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Abstract

In Tunisia, the olive tree has been cultivated for more than 3000 years by different civilizations, such as the Phoenicians,
Greeks, Carthaginians, Romans, and Arabs. The ancient olive trees, which thrive in harsh environments, are little known and
contain a foremost part of the olive germplasm. This study focused on the chemical oil analysis of the Tunisian millennial
olive trees dating from the Roman and the Carthaginians periods. Twenty-eight antique olive trees grown in Tunisia's north
to south are the subject of this study. Analyzed according to international standards, the tested accessions present oil with
high quality, rich in chlorophyll and carotenes, and highly rich in polyphenols. The oil's fatty acid composition is complete
with the international norms with a high oleic acid content, low palmitic and linoleic acid concentrations, and a C18:1/C18:2
ratio > 7. Four oils, in particular, contained substantial levels of polyphenols (500-1632 mg/kg) and a C18:1/C18:2 ratio
of >9. Subsequently, it is crucial to prevent the extinction of ancient olive trees to preserve their historical significance and
ecological worth, as well as to incorporate the best genotypes into new varieties and boost the competitiveness of Tunisian

olive oil on the global market.
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Introduction

Olive oil is a foodstuff steeped in myths and cultures, with
many important properties related to its organoleptic char-
acteristics, nutritional value, and cultural influences. The
development of olive cultivation in the Mediterranean is
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closely linked to human nutrition and, together with wheat
and grapes, forms the “Mediterranean trilogy” on which the
diet of the same name is based, widely recognized for its
health benefits [1].

Extra virgin olive oil (EVOO) is defined as oil obtained
directly from fresh fruits through a mechanical process with-
out refining steps, which play an important role in the final
quality of EVOO [2]. It is a high-quality nutrient due to its
content of fatty acids, essentially unsaturated, and its minor
components, such as polyphenols, tocopherols, and carot-
enoids [3]. These give it a high antioxidant activity that can
help prevent or delay the onset of certain degenerative and
cardiovascular diseases [4, 5].

One of the olive-growing countries that attract more and
more attention for its high-quality oil is Tunisia, a North
African country covered with olive groves and where olive
oil presents an essential part of gastronomy. In this country,
olive cultivation dates back to the Berbers, long before the
arrival of the Carthaginians. Since then, the dietary hab-
its of Tunisia’s indigenous population have been based on
olive fruit and oil, used by rural women to prepare bread,
soup, porridge, and many other dishes [6]. Throughout his-
tory, olive oil has also been used to treat diseases, such as
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rheumatic and cardiovascular diseases, stomach ailments,
and burns [7], which is why olive oil can be considered an
integral part of Tunisia’s history and the culture of its inhab-
itants. The centuries-old tradition of olive cultivation has
given rise to today’s olive groves which cover an area of 1.89
million hectares, including 75,000 ha of certified organic
cultivation [8]. Today, the olive sector employs 269,000
farmers, or 57% of all farmers, and contributes to 45% of
agricultural exports, averaging 120,000 tons per year [9, 10].

Research on Tunisian olive germplasm began in the twen-
tieth century. Initially, studies focused on the morphological
and biochemical traits of a limited number of olive varieties,
such as the most widely cultivated “Chetoui” and “Chemlali”
and some minor cultivars, such as “Oueslati”, “Besbessi”,
and “Gerboui” [11-15]. Over time, studies moved to using
molecular markers, which allowed the identification of more
than 83 varieties distributed throughout Tunisia [16, 17] and
the registration of 56 cultivars in the national catalogue [18].
However, given that Tunisia harbours a great genetic diver-
sity of Olea europaea L., this number falls far short of real-
ity. Many monumental trees whose age exceeds thousand
years have never been studied for their oil composition and
quality. Mnasri et al. [12, 19] studied their geographical dis-
tribution across the country and their thriving in desert and
arid areas and explained their survival by people’s belief in
their sacredness. Using morphological and molecular data,
the authors pointed out a great genetic diversity that could
be used in olive breeding programs. Thus, there is an urgent
need to protect and study these thousand-year-old olive trees
to prevent their extinction in the face of constantly intensi-
fied agriculture. For decades, Tunisian olive oil was sold in
large quantities to other countries to be blended with other
oils under European brand names. Today, Tunisia is mak-
ing considerable efforts to produce and sell oils under Tuni-
sian brands that are competitive on the world market, such
as Teboursouk olive oil, which is registered as a protected
designation of origin (PDO) in the international register of
designations of origin [20].

The study aimed to examine the quality of 28 oils from
millennial olive trees from different regions of Tunisia to
obtain information on their oil quality and composition.
The results will help us understand the flavor and qual-
ity of the oils consumed by our ancestors and select those
whose quality complies with international standards by a
composition rich in oleic acid, carotenes, chlorophyll, and
polyphenols, to integrate them into the national breeding
programs to increase the nutritional value of Tunisian oil
and the competitiveness of the Tunisian olive industry on
an international scale.
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Materials and methods
Olive samples

The National GeneBank of Tunisia carried out extensive
surveys throughout Tunisia and found 28,000-year-old
olive trees of impressive size and appearance in the moun-
tainous and arid inland areas known for their difficult cli-
matic conditions (Figs. 1, 2). Trees at each sampling site
were selected on the basis of the growth habit, structure,
trunk thickness, using information from local growers and
trunk dimensions as indicators of tree age according to
[21], selecting trees with a girth of 6-8 m measured at 1.3
or 1.4 m above the ground (Table 1).

Genotyping of olives

Fresh, healthy leaves were collected from each plant in
July 2021, genomic DNA was extracted according to [22],
and DNA quality and concentration were checked on 0.8%
agarose gel and a Nano Drop TM ND2000c (Thermo Sci-
entific, MA, USA) spectrophotometer. DNA concentra-
tions were normalized to 50 ng/pL using 0.1 X TE buffer
(10 mM Tris—HCI pH 8.0 and 1 mM EDTA) and poly-
merase chain reactions were carried out using a set of 10
highly informative SSR markers consolidated for olive
genotyping [23]. PCR reactions were performed in a final
volume of 12.5 pL and contained 1X Dream Taq buffer,
0.15 mM dNTP, 0.25 pM primer mix, 0.3 U Dream Tagq,
and 50 ng genomic DNA. Amplicons were separated using
the automatic capillary sequencer ABI PRISM 3100 Avant
Genetic Analyzer (Applied Biosystems, Foster City, CA,
USA) with the internal size standard GeneScan 600 LIZ
(Applied Biosystems). Allele size was estimated using
GeneMapper v.5.0 software (Applied Biosystems, Foster
City, CA, USA).

For three consecutive harvest years (2018-2021), 1 kg
of fresh olives was hand-picked from different parts of
each tree at full and equal ripeness index (RI=3), based
on the assessment of olive skin and pulp color [24]. All
fruits were visually inspected and damaged fruits or those
affected by pests and diseases were discarded. The olives
were washed and processed within 24 h of harvest in a
laboratory mill of the National GeneBank, Tunisia (MC2
Ingenieria Y Sistemas, Seville, Spain) equipped with a
metal crusher, a mixer, and a basket centrifuge to obtain
extra virgin olive oils (EVOQ) through a cold extraction
process. The mill was washed between each batch of olive
fruits. The oil samples obtained were stored in dark glass
bottles at 4 °C until they were used for the analyses, which
were carried out in triplicate.
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Fig. 1 Geographical distribu-
tion of the analyzed millennial
olive trees
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Fig.2 Some of the monumental olive trees of Tunisia located in A Beja (North), B Kairouan (Center), and C Gafsa (South)

Physiochemical quality indices of the oil Regulations 2568/91 and the subsequent amendments by the
Commission of the European Union.20 [25]. All parameters

Free fatty acids and K,3, and K, extinction coefficients ~ were determined in triplicate for each sample.

spectrophotometric were determined according to the official

methods described in the European Union standard methods
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Table 1 Origin and use of the millennium olive cultivars under inves-
tigation

Sample Region of collection site Locality Use

M1 Haouria Nabeul (North) Table

M2 Mednine Mednine (Center) Oil

M3 Sfax Sfax (Center) 0il

M4 Zahret Medyen Béja (North) Oil and table
M5 Gafsa Gafsa ((South) Oil and table
M6 Gafsa Gafsa (South) Oil and table
M7 Zarzis Mednine (South)  Oil and table
M8 Mountain of Kesra Siliana (Center) Oil

M9 Mountain of Kesra Siliana ((Center) Qil and table

MI10 Mountain of Kesra
Mil1 Mountain of Kesra

Siliana (Center) Qil
Siliana (Center) Oil

MI12 Mountain of Kesra Siliana (Center) Qil and table
M13 Testour Béja ((North) Qil and table
Ml14 Testour Béja (North)) Oil and table
M15 Testour Béja (North) Oil and table
Ml6 Haouria Nabeul (North) Oil

M17 Testour Béja (North) Oil and table

M18 Sbeitla

M19 Slimen

M20 Sbeitla

M21 El Alaa

M22 El Alaa

M23 Ben Gardéne
M24 Ben Gardéne
M25 Tataouine
M26 Jerba

M27 Sbeitla

M28 Zahret Medyen

Kasserine (Center) Oil

Nabeul (North) Oil
Kasserine (Center) Oil and table
Kairouan (Center) Oil
Kairouan (Center)) Oil
Tataouine (South) Oil

Mednine (South)  Oil
Tataouine (South) Oil

Mednine (South)  Oil
Kasserine (Center) Oil and table
Béja (North) Table

Chlorophyll and carotenoid pigments

The content of chlorophylls and carotenoids pigments was
expressed as mg of pheophytin a or lutein per kg of oil.
Carotenoids are conjugated terpene compounds in various
forms (a, p and y) of which the f-carotene, the biochemical
precursor of vitamin A, is the most abundant. Pigments were
determined according to the method described in [26] by
measuring the absorbance at 670 and 470 nm of a mixture
obtained by dissolving 7.5 g of oil in cyclohexane to a
final volume of 25 ml. The absorbance was determined as
(Ag70109/(613%100%d) for chlorophyll and as (A 47,*10°%)/
(2000*100*d) for carotenoid, where ‘A’ is the absorbance
and ‘d’ is the thickness of the spectrophotometer cell (1 cm).

Phenolic profile
Phenolic compounds’ extraction and purification

The phenolic fraction was extracted according to [27]
by mixing 2.5 g of fresh oil with 250 ml of the internal
standard solution (15 ppm syringic acid in methanol). The
emulsion was vortexed for 10 min and evaporated in a rotary
evaporator at 35 °C under vacuum. The aliquot was dissolved
in 6 ml of hexane. The phenols were purified according to
[28]. Diol SPE cartridges (Supelco Co., Bellefonte, PA,
USA) were placed in a vacuum elution apparatus to refine
the phenolic phase. The cartridge was conditioned by the
sequential addition of 6 ml methanol and 6 ml hexane. The
oil solution was injected into the column after releasing
the vacuum. The solvent was drawn through the column
leaving the sample and standard on the solid phase. The
sample container was washed with 6 ml hexane followed by
4 ml hexane/ethyl acetate (85:15, v/v), and the solvents were
removed from the cartridge and discarded. The phenolic
phase was eluted from the column with 15 ml methanol,
vortexes for 5 min, and the solvent removed on a low-speed
rotary evaporator under vacuum at room temperature.
Finally, the residue was dissolved in 250 ml of methanol/
water (1:1, vol/vol).

Phenolic composition

The total phenolic content, expressed as mg gallic acid
equivalent (GAE) per kg EVOO, was determined by the
spectrophotometric Folin—Ciocalteu method of Single-
ton and Rossi [29]. Gallic acid was used in the external
calibration at different concentrations, including 0.00,
0.25, 0.50, 0.75, and 1 mM. After 30 min, the solution
was tested to determine its absorbance at 750 nm using
a UV-Vis spectrophotometer. The total phenolic content
was calculated as mM gallic acid equivalent (mM GAE)
using the calibration curve. The phenolic compounds were
identified using the Agilent 1100 liquid chromatography
system equipped with an automatic injector, a column
oven (Waters Co., Milford, MA, USA), and a diode array
UV detector. A Spherisorb S3 ODS2 column (250*%4.6 mm
i.e., 5 um particle size) was maintained at 30 °C, with a
flow rate of 1.0 ml/min and an injection volume of 20 pl.
The mobile phases consisted of solvent A (water/acetic
acid 95:5, vol/vol), methanol (B), and acetonitrile (C). The
following multi-step linear gradient was applied over a
period of 50 min: it started at 95% A, 2.5% B, and 2.5%
C and changed to 34% A, 33% B and 33% C. The phenols
were quantified at 280 nm using syringic acid as an inter-
nal standard, and the response factors were determined by
comparing their retention times with maximum absorb-
ance according to [29]. Simple phenols were identified
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using pure standards injected under the same conditions
as the olive oil extracts. Complex phenols were tenta-
tively identified with two replicate analyses based on their
retention times, and phenolic compound concentrations
expressed as mg/kg syringic acid.

Fatty acid composition

The fatty acid composition was determined by gas chroma-
tography according to the International Olive Council [30].
Fatty acid methyl esters (FAME) were dissolved by mix-
ing 0.2 g of oil in 3 ml of hexane. The solution was mixed
with 0.4 ml of 2N methanolic potassium hydroxide before
being analyzed by gas phase chromatography. The carrier
gas was nitrogen (1 ml/min), the injector and detector (FID)
temperatures were 240 °C and 260 °C, respectively, and the
oven temperature was 210 °C. The spillage ratio was 1/5
and the injection volume was 1 ul. Fatty acids were identi-
fied by comparing each sample with fatty acid methyl ester
standards.

Statistical analysis

Statistical analysis was performed using XLSTAT v. 6.1
software (Addinsoft, Paris, France) and the statistical
package SPSS software (IBM version 17). Results
were reported as tables of mean values and standard
deviations. One-way analysis of variance (ANOVA)
was used to evaluate the effects of the genotype and the
growing location on the composition of the oil and its
quality parameters. The significance of differences at 1%
(p<0.01) between mean values was determined using
Turkey’s test.

Results
Quality parameters

The results for quality parameters of the analyzed EVOO
oils are presented in Table 2. At the fruit ripening stage
RI=3, all the oils except M24 and M27 had a free acidity
content lower than the upper limit of 0.8% which is the
threshold limit established for the “Extra Virgin Olive Oil”
category. The specific extensions’ values of K3, and K,
were < 2.5 and <0.22, respectively, complying with the
limits prescribed in [25].

Chlorophyll and carotenoids

The chlorophyll content of the analyzed EVOOs ranged from
0.28 (sample M1) to 22.1 ppm (sample M27) with significant
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differences among the oils (p value <0.01) (Table 2). Most
of oils had low-to-medium content (average 3.16 ppm), in
line with other Tunisian oils [31-33], but oils M6, M19,
M?20, and M27 had a very high chlorophyll content (17.2 to
22.1 ppm (Table 2). Carotenoids also varied significantly
(0.21-6.64 ppm), and were > 1 ppm, which is the threshold
requested for an effective inhibition of photo-oxidation, in
most of oils. Although many factors influence the pigment
profile of olive fruits, such as ripening degree and growing
conditions [34-36], four oils, M9, M 19, M20, and M27, had
a carotene content > 3 ppm.

Polyphenols

In the studied oils, the polyphenol content, expressed as
mg gallic acid equivalent (GAE) per kg EVOO, varied
significantly (p <0.01) ranging from 91.2 to 1632 mg/kg
(Table 3). Several oils had content > 500 mg/kg, in particular
those originating from the arid regions of Kesra (M 10, M11,
M12), El Alaa (M21, M22), and Gafsa and Medenine (M3,
MS5, M7, M24, and M25) (Table 3).

As for the phenolic composition, chromatography
revealed 14 compounds (Table 3). Among the monomeric
phenols, tyrosol (p-hydroxyphenyl ethanol: p-HPEA),
hydroxytyrosol (3,4-dihydroxy phenyl ethanol: 3,4-DHEA),
and their derivatives were the most abundant. These phenols
have important biological activities as free radical scaven-
gers and metal-chelators [37, 38] and show a variety of ben-
eficial effects on human health, including cardio protective,
anticancer, neuroprotective, antimicrobial, and endocrine
effects [39]. Tyrosols reached 55.7 mg/kg in sample M1,
and hydroxytyrosol reached 34.36 mg/kg in M12.

Among the complex phenols, the aldehyde form of ele-
nolic acid combined with hydroxytyrosol (oleocanthal,
3,4-DHPEA-EDA) or tyrosol (oleuropein, p-HPEA-EDA),
the ligstroside aglycone (p-HPEA-EA), and an isomer of the
oleuropein aglycone (3,4-DHPEA-EA) are the most abun-
dant secoiridoid fractions in virgin olive oil [40-44]. The
analyzed oils differed significantly in the content of oleocan-
thal and oleuropein, reaching, in sample “M11”, the content
of 337.33 mg/kg and 225.33 mg/kg, respectively. This oil
was also the richest in oleuropein aglycone (668 mg/kg) and
ligustroside aglycone (150.66 mg/kg), two components very
important in the metabolism of the human body by reduc-
ing the levels of reactive oxygen species [45, 46]. Other
phenols, such as vanillic acid, vanillin, p-coumaric acid,
and ferulic acid, were also found, although in low amounts
(0.001-5.35 mg/kg). Finally, the lignans pinoresinol and
acetoxypinerosol varied from 0.77 to 17.85 mg/kg and from
0.001 to 6.81 mg/kg, respectively, but they were > 12 mg/kg
in samples M2, M3, M4, M11, and M28. These compounds
belong to the phytoestrogen family and have beneficial
health effects [47]. In clinical studies, it has been observed
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Table 2 Mean values and

standard deviations (SD) of Sample Free acidity (g/100 g) K3, K70 Chlorophylls Carotenes
quality parameters of olive oils Ml 0.3+£0.014jk 2.44+0.03hi  0.15+0.01gh 0.28+0.024a  0.56+0.055bc
i"ll’c;z;“i%.fr;’gef;‘;i‘;g “[’Jlf,‘“r“y M2 0.41 +0.008Im 1.75+0017cd  0.11£0.03cd  7.41+0.002m 0.56+0.05bc
spectrophotometer indices, and M3 0.33+0.04kl 2.12+0.07hi  0.14+0.001fg 0.29+0.02a  0.47+0.04b
total chlorophylls and carotenes’ M4 0.34+0.012kl 2.28+0.03hi 0.21+0.003jk 5.62+0.03k  0.21+0.018a
pigments’ content are listed. In M5 0.27 +0.009jk 232+0.07hi  0.15+0.004gh  2.61+0.06fg  0.42+0.064b
ﬁ;iiz‘%;ﬂffg;‘eﬁ‘fxz‘:;e M6 0.32+£0.021kI 2474001hi  0.21+0.004k 1724020 1.6+0.067hi
Jetters differ significantly M7 0.36+0.04kl 225+0.08hi  0.16+0.007gh  8.51+0.05n  0.79+0.016d
(Tukey’s test, p 0.05). MS$ 0.19+0.02de 1.41+0.0a 0.13+0.01ef 423+0.16f  2.19+0.08kI
M9 0.21+0.02fg 149+0.0la  0.13+0.02¢f 6.22+0.161  3.82+0.070
MI10 0.24+0.01gh 1.77+0.06de  0.13+0.01ef 1.1540.06b  1.07+0.04ef
Mi1 0.18+0.01cd 1.89+0.04fg  0.21+0.01k 224+0.15de  1.72+0.07hi
MI12 0.26 +0.01ij 1.89+0.04fg  0.21+0.01jk 3.77+0.12i  2.67+0.06n
MI13 0.14+0.04bc 2.08+0.07gh  0.10+0.01ab 3.13+0.05h  1.40+0.0lg
M14 0.19+0.04de 1.7+0.05de  0.12+0.02de 3.83+0.151  2.33+0.05ml
MI15 0.1+0.02a 14740292 0.10+0.0lab 2.5+0.2ef 1.8+0.1ij
M16 0.2+0.0lef 141+0.07a  0.11+0.01lbc 29+0.1gh  2,0+0.1jk
M17 0.25+0.02hi 1.82+0.02¢f  0.12+0.01de 2.06+0.11cd  1.08+0.07f
MI8 0.35+0.01kl 1.6+0.05ab  0.09+0.002a 1.33+0.02b  0.40+0.02ab
MI19 0.13+0.001ab 2.22+0.7hi 0.19+0.1jj 19.75+0.06p  5.60+0.2p
M20 0.77 +0.0250 1.66+0.015bc  0.10+0.0017ba  22.1+0.1q  6.64+0.03q
M21 0.29+0.01jk 1.85+0.05fg  0.13+0.003fg 2.86+0.05gh  0.86+0.02de
M22 0.63+0.05n 1.87+0.02fg  0.12+0.00lcd  3.93+0.11ij  0.72+0.02cd
M23 0.46+0.01m 1.76+0.015de  0.18+0.011hi 1.05+0.005b  2.54+0.01mn
M24 1.58+0.11q 231+0.15hi  0.19+0.01jk 2.05+0.005cd  2.33+0.005ml
M25 0.28 +0.005jk 227+0.19hi  0.10+0.00lba  2.05+0.005cd 2.33+0.005ml
M26 0.25+0.01hi 2.6+0.005hi  0.18+0.005hi 1.76+£0.05c  1.51+0.005gh
M27 1.30+0.1p 1.83+£0.02fg  0.12+0.00lcd  22.1+0.1q  6.62+0.02q
M28 0.61+0.01n 2.09+0.01gh  0.19+0.004jk 4.16+0.05]  2.23+0.051

that women with a high intake of plant lignans have a lower
risk of postmenopausal breast cancer, especially the ER +/
PR + subtype, as well as a reduction in the expression of the
tyrosine kinase proteins FASN and HER?2, which are directly
involved in cancer processes [48].

Fatty acid profile

The fatty acid composition (%) of olive oils is summarized
in Table 4. The oils studied showed remarkable differences
in the content and composition of the major fatty acids
(p<0.001). Oleic acid was the most abundant (average
67.36%), followed by palmitic acid (14, 6%), linoleic acid
(C18:2), and palmitoleic acid (average 1, 39%). Among
the saturated fatty acids (SFA), palmitic acid was the most
abundant, followed by stearic acid (2.55%) and arachidic
acid (0.31%).

Polyunsaturated fatty acids (PUFAs) were mainly rep-
resented by linoleic acid, which ranged from 5.05% (M5)
to 22.74% (M13), and linolenic acid from 0.1% (in M1)

to 0.91% (in M14). Nine oils (M5, M6, M8, M9, M10,
M11, M14, M15, and M21) had an oleic acid/linoleic acid
ratio> 7, which is the threshold which correlates with a high
quality for olive oil [49, 50].

Discussion

Since the twentieth century, efforts to develop the quality of
olive oil in Mediterranean countries have greatly increased,
extending the study to thousands of trees, along the Aegean
Sea. In Crete, the largest Greek island exists a 3000-year-
old olive tree in Kavousi. It is an olive tree of exceptional
size with a 14.2 m perimeter and nearly 5 m in diameter
[51]. Italian CNR researchers on the olive genetic resources
proved the existence of Millennium olive trees in the Mount
of Palestine and Urla, a small Turkish peninsula [52]. The
Spanish researchers consider that the ancient olives from
southern Spain constitute a priceless reservoir of genetic
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Table 3 Phenolic compound composition of the studied olive oils

Cultivar ~ Hydroxy-tyrosol ~ Tyrosol Vanillic acid Vanillin P-Coumaric acid 3.4 DHPEA-AC  Ferulic acid
Ml 2.71+0.01ef 55.7+5.75 2.48+0.181 1.28+0.03g 1.18+0.02de 1.43 +£0.00i 1.46+0.01ef
M2 14.8+0.51 12.33+0.35gh ~ 0.28+0.04cd 0.29+0.01cd 0.4+0.03ab 0.64+0.03f 0.34+£0.05bc
M3 6.8+0.21 5.2+0.10de 1.5+0.01; 4.8+0.1j 2.81+0.01f 6.05+0.05m 7.15+0.15j
M4 14.5+0.21 10.5+0.2gh 0.51+£0.01f 0.38+£0.02d 0.65+0.05bc 1.38+0.03hi 0.65+0.05cd
M5 29+0.000 14 +0.2hi 0.35+0.05b 0.6+0.05° 0.35+0.05ab 0.35+£0.05e 32+0.00k
M6 8.8+0.1k 12+0.1gh 0.65+0.05h 2.3+0.1h 0.75+0.05¢cd 3.7+0.01k 31.73+0.64k
M7 26.5+0.5n 21.5+0.5j 0.89+0.01i 0.7+0.05e 2.05+0.05ef 0.9+0.05g 3.2+0.1h
M8 3.31+0.01fg 4.99+0.01de 0.26 +0.00bc 0.15+0.00bc 0.14+£0.00a 0.18+0.00cd 1.43+0.01ef
M9 4.66+0.05h 5.12+0.06de 0.35+0.01de 0.18 +0.00bc 0.19+£0.00a 0.19+£0.01d 1.78 +0.01fg
MI10 8.36 +£0.05k 5.78 +£0.02ef 0.25 +0.00bc 0.2+0.00bc 0.24 +0.00ab 0.31+0.00e 5.35+0.051
Ml1 18.66 +0.58m 8.5+0.01fg 0.14 +0.005ab 0.11+0.01ab 0.46+0.01ab 0.38+0.00e 1.18+0.01de
Mi12 34.36+0.1p 27.7+0.3k 0.51+0.11fg 0.19+0.00bc 0.38+0.02ab 0.38+0.00e 2.13+0.2g
M13 0.21+£0.01a 0.95+0.01ab 0.42 +0.00ef 0.05 +0.00ab 0.86+0.1cd 0.05+0.05a 0.17 +0.00ab
M14 0.06 £0.00a 0.66+0.01a 0.33+0.00de 0.22 +0.00cd 0.34+0.00ab 0.08 +0.00bc 0.09£0.00a
MI15 1.13+£0.00c 5.43+0.04de 0.45 +0.00ef 0.06 +0.00ab 0.71+0.00bc 0.06 +0.00ab 0.14 +0.00ab
Mi16 1.05+0.01bc 2.07+0.01cd 0.42 +0.00ef 0.06 +0.00ab 0.3+0.00ab 0.3+0.00e 0.3+0.00bc
M17 0.05+£0.00a 0.68 +0.00a 0.7 +0.00h 0.17 +0.00bc 0.4+0.00ab 0.4+0.00e 0.47 +0.00bc
Mi18 0.03 £0.00a 0.76 +0.01a 0.4 +0.00ef 0.19+0.00bc 0.32+0.00ab 0.07 +0.00ab 0.3+0.00bc
MI19 0.5+0.00ab 1.38+0.01b 0.13+0.01ab 0.07 +£0.04ab 0.07£0.00a 0.04+0.00a 0.09+£0.00a
M20 0.34+£0.00a 4.26+0.18cd 0.91+0.001 0.06 +0.00ab 0.56 +0.00bc 0.07 +0.00ab 0.32+0.00bc
M21 0.37+£0.00a 0.34+0.00a 0.07+0.00a 1.04 £0.00f 0.22 +0.00ab 0.001 +0.00a 0.1+0.00bc
M22 0.61 +0.00ab 0.6 +0.00cd 0.22 +0.00bc 0.28 +0.00cd 0.32+0.00ab 0.09+0.00cd 0.79+0.00cd
M23 0.15+£0.00a 0.27+0.00a 0.03+0.00a 0.048 +0.00a 0.8 +0.004cd 0.05 +0.00ab 0.17 +£0.00ab
M24 1.56+0.01cd 3.06+0.08cd 0.64 +0.00gh 0.056+0.01ab 1.03 +0.00de 0.15+0.00cd 0.32+0.00bc
M25 2.4+0.06° 3.86+0.08cd 1.47+0.01j 4.86+0.04j 2.3+0.06ef 5.9+0.061 1.17+0.01de
M26 7.6+0.06j 16.56 +0.15i 0.78 +0.02hi 0.62+0.00e 0.98+0.05de 0.9+0.01g 0.81+0.04cd
M27 3.5+0.00g 9.63+0.11fg 2.56+0.041 3.5+0.131 1.78+0.01ef 1.29+0.02h 3.4+0.06h
M28 2.16+0.04de 3.96 +0.00cd 1.84 +0.04k 0.60+0.06e 2.49+0.01ef 3.51+£0.05j 1.82+0.1fg
Average 1.91 4.39 0.86 1.11 1.05 1.2 0.89
Cultivar 3.4-DHPEA-EDA p-HPEA-AC p-HPEA-EDA Pinoresinol Acetoxy-pinerosol  Oleuropein Ligustroside Total phenol (mg/
aglycon aglycon kg)
Ml 0.87+0.11a 0.64 +0.06hi 20+0.5h 5.31+0.38ef 0.64+0.06d 11.94+0.11¢ 23.9+0.1g 337+1.33¢g
M2 1.21+0.01a 0.33 +£0.04ef 1.18+£0.02a 12.5+0.5j 0.33+0.04c 125+ 1n 60+0.4j 410+0.66h
M3 22+0.1a 8.53+0.051 5.3+0.6cd 13+0.2k 8.53+0.05m 208 +2p 139+11 628 +3.331
M4 4.1+0.1a 0.3+£0.05ef 4+0.5bc 3.3+0.1c 0.3+0.05¢ 89+0.51 26+ 1h 460+ 1.33i
M5 2.63+0.35a 0.286+0.03ef 3.6+0.2bc 1.06+0.01a 0.28+0.03¢ 76 +0.5k 21.6+0.2f 527 +10.66j
M6 33+0.5a 1.22+0.02j 132+ 10 1.77+0.07a 1.22+0.02h 4.1+0.1a 20.5+0.5f 430.66 +3.77hi
M7 12+0.2a 0.38 £0.00fg 190+2p 2.7+0.1b 0.38£0.00c 6.5+0.3f 27+0.5h 670+ 10m
M8 185+1b 0.34+0.01fg 28.9+0.11k 6.67+0.02¢g 1.09+0.01g 17.9+0.17h 4.1+0.1cd 256+ 1.33f
M9 232+40.7b 0.4+0.02fg 39.23+£0.661 8.97+0.02i 1.42+0.02i 30.6+1.21j 5.66+0.05¢ 354+2.66g
M10 285+24.26¢ 0.85+0.011i 127.33+0.57n 3.35+0.05b 2.06+0.015j 105.33+0.57m 27.26+0.25h 586+ 6kl
Ml11 337.33+251c¢ 4.56+0.05k 225.33+0.57k 15.1+0.11 6.16+0.151 668+ 11 150.66+1.15m 1632 +4.66n
M12 142.33 +£2.08b 0.48+0.01gh 121+ 1m 5.06+0.11e 4.17+0.02k 210.33+0.57q 75.66+0.57k 621 +2.66k1
M13 0.39+0.5a 0.05+0.05ab 4.56+0.15cd 4.6+0.1d 0.08 +0.00ab 2.28+0.25¢cd 0.90+0.011a 185.66 + 10.44cd
Mi14 0.13+0.00a 0.05 +0.00ab 2.71+0.01ab 3.14+0.00c 0.03 +0.00ab 0.89+0.01ab 0.37+0.01a 254 +2f
M15 0.9+0.00a 0.09 +0.00de 2.56+0.00ab 5.1+£0.33¢ 0.03 +0.00ab 2.69+0.01de 0.69 +0.00a 261 +£2.66f
M16 0.55+0.00a 0.15+0.00de 5.26+0.04cd 3.9+0.26cd 0.11+0.00ab 2.33+0.02cd 0.37+£0.00a 210+3.33a
M17 1.16+0.00a 0.1+0.00de 2.5+0.00ab 7.1+0.00h 0.13+0.00b 3.02+0.00de 0.38 +0.00a 150 +0.00bc
Mi8 1.8+£0.0a 0.36+0.00fg 7.32+0.17e 3.46+0.00c 0.05+0.00ab 1.48+£0.02bc 0.19+0.00a 125.54 +0.6ab
M19 12.04+0.18a 0.05+0.00ab 26.4+0.1i 2.61+0.06b 0.001+0.00a 7.32+0.05f 2.54+0.00b 504.91+3.1j
M20 0.17+0.00a 0.07 +£0.00cd 3.65+0.02bc 5.09+0.00e 0.001+0.00a 0.96+0.00ab 0.42+0.00a 91.2+0.73a
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Table 3 (continued)

Cultivar ~ 3.4-DHPEA-EDA  p-HPEA-AC p-HPEA-EDA Pinoresinol Acetoxy-pinerosol Oleuropein Ligustroside Total phenol (mg/
aglycon aglycon kg)
M21 39.63+0.48a 0.01+0.00a 27.03+0.00i 1.28 +0.04a 0.001+0.00a 3.5+0.06de 0.67+0.01a 668.95+10.18m
M22 15.63+0.11a 0.06+0.00bc 6.25+0.1de 4.44+0.01d 0.01+0.00a 4.42+0.00e 0.001 +0.00a 242.94 + 1.16ef
M23 0.9+0.01a 0.04 +0.00ab 4.03 +£0.00bc 1.260.01a 1.26 +0.01ab 0.35+0.00a 26.83+0.17h 145.1+1.34b
M24 6.48 +0.02a 0.23 +0.00ef 5.16+0.04cd 3.13+0.11c 0.36+0.00c 6.61+0.06f 27.11+0.06h 681.11+£0.01m
M25 2.71£0.07a 0.85+0.02i 10.21+£0.05f 5.82+0.09f 0.79+0.01ef 165.96 +0.060 40.1£0.06i 586+25.33k
M26 4.02+0.11a 0.76 +0.04hi 28.73+0.17jk 2.86£0.04bc 0.7+0.00a 28.5+0.33i 5.1+£0.06a 317.39+4.13¢
M27 25.76 +0.04a 0.91+0.06i 11.43+0.05f 5.05+0.1e 0.87+0.00f 30.16 +0.55ij 3.2+0.13bc 323.66+5.77g
M28 11.98+0.01a 0.92 +0.00ij 14.96+0.17¢ 17.85+0.03m 0.9+0.00f 7.19+0.19f 2.51+0.00b 449.7+25.2i
Average  11.92 0.39 13.78 4.93 0.48 25.49 10.84 401.09

diversity [53]. In Tunisia, olive trees were first introduced by
Phoenicians following the Second Punic War [54].

This study presents the primary analysis of millennium
olives in Tunisia. Our preliminary analyses have shown that
oils from Tunisian millennial olive trees are of exceptional
quality and very rich in polyphenols, carotenes, and
monounsaturated fatty acids. The free acidity was below
than the upper limit of 0.8% set for the “Extra Virgin Olive
Oil” category, and the K,3, and K, extensions were <2.5
and <0.22, respectively. The small variations observed
in these parameters confirm the low influence of location
and genotype on the primary and secondary oxidation
level [55]. In fact, fruit ripeness, careless harvesting,
and storage conditions strongly influence oil quality, as
triglycerides are gradually hydrolyzed in ripe fruits and
poor storage conditions expose the oils to enzymatic activity
that increases free acidity and eventually gives the oil an
unpleasant taste [56].

Chlorophylls and carotenoids are the main color pigments
in olive oil, responsible for the color, green for chlorophylls
and yellowish for carotenoids, and taste of the oils [32].
They are directly related to the quality of this food and play
an essential role in the oxidative activity of the oil acting as
antioxidants in the dark and as prooxidants when exposed to
light [24, 57]. Most of the oils had low-to-medium chloro-
phylls content (average 3.16 ppm), which is consistent with
other Tunisian oils [32-34], but M6, M19, M20, and M27
had a very high levels of chlorophyll (17.2 to 22.1 ppm) and
carotenoids (> 3), which makes them interesting for direct
use to improve the color and “fruity” note of olive oil in
new blends [58], and makes an important contribution to
consumers acceptance [24].

Polyphenols are a very important component of the
potential benefits of olive oil, as they have a strong anti-
oxidant and anti-inflammatory effect, making them natural
and effective anticancer agents in a balanced diet [38]. The

phenolic fraction of olive oil consists of a heterogeneous
mixture of compounds, all of which influence the chemi-
cal properties and quality of the oil [15, 59]. International
standards for the phenolic content of olive oil range from
50 to 1000 mg/kg, depending on several factors: variety,
degree of ripeness, edaphic-climatic conditions, and culti-
vation methods [60—63]. Several oils studied have a total
polyphenol content > 500 mg/kg, especially those coming
from trees grown in the dry and harsh climatic conditions of
the highlands, as environmental stress conditions activate the
biosynthetic pathway for the accumulation of polyphenols
[64]. The composition of phenols was also interesting, with
tyrosols in sample M1 reaching 55.7 mg/kg, and hydroxyty-
rosol in M12 reaching 34.36 mg/kg, making these oils very
interesting from a nutritional point of view. The oil “M11”
was particularly rich in oleocanthal, oleuropein, oleuropein
aglycone, and ligustroside aglycone, phenols that play an
important role as chemopreventive compounds [65].

The fatty acid profile of olive oil is strongly influenced by
the cultivar, fruit maturity, pedoclimatic growing conditions,
and other minor area-related parameters [66]. Oleic acid was
the most abundant, followed by palmitic acid, linoleic acid,
and palmitoleic acid, with levels in agreement with the lim-
its of the international food standards (23, 43) and in line
with those of other local cultivars [29, 47], but significantly
better than those of the most commonly grown cultivar
“Chemlali”, which has a palmitic acid content of >21% and
an oleic acid content of < 60% [67-70], suggesting that this
germplasm contains variants for fatty acid components that
could be used to improve commercial Tunisian cultivars.

Among PUFAs, the most abundant was linoleic acid,
which cannot be synthesized by humans and must be sup-
plied through the diet [65]. Nine oils, derived from ecotypes
M5, M6, M8, M9, M10, M11, M14, M15, and M21, had an
oleic acid/linoleic acid ratio > 7, the threshold value con-
sidered to ensure high quality and long shelf-life of the oil
[47, 48, 71]. Previous studies have shown the key role of
the enzyme fatty acid desaturase 2 (FAD?2) in the oleic acid/
linoleic acid profile, and how SNPs in the gene can influence
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FAD?2 activity [72, 73]. It will be very interesting to analyze
the FAD?2 sequence of these nine millennial olive ecotypes
to further investigate the role of the FAD2 gene and include
them in breeding programs to improve the quality of Tuni-
sian EVOOs.

Conclusion

The compositional profile of the oils obtained from the mil-
lennial olive trees surviving in Tunisia makes them very
interesting from a nutritional point of view, as beneficial
properties are widely attributed to these compounds [43].
These trees have survived thousands of years in harsh con-
ditions and are still productive, proving resilient to climate
change, disease, and water scarcity, indicating careful
selection by ancestors to meet their needs: cooking, light-
ing, and healing, which explains the high quality of the oil
from these historic olive trees. This heritage is a treasure
to be preserved and valorized for the development of the
Tunisian olive sector, by including them in conservation and
breeding programs to protect the environment and promote
sustainable production. Future work will include accurate
genotyping and authentication of the oil according to the
consolidated protocols based on microsatellite markers for
effective protection and valorization [74, 75]. We propose to
recognize and protect these trees as living monuments and
elements of the “biocultural heritage” and to preserve them
in the arboretum of the Tunisian national Gene bank.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00217-023-04329-3.

Acknowledgements This study was carried out within the Agritech
National Research Center and received funding from the European
Union Next-GenerationEU (PIANO NAZIONALE DI RIPRESA E
RESILIENZA (PNRR)—MISSIONE 4 COMPONENTE 2, INVESTI-
MENTO 1.4—D.D. 1032 17/06/2022, CN00000022). This manuscript
reflects only the authors’ views and opinions; neither the European
Union nor the European Commission can be considered responsible
for them.

Author contributions Conceptualization, OSD, SMR, and MMM;
investigation, OSD and SMR; methodology, OSD and SMR; data
curation, OSD, SMR, and MMM writing—original draft preparation,
OSD, SMR, and MMM; writing—review and editing, SMR, OSD,
BAF, DM, CM, and MMM; all authors have read and agreed to the
published version of the manuscript.

Funding Open access funding provided by Universita degli Studi di
Bari Aldo Moro within the CRUI-CARE Agreement.

Data availability Data are available at the link https://www.genesys-
pgr.org/a/overview.

Declarations

Conflict of interest The authors declare they do not have competing
financial interests or personal relationships that could have appeared to
influence the work reported in this paper.

Compliance with ethics requirements In relation to the Paper “Explor-
ing the quality and nutritional profiles of monovarietal oils from mil-
lennial olive trees in Tunisia” published on the Journal European Food
Research and Technology, We declare that this article does not contain
any studies with human or animal subjects.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format,
as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons licence, and indicate
if changes were made. The images or other third party material in this
article are included in the article's Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material is not
included in the article's Creative Commons licence and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright
holder. To view a copy of this licence, visit http://creativecommons.
org/licenses/by/4.0/.

References

1. Bilal MR, Liu C, Zhao H, Wang Y, Mayada R, Farag M, Alaga-
wany, Faizul H, Shaaban S, Elnes A, Elwan Huajiao Qiu H, Lin
Q (1994) Symons M. Australia and the Mediterranean Editorial
Comments. Westerly. Government of Western Australia; Chap-
ter3, Olive oil and air-conditioned Culture; p. 27-36.

2. Difonzo G, Fortunato S, Tamborrin A, Squeo G, Bianchi B,
Caponio F, Development of a modified malaxer reel (2021) Influ-
ence on mechanical characteristic and virgin olive oil quality and
composition. Food Sci Technol 132:110290. https://doi.org/10.
1016/j.1wt.2020

3. De Bruno A, Romeo R, Piscopo A, Poiana M (2021) Antioxi-
dant quantification in different portions obtained during olive oil
extraction process in an olive oil press mill. J Sci Food Agric
101:1119-1126. https://doi.org/10.1002/jsfa. 10722

4. Séanchez JA, Martinez-Ortega AJ, Remén-Ruiz PJ, Gutiérrez
PA, Pereira-Cunill JL, Garcia-Luna PP (2022) Therapeutic
properties and use of extra virgin olive oil in clinical nutrition.
Nutrients 14(7):1440. https://doi.org/10.3390/nu14071440

5. Francisco V, Ruiz-Fernandez C, Lahera V, Lago F, Pino J, Skalt-
sounis L, Gonzalez-Gay MA, Mobasheri A, Gémez R, Scotece
M, Gualillo O (2019) Natural molecules for healthy lifestyles:
oleocanthal from extra virgin olive oil. J Agric Food Chem
67(14):3845-3853. https://doi.org/10.1021/acs.jafc.8b06723

6. Laaribi I, Gouta H, Mezghani AM, Labidi F, Messaoud M
(2017) Combination of morphological and molecular markers
for the characterization of ancient native olive accessions in
Central-Eastern Tunisia. C R Biol 340(5):287-297. https://doi.
org/10.1016/j.crvi.2017.03.003

7. Franconi F, Campesi I, Romani A (2020) Is extra virgin olive
oil an ally for women’s and men’s cardiovascular health? Car-
diovasc Ther. https://doi.org/10.1155/2020/6719301

8. Chebbi HE (2019) Rapport de synthése sur 1’agriculture en
Tunisie. Project d’appui a I’initiative ENPARD Méditerranée
[cited 2019 January]. 98 p. https://hal.science/Hal-02137636/
Document.

@ Springer


https://doi.org/10.1007/s00217-023-04329-3
https://www.genesys-pgr.org/a/overview
https://www.genesys-pgr.org/a/overview
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.lwt.2020
https://doi.org/10.1016/j.lwt.2020
https://doi.org/10.1002/jsfa.10722
https://doi.org/10.3390/nu14071440
https://doi.org/10.1021/acs.jafc.8b06723
https://doi.org/10.1016/j.crvi.2017.03.003
https://doi.org/10.1016/j.crvi.2017.03.003
https://doi.org/10.1155/2020/6719301
https://hal.science/Hal-02137636/Document
https://hal.science/Hal-02137636/Document

European Food Research and Technology

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Observatoire Nationale de ’Agriculture (2021) Indicateurs clés
des filieres agricoles en Tunisie 2020. ONAGRI/ IRESA; 2021
[cited 2021 October]. 74 p. http://www.onagri.tn/uploads/publi
cations-thematiques/indicateurs-ef.pdf,

FAO-Food and Agriculture Organization of the United Nations
(2017) The Sate of Food and Agriculture 2017. Leveraging
Food Systems for Inclusive Rural Transformation. FAO/Rome;
2017.181 p. https://www.fao.org/3/i17658e/i7658e.pdf.

Feki M, Hannachi H, Bou Ali M, Hamrouni H, Romano E, Kar-
ray K, Hammami M (2011) Tunisian “Chemlali” oil variety reg-
istered designation of origins predicted by pomological charac-
ters, fatty acids composition and organoleptic analysis. Br Food J
115(6):821-836. https://doi.org/10.1108/BFJ-Sep-2011-0235
Mnasri RS, Saddoud DO, Ferchichi A (2013) The study of olive
oil quality and morphological biodiversity of Olea europaea L in
the region of “Hbebsa.” J Bio Environ Sci 3(4):59-66

Guerfel M, Baccouri O, Boujnah D, Chaibi W, Zarrouk M (2009)
Impacts of water stress on gas exchange, water relations, chloro-
phyll content and leaf structure in the two main Tunisian olive
(Olea europaea L.) cultivars. Sci Hortic 119:257-263. https://
doi.org/10.1016/j.scienta.2008.08.006

Gueddes BM, Saidana SN, Cheraief D, Dkhilali I, Braham M
(2018) Biochemical, mineral and anatomical characteristics of
the olive tree cv Chetoui growing in several Tunisian areas. Acta
Sci Pol Hortorum Cultus 17(2):49-70. https://doi.org/10.24326/
asphc.2018.2.5

Gueddes BM, Saidana SN, Flamini G, Cheraief C, Braham M
(2022) Assessment of the climatic condition’s impact on volatiles,
polyphenols and mineral contents in Tunisian olive tree (Olea
europaea L). Pol J Environ Stud 31(1):219-230. https://doi.org/
10.15244/pjoes/133232

Saddoud DO, Mnasri RS, Ben Amar F, Ben Naceur M, Monte-
murro C, Miazzi MM (2021) Applications of microsatellite mark-
ers for the characterization of olive genetic resources of Tunisia.
Genes 12:286. https://doi.org/10.3390/genes 12020286

Saddoud DO, Miazzi MM, Elloumi O, Fendri M, Ben Amar F,
Savoia M, Sion S, Hana S, Sameh RM, Selma BA, Jendoubi F,
Mangini G, Famiani F, Taranto F, Montemurro C, Msallem M
(2020) Recovery, assessment, and molecular characterization of
minor olive genotypes in Tunisia. Plants 9:382. https://doi.org/10.
3390/plants9030382

Trigui A, Msallem M (2002) Catalogue des variétés autochtones et
types locaux. 1st ed. Tunisian Olive Institute: IRESA; 2002. 162 p.
http://iosfax.agrinet.tn/annonce/Catalogue %20des %20 Vari%C3%
A9t%C3%A95%20Autochtones %20& %20Types%20Locaux.pdf
Mnasri RS, Saddoud DO, Ben Saleh M, Ferchichi A (2014)
Microsatellite marker-based identification and genetic relation-
ships of millennium olive cultivars in Tunisia. Int J Agron Agric
Res 5(2):55-63

Clodoveo ML, Yangui A, Fendri M, Giordano S, Crupi P, Corbo
F (2021) Protected geographical indications for EVOO in Tunisia:
towards environmental, social, and economic sustainable devel-
opment. Sustainability 13:11201. https://doi.org/10.3390/su132
011201

Arnan X, Lopez BC, Martinez-Vilaltaa J, Estorachb M, Poyatos
R (2011) The age of monumental olive trees (Olea europaea)
in Northeastern Spain. Dendro 30(1):11-14. https://doi.org/10.
1016/j.dendro.2011.02.002

Spadoni A, Sion S, Gadaleta S, Savoia M, Piarulli L, Fanelli V, Di
Rienzo V, Taranto F, Miazzi MM, Montemurro C et al (2019) A
simple and rapid method for genomic DNA extraction and micro-
satellite analysis in tree plants. J Agric Sci Technol 21:1215-1226
Di Rienzo V, Miazzi MM, Fanelli V, Sabetta W, Montemurro C
(2018) The preservation and characterization of Apulian olive
germplasm biodiversity. Acta Hort 1199:1-6

@ Springer

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Uceda M, Hermoso M (2001) La calidad del aceite de oliva In:
Barranco D, Fernandez-Escobar R, Rallo L (eds) El CultiVo del
OliVo MundiPrensa, Madrid, Spain 2001; pp 589-614

EU Regulation (2016) Consolidated Text on the characteristics
of olive oil and olive-residue oil and on the relevant methods of
analysis 01991R2568—IT—04 12 2016—031 005. https://eur-lex.
europa.eu/legal-content/EN/TXT/?uri=CELEX%3A01991R2568-
20151016

Minguez-Mosquera MI, Rejano L, Gandul A, Sanchez BH, Gar-
rido J (1991) Color-pigment correlation in virgin olive oil. J Am
Oil Chem Soc 68:322-337

Riahi J, Marzou B (2000) Effets de la lumiére sur la qualité et la
stabilité de quelques huiles végétales Note préliminaire. Riv Ital
Sost Grasse 77:25-30

Mateos RJ, Espartero L, Trujillo M, Rios JJ, Le6n-Camacho M,
Alcudia F, Cert A (2001) Determination of phenols, flavones and
lignans in virgin olive oils by solid-phase extraction and high-
performance liquid chromatography with diode array ultraviolet
detection. J Agric Food Chem 49:2185-2192

Singleton VL, Rossi JA (1965) Colorimetry of total phenolics with
phosphomolybdic-phosphotungstic acid reagents. Am J Enol Vitic
16:144-158

International Olive Council (2018) Sensory analysis of olive
oil—method for the organoleptic assessment of virgin olive oil
COI/T 20/ Doc N° 15/Rev 10 2018. https://www.internationalol
iveoil.org/wp-content/uploads/2019/11/COI-T20-Doc.-15-REV-
10-2018-Eng.pdf

Haddada MF, Krichéne D, Manai H, Oueslati I, Daoud D, Zarrouk
M (2008) Analytical evaluation of six monovarietal virgin olive
oils from Northern Tunisia. Eur J Lipid Sci Technol 110:905-913.
https://doi.org/10.1002/ej1t.200700251

Dhifi W, Hamrouni I, Ayachi S, Chahed T, Saidani M, Marzouk B
(2004) Biochemical characterization of some Tunisian olive oils.
J Food Lipids 11:287-296. https://doi.org/10.1111/j.1745-4522.
2004.01148.x

Manai-Djebali H, Kricheéne D, Ouni Y, Gallardo L, Sanchez J, Oso-
rio E, Daoud D, Guido F, Zarrouk M (2012) Chemical profiles of
five minor olive oil varieties grown in central Tunisia. J Food Com-
pos Anal 27:109-119. https://doi.org/10.1016/j.jfca.2012.04.010
Gandul-Rojas B, Roca M, Gallardo-Guerrero L (2016) Chlo-
rophylls and carotenoids in food products from olive tree. In:
Boskou D, Clodoveo M L, editors Products from Olive Tree. 1st
Ed. InTech; Rijeka, Croatia; 2016. Chapter 5; [cited 2016 October
26th]. pp 67-98. https://doi.org/10.5772/64688

Fendri M, Mhamdi S, Jendoubi F, Larbi A (2021) Non-invasive
rapid method to evaluate Tunisian virgin olive oil based on color
measurement by digital images and chlorophyll-carotenoids con-
tent. Asian J Agric Food Sci 20(4):121-130. https://doi.org/10.
9734/afsj/2021/v201430292

Criado MN, Motilva MJ, Goni M, Romero MP (2007) Compara-
tive study of the effect of the maturation process of the olive fruit
on the chlorophyll and carotenoid fractions of drupes and virgin
oils from Arbequina and Farga cultivars. Food Chem 100:748—
755. https://doi.org/10.1016/j.foodchem.2005.10.035

Rodriguez MJ, Xicota L, Fito M, Farre M, Dierssen M, De la
Torre R (2015) Potential role of olive oil phenolic compounds in
the prevention of neurodegenerative diseases. Molecules 20:4655—
4680. https://doi.org/10.3390/molecules20034655

Parkinson L, Cicerale S (2016) The health benefiting mechanisms
of virgin olive oil phenolic compounds. Molecules 21:1734.
https://doi.org/10.3390/molecules21121734

Tome-Carneiro J, Crespo MC, Iglesias-Gutierrez E, Martin R,
Gil-Zamorano J, Tomas-Zapico C, Burgos-Ramos E, Correa C,
Gomez-Coronado D, Lasuncion MA et al (2016) Hydroxytyrosol
supplementation modulates the expression of miRNAs in rodents


http://www.onagri.tn/uploads/publications-thematiques/indicateurs-ef.pdf
http://www.onagri.tn/uploads/publications-thematiques/indicateurs-ef.pdf
https://www.fao.org/3/i7658e/i7658e.pdf
https://doi.org/10.1108/BFJ-Sep-2011-0235
https://doi.org/10.1016/j.scienta.2008.08.006
https://doi.org/10.1016/j.scienta.2008.08.006
https://doi.org/10.24326/asphc.2018.2.5
https://doi.org/10.24326/asphc.2018.2.5
https://doi.org/10.15244/pjoes/133232
https://doi.org/10.15244/pjoes/133232
https://doi.org/10.3390/genes12020286
https://doi.org/10.3390/plants9030382
https://doi.org/10.3390/plants9030382
http://iosfax.agrinet.tn/annonce/Catalogue%20des%20Vari%C3%A9t%C3%A9s%20Autochtones%20&%20Types%20Locaux.pdf
http://iosfax.agrinet.tn/annonce/Catalogue%20des%20Vari%C3%A9t%C3%A9s%20Autochtones%20&%20Types%20Locaux.pdf
https://doi.org/10.3390/su132011201
https://doi.org/10.3390/su132011201
https://doi.org/10.1016/j.dendro.2011.02.002
https://doi.org/10.1016/j.dendro.2011.02.002
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A01991R2568-20151016
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A01991R2568-20151016
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A01991R2568-20151016
https://www.internationaloliveoil.org/wp-content/uploads/2019/11/COI-T20-Doc.-15-REV-10-2018-Eng.pdf
https://www.internationaloliveoil.org/wp-content/uploads/2019/11/COI-T20-Doc.-15-REV-10-2018-Eng.pdf
https://www.internationaloliveoil.org/wp-content/uploads/2019/11/COI-T20-Doc.-15-REV-10-2018-Eng.pdf
https://doi.org/10.1002/ejlt.200700251
https://doi.org/10.1111/j.1745-4522.2004.01148.x
https://doi.org/10.1111/j.1745-4522.2004.01148.x
https://doi.org/10.1016/j.jfca.2012.04.010
https://doi.org/10.5772/64688
https://doi.org/10.9734/afsj/2021/v20i430292
https://doi.org/10.9734/afsj/2021/v20i430292
https://doi.org/10.1016/j.foodchem.2005.10.035
https://doi.org/10.3390/molecules20034655
https://doi.org/10.3390/molecules21121734

European Food Research and Technology

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

and in humans. J Nutr Biochem 34:146-155. https://doi.org/10.
1016/j.jnutbio.2016.05.009

Echeverria F, Ortiz M, Valenzuela R, Videla LA (2017) Hydroxy-
tyrosol and cytoprotection: a projection for clinical interventions.
Int J Mol Sci 18:930. https://doi.org/10.3390/ijms 18050930
Robles AM, Pulido MM, Moreno FJ, Ramirez TC, Rodriguez GC,
Quiles JL, Ramirez TMC (2017) Hydroxytyrosol: bioavailabil-
ity, toxicity, and clinical applications. Food Res Int 105:654-667.
https://doi.org/10.1016/j.foodres.2017.11.053

Wani TA, Masoodi FA, Gani A, Baba WN, Rahmanian N, Akhter
R, Wani IA, Ahmad M (2018) Olive oil and its principal bioac-
tive compound: hydroxytyrosol—a review of the recent literature.
Trends Food Sci Technol 77:77-90. https://doi.org/10.1016/j.tifs.
2018.05.001

Alarcon-De-La-Lastra C (2022) Olive Oil Antioxidants. Antioxi-
dants 11(5):996. https://doi.org/10.3390/antiox11050996
Squillaci G, Serino I, Errichiello S, La Cara F, Morana A (2022)
Valorization of an Underutilized Waste from Olive Oil Production
by Recovery. Hydroxytyrosol Process 10:1969. https://doi.org/10.
3390/pr10101969

Sanchez JA, Martinez-Ortega AJ, Remén-Ruiz PJ, Gutiérrez PA,
Pereira-Cunill JL, Garcia-Luna PP (2022) Therapeutic properties
and use of extra virgin olive oil in clinical nutrition: a narrative
review and literature update. Nutrients 14:1440. https://doi.org/
10.3390/nu14071440

Ellis LZ, Liu W, Luo Y, Okamoto M, Qu D, Dunn JH, Fujita M
(2011) Green tea polyphenolepigallocatechin-3-gallate suppresses
melanoma growth by inhibiting inflammasome and IL-1_ secre-
tion. Biochem Biophys Res Commun 414:551-556. https://doi.
org/10.1016/j.bbrc.2011.09.115

Lépez-Biedma A, Sanchez-Quesada C, Delgado-Rodriguez M,
Gaforio J (2016) The biological activities of natural lignans from
olives and virgin olive oils: a review. J Funct Foods 26:36—47.
https://doi.org/10.1016/].j{f.2016.07.005

Touillaud MS, Anne C, Thiébaut M, Fournier M, Niravong M,
Ruault MCB, Chapelon FC (2007) Dietary lignan intake and
postmenopausal breast cancer risk by estrogen and progesterone
receptor status. J Natl Cancer Inst 99:475-486. https://doi.org/10.
1093/jnci/djk096

Oueslati M, Haddada FM, Manai H, Zarrouk W, Taamalli W,
Xavier F, Lizzani C, Zarrouk M (2008) Characterization of vola-
tiles in virgin olive oil produced in the Tunisian area of Tataouine.
J Agric Food Chem 56:7992-7998. https://doi.org/10.1021/jf801
022c

Buckland G, Gonzalez C (2015) The role of olive oil in dis-
ease prevention: a focus on the recent epidemiological evidence
from cohort studies and dietary intervention trials. Br J Nutr
113(S2):S94-S101. https://doi.org/10.1017/S0007114514003936
Kaniewski D, Van Campo E, Boiy T, Terral JF, Khadari B,
Besnard G (2012) Primary domestication and early uses of the
emblematic olive tree: palaeobotanical, historical and molecular
evidence from the Middle East. Biol Rev 87(4):885-991. https://
doi.org/10.1111/5.1469-185X.2012.00229.x

Bernabei M (2015) The age of the olive trees in the Garden of
Gethsemane. J Archaeol Sci 53:43—48. https://doi.org/10.1016/j.
jas.2014.10.011

Gago P, José L, Boso SS, Martinez CM (2019) The forgotten,
ancient olive trees of the Spanish northwest: a firstmolecular and
botanical analysis. STAR 17(2):e0702. https://doi.org/10.5424/
sjar/2019172-13572

Loussert L, Brousse G (1978) Olive tree: Mediterranean agri-
cultural techniques of olive production. Publishing « neuve and
Larose » house, pp 44-111.

Martin-Tornero E, Fernandez A, Manuel Perez-Rodriguez J,
Duran-Meras I, Henar Prieto M, Martin-Vertedor D (2022) Non-
destructive fluorescence spectroscopy as a tool for discriminating

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

between olive oils according to agronomic practices and for
assessing quality parameters. Food Anal Methods 15:253-265.
https://doi.org/10.1007/s12161-021-02112-2

Henry S (2003) Olive oil, its nutritional interest, its pharmacy
and cosmetics uses [Thesis]. Nancy 1. Henri Poincare University;
2003. https://hal.univ-lorraine.fr/hal-01731806/document
Lazzerini C, Cifelli M, Domenici V (2016) Extra virgin olive oil
pigments: Authenticity and quality In: Boskou D, Clodoveo ML
(eds) Products from Olive Tree 1st ed InTech; Rijeka, Croatia:
2016 pp 95-114 Chapter 6 [Google Scholar] [Ref list]

Carpena M, Lorenzo JM, Barba FJ, Prieto MA (2020) Bioactive
compounds and quality of extra virgin olive oil. Foods 9(8):1014.
https://doi.org/10.3390/foods9081014

Gharbi I, Issaoui M, Mehri S, Cheraief I, Sifi S, Hammami M
(2015) Agronomic and technological factors affecting Tunisian
olive oil quality. Agric Sci 6:513-526. https://doi.org/10.4236/
as.2015.65051

Krichene D, Taamalli W, Daoud D, Salvador MD, Fregapane G,
Zarrouk M (2007) Phenolic compounds, tocopherols and other
minor components in virgin olive oils of some Tunisian varieties.
J Food Biochem 31:179-194. https://doi.org/10.1111/j.1745-4514.
2007.00107.x

Bouchefta S, Tamendjari A, Sanchez-Gimeno AC, Miazzi MM,
Montemurro C (2018) Diversity assessment of Algerian wild and
cultivated olives (Olea europaea L) by molecular, morphological,
and chemical traits. Eur J Lipid Sci Technol 121:1-14. https://doi.
org/10.1002/ej1t.201800302

Touati S, Acila S, Boujnah D, Chehab H, Ayadi M, Debouba
M (2022) Geographical location and cultivar-linked changes on
chemical properties of olive oils from Algeria. Food Sci Nutr
10:1937-1949. https://doi.org/10.1002/fsn3.2810

épika M]J, Liber Z, Montemurro C, Miazzi MM, Ljubenkov I,
Soldo B, Zanetic M, Vitanovi E, Politeo O, Skevin D (2022)
Quantitatively unraveling hierarchy of factors impacting virgin
olive oil phenolic profile and oxidative stability. Antioxidants
11:594. https://doi.org/10.3390/antiox 11030594

Dabbou S, Rjiba I, Nakbi N, Gazzah N, Issaoui M, Hammami M
(2010) Compositional quality of virgin olive oils from cultivars
introduced in Tunisian arid zones in comparison to Chemlali cul-
tivars. Sci Hortic 124:122-127. https://doi.org/10.1016/j.scienta.
2009.12.017

Fabiani R (2016) Anti-cancer properties of olive oil secoiridoid
phenols: a systematic review of in vivo studies. Food Funct
7:4145-4159

Rodrigues N, Casal S, Pinho T, Cruz R, Peres MA, Baptista P,
Pereira JA (2021) Fatty Acid Composition from Olive Oils of Por-
tuguese Centenarian Trees Is Highly Dependent on Olive Cultivar
and Crop Year Foods 10:496. https://doi.org/10.3390/foods10030
496Rodriguez.2021

Zarrouk W, Baccouri B, Taamalli W, Trigui A, Daouda D,
Zarrouka M (2009) Oil fatty acid composition of eighteen Medi-
terranean olive varieties cultivated under the arid conditions of
Boughrara (southern Tunisia). Grasas Aceites 60(5):498-506.
https://doi.org/10.3989/gya.021109

Chtourou F, Valli E, Ben Mansour A, Bendini A, Toschi GT,
Bouaziz M (2021) Characterization of virgin olive oils obtained
from minor Tunisian varieties for their valorization. Food Meas
15:5060-5070. https://doi.org/10.1007/s11694-021-01066-7
Omri A, Abdelhamid S, Benincasa C, Araouki A, Ayadi M,
Gharsallaoui M, Gouiaa M (2021) Genetic diversity and asso-
ciation of molecular markers with biochemical traits in Tunisian
olive cultivars. Genet Resour Crop Evol 68:1181-1197. https://
doi.org/10.1007/310722-020-01058-4

Baccouri B, Rajhi I, Nayet Mohamed S, Flamini G (2022) Moni-
toring the fatty acid and volatile compositions of Tunisian virgin
olive oils using HS-SPME-GC-MS with regard to growing area.

@ Springer


https://doi.org/10.1016/j.jnutbio.2016.05.009
https://doi.org/10.1016/j.jnutbio.2016.05.009
https://doi.org/10.3390/ijms18050930
https://doi.org/10.1016/j.foodres.2017.11.053
https://doi.org/10.1016/j.tifs.2018.05.001
https://doi.org/10.1016/j.tifs.2018.05.001
https://doi.org/10.3390/antiox11050996
https://doi.org/10.3390/pr10101969
https://doi.org/10.3390/pr10101969
https://doi.org/10.3390/nu14071440
https://doi.org/10.3390/nu14071440
https://doi.org/10.1016/j.bbrc.2011.09.115
https://doi.org/10.1016/j.bbrc.2011.09.115
https://doi.org/10.1016/j.jff.2016.07.005
https://doi.org/10.1093/jnci/djk096
https://doi.org/10.1093/jnci/djk096
https://doi.org/10.1021/jf801022c
https://doi.org/10.1021/jf801022c
https://doi.org/10.1017/S0007114514003936
https://doi.org/10.1111/j.1469-185X.2012.00229.x
https://doi.org/10.1111/j.1469-185X.2012.00229.x
https://doi.org/10.1016/j.jas.2014.10.011
https://doi.org/10.1016/j.jas.2014.10.011
https://doi.org/10.5424/sjar/2019172-13572
https://doi.org/10.5424/sjar/2019172-13572
https://doi.org/10.1007/s12161-021-02112-2
https://hal.univ-lorraine.fr/hal-01731806/document
https://doi.org/10.3390/foods9081014
https://doi.org/10.4236/as.2015.65051
https://doi.org/10.4236/as.2015.65051
https://doi.org/10.1111/j.1745-4514.2007.00107.x
https://doi.org/10.1111/j.1745-4514.2007.00107.x
https://doi.org/10.1002/ejlt.201800302
https://doi.org/10.1002/ejlt.201800302
https://doi.org/10.1002/fsn3.2810
https://doi.org/10.3390/antiox11030594
https://doi.org/10.1016/j.scienta.2009.12.017
https://doi.org/10.1016/j.scienta.2009.12.017
https://doi.org/10.3390/foods10030496Rodriguez.2021
https://doi.org/10.3390/foods10030496Rodriguez.2021
https://doi.org/10.3989/gya.021109
https://doi.org/10.1007/s11694-021-01066-7
https://doi.org/10.1007/s10722-020-01058-4
https://doi.org/10.1007/s10722-020-01058-4

European Food Research and Technology

71.

72.

73.

74.

Eur Food Res Technol 248:2877-2885. https://doi.org/10.1007/
500217-022-04097-6

Karoui R (2022) Food authenticity and fraud. Chem Anal
Food 2:579-608. https://doi.org/10.1016/B978-0-12-813266-1.
00013-9

Ben Ayed R, Kallel I, Ben Hassen H, Rebai A (2015) SNP
marker analysis for validating the authenticity of Tuni-
sian olive oil. J Genet 93:148—154. https://doi.org/10.1007/
$12041-014-0461-1

Ben Ayed R, Moreau F, Ben Hlima H, Rebai A, Ercisli S, Kadoo
N, Hanana M, Assouguem A, Ullah R, Ali I (2022) SNP discovery
and structural insights into OeFAD2 unraveling high oleic/lin-
oleic ratio in olive oil. Comput Struct Biotechnol J 20:1229-1243.
https://doi.org/10.1016/j.csbj.2022.02.028

Pasqualone A, Di Rienzo V, Miazzi MM, Caponio F, Montemurro
C (2015) High resolution melting analysis of DNA microsatellites
in olive pastes and virgin olive oils obtained by talc addition. Eur

@ Springer

75.

J Lipid Sci Technol 117(12):2044-2048. https://doi.org/10.1002/
¢j1t.201400654

Sabetta W, Miazzi MM, Di Rienzo V, Pasqualone A, Montemurro
C (2016) Development and application of protocols to certify the
authenticity and traceability of Apulian typical products in olive
sector. Riv Ital Sostanze Grasse 94:37-43

Publisher's Note Springer Nature remains neutral with regard to

jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1007/s00217-022-04097-6
https://doi.org/10.1007/s00217-022-04097-6
https://doi.org/10.1016/B978-0-12-813266-1.00013-9
https://doi.org/10.1016/B978-0-12-813266-1.00013-9
https://doi.org/10.1007/s12041-014-0461-1
https://doi.org/10.1007/s12041-014-0461-1
https://doi.org/10.1016/j.csbj.2022.02.028
https://doi.org/10.1002/ejlt.201400654
https://doi.org/10.1002/ejlt.201400654

	Exploring the quality and nutritional profiles of monovarietal oils from millennial olive trees in Tunisia
	Abstract
	Introduction
	Materials and methods
	Olive samples
	Genotyping of olives
	Physiochemical quality indices of the oil
	Chlorophyll and carotenoid pigments
	Phenolic profile
	Phenolic compounds’ extraction and purification
	Phenolic composition

	Fatty acid composition
	Statistical analysis

	Results
	Quality parameters
	Chlorophyll and carotenoids
	Polyphenols
	Fatty acid profile

	Discussion
	Conclusion
	Anchor 21
	Acknowledgements 
	References


