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Foreword

This good practices guide is the result of 22 months of exchanges between
the partners and stakeholders of the MEDLENTISK project. It is an
opportunity for all interested parties to share information on a forest
resource that is little used by some, but already well known by others, as
can be seen from the document.

It presents a combination of feedback accessible to all, as a real learning tool
for users who will be able to discover, rediscover and become interested in
a forest product which they are not or no longer familiar with.

The project partners hope to sharpen their interest and give better access
to the knowledge that is linked to this product.



MEDLENTISK [iv

MEDLENTISK [v

Context

Mediterranean forests produce many goods and services, such as wood, but
also various non-wood products (mushrooms, honey, cork, resins, aromatic
and medicinal plants, pine nuts).

The State of Mediterranean Forests 2018, published by the Food and
Agriculture Organization (FAQ) of the United Nations and Plan Bleu, reminds
us of the importance of these Non-Wood Forest Products (NWFPs), whose
value often exceeds that of wood and whose role in the development of the
rural populations living in the area is fundamental. It also recalls that these
resources (except for cork and pine nuts) are not well known, although they
generate great value, hence the need to increase data and knowledge.

Non-Wood Forest Products are part of the cultural heritage of the
Mediterranean basin. They contribute to human health and well-being as
well as to the achievement of the United Nations Sustainable Development
Goals, notably #2, #6, #12 and #13 (FAO and Plan Bleu, 2018).

Supported by the European Erasmus+ program, the project "MEDLENTISK:
Partnership for the exchange of good practices on fixed lentisk oil, an
emblematic Non-Wood Forest Product in the Mediterranean" has enabled
six partners from five Mediterranean countries to come together to set up
a collective reflection process on the lentisk tree in the Mediterranean, and
more specifically on its fixed oil, its production, and applications.

Despite the difficulties linked to the health crisis and travel restrictions, the
partners were able to meet and make exchanges on the lentisk tree and its
Non-Wood Forest Products on several occasions. Emphasis was placed on a
little-known product that is widespread in certain Mediterranean localities:
fixed oil from the lentisk tree.

This guide was thus developed to present this Non-Wood Forest Product in
an accessible format, which is typically Mediterranean and has numerous
properties.
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1. Introduction

The botanical genus Pistacia belongs to the Anacardiaceae family, which
comprises 80 genera and about 870 taxa. Pistacia probably originated in
Central Asia. Two centres of diversity have been described: 1) the
Mediterranean Basin and the Middle East; 2) West and Central Asia
(Mohannad and Duncan, 2012).

In detail, Pistacia counts 13 accepted taxa (Plantlist.org, 2022) in the world,
while in the Mediterranean Basin it counts nine taxa (Euro+Med Plantbase,
2022):

1. Pistacia atlantica Desf.

Pistacia atlantica subsp. Cypricola H.Lindb. (preliminary accepted)
Pistacia atlantica subsp. mutica (Fisch. & C.A.Mey.) Rech. f.
Pistacia eurycarpa Yalt.

Pistacia khinjuk Stocks

Pistacia lentiscus L.

Pistacia terebinthus L.subsp. palaestina (Boiss.) Engl.

© N O U A WD

Pistacia terebinthus L. subsp. terebinthus

9. Pistacia vera L.

It also presents some hybrid, Pistacia x saportae Burnat (hybrid between P.
lentiscus and P. terebinthus), and one variety, Pistacia lentiscus L. var. chia.

This genus was exploited by humans for thousands of years, as suggested by
the frequent fruit (charred endocarps) and wood charcoal remains attested
in archaeological sites in the Near East and the Mediterranean.

Pistacia lentiscus L., known as lentisk or mastic tree, is one of the most
widespread species of the Pistacia genus, in the Mediterranean region. It is
found around the Mediterranean Basin. The economic value of this plant is
continuously increasing thanks to its diversified products.

The lentisk tree is a plant adapted to climate change, and therefore may
have a sustainable future, as well as for the fixed oil extracted from its
drupes, which is one of the products of lentisk that have become
increasingly well known in recent years. Due the resilience of this
emblematic plant and the promising biological and pharmaceutical
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properties of its oil, it is the focus of the cooperation project MEDLENTISK,
to guide its possible uses. This oil is widely used and exploited in some
regions of the Mediterranean (Algeria, Tunisia, and Sardinia), and less so in
others (France, for example).

2. The lentisk tree

2.1. Botanical description

Taxonomy (Euro+MedPlantbase):
Kingdom Plantae
Division Tracheophyta
Sub-division Spermatophytina
Class Magnoliopsida
Superorder Rosanae
Order Sapindales Bercht. & J. Presl
Family Anacardiaceae R.Br.

Genus Pistacia L.

The common names of this plant in the different countries are: lentisque
(French), lentisco (Italian), modditzi or chessa (Sardinian), skinos-okivog
/Joxivocg (Greek), sakizagaci (wild) (Turkish), dherw (Arabic)

2.2. Description

Pistacia lentiscus is an evergreen shrub or tree growing up to 10 meters,
with dense and convoluted branches that support globular foliage. Pistacia
lentiscus is dioecious and its flowers blossom between March and April in
the leaf axils of one-year-old shoots. Leaves are glabrous, alternate,
paripinnate, and, usually, consist of 6—10 elliptical-obtuse leaflets. Leaflet
tips usually end with a sharp point. The flowers are small and clustered in
inflorescences. Male flowers, reddish, are in 1-2.5 cm long compound
clusters, while female flowers, yellow colored, are 1-3 cm long in sparsely
branched clusters. Male plants are more producible than female plants
(Boztok, 1999; Parlak, 2010; Akdemir et al., 2013; Abuduli, 2015). The male
flowers have 4 or 5 stamens and a rudimentary pistil. Female flowers have
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no petals and are characterized by the presence of a superior ovary. In
common language the term 'berry' is used for lentisk's fruits, although
botanically the fruit is a drupe: an indehiscent fruit with a fleshy mesocarp
surrounding a hardened endocarp (pit or stone) containing a single seed.
The fruit is first red and then black at maturity, about 4-7 mm in diameter.
It is round-flattened and pointed, initially red, and black when ripe. The
fruits ripen from late October to mid-December (Browicz, 1987; Boztok and
Zeybek, 2004). Germination rate of seeds contained in black fruits is higher.
Although the lentisk tree produces a large number of flowers and fruits, the
number of fruits containing living seeds is very few. Most of the flowers
cannot form fruit and a significant part of the fruits do not have seeds.
Germination of seeds is hypogeic in all other Pistacia species but epigeic in
lentisk (Palli and Aronne, 2000; Abuduli, 2015). Seeds are dispersed by birds.
The male and female individuals, which have a wide variation in leaf size and
shape and the number of leaflets, also vary in leaf form (Akdemir, 2013;
Ozel, 2006). Pistacia lentiscus forms taproot and many lateral roots in the
young period. In the mature period, the lateral roots expand considerably
and form fringe. Roots can go down to a depth of 20-25 meters (Akdemir et
al., 2013; Mattia et al., 2005; Abuduli, 2015).The trunk of lentisk tree is not
straight and its colour is light grey when young, and ash black in advanced
age. It can live up to 100 years. Diameter at breast height can reach up to
40-50 cm (Parlak and Albayrak, 2010; Akdemir et al., 2013; Abuduli, 2015).
Lentisk trees release strong resin odour from their trunks from the age of 5
until the age of 70. Usually, the plant secretes this resin to protect itself
(Abuduli, 2015; Akdemir et al., 2013). Lentisk resin, which is an aromatic-
smelling compound leaking from the trunk of lentisk, is obtained artificially
from scratches on the tree trunk due to its economic value.

Biological form: Pcaesp (woody plants with bushy habit) or rarely
Pscap (woody plants with arboreal habit).

: v
208 B

Figure 1. Feale (A) and maI (B) inflorescenes of P. lentiscus (Credits — M. Sebti).
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Figure 2. Not ripe drupes of P. lentiscus
(Credits - Forét Modéle de Provence).

2.3. Geographical distribution

The plant grows in Southwestern and Southeastern Europe, Western Asia,
Northern Africa, and Macaronesia.

- '(/ /i3

PSP

Pistacia lentiscus L.

* Localities of known distribution
B Presumed area of native distribution
B Countries of native distribution

Figure 3. Geographic distribution of Pistacia lentiscus in the Mediterranean Basin
(Credits — Food and Agriculture Organization).
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2.4. Autecology and synecology

Pistacia lentiscus is heliophilic, thermophilic and xerophilic plant, which
grows from sea level up to 1800 m, moreover it is resistant to water stress
conditions (cold, frost or dryness). It is an indifferent edaphic species.

Pistacia lentiscus is a characteristic species of the order Pistacio lentisci-
Rhamnetalia alaterni Rivas-Martinez 1975 of the class Quercetea ilicis Br.-
Bl.in Br.-Bl., Roussine & Negre 1952. This class is characterized by vegetation
communities that include prevalently evergreen and sclerophyllous forests,
maquis and garrigues. They are found throughout the Mediterranean
macrobioclimate, as well as in the temperate macrobioclimate [but only in
the subMediterranean variant (Prodromo della vegetazione d’ltalia, 2022)].
The order Pistacio lentisci-Rhamnetalia alaterni comprise typical
sclerophyllous vegetation of Mediterranean Basin. It mostly occurs in the
thermo and meso-Mediterranean thermotype (Prodromo della vegetazione
d’Italia, 2022).

3. Lentisk oil

3.1. Definition and description

Lentisk tree oil is a yellow-green vegetable oil with a strong smell. This oil is
extracted from the mature fruit of the lentisk tree. The oil is liquid at 32-34
°C; below this temperature it crystallizes (Leprieur, 1860; Maarouf et al.,
2008).
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Figure 4. Fixed oil of Pistacia lentiscus
(Credits — F. Mezni)

The extraction of lentisk oil is a traditional activity. By traditional method,
this oil is prepared for therapeutic purposes, notably in the treatment of
burns and respiratory diseases. The extraction is very old and practiced by
women, who pass it on from one generation to the next; it is based on non-
ergonomic techniques; it is a long and arduous traditional process giving a
low yield of around 5%. The extracted oil is also characterized by a poor
quality affected by direct and repeated exposure to high temperatures
(Mezni, 2019).

3.2. How to extract lentisk oil?

Lentisk oil is extracted from the ripe berries harvested between November
and December. This extraction is carried out using two methods (Mezni,
2019): traditional and a new modern method.

The countries practicing this artisanal activity, which is tending to be
modernized, are mainly Italy (Sardinia), Tunisia, Algeria, and Morocco.

The equipment and the principle of extraction are the same as for olive oil.
However, there are specificities to the different regions.

3.2.1. In Sardinia

In Sardinia, the lentisk berry is harvested from mid-December to the
beginning of February, depending on the year, the weather conditions, and
the exposure of the subject. After harvesting, the berries are left to "rest"
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for 3 to 4 days in a well-ventilated area. After the phase of cleaning the
berries, they are poured into a container full of water and put on the fire to
boil for 30 minutes.

A blackish deposit is formed (consisting of the coating on the berries and the
black substance on the seeds - the latter lose their color after cooking and
become pale yellow).

Once boiled, the "cooked" berries, which have swollen under the action of
the hot water, are removed, and placed in a jute bag (other methods of
extraction exist, this one is still used today in Sardinia).

The bag is pressed to obtain a red liquid mixed with water. This pressing
liquid is put on the fire and mixed with cold water as soon as it boils, allowing
the bitter to be better separated, then the oil is collected on the surface.
The final product is green oil, which can be stored for several years.

3.2.2. In Tunisia
The artisanal method

Used by women in some forest areas of the country and passed down from
mother to daughter, the first step consists of removing impurities (leaves,
etc.) after picking. Then, the fruits are put in a clean container and immersed
in water. Those that float on the surface are eliminated because they do not
contain oil. The fruits that stagnate and/or melt are crushed under the
action of small grinding stones (Fig. 5A); the crushed material is then poured
into large containers and kneaded (Fig. 5B) by the feet adding cold water
(Fig. 5C). The paste is then left to rest overnight in a cool, ventilated place to
be kneaded a second time the next day. A quantity of cold water is then
added to the grind. The top layer of this paste is removed, heated to boiling
and then put in a cloth and pressed by hand (Fig. 5D) to separate the liquid
phase from the solid phase (of the cake). The juice obtained is heated again
until all the water has evaporated. The oil is then collected, filtered through
a cloth, packed in bottles, and stored for sale or use. This method is
laborious, uncontrolled and yields low quality oil.
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Figure 5. Extraction of fixed lentisk oil by the artisanal method in Tunisia: crushing
(A), mixing (B), skimming (C), pressing (D) (Credits - F. Mezni).

3.2.3. In Algeria

After picking, the ripe berries are cleaned and then washed (Fig. 6) before
they are crushed. Harvesting may take a few days, so before crushing, the
fruit should be spread out on a clean surface and allowed to dry at room
temperature to avoid contamination. Artisanal oil extraction requires
adequate equipment, which all households should have, namely a grinding
stone and a mortar (Fig. 7), depending on the region.

Figure 6. Lentisk twigs with ripe drupes (A) (Credits — M. Sebti), cleaning of the
lentisk drupes (B) (Credits - N. Boulamdaouar, 2022).
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Other materials:

A metal or clay cooker, a pot, and a power source are needed in the hot
extraction technique of lentisk oil, as well as a clean cloth for pressing and
bottles for packaging the extracted oil.

Grinding stone:

This is considered a necessary item of household equipment as it is widely
used to grind lentisk drupes, olives, cereals, and seeds (Fig. 7A).

Mortar:

Made of wood or copper, the mortar is a kitchen tool, often used to grind
limited quantities (Fig. 7B and 8).

The principle of extraction of fixed lentisk oil remains the same,
nevertheless, specificities or slight differences between regions are to be
mentioned; both hot and cold extraction methods can be used as described
below:

e Hot process

This is the best known and the most widely used process, which consists of
steaming the lentisk and then crushing it; or crushing it fresh and then
heating or cooking it to facilitate extraction. The crushed material is then
pressed into a clean cloth.

e Cold process

The fruit is crushed with a stone, the crushed material is kneaded with the
feet, the paste obtained is put in a cloth or jute bag, hung up, and left to
drain overnight; the next day the first oils are recovered; then water is
added, and the remaining oil is pressed out of it.
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Figure 7. Other lentisk oil
extraction tools: millstone
(A), copper mortar (B).

Figure 8. Extraction of lentisk oil using the mortar (Credits - Jijel University).

It is true that these traditional processes are difficult, but it is important to
preserve and conserve these empirical methods as a social and cultural
heritage. The installation of a demonstration workshop in a house of local
products or rural gite is an added value in the development of
Mediterranean eco-tourism.
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4. Good practices in fruits harvesting and oil extraction and
storage
4.1. Exploitation of the fruits

The production of lentisk is variable, with good production linked to
favorable climatic conditions during the year. In addition, the harvesting
period can change with the geographical area; hence there may be a
difference between southern and northern Mediterranean countries.

Based on the inflorescences, farmers can distinguish “non-productive” male
lentisk trees from “productive” female lentisk trees (Fig. 9); it is then easy to
locate areas and/or stations rich in lentisk before the harvesting season.

Figure 9. Female plant
of Pistacia lentiscus
(Credits — M. Sebti).

It is rational to choose the best harvesting method to preserve the
productive plants and allow their regeneration, because cutting branches
and twigs destroys the species in the long term and production continues to
decline (GIZ, 2018). If harvesting is done correctly, production only increases
and evolves over time; this progression in berry production can be
translated by the following function: fn(x)=2(n-1) x, where n is years and x is
the production (Sebti, 2016). A hygienic quality product requires the respect
of the rules and operating conditions, so some instructions for operators are
needed, such as climate conditions, where it is highly recommended to
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collect it in sunny weather and to avoid rainy weather. To avoid the
proliferation of fungi which reduces the quality of the product, the berries
should not be moistened, so it is important to store them in paper or fabric
bags (canvas, jute, etc.), or in wooden crates.

Healthy harvesting is still done by hand; the use of tools such as sticks, and
destructive cutting of branches and twigs is not recommended. The harvest
should be cleaned with water.

Figure 10. Non-destructive harvesting of lentisk fruits (Credits — F. Mezni).

4.2. Fixed oil extraction

Since the market demands certain standards, farmers and/or producers
must respect certain measures during processing. In order to obtain good
quality oil, it is necessary to avoid heating the fruit, the paste or the oil itself
to a temperature exceeding 40°C.

To optimize the quality and yield of the oil, a new method has been
developed by the research team at the Tunisian National Research Institute
for Rural Engineering, Water and Forests. This method has improved the oil
yield. The oil yield was improved from 5% (of the fruit weight) using the
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traditional method, to 12% using the new method. The new method is also
more ergonomic and timesaving. It reduces exposure to high temperatures
which improves oil quality (Mezni, 2019). Finally, the technique has been
improved by using modern processes and adequate equipment, with
improved and significantly better yields, which can be doubled or tripled.

As an alternative technique to traditional crushing (by stone or mortar), a
manual or electric chopper and an electric press made of stainless metal are
adequate and allow for better oil quality and yield (Mezni, 2019; GIZ, 2018).
New extraction methods that are less arduous, more practical and efficient,
and more profitable and productive in terms of quality and quantity, are
gradually being introduced.

Figure 11. Modern extraction equipment: manual chopper (A), electric chopper (B),
hydraulic press (C), demonstration (D) (Credits — F. Mezni).
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This new extraction technology is nowadays used by women lentisk oil
producers in some areas in Tunisia and Algeria. These women have been
trained to master the new method

4.3. Conditioning and storage of the oil

Like most fixed oils, the quality of lentisk oil can deteriorate over time. This
is the phenomenon of oxidation, which is the result of exposure to air, light
and heat. To minimize the oxidation of the oil, it is imperative to use dark
glass bottles with sealed caps and a label indicating the origin of the oil and
the date of extraction.

Figure 12. Commercial bottle of
lentisk oil
(Credits — F. Mezni).
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5. What are its biochemical properties?

5.1. Physico-chemical characterization

The acidity of lentisk fixed oil varies, depending on the extraction method,
at between 6 and 14%. The peroxide value is less than 10 meq/kg (between
1.92 and 6 meq/kg). The refractive index varies between 1.463 and 1.468
(Ait Mohand et al., 2020; Siano et al., 2020; Kechidi et al.,2020; Karoui et al.,
2020) (Table 1).

5.2. Mineral composition

Lentisk oil is a source of sodium (25.36 mg/ 100 g of oil) and potassium 2.17
mg/100 g of oil. Other minerals are present in low concentration (Dhifi et
al., 2013) (Table 2).

5.3. Fatty acids

Like most vegetable oils, lentisk oil is composed of about 99% of fat.
Unsaturated fatty acids amount to about 70% of the total fatty acids.
Monounsaturated fatty acids represent about 50% and polyunsaturated
fatty acids 20%. Oleic acid is the major fatty acid with a content of about
50%, followed by linoleic acid (20%) and palmitic acid (20%) (Table 2) (Mezni
etal.,, 2012; Ait Mohand et al., 2020) (Table 3). Lentisk oil is characterized by
high acidity. The free fatty acid profile shows oleic acid as the prominent one
in terms of concentration (30%) followed by linoleic acid and palmitic acid,
at 18% and 6%, respectively.

5.4. Triglycerides

The triglyceride composition of lentisk oil revealed the existence of 16
triglycerides with high contents of POO + SOL, 000, and POL + SLL + PoOP.
The main triglycerides found in the oil consist of mono- and
polyunsaturated fatty acids (AitMohand etal., 2020) (Table 4).

5.5. Sterols

Ten sterols were quantified and identified in lentisk tree oil: cholesterol,
campesterol, campestanol, tigmasterol, closterosterol+lanosterol, pB-
sitosterol, A5-avenasterol, B-amyrin, cycloartenol and 24-methylene-
cycloartenol. B-sitosterol is the main sterol with a content of about 1224
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mg/kg of oil, i.e., more than 54% of total sterols. Cholesterol is present at
low levels according to the International Olive Oil Council standards (Trabelsi
et al., 2012; Mezni et al., 2016; Karoui et al., 2020) (Table 5).

5.6. Phenols

Lentisk oil is rich in phenols which are natural antioxidants. The phenolic
profile of this oil showed that it is mainly composed of phenolic acids and
flavones. The total amount of phenols present in the oil is around 4260.57
mg/kg oil (Mezni et al., 2018; Sianoetal., 2020) (Table 6).

5.7. Tocopherols and carotenoids

The total tocopherol content was estimated to be 118.16 mg/kg oil. The a-
tocopherol (vitamin E) content is about 96.77 mg/kg oil. The total carotenoid
content is about 10.57 mg/kg oil. B-carotene is the main species identified
in this oil, representing 4.9 mg/kg oil (Mezni et al., 2014, 2020; Karoui et al.,
2020) (Table 7).

Interestingly, a further complete lipid analysis of the lentisk oil, produced in
the south of Sardinia (Italy), was performed using liquid chromatography
coupled to an ion mobility and a time-of-flight mass spectrometer (Cesar
facilities at UNICA). Complex lipids were characterized with this method,
which may provide by far more relevant information for evaluating lentisk
fixed oil’s biological activities, than just measuring the percentage of fatty
acid composition as reported by different authors (see Siano et al. 2020). As
a matter of fact, this novel methodology allowed to detect the presence of
four fatty acids never reported before, 91 triacylglycerol species with a
specific regiochemistry, the presence of five phosphatidylcholines, four
phosphatidylethanolamines, one phosphatidylserine and a total of eight
sphingomyelins (Caboni et al., 2022; manuscript in preparation).

6. What are its biological properties?

Thanks to this content, lentisk oil has a regenerative and protective effect
on the skin: it can protect the skin cells from oxidative injury inhibiting the
lipid oxidation and subsequent malondialdehyde formation, inducted by
treatment with hydrogen peroxide. The lipid peroxidation product
(malondialdehyde), if accumulated in tissue, readily interacts with

MEDLENTISK [19

functional groups of proteins, lipoproteins, DNA, and RNA, involving
different pathological states (lipid peroxidation: production, metabolism,
and signaling mechanisms of malondialdehyde and 4-hydroxy-2-nonenal). It
was disclosed that lentisk oil has a positive impact on skin repair, owing to
its antioxidant properties, and the ability to promote cell proliferation,
collagen synthesis and dermal reconstruction. Additionally, it can repair the
lipid barrier function of skin, similarly to other natural oils, due to its
moisturizing properties. It was also proven that the fixed oil of lentisk
promotes proliferation of fibroblasts and new synthesis of collagen. Indeed,
the collagen density in the tissue of rats treated with this oil was significantly
higher than that found with other treatments (The healing effect of Pistacia
lentiscus fruit oil on laser burn). The in vivo anti-inflammatory activity of oil
was confirmed and related with its ability to inhibit or reduce the production
of inflammatory mediators involved in the acute inflammatory response.
Lentisk oil seems to act as a wound healing agent on one hand by the
reduced production of the inflammatory mediators, and on the other hand,
thanks to the antioxidant activity and stimulation of the production of
antioxidant enzymes.

A modern and innovative strategy to improve the efficacy at the skin level
of phytocomplexes contained in lentisk oil is their incorporation into
nanocarriers. These systems can reduce the required dose and improve their
accumulation in the skin, thus facilitating their application in cosmetic,
cosmeceutical, and pharmaceutical products. In a new study, the Pistacia
lentiscus fixed oil has been loaded in liposomes, which have been previously
used to load several essential oils but only in a few fixed oils whose
incorporation allowed to improve their beneficial activities [e.g., Nigella
sativa seed oil and neem oil and, Nanotechnology for natural medicine:
formulation of neem oil loaded phospholipid vesicles modified with argan
oil as a strategy to protect the skin from oxidative stress and promote wound
healing (Manca et al., 2021)]. Pistacia lentiscus fixed oil loaded liposomes
were biocompatible, protected keratinocytes and fibroblasts against
oxidative damages and in vitro promoted their migration in a cell monolayer
lesion [formulation of liposomes loading lentisk oil to ameliorate topical
delivery, attenuate oxidative stress damage and improve cell migration in
scratch assay (Allaw et al., 2022)]. Obtained liposomal formulations seem to
be a suitable system for the treatment and restoring of skin lesions.
Formulations were also prepared using an easy, scalable, and low dissipative



MEDLENTISK [20

method, which can be replicated at industrial level to obtain a marketable
and effective product. Additional studies (in progress) underlined that the
co-loading of Pistacia lentiscus fixed oil with other natural antioxidants may
potentiate the protective effect at the skin level, providing promising
products.

Interestingly, detection in relatively high concentrations of palmitoleic acid
may be relevant for its ability to strongly stimulate muscle insulin action and
suppress hepatosteatosis (Cao et al., 2008; Yang et al., 2011), thus opening
novel nutritional properties of fixed lentisk oil.

Taking into account that complex lipids demonstrated beneficial effects on
human health such as anti-inflammatory, antimicrobial, anticancer,
antihypertensive, and lowering of low-density lipoprotein, further studies
are needed to better understand the role of these lipids. Considering the
fact that complex lipids play an important role in prolonging the shelf life of
the cold pressed oils by the increase of oxidative stability of the oil, further
studies are also needed to prolong the shelf life of lentisk oil.

In the frame of this project, the protective effect of Pistacia lentiscus fixed
oil has been investigated in pathological situations. Where pre-treatment
protects lung, heart and brain tissue from damage related to exposure to
environmental xenobiotics such as Benzo(a)pyrene (toxic from combustion
of organic matter), histological and biochemical analysis revealed an
architecturally normal tissue and a restoration of the cytosolic redox status
of the various damaged tissues by increasing antioxidant activity
(Benguedouar et al., 2019).

Treatment with anti-cancer drugs in the various chemotherapeutic
protocols, such as doxorubcin and decetaxel, induces deleterious side
effects on the other functions of the organism; here too, a pretreatment of
a few days with the fixed oil of Pistacia lentiscus protects the liver tissue
against the toxicity of these drugs whose prescription remains mandatory in
oncology (Benguedouar et al., 2017).

Conversely, studies on the fixed oil of Pistacia lentiscus revealed its low
toxicity. The high values of oral and intraperitoneal lethal doses of Pistacia
lentiscus fixed oil (LD50 value = 37 ml/kg body wt., po; LD50 value = 2.52
ml/kg body wt., ip) confirmed a low acute toxicity (Boukeloua et al.,2012),
showing that this oil is well tolerated.
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Antimicrobial positive activities of Pistacia lentiscus fruit oil against bacteria
and yeasts (Listeria innocua, Salmonella enterica, Enterococcus faecalis,
Shigella flexneri, Candida parapsilosis, C. tropicalis and C. glabrata) have
been reported with some differences depending on the microorganism
tested. The maximum antibacterial activities were obtained against
Staphylococcus aureus and Pseudomonas aeruginosa. For yeasts, the oil
exhibited high activity against C. parapsilosis. This study elaborately
confirmed that Tunisian Pistacia lentiscus fruit oil contains compounds that
can be used to treat many infections (Dhieb et al., 2021).

With the exception of Algeria and Tunisia, the medicinal use of this oil does
not seem to be common in other Mediterranean pharmacopeias. Among
the various uses of the therapeutic properties of this oil, only its healing
effect has been studied and documented; its other medicinal benefits are
still being developed in scientific studies.

7. Who exploits lentisk oil in the Mediterranean?
7.1. In Tunisia

In Tunisia, lentisk oil is mainly exploited in rural areas, especially in the north
and northwest of the country, by (rural) women, either individually or
grouped together, in Agricultural Development Groups (GDA). The role of
these women is the extraction of the oil and its marketing. In recent years,
some companies specializing in the marketing of oils have become involved
in the Non Wood Forest Products value chain.

Given its soothing properties, this oil is used in some massage and wellness
centers. It is also increasingly sought after (solicited) by consumers who use
it for therapeutic and culinary purposes.

The oil is also transformed into several products and sold as a soap, cream,
and balm.

7.2. In Algeria

In Algeria, this species is of particular interest; its fixed oil extracted from
the berries is used in several industrial applications such as pharmaceuticals,
food, and perfumery (Longo et al., 2007).
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The lentisk oil is exploited as follows:
v’ Lentisk tree processing units

Lentisk berries collected by women and children are sold to local processors.
This know-how is still practiced in Algeria, in the center and especially in the
north-east of the country. The manufacture of lentisk oil exists in extreme-
east, in municipalities that are part of a protected area (Tozanli, 2018).

v' Cooperatives

Units and cooperatives were installed in the extreme-east concerning the
organization of the women of this region into cooperatives with the
improvement of vegetable oil extraction techniques by introducing simple
but efficient crushing machines. The purchase price of 1 kg of berries from
collectors varies between 100 and 150 DA on average, depending on the
season and the collection site.

v' Marketing

The oil is transformed into several products to be marketed in the form of
oil, cream, soap, balm, and shampoo. These various lentisk oil-based
products are marketed in the herbalist's shops. The preparation methods
and therapeutic indications are similar and/or inspired by traditional recipes
reported by rural populations (Beldi et al., 2021).

MEDLENTISK |23

Figure 13. Lentisk oil from Nabatia El Milia (Credits - Jijel University).

7.3. In Sardinia

In Sardinia, Pistacia lentiscus fixed oil is used both for culinary, traditional
medicine, and cosmetic purposes. Traditionally in rural areas all over
Sardinia oil was extracted by hot water method until last mid-century; the
type of extraction required a lot of work with mediocre yields and
production was gradually abandoned and replaced by the ever-widening
supply of olive oil. Recently, thanks new studies, product development
and wide availability of berries from spontaneous vegetation several
enterprises start in oil production using cold extraction methods.

Contrary to lentisk vegetable oil, lentisk essential oil is not very common on
the island as it is in mainland Italy. Pistacia lentiscus essential oil has a
specific market in the cosmetic and pharmaceutical industry.
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8. What is its economic interest?
Lentisk oil is only really exploited in Tunisia, Algeria and Sardinia:
8.1. In Tunisia

Lentisk oil, which is used on a family scale as a medicinal product, is
increasingly being marketed. Its selling price is strongly influenced by the
extraction method and the packaging, varying widely from 40 to 200 DT/liter
(Mezni et al., 2019). The new techniques of oil extraction increase its
production cost but improve its yield and quality, which has a positive effect
on the economic profitability of this product. A woman is able to produce
about 50 to 100 liters per year.

At the level of the local population, lentisk oil extraction provides an average
annual income of 120 DT/household in 2012 (Daly et al., 2012). This income
increased by using the new technology, it is at least 2000 DT per year in
2022.

8.2. In Algeria

Two thirds of the users of the plant are women, they use medicinal plants
more than men. Traditionally, everyone uses the plant despite the
intellectual level (academics, managers, etc.); users who are aware of the
importance of phytotherapy have the knowledge and know-how of the uses
of this plant (Helal, 2021). On the market, the selling price of this oil varies
between 4000 and 5000 DA/liter. On average, a household produces 25
liter/year, i.e., an annual income of 112,500 DA/household (Sebti, 2016).

8.3. In Sardinia

Sardinia is the only region in Italy where Pistacia lentiscus fixed oil is
commonly used. Annual production is difficult to estimate because most of
product is sold directly by farmers within internal market, however, it’s
becoming more and more used by food, cosmetic, and pharmaceutical
industries which estimate the use several hundred kg in last decade, with
increasing interest. Market price depends on the quality and the kind of
user; it is between 40 and 100 euro/kg. The yield of oil extraction is between
5% and 13% depending on the extraction methods.

The impression is that the market for Pistacia lentiscus fixed oil is immature.
Producers are investigating a higher industrial demand which needs price
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reduction and quality standardization; many trials are promoted to optimize
extraction, as has happened in the production of other oils, in order to
achieve extraction efficiency without compromising the quality. Best results
were achieved by using olive oil machines.

In Greece, Turkey, and France (other partner countries), fixed lentisk oil is
not currently valorized, but thanks to the impulse provided by the current
MEDLENTISK project a possible exploitation of this non-wood forest product
is possible.

9. Other uses of the lentisk tree

9.1. Past uses?!
9.1.1. The exploitation of lentisk fruits - evidence for fixed oil extraction?

Frequent evidence of wild Pistacia fruit remains (charred endocarps) in
archaeological sites suggests exploitation by humans in the past. Such
remains have been attested since the Paleolithic times, in the Near East,
Anatolia, and the Eastern and Western Mediterranean, and are often found
in association with other fruit species (almonds, oak acorns) within diverse
contexts (domestic, funerary, ritual) (Stika, 1999; Goren-Inbar et al., 2002;
Willcox, 2016; Morales, 2018; Rousou et al., 2021). Fruit identification is
often done down to the genus level (Pistacia), so it is difficult to know with
certainty whether the species Pistacia lentiscus is present in
archaeobotanical contexts. The development and application of new
methodological tools (Rousou et al, 2021), which enrich earlier
observations (Kislev 1988), provides a more complete picture of the species
(including lentisk) as exploited by man.

The fruits of the lentisk tree, like those of other species of the genus Pistacia,
can be eaten raw, roasted or fried; they can be used for food preparations
(bread), as a condiment (sausages), for the preparation of drinks, or even as
fodder for domestic animals (Gennadios, 1914; Bailey & Danin, 1981; Ertug-

1 Part of the research on the Pistacia past uses was conducted within the framework
of Maria Rousou’s PhD research (Musée National d’Histoire Naturelle, Paris, ED

227, Sorbonne Université and Cyprus University), supported by an Onassis
Foundation scholarship (ID: F ZO 066-1/2018-2019) and by the 7th Scholarship
Programme of the Sylvia loannou Foundation.
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Yaras, 1997; Kislev, 1997; Savvides, 2000; Della et al. 2006; Hadjichambis et
al., 2008; Papachristoforou, 2015; Secilmis et al., 2015; Alonso et al., 2016).
The involvement of fire in these practices can result in the accidental
charring of fruits. It can, thus, lead to their preservation in archaeological
layers.

While the preservation of oil from lentisk or other Pistacia species is highly
unlikely in archaeological contexts, the presence of large quantities of whole
fruits or fruit fragments is often used as an argument for the possibility of
oil extraction, which could indicate the fragmentation of the endocarp
during the oil extraction process (de Lanfranchi et al., 1999; Loi 2013;
Morales et al., 2013; Thi Mai et al., 2014; Willcox, 2016; Morales, 2018;
Rousou et al., in review). Future experimental research could test this
hypothesis. In addition to the medicinal properties known since ancient
times and from medieval authors (e.g., Paul of Aegina De Re Medica Libri
Septem book 4, sections | and XLIV) and by current ethnobotanical data,
Pistacia oil has also probably been used for food preparations or for lighting
(Whitehouse, 1957; Della et al., 2006; Hadjichambis et al., 2008; Gennadios
1914; Sabato et al., 2015; Labdelli et al., 2019).

9.1.2. The exploitation of wood, stem, and resin

In addition to the presence of fruit, charcoal from Pistacia wood is also
attested among the archaeobotanical remains and indicates the possibility
of the exploitation of this plant resource as fuel. The hypothesis of
involuntary charring of fruit with Pistacia wood used as fuel is possible
(Nisbet, 1980; Buxo-Piquet, 2008; Grau Almero, 2003, 2011; Kabukcu, 2018;
Roberts et al., 2018; Moricca et al., 2020; Rousou et al., 2021; Willcox, 2011).
Although further identification of Pistacia wood charcoals down to the
species level may be tricky, if not all features identical to the anatomy of
lentisk wood are achieved (Grundwag & Werker, 1976; Schweingruber
1990), the hypothesis of the presence of lentisk among Pistacia charcoals
cannot be rejected. Lentisk wood is considered a good fuel, and it can also
be used in the form of charcoal (Papachristoforou, 2015; Zapata Pefia et al.,
2003).

Wood can also be used for woodworking and construction (Grau Almero
2003; Grau Almero et al. 1998). Theophrastus (4thcentury BC) (Historia
Plantarum 3.15.3; 5.3.2) and Pliny the Elder (1%tcentury BC) (Historia
Naturalis book 13.12) indicate the properties of Pistacia wood. The young
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shoots of the lentisk tree can be used in basketry (Gennadios 1914;
Athanasiou, 2015; Papachristoforou, 2015; Zapata Pena et al., 2003).
According to Isidore of Seville (6t"-7t"century BC), lentisk takes its name from
the suppleness of its stem ('lentus et mollis') (Etymologiae 17.7.51). In
addition, the leaves, and galls of Pistacia contain tanning and dyeing
substances and can be used in dyeing textiles or for tanning hides
(Gennadios, 1914; Papachristoforou, 2015). All these uses leave little or no
trace in archaeological contexts, which underlines the importance of
developing future interdisciplinary research compiled with ethnobotanical
studies.

Also of note is the famous Chios mastic, obtained from the Chia variety of
lentisk, widely known for its medicinal properties and use in food
(Freedman, 2011). The extraction and trade of lentisk, known at least since
the 10t"century BCE, has greatly influenced the history of Chios, where
traces of exploitation since that period are still visible in the landscape and
architecture of the island (Bakirtzis & Moniaros, 2019). Proteomic and
genetic (ancient DNA) analyses on archaeological objects (pottery,
mummies) have greatly enriched our knowledge about the uses of resin
(wine preservation, embalming, incense, varnish) and its role in trade,
especially during the Bronze Age and the Ancient period, as much as textual
resources (Pliny the Elder Historia naturalis book 14. 24; Columella De re
rustica 12.18ff) (McGovern 1997; Sarpaki 2001; Hansson & Foley, 2008;
Pulak, 2008; Firth 2016; McGovern & Hall 2016; Merousis, 2010, 2016, 2019;
Seprico & White 2000; Stern et al., 2018). The words ki-ta-no and koi-no,
attested in the Linear B tablets of Knossos, attributed by some authors to
the terebinth and lentisk tree respectively, could indicate the use of resin or,
according to some authors, oil, from the lentisk tree (Melena, 1974; Sarpaki,
2001; Merousis, 2016). However, knowing that the resin can be extracted
by different species of Pistacia, the attribution of the vernacular names
attested in the texts to a particular species may be problematic (see Sarpaki,
2001 for discussion). Furthermore, as the chemical composition of the resin
of different Pistacia species is similar, it is often difficult to attribute traces
of Pistacia resin identified on archaeological objects to a particular species
(Grundwag & Werker, 1976; Serpico & White, 2000).

The results from interdisciplinary approaches (archaeobotany, archaeology,
history, ethnology, ethnoarchaeology) underline the importance of wild
Pistacia resources in the past. Despite the limitations that each approach
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may encounter (preservation, identification), these data enrich our
knowledge about their uses, which in some cases can still be observed
among the traditional practices of actual local societies.

9.2. Current uses

The lentisk has been used since antiquity for many purposes; this section on
other uses is by no means exhaustive but completes the uses and knowledge
that we wish to highlight in this guide: dealing with the fixed oil extracted
from fruits of the lentisk tree.

All parts of the plant are used: roots and wood (charcoal, fuel, and ash as a
base to reduce the pH), leaves, berries (fruits) and resin. Rivera-Nunez and
Obbn de Castro, (1991) quoted in De Lanfranchi et al. (1999), reports that
the lentisk tree has multiple uses: while it is mainly exploited for the resin
secreted by its stems, its leaves, wood, roots, and fruits are also used for
food, domestic or medicinal purposes.

The virtues of this plant are multiple, and its products can treat a wide range
of health problems: digestive problems, respiratory diseases, skin, and eye
diseases (Sebti, 2020; Helal, 2021).

9.2.1. Fruits

Its fruit can also be used in the preparation of traditional dishes. It has also
been studied in the laboratory for its antioxidant, anti-inflammatory,
cytoprotective and anti-cancer activities.

Figure 14. Traditional Tunisian dish (sliga) (Credits - M. Sebti; F. Mezni).
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Figure 15. Traditional lentisk dish (Meslouk) (Credits - Jijel University).

On the other side of the Mediterranean basin, to the East, this plant is not
that commonly used but there are some traditional recipes reported in
Cyprus (Cyprus Food Virtual Museum) and in Greece (Kasos, Naxos and
Crete islands) for the use of the fruits of the lentisk tree soaked in water
for making the traditional bread and pies (otnvwoywuo/ainvvomitreg:
‘siinopsomo’/‘siinopites’) and sweet cookies.

/]

Figure 16. Traditional pies with fruits of lentisk from Cyprus (siinopites) (Credits —
Cyprus Food Virtual Museum)
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9.2.2. Resin

Beyond the fruit, one of the best-known uses is of course that of the resin,
the mastic. Although there are many different varieties of small aromatic
trees and shrubs of the Pistacia genus, only the Pistacia lentiscus produces
a commercially exploitable quantity and quality of resin; only the variety
grown in the southern part of the Aegean Island of Chios (Greece) was
considered to be true mastic in the medieval period, a distinction it officially
retains now as a Protected Designation of Origin product, according to the
regulations of the European Union (Freedman, 2011). The mastic or
‘mastiha’ from Chios island, which is traditionally used in confectionery and
perfumery, contains a variety of bioactive phytochemicals and has also been
scientifically proven that it has important medicinal properties (Fukazawa et
al., 2018; Tzani et al., 2018; Papada & Kaliora, 2019; Pachi et al., 2020).

Based on several research and clinical studies performed with Chios
‘mastiha’, the European Medicines Agency (EMA) and the European Food
Safety Authority (EFSA) have officially granted (EMA 2015, 2016) health
claims to the mastic of the lentisk tree, as traditional herbal medicine used
for the treatment of mild dyspeptic disorders against skin inflammations and
in the healing of minor wounds (EMA, 2015).

The mastic of the lentisk tree is also used in the preparation of candy and
chewing gum to help fight cavities and to fortify the breath, in the
preparation of a liqueur or as a food additive and flavoring agent (Baytop,
1999; Duru, 2003). It is used as a flavoring source in making ice cream and
traditional desserts, coffee, and jams. The mastic is also used traditionally in
cosmetic products, varnishing and in paint-making. Many famous paintings
that symbolize the use of paints in fixing, such as Leonardo da Vinci's famous
painting "Mona Lisa", have survived to the present day. Besides, it can be
treated with various substances, used as a protective coating lacquer of
works of art, high-quality varnish for airplanes, varnishing musical
instruments, in floor polish and pastel paint and for obtaining high quality
glue. It is also used in the manufacture of glass and porcelain as well as
solder adhesive (Freedman, 2011; Onay et al., 2016).
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The aerial parts of the lentisk tree or its resin are traditionally used for the
treatment of coughs, throat ulcers, eczema, stomachache, kidney stones,
and jaundice.

Figure 17. Llentisk tree resin
(Credits - M. Sebti).

9.2.3. Twigs

In Tunisia, the twigs of the plant are used in flower bouquets and the extract
is used to decorate pottery products. An important issue in which the
natural lentisk trees in the maquis formation can be evaluated is the use of
mastic branches as a green filling material in the production of bouquets in
cut floristry.

In Greece, leaves and twigs were traditionally used in the past, in Naxos
Island in the Cyclades, to make a kind of mattress in the coffin of deceased
beloved people (Vavoula, 2017), probably to accompany them with their
fresh smell.
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Figure 18. Bouquet of flowers
with twigs of lentisk tree
(Credits - M. Sebti).

9.2.4. Leaves

The leaves of the lentisk tree are used as an antiparasitic against weevils,
moths, and fleas, or slipped into shoes to prevent excessive sweating. Rich
in tannins, the leaves can be used for leather tanning, especially in Libya.
Leaves are also used as an ingredient in food, and as a hydrolat, herbal tea,
and even in brandy, not to mention their use in the extraction of its essential
oil.

The essential oil of lentisk has been widely studied for its antioxidant
properties. It consists mostly of a-pinene, terpinen-4-ol, limonene, and
myrcene, causing an antioxidant activity comparable to rosemary.

Lentisk tree leaf extracts consist of several families of compounds such as
flavonoids, anthocyanins, phenolic acids (gallic acid, digallic acid, catechin),
triterpenoids and tannins. These constituents are responsible for the leaves’
antioxidant and anti-inflammatory activity.
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Figure 19. Uses of lentisk leaves as an ingredient in food: drinking water (A),
fermented milk (B); in the dishes (C) (Credits -M. Sebti).

9.2.5. Roots

The decoction of the roots is traditionally used (in Tunisia) for the treatment
of respiratory problems.

9.2.6. Wood

The wood of the lentisk tree is particularly hard and is used in cabinet
making, carpentry and as firewood. A wood veneer test was carried out by
Forét Modele de Provence for use in marquetry, and the test proved
successful. The wood can make excellent charcoal, and the ash can be used
in soap making.

Figure 20. Ash-based soap.
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9.2.7. Pistacia lentiscus for the phytoremediation and revegetation on
mine sites

Among the different uses of Pistacia lentiscus, its application in
phytoremediation and revegetation of substrates/soils polluted in metals
and metalloids (i.e.: Zn, Pb, Cd, Hg, As) is noteworthy. The first studies were
carried out after the accident in the Guadiamar River Valley (SW Spain)
where 4 million m3 of sludge contaminated by metal(loid)s were released
into the Guadiamar River. Revegetation actions were implemented,
indicating the potential of P. lentiscus in phytoremediation of sites polluted
by metal(loids) (Fuentes et al., 2007; Dominiguez et al., 2008). Lately, several
studies were carried out in the Sardinian mine context, showing that metals
like Zn, Pb and Cd are mainly accumulated into roots, making Pistacia
lentiscus suitable for phytostabilization, which use an exclusion mechanism
mediated by the biomineral formation at the soil-root interface (Bacchetta
et al., 2012; 2015; Concas et al., 2015; De Giudici et al., 2015). Finally, the
implementation of soil amendments and the bioaugmentation with selected
autochthonous bacterial strains can improve the survival of that species
(Bacchetta et al., 2015; Tamburini et al., 2017).
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Table 1. Physico-chemical characterization of lentisk oil
Chemical character Values References
Acidity (mg/g of oil) 3.52 Brahmi et al., 2020
28.60 Kechidi et al., 2020
414.00 Karoui et al., 2020
Acidity (%) 6.17 Siano et al., 2020
14.41 Kechidi etal., 2020
Peroxide value (meq 02/kg) 2 Brahmi et al., 2020
5 Siano et al., 2020
6 Kechidi et al., 2020
1.92 Karoui et al., 2020
Density 1.02 Brahmi et al., 2020
Refractive index 1.468 Brahmi et al., 2020
1.463 Kechidi et al. 2020
K232 0.093 Brahmi et al., 2020
2.12 Karoui et al., 2020
K270 0.133 Brahmi et al., 2020
0.43 Karoui et al., 2020
Chlorophyll (ppm) 16.66 Brahmi et al., 2020
8.91 Karoui et al., 2020
Saponification value (mg of KOH/g of 189.12 Karoui et al., 2020
oil) 296.28 Kechidi et al., 2020




Table 2. Mineral composition of lentisk oil
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Table 3. Fatty acid composition of lentisk oil
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Minerals mg/ 100 g of oil References

Na 25.36 Dhifiet al., 2013
K 2.17 Dhifi et al., 2013
Ca 0.25 Dhifi et al., 2013
Mg 0.19 Dhifi et al., 2013
Fe 0.004 Dhifi et al., 2013
Cu 0.0001 Dhifi et al., 2013

Fattyacid % References
Oleicacid 54.23 Mezni et al., 2012
51.00 Dhifi et al., 2013
46.30 May et al., 2018
48.37 Chaabani et al., 2019
44.20 Siano et al., 2020
52.50 Ait Mohand et al., 2020
Palmiticacid 27.21 Mezni et al., 2012
23.52 Dhifi et al., 2013
22.55 Ait Mohand et al., 2020
26.14 May et al., 2018
23.96 Chaabani et al., 2019
23.82 Siano et al., 2020
Linoleicacid 15.82 Mezni et al., 2012
20.71 Dhifi et al., 2013
22.14 Ait Mohand et al., 2020
22.65 May et al., 2018
23.31 Chaabani et al., 2019
24.83 Siano et al., 2020
Palmitoleicacid 1.13 Mezni et al., 2012
1.19 Dhifi et al., 2013
0.38 Ait Mohand et al., 2020
1.65 May et al., 2018
1.34 Chaabani et al., 2019
1.70 Siano et al., 2020
Stearicacid 1.58 Mezni et al., 2012
1.41 Dhifi et al., 2013
0.98 AitMohand et al., 2020
0.76 May et al., 2018
1.15 Chaabani et al., 2019
1.36 Siano et al., 2020




Table 3. (Continued)
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Table 4. Triglyceride composition of lentisk oil
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Fattyacid % References
Unsaturatedfattyacids 71.18 Mezni et al., 2012
73.58 Dhifi et al., 2013
76.47 AitMohand et al., 2020
70.60 May et al., 2018
74.88 Chaabani et al., 2019
71.54 Siano et al., 2020
Saturatedfattyacids 28.79 Mezni et al., 2012
26.42 Dhifiand et al., 2013
23.53 AitMohand et al., 2020
26.9 May et al., 2018
25.12 Chaabani et al., 2019
25.33 Siano et al., 2020

Triglycerides % References
POO+SOL 27.58 Dhifi et al., 2013

26.00 Mezni et al., 2020

24.14 Ait Mohand et al., 2020
POL 21.50 Mezni et al., 2020

17.39 Ait Mohand et al., 2020

16.37 Dhifi et al., 2013
000 12.04 Dhifi et al., 2013

13.38 Mezni et al., 2020

15.74 Ait Mohand et al., 2020
PPO 8.51 Dhifi et al., 2013

10.43 Mezniet al., 2020

7.91 AitMohand et al., 2020
LOO 9.83 Dhifi et al., 2013

9.66 Mezni et al., 2020

- Ait Mohand et al., 2020
PLL 7.97 Dhifi et al., 2013

7.70 Mezni et al., 2020

7.28 Ait Mohand et al., 2020
PLP 5.58 Dhifi et al., 2013

7.03 Mezni et al., 2020

3.96 Ait Mohand et al., 2020
OLL 5.67 Dhifi et al., 2013

3.99 Mezni et al., 2020

0.50 Ait Mohand et al., 2020
ALO - Dhifi et al., 2013

1.56 Mezni et al., 2020

Ait Mohand et al., 2020




Table 4. (Continued)
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Triglycerides

%

References

Table 5. Sterol composition of lentisk oil
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SO0 - Dhifi et al., 2013

1.01 Mezni et al., 2020

1.39 Ait Mohand et al., 2020
OLLn - Dhifi et al., 2013

0.85 Mezniet al., 2020

- Ait Mohand et al., 2020
LLnP - Dhifi et al., 2013

0.32 Mezniet al., 2020

0.79 Ait Mohand et al., 2020
OOLn - Dhifi et al., 2013

0.21 Mezni et al., 2020

- Ait Mohand et al., 2020
LLL 1.32 Dhifi et al., 2013

0.17 Mezni et al., 2020

2.64 Ait Mohand et al., 2020

Sterols (mg/kg) References
Campesterol 68.20 Mezni et al., 2016
88.45 Karoui et al., 2020
42.00 Siano et al., 2020
19.70 Brahmi et al., 2020
996.00 Mezni et al., 2016
B-sitosterol 1217.43 Karoui et al., 2020
750.00 Siano et al., 2020
587.90 Brahmi et al., 2020
Cycloartenol 216 Mezni et al., 2016
- Karoui et al., 2020
- Siano et al., 2020
- Brahmi et al., 2020
24-methylene-cycloartenol 94.2 Mezni et al., 2016
- Karoui et al., 2020
- Siano et al., 2020
- Brahmi et al., 2020
Stigmasterol 54.10 Mezni et al., 2016
31.05 Karoui et al., 2020
16.00 Siano et al., 2020
30.00 Brahmi et al., 2020
Cholesterol - Mezni et al., 2016
Karoui et al., 2020

9.93

Siano et al., 2020
Brahmi et al., 2020
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Table 6. Phenolic composition of the fixed oil of Pistacia lentiscus

Table 6. (Continued)
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Phenols

mg/kg of oil

References

Quercetin 3-0O-glucoside

20.1

Mezni et al., 2018
Siano et al., 2020

Eryodictiol

15.7

Mezni et al., 2018
Siano et al., 2020

Quercetin

Mezni et al., 2018
Siano et al., 2020

Luteolin

207.64
1.8

Mezni et al., 2018
Siano et al., 2020

Naphtoresorcinol

29.76

Mezni et al., 2018
Siano et al., 2020

Salycilicacid

112.73

Mezni et al., 2018
Siano et al., 2020

Pinoresinol

482.18

Mezni et al., 2018
Siano et al., 2020

Apigenin

714.38

Mezni et al., 2018
Siano et al., 2020

Trans-4-hydroxy-3-
methoxycinnamicacid

93.85

Mezni et al., 2018
Siano et al., 2020

4-hydroxyphenylacetic acid

39.75

Mezni et al., 2018
Siano et al., 2020

kaempferol

Meznietal., 2018
Sianoetal., 2020

Phenols mg/kg of oil References
Gallicacid 19.65 Mezni et al., 2018
10.1 Siano et al., 2020
Tyrosol 50.36 Mezni et al., 2018
- Siano et al., 2020
protocatechuicacid - Mezni et al., 2018
6 Siano et al., 2020
p-hydroxybenzoicacid - Mezni et al., 2018
73.8 Siano et al., 2020
vanillicacid 812.91 Mezni et al., 2018
11.8 Siano et al., 2020
o-Coumaricacid 70.42 Mezni et al., 2018
- Siano et al., 2020
Oleuropein-aglycon 91.29 Mezni et al., 2018
- Siano et al., 2020
Caffeicacid - Mezni et al., 2018
8 Siano et al., 2020
Syringicacidisomer Mezni et al., 2018
1.6 Siano et al., 2020
p-Coumaricacid 90.88 Mezni et al., 2018
0.8 Siano et al., 2020
Ferulicacid 54.5 Mezni et al., 2018
0.1 Siano et al., 2020
Rutin - Mezni et al., 2018
1.6 Siano et al., 2020

Coumarin

300.87

Mezni et al., 2018
Siano et al., 2020




Table 6. (Continued)
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Phenols

mg/kg of oil

References

Carnosicacid

126.03

Mezni et al., 2018
Siano et al., 2020

Transcinnamicacid

60.98

Mezni et al., 2018
Siano et al., 2020

Protocatechuicacid

30

Mezni et al., 2018
Siano et al., 2020

Total phenols

3358.08
339

Mezni et al., 2018
Siano et al., 2020

Table 7. Composition of tocopherols and carotenoids in the fixed oil of Pistacia
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lentiscus
Tocopherols mg/kg of oil References
a-tocopherol 7590 Dhifi et al., 2013
119.99 Mezni et al., 2020
68.1 Ghzaiel et al., 2021
Y-tocopherol 480 Dhifi et al., 2013
23.52 Mezni et al., 2020
B-tocopherol 470 Dhifi et al., 2013
- Mezni et al., 2020
Total tocopherols 8111.13 Dhifi et al., 2013
143.51 Mezni et al., 2020
Carotenoids
B-carotene 6.13 Mezni et al., 2020
Zeaxanthin 1.35 Mezni et al., 2020
lutein 2.07 Mezni et al., 2020
Total carotenoids 9.55 Mezni et al., 2020
1480 Brahmi et al., 2020

2083.59

Ghzaiel et al., 2021
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Project team (Closing meeting of the project — Tabarka / Tunisia)
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