenticity of these Mediterranean
products as well as possible strategies for improving the throughput and affordability of the

methods discussed.

Keywords: geographical origin; stable isotope ratios; elemental profiles;

molecular characterization; authenticity; traceability
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Introduction

The concept of food “authenticity” refers to its genuineness, and intactness, implying that the
food complies with its label description. It is a term that also encompasses features, such as
the origin (specific, geographic or genetic), production management system (conventional,
organic, traditional practices, free-range) and processing technology. The term “traceability”
refers to the ability to track any food, feed, food-producing animal or substance that will be
used for consumption, through all stages of production, processing, and distribution
(Regulation (EC) No 178/2002) [!!. Worldwide, consumer demand for food quality and
distinctiveness is growing, as is concern over issues of food authenticity, traceability, safety,
nutrition, and sustainable production. The awareness of traditional cultivation and processing
practice provides consumers with the perception that food is authentic, safe and has a high
intrinsic quality. A major concern is that the link between food and territory has been largely
lost over time due to changes in food production and marketing strategies, along with the
consumer exposure to external supply through travels and media [?). Food adulteration is
potentially harmful to human health and so food safety and quality control constitute an
important issue in food chemistry and related subjects. For this reason, the main players in
the food chain, regulatory authorities, food processor, retailers and consumers, are very

interested in the certification of food authenticity.

In Europe, geographical origin is one of the main authenticity issues concerning food, as
stressed in a recent publication *). The Council Regulation (EC) No 509/2006 ! protects
consumers through a system of effective and impartial controls that define, within the
Common Market, the safeguard of the ‘Protected Designation of Origin’ (PDO), ‘Protected
Geographical Indications’ (PGI) and ‘Traditional Specialties Guaranteed’ (TSG). More
recently, Regulation (EU) No 1151/2012 introduced an optional second tier of quality

systems based on the quality terms “mountain product” and “product of island farming” ),
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while at the same time, meeting the producers’ requirement only objective and precise
controls can protect the authenticity of food products on the market. Such regulation is also
of economic importance to many stakeholders allowing them recognition and a premium
price. The use of standards and certifications can act as a warranty of quality to gain the trust
and confidence of consumers since food products must respond to current ethical,
environmental and socially sustainable claims. Several traditional Mediterranean food
products can benefit from these measures since their intrinsic value exceeds nutritional
quality. Such intrinsic values are usually associated with peculiar microclimates and soil
properties (e.g. the terroir), unique agricultural systems of production, varieties or races. This
is often reflected in higher content of antioxidants and healthy fats and has specific
organoleptic characteristics associated with consumers’ preferences [¢l. Beyond their
nutritional values, the distinctiveness of these food products is linked to the highest quality
associated with traditional sustainable production methods which, in turn, boost local

economies and cultural and natural heritage protection.

The Mediterranean is also the region where a body of national definitions and rules has been
created and developed for recognising and protecting these geographical indications. The
first “controlled designation of origin” appeared in France, and the approach then spread
around vineyard designations throughout the countries on the northern shores of the
Mediterranean followed by the European Union and was finally recognised at the
international level (TRIPS Agreement). At that level, the Mediterranean countries seem to be
amongst the most dynamic in this field; a large number of geographical indications have
been registered there (in France, Italy, Spain and Turkey), and policies to support these
measures have been developed and strengthened, particularly in Morocco, Tunisia, Jordan
and Lebanon. Thus, it is not surprising that most of food authentication studies came from

Mediterranean countries |7/,
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Several national and international projects have been proposed to promote
Mediterranean traditional food products. One of these is the recently funded REALMed
project “Pursuing authenticity and valorization of Mediterranean traditional products”
(ARIMNET 2 call 2016) that focuses on premium Mediterranean products, typical of local
cultures of various countries, for example, Moroccan argan oil, Portuguese and Spanish
black Iberian pig, Italian and Slovenian truffles and Tunisian mountain lamb (Fig. 1). A
characteristic feature of these projects is that each premium product is linked intimately to its
socioecological context. Thus, any attempt of production broadening is likely to overcome
both the geographic boundaries and the fraud limits.

[Figure 1 near here]

False use of geographical indications by unauthorised parties is detrimental to
consumers and legitimate producers. The three most important features that consumers
appreciate, as reported in Bryla (2015) ¥, are in fact: traditionality, linked both to history
and common diet of a place; territoriality, linked with the geographic origin; and quality,
linked to health issues. Nevertheless, from a commercial and legal point of view, regulatory
authorities are requested to continuously update the analytical methods and conditions
allowed to validate the authenticity of a certain product as this may support law enforcement
actions 7. It is an analytically challenging problem that is currently the focus of much
attention within Europe and worldwide *!. A variety of analytical techniques, for the
verification of food authenticity and provenance, have been developed and tested. All of
them have strengths and weaknesses, however classifying them is a useful way to point out
the current state of the art. Chromatographic analysis such as gas (GC) or liquid
chromatography (LC) coupled to mass spectrometry (MS), have emerged as useful food
authentication tools since they provide rapid and reliable separation of chemically similar

compounds in complex food matrices 7). These chromatographic techniques are usually used
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for determining the authenticity of high-quality products adulterated with inexpensive or
sub-standard ingredients as in the case of argan oil P’l. The main drawback is the cost of
equipment that is generally unsuitable for point-of-use testing. High resolution, particularly,
needs skilled operators and a well-controlled environment. Test methods must be developed,
optimised and validated for each specific application, and in many cases need extensive
sample preparation and clean-up. A noticeable class of compounds that need to be mentioned
in food authenticity are volatile organic compounds. There are several techniques for
identification of aroma compounds including Gas Chromatography Olfactometry (GCO),
Headspace Gas Chromatography Time of Flight Mass spectrometry (HS GC/TOF-MS),
proton-transfer-reaction mass spectrometry (PTR-MS), and Headspace—Solid Phase
Microextraction Gas Chromatography-Mass Spectrometry (HS-SPME-GC-MS). These
methods can be used for the characterization and identification of aroma compound in food

(191 possible adulteration ' or even geographical origin determination ['?!, HS-

products
SPME-GC-MS can be undisputedly considered as an environmentally friendly technique,
offering a good compromise between selectivity and sensitivity, cost, and easiness of use,
albeit the quantitative analysis is challenging.

Stable isotope and elemental fingerprinting as well as DNA-based genetic methods
have become increasingly important in establishing authenticity and geographical origin of

(7,13

food products [!*]. The basis of the stable isotope approach lies in the transfer of isotopic

signals of the light elements (H, C, N, O and S)* from water, soil, and atmosphere to plant

sotope data are expressed with the conventional -notation using the general formula:
OE = (R(iE/jE)samp]e / R(iE/jE)Standard) -1

where E is the element (H, C, N, O, S), R is the isotope ratio between the heavier “i” and the lighter “j” isotope (*H/'H,
B3C/12C, SN/MN, 180/'°0, 34S/32S) in the sample and relevant internationally recognized reference standard. The delta

values are multiplied by 1000 and expressed in units “per mil” (%o). For hydrogen and oxygen Vienna Standard Mean
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and animal tissue. The physiological and ecological frame of such isotopic imprinting along
the food web has been deeply investigated and is now reasonably well understood. The use
of some heavier stable isotopes such as strontium (Sr) can help to trace the geochemical
fingerprinting of a particular region to its food products. Stable isotope approach is a
successful tool for determining the geographical authenticity of numerous food products,
although the instrumental costs are quite high and the speed of the analysis is moderate [?/.
Similarly, element concentrations in plants and animals are also increasingly being used to
control food origin and authenticity. These include macro-elements (e.g. sodium, calcium,
potassium) and trace elements (such as copper, zinc, and selenium), rare earth elements (e.g.
lanthanum, cerium, samarium) or other low-abundance elements like gold and iridium. The
application could be even more effective when combined with the stable isotope approach
[13]

DNA-based genetic methods have also been applied to identify species and variety
and to verify food label claims objectively. DNA-based methodologies are characterized by
short sample preparation, high sample throughput, good inter-laboratory reproducibility and
low operating costs. Nevertheless, the main limit is in the molecular variability of the
organisms and, therefore, a high level of resolution is required for organisms with low
intraspecific polymorphism. Further not all food sample types have intact DNA that can be
extracted. Highly processed meat products, stocks, soups and gelatins have very low
amounts of viable DNA.

A common requirement in food authenticity and traceability studies is the need for a

product reference database, which is a major drawback in terms of both time and costs. A

Ocean Water (V-SMOW) is used as a reference standard, the Vienna Pee Dee Belemnite (V-PDB) for carbon, atmospheric

N2 (AIR) for nitrogen, while for sulphur Vienna-Canyon Diablo Troilite (V-CDT) is used.



174

175

176

177

178

179

180

181

182
183

184

185

186

187

188

189

190

191

192

193

194

195

196

197

large databank, comprising samples from a broad and representative range of geographical,
seasonal, dietary and production conditions is needed ['*]. To evaluate the authenticity of
commercial samples, they must be characterized and then compared with those referenced in
the databank and evaluated in terms of their fit within statistical limits 1],

This review aims to describe, for selected traditional Mediterranean food products,
the state-of-the-art of analytical techniques used for assessing traceability and authenticity.

Further, the review will be used as a starting point within the framework of the REALMed

project to determine the best strategies to promote the selected commodities.

REALMed Leading Mediterranean Commodities
Meat Products from the Iberian Black Pig

The production of Iberian pig, a traditional breed of Sus scrofa domesticus dubbed Sus
ibericus, is deeply bound to the Mediterranean ecosystem and is currently found in the
central and southern parts of Portugal and Spain [']. It is a rare case in the world of swine
production adapted to an agro-silvopastoral setting. In traditional management, animals
range freely in sparse oak forests, where the land (montado in Portugal; and dehesa in Spain)
1s particularly rich in natural food sources, such as acorns from the holm oak (Quercus ilex
L.), gall oak (Quercus lusitanica Lam.) and cork oak (Quercus suber L.) '), The peculiar
characteristics of the breed and productive system lead to high-quality meat products, with
increasing importance and high turnover. However, this promising trend in the market of
Iberian pig meat products has raised new problems of increasing importance: the imitation of

the products and the increase of fraudulent practices in its production and commercialization.

Situation in Portugal

The Presunto de Barrancos / Paleta de Barrancos — (Barrancos’ ham) (Commission

Regulation (EC) No 2400/96 '®)), Presunto do Alentejo / Paleta do Alentejo - Alentejo’s
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ham (Commission Regulation (EC) No 944/2008 "), Carne de Porco Alentejano -
Alentejo’s pork (Commission Regulation (EC) No 617/2003 ['8)); and one PGI ham:
Presunto ou Paleta de Santana da Serra — ham from Santana da Serra (Commission
Regulation (EC) No 943/2008 ['*") are all products produced from adult pigs born, reared,
fattened and finished under the montanheira system, and 100% Porco Alentejano.
Montanheira refers to a peculiar feeding period, where the animals range free in the montado
ecosystem, between October/November and January/February. During this period the pigs
feed exclusively on grass and acorns, and are later slaughtered in a defined geographical
area.

There are approximately 170 breeders rearing animals on an area of about 200 000 ha
in the Montanheira system (feeding adult pigs with grass and acorns) and 948 000 ha of
Montado (land with holm or cork oak) worth in total approximately 120 million euros 2],
The ACEPA — Complementary Business Grouping (ACE) of Porco Alentejano, made up of

the ACPA and ANCPA (the two Porco Alentejano breeders association), is responsible for

managing the Genealogical Portuguese Book of the Porco Alentejano pig (LGSRA).

Situation in Spain

Royal decree No 4/2014 2! has been recently approved and sets the quality standards for
Iberian-labelled meat, ham, and loin. It also establishes the criteria to be able to use the label
“Ibérico” on pork products. It refers not only to pickling and salting — used to gradually
reduce the moisture content to preserve the meat, but also the feeding conditions and breed
purity. For example, regarding ham there are four distinct categories that refer to the animals
diet and breed purity: (i) jamon de bellota 100% Ibérico — from pure Iberian pigs that have
been fattened and finished under the montanera system; (ii) jamon de bellota ibérico — from

mix-breeds fed using the dehesas but complemented with acorns and grass in a programmed

10
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way; (iii) jamon de cebo de campo ibérico — from mix-breeds living under intensive
conditions, but herding in the dehesa and fed with cereals and legumes, and (iv) jamon de

cebo ibérico — mix-breeds fed under an intensive regime with cereals and legumes.

Anti-Fraud Approach and Geographical Origin Determination

To date, the number of scientific papers, dealing with Iberian black pig products is limited.
Of these, only a few investigate and develop methodologies regarding the traceability and
the authentication of Iberian black pig meat products. Initial studies were conducted by Toro

(22231 who proposed the use of molecular markers to identify founder animals and to

et al.
estimate the co-ancestry of Iberian pigs, which is a recurrent problem since traditionally
Iberian pigs have been crossed with Duroc pigs [**1. Other approaches for classifying pork

include the use of near-infrared reflectance spectroscopy (NIRS) artificial neural network

(ANN) 27271

Stable Isotope Ratio Analysis

The application of stable isotope ratio analysis for authenticating Iberian pig meat products
has focused on discriminating between animals fed using different dietary regimes (e.g. [*®
39). Gonzalez-Martin et al. *! were able to distinguish swines of different breeds (Iberian vs
white) with different diets (acorns or feed) by analyzing the carbon (6'3C) and sulfur (5°*S)
isotope composition in the liver. Recio et al. *?! were able to distinguish between meat
products from Iberian pigs raised traditionally or fattened from the 5'*C values of palmitic,
stearic, oleic and linoleic acid methyl esters determined by Gas Chromatography-
Combustion-Isotope Ratio Mass Spectrometry (GC-C-IRMS). The authors also proposed a

stable carbon isotope value of oleic acid (8'*Cis:1) of =25.9%o as the threshold value.

Similarly, Delgado-Chavero et al. [**) combined the fatty acid (FA) profile and the 6'3C of

11
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FA methyl esters and were able to classify animals according to the feeding system type,
with a confidence level of 85% for the four feeding groups together (Bellota, Recebo, Campo
and Cebo), and with a 91% confidence level when comparing only two categories (Cebo and

Bellota).

Elemental Analysis

The elemental composition of Iberian pig remains to be thoroughly investigated; however,
Galian et al. *¥ characterized the mineral content of Chato Murciano pigs and the Chato
Murciano breed crossed with Iberian pigs, whereas Castellano et al. %! found differences
between the mineral composition of the sow’s milk and the suckling piglet’s meat in
different Iberian genotypes. Mineral analysis of fresh Iberian pork loin may be performed in
a high-throughput way using NIRS 1. All the aforementioned techniques have their
limitations suggesting the need to combine several techniques — for example, evaluating the
dietary regime (e.g., acorns versus alternative feeding sources) while determining the
authenticity of Iberian black pig. Nevertheless, the limiting factor is the cost of routinely
implementing this approach in a high throughput manner. In terms of affordability, NIRS

techniques may represent an alternative for simultaneously assessing differences.

Molecular Techniques

Phylogenetic analysis of mitochondrial DNA (mtDNA) sequences of Iberian black pig have
been used to distinguish between meat products from purebred Iberian pigs and those from

37391 The Iberian and Majorcan Black pig were the only ones to

crossbred or other breeds !
display the European cytochrome B haplotypes, a feature that proves these pigs have not

been crossed with either Chinese or European commercial populations **!. Furthermore, Van

Asch et al., % found that Iberian samples have a high frequency of a sub-cluster (Elc) of the

12
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European haplogroup E1 with a small genetic distance (F_ST = 0.105) between Alentejano
(Portugal) and Iberian pig breeds (Spain) as well as with Iberian and Central European wild
boars (F_ST = 0.215). Ovilo et al. **l used the amplified fragment length polymorphism
(AFLP) technique for the characterization of highly inbred Iberian pig breed genotypes and
the detection of strain-specific polymorphisms. Twelve different primer combinations were
used on individual DNA samples from animals belonging to two black hairless Iberian pig
strains (Guadyerbas and Coronado). The authors identified 26 amplification products as
being strain-specific markers *°). Although the DNA analysis is not very used for
traceability of Iberian pig, some examples are available in the literature. The results obtained
by Alves et al. [*!l may be valuable to resolve the problems of Iberian and wild boar maternal
origin determination, while other studies used genomic approach for authentication of the

42-44] For example, Garcia et al. [**! detected

raw material of the Iberian pig meat products !
up to 20% of ham samples with a genetic composition incompatible with current legislation -

either because the Duroc genome was present in a percentage greater than that permitted, or

because of the significant presence (>25%) of white coat pig genomes.

Argan oil

Argan oil production plays a key role in the environmental and social-economic context of
Moroccan agriculture. It is produced from the kernels of the argan tree (4rgania spinosa L.),
a species endemic to Morocco and traditionally prepared by village women following a
laborious seven-step (fruit picking, fruit peeling, nut cracking, kernel roasting, kernel
grinding, dough malaxing, and oil collection) low-efficiency process. Argan oil is highly
valuable as a food product, since it is rich in unsaturated fatty acids, polyphenols, sterols,
and antioxidants, but can also be used in cosmetics. Argan oil production begins with

peeling of the ripe fruit, manual cracking of the nuts with stones and selection of the

13
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appropriate kernels. Depending on the end-use, two methods for preparing the kernel for
extraction, are generally used. For the cosmetic use, the “cosmetic grade”, argan oil is
extracted from raw kernels, while edible argan oil is extracted from roasted kernels. Kernel
roasting gives the oil its specific organoleptic characteristics and improves the yield of oil
extraction. Press extraction of the edible oil can be done either in a traditional (manual) or in
a semi-mechanical way. The traditional technique involves roasting of kernels in clay
containers and grinding the roasted kernels with a millstone until a brownish viscous dough
is obtained. With the addition of water, the dough is kneaded for a certain time and then
afterwards hand-pressed to obtain a cake and an emulsion from which the oil is separated by
decantation. The traditional technique is time-consuming, gives low oil yield, and an end
product with poor shelf-life *°]. In the semi-mechanical way, the kernels are roasted inside a
rotating oven, and a mechanical press is used to extract the oil. The “mechanization” of the
process not only improves the quality of the oil and extraction yield but also significantly
reduces the time of production [**!. Officially, recognized types of argan oil are: virgin argan
oil, extra-virgin argan oil, edible argan oil, cosmetic argan oil, beauty argan oil, and enriched
argan oil. Cosmetic argan oil has become one of the major actors in the dermo-cosmetics
industry during the last 15 years. Beauty argan oil is produced by cold pressing of the finely
crushed kernels, while enriched argan oil is produced by distillation of cosmetic argan oil
and can be supplemented by antioxidants to enhance its cosmetic potential. In the Moroccan
tradition, argan oil is used as a medicine for conditions such as cardiovascular disease,
rheumatology, nephrology, neurodegenerative diseases, and postmenopausal disorders. The
health properties of argan oil have been the main focus of investigations in the last years
(e.g. [4647)),

Inevitably, the success of argan oil and its high price increase the risk of adulteration, often

resulting in the blend of high and low-quality argan oil. Although analytical methods have

14
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now been designed to detect oil blending, protecting argan oil remains a prerequisite to

protect oil prices and thus indirectly the environment and ecosystem.

Situation in Morocco

Argan tree is endemic in South-western Morocco, where its forests extend into the arid,
semi-arid bioclimate, and cover an area of approximately 870 000 ha [*¥]. These represent the
second most abundant tree species in the country with over twenty million trees and play a
vital role in the ecosystem. It is perfectly adapted to the region’s harsh environment, with the
ability to survive extreme heat (over 50°C), drought and poor soil. The tree’s roots grow
deep into the ground in search of water, which helps to bind the soil and prevents erosion.
The argan tree alone represents a symbol of the ecological and socio-economic life of the
southwest of the country. It plays a major role in the fight against desertification and the
preservation of ecological balances and biodiversity. It is a multipurpose tree (forest, fruit,
and forage) and all its products are utilized; wood in the form of charcoal, kernels for the
extraction of oil, leaves, fruit pulp and the residue of kernels (cake) serve as animal feed.
The sustainable development of the argan forest, therefore, has been actively encouraged.
UNESCO recognized the importance of the argan tree in 1998 when the south-
western region of Morocco became a Biosphere Reserve under UNESCO’s Man and the
Biosphere Program [*°!. Legislation involving the argan forest and its use is based on three
specific texts: the Dahir of the 4™ March 1925 1%, the Codirectorial Order of the 15 May
1938 [ and the Dahir of the 28" March 1951 52!, Under the terms of this legislation, rights
are granted to users, which are particularly extensive and are referred to as rights of
enjoyment. The Dahir of March 4, 1925, is about the protection and denomination of argan

tree forests %,
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The incorporation of modern, mechanized aspects into the commercialization of
argan oil has also played an essential role in stabilizing argan forests. The argan oil,
produced by several Moroccan cooperatives, has become famous for its cosmetic virtues and
has been exported at prices up to several hundred dollars per liter to Europe, Japan, and the
United States. The total annual production of argan oil reaches approximately 4,000 tonnes
per year 31 In 2010, argan oil received the PGI recognition by the Moroccan Government.
The name argan oil is now protected and can no longer be used to describe oil whose
production does not comply with the specifications of the production and quality protocol.
New methods of production and commercialization combined with traditional knowledge
have not only reduced oil extraction time but have also made the process more efficient.
Cooperatives, therefore, do not have to use as much fruit as before and can get more oil out

of each tree, thus protecting a vital ecological and socio-economic resource.

Anti-Fraud Approach and Geographical Origin Determination

Argan oil is a relatively new product on the international market and is exported only by
Morocco. The yield of oil extracted from the fruit is low at about 1.1% to 1.5% relative to
the weight of the fruit and preparation time and to obtain 1 liter of oil it takes about 20 hours
[541, Consequently, the difference in price between argan oil and other virgin and refined
vegetable oils can lead to adulteration with cheaper oils. The majority of available scientific
papers on argan oil are mainly focused on its chemical characterization, in particular relating
to the characteristics of the production processes and the determination of its effects on
human health when applied as a cosmetic or when consumed as part of the Mediterranean
diet. There has been an increasing number of studies looking at methods for determining its
authenticity and typically involve the use of volatile compounds, fatty acid profile and

phenolic composition. So far, however, the use of stable isotope signatures in bulk samples
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or individual fatty acids have not been applied.

Elemental Composition

Three studies have investigated the elemental composition of argan oil all using Inductively

55-57

Coupled Plasma Atomic Emission Spectrometry (ICP-AES) 55571, Samples of edible and
cosmetic argan oil collected from different regions of Morocco and in different years showed

little elemental variability, but the authors did propose this method as a way to differentiate

argan oil from other vegetable oils (e.g. sunflower, olive, seeds, and soybeans).

Volatile Organic Compounds

Edible argan oil has a rich aroma and flavor and thus has a high culinary value as a
seasoning and cooking oil. Previous studies on aroma characterization of commercial edible
argan oils °% revealed that pyrazines, aldehydes, ketones, hydrocarbons, alcohols, pyrroles,
and furans were the main aroma compounds. Moreover, qualitative and quantitative
differences in aroma profile were observed between commercial oils and were attributed to
differences in the roasting step and extraction techniques used in their preparation. In a study
about the effect of oil extraction methods on the quality of edible argan oil during storage,
Matthius et al. °° found no change in the sensory characteristics of argan oil obtained by
mechanical extraction after 20 weeks at 20°C; however, for oil obtained by traditional

extraction, a “Roquefort cheese taste” developed after 12 weeks of storage.

To date, only two studies focused on the determination of volatile organic compounds of
argan oil as possible methods for detecting adulteration. In particular, Bougrini et al. [**! used
a combined e-nose and e-tongue technology to detect the adulteration of argan oils. Using
this approach, the authors could determine the percentage of cheaper oils added to virgin

argan oil. Alternatively, Kharbach et al. [/ used selected-ion flow-tube mass spectrometry
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fingerprinting from the volatile oil fraction combined with multivariate analysis to assess the

geographical origin of argan oil as an alternative to chemical profiling (reference methods).

Fatty Acids, Phenols, Chemical Composition in General

Most studies on the authentication of argan oil refer to either chemical composition or the
number of particular compounds or classes of compounds. For instance, two studies focus on
changes in the triacylglycerol profile, determined using either UHPLC-PDA or HPLC light
scattering (901, for detecting the addition of different vegetable oils and for quantifying the
content of argan oil in different formulations. A study performed by Ait Aabd et al. [*4],
proved that a significant amount of variation in fatty acid (FA) composition is due to
environmental factors. The study proposed that FA composition can be used to check the
provenance of argan oil. Kharbach et al. ! also used 'general' chemical profiling (including
acidity, peroxide value, spectrophotometric indices, and the composition of fatty acids,
tocopherols, and sterols) and report significant differences between argan oils from different
geographical locations. Oussama et al. [®, used Mead InfraRed (MIR) spectroscopy
combined with chemometrics for the classification and quantification of argan oil
adulteration with sunflower or soybean oils. Whereas, Ourrach et al. [ proposed 3,5-
stigmastadiene, fatty acids alkyl esters, chlorophyll pigments and hydrocarbons as markers
of the adulteration of argan oil with other edible oils. These markers were identified as the
result of adulteration studies focused on the phenolic profile of extra virgin argan oil to
detect the presence of other vegetable oils [°7¢®]. Other studies have looked at specific
markers of argan oil, such as campesterol, coenzyme QO or ferulic acid, respectively [©-7!,
Argan oil contains between 142 and 220 mg of phytosterols per 100 g of oil, in particular
schottenol and spinasterol. It contains only traces of campesterol that is a phytosterol

commonly found in vegetable oils. The authors proposed to use these compounds as markers
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to identify the adulteration of argan oil with less expensive oils and to assess its purity.

Molecular Techniques
To our knowledge there is no paper reporting DNA analysis on argan oil, however there are
two studies where genomic approach was used to analyse the genetic variability of argan

s 72731 which could represent the basis to identify potential biomarkers for

tree
authentification. Moreover, some papers describe DNA based technologies for the

identification of plant oils ["*7*! that may be an alternative or complementary platform to the
traditional analytical methods to found adulteration in argan oil. In the review by Agrimonti

and Marmiroli [, the molecular tools to trace the varietal composition of virgin olive oil

and to detect the adulterant oils from other botanical species are summarized.

Lamb-Goat Meat

Sheep (Ovis aries L.) were among the first animals to be domesticated, have played an
important role in human life for thousands of years and are common symbols in culture and
religion. The ancient Egyptian fertility god Heryshaf was depicted as a man with the head of
a ram. In Chinese Buddhism, the ram was one of the animals that attended the birth of
Buddha and one of the signs of the Chinese zodiac. Sheep and sheepherding also play
important roles for the three Abrahamic religions, Judaism, Christianity and Islam 7%, In the
Modern World, sheep and goats are widely distributed and adapted to a wide range of
environments. The highest consumption of animal-source protein per capita comes from
sheep and goat meat in regions related to different religions such as North Africa, Middle
East and India ). The Mediterranean societies, especially the Southern ones, are among the
largest consumers of lamb. Thus, the exigencies of the consumer on the characterization of
production systems, locally adapted native genotypes, nutritional information, and sensorial

analysis to target the preferences must be answered [’”-’8]. Mountain lamb kid meat is
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437  believed to have a superior quality that is related to the farming system. This reflects the

438  capacity of these animals to adapt to a wide range of ecological conditions. The meat is not
439  only appreciated as a food resource but is also important in social and religious ceremonies
440  of South Mediterranean countries.

441 In Tunisia, sheep and goats are the two most important livestock species, and their
442  production has been based mainly on the traditional rangeland management system. Until the
443  eighties, about 70-90% of the local production of mutton and lamb came from sheep raised
444  in natural grazing areas. Nowadays, small ruminant producers are compelled to practice the
445  feedlot system of fattening lambs to increase the slaughter body weight, especially for the
446  period of the increasing demand of lamb and goat meat corresponding to various religious

s "1, However, in Tunisia like in other regions of the world, people believe that

447  observance
448  only sheep and beef produced on grassland and natural pasture is authentic meat and are

449  often considered to be of superior quality *%#!! with additional market value *?!. Quality is
450  now, more than ever, a fundamental concept of agricultural and food policies at both local

451  and international level. It is also a major asset for economic and territorial development that

452  satisfy consumer expectations.

453  Mountain “Djebel” Lamb

454  Djebel lamb is produced in the mountainous areas of the Northwest "Djebel" of Tunisia, the
455  Kroumirie - Mogods (Djebel). This region is covered by 2900 km? of forests, estuaries, and
456  mountains with relief varying between 300 m in the hills (Mogods) and 1200 m in the

457  western Kroumirie. This area receives the highest amount of precipitation in Tunisia (on
458  average over 1000 mm per year) allowing diverse vegetation with forest formations

459  distributed over about 100,000 hectares conferring a unique Mediterranean landscape with

460  the possibility of food production, tourism and leisure economy [**! and shelters over
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200,000 heads of sheep and goat. The production system is close to that of the Iberian pig
and is based on forest vegetation composed of oak trees and herbaceous plants. These locally
adapted “populations” of small ruminants are a major source of livelihood and contribute to
the sustenance of landless, smallholder and marginal farmers. The meat produced by such
production system, with its culinary, socio-cultural, tacit knowledge of farmers, has unique
characteristics that deserve better representation on the market. Most lamb consumption
occurs during the religious festivity of “Aid el Idha”. During this period, the sale of mutton
takes place in reserved places in large cities. The preliminary results of surveys, including
both traders and customers, showed that consumers choose their “festival” animal according
to the proximity or the reputation of the seller. About 10% of customers choose according to
the origin of the animal they buy, and about 31% of customers ask about the provenance of
the animals. The taste of the animal represents about 60% of the criteria of meat selection. In
parallel with these consumer surveys, analytical tests to characterize Djebel lamb are
currently in progress. For grazing lambs in Tunisian Northwest pastures, interesting results
were recorded concerning meat quality of three local breeds [**]. The results show the higher
meat quality of lambs reared on pasture compared to those on concentrate (feedlot). The
former has a lower proportion of saturated FAs (44.5 vs 50.6%), a higher proportion of
polyunsaturated ones (Cis:2, Cis:3 and CLA) and a higher lipid antioxidation power. Such
results favor of Djebel lambs reared in mountains of Northwest. The effect of the intake of a
forest product, e.g., oak acorn — before and after weaning — on the properties of lamb meat

and FA composition 1%

show that the polyunsaturated FA, C18:3n-3, was higher in lambs
coming from mountains and receiving oak acorns during fattening than those reared in the

feedlot. The former also has the highest sensory parameters (tenderness, juiciness and

general acceptance).
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Anti-Fraud Approach and Geographical Origin Determination

Many papers have been published on the quality of Tunisian lamb in relation to the breed,
management system (grazing and feedlot), and slaughtering weight [#*7. However, only
three studies focus on the traceability of grazing lambs. The first paper describes the quality
of Bahra kid” meat using chemical composition, fatty acid profile, antioxidation stability and
other parameters [*3], while the second paper focuses on the discrimination of pasture meat in
the Tunisian Northwest from meat produced in conventional systems using visible
reflectance spectroscopy *°!. The third paper deals with the quality and traceability of Djebel

lamb meat °°],

Stable Isotope Ratio Analysis and Fatty Acids Composition

Mekki et al. P applied stable isotope composition in proteins (6'°C, 5*°N, 6**S, &#H and
6'%0) and in fat (6'3C, &H and 6'®0) in combination with the profile of FAs for tracing lamb
production systems in four farms located in the North-West of Tunisia. The initial
application of these analytical techniques on Djebel lamb provided promising results for both
large-scale discrimination of north-west Tunisia, as an overall lamb-producing geographical
region, and small-scale classification of regional farming systems. Based on the low §**S
values in protein and the high 6'°N values, it was possible to distinguish between Amdoun
herbaceous pasture farming system from other Tunisian production systems. However, to

make the methodology more robust, a higher number of samples would be needed.

Molecular Techniques

In Tunisia, many papers report the quantitative genetic and phenotypic characterization of
local sheep breeds (Barbarine, Queue Fine de I’Ouest, and Noire De Thibar) for developing

genetic evaluation tools and elaborating genetic improvement programs !!. However,
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studies using molecular techniques to determine the authenticity of Tunisian lamb are rare.

Truffles

Truffles are fruit bodies of hypogeous ascomycetous fungi that grow underground through a
symbiotic relationship with the roots of specific host trees (e.g. oak, poplar, willow, hazel,
and various shrubs). Truffle production in the Mediterranean area accounts for almost 85%
of the world’s export market. Economically speaking, the most interesting species belongs to
the genus Tuber. The most sought-after truffles grow in France, Italy, Croatia, Slovenia,
Spain, and Hungary.

Based on their color, truffles (Tuber spp.) are divided into two groups, white and
black truffles. The Tuber genus has been estimated to contain from 180 to 230 species

[92

distributed worldwide [°?). Thirty of these species produce edible fruiting bodies (ascocarps)

of high nutritional, sensorial and economic value because of their unique aromas and flavors
(93941 Truffles are the world's most expensive fungi ], and the global production of truffles,
although amounting in the hundreds of tonnes, cannot meet the demand and keeps the price
high . The value of their retailed price is in the hundreds to thousands of € per kg,
depending upon truffle species, characteristics of the season, dimension and appearance. In
2003, when the season was particularly bad for truffles (hot and dry), the average price for
Tuber magnatum Pico (1788), the most expensive among truffles, was about 5000 €/kg,
while the best items were sold for 8000 to 12000 €/kg °°!. The second most valued species
the black truffle, Tuber melanosporum Vittadini (1831) can reach about the 2/3 of the 7.
magnatum price. Other commercially interesting species are, in descending economic order
are: Tuber brumale Vittadini (1831) (1/5 to 1/3 the price of T. magnatum),; Tuber borchii

Vittadini (1831); Tuber aestivum Chatin (1887) and Tuber uncinatum Chatin (1887), which

are sometimes considered as the morphotype of the same species and sometimes as two
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different species 7 and can reach about 1/10 of the price of 7. magnatum, Tuber
mesentericum Vittadini (1931); and Tuber macrosporum Vittadini (1931) %,

Tuber magnatum is mostly found in Italy %1%l and in a small region of Slovenia

[100,101 a [102 [103

1. Croatia %%, Serbia and Hungary '°*!. Some species of truffles are also farmed; e.g.,
T. melanosporum " T. aestivum "% and to a lesser extent also 7. borchii and T. brumale.
However, despite repeated attempts, the most highly-priced truffle 7. magnatum, has not yet
been successfully cultivated 1%,

The distribution of Tuber species depends on several factors: the spread and
migration of the host trees, dispersion of underground spores, dispersion via mammals,

1071 Besides this, certain soil

climate conditions, and the existence of geographical barriers [
parameters have to be met, for example, pH, C/N ratio, the percentage of organic matter,
amount of calcium carbonate, nutrient availability, structure, and texture.

Rubini et al. %! pointed out that natural production of truffles in the past century has
been drastically declining due to many factors such as deforestation of the natural habitats of
the Tuber species, poor forest management, unselective harvesting and the introduction of
new or exotic plant species, which are unable to form a symbiotic relationship with the
edible mushrooms. Moreover, European production is influenced by climatic change,
negative effects being linked to increasing temperature and decreasing rainfall 1%,
Production has decreased from 2000 tonns/year 100 years ago, to just 20 tonns/year today
[199] The decrease in the natural production combined with an increase in global demand and
high prices makes truffles a target for fraud, especially when species are morphologically
similar 110,

In terms of global export, 85% of truffles come from Europe, 10% from China and

5% from North Africa. High truffle prices have led to several forms of adulterations. Most

commonly, in the case of cheap truffles (around 15 € per kg) originating mainly from China,
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aromas are added and sold on the market as visually similar to the European black truffle %],

Other species, such as the desert truffles Terfezia sp. growing in the Mediterranean area, and
especially abundant in Morocco, are illegally sold on the black market as 7. borchii or even
as T. magnatum "', In addition, truffles from less expensive European species are sold as
the most prized species. For example, 7. borchii can be visually confused with 7. magnatum.
Another known fraud practice for truffles in processed food is the use of unripe ascocarps of
cheaper species. These ascocarps do not have spores; therefore, morphological classification

H211] The value of their retailed price is in the hundreds to thousands of €

is not possible [
per kg, depending upon truffle species, characteristics of the season, dimension and

appearance.

Situation in Slovenia

Truffle harvesting in Slovenia has a long tradition. One of the oldest quotations is found in

the second edition of Flora Carniolica in 1772 14

1 although truffles have been probably
known since Roman times. However, in recent history, the harvesting of wild truffles (Tuber
sp.) was illegal !5 until 2011 16!, and the majority of Slovenian truffles were sold illegally
and marketed as originating from elsewhere. The situation has currently changed, and the
truffle culture is in its revival. The whole production of truffles in Slovenia comes from
harvesting wild truffles. The truffle harvest in Slovenia is based on an estimate of 40
collectors. Slovenian Istria has several collecting locations of 7. magnatum (especially in the

valley of Dragonja and RiZana rivers), while the black truffle species are spread over a large

area of the country. The cultivation of truffles in Slovenia is still in its early phase.
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Most literature relating to truffles in Slovenia reflects two major issues: (i) the
assessment and determination of the number of species occurring in the country ®); and (ii)

the potential for cultivation and assessment of potential growing areas 1171221,

Situation in Italy

The history of truffles’ collection in Italy also dates back to Roman times. In the 18"
century, truffles from Piedmont were considered a delicacy in all the European Courts. In the
same period Vittorio Pico, a doctor from Turin, took care of the classification of 7.
magnatum as a part of his doctoral thesis ['>* 24, Today Italy is the European country that
boasts the presence of the highest number of species of wild edible truffles. There are eight

species that can be collected and marketed in Italy, according to the National Law No 752/85

[125 126]

1 and its subsequent modification Law No 162/91 ], including T. magnatum, T.
melanosporum, T. aestivaum, T. uncinatum, T. brumale, T. brumale var. moschatam De Ferry
(1888), T. borchii., T. macrosporum, and T. mesentericum. The national production of
truffles was about 95 tons per year in the period 1980-2008 [1>7]. The harvest of truffles is

regulated by specific national and regional laws that govern the specific periods. Moreover,

the maturation status of the truffles is taken into account to define the harvest periods.

The main truffle areas are Abruzzo, Marche, Molise, Piedmont, Emilia-Romagna,
Umbria and Veneto regions. 7. magnatum can be found in Piedmont and in the northern and
central part of the Apennines. Nowadays, more than 70,000 people are licensed by local
public administrations to harvest truffles. The number of harvesters has been increasing
significantly since the 80s with the most of them located in the mid-Northern area of the

Apennines and the Piedmont area of mid-Eastern Alps ['?%],
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Anti-Fraud Approach and Geographical Origin Determination

In scientific literature, several studies consider or at least mention the possibility of
determining the geographical origin of truffles. Most studies use molecular approaches and

analysis of volatile compounds as more reliable methods than morphological determination.

Stable Isotope Ratio Analysis

At the moment, there is no study on the use of stable isotopes and elemental composition for
determining the geographic origin of truffles, but some studies have focused on epigeous
fungi (mushrooms). Those studies where stable isotope techniques have been applied in
truffles were orientated towards either looking at carbon isotope fractionations during the
decomposition of sucrose 1?1 at the ecophysiological relation between truffles, soil and host

plants [12°]

or assessing the mycorrhizal versus saprophytic status of fungi using the natural
abundance of carbon and nitrogen stable isotopes '*%. More recently, a few papers have
been published on the application of stable carbon isotopes to determine the authenticity of

(1311 developed a method for determining 6'°C values in bis

truffle aromas. Sciarrone et al.
(methylthio) methane by Headspace Solid-Phase Microextraction Gas Chromatography-
Combustion-Isotope Ratio Mass Spectrometry (HS-SPME GC-C-IRMS). The determination
of this parameter in authentic white truffles harvested in Italy led to values between —42.6%o
and —33.9%o. The same method was applied to the analysis of pasta, sauce, olive oil, cream,
honey, and fresh cheese flavored with truffle aroma to determine their authenticity. Wernig
et al. (132! found that the §'°C values of 2,4-dithiapentane, a characteristic truffle odorant
detected in most flavored oil samples, is not a useful marker for discriminating between
natural and synthetic truffle flavors.

As regards mushrooms, particularly ascomycetes of genus other than Tuber or even

basidiomycetes, due to similarities in their ecology and physiology, they provide case studies
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of potential application in the truffles’ traceability. E.g., I1l-Min et al. [**] determined 6'°C,
0N, 6'%0, and 6>*S to verify the regional traceability of Agaricus bisporus mushroom from
six regions of Korea. They found that all four isotope ratios were significantly different
among the six cultivation regions. The same results were obtained by Puscas et al. [!3% that
determined 6'*C on bulk fungi and 6°H and 6'®0 in the water extracted from the samples. In
particular, they were able to distinguish samples from different Transilvania areas and,
furthermore, found a link between the isotopic composition and the characteristics of the

place of growth of the fungi (hilly or mountainous).

Elemental Analysis

The elemental composition of truffle has been addressed in only a few papers. Sawaya et al.
[135] determined the chemical composition and nutritional quality of Saudi Arabian truffles:
Terfezia claveryi and Tirmania nivea. Further, Segneanu et al. [ determined the trace
element content of 7. magnatum and T. melanosporum using atomic absorption
spectrometry. They found that 7. melanosporum contained higher levels of Fe than T.
magnatum. The level of the other elements was approximately the same.

As regards mushrooms, Giannaccini et al. [*”), determined by ICP-OES 14 trace elements in
Boletus edulis and Macrolepiota procera harvested in different areas of Tuscany region. A
different elemental content was reported within-species and according to the growth site.
Similarly, Nikkarinena and Mertanen ['**) analysed 33 elements in mushrooms grown in two
geochemically different regions in Finland by ICP MS. They confirmed the influence of the
geochemical characteristics of the place of growth of the sample on the trace element
concentrations. Therefore, they declared that this is a confirmation that the inclusion of

geographically linked information in food composition databases would enhance their value

and allow better utilization in applied studies.
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Molecular Techniques

The majority of molecular studies are designed to either determine species or differentiate
between morphologically similar ones, to make species determination easier and to prevent
frauds. These methodologies are especially important when truffles have not yet developed
the ascocarp, finding applications to test the inoculation material, which is sold to
commercial trufferies, or to identify in the trufferies competitive mycorrhizae 137144,

An attempt to differentiate geographic origin on the basis of genetic diversity (owing
to evolutionary and adaptive processes driven by different environmental conditions) was

1461 developed the first

made for T. magnatum by Frizzi et al. %%, Later, Jeandroz et al. |
comprehensive molecular phylogeny of the genus Tuber and analyzed its biogeography. The
resulting molecular phylogeny divided the genus Tuber into five distinct clades. The
Puberulum, Melanosporum, and Rufum groups were diversified in terms of species and
geographical distribution. Alternatively, the Aestivum and Excavatum groups were less

1. 137 performed

diversified and were located only in Europe or North Africa. Bonito et a
similar phylogenetic work and found similar results.

Amicucci et al. ''?) used a molecular identification approach to analyze food
products containing fragments of some Tuber species. This method is useful when the
morphological characteristics of truffle are difficult to interpret owing to the drastic
treatments utilized in food preparation or the use of unripe fruit bodies (lack of spores).
Furthermore, the method requires tiny amounts of sample and is amenable for degraded
DNA. It will also have important applications in both the production and sale of such food
products, in order to avoid fraud and reveal the possible presence of other fungal species.

48] proposed a protocol with a single PCR step to detect the fraudulent

Séjalon-Delmas et al. !
presence of Chinese truffles or any other fungal species, either in a fresh batch of truffles and

in canned truffles. Rizzello et al. 3! reported the application of molecular techniques to
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authenticate truffle species in commercial products. In particular, they obtained good quality
DNA using a kit generally employed for DNA extraction from soil, and a new primer pair
was developed to authenticate 7. magnatum in commercial products.

So far, only one proteomic study of truffles has been performed. Islam et al. !+
functionally annotated the truffle proteome from the sequence of 2010 of 7. melanosporum
genome comprising 12771 putative nonredundant proteins. Using sequential BLAST search
strategies, they identified homologues for 2587 proteins with 2486 (96.0%) fungal
homologues (available from http://biolinfo. org/protannotator/blacktruffle.php). A combined

1D PAGE and high-accuracy LC-MS/MS proteomic study was employed to validate the

results of functional annotation and identified 836 (6.5%) proteins.

Volatile Organic Compounds

The majority of studies relating to truffles concern volatile compounds. Some use an

electronic nose to analyze the change in aroma composition during the ageing of truffles 5%,

while others use HS-SPME-GC-MS 3] and HS GC/TOF-MS 321 to characterize volatile

153]

compounds of truffles from different species. Aprea et al. ['>3] combined an electronic nose

[154]

and PTR-MS, while Zampioglou and Kalomiros showed that an intelligent odor-

discriminating system based on a gas sensor array could contribute to the identification and
classification of truffles based on their stage of maturation and place of origin. Vita et al. [!3]
were able to determine both the origin of fruiting bodies (Alba — Piedmont region versus San
Miniato — Marche region) and the two biological phases of fruiting body formation in San
Miniato truffles using PTR-TOF-MS signals of the volatile organic compounds. Moreover,

Diaz et al. '3!], reported the possibility of using the aroma composition to assess the

geographical origin of truffles.
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Volatile organic compounds can also be used to detect fraud in processed food
containing truffles or truffle derivatives. These studies aim to distinguish between truffles of
different species that are morphologically very similar but have very different aromas.
Culleré et al. ['*¢] ysed GC-O and HS-SPME-GC-MS to study the aromatic composition of
black and summer truffles of 7. indicum and T. melanosporum, respectively. They concluded
that both analytical approaches, either in combination or separately, could be used as a way
of screening frauds. D’Auria et al. 13715 a]so used SPME-GC-MS to characterize the
volatile profile of different species of truffles and false truffles (e.g. Basidiomycetes) from
the Italian region of Basilicata. Finally, GC combined with different types of
interfaces/devices and extraction methods has been used to characterize the key aroma

[159

compounds of 7. Magnatum, T. Uncinatum ">, and of T. melanosporum °*1611, Using GC—

MS and an electronic nose, Pacioni et al. [1%%]

checked the authenticity of Italian olive oil
flavored with white and black truffles. The method was able to distinguish the aromas from
the species of truffle declared on the label and confirmed the established malpractice of the
use of bismethyl (dithio) methane when flavoring with black truffles. Similarly, Torregiani et
al. [1%) ysed an SPME-GC-MS approach to test the aroma profile of raw truffles, truffle

sauces, and natural and artificial truffle, flavored oils made from or made to imitate 7.

magnatum, T. melanosporum, and 7. aestivum.

Conclusions

This literature review reveals that among the studied Mediterranean food products,
truffles were the most investigated, while little information is available on Tunisian Djebel
lamb. The currently used methodologies for determining authenticity and origin are related
to the chemical analysis of fatty acid profiles and sterol composition in argan oil, aroma
compounds in truffles, and DNA and other molecular methods in Iberian pig meat. However,

these analyses do not allow extensive verification of food geographical origin or their
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authenticity. No study combines the use of elemental composition and stable isotopes ratios
in regards to authenticity, although their reliability in determining food traceability and
authenticity has been proven for many products.

Moreover, novel approaches such as prediction mapping (e.g. isoscapes) may provide
a cost-effective extension to the databank approach. The term “isoscape” derives from the
words isotope and landscape. An isoscape offers a spatially georeferenced representation of
the distribution of isotopic compositions (generally of light elements). These are generated
by incorporating isotopic data into geographic maps using a Geographic Information System
(GIS). Ancillary variables other than isotopic observations and reliable on a larger spatial
scale (lower data density for the spatial unit), are needed. For instance, ancillary data can be
meteorological, geographical or geological ones, which drive the fractionation processes and
can lead to a robust reconstruction of expected isotopic compositions of food products. The
advantage of process-based modeling over statistical modeling is that the former requires a
much smaller reference dataset, which means that it can be applied to those areas where
isotopic information is scarce.

A composite methodological approach appears promising for future studies aimed to
ensure geographical traceability and food authenticity, and this will be pursued within the

REALMed project.

Acknowledgements

This review was prepared within the frame of the REALMed project. REALMed has been inspired
by a previous EU-funded project, FOODINTEGRITY (FP7-KBBE-2013-7- 613688: Ensuring the
Integrity of the European food chain) and ISO-FOOD Era Chair for isotope techniques in food
quality, safety, and traceability project (GA no. 621329). REALMed is currently funded by
ARIMNet2 -2014-2017, an ERA-NET coordinated by INRA-France and funded under the European

Union’s Seventh Framework Program for Research, Technological Development and Demonstration,

32



749
750

751

752
753
754
755

756

757

758
759
760
761
762
763
764
765
766
767
768
769
770
771
772
773
774
775
776
777
778
779

under grant agreement no. 618127. The financial support by the Slovenian Ministry of Education,
Science and Sport should also be acknowledged.

Declaration of Interest Statement

The authors declare no conflicts of interest. The funders had no role in the design of the study; in the
collection, analyses, or interpretation of data; in writing of the manuscript; or in the decision to

publish the results.

References

[1] Regulation (EC) No 178/2002 of the European Parliament and of the Council of 28
January 2002. Laying down the General Principles and Requirements of Food Law,
Establishing the European Food Safety Authorityand Laying down Procedures in
Matters of Food Safety.

[2] Luykx, D.M.A.M.; van Ruth, S.M. An Overview of Analytical Methods for
Determining the Geographical Origin of Food Products. Food Chem. 2008, 107,
897-911. DOI: 10.1016/j.foodchem.2007.09.038.

[3] Bryta, P. The Impact of Obtaining a European Quality Sign on Origin Food
Producers. Quality Assurance and Safety of Crops & Foods 2018, 10, 155-164.

4] Council Regulation (EC) No 509/2006 of 20 March 2006. On Agricultural Products
and Foodstuffs as Traditional Specialities Guaranteed.

[5] Regulation (EU) No 1151/2012 of the European Parliament and of the Council of 21
November 2012. On Quality Schemes for Agricultural Products and Foodstuffs;
European Union.

[6] CIHEAM/FAO. 2015. Mediterranean Food Consumption Patterns: Diet,
Environment, Society, Economy and Health. a White Paper Priority 5 of Feeding
Knowledge Programme, expo milan 2015. ciheam-iamB, Bari/Fao, rome

[7] Danezis, G.P.; Tsagkaris, A.S.; Camin, F.; Brusic, V.; Georgiou, C.A. Food
Authentication: Techniques, Trends & Emerging Approaches. Trends in Analytical
Chemistry, 2016, 85, 123—132.

[8] Bryta, P. The Role of Appeals to Tradition in Origin Food Marketing. A Survey
among Polish Consumers, Appetite 2015, 91, 302-310.

33



780
781
782
783
784
785
786
787
788
789
790
791
792
793
794
795
796
797
798
799
800
801
802
803
804
805
806
807
808
809
810
811

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]
[19]

[20]

Charrouf, Z.; Guillaume, D. The Argan Oil Project: Going from Utopia to Reality in
20 Years. Oilseeds fats, Crop. Lipids 2018, 25, D209. DOI: 10.1051/0cl/2018006.
Merkle, S.; Kleeberg, K.; Fritsche, J. Recent Developments and Applications of Solid
Phase Microextraction (SPME) in Food and Environmental Analysis—A Review.
Chromatography 2015, 2, 293-381. DOI: 10.3390/chromatography2030293.
Gliszczyr'lska-Swiglo, A.; Chmielewski, J. Electronic Nose as a Tool for Monitoring
the Authenticity of Food. A Review. Food Anal. Methods 2017, 10, 1800-1816.
DOI: 10.1007/s12161-016-0739-4.

Haddi, Z.; Amari, A.; Ali, A.O.; Bari, N. El; Barhoumi, H.; Maaref, A.; Jaffrezic-
Renault, N.; Bouchikhi, B. Discrimination and Identification of Geographical Origin
Virgin Olive Oil by an E-Nose Based on MOS Sensors and Pattern Recognition
Techniques. Procedia Eng. 2011, 25, 1137-1140. DOLI:
10.1016/j.proeng.2011.12.280.

Kelly, S.; Heaton, K.; Hoogewerft, J. Tracing the Geographical Origin of Food: The
Application of Multi-Element and Multi-Isotope Analysis. Trends Food Sci. Technol.
2005, 16, 555-567. DOI: 10.1016/}.tifs.2005.08.008.

Camin, F.; Boner, M.; Bontempo, L.; Fauhl-Hassek, C.; Kelly, S.D.; Riedl, J.;
Rossmann, A. Stable Isotope Techniques for Verifying the Declared Geographical
Origin of Food in Legal Cases. Trends Food Sci. Technol. 2017, 61, 176-187. DOI:
10.1016/;.tifs.2016.12.007.

Lopez-Bote, C.J. Sustained Utilization of the Iberian Pig Breed. Meat Sci. 1998, 49,
S17-S27. DOI: 10.1016/S0309-1740(98)00072-2.

Commission regulation (EC) No 2400/96 of 17. December. OJ L 327, 18.12.1996, p.
11

Commission Regulation (EC) No 944/2008 of 25 September.OJ L 258/54, 26.9.2008,
p.12.

Commission Regulation (EC) No 617/2003 of 4 April. OJ L 89/3, 5.4.2003.
Commission Regulation (EC) No 943/2008, of 25 September. OJ L 258/52,
26.9.2008

Belo, C.C.; Coelho, I.; Rolo, J.; Reis, P. Sistemas Agroflorestais Em Portugal
Continental: Parte II: Montados, Condi¢des de Uso Do Solo e Evolucao. Rev.
Ciéncias Agrarias 2014, 37, 122—-130.

34



812
813
814
815
816
817
818
819
820
821
822
823
824
825
826
827
828
829
830
831
832
833
834
835
836
837
838
839
840
841
842
843

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

Real Decreto No 4/2014 of 10 January 2014. Por El Que Se Aprueba La Norma de
Calidad Para La Carne, El Jamoén, La Paleta y La Cana de Lomo Ibérico; Kingdom of
Spain.

Toro, M.; Silio, L.; Rodrigafiez, J.; Rodriguez, C.; Fernandez, J. Optimal Use of
Genetic Markers in Conservation Programmes. Genet. Sel. Evol. 1999, 31, 255-261.
DOI: 10.1186/1297-9686-31-3-255.

Toro, M.; Barragan, C.; Ovilo, C.; Rodriganiez, J.; Rodriguez, C.; Silio, L. Estimation
of Coancestry in Iberian Pigs Using Molecular Markers. Conserv. Genet. 2002, 3,
309-320. DOI: 10.1023/A:1019921131171.

Ramirez, R.; Cava, R. Carcass Composition and Meat Quality of Three Different
Iberian X Duroc Genotype Pigs. Meat Sci. 2007, 75, 388-396. DOI:
10.1016/j.meatsci.2006.08.003.

del Moral, F.G.; Guillén, A.; del Moral, L.G.; O’Valle, F.; Martinez, L.; del Moral,
R.G. Duroc and Iberian Pork Neural Network Classification by Visible and near
Infrared Reflectance Spectroscopy. J. Food Eng. 2009, 90, 540-547. DOI:
10.1016/j.jfoodeng.2008.07.027.

Guillén, A.; del Moral, F.G.; Herrera, L.J.; Rubio, G.; Rojas, I.; Valenzuela, O.;
Pomares, H. Using Near-Infrared Spectroscopy in the Classification of White and
Iberian Pork with Neural Networks. Neural Comput. Appl. 2010, 19, 465-470. DOI:
10.1007/s00521-009-0327-2.

Zamora-Rojas, E.; Pérez-Marin, D.; De Pedro-Sanz, E.; Guerrero-Ginel, J.E.;
Garrido-Varo, A. In-Situ Iberian Pig Carcass Classification Using a Micro-Electro-
Mechanical System (MEMS)-Based near Infrared (NIR) Spectrometer. Meat Sci.
2012, 90, 636-642. DOI: 10.1016/j.meatsci.2011.10.006.

Recio, C. Método de Identificacion de Productos Alimenticios. Patente Espafiola No
P20070210, October 16, 2007.

Garcia Casco, J.M.; Munoz, M.; Gonzélez, E. Predictive Ability of the Feeding
System in Iberian Pig by Means of Several Analytical Methods. Grasas y Aceites
2013, 64, 191-200. DOI: 10.3989/gya.130812.

Lépez-Bascon, M.A.; Priego-Capote, F.; Calderon-Santiago, M.; Sanchez De
Medina, V.; Moreno-Rojas, J.M.; Garcia-Casco, J.M.; Luque De Castro, M.D.

Determination of Fatty Acids and Stable Carbon Isotopic Ratio in Subcutaneous Fat

35



844
845
846
847
848
849
850
851
852
853
854
855
856
857
858
859
860
861
862
863
864
865
866
867
868
869
870
871
872
873
874
875
876

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

to Identify the Feeding Regime of Iberian Pigs. J. Agric. Food Chem. 2015, 63, 692—
699. DOI: 10.1021/jf505189x.

Gonzalez-Martin, 1.; Gonzalez Pérez, C.; Hernandez Méndez, J.; Sanchez Gonzalez,
C. Differentiation of Dietary Regimene of Iberian Swine by Means of Isotopic
Analysis of Carbon and Sulphur in Hepatic Tissue. Meat Sci. 2001, 58, 25-30. DOI:
10.1016/S0309-1740(00)00126-1.

Recio, C.; Martin, Q.; Raposo, C. GC-C-IRMS Analysis of FAME:s as a Tool to
Ascertain the Diet of Iberian Pigs Used for the Production of Pork Products with
High Added Value. Grasas y Aceites 2013, 64, 181-190. DOI: 10.3989/gya.130712.
Delgado-Chavero, C.L.; Zapata-Marquez, E.; Garcia-Casco, J.M.; Paredes-
Torronteras, A. Statistical Model for Classifying the Feeding Systems of Iberian Pigs
through Gas Chromatography (GC-FID) and Isotope Ratio Mass Spectrometry (GC-
C-IRMS). Grasas y Aceites 2013, 64, 157-165. DOI: 10.3989/gya.130412.

Galian, M.; Peinado, B.; Martinez, C.; Periago, M.J.; Ros, G.; Poto, A. Comparative
Study of the Characteristics of the Carcass and the Meat of the Chato Murciano Pig
and Its Cross with Iberian Pig, Reared Indoors. Anim. Sci. J. 2007, 78, 659—667.
DOI: 10.1111/5.1740-0929.2007.00487 .x.

Castellano, R.; Aguinaga, M.A.; Nieto, R.; Aguilera, J.F.; Haro, A.; Seiquer, 1.
Utilization of Milk Minerals by Iberian Suckling Piglets. Spanish J. Agric. Res. 2013,
11, 417-426. DOL: 10.5424/sjar/2013112-3415.

Gonzalez-Martin, 1.; Gonzalez-Pérez, C.; Hernandez-Méndez, J.; Alvarez-Garcia, N.
Mineral Analysis (Fe, Zn, Ca, Na, K) of Fresh Iberian Pork Loin by near Infrared
Reflectance Spectrometry - Determination of Fe, Na and K with a Remote Fibre-
Optic Reflectance Probe. Anal. Chim. Acta 2002, 468, 293-301. DOL:
10.1016/S0003-2670(02)00657-8.

Alves, E.; Ovilo, C.; Rodriguez, M.C.; Silio, L. Mitochondrial DNA Sequence
Variation and Phylogenetic Relationships among Iberian Pigs and Other Domestic
and Wild Pig Populations. Anim. Genet. 2003, 34, 319-324. DOI: 10.1046/j.1365-
2052.2003.01010.x.

Clop, A.; Amills, M.; Noguera, J.L.; Fernandez, A.; Capote, J.; Ramon, M.M.; Kelly,
L.; Kijas, J.M.; Andersson, L.; Sanchez, A. Estimating the Frequency of Asian
Cytochrome B Haplotypes in Standard European and Local Spanish Pig Breeds.
Genet. Sel. Evol. 2004, 36, 97-104. DOI: 10.1186/1297-9686-36-1-97.

36



877
878
879
880
881
882
883
884
885
886
887
888
889
890
891
892
893
894
895
896
897
898
899
900
901
902
903
904
905
906
907
908

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

Van Asch, B.; Pereira, F.; Santos, L.S.; Carneiro, J.; Santos, N.; Amorim, A.
Mitochondrial Lineages Reveal Intense Gene Flow between Iberian Wild Boars and
South Iberian Pig Breeds. Anim. Genet. 2012, 43, 35-41. DOIL: 10.1111/j.1365-
2052.2011.02222 x.

Ovilo, C.; Cervera, M.T.; Castellanos, C.; Martinez-Zapater, J.M. Characterisation of
Iberian Pig Genotypes Using AFLP Markers. Anim. Genet. 2000, 31, 117-122. DOL:
10.1046/7.1365-2052.2000.00603.x.

Alves, E.; Fernandez, A.lL.; Fernandez-Rodriguez, A.; Pérez-Montarelo, D.; Benitez,
R.; Ovilo, C.; Rodriguez, C.; Silio, L. Identification of Mitochondrial Markers for
Genetic Traceability of European Wild Boars and Iberian and Duroc Pigs. Animals
2009, 86, 1216—-1223. DOI: 10.1017/S1751731109004819.

Alves, E.; Castellanos, C.; Ovilo, C.; Silio, L.; Rodriguez, C. Differentiation of the
Raw Material of the Iberian Pig Meat Industry Based on the Use of Amplified
Fragment Length Polymorphism. Meat Sci. 2002, 61, 157-162. DOI: 10.1016/s0309-
1740(01)00179-6.

Garcia, D.; Martinez, A.; Dunner, S.; Vega-Pla, J.L.; Fernandez, C.; Delgado, J.V.;
Cafion, J. Estimation of the Genetic Admixture Composition of Iberian Dry-cured
Ham Samples using DNA Multilocus Genotypes. Meat Sci. 2006, 72, 560—-566.
Fernandez. A.; Fabuel, E.; Alves, E.; Rodriguez, C.; Silio, L.; Ovilo, C. DNA Tests
Based on Coat Color Genes for Authentication of the Raw Material of Meat Products
from Iberian pigs. J. Sci. Food Agr. 2004, 84, 1855-1860. DOI: 10.1002/jsfa.1829
Charrouf, Z.; Guillaume, D. Ethnoeconomical, Ethnomedical, and Phytochemical
Study of Argania Spinosa (L.) Skeels. J. Ethnopharmacol. 1999, 67, 7-14. DOI:
10.1016/S0378-8741(98)00228-1.

Ursoniu, S.; Sahebkar, A.; Serban, M.-C.; Banach, M. The Impact of Argan Oil on
Plasma Lipids in Humans: Systematic Review and Meta-Analysis of Randomized
Controlled Trials. Phyther. Res. 2018, 32, 377-383. DOI: 10.1002/ptr.5959.
Caporarello, N.; Olivieri, M.; Cristaldi, M.; Rusciano, D.; Lupo, G.; Anfuso, C.D.
Melanogenesis in Uveal Melanoma Cells: Effect of Argan Oil. Int. J. Mol. Med.
2017, 40, 1277-1284. DOI: 10.3892/ijmm.2017.3104.

Ayad, A. Représentation Générale de 1’ Arganeraie Dans “Formation Forestiere

Continue”, Station de Recherche Forestiere, Rabat. Mors 1989, 13—-17, 9-18.

37



909
910
911
912
913
914
915
916
917
918
919
920
921
922
923
924
925
926
927
928
929
930
931
932
933
934
935
936
937
938
939
940
941

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

UNESCO. Strengthening of the Argan Biosphere Reserve (SABR), Morocco
http://www.unesco.org/new/en/natural-sciences/environment/ecological-
sciences/biosphere-reserves/arab-states/morocco/arganeraie/sustainable-
development/.

Dahir of 4th March 1925. Sur La Protection et La Délimitation Des Foréts
d’arganiers; Kingdom of Morocco.

Codirectorial Order of 1st May 1938. Codirectorial Order of 1. May 1938; Kingdom
of Marocco.

Dahir of 28th March 1951. Portant Attribution d’une Partie Du Produit de La Vente
Des Coupes de Bois Dans Les Forets d’arganiers Aux Collectivités Marocaines
Usaggres; Kingdom of Morocco.

Chaussod, R.; Adlouni, A.; Christon, R. L’arganier et I’huile d’argane Au Maroc:
Vers La Mutation d’un Systéme Agroforestier Traditionnel? Cah. Agric. 2005, 14,
351-356.

Charrouf, Z.; Guillaume, D. Secondary Metabolites from Argania Spinosa (L.)
Skeels. Phytochem. Rev. 2002, 1, 345-354. DOI: 10.1023/A:1026030100167.
Gonzalvez, A.; Armenta, S.; de la Guardia, M. Adulteration Detection of Argan Oil
by Inductively Coupled Plasma Optical Emission Spectrometry. Food Chem. 2010,
121, 878-886. DOI: 10.1016/j.foodchem.2009.11.091.

Gonzélvez, A.; Ghanjaoui, M.E.; El Rhazi, M.; De La Guardia, M. Inductively
Coupled Plasma Optical Emission Spectroscopy Determination of Trace Element
Composition of Argan Oil. Food Sci. Technol. Int. 2010, 16, 65-71. DOLI:
10.1177/1082013209353343.

Mohammed, F.A.E.; Bchitou, R.; Bouhaouss, A.; Gharby, S.; Harhar, H.; Guillaume,
D.; Charrouf, Z. Can the Dietary Element Content of Virgin Argan Oils Really Be
Used for Adulteration Detection? Food Chem. 2013, 136, 105-108. DOI:
10.1016/j.foodchem.2012.07.098.

Zahar, M.; Reineccius, G.; Schirle-Keller, J.P. Identification of Aroma Compounds
in Food Grade Argan-Oil. In The 234th American Chemical Society meeting,
Boston, USA, Aug 19-13, 2007.

Matthéus, B.; Guillaume, D.; Gharby, S.; Haddad, A.; Harhar, H.; Charrouf, Z. Effect
of Processing on the Quality of Edible Argan Oil. Food Chem. 2010, 120, 426—432.
DOI: 10.1016/j.foodchem.2009.10.023.

38



942
943
944
945
946
947
948
949
950
951
952
953
954
955
956
957
958
959
960
961
962
963
964
965
966
967
968
969
970
971
972
973

[60]

[61]

[62]

[63]

[54]

[65]

[66]

[67]

Bougrini, M.; Tahri, K.; Haddi, Z.; Saidi, T.; El Bari, N.; Bouchikhi, B. Detection of
Adulteration in Argan Oil by Using an Electronic Nose and a Voltammetric
Electronic Tongue. J. Sensors 2014, 2014, 1-10. DOI: 10.1155/2014/245831.
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, 8—17.
DOI: 10.1016/j.foodchem.2018.04.059.

Salghi, R.; Armbruster, W.; Schwack, W. Detection of Argan Oil Adulteration with
Vegetable Oils by High-Performance Liquid Chromatography-Evaporative Light
Scattering Detection. Food Chem. 2014, 153, 387-392. DOL:
10.1016/j.foodchem.2013.12.084.

Pagliuca, G.; Bozzi, C.; Gallo, F.R.; Multari, G.; Palazzino, G.; Porra, R.; Panusa, A.
Triacylglycerol “Hand-Shape Profile” of Argan Oil. Rapid and Simple UHPLC-
PDA-ESI-TOF/MS and HPTLC Methods to Detect Counterfeit Argan Oil and
Argan-Qil-Based Products. J. Pharm. Biomed. Anal. 2018, 150, 121-131. DOI:
10.1016/j.jpba.2017.11.059.

Ait Aabd, N.; El Asbahani, A.; El Alem, Y.; El Finti, A.; Msanda, F.; El Mousadik,
A. Variation in Oil Content and Fatty Acid Composition in Preselected Argan Trees
with Morphological Characters and Geographical Localization. Med. J. Nutrition
Metab. 2013, 6, 217-225. DOI: 10.1007/s12349-013-0134-2.

Oussama, A.; Elabadi, F.; Devos, O. Analysis of Argan Oil Adulteration Using
Infrared Spectroscopy. Spectrosc. Lett. 2012, 45, 458—463. DOLI:
10.1080/00387010.2011.639121.

Ourrach, I.; Rada, M.; Pérez-Camino, M.C.; Benaissa, M.; Guinda, A. Detection of
Argan Oil Adulterated with Vegetable Oils: New Markers. Grasas y Aceites 2012,
63, 355-364. DOI: 10.3989/gya.047212.

Khallouki, F.; Younos, C.; Soulimani, R.; Oster, T.; Charrouf, Z.; Spiegelhalder, B.;
Bartsch, H.; Owen, R.W. Consumption of Argan Oil (Morocco) with Its Unique
Profile of Fatty Acids, Tocopherols, Squalene, Sterols and Phenolic Compounds
Should Confer Valuable Cancer Chemopreventive Effects. Eur. J. Cancer Prev. 2003,
12, 67-75. DOI: 10.1097/01.¢cej.0000051106.40692.d3.

39



974
975
976
977
978
979
980
981
982
983
984
985
986
987
988
989
990
991
992
993
994
995
996
997
998
999
1000
1001
1002
1003

1004
1005

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

Rueda, A.; Samaniego-Sanchez, C.; Olalla, M.; Giménez, R.; Cabrera-Vique, C.;
Seiquer, I.; Lara, L. Combination of Analytical and Chemometric Methods as a
Useful Tool for the Characterization of Extra Virgin Argan Oil and Other Edible
Virgin Oils. Role of Polyphenols and Tocopherols. J. AOAC Int. 2016, 99, 489—494.
DOI: 10.5740/jaoacint.15-0121.

Hilali, M.; Charrouf, Z.; Soulhi, A.E.A.; Hachimi, L.; Guillaume, D. Detection of
Argan Oil Adulteration Using Quantitative Campesterol GC-Analysis. J. Am. Oil
Chem. Soc. 2007, 84, 761-764. DOI: 10.1007/s11746-007-1084-y.

Venegas, C.; Cabrera-Vique, C.; Garcia-Corzo, L.; Escames, G.; Acufia-Castroviejo,
D.; Lopez, L.C. Determination of Coenzyme Q 10, Coenzyme Q 9, and Melatonin
Contents in Virgin Argan Oils: Comparison with Other Edible Vegetable Oils. J.
Agric. Food Chem. 2011, 59, 12102—-12108. DOI: 10.1021/j£203428t.

Zougagh, M.; Salghi, R.; Dhair, S.; Rios, A. Nanoparticle-Based Assay for the
Detection of Virgin Argan Oil Adulteration and Its Rapid Quality Evaluation. Anal.
Bioanal. Chem. 2011, 399, 2395-2405. DOI: 10.1007/s00216-010-4628-1.
Chakhchar, A.; Haworth, M.; E1 Modafar, C.; Lauteri, M.; Mattioni, C.; Wahbi, S.;
Centritto, M. An Assessment of Genetic Diversity and Drought Tolerance in Argan
Tree (Argania spinosa) Populations: Potential for the Development of Improved
Drought Tolerance. Front. Plant Sci. 2017, 8, 276. DOI: 10.3389/fpls.2017.00276.
Pakhrou, O.; Medraoui, L.; Yatrib, C.; Alami, M.; Ibn Souda-kouraichi, S.I.; El
mousadik, A.; Ferradous, A.; Msanda, F.; El modafar, C.; Filali-maltouf, A.; Belkadi,
B. Study of Genetic Diversity and Differentiation of Argan Tree Population (4rgania
spinosa L.) using AFLP Markers. AJCS 2016, 10, 990-999.

Vietina, M.; Agrimonti, C.; Marmiroli, N. Detection of Plant Oil DNA using High
Resolution Melting (HRM) Post PCR Analysis: A tool for Disclosure of Olive Oil
Adulteration. Food Chem. 2013, 141, 3820-3826. DOI:
10.1016/j.foodchem.2013.06.075.

Agrimonti, C.; Marmiroli, N. Food Genomics for the Characterization of PDO and
PGI Virgin Olive Oils. Eur. J. Lipid Sci.Tech. 2019, 121, 1800132. DOI:
10.1002/¢j1t.201800132.

Krebs, R.E.; Krebs, C.A. Groundbreaking Scientific Experiments, Inventions, and

Discoveries of the Ancient World; Greenwood Press: Westport, 2003.

40



1006
1007
1008
1009
1010
1011
1012
1013
1014
1015
1016
1017
1018
1019
1020
1021
1022
1023
1024
1025
1026
1027
1028
1029
1030
1031
1032
1033
1034
1035
1036
1037
1038

[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

Montossi, F., Font-i-Furnols, M., del Campo, M., San Julian, R., Brito, G., Safudo,
C. Sustainable Sheep Production and Consumer Preference Trends: Compatibilities,
Contradictions, and Unresolved Dilemmas. Meat Sci. 2013, 95, 772-789. DOI:
10.1016/j.meatsci.2013.04.048

Diaz, M. T., Alvarez, L., De La Fuente, J., Safiudo, C., Campo, M. M., Oliver, M. A.,
Caneque, V. Fatty Acid Composition of Meat From Typical Lamb Production
Systems of Spain, United Kingdom, Germany and Uruguay. Meat Sci. 2005, 71,
256-263. DOI: 10.1016/j.meatsci.2005.03.020

Elloumi, M.; Alary, V.; Selmi, S. Politiques et Stratégies Des Eleveurs Dans Le
Gouvernorat de Sidi Bouzid (Tunisie Centrale). Afr. Contemp. 2006, 3/2006, 63—79.
DOI: 10.3917/afc0.219.0063.

Adney, T.; Haug, A.; Serheim, O.; Thomassen, M.S.; Varszegi, Z.; Eik, L.O.
Grazing on Mountain Pastures-Does It Affect Meat Quality in Lambs? Livest. Prod.
Sci. 2005, 94, 25-31. DOI: 10.1016/j.livprodsci.2004.11.026.

Smeti, S.; Mahouachi, M.; Atti, N. Effects of Finishing Lambs in Rich Aromatic
Plant Pasture or in Feedlot on Growth and Meat Quality. J. Appl. Anim. Res. 2014,
42,297-303. DOI: 10.1080/09712119.2013.845102.

Cox, R.B.; Kerth, C.R.; Gentry, J.G.; Prevatt, J.W.; Braden, K.W.; Jones, W.R.
Determining Acceptance of Domestic Forage- or Grain-Finished Beef by Consumers
from Three Southeastern U.S. States. J. Food Sci. 2006, 71, S542-S546. DOI:
10.1111/3.1750-3841.2006.00124.x.

Khemiri, I.; Khelifa, S.; Boughamoura, O.; Abbes, C. Participatory Mapping: A Tool
to Show Natural Landscapes Richness of Kroumirie-Mogods Forest Area (Tunisia).
J. New Sci. 2017, 41, 2260-2267.

Hajji, H.; Joy, M.; Ripoll, G.; Smeti, S.; Mekki, I.; Gahete, F.M.; Mahouachi, M.;
Atti, N. Meat Physicochemical Properties, Fatty Acid Profile, Lipid Oxidation and
Sensory Characteristics from Three North African Lamb Breeds, as Influenced by
Concentrate or Pasture Finishing Diets. J. Food Compos. Anal. 2016, 48, 102—-110.
DOI: 10.1016/.jfca.2016.02.011.

Mekki, 1., Smeti, S., Hajji, H., Yagoubi, Y., Mahouachi, M., Atti, N.. Effect of Oak
Acorn (Quercus Ilex) Intake During Suckling and Fattening of Barbarine Lambs on
Growth, Meat Quality and Fatty Acid Profile. J. Anim. Feed Sci., 2019, 28, 22-30.
DOI: 10.22358/jafs.102757.2019.

41



1039
1040
1041
1042
1043
1044
1045
1046
1047
1048
1049
1050
1051
1052
1053
1054
1055
1056
1057
1058
1059
1060
1061
1062
1063
1064
1065
1066
1067
1068
1069
1070

[86]

[87]

[88]

[89]

[90]

[91]

[92]

[93]

[94]

Atti, N.; Mahouachi, M. The Effects of Diet, Slaughter Weight and Docking on
Growth, Carcass Composition and Meat Quality of Fat-Tailed Barbarine Lambs. A
Review. Trop. Anim. Health Prod. 2011, 43, 1371-1378. DOI: 10.1007/s11250-011-
9865-6.

Smeti, S., Atti N., Mahouachi M. Effects of finishing lambs in rich aromatic plant
pasture or in feedlot on lamb growth and meat quality. J. App. Anim. Res. 2014, 42,
297-303. DOI: 10.1080/09712119.2013.845102.

Slimeni, O. Etude de La Qualité de La Viande de Chevreaux Provenant de Deux
Zones Différentes Du Nord-Ouest, Master Thesis, Université¢ de Carthage, Tunis,
Tunisia, 2013.

Hayjji, H., Prache, S., Andueza, D., Smeti, S., Mahouachi, M., Atti, N. Reliability of
Visible Reflectance Spectroscopy in Discriminating Between Pasture and Stall Fed
Lambs From Thin and Fat Tailed Sheep Breeds in Dry and Hot Environment.
Animal, 2019, 13, 2669-2678. DOI: 10.1017/S1751731119000909.

Mekki, I.; Camin, F.; Perini, M.; Smeti, S.; Hajji, H.; Mahouachi, M.; Piasentier, E.;
Atti, N. Differentiating the Geographical Origin of Tunisian Indigenous Lamb Using
Stable Isotope Ratio and Fatty Acid Content. J. Food Compos. Anal. 2016, 53, 40—
48. DOI: 10.1016/j.jfca.2016.09.002.

Chalh, A.; El Gazzah, M.; Djemali, M.; Chalbi, N. Genetic and Phenotypic
Characterization of the Tunisian Noire De Thibar Lambs on Their Growth Traits. J.
Biol. Sci. 2007, 7, 1347-1353. DOI: 10.3923/jbs.2007.1347.1353.

Bonito, G.M.; Gryganskyi, A.P.; Trappe, J.M.; Vilgalys, R. A Global Meta-Analysis
of Tuber ITS RDNA Sequences: Species Diversity, Host Associations and Long-
Distance Dispersal. Mol. Ecol. 2010, 19, 4994-5008. DOI: 10.1111/5.1365-
294X.2010.04855.x.

Angelini, P.; Bricchi, E.; Akhtar, M.S.; Properzi, A.; Fleming, J.-L.E.; Tirillini, B.;
Venanzoni, R. Isolation and Identification of Allelochemicals from Ascocarp of
Tuber Species. In Plant, Soil and Microbes; Hakeem, K.; Akhtar, M., Eds.; Springer:
Cham, 2016; pp. 225-252.

Patel, S.; Rauf, A.; Khan, H.; Khalid, S.; Mubarak, M.S. Potential Health Benefits of
Natural Products Derived from Truffles: A Review. Trends Food Sci. Technol. 2017,
70, 1-8. DOI: 10.1016/j.tifs.2017.09.009

42



1071
1072
1073
1074
1075
1076
1077
1078
1079
1080
1081
1082
1083
1084
1085
1086
1087
1088
1089
1090
1091
1092
1093
1094
1095
1096
1097
1098
1099
1100
1101
1102

[95]

[96]

[97]

[98]

[99]

[100]

[101]

[102]

[103]

[104]

[105]

Wang, S.; Marcone, M.F. The Biochemistry and Biological Properties of the World’s
Most Expensive Underground Edible Mushroom: Truffles. Food Res. Int. 2011, 44,
2567-2581. DOI: 10.1016/j.foodres.2011.06.008.

Piltaver, A.; Ratosa, I. A Contribution to Better Knowledge of Hypogeous Fungi in
Slovenia. Gozdarski Vestn. 2006, 64, 303-330.

Mello, A.; Cantisani, A.; Vizzini, A.; Bonfante, P. Genetic Variability of Tuber
Uncinatum and Its Relatedness to Other Black Truffles. Environ. Microbiol. 2002, 4,
584-594. DOI: 10.1046/j.1462-2920.2002.00343 .x.

Paolocci, F.; Rubini, A.; Riccioni, C.; Topini, F.; Arcioni, S. Tuber Aestivum and
Tuber Uncinatum: Two Morphotypes or Two Species? FEMS Microbiol. Lett. 2004,
235, 109-115. DOI: 10.1016/j.femsle.2004.04.029.

Hall, I.R.; Zambonelli, A.; Primavera, F. Ectomycorrhizal Fungi with Edible Fruiting
Bodies 3. Tuber Magnatum, Tuberaceae. Econ. Bot. 1998, 52, 192-200. DOI:
10.1007/BF02861209.

Rubini, A.; Paolocci, F.; Riccioni, C.; Vendramin, G.G.; Arcioni, S. Genetic and
Phylogeographic Structures of the Symbiotic Fungus Tuber Magnatum. Appl.
Environ. Microbiol. 2005, 71, 6584—6589. DOI: 10.1128/AEM.71.11.6584-
6589.2005.

Mello, A.; Miozzi, L.; Vizzini, A.; Napoli, C.; Kowalchuk, G.; Bonfante, P. Bacterial
and Fungal Communities Associated with Tuber Magnatum-Productive Niches. Plant
Biosyst. 2010, 144, 323-332. DOI: 10.1080/11263500903374724.

Bragato, G.; Vignozzi, N.; Pellegrini, S.; Sladonja, B. Physical Characteristics of the
Soil Environment Suitable for Tuber Magnatum Production in Fluvial Landscapes.
Plant Soil 2010, 329, 51-63. DOI: 10.1007/s11104-009-0133-8.

Bratek, Z.; Gégan, A.; Halasz, K.; Bagi, I.; Erdei, V.; Bujaki, G. The Northernmost
Habitats of Tuber Magnatum Known from Hungary. In First hypogean mushroom
conference, Rabat, Morocco, Apr 6-8, 2004.

Sourzat, P. Trufficulture: Résultats Techniques d’expérimentations; a 1’usage
Pratique Des Trufficulteurs; Lycée professionnel agricole et viticole de Cahors-Le
Montat: Le Montat, 2000.

Chevalier, G.; Frochot, H. La Truffe de Bourgogne : Tuber Uncinatum Chatin;
Pétrarque: Levallois-Perret, 2002.

43



1103
1104
1105
1106
1107
1108
1109
1110
1111
1112
1113
1114
1115
1116
1117
1118
1119

1120

1121
1122
1123
1124
1125
1126
1127
1128
1129
1130
1131
1132
1133
1134
1135

[106]

[107]

[108]

[109]

[110]

[111]

[112]

[113]

[114]

[115]

[116]

Berch, S.M. Truffle Cultivation and Commercially Harvested Native Truffles. In
International Symposium on Forest Mushroom, Korea Forest Research Institute,
Seoul, South Korea, Aug. 6, 2013.

Murat-Furminieux, C. Etude de La Diversité Génétique de La Truffe Blanche Du
Piémont (Tuber Magnatum Pico) et de La Truffe Noire Du Périgord (Tuber
Melanosporum Vittad.), PhD Thesis, Université Henri Poincaré, Nancy, France and
Universita degli Studi di Torino, Torino, Italy, 2004.

Biintgen, U.; Egli, S.; Camarero, J.J.; Fischer, E.M.; Stobbe, U.; Kauserud, H.; Tegel,
W.; Sproll, L.; Stenseth, N.C. Drought-Induced Decline in Mediterranean Truffle
Harvest. Nature Climate Change, 2012, 2, 827—829.

Rupp, R. The Trouble With Truffles https://www.nationalgeographic.com/people-
and-culture/food/the-plate/2016/october/the-trouble-with-truffles/ (accessed Aug 1,
2018).

Culler¢, L.; Ferreira, V.; Venturini, M.E.; Marco, P.; Blanco, D. Potential Aromatic
Compounds as Markers to Differentiate between Tuber Melanosporum and Tuber
Indicum Truffles. Food Chem. 2013, 141, 105-110. DOI:
10.1016/j.foodchem.2013.03.027.

Riousset, L.; Riousset, G.; Chevalier, G.; Bardet, M.. Truffes d’ Europe et de Chine;

INRA: Paris, 2001.

Amicucci, A.; Guidi, C.; Zambonelli, A.; Potenza, L.; Stocchi, V. Molecular
Approaches for the Detection of Truffle Species in Processed Food Products. J. Sci.
Food Agric. 2002, 82, 1391-1397. DOI: 10.1002/jsfa.1196.

Rizzello, R.; Zampieri, E.; Vizzini, A.; Autino, A.; Cresti, M.; Bonfante, P.; Mello,
A. Authentication of Prized White and Black Truffles in Processed Products Using
Quantitative Real-Time PCR. Food Res. Int. 2012, 48, 792—797. DOI:
10.1016/j.foodres.2012.06.019.

Scopoli, G.A. Flora Carniolica Exhibiens Plantas Carnioliae Indigenas et Distributas
in Classes, Genera, Species, Varietates Ordine Linnaeano; 2nd ed.; Impensis loannis
Pauli Krauss bibliopolae Vindobonensis: Vienna, 1772.

Uradni list Republike Slovenije No 57/98 of 14 August 1998. Uredba o Varstvu
Samoniklih Gliv; Republic of Slovenia.

Uradni list Republike Slovenije No 58/11 of 22 July 2011. Uredba o Zavarovanih
Prosto Zive¢ih Vrstah Gliv; Republic of Slovenia.

44



1136
1137
1138
1139
1140
1141
1142
1143
1144
1145
1146
1147
1148
1149
1150
1151
1152
1153
1154
1155
1156
1157
1158
1159
1160
1161
1162
1163
1164
1165
1166
1167

[117]

[118]

[119]

[120]

[121]

[122]

[123]

[124]

[125]

[126]

[127]

[128]

Grebenc, T.; Kraigher, H.; Martin, M.P.; Piltaver, A.; Ratosa, I. Research and
Cultivation of Truffle in Slovenia—current Status. In La culture de la truffe dans le
monde, Brive-la-Gaillarde, France, Feb 2, 2007.

Grebenc, T.; Planinsek, S.; Japelj, A. Gojenje nelesnih gozdnih dobrin = Growing the
non-wood forest products. Gozdarski Vestn. 2013, 71, 365-371.

Bergant, J.; Vrscaj, B.; Piltaver, A.; Ogris, N.; Sinkovec, M. Moznosti in omejitve pri
nabiranju gob v gozdovih in razvoj gomoljikarstva v Sloveniji : projekt CRP V4-
1145. Sklop D; Kmetijski institut Slovenije: Ljubljana, 2013.

Bergant, J.; Vr$caj, B. Karta potencialnih naravnih rastisc poletne gomoljike. In
Digitalni prostor; Cigli¢, R.; Perko, D.; Zorn, M., Eds.; Zalozba ZRC: Ljubljana,
2014; pp. 95-103.

Fantinic, J. MoZnosti gojenja gomoljik (Tuber sp.), BSc Thesis, Biotehnical Faculty,
University of Ljubljana, Ljubljana, Slovenia, 2014.

Vrscaj, B.; Bergant, J. Ocena Potencialov Za Gomoljikarstvo Kot Dodatne
Dejavnosti Na Marginalnih Kmetijskih Zemljiscih v Sloveniji. In Novi izzivi v
agronomiji 2015, Lasko, Slovenia, Jan. 19-30, 2015.

Pico, V. Melethemata Inauguralia: De Fungorum Generatione et Propagatione, PhD
Thesis, Royal University of Turin, Torino, Italy, 1788.

Pacioni, G.; Rittersma, R.; Iotti, M. Rufum Author Name : Picco vs Pico. Ital. J.
Mycol. 2018, 47, 1-12. DOI: 10.6092/issn.2531-7342/7748.

Legge No 752 of 16 December 1985. Normativa Quadro in Materia Di Raccolta,
Coltivazione e Commercio Dei Tartufi Freschi o Conservati Destinati Al Consumo;
Italian Republic.

Legge No 162 of 17 May 1991. Modifiche Alla Legge 16 Dicembre 1985, n. 752,
Recante Normativa Quadro in Materia Di Raccolta, Coltivazione e Commercio Dei
Tartufi Freschi o Conservati Destinati Al Consumo; Italian Republic.

Furlani, A. La Raccolta Del Tartufo in Italia: Una Importante Attivita’ Socio-
Economica Del Settore Forestale, MSc Thesis, Scuola di Agraria e Medicina
Veterinaria Universita degli studi di Padova, Padova, Italy, 2015.

Henn, M.R.; Chapela, [.H. Differential C Isotope Discrimination by Fungi during
Decomposition of C3- and C4-Derived Sucrose. Appl. Environ. Microbiol. 2000, 66,
4180—4186. DOI: 10.1128/AEM.66.10.4180-4186.2000.

45



1168
1169
1170
1171
1172
1173
1174
1175
1176
1177
1178
1179
1180
1181
1182
1183
1184
1185
1186
1187
1188
1189
1190
1191
1192
1193
1194
1195
1196
1197
1198
1199

[129]

[130]

[131]

[132]

[133]

[134]

[135]

[136]

[137]

Ciolfi, M.; Chiocchini, F.; Gravichkova, O.; Pisanelli, A.; Portarena, S.; Scartazza,
A.; Brugnoli, E.; Lauteri, M. Isotopi Stabili, Modellizzazione Spaziotemporale e
Strategie Adattative Di Tuber Aestivum Al Disturbo Ecologico. In 10° Congresso
Nazionale SISEF; Sostenere il pianeta, boschi per la vita; Ricerca e innovazione per
la tutela e la valorizzazione delle risorse forestali, Florence, Italiy, Sep 15-18, 2015;
Travaglini, D.; Rossi, P.; Bucci, G., Eds.

Hobbie, E.A.; Weber, N.S.; Trappe, J.M. Mycorrhizal vs Saprotrophic Status of
Fungi: The Isotopic Evidence. New Phytol. 2001, 150, 601-610. DOI:
10.1046/7.1469-8137.2001.00134.x.

Sciarrone, D.; Schepis, A.; Zoccali, M.; Donato, P.; Vita, F.; Creti, D.; Alpi, A.;
Mondello, L. Multidimensional Gas Chromatography Coupled to Combustion-
Isotope Ratio Mass Spectrometry/Quadrupole MS with a Low-Bleed Ionic Liquid
Secondary Column for the Authentication of Truffles and Products Containing
Truffle. Anal. Chem. 2018, 90, 6610-6617. DOI: 10.1021/acs.analchem.8b00386.
Wernig, F.; Buegger, F.; Pritsch, K.; Splivallo, R. Composition and Authentication of
Commercial and Home-Made White Truffle-Flavored Oils. Food Control 2018, 87,
9-16. DOI: 10.1016/j.foodcont.2017.11.045.

Chung, I.M.; Han, J.G.; Kong, W.S.; Kim, J.K.; An, M.J.; Lee, J.H.; An, Y.J.; Jung,
M.Y.; Kim, S.H. Regional Discrimination of Agaricus Bisporus Mushroom Using the
Natural Stable Isotope Ratios. Food Chem. 2018, 264, 92—100. DOI:
10.1016/j.foodchem.2018.04.138.

Puscas, R.H.; Cristea, G.1.; Radu, S. Stable Isotope Determination in Edible
Mushrooms from the Spontaneous Flora of Transylvania. Anal. Lett. 2019, 52, 102—
110. DOI: 10.1080/00032719.2017.1376218.

Sawaya, W.N.; Al-Shalhat, A.; Al-Sogair, A.; Al-Mohammad, M. Chemical
Composition and Nutritive Value of Truffles of Saudi Arabia. J. Food Sci. 1985, 50,
450-453. DOI: 10.1111/j.1365-2621.1985.tb13425 x.

Segneanu, A.E.; Sfirloaga, P.; David, I.; Balcu, 1.; Grozescu, 1. Characterisation of
Truffles Using Electrochemical and Analytical Methods. Dig. J. Nanomater.
Biostructures 2012, 7, 199-205.

Giannaccini, G.; Betti, L.; Palego, L.; Mascia, G.; Schmid, L.; Lanza, M.; Mela, A.;
Fabbrini, L.; Biondi, L.; Lucacchini, A. The Trace Element Content of Top-Soil and

46



1200
1201
1202
1203
1204
1205
1206
1207
1208
1209
1210
1211
1212
1213
1214
1215
1216
1217
1218
1219
1220
1221
1222
1223
1224
1225
1226
1227
1228
1229
1230
1231
1232

Wild Edible Mushroom Samples Collected in Tuscany, Italy. Environ. Monit. Assess.
2012, 184, 7579-7595. DOI: 10.1007/s10661-012-2520-5.

[138] Nikkarinen, M.; Mertanen, E. Impact of Geological Origin on Trace Element

[139]

[140]

[141]

[142]

[143]

[144]

[145]

[146]

[147]

Composition of Edible Mushrooms. J. Food Compos. Anal., 2004, 17, 301-310.
DOLI: 10.1016/j.jfca.2004.03.013.

Lanfranco, L.; Wyss, P.; Marzachi, C.; Bonfante, P. DNA Probes for Identification of
the Ectomycorrhizal Fungus Tuber Magnatum Pico. Fems Microbiol. Lett. 1993,
114, 245-251. DOI: 10.1111/j.1574-6968.1993.tb06581 .x.

Rubini, A.; Paolocci, F.; Granetti, B.; Arcioni, S. Single Step Molecular
Characterization of Morphologically Similar Black Truffle Species. FEMS
Microbiol. Lett. 1998, 164, 7-12. DOI: 10.1111/j.1574-6968.1998.tb13060.x.
Paolocci, F.; Rubini, A.; Granetti, B.; Arcioni, S. Rapid Molecular Approach for a
Reliable Identification of Tuber Spp. Ectomycorrhizae. FEMS Microbiol. Ecol. 1999,
28, 23-30. DOI: 10.1016/S0168-6496(98)00088-9.

Amicucci, A.; Guidi, C.; Zambonelli, A.; Potenza, L.; Stocchi, V. Multiplex PCR for
the Identification of White Tuber Species. FEMS Microbiol. Lett. 2000, 189, 265—
269. DOI: 10.1016/S0378-1097(00)00296-2.

Giomaro, G.; Sisti, D.; Zambonelli, A.; Amicucci, A.; Cecchini, M.; Comandini, O.;
Stocchi, V. Comparative Study and Molecular Characterization of Ectomycorrhizas
in Tilia Americana and Quercus Pubescens with Tuber Brumale. FEMS Microbiol.
Lett. 2002, 216, 9-14. DOI: 10.1111/j.1574-6968.2002.tb11407 x.

Bertini, L.; Rossi, I.; Zambonelli, A.; Amicucci, A.; Sacchi, A.; Cecchini, M.;
Gregori, G.; Stocchi, V. Molecular Identification of Tuber Magnatum
Ectomycorrhizae in the Field. Microbiol. Res. 2006, 161, 59-64. DOI:
10.1016/j.micres.2005.06.003.

Frizzi, G.; Lalli, G.; Miranda, M.; Pacioni, G. Intraspecific [sozyme Variability in
Italian Populations of the White Truffle Tuber Magnatum. Mycol. Res. 2001, 105,
365-369. DOI: 10.1017/S0953756201003513.

Jeandroz, S.; Murat, C.; Wang, Y.; Bonfante, P.; Tacon, F. Le. Molecular Phylogeny
and Historical Biogeography of the Genus Tuber, the “True Truffles.” J. Biogeogr.
2008, 35, 815-829. DOI: 10.1111/1.1365-2699.2007.01851 .

Bonito, G.; Smith, M.E.; Nowak, M.; Healy, R.A.; Guevara, G.; Cazares, E.;
Kinoshita, A.; Nouhra, E.R.; Dominguez, L.S.; Tedersoo, L.; Murat, C.; Wang, Y .;

47



1233
1234
1235
1236
1237
1238
1239
1240
1241
1242
1243
1244
1245
1246
1247
1248
1249
1250
1251
1252
1253
1254
1255
1256
1257
1258
1259
1260
1261
1262
1263
1264
1265

[148]

[149]

[150]

[151]

[152]

[153]

[154]

[155]

Moreno, B.A.; Pfister, D.H.; Nara, K.; Zambonelli, A.; Trappe, J.M.; Vilgalys, R.
Historical Biogeography and Diversification of Truffles in the Tuberaceae and Their
Newly Identified Southern Hemisphere Sister Lineage. PLoS One 2013, 8, 1-15.
DOI: 10.1371/journal.pone.0052765.

S¢jalon-Delmas, N.; Roux, C.; Martins, M.; Kulifaj, M.; Bécard, G.; Dargent, R.
Molecular Tools for the Identification of Tuber Melanosporum in Agroindustry. J.
Agric. Food Chem. 2000, 48, 2608—2613. DOI: 10.1021/jf9910382.

Islam, M.T.; Mohamedali, A.; Garg, G.; Khan, J.M.; Gorse, A.D.; Parsons, J.;
Marshall, P.; Ranganathan, S.; Baker, M.S. Unlocking the Puzzling Biology of the
Black Périgord Truffle Tuber Melanosporum. J. Proteome Res. 2013, 12, 5349-5356.
DOI: 10.1021/pr400650c.

Falasconi, M.; Pardo, M.; Sberveglieri, G.; Battistutta, F.; Piloni, M.; Zironi, R.
Study of White Truffle Aging with SPME-GC-MS and the Pico2-Electronic Nose.
Sensors Actuators B Chem. 2005, 106, 88-94. DOI: 10.1016/j.snb.2004.05.041.
Diaz, P.; Ibafiez, E.; Seforans, F..; Reglero, G. Truffle Aroma Characterization by
Headspace Solid-Phase Microextraction. J. Chromatogr. A 2003, 1017, 207-214.
DOI: 10.1016/j.chroma.2003.08.016.

March, R.E.; Richards, D.S.; Ryan, R.W. Volatile Compounds from Six Species of
Truffle — Head-Space Analysis and Vapor Analysis at High Mass Resolution. Int. J.
Mass Spectrom. 2006, 249-250, 60-67. DOI: 10.1016/5.ijms.2005.12.038.

Aprea, E.; Biasioli, F.; Carlin, S.; Versini, G.; Méark, T.D.; Gasperi, F. Rapid White
Truffle Headspace Analysis by Proton Transfer Reaction Mass Spectrometry and
Comparison with Solid-Phase Microextraction Coupled with Gas
Chromatography/Mass Spectrometry. Rapid Commun. Mass Spectrom. 2007, 21,
2564-2572. DOI: 10.1002/rcm.3118.

Zampioglou, D.; Kalomiros, J. Development of an Odor-Discriminating Sensor-
Array for the Detection of the Aroma of Ascomycete Tuber. In 2013 IEEE 7th
International Conference on Intelligent Data Acquisition and Advanced Computing
Systems (IDAACS), Berlin, Germany, Sep 12-14, 2013.

Vita, F.; Taiti, C.; Pompeiano, A.; Bazihizina, N.; Lucarotti, V.; Mancuso, S.; Alpi,
A. Volatile Organic Compounds in Truffle (Tuber Magnatum Pico): Comparison of
Samples from Different Regions of Italy and from Different Seasons. Sci. Rep. 2015,
5,12629. DOI: 10.1038/srep12629.

48



1266
1267
1268
1269
1270
1271
1272
1273
1274
1275
1276
1277
1278
1279
1280
1281
1282
1283
1284
1285
1286
1287
1288
1289
1290
1291
1292
1293

[156]

[157]

[158]

[159]

[160]

[161]

[162]

[163]

Culleré, L.; Ferreira, V.; Chevret, B.; Venturini, M.E.; Sanchez-Gimeno, A.C.;
Blanco, D. Characterisation of Aroma Active Compounds in Black Truffles (Tuber
Melanosporum) and Summer Truffles (Tuber Aestivum) by Gas Chromatography—
olfactometry. Food Chem. 2010, 122, 300-306. DOI:
10.1016/j.foodchem.2010.02.024.

D’Auria, M.; Rana, G.L.; Racioppi, R.; Laurita, A. Studies on Volatile Organic
Compounds of Tuber Borchii and T. Asa-Foetida. J. Chromatogr. Sci. 2012, 50, 775—
778. DOI: 10.1093/chromsci/bms060

D’Auria, M.; Racioppi, R.; Rana, G.L.; Laurita, A. Studies on Volatile Organic
Compounds of Some Truffles and False Truffles. Nat. Prod. Res. 2014, 28, 1709—
1717. DOI: 10.1080/14786419.2014.940942.

Schmidberger, P.C.; Schieberle, P. Characterization of the Key Aroma Compounds
in White Alba Truffle (Tuber Magnatum Pico) and Burgundy Truffle (Tuber
Uncinatum) by Means of the Sensomics Approach. J. Agric. Food Chem. 2017, 65,
9287-9296. DOI: 10.1021/acs.jafc.7b04073.

Talou, T.; Delmas, M.; Gaset, A. Principal Constituents of Black Truffle (Tuber
Melanosporum) Aroma. J. Agric. Food Chem. 1987, 35, 774-777.

Tang, Y.; Li, H.-M.; Tang, Y.-J. Comparison of Sterol Composition between Tuber
Fermentation Mycelia and Natural Fruiting Bodies. Food Chem. 2012, 132, 1207—
1213. DOI: 10.1016/j.foodchem.2011.11.077.

Pacioni, G.; Cerretani, L.; Procida, G.; Cichelli, A. Composition of Commercial
Truffle Flavored Oils with GC-MS Analysis and Discrimination with an Electronic
Nose. Food Chem. 2014, 146, 30-35. DOI: 10.1016/j.foodchem.2013.09.016.
Torregiani, E.; Lorier, S.; Sagratini, G.; Maggi, F.; Vittori, S.; Caprioli, G.
Comparative Analysis of the Volatile Profile of 20 Commercial Samples of Truffles,
Truffle Sauces, and Truffle-Flavored Oils by Using HS-SPME-GC-MS. Food Anal.
Methods 2017, 10, 1857—-1869. DOI: 10.1007/s12161-016-0749-2.

49



1294

1295  Figurel. A graphic representation of selected Mediterranean products: Meat products from
1296  the Iberian black pig from Spain and Portugal; Argan oil from Morocco; Mountain “Djebel”

1297  lamb meat from Tunisia; and Truffles from Slovenia and Italy.
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