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Several articles in the literature deal with and analyze components extracted from the olive tree, but these
researches are mainly focused on the quality of olive oil and more precisely its volatile components, often
related to their antioxidant properties, which denies other derivatives of the olive tree that are traditional
sources of several healing broths. A thorough comparison of the richness of the different derivatives as well
as the methods of extraction and identification will help to provide a useful decision-making tool. Olive tree
derivatives were extracted in different ways to better understand the chemical composition of the Chemlali
olive tree variety as well as to evaluate the efficiency of advanced extraction procedures. A comparison
through the ICso of the Chemlali variety with other olive cultivars was performed. It shows the richness of
this variety in polyphenols. In addition, we present here a qualitative and quantitative table of basic
chemicals for pharmacological use derived from olive oil, leaf, and bark that have been previously described
in the literature. Diverse types and concentrations of phenolic compounds —an important class of natural
antioxidants—can be found in different components of olives, including leaves, fruit, pits, seeds, bark, and
paste. However, comprehensive studies are deficient in comparing the quantities extracted from these
different sources. Indeed, this review attempt shows the diversity of Chemlali through the use of high-
value-added molecules (VAT), which can be categorized as diterpenes such as tyrosol and phytol,
triterpenes such as squalene, as well as cinnamates.
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1. Introduction

The cultivation of olive trees has a long history in the Mediterranean region and has been a
significant contributor to the economy of many countries. The olive tree is the most important
oil-producing crop in this area, with approximately 90% of the world's olive trees grown in
countries such as Spain, Italy, Tunisia, Morocco, and Greece (Kulak & Cetinkaya, 2018).
Furthermore, the tree has a long lifespan, with some trees living for hundreds of years, making
it a sustainable crop that provides income for generations.

Nowadays the cultivation of the olive tree has expanded into Australia, China, Latin America,
Iran, South Africa, and the USA (Ghasemi et al., 2018; Obied et al., 2005; Pérez-Rodrigo &
Aranceta, 2016; Tacer & Asan Ozlisaglam, 2022). The Mediterranean Basin is a climate change
and biodiversity hot spot where substantial warming and water availability are predicted for the
next few decades. The magnitude of the predicted climate change in natural and
agroecosystems poses considerable challenges to their management (Gongalves et al., 2020). In
olive trees, an ancient crop with considerable ecological and socioeconomic importance in the
Mediterranean area, the impacts derived from climate warming might lead to areas of
decreased profitability (Figure 1). Based on the study carried out by Brito et al. (2019),
Mediterranean crops such as olive trees have natural protection mechanisms that help them
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cope with typical summer stress factors such as drought, high
irradiation levels, and heat.

Mediterranean olive-growing areas have diverse microclimates,
soils, and rainfall patterns which result in a wide range of water
needs for annual crops. Although olive trees are known to be
drought-resistant, research has shown that irrigation can enhance
the physiological performance of the trees. This includes better
water status, higher stomatal conductance and photosynthetic
rates, and crop yield (Gharsallaoui et al., 2011). However, it has also
been discovered that irrigation has negative effects on both the
yield and quality of olive oil. Increased amounts of water applied
have been found to decrease the percentage of oil in the fruit,
affecting both the total amount of phenolic compounds in virgin
olive oils and their stability to autoxidation, sensory quality, and
ultimately consumer acceptance (Calabriso et al., 2015; de Melo et
al., 2012; Tamasi et al., 2016). Therefore, the decision to irrigate
olive trees should be made judiciously, taking into account the
potential trade-offs between the benefits and drawbacks of
irrigation.
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Figure 1. Olive production in the Mediterranean basin (I0C, 2022)

Modern agriculture techniques based on linear production have
been widely adopted as a result of the globalization of the world
and the necessity to generate ever-greater quantities of food and
other products (Gharsallaoui et al., 2011). The accumulation of large
amounts of waste from agro-industrial activities often leads to
environmental issues when disposed of in landfills. As a result,
researchers have begun studying methods to recover these by-
products in a sustainable and circular bio-economy framework. This
review summarizes natural derivatives extracted from the Chemlali
olive tree variety by using published experimental papers analyzing
the knowledge regarding the use of olive trees by-products for
producing active ingredients, antioxidants, cosmetics, and several
pharmaceutical products (Brahmi et al., 2012; Issaoui et al., 2017b;
Jemai et al., 2008). Furthermore, the data regarding the potential
biological activity of extracts from olive oil, leaves, bark, and stone
were analyzed. Olive trees by-products are, indeed, rich in
molecules with antioxidant (Wang et al., 2010), antimicrobial (El &
Karakaya, 2009), cardioprotective (Manna et al, 2004), and

anticancer activity (Rashed et al, 2022; Toric et al., 2019),
representing a promising candidate for treating several human
diseases.

In this paper, we describe high-performance liquid chromatography
(HPLC) and liquid chromatography combined with LC/MS mass
spectroscopy for the detection of flavonoids, secoiridoids, phenolic
alcohols, terpenes, and phenolic acids. We also emphasize the
significance of olive derivatives in traditional Mediterranean
medicinal practices. We analyze the main by-products and natural
antioxidants (Chemlali variety) that may be found in various olive
matrices (leaves, fruits, pits, seeds, bark, and paste), including their
types and quantities.

2. Historical aspect

The olive tree, a venerable plant with medicinal benefits, notably its
oil, which is regarded as a healthy food, all contain components that
are crucial for human well-being. The olive tree and its oil have
played an important role in many cultures throughout history, from
ancient times to the present day. The history of olive oil is closely
linked to Mediterranean culture and the development of its
agricultural industry. The history of olive oil is intertwined with that
of bread and wine, and it is one of the staple foods of
Mediterranean culture in coastal settlements. More than 2,000
years ago, people who lived along the Mediterranean Sea employed
the olive tree's leaves, roots, and even bark as natural treatments.
Even olive leaves were a component of the Egyptian method for
keeping their mummies intact. For making teas to relieve colds and
other discomforts, ancient societies used olive leaves. Olive oil was
imported from Crete by the Egyptians during the time of the
Pharaohs, who were known to be avid consumers of the oil for their
funeral and purification rituals. One of the earliest trees to be
domesticated is the olive tree, from whose fruit olive oil is made. It
is a distinct oil manufactured entirely from vegetable juice. Some
writers believe that the first olive oil production took place
somewhere in the Mediterranean Levant between 6000 and 4000
years ago (Langgut et al., 2019). Early in the 1800s, European
physicians used olive-leaf tea to treat malaria patients. Ancient and
modern scientists both benefited from the naturally existing
phytochemicals that nature provides and which naturally aid in
protecting the olive tree from bacteria and insects (Senouci et al.,
2020).

The cultivation and production of olive oil have become
fundamental to the traditions and lifestyles of the nations and
empires of the Mediterranean basin due to this extensive historical
development. People naturally think of historical Mediterranean
civilizations like the Carthaginians and Romans when they consider a
Mediterranean diet and the health benefits of eating olives in the
middle of meals. Olive oil was known for its various medicinal
properties, as Hippocrates described over 60 different uses for
treating wounds, infections, and burns. In ancient Greece, olive ol
was used not only for medicinal purposes but also for coating the
bodies of athletes before their competitions at the Olympic Games.
It was also given as a reward to the victorious athletes who received
a large quantity of it. However, its use was also influenced by the
social status of individuals. Moreover, during funeral ceremonies,
the deceased were offered olive oil along with other products like
honey (Shaw, 2000).

3. Olive tree categories in Tunisia

The cultivation of olives has a long history in Tunisia, dating back to
ancient times. The country's climate and geography provide an ideal
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environment for olive cultivation, with over 80% of its agricultural
land dedicated to olive groves. Furthermore, the word zaytuna,
which means "olive tree" in Arabic, is rooted at the heart of this 11
million-person country, just as this famous mosque known as "the
olive tree" is at the center of Tunisia's history and daily life. Tunisia
ranks among the world's leading producers of olive oil today. A
century ago, semi-arid landscape predominated and there are now
miles and miles of olive orchards. Tunisians are proud of their olive
oil. The cultivation of olive trees is an integral part of Tunisia's
agricultural industry, with approximately 82 million olive trees
spread across almost 30% of the country's total agricultural land
area (Mariem et al., 2019).

Even babies are anointed with olive oil by some Tunisians. There are
many different olive cultivars available now in Tunisia, each with a
unique set of morphological and physiological traits that produce an
array of extremely distinct attributes and applications. However, the
Chemlali variety tends to be the most common (Figure 2). Classes of
olives from various cultivars are naturally observed based on this
variety's  morphological  characteristics and  multivariate
chemometric identification methods. The production of olive oil is
supposedly almost totally restricted to the Mediterranean shore,
where it is liberally sprinkled on a variety of meals. Numerous
prospecting and characterization projects showed that the Tunisian
olive grove is distinguished by a remarkable varietal richness in
addition to the two main oil varieties (Chemleli and Chetoui).

Chemlali
Ouesleti
@ zarrazi
Fakhari
Tounsi
@ ohokar
Chetoui

|
\

Zelmati
@ Neb Imel
Meski
. Chemcheli

Figure 2. Olive tree varieties in Tunisia

Indeed, the cultivars Oueslati, Zalmati, Zarrazi, Chetoui, Fakhari,
Tounsi, Chemcheli, Neb jmel, Meski, and other varieties represent
some examples of the varieties offered by the local olive plantations
(Mansour-Gueddes et al., 2020).

Tunisia has achieved a noteworthy diversification in olive oil
production and a unique flavor that is recognized and admired in
other countries by cultivating imported olive trees such as
Arbequina and Arbosana from Spain and Koroneki from Greece
(Abdelhamid et al., 2013).

In actuality, Tunisian history is extremely old in terms of olive crop
methods and applications. There is surely a painting depicting the
olive harvest at the entryway to the buildings that house the ONH
(Mariem et al., 2019). The majority of the time, it is a vivid depiction
of farmers in an olive grove at the start of a fresh harvest or during
the extraction of this priceless oil. The olive tree and its derivatives
have many benefits in Tunisia that have been traditionally
acknowledged. Significant medical benefits are provided by the
leaves, fruits, and oil. When infused or decocted, the leaves help
regulate type Il diabetes, decrease moderate hypertension, promote
urine elimination, and protect against viral, bacterial, or fungal
infections (Lo Giudice et al., 2021).

Tunisia, a country rich in phytogenetic resources, has been able to
preserve its agricultural history via its agricultural tradition coupled
with a program of prospection, acclimatization, and development of
plants. These resources consist of various indigenous elements that
are a source of future wealth and whose acknowledgment is a
crucial factor in the growth of the olive industry (Debbabi et al.,
2022). The olive variety is the most important factor in determining
the olive oil taste.

Olives —and in particular olive oil—are Tunisia’s unique and, oddly,
unknown treasure. The Chemlali variety is planted in the South and
the Middle mainly Sfax. 2/3 of the Tunisian olive grove is made up of
Chemlali trees that were planted in the Sahel, the center, and the
south. It is the most common kind, a particularly robust cultivar that
adapts well to arid environments, and it is produced in large
quantities in different ways. Overall, the olive tree and its products
have become deeply intertwined with Tunisian life, reflecting the
country's rich history, culture, and traditions.

4. Literature survey

The olive tree (Olea europaea) has gained popularity as a reliable
source of traditional medicine for the treatment of a variety of
diseases. The results of the phytochemical and pharmacological
investigations summarized in this study will help to further develop
the drug's therapeutic potential as well as convincingly support its
possible use in clinical trials in the field of contemporary medicine.

Knowing that plants have therapeutic benefits, many scientists are
eager to examine as many different plants as they can to learn vital
information about their therapeutic capabilities. It applies to the
pharmaceutical sector. Food by-products have drawn a lot of
attention in the hunt for novel bioactive compounds made from
natural raw materials due to their high potential as a source of
phytochemicals, low cost, and significant environmental impact. For
instance, in the olive oil sector, olive leaves obtained as biomass
after pruning olive trees are one of the most promising sources of
bioactives (Erbay & Icier, 2010). Because of the rising interest in the
use of olive tree derivatives in a variety of industrial sectors, a
systematic assessment of extracts for their qualities is becoming
increasingly necessary.

Olive tree derivatives are genuinely gaining popularity across a wide
range of industrial fields, so it has become increasingly important to
conduct systematic evaluations of extracts for these qualities.
Today, oleuropein, which has been widely utilized in folk medicine in
Mediterranean regions, is primarily extracted from olive leaves
(Brahmi et al.,, 2012). Nowadays, olive leaves as well as other
derivatives have essentially been used for the extraction of
oleuropein, it has been widely used in folk medicine in
Mediterranean regions (Le Tutour & Guedon, 1992).
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These organic substances are widely distributed in barks, fruits,
roots, stems, leaves, and other plant parts. Numerous scientific
terms for them include polyphenols, flavonoids, flavonols,
pycnogenols, glucosinolates, isoprenoids, carotenoids, tocotrienols,
and proanthocyanidins. The number of papers in the literature is
meager that discuss the analysis of the phenolic elements of the
olive tree, primarily oleuropein, olive oil (Bouaziz et al., 2005), and
olive leaves (Brahmi et al., 2012; Pacheco et al., 2002), but the study
of those taken from the olive tree bark is still minuscule. However,
during the last decades, they have also been the focus of efforts to
extract natural antioxidants and antibacterial agents via
hydrodistillation (Issaoui et al., 2017a), solvent extraction (Issaoui et
al., 2012), and, more recently, supercritical fluid extraction (Issaoui
et al.,, 2017b; Le Floch et al., 1998), ultrasound (Japon-Lujan et al.,
2006), and maceration (Deng et al., 2017).

According to several studies, oleuropein and its derivatives play a
variety of functions in the treatment of diseases, including anti-
inflammatory and anti-thrombotic activities (de la Puerta et al,
2001). More specifically, oleuropein and one of its derivatives,
hydroxytyrosol, inhibit the generation of leukotriene B4 and
lipoxygenases and eicosanoid production (Manna et al., 2004). The
oleuropein has antimicrobial activity against a variety of viruses,
bacteria, yeasts, and molds, which is wider for hydroxytyrosol
(Bisignano et al., 1999).

Luteolin is another key component having anti-inflammatory activity
in animals (Ueda et al., 2002), and it also has antimutagenic
properties and antitumorigenic (Issazadeh et al., 2012). Apigenin,
extracted from the leaves, inhibits the inflammation mediators such
as nitric oxide and prostaglandin E2. Among the most active
flavonoids, mention rutin, catechin, and luteolin which exert
antioxidant effects up to 2.5 times as vitamins C and E and are
comparable to lycopene (Benavente-Garcia et al., 2000).

Recently, much attention has been paid to triterpene acids from the
pharmaceutical viewpoint because of their anti-HIV, anti-
inflammatory, and antitumor-promoting activities (Parra et al,
2014). A wide range of olive extract products offer antioxidant
properties, guarding against oxidative damage by free radicals,
which accelerate aging and disease. Nutrition plays a pivotal role in
managing the severity of infectious diseases and is associated with
various health benefits, such as improved maternal and child health
due to components like oleanolic acid, fortified immune systems
through pentacyclic triterpenes, reduced risk of non-communicable
diseases, and increased longevity, as noted by Rufino-Palomares et
al. (2022). Studies recently conducted have examined the anti-
diabetic, anti-cancer, anti-microbial, anti-fungal, antiviral,
antioxidant, antihypertensive, gastroprotective, anti-inflammatory,
antinociceptive, neuroprotective, and cardioprotective actions.
EVOO (extra virgin olive oil) as a valuable component of a
Mediterranean diet (MED), can help keep the immune system
strong and reduce the inflammation and oxidative stress that lead to
a variety of diseases and conditions that increase the risk for serious
cases of COVID-19 (Strub et al., 2022).

Nevertheless, there is an increase in demand for essential oils made
from plant derivatives due to many variables, including an increase
in the consumption of edible oil, the growth of the biofuel business,
and the desire for green chemistry. In actuality, since ancient times,
dried bark of various plants as well as leaves and their processed
products have been widely employed as flavoring agents (de Melo
et al., 2012; Issaoui et al., 2017b).

By directly regulating the activities of a variety of receptor tyrosine
kinases, including the human epidermal growth factor receptor 2
(HER2), olive chemicals have recently demonstrated considerable
anti-carcinogenic properties (Garcia-Villalba et al., 2010; Menendez
et al., 2008).

This residue is a very abundant vegetable material and it is supposed
a potential source of polyphenols (De Leonardis et al., 2008).
Constituents of olive leaves have shown antiviral (Lee-Huang et al,,
2003), antimicrobial (Markin et al.,, 2003), antioxidant, anti-
inflammatory (Bouaziz et al., 2005), neuroprotection (Angeloni et
al., 2017), and anti-carcinogenic (Abaza et al., 2007; Bouallagui et
al., 2011) activities. Various methods have been employed for the
extraction of bioactive compounds from olive leaves, including
conventional solid-liquid extraction using ethanol (Rada et al., 2007)
or methanol-water (Bouaziz et al., 2005), and ultrasound-assisted
extraction (Garcia Pérez et al., 2011). Testing different methods of
extraction is essential due to the significance of the extraction
process as a means of isolating and purifying intriguing molecules
from natural source materials.

In general, the consumption of olive byproducts is associated with a
low incidence of cardiovascular diseases, neurological disorders, and
breast cancer (da Silva, 2010; Hashmi et al., 2015; Oliveras-Ferraros
et al., 2011). Several minor components have recently been related
to the healthy properties, mainly polyphenols, of olive byproducts.
These compounds also are associated with the oxidative stability
and flavor characteristics of virgin olive byproducts. The phenolic
composition of olive oil is a complex outcome of various factors,
including genotype, environmental conditions, cultivation practices,
and processing techniques. The qualitative and quantitative profile
of phenolic compounds in olive oil can be significantly affected by
multiple variables during the production process, such as the
ripening stage of olives, harvesting methods, and storage conditions
(Gharsallaoui et al., 2011).

5. State of art

In the past 30 vyears, olive oil production has spread to
nontraditionally producing countries, leading to an increased olive
and olive oil trade supported by high- and super-high-density
production systems (Lavee & Avidan, 1993). However, this is not
always accompanied by the production and marketing of high-
quality olive oil, so great care must be taken to obtain olive oil with
preserved content of minor components that are primarily
responsible for the health benefits of olive oil.

Numerous publications about the study of olive extracts have been
published recently, albeit these studies focus mostly on the volatile
components because of their antioxidant activity (Naija et al., 2021).
Beyond the leaves and the oil, a thorough evaluation of the various
extraction techniques for the many olive tree materials was lacking.
Therefore, it is necessary to present the main compounds
frequently synthesized for pharmaceutical or food use, as well as an
appropriate decision-making tool for the selection of the mode of
extraction of olive tree substances.

However, comparative studies of different extracted amounts of
such material are scarce in literature (Issaoui et al., 2017a;
McDonald et al., 2001). Here, the authors deal with the partition of
extracted phenolic compounds in olive tree derivatives through
several experiment extractions. The analysis of the extracted
compounds was performed using retention times and structural
fragmentation. It's worth noting that the Chemlali variety is notably
rich in oleuropein, squalene, and cinnamates, as previously
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documented in papers like those by Issaoui et al. (2017b), Lone et al.
(2014), and Sellami et al. (2016). These compounds can be
employed in the food sector with favorable effects on health as well
as in the pharmaceutical and cosmetic industries because they limit
the action of reactive species implicated in oxidative damage. The
extracts also demonstrated antibacterial properties. Based on DPPH
measurements, there is a noticeable and substantial increase in the
total phenolic content in the Chemlali variety genotype.

6. Used extraction techniques

The treatment techniques used on olive derivatives can be divided
into three groups and utilized alone or in combination. Here we
discuss biological, chemical, and physical processes. Olive leaf
physical processes mostly involve drying, with the goal of
dehydration for preservation. Olive bark and leaves have also been
subjected to pulverization and bleaching. The adsorption procedure,
which tries to purify substances with medicinal or aesthetic interest,
also piques our interest. The chemical techniques primarily involve
the extraction of valuable chemicals from olive byproducts,
including, flavonoids, and phenolic compounds. Moreover,
treatments with acids or alkalis using the leaves or their extracts
have been documented in the literature (Issaoui et al., 2017a;
Romero & Brenes, 2012). The application of both endogenous and
exogenous enzymes, as well as microorganisms, in the treatment of
olive tree products, is known as a biological process (Khwaldia et al.,
2022; Yuan et al., 2015).

In the literature, there are several techniques for vegetable
materials extraction: solvent extraction (SE); hydrodistillation
extraction (HDE), ultrasound extraction (UAE), and maceration
(MCR). These different extraction methods can affect the quality,
aroma, and appearance of oils, making it crucial to know the
difference between them (Japon-Lujan et al., 2006). In recent years,
supercritical fluid extraction (SFE) has become an alternative to
more conventional extraction techniques, chiefly because the
dissolving power of supercritical fluids can be simply adjusted by
regulation of pressure and/or temperature operational conditions
(Ksibi, 2004; Reverchon & De Marco, 2006).

Clodoveo et al. (2021) provided an overview of the latest
advancements in the use of innovative extraction methods, which
offer promising efficiency and reduced solvent volume, such as
scCO,. This approach can address the issue of hazardous residual
solvents in products and allows for lower temperatures during the
extraction process, leading to less degradation of the extract's
thermally labile components.

6.1. Sample preparation

The typical protocol for describing the extraction procedure is
explained as follows: samples are consistently taken from the same
tree but in different branches. They weighed hundreds of grams and
were calibrated to compose a uniform batch of sheets that are
formed for the extraction of phenolic compounds. Materials were
boiled in distilled water for many hours and then filtered. The water
was removed with a freeze-dryer to obtain the aqueous olive-dried
extract. To prepare the solution, containing methanol or ethanol,
along with acetonitrile and water as outlined in Ghomari et al.
(2019), for the extraction of compounds from olive matrices (e.g.,
leaves, bark, stones, pulp, etc.) olive derivatives were separately
macerated in either methanol or ethanol for several days in the dark
at room temperature. The extract was generally separated by
filtration and the solvent was evaporated under a vacuum as
mentioned by Issaoui et al. (2012). In the case of supercritical

extraction, the material was powdered and mixed with glass balls
with a specific diameter to form a fixed bed (Issaoui et al., 2017b;
Reverchon & De Marco, 2006).

6.2. Solvent extraction (methanol)

The extraction of bioactive compounds from natural materials has
gained much interest from researchers as the demand for functional
ingredients obtained via natural processes keeps increasing due to
consumers getting more interested in functional foods. The
commonly used conventional extraction method is soxhlet
extraction, which applies in the extraction of several plant materials,
knowing that solvents are not universal, different types of
substances should be used in this technique to dissolve different
solutes that compose the tree bark matrices. There are volatile
essences and heavy organic molecules. The amount of solute that
can dissolve in a given substance depends heavily on the
temperature, volume or mass ratio, and various chemical properties
of the substances involved (Sultana et al., 2009). Based on previous
findings concerning the effects of parameter extraction on phenolic
compounds, and taking into account that high temperatures, though
causing an increase in total phenolics obtained, the extraction was
performed at room temperature (25 °C), while the pH was adjusted
to 2. These operational conditions were based on the fact that
acidification of olive tree byproducts increases phenolic compounds’
solubility. That implies more diffusion from the plant material
through cell wall disintegration and simultaneously, more stability of
the extracted phenolic compounds, (Issaoui et al., 2012; Malik &
Bradford, 2008).

A commonly used protocol for extracting olive tree derivatives with
methanol is based on the principle of "like dissolves like" for
phenolic compounds (Ryan et al., 2002). This means that a polar
solute is likely to dissolve in a polar solvent while a non-polar solute
is likely to dissolve in a non-polar solvent. Other properties, such as
the volume and temperature of the substances involved, are also
major solubility determinants, but polarity is usually the most
important factor. For these reasons, the powder thus obtained is
taken up with methanol-water (80:20, v/v). The solution is placed
generally, in a mechanical shaker for a long period to stir at room
temperature and a speed of hundreds of rpm. The extract was
filtered through a paper filter and then evaporated to dryness and
the residue was taken up in methanol.

Typically, the purification of the phenolic compounds involves a
two-step process. First, after the removal of solvent in vacuo the
crude extract at a moderate temperature, the aqueous layer was
partially defatted by extraction with hexane. This aqueous phase is
extracted three times with ethyl acetate or ethyl ether (v/v 2:1).

The organic extracts are then combined and concentrated by a
rotary evaporator to dryness to evaporate ethyl acetate. The residue
is taken up in 5 ml of methanol for the identification of compounds
present in the extract, for the determination of total phenolics, and
for measurements of antioxidant activity (McDonald et al., 2001).
The general pattern of extraction and separation of phenolic
compounds from olive leaves is reported in Figure 3 (Ksibi & Ksibi,
2018).

6.3. Hydrodistillation

Hydrodistillation is one of the most used traditional methods of
extraction, which is sometimes used instead of steam distillation. It
is a technique that implies the plant material is boiled in water,
using a hot source from below the vessel.
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As mentioned by several authors such as Spadi et al. (2023) and
Issaoui et al. (2017b), the extraction method involves soaking the
powdered bark in water instead of passing steam through it in a
hydro-distiller. The oil is then removed from the top of the resulting
hydrosol after heating the container of water until steam escapes
and cools down. Hydrodistillation is made with the clevenger-type
apparatus at a scale lab. The combined effect of temperature and
pressure explodes the secretory cells that release essential oils.
Water vapor and volatile compounds are formed at the top of the
column and passed into the condenser where they are liquefied.

The volatile material is carried away in the steam through some
tubes and becomes cool. The volatile oil is then removed from the
top of the hydrosol. During hydrodistillation, the essential oils
emerge from an azeotropic mixture with water. The aqueous phase
was withdrawn and then the essential oil was recovered in a smoky
glass bottle (protected against light). Finally, the bottle was sealed
and kept in a refrigerator at 4 °C for chemical analysis (da Silva et al.,
2012; Spadi et al., 2023).

Figure 3. Profile of the chromatogram of the extract methanol/water of olive leaves by LC/DAD (Ksibi & Ksibi, 2018)

Most of these components do not mix well with water in the liquid
phase so after condensation, they are separated by decantation. It is
mentioned in the literature that the essential oil yield is often
influenced by the extraction time (Zheljazkov et al., 2014). The
volatile components obtained after trapping in diethyl-ether were
dried under anhydrous sodium sulfate, evaporated, concentrated
under a mild stream of N,, and stored at 4 °C until tested and
chemically analyzed.

The solution, which included phenolic compounds, was combined in
a separatory funnel with ethyl acetate. The operation is repeated 2
or 3 times. The organic phase (ethyl acetate) was evaporated to
dryness under reduced pressure at a moderate temperature (about
40 °C) and the residue was taken up by a few milliliters of methanol
for the identification of compounds present in the extract for the
determination of total phenolics and measures of antioxidant
activity. The identification of the components was performed, by
comparison of their retention times with those of pure authentic
samples and through their linear retention indices (LRI) relative to
the series of n-hydrocarbons.

6.4. SFE method

To avoid heat-sensitive degradation of materials, supercritical fluid
extraction (SFE) represents a new extraction alternative at moderate
temperatures and high pressure used in the medical and food
industries. The second advantage of this method is that solvent
recycling is more feasible in supercritical fluid extraction. This leads
to an operating cost decrease. Additionally, supercritical fluid
extraction offers a greater selectivity compared to other extraction
methods, and the extraction yield and composition can be modified
by adjusting the operating parameters. Carbon dioxide is one of the
most common solvents in this process because of some advantages

such as non-toxicity and non-flammability. It is an environmentally
friendly solvent, too (Le Floch et al., 1998; Reverchon & De Marco,
2006).

Supercritical CO, extractions were performed using an extraction
vessel of hundreds of cm3, which operated in a single-pass mode by
passing CO, through the fixed bed of vegetable materials. The
extraction method utilized a semi-batch approach, where the
vegetable matter was charged in batches while the solvent
continuously flowed through the system. Temperatures and
pressures were monitored during the extraction process using a
thermocouple (Fe/Const 1/8) and Bourdon-tube test gauges,
respectively. The pressure was manually controlled with high-
pressure valves located at various points along the apparatus.
According to previous kinetic studies, the overall extraction time
was set to be 5 hours (Fornari et al., 2012).

There is a keen interest in isolating and identifying the natural
essences found in olive tree bark. To achieve this, multiple
extractions can be conducted using supercritical CO,. The
supercritical CO; extraction is not a spontaneous process because if
the considered compound is very soluble in the extraction medium,
it also has a considerable affinity for the matrix causing a slower
migration solvent (CO,). To track the yield variability of the olive tree
bark powder and its chemical composition using a supercritical CO,
extraction technique, a few grams of natural essences were
retrieved following four hours of extraction, conducted at two
distinct high-pressure levels, such as 90 and 250 bars, as detailed by
Issaoui et al. (2017b).

The identification of the different components was made from their
mass spectra and their retention indices according to Kovats
compared with those of standard compounds of the bank of
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computerized data (Table 1). The qualitative chemical analysis of the
obtained samples is necessary to adopt a technique that makes
possible the separation and the identification of such components
of the mixture via two independent methods.

6.5. Ultrasound-assisted extraction

For isolating bioactive compounds from plants, ultrasound
extraction is the favored method. Complete extraction is made
possible by sonication, leading to higher extraction yields in a
remarkably short extraction period. Ultrasonic extraction is a time
and money-saving extraction technique that yields high-quality
extracts that are used in food, supplements, and pharmaceuticals.

This method is frequently applied when making olive oils. This
analysis emphasizes the need for industrial scale-up of this novel

Table 1. ICso values for selected olive genotypes in different derivatives

technique since the majority of studies affirm the significant
potential of ultrasound-assisted extraction (UAE) to shorten
processing times, improve process sustainability, and produce oils
with the desired nutritional and sensory quality (Unver & Celik,
2022). Ultrasound extraction enhances both the sensory attributes
and the source purity of oil, provided it does not adversely affect
customer perception. It is worth highlighting the acceptability of oils
produced through UE treatments, as demonstrated by Martin-
Garcia et al. (2022). It can be applied by using an ultrasonic bath and
probe systems. Nevertheless, with the assistance of probe systems,
the effects of the majority of parameters on the extraction process
have been investigated. In some circumstances, each extract
compound can present significant challenges.

Cultivar Leaf Bark Stone Pulp Reference
29.46 18.84 - - (Issaoui et al., 2017a)
Chemlali - - 18 20 (Mansour-Gueddes et al., 2020)
- - 13.84 19.95 (Ben Mansour et al., 2015)
Arbequina 43.7 - - - (Martin-Garcia et al., 2022)
- - 31.97 21.48 (Mansour-Gueddes et al., 2020)
iki - - 27 40 (Mansour-Gueddes et al., 2020)
Koroneiki 36.7 - - (Martin-Garcia et al., 2022)

6.6. Maceration

Maceration is especially recommended for roots and seeds. This
process consists of soaking a plant in a chilly liquid (water, oil,
alcohol, brine, etc.) at room temperature for anywhere between 30
minutes and 4 hours, to extract the cold soluble principles.
Maceration can also be used so that the solid body absorbs the
liquid and is perfumed. However, it's crucial to use the right quantity
of alcohol; too little can lead to fermentation, and too much can
have negative effects on the final product's strength and
effectiveness. The total contents of bioactive compounds and
pigments were increased by macerating fresh wild olive leaves in
the literature, and the proportions of added leaves were statistically
substantially linked with the total contents. 15 phenolic compounds
from various phenolic types were identified, according to the
findings (Dauber et al., 2022).

The plant is allowed to soak in a covered container, in a cold, dark
environment. To avoid fermentation and/or degradation, water and
alcohol are typically used as the solvent. The liquid is drained, and
the wet marc is pressed, filtered, and placed in a bottle after the
maceration time, which is unique to each plant. The result is
typically referred to as a medicinal product. Gueboudji et al. (2023)
gave a comparison between maceration and liquid-liquid extraction
where they show phenolic compounds and antioxidant activities
dependent on the extraction method.

7. Analysis techniques

Various analytical techniques are available to the experimenter for
the separation of natural products such as high-performance liquid
chromatography (HPLC), gas chromatography (GC), high-
performance chromatography on thin layer (HPTLC), cons-current
chromatography (CCC), supercritical fluid chromatography (SFC) or
capillary electrophoresis (CE). Among these techniques, the first
two, coupled with mass spectrometry, are the most used ones for
our qualitative studies and/or quantitative different components of
the leaves of the olive tree (Capasso et al., 1992).

Separation of phenolic compounds involves many qualitative
techniques that enable the identification of one or more
compounds of the unknown mixture injected. To do this, you have
to have standard samples of suspected compounds in the mixture.
For a given set of parameters (gas flow rate, temperature, speed,
etc.), each parameter compound is characterized by its retention
time, which is the time required to pass through the
chromatographic column. The distance traveled by the compound is
calculated from the time of injection until it appears in the detector.
Other quantitative methods, assay for determining the
concentration of an unknown mixture of the compound, once these
compounds have been identified.

7.1. HPLC analysis

High-performance liquid chromatography (HPLC) is a method for
separating the constituents of a mixture even if it is very complex,
the sample is placed in a column filled with a stationary phase of
small particle size and a high-pressure liquid (mobile phase). This
decreases the time necessary for separating the components
present in the stationary phase. These components, therefore, have
less time to spread through the column, it occurs as a result of the
narrow peaks with better sensitivity and selectivity.

The first step is the preparation of samples; products usually have to
be subjected to a preliminary purification to remove unwanted
mixing products. The extracts were filtered through a 0.5-micron
membrane before being injected (Ryan et al., 1999).

The second waypoint is adjusting parameters (pressure and flow
rate of eluent, eluent type, etc.) for the optimal separation of
compounds of an unknown mixture. After injection, the standards
and the unknown sample, proceed to step calculation for qualitative
and quantitative analysis, and finally the interpretation of results.
Phenolic compounds present in the extracts of olive leaves were
analyzed by liquid chromatography high performance coupled with
UV array detector diodes (HPLC-UV).
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7.2. Analysis of extracts by LC/MS

Liquid chromatography coupled to mass spectrometry (LC/MS) is a
technique that combines analytical chemistry with the physical
capacity of liquid separation chromatography (HPLC) with mass
spectrometry. LC/MS technique is used for many applications which
have high sensitivity. In general, the application of the technique
LC/MS relates to the detection and identification of chemical
potential in the presence of other chemicals (Mohamed et al,
2018).

Issaoui et al. (2017b) performed LC-MS analysis using a Warters
600E pump system equipped with a Merck-Hitachi UV detector and
a Lichrosphere 100 RP-18 column (250 x 4 mm). The system was
connected to a Finnegan-MAT LCQ mass spectrometry instrument
via an APCl interface (Atmospheric Pressure Chemical lonization). In
this model APCI eluent passes through a heater in the ionization
chamber maintained at atmospheric pressure. Then the eluent is
nebulized by the high temperature (500-600 °C) and a rebulsant gas
(nitrogen). The ionization is produced by an electric discharge
through a high-voltage needle (3000-4000 V) which forms the
protonated molecular ions (M + H)*. These ions pass through the
sampling cone (cone sampling SPM) in a region at an intermediate
pressure and through a skimming cone. An electric field between
the two cones accelerates ions and causes collisions. The fragments'
molecular and ionized ions arrive at the quadruple, maintained at a
pressure of 10 torr.

7.3. DPPH test

Using a model system, the DPPH test can be used to measure the
antiradical power of pure substances or plant extracts (organic
solvent, room temperature). It gauges an antioxidant's ability to
lower the DPPH chemical radical (generally, AH, phenolic
substances) (2,2-diphenyl-1-picrylhydrazyl) by hydrogen transfer.
The DPPH, initially purple, is transformed into DPPH-H, pale yellow.
Using the stable free radical 2,2-diphenyl-1-picrylhydrazyl, the
extracts' antioxidant activity was assessed based on hydrogen-
donating or radical-scavenging capacity (DPPH). According to the
investigation of Belagziz et al. (2017), 3 ml of 0.04% DPPH
methanolic solution and 0.1 ml of phenolic preparations were
added. After carefully blending whatever together, the mixture was
allowed to sit at room temperature for 60 minutes in the dark.

The ICso represents the amount of antioxidant substance required to
reduce 50% of the amount initially present in a DPPH solution. It is
expressed in mcg/ml plant extract. The ICso (%) is obtained by the
equation of the straight average of the percentage of residual DPPH
versus the logarithm of the antioxidant concentration. The highest
anti-radical activity is a fraction that has the lowest ICsq. Their values
were calculated by measuring the amount of DPPH inhibition
brought on by olive leaf or bark preparations after 30 minutes.

From the literature, we collected ICso values, in pg/ml for various
olive tree derivatives, including leaf, bark, stone, and pulp (Table 1),
these values represent the concentration of the extract giving 50%
radical scavenging. Given values interest 3 kinds of an olive tree well
planted in Tunisia, ie Chemlali, arbequina, and koroneiki. Table 1
shows the relationship between duration and concentration and the
% inhibition of volatiles from the leaves, stems, and flowers of the
considered cultivars. After only five minutes of contact with the
radical cation ABTS*, the volatile extracts from every section of the
olive tree displayed an intriguing scavenging ability. With more
contact time, this ability gradually grows.

According to those results, the ICso value for olive bark is less than
that estimated for leaf material. These findings demonstrate that
bark has a greater potential for antioxidants than leaves.
Oleuropein, which is present in greater concentration in the cortex
than in the leaves, maybe one of the compounds present that have
the potential to be active in these two olive bodies, explaining the
variations in the polyphenol extracted from these two olive bodies'
antioxidant capacity.

Table 1 depicts how many distinct olive tree species have had their
ICso values determined. The three categories provide an ICs in the
range (13-43). The ICso index for Chemlali changes only slightly
between different derivatives of the olive tree.

7.4. Composition and fragmentation

Several applications within the pharmaceutical sector provide an
opportunity to investigate technologies for processing plant
biomass. Fatty acids, polyphenols, flavonoids, triterpenes, and
various other compounds undergo chemical fragmentation through
the solvolysis of chemlali olive derivative biomass, as detailed by
Ksibi and Ksibi (2018). Based on the knowledge gained from
traditional medicine, the phenolic fragments from this plant matrix
that were thusly solubilized can be employed as precursors for the
development of medications. They may also result in fresh
formulations of antioxidants and active components, the existence
of which depends on the variety.

The recognition of retention times stated in the analytical
techniques used to compare the given extract to standards forms
the basis for the identification of compounds. Several compounds,
including oleuropein, phenolic alcohols, phenolic acids, and other
substances in very small percentages, are mentioned in many
papers regarding the extraction of the Chemlali variety (Bouaziz et
al., 2005; Essafi et al., 2019; Issaoui et al., 2017a; Mechi et al., 2023).

Figure 3 shows the chromatogram of the extract of olive leaves
(Ksibi & Ksibi, 2018). This chromatogram clearly shows that
oleuropein is the predominant compound. Other phenolic acids
were identified and quantified in Chemlali olives. Among these
compounds, it has there vanillic acid and p-coumaric acid, which
have an average concentration. Additional phenolic monomers such
as tyrosol, p-hydroxyphenylacetic acid, caffeic acid, ferulic acid, and
vanillin exhibit low concentrations, they are present as minor
compounds in the leaves of the variety of Chemlali. These results
agree well with those found in Spanish olive varieties (Brenes-
Balbuena et al., 1992).

Mass spectrometry is a technique for chemical characterization that
measures the ratio of the mass/charge (m/z) of atoms or molecules
in the sample to identify and determine its chemical structure. The
extract of olive leaves was analyzed by LC-MS/MS instrument using
the ionization system with electrospray (ESI) in negative mode.
Identification of phenolic compounds of olive leaf variety Chemlali
was released by the explanation of the different fragments found in
mass spectra MS1 and MS2 in comparison with the literature. The
obtained chromatogram obtained allowed us to determine the
structures of the compound present in the sample based on the
high specificity of the analysis by mass spectrometry.

7.5. Principle extracted compounds
Various extracted substances from olive tree bark are recognized for

their antioxidant capacity (using the DPPH radical scavenging) and
total phenols amount. The most active extracts were obtained with
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hydrodistillation (HD) and solvent extraction (SE). Among the
components identified by GC-MS, it can be noticed that benzyl
cinnamate is a medicine used as a treatment against scabies
(Gunning et al., 2012). Furthermore, we recognize the significant
presence of VAT compounds such as hydroxytyrosol, tyrosol, and
oleuropein. The study of these volatile compounds is primarily

linked to their antioxidant properties. Several reports in the
literature also describe the antimicrobial properties of phenolic
compounds in olive tree products referring to compounds obtained
from olive tree derivatives extraction. Following a few details
concerning more known compounds (Table 2).

Table 2. The retention time and concentration for selected compounds in different derivatives

Compound Cultivar Derivative Retention time Concentration Reference
Oleuropein Chemlali Bark 36.46 3.9 (Issaoui et al., 2017a)
Chemlali Leaf - 4.32 (Jemai et al., 2008)
- Leaf 18.42 - (Ghomari et al., 2019)
- VOO 6.98 - (Garcia-Martinez et al., 2016)
- Bark 13.1 8.52 (T6th et al., 2015)
Chemlali - - 8.48 (Mechi et al., 2023)
Chemlali - 15.6 (Essafi et al., 2019)
Cinnamic acid - Leaf - 0.05-1.09 (Ozcan & Matthéus, 2017)
Arbequina - 16.62 - (Quirantes-Piné et al., 2013)
Benzyl cinnamate Chemlali Bark 46.92 1.46 (Issaoui et al., 2017a)
Cinnamyl cinnamate Chemlali Bark 55.87 1.6 (Issaoui et al., 2017a)
Hydroxytyrosol Chemlali Bark 12.66 0.028 (Issaoui et al., 2017a)
- Leaf 07.66 0.025 (Ghomari et al., 2019)
Arbequina VOO 2.74 0.019 (Garcia-Martinez et al., 2016)
Arbequina VOO 9.70 0.016 (Romero & Brenes, 2012)
- Pomace 3.19 - (Dierkes et al., 2012)
- Bark 4.03 - (Toth et al., 2015)
Chemlali - - 4.19 (Mechi et al., 2023)
Chemlali VOO - 0.092 (Essafi et al., 2019)
Tyrosol Chemlali Bark 15.33 0.164 (Issaoui et al., 2017a)
- Leaf 10.68 0.2-1.95 (Ghomari et al., 2019)
Arbequina EVOO 3.49 2.46 (Garcia-Martinez et al., 2016)
- Pomace 11.54 0.298 (Owen et al., 2004)
- VOO 10.45 - (Mateos et al., 2005)
Arbequina VOO 149 0.1779 (Romero & Brenes, 2012)
Chemlali - - 0.177 (Mechi et al., 2023)
Chemlali Leaf - 0.041 (Essafi et al., 2019)
Phytol Chemlali Bark 47.7 0.198 (Issaoui et al., 2017a)
- - 10.8 - (Vetter et al., 2012)
Squalene Chemlali Bark 67.35 1.796 (Issaoui et al., 2017a)
Arbequina VOO 335 0.8-1.2 (Lanzon et al., 1994)
- VOO 53.41 0.2-16.2 (Aresta et al., 2020)
Chemlali Leaf - 3.26 (Issaoui et al., 2017b)

VOO: Virgin Olive Oil, EVOO : Extra Virgin Olive Oil
7.5.1. Phytol (C20H400)

Phytol is a significant acyclic diterpene alcohol that is present in all
plants with esterified chlorophyll and can be employed as a
precursor to vitamins E and K, as well as a component of
chlorophyll. In actuality, the molecules of chlorophyll are made up
of methanol and phytol derivatives known as esters of phytol. Phytol
is naturally present in oil sediment and is the most promising
precursor of the isoprenoid hydrocarbons found in oil shale.

Concerning olive tree derivatives extraction, the phytol component
was detected using a chromatography column at tr 10.8 min by
Vetter et al. (2012). In contrast, according to Issaoui et al. (2017a),
its peak may be seen in the chromatogram at about 47 min. The
extracted pythol content in this instance may be greater than 0.9
mg/g DW.

7.5.2. Cinnamyl cinnamate (C1sH120:)

Cinnamyl cinnamate is an element of the group of organic
substances called cinnamic acid esters. It is an odoriferous
ingredient found in many fragrance compounds. In addition to
domestic cleansers and detergents, it can be found in decorative
cosmetics, shampoos, and bathroom soaps. It naturally exists in
Goniothalamus borneensis, Populus candicans, Cinnamomum cassia,
Peruvian white balsam, and other organisms' bark. According to
Issaoui et al. (2017a), the component cinnamyl cinnamate was

found using a chromatography column at tr 55.87 min during the
extraction of olive bark, with a concentration of roughly 1.46 mg/g
DW.

7.5.3. Oleuropein (Cz5H3,013)

Oleuropein (or oleopicrin) is a phytochemical compound found in
olive leaves, raw olive, and olive oil, as well as in argan oil and privet
leaves. It is an ester of elenolic acid and hydroxylated and
glycosylated tyrosol, constituting a tannin that gives the raw olive a
burning taste and makes it inedible. Together with hydroxytyrosol,
its degradation metabolite, it has powerful antioxidant properties
and gives extra virgin olive oil its bitter taste.

Oleuropein and its metabolite hydroxytyrosol exhibit strong
antioxidant activity, which may contribute to the antioxidant, anti-
inflammatory, and disease-fighting properties of olive oil. In
particular, oleuropein is known for its ability to reduce blood
pressure. Chemlali leaves shows also secoiroids mainly oleuropein,
verbascoside, and oleoside. Oleuropein is the dominant phenolic
compound in the different varieties of olives and reaches a
concentration from leaves, in dry weight of about 4 mg/g as shown
in several papers (Issaoui et al., 2017b; Jemai et al., 2008).
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7.5.4. Benzyl cinnamate (C16H140:)

Benzyl cinnamate is an ester that is obtained by the condensation of
benzyl alcohol and cinnamic acid. It is one of the fragrance
compounds, that is widely used in food and pharmaceutics (Bhatia
et al., 2007). Benzyl cinnamate is a fragrance ingredient commonly
used in heavy oriental perfumes as well as in cosmetics for its
discrete scent. Its natural occurrence in the trunk of olive trees and
roots of certain plants remains hidden until its scent is revealed.
Benzyl cinnamate finds also applications as a fixative and in the
production of strong oriental fragrances. It is used as a flavoring
agent. From olive bark, benzyl cinnamate was extracted via
hydrodistillation technique at 1.46 mg/g in dry weight (Issaoui et al.,
2017a). However, according to (Ozcan & Matthdus, 2017), it is
primarily produced synthetically and has a concentration that
ranges from 0.005 to 1.09 mg per gram when extracted from leaves.

7.5.5. Cinnamic acid (CoHsOz)

The natural compound cinnamic acid is a white crystalline substance
that has limited solubility in water but is easily soluble in many
organic solvents. It is considered an unsaturated carboxylic acid and
can be found in various plants. It serves as a crucial intermediate in
the biosynthesis of various natural products, such as lignols (which
are the precursors to lignin and lignocellulose), flavonoids,
isoflavonoids, coumarins, aurones, stilbenes, catechin, and
phenylpropanoids. This versatile compound is derived from the
shikimic acid pathway and is a precursor to the biosynthesis of other
important compounds in plants. Cinnamic acid is also used in the
food, pharmaceutical, and cosmetic industries due to its antioxidant,
antimicrobial, and anti-inflammatory properties.

Cinnamic acid was identified by Quirantes-Piné et al. (2013) in an
olive leaf extraction of the arbequina variety using a
chromatography column at tr 16.62 min. A variable concentration of
cinnamic acid from leaves can approach 1 mg/g DW (Ozcan &
Matthaus, 2017), according to previous results provided in the
literature, although the extracted cinnamic acid content was around
0.83 mg/g DW (Yorulmaz et al., 2012).

7.5.6. Tyrosol (CsH1002)

Tyrosol is a natural phenolic antioxidant found in olive leaves and
olive oil and to a lesser extent in argan oil and white wine. It is also
found in extracts in the form of glucosides. Tyrosol was shown to be
an effective cellular antioxidant, probably due to intracellular
accumulation, despite its weak antioxidant activity. Tyrosol, the
major olive oil biophenol, protects against oxidative stress that
causes cellular damage, tyrosol, a phenolic compound, ameliorates
hyperglycemia by regulating key enzymes of carbohydrate
metabolism in streptozotocin-induced diabetic rats. According to
Ghomari et al. (2019), olive leaves contain roughly 0.2-1.95 mg/g of
tyrosol, while olive bark contains about 0.164 mg/g via
hydrodistillation as mentioned by Issaoui et al. (2017a).

7.5.7. Hydroxytyrosol (CsH1003)

Hydroxytyrosol, which is among the major phenolic compounds
found in olives, virgin oil, and wastewater produced during olive oil
manufacturing, is mainly present in an esterified form in fresh virgin
oil. However, over time, non-esterified hydroxytyrosol becomes
more dominant due to hydrolytic reactions (Angerosa et al., 1995;
Cinquanta et al., 1997).

Hydroxytyrosol is phenolic alcohol and has been hypothesized to
exert a wide range of biological effects, including cardioprotective,
anticancer, neuroprotective antimicrobial, beneficial endocrine, and
other effects. Despite this, it is believed that the antioxidant
properties of hydroxytyrosol are one of the main reasons for its
health-promoting effects. It has been shown to protect cells from
oxidative damage caused by free radicals, which are unstable
molecules that can harm cells and contribute to the development of
diseases such as cancer, Alzheimer's, and heart disease.

Despite numerous studies, the precise molecular mechanisms
responsible for these effects are still not fully understood.

7.5.8. Squalene (CsoHso)

Squalene is one of the substances derived from derivatives of olives.
It is a naturally occurring 30-carbon lipid that was first obtained
commercially from shark liver oil (hence the name), but it is now
also obtained from plant sources, primarily vegetable oils, such as
amaranth seeds, rice bran, and wheat germ, as well as in smaller
amounts (0.1-0.7%) from olive oil and other cereal oils (Akgin,
2011). As long as it has a significant capacity to absorb oxygen, it is a
crucial step in the production of cholesterol. Squalene serves as the
building block for stigmasterol in plants (Popa et al., 2015). It is the
precursor to ergosterol in some fungi. Squalene, however, is not
produced by blue-green algae or all bacteria; therefore, if they
require it, they must obtain it from the environment (Martinez-
Beamonte et al., 2020).

As mentioned by Aresta et al. (2020), squalene occurs in olive oil at
concentrations in the range of 0.2 to 16.2 mg/g. According to Issaoui
et al. (2017b), the supercritical fluid extraction method was used to
extract the squalene from the Chemlali leaf, and the peak was
attained after 67.35 minutes as seen in the chromatogram (Figure
3). Additionally, the concentration increased from 1.8 mg/g (at P=25
MPa) to 3.27 mg/g (at P=30 MPa) by using supercritical fluid
extraction.

4. Conclusions

Recent studies reveal an interest in applying innovative extraction
strategies to acquire bioactive byproducts, specifically phenolic
chemicals, from olive tree derivatives. The use of non-standardized
extraction processes, on the other hand, might result in variances in
the chemical makeup of various plant sections. We summarized
alternative extraction procedures for phenolic compounds from
olive leaf, stone, pulp, and bark and assessed their antioxidant
activity using the DPPH test. Upon comparing the excessively
planted olive cultivars in Tunisia, namely koroneiki, arbequina, and
chemlali, it is apparent that the chemlali variety exhibits a higher
content of polyphenols and triterpenes. With an ICso of 14.84
mg/ml, the Chemlali bark extract has a stronger antioxidant capacity
than the leaf extract and virgin olive oil. Hydrodistillation appears to
be a suitable method for extracting small quantities of benzyl and
cinnamyl cinnamates from the Chemlali variety. With SF extraction,
it was shown that derivatives treated with supercritical carbon
dioxide can produce from Chemlali olive genotype different extracts
with high VAT such as squalene and cinnamates where yields
increase significantly at a moderate pressure of 90 bar.

Furthermore, it is observed that the main active principles and
substances extracted from the Chemlali variety are comparable in
quantity to those extracted from other varieties, although the
richness and diversity of the Chemlali variety remain distinct.
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