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Abstract
BACKGROUND: Olive oil contains compounds with interesting biological activities which are inﬂuenced by the cultivar, the
geographic origin and other factors. The aims of this work were to (1) investigate these factors in Neb Jmel olive oil from
various Tunisian origins; (2) determine the inﬂuence of geographic conditions on phenolic composition of Neb Jmel olive oil
and consequently on the antioxidant compounds; and (3) verify whether oils could be discriminated based on geographical
origin.
RESULTS: The characterisation of extra-virgin Neb Jmel olive oil produced in its original location has been conducted. Owing
to the eﬀect of the genotype and environmental, agronomic and technological factors on the chemical composition of olive
oil and its quality, all studied olives were collected at the same season, and their oil obtained under the same processing
technique. Many analyses were carried out to characterise the diﬀerent olive oils: free acidity, peroxide value, fatty acid
composition, Rancimat assay, pigments content and phenolic compounds by 1 H NMR. A recently developed method for the
direct measurement of the oleocanthal and oleacein levels in olive oil by quantitative 1 H NMR was applied. The method was
applied to the study of four Neb Jmel olive oils samples, and a broad variation of concentrations of all four secoiridoids was
recorded. The concentration of each ranged from 55 to 529 mg kg−1 and the sum of the four major secoiridoids (known as D3)
ranged from 436 to 1063 mg kg−1 .
CONCLUSION: The quantiﬁcation of major phenolic compounds of olive oil by NMR indicated that environmental conditions
inﬂuence the production of qualitative phenolic fractions. All these compounds can be used as base ‘markers’ to characterise
and diﬀerentiate these olive oil on geographic origin.
© 2016 Society of Chemical Industry
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Olive oil is of interest to consumers because of its impressive quality and health beneﬁcial eﬀects. Therefore, consumers notice when
special types of olive oil commonly produced from olives from speciﬁc varieties cultivated in selected regions (mono-varietal) appear
on the market. In Tunisia, olive oil production represents 10%
of the total agricultural production. Tunisia ranks as the fourth
world producer of 180 000 tons of olive oil (6%), thus making it
the fourth world exporter (8.2%) of olive oil after Spain, Italy and
Greece, with almost 110 000 tons every year. Tunisian orchards
are rich in many cultivars that have been listed in a catalogue
comprising 56 diﬀerent cultivars.1,2 The Tunisian olive-growing
areas are found all over the country, in which a broad range of
edapho-climatic conditions are found, from lower semi-arid to arid
conditions. It is well known that environmental factors, as well as
genotype, agronomic and technological factors have a signiﬁcant
impact on the chemical composition of olive oil, and therefore on
its quality.3 – 6
J Sci Food Agric 2016; 96: 4432–4439

The genetic diversity in the olive sector of Tunisia is very wide;
there are many diﬀerent olive varieties in the various regions of
the country. Two cultivars, Chemlali and Chetoui, are the most
important from the economic point of view. There are other
cultivars that are grown in restricted geographical locations and
which have a limited diﬀusion, such as Neb Jmel.7 – 9 Virgin olive
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Aldehydic oleuropein and ligstroside aglycon isomers
oil (VOO) is unique among other vegetable oils due to its high
levels of mono-unsaturated fatty acids (mainly oleic acid) and the
presence of minor components, such as phenolic compounds
among others. Mono-unsaturated fatty acids have been shown to
be predominant in the VOO composition, which is closely associated with its medicinal properties. Nevertheless, the presence of
some other bioactive compounds, such as phenolic compounds,
tocopherols, pigments and phytosterols,10 has been proven to be
of great importance in this respect. Among these components,
phenolic compounds have acquired a good reputation, since they
have an important role in the lengthening of the oxidative stability of VOO.11 They are also partly responsible for certain sensory
attributes (they impart bitterness, pungency and astringency to
VOO.12,13 Moreover, such compounds are secondary metabolites
with considerable biological activities, namely anti-cancer,7,14
antibacterial, anti-inﬂammatory and antioxidant eﬀects.15 Therefore, phenolic compounds are presently among the most studied
constituents of VOO. This group of analytes is very heterogeneous,
with a broad range of phenolic compounds belonging to diverse
chemical classes, mainly to phenolic acids, phenolic alcohols,
secoiridoids, lignans, and ﬂavonoids.16,17
It is worth mentioning that the dialdehydic form of decarboxymethyl ligstroside aglycone, also known as oleocanthal,
is an interesting olive oil phenolic compound because of its
health-beneﬁting properties. Beauchamp et al.18 have classiﬁed
oleocanthal as a natural non-steroidal anti-inﬂammatory drug
due to its ibuprofen-like cyclooxygenase (COX-1 and COX-2)
inhibiting activity.18 Its properties are found to be responsible
for the therapeutic properties of extra virgin olive oil because
inﬂammation plays a vital role in the development of many
chronic diseases, such as cardiovascular disease, and certain
kinds of cancers.19 Furthermore, recent research has proved that
oleocanthal is a promising therapeutic agent for the treatment of
inﬂammatory degenerative joint diseases.20 The dialdehydic form
of decarboxymethyl oleuropein aglycone, known as oleacein, has
shown similar activities to those of oleocanthal, but the former
has displayed notable antibreast cancer properties.19 Oleacein
also has powerful antioxidant activities that are even better than
those of hydroxytyrosol.21 The modern ﬁnding of the strong
anti-inﬂammatory activity of oleocanthal and its potential health
eﬀects that have conﬁrmed the ancient reports,22 have led us to
assume that various types of olive oils could be distinguished on
the basis of their content in oleocanthal and related secoiridoids.23
To do so, the levels of oleocanthal and its related analogue oleacein in Tunisia olive oils of mono-varietal origin were investigated
in relation to the cultivar, geographic origin, and time of harvest.
A recent study has shown large diﬀerences among oils of diﬀerent
cultivars and origins in Greece.24
The current work aims to study the eﬀect of geographic origin
on the phenolic proﬁle of oils from four accessions belonging to
the cultivar ‘Neb Jmel’, and for the ﬁrst time to apply a recently
developed qNMR method for the oil classiﬁcation of Tunisian oils.
The obtained results would contribute to a future traceability of
Tunisian virgin olive oils.

MATERIAL AND METHODS
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was obtained from Fluka (Buchs SG, Switzerland), fatty acid methyl
ester (FAME) multi-standards (>99.0%), CDCl3 and syringaldehyde
were purchased from Sigma Chemical Co. (St. Louis, MO, USA).
Samples
The samples were obtained from homogenous olive fruits (Olea
europaea L.) of Neb Jmel olive cultivar from Kairouan, Mahdia,
Sfax and Gabes (Fig. 1). The soil type is sandy loam to loamy sand
on a gravel ground. Trees were cultivated under fed rain without
fertilisation and without pesticide application. Olive samples were
handpicked in triplicate from diﬀerent trees, during the crop season 2013–2014 (November) to obtain only good quality fresh and
healthy fruits. In order to eliminate the inﬂuence of the maturation
state on olive oil quality, the ripening degree was the same for all
the studied olive cultivars (maturation indices were 3.5). Samples
were harvested from adult trees (40 years old), separated from
each other with a distance of 24 m between two successive trees.
The maturity index (MI) was determined by the visual appreciation of colour of olives from three trees (n = 3 × 100), randomly
selected, according to the method developed by Hermoso et al.,25
which attributes a maturity index range from 0 (for unripe fruits)
to 7 (ripe fruits). Olive fruits, 100 for each sample, were randomly
taken, classiﬁed into the categories below, and homogenised prior
to storage. The categories were 0 for olives with intense green
or dark green epidermis; 1 for olives with yellow or yellowish
green epidermis; 2 for olives with yellowish epidermis but with
reddish spots or areas over less than half of the fruit; 3 for olives
with reddish or light violet epidermis over more than half of the
fruit; 4 for olives with black epidermis and totally white pulp; 5
for olives with black epidermis and less than 50% purple pulp;
6 for olives with black epidermis and violet (more than 50%) or
purple pulp; 7 for olives with black epidermis and totally dark
pulp. With a–h being the number of fruits in each category, the
MI is: [a* 0 + b* 1 + c* 2 + d* 3 + e* 4 + f * 5 + g* 6 + h* 7]/100.
Only healthy fruits, without any kind of infection or physical
damage, were processed. After harvesting, fresh olives (1.5–2.0 kg)
were deleafed and washed. Neb Jmel olive oils were obtained by
extraction with a laboratory mill (a two-phase decanter centrifuge,
using an Abencor system). Two hundred and ﬁfty grams of each oil
sample were stored in completely full amber glass bottles at 4 ∘ C
in the dark without headspace, until analysis.
Analytical methods
Determination of quality indices
The determination of acidity (A) (given as % of oleic acid), peroxide
value (PV) (meqO2 kg−1 of oil), K232 and K270 were carried out
following the analytical methods described by the International
Olive Council (COI 2013).26
Pigment content
Chlorophyll and carotenoids were determined colorimetrically as
previously described by Minguez-Mosquera et al.27 The maximum
absorption at 670 nm is related to the chlorophyll fraction and that
at 470 nm is related to the carotenoids fraction. The applied values
of the speciﬁc extinction coeﬃcients were E 0 = 613 for pheophytin
as a major component in the chlorophyll fraction, and E 0 = 2000
for lutein as a major component in the carotenoid fraction. The
pigment contents were calculated as follows:
) (
)
(
chlorophyll mg kg−1 = A670 × 106 ∕ (613 × 100 × d)

© 2016 Society of Chemical Industry

wileyonlinelibrary.com/jsfa

4433

Chemicals and reagents
Methanol, hexane, acetic acid, n-heptane, acetonitrile and cyclohexane HPLC-grade solvents were purchased from Riedel-deHaen
(Buchs SG, Switzerland). Double-distilled water was used as the
HPLC mobile phase. Folin–Ciocalteu potassium iodide, reagent
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Growing area : Kairouan
Latitude : 3556
Longitude: 938
Altitude: 38 m
Annual mean temperature: 21 °C
Annual mean rainfall: 385.7 mm
Relative humidity: 55 (%)

. Kairouan

Growing area: Mahdia
Latitude: 3508
Longitude: 931
Altitude: 326 m
Annual mean temperature: 19.5 °C
Annual mean rainfall: 351.6 mm
Relative humidity: 58(%)
Growing area: Sfax
Latitude: 3451
Longitude: 926
Altitude: 297 m
Annual mean temperature: 21.2°C
Annual mean rainfall: 292.5 mm
Relative humidity: 61(%)
Growing area: Gabes
Latitude: 3345
Longitude: 913
Altitude: 224 m
Annual mean temperature: 24.8°C
Annual mean rainfall: 271.3 mm
Relative humidity: 48 (%)

Figure 1. Descriptions of four Tunisian growing areas for Neb Jmel cultivars.

(
) (
)
carotenoids mg kg−1 = A470 × 106 ∕ (2000 × 100 × d)
where A is the absorbance and d is the cell thickness (1 cm).
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Fatty acid methyl esters and squalene
Olive oil in n-heptane (0.12 g per 2 mL) was transmethylated
using a cold solution of KOH (2 mol L−1 ) (200 𝜇L) according to the
European Standard NF EN ISO 5509 Norm.28 Fatty acid methyl
esters (FAMEs) were analysed according to the European Standard
NF EN ISO 5508 Norm.29 The gas chromatographic analysis of
FAMEs was performed on an Auto System Gas chromatograph
equipped with a FID detector (HP 6890 N; Agilent Technologies,
J&W Scientiﬁc Products, Palo Alto, PA, USA). The column used was
a capillary Agilent CP-Sil88 (length 50 m, i.d. 0.25 mm and ﬁlm
thickness 0.20 μm), and the analysis conditions were: the column
temperature was ﬁrst programmed at 165 ∘ C for 25 min, second at
a gradient of 5 ∘ C min−1 up to 195 ∘ C, the temperature of injector
and detector was set at 250 ∘ C, helium was the carrier gas, with
a ﬂow through the column of 1 mL min−1 and 1:100 split ratio,
and the injection volume was 1 𝜇L. The identiﬁcation of fatty
acids was performed by comparison of the retention time with
those of olive oil fatty acids, whose composition is known. Fatty
acid percentages were determined by internal standardisation

wileyonlinelibrary.com/jsfa

without taking into account mass response factors.30 The FAMEs
were identiﬁed through a comparison of their retention times
versus pure standards analysed under the same conditions. They
were quantiﬁed according to their percentage area, obtained by
the integration of the peaks. The results were expressed as the
percentages of individual fatty acids in the lipid fraction. The coefﬁcients of variation were lower than 5% for the most important
FAMEs and lower than 10% for some minor ones.
Squalene, whose peak is well separated from that of C24:0, was
determined along with the fatty acids using an external standard
calibration curve, as given in Eqn (1):
A = 248.36C − 0.79

(1)

where A is the peak area of squalene, and C is the concentration expressed in mg mL−1 ) (linearity: 0.030 to 0.60 mg mL−1 ,
R2 = 0.999). Final results, calculated on the basis of the analysed oil
weight, were expressed in mg kg−1 with a coeﬃcient of variation
equal to 1.2% according to the experimental error.
Oxidative stability by the Rancimat method
The oil samples (5.0 g) were heated at 120 ∘ C in a Rancimat equipment (Metrohm Ltd, Herisau, Switzerland), with a continuous air
ﬂow of 20 L h−1 passing through the samples. The conductivity
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cells were ﬁlled with 60 mL of deionised water. The time needed
(hours) for the appearance of a sudden increase in water conductivity, caused by the adsorption of volatiles derived from oil oxidation, was registered as the induction time.

syringaldehyde solution (0.5 mg mL−1 ) in acetonitrile and evaporated under reduced pressure using a rotary evaporator (Buchi,
Buchs SG, Switzerland).

Phenolic compounds
Extraction of phenolic fraction
The phenolic extracts were obtained following the procedure of
Chtourou et al.,31 with some modiﬁcation. The oil sample (4 g)
was added to 2 mL of n-hexane and 4 mL of a methanol/water
(60:40, v/v) mixture in a 20 mL centrifuge tube. After vigorous
mixing, they were centrifuged for 3 min. The hydroalcoholic phase
was collected, and the hexane phase was re-extracted twice with
4 mL of the methanol/water (60:40, v/v) solution each time. Finally,
the hydroalcoholic fractions were combined, washed with 4 mL
of n-hexane to remove the residual oil, then concentrated to a
volume of 1 mL by evaporative centrifugation in a vacuum at 35 ∘ C.

NMR spectral analysis
The residue of the above procedure was dissolved in CDCl3
(750 𝜇L) and an accurately measured volume of the solution
(550 𝜇L) was transferred to a 5 mm NMR tube. 1 H NMR spectra
were recorded at 600 MHz (Bruker Avance600; Bruker, Karlsruhe,
Germany) and 400 MHz (Bruker DRX400). Typically, 50 scans were
collected into 32 K data points over a spectral width of 0–16 ppm
with a relaxation delay of 1 s and an acquisition time of 1.7 s.
Prior to Fourier transformation an exponential weighting factor
corresponding to a line broadening of 0.3 Hz was applied. The
spectra were phased corrected and integrated automatically using
TOPSPIN. Where necessary, accurate integration was performed
manually for the peaks of interest. The NMR analysis allows for
the quantiﬁcation of oleocanthal, oleacein, oleuropein aglycon
(monoaldehyde form) and ligstroside aglycon (monoaldehyde
form) as previously described.23,24

Determination of the total phenols and o-diphenols contents
The determination of the total phenolic compounds was performed by means of the Folin–Ciocalteu reagent using the
method described by Gargouri et al.32 The total phenolic content
was expressed as milligrams of gallic acid (GA) equivalent per kilogram of oil (y = 0.011x, R2 = 0.990). The optical density (OD) was
measured at 𝜆 = 765 nm, using a spectrophotometer (Shimadzu
UV-1800 PC; Shimadzu, Kyoto, Japan).
The concentration of o-diphenolic compounds in the
water/methanol extract was determined by the method described
by Dridi-Gargouri et al.33 The total o-diphenolic content was
expressed as milligrams of gallic acid (GA) equivalent per kilogram of oil (y = 1.144x, R2 = 0.999). The optical density (OD) was
measured at 𝜆 = 370 nm, using a spectrophotometer (Shimadzu
UV-1800 PC).
Olive oil extraction and sample preparation for NMR analysis
Olive oil (5.0 g) was mixed with cyclohexane (20 mL) and acetonitrile (25 mL). The mixture was homogenised using a vortex
mixer for 30 s and centrifuged at 6700 g for 5 min. A part of the
acetonitrile phase (25 mL) was collected, mixed with 1.0 mL of a

Statistical analysis
The results were expressed as mean ± standard deviation (SD)
of three measurements for the analytical determination. Significant diﬀerences between the values of all parameters were
determined at P < 0.05 according to the one-way ANOVA:
Student–Newman–Keuls test, using SPSS Statistics 17.0 for
Windows, 2008 (SPSS Inc., Chicago, IL, USA).

RESULTS AND DISCUSSION
Quality indices
The quality criteria (acidity, peroxide values and UV speciﬁc extinction) were determined for Neb Jmel olive oil samples produced
in the laboratory scale. The values of these parameters (Table 1)
were included in the ranges established for the extra virgin olive
oil (EVOO) category (COI 2013).26

Table 1. Quality indices, total phenols, o-diphenols, oxidative stability and squalene content of virgin olive oils from Neb Jmel cultivars grown in
eight diﬀerent geographical areas
Area and oil code
Parameter
Free fatty acids (% oleic )
Peroxide value (meq O2 kg−1 )
K232
K270
Carotenoids (mg kg−1 )
Chlorophylls (mg kg−1 )
Oxidative stability (h)
Total phenols (mg kg−1 )
o-Diphenols (mg kg−1 )
Squalene (mg kg−1 )

Kairouan, A.B.M.1

Mahdia, A.B.M.2

0.55 ± 0.02a
7.31 ± 0.21d
1.78 ± 0.04a
0.17 ± 0.00a
2.85 ± 0.09c
11.18 ± 0.26b
15.14 ± 0.51a
1167.03 ± 10.72a
480.65 ± 7.22a
3577.63 ± 51.40c

0.34 ± 0.01c
11.25 ± 0.37b
1.82 ± 0.02a
0.16 ± 0.00b
3.41 ± 0.10b
6.23 ± 0.48d
12.79 ± 0.25b
984.03 ± 31.94b
432.41 ± 15.87b
3817.83 ± 34.58a

Sfax, A.B.M.4

Gabes, A.B.M.3

0.50 ± 0.01b
8.79 ± 0.12c
1.59 ± 0.03c
0.13 ± 0.00d
2.61 ± 0.07d
9.18 ± 0.10c
11.24 ± 0.37c
859.55 ± 35.64c
401.74 ± 8.53c
3652.46 ± 41.25b

0.18 ± 0.00d
12.74 ± 0.24a
1.66 ± 0.03b
0.15 ± 0.00c
5.83 ± 0.21a
14.71 ± 0.49a
8.34 ± 0.13d
513.57 ± 18.91d
268.61 ± 5.74d
3220.82 ± 53.41d
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Each value represents the mean of three determinations (n = 3) ± standard deviation.
a–d Diﬀerent letters in the same line (row) concerning all samples fruits olive oil indicate signiﬁcantly diﬀerent values (P < 0.05).
A.B.M.1, Area of kairouan; A.B.M.2, Area of Mahdia; A.B.M.4, Area of Sfax; A.B.M.3, Area of Gabes.
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Table 2. Fatty acid compositions of Neb Jmel oils samples
Geographical area and oil code
Fatty acid
C16:0
C16:1n-9 + C16:1n-7
C16:1n-7
C17:0
C17:1n-8
C18:0
C18:1n-9 + C18:1n-7
C18:1n-7
C18:2n-6
C18:3n-3
C20:0
C20:1n-9
C22:0
C24:0
C18:1/C18:2
∑
SFA
∑
MUFA
∑
PUFA
∑
UFA
∑
∑
MUFA/ PUFA

Kairouan, A.B.M.1
14.59 ± 0.21c
1.94 ± 0.03c
1.85 ± 0.03c
0.04 ± 0.00b
0.05 ± 0.00b
2.50 ± 0.04c
68.41 ± 0.95a
2.13 ± 0.03c
10.65 ± 0.15d
0.97 ± 0.01a
0.41 ± 0.01b
0.29 ± 0.00a
0.11 ± 0.00d
0.04 ± 0.00b
6.42 ± 0.19a
17.69 ± 0.26c
70.69 ± 1.01a
11.62 ± 0.16c
82.31 ± 1.17a
6.08 ± 0.18a

Mahdia, A.B.M.2
14.79 ± 0.30c
0.99 ± 0.02d
0.91 ± 0.02d
0.04 ± 0.00b
0.06 ± 0.00a
2.47 ± 0.05c
66.23 ± 1.32a
2.07 ± 0.04c
13.62 ± 0.27a
0.95 ± 0.02a
0.42 ± 0.01b
0.27 ± 0.01b
0.12 ± 0.00c
0.04 ± 0.00b
4.86 ± 0.20b
17.88 ± 0.36c
67.55 ± 1.35b
14.57 ± 0.29a
82.12 ± 1.64a
4.64 ± 0.18b

Sfax, A.B.M.4

Gabes, A.B.M.3

18.49 ± 0.31b
2.48 ± 0.04b
2.41 ± 0.04b
0.04 ± 0.00b
0.06 ± 0.00a
3.17 ± 0.05b
61.37 ± 1.04b
2.67 ± 0.05a
13.08 ± 0.22b
0.45 ± 0.01c
0.52 ± 0.01a
0.15 ± 0.00c
0.13 ± 0.00b
0.06 ± 0.00a
4.69 ± 0.16b
22.41 ± 0.38b
64.06 ± 1.09c
13.53 ± 0.23b
77.59 ± 1.32b
4.73 ± 0.17b

19.81 ± 0.33a
3.13 ± 0.05a
3.05 ± 0.05a
0.05 ± 0.00a
0.05 ± 0.00b
3.93 ± 0.07a
58.95 ± 0.93c
2.52 ± 0.04b
12.47 ± 0.21c
0.73 ± 0.01b
0.53 ± 0.01a
0.15 ± 0.00c
0.14 ± 0.00a
0.06 ± 0.00a
4.73 ± 0.16b
24.52 ± 0.41a
62.28 ± 1.02c
13.20 ± 0.22b
75.48 ± 1.24b
4.72 ± 0.14b

a–d Diﬀerent letters in the same line (row) concerning all samples olive oil indicate signiﬁcantly diﬀerent values (p < 0.05).

SFA, saturated fatty acids; MUFA, monounsaturated fatty acids; PUFA, polyunsaturated fatty acids; UFA, unsaturated fatty acids.

Pigment content
The olive oil colour is directly associated with the chlorophyll and
carotenoid contents, and it has been proposed as a characterising
factor and as a quality index linked to the oil extraction method
and to the olive cultivar.27 In addition, the colour is the ﬁrst
attribute of virgin olive oil evaluated by consumers.34
For the studied oils, while carotenes were found at average concentrations between 2.61 and 5.83 mg kg−1 , the average concentration of chlorophylls varied between 6.23 and 14.71 mg kg−1
according to the growing area. This result is in good agreement
with those previously reported by other authors.32,35

4436

Fatty acid composition
The average fatty acid compositions are reported in Table 2. Along
with squalene, 14 fatty acids were detected in the Neb Jmel olive
oils. Oleic (18:1n-9), palmitic (16:0), linoleic (18:2n-6), and stearic
acids (18:0) are the main fatty acids found in all olive oils, accompanied by a further 10 fatty acids present in lower percentages.
The mono-unsaturated isomers of fatty acids having 16 carbon
atoms (hypogeic acid: 16:1n-9 and palmitoleic acid: 16:1n-7) and
18 carbon atoms (oleic acid: 18:1n-9 and z-vaccenic acid) are considered separately contrary to the commercial standards (trade
standard) of the IOC.26 The determination of minor fatty acids is
very important for the accurate knowledge of the exact lipid proﬁles during the authentication of the varietal origin of olive oils.30
It is to be noted that diverse fatty acid compositions were shown
in the Neb Jmel oils of diﬀerent regions. Oleic acid has always been
the most plentiful compound, with a variable content between
57.43% and 66.28% of the total fatty acids. Palmitic acid content
varied between 14.59% and 19.81%, according to the geographical area. Neb Jmel olives also contained low amounts of linolenic
(C18:3n-3), arachidic (C20:0), and palmitoleic acids (C16:1n-7)

wileyonlinelibrary.com/jsfa

Table 3. Concentration of major secoiridoid derivatives in Neb Jmel
olive oil
Geographical area and oil code
Compound

Kairouan,
A.B.M.1

Oleocanthal (mg kg−1 )
434
245
Oleacein (mg kg−1 )
254
Oleuropein aglycon (mg kg−1 )
131
Ligstroside aglycon (mg kg−1 )
679
D1,a (mg kg−1 )
0. 56
D2b
1063
D3,c (mg kg−1 )
a

Mahdia,
A.B.M.2
529
181
96
77
710
0. 34
883

Sfax,
A.B.M.4

Gabes,
A.B.M.3

432
246
116
55
678
0. 56
848

162
118
96
60
280
0. 73
436

Oleacein + oleocanthal.

b Oleacein/oleocanthal.
c Sum of four secoiridoids.

(Table 2). Linoleic acid was the dominant poly-unsaturated fatty
acid, ranging from 10.65% to 13.62%, whereas linolenic acid
(C18:3n-3) ranged from 0.45% to 0.97%. With respect to the other
Tunisian olive cultivars,32 the variations in oleic and linoleic acid
contents observed in olive oil samples obtained from Neb Jmel cultivar are probably related to cultivar–environmental interaction
during the development and maturity of the fruits. The diﬀerent
altitudes (Fig. 1) of the growing areas are likely to elucidate the
diﬀerences observed for the fatty acids composition. This agrees
well with the results described by other authors for oils from olives
growing at diﬀerent altitudes.32,35,36 Apart from altitude and temperature, other climatic variables such as the soil characteristics
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(a)

(b)

Figure 2. Examples of NMR spectra showing the peaks used for integration for each analyte. (a) Sample A.B.M.2; and (b) sample A.B.M.3.

of the olive grove zones and the salinity may have an impact the
chemical composition of the resulting EVOO.
Squalene contents
Squalene is the major olive oil hydrocarbon. Indeed, this terpenoid makes up more than 90% of the hydrocarbons fraction.37
The squalene content in Neb Jmel olive oils varied between
3220.82 mg kg−1 and 3817.83 mg kg−1 . It is to be noted that
there were diﬀerences according to the regions where the samples were collected. Neb Jmel olive oil from Mahdia presents
the highest content of squalene reaching 3817.83 mg kg−1 of
oil, which is similar to the data previously reported in previous
research.38,39
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Oil stability
Oxidation stability is an important property characterising the
quality of olive oil, which is aﬀected by lipid composition and
diverse antioxidant compounds, whose levels may be inﬂuenced
by cultivar, year and place of production.4 The oxidative stability
of the extra-virgin olive oils was measured as the induction time
determined using the Rancimat method. The highest oxidative
stability was presented by Kairouan Neb Jmel oil with a mean
value of 15.14 h. This characteristic may be partially attributed
to the highest MUFA/PUFA ratio (6.08 ± 0.18) and the highest
content in phenolic compounds (1167.03 ± 10.72 mg kg−1 ). Since
the other three regions have almost the same value of the ratio
(MUFA/PUFA), the diﬀerence at the oxidative stability may be
explained by the little diﬀerence from the levels of the content
in phenolic compound. Such result is in accordance with the data
previously reported by other authors.35,38,40
NMR analysis
The NMR analysis allows for the quantiﬁcation of oleocanthal,
oleacein, oleuropein aglycon (monoaldehyde form) and ligstroside aglycon (monoaldehyde form) as previously described.23,24
The oleocanthal and oleacein content was high, at least in three
out of four cases, when compared with the values obtained in a
previous study of Greek and Californian oils.24 It is very interesting
to note that the total phenol value as measured by the Folin
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Total phenols and o-diphenols
Phenols are important antioxidants that protect biological systems
against oxygen radicals. Besides, phenolic substances do not only
aﬀect VOO stability but also contribute to oil ﬂavour, particularly
the typical bitter taste of olive oil. The Kairouan region revealed
higher levels of these compounds (Table 1). The eﬀects of the
environment and pedo-climatic conditions on these compounds
were clearly observed on the basis of the diﬀerent behaviours of
each growing area. The samples of Neb Jmel olive oil obtained
from the fruits of trees cultivated in Kairouan were found to have
a higher content in total phenols reaching 1167 mg kg−1 (Table 1).
The o-diphenol content in the olive oil samples was found to vary
broadly according to the olive tree cultivation area. The Neb Jmel
olive oil samples obtained from the fruits of olive trees cultivated
in Kairouan were found to have a higher content in o-diphenols,
about 480 mg kg−1 (Table 3). So, signiﬁcant diﬀerences between
geographical area were observed with regard to total phenols and

o-diphenols. The contents in total phenols and o-diphenols in the
olive oils of Neb Jmel cultivar varied according to the region, which
conﬁrms the results of other authors32,35,38 for the oil of Chemlali,
Oueslati and Neb Jmel.

www.soci.org
method was not able to predict the oil with the highest concentration in oleocanthal. Moreover, the o-diphenol measurement
allows for the prediction of the oil with the highest concentration
in oleacein. Those observations demonstrate the usefulness of the
NMR method for the exact determination of the key phenolics of
olive oil in comparison with the photometric methods that give
only a rough estimation. However, the photometric methods were
able to predict the ranking of the four oils only when all measured
phenolics were quantitated as in the case of the D3 index.
The most signiﬁcant observation of this study is that the edafoclimatological conditions play a very important role in the phenolic proﬁle of the olive oil. Although all samples came from the
same cultivar, harvested at the same maturity and processed under
the same conditions, the phenolic proﬁle was quite diﬀerent as
demonstrated by the NMR spectra of the aldehydic region (Fig. 2)
especially between olive oil obtained from fruit harvested from
Mahdia (A.B.M.2) and olive oil obtained from fruit harvested from
Gabes (A.B.M.3). Most probably, the maturity index as estimated
mainly by the colour of the fruit is not always well correlated with
the phenolic content of the corresponding oil. For example, oil
obtained from Gabes (A.B.M.3) presented much higher chlorophyll
concentration but presented the lowest phenolic content. In previous studies,22 it was shown that the oleocanthal and oleacein
levels were diminishing in relation to the maturity and the harvest
time. Herein we show that even with the same maturity, the phenolic proﬁle can show big diﬀerences demonstrating that other
parameters can also play a signiﬁcant role.

CONCLUSION
According to the obtained results, we can say that the production
area has signiﬁcantly inﬂuenced the phenolic composition of the
‘Neb Jmel’ olive oil cultivar being oils produced from ‘Kairouan’,
‘Mahdia’ and ‘Sfax’, the richest in polyphenols. The NMR method
for the quantiﬁcation of the major olive oil phenolics is a very
useful tool for the study of olive oil and the monitoring of the
delicate role of the cultivation conditions on the phenolic proﬁle.

ACKNOWLEDGEMENTS
The authors would like to thank the Ministry of Higher Education
and Scientiﬁc Research of Tunisia (Contract programme LR14ES08),
for their support of this research work. They also wish to extend
their thanks to Mrs Leila Mahfoudhi, an English teacher at the Sfax
Faculty of Science, for having proofread this paper.

REFERENCES

4438

1 Trigui A, Msallem M, Yengui A, Belguith H, Khecherem J, Meliène A
et al., Catalogue des Variétés Autochtones et Types Locaux. Institut de
l’Olivier, Ministère de l’Agriculture, IRESA (2002).
2 DGPA/O.N.H., L’oléiculture Tunisienne. Olivae 61:12–20 (1996).
3 Aparicio R and Luna G, Characterisation of monovarietal virgin olive
oils. Eur J Lipid Sci Technol 104:614–627 (2002).
4 Tura D, Gigliotti C, Pedo S, Failla O, Bassi D and Serraiocco A, Inﬂuence of cultivar and site of cultivation on levels of lipophilic and
hydrophilic antioxidants in virgin olive oils (Olea Europea L.) and correlations with oxidative stability. Sci Hort 112:108–119 (2007).
5 Gomez-Caravaca AM, Cerretani L, Bendini A, Segura-Carretero A,
Fernández-Gutiérrez A, Del Carlo M et al., Eﬀect of ﬂy attack (Bactrocera oleae) on phenolic proﬁle and selected chemical parameters of
olive oil. J Agric Food Chem 56:4577–4583 (2008).
6 Ben Mansour A, Porter EA, Kite GC, Simmonds MSJ, Abdelhedi R and
Bouaziz M, Phenolic proﬁle characterization of Chemlali olive stones
by liquid chromatography–ion trap mass spectrometry. J Agric Food
Chem 63:1990–1995 (2015).

wileyonlinelibrary.com/jsfa

A Ben Mansour et al.
7 Taamalli A, Roman DA, Zarrouk M, Segura-Carretero A and
Fernandez-Gutierrez A, Classiﬁcation of Chemlali accessions
according to the geographical area using chemometric methods
of phenolic proﬁles analysed by HPLC-ESI-TOF-MS. Food Chem
132:561–566 (2012).
8 Laroussi-Mezghani S, Vanloot P, Molinet J, Dupuy N, Hammami M,
Grati-Kamoun N et al., Authentication of Tunisian virgin olive oils by
chemometric analysis of fatty acid compositions and NIR spectra.
Comparison with Maghrebian and French virgin olive oils. Food
Chem 173:122–132 (2015).
9 Ouni Y, Flamini G, Issaoui M, Ben-Youssef N, Pier-Luigi C, Hammami
M et al., Volatile compounds and compositional quality of virgin
olive oil from Oueslati variety: Inﬂuence of geographical origin. Food
Chem 124:1770–1776 (2011).
10 European Commission, Commission Regulation (EEC) 432/2012, List of
permitted health claims made on foods, other than those referring
to the reduction of disease risk and to child. Oﬀ J Eur Commun L
136:XX–XX (2012).
11 Visioli F and Galli C, Review of the biological properties of olive oil
phytochemicals. Crit Food Sci Nutr 42:209–221 (2002).
12 Gallina-Toschi T, Cerretani L, Bendini A, Bonoli-Carbognin M and Lercker G, Oxidative stability and phenolic content of virgin olive oil: An
analytical approach by traditional and high resolution techniques. J
Sep Sci 28:859–870 (2005).
13 Bendini A, Cerretani L, Carrasco-Pancorbo A, Gómez-Caravaca
AM, Segura-Carretero A, Fernández-Gutiérrez A et al., Phenolic
molecules in virgin olive oils: A survey of their sensory properties,
health eﬀects, antioxidant activity and analytical methods. An
overview of the last decade. Molecules 12:1679–1719 (2007).
14 Ben-Hassine K, Taamalli A, Ferchichi S, Mlaouah A, Benincasa C,
Romano E et al., Physicochemical and sensory characteristics of virgin olive oils in relation to cultivar, extraction system and storage
conditions. Food Res Int 54:1915–1925 (2013).
15 García-Villalba R, Carrasco-Pancorbo A, Oliveras-Ferraros C,
Vázquez-Martín A, Menéndez J, Segura-Carretero A et al., Characterization and quantiﬁcation of phenolic compounds of extra-virgin
olive oils with anticancer properties by a rapid and resolutive
LC-ESI-TOF MS method. J Pharm Biomed Anal 51:416–429 (2010).
16 Rosignoli P, Fuccelli R, Fabiani R, Servili M and Morozzi G, Eﬀect of olive
oil phenols on the production of inﬂammatory mediators in freshly
isolated human monocytes. J Nutr Biochem 24:1513–1519 (2013).
17 Inarejos-García AM, Santacatterina M, Salvador MD, Fregapane G and
Gómez-Alonso S, PDO virgin olive oil quality, minor components
and organoleptic evaluation. Food Res Int 43:2138–2146 (2010).
18 Beauchamp GK, Keast RSJ, Morel D, Lin J, Pika J, Han Q et al., Phytochemistry: ibuprofenlike activity in extra-virgin olive oil. Nature
437:45–46 (2005).
19 Menendez J, Vazquez-Martin A, Garcia-Villalba R, Carrasco-Pancorbo
A, Oliveras-Ferraros C, Fernandez-Gutierrez A et al., tabAnti-HER2
(erbB-2) oncogene eﬀects of phenolic compounds directly isolated
from commercial extra-virgin olive oil (EVOO). BMC Cancer 8:1–23
(2008).
20 Bakhouche A, Lozano-Sánchez J, Beltrán-Debón R, Joven J,
Segura-Carretero A and Fernández-Gutiérrez A, Phenolic characterization and geographical classiﬁcation of commercial Arbequina
extra-virgin olive oils produced in southern Catalonia. Food Res Int
50:401–408 (2013).
21 Iacono A, Gómez R, Sperry J, Conde J, Bianco G, Meli R et al., Eﬀect of
oleocanthal and its derivatives on inﬂammatory response induced
by lipopolysaccharide in a murine chondrocyte cell line. Arthritis
Rheum 62:1675–1682 (2010).
22 Paiva-Martins F, Fernandes J, Rocha S, Nascimento H, Vitorino R,
Amado F et al., Eﬀects of olive oil polyphenols on erythrocyte
oxidative damage. Mol Nutr Food Res 53:609–616 (2009).
23 Karkoula E, Skantzari A, Melliou E and Magiatis P, Direct measurement of oleocanthal and oleacein levels in olive oil by quantitative
1 H-NMR. Establishment of a new index for the characterization of extra
virgin olive oils. J Agric Food Chem 60:11696–11703 (2012).
24 Karkoula E, Skantzari A, Melliou E and Magiatis P, Quantitative measurement of major secoiridoid derivatives in olive oil using qNMR.
Proof of the artiﬁcial formation of aldehydic oleuropein and ligstroside
aglycon isomers. J Agric Food Chem 62:600–607 (2014).
25 Hermoso M, Uceda M, García-Ortiz A, Morales J, Frías L and Fernández
A, Elaboración de aceite de oliva de calidad. Publicación de la Consejería de Agricultura y Pesca de la Junta de Andalucía. Dirección

© 2016 Society of Chemical Industry

J Sci Food Agric 2016; 96: 4432–4439

Aldehydic oleuropein and ligstroside aglycon isomers

26
27
28
29
30

31
32

33

General de Investigación, Tecnología y formación Agroalimentaria
y Pesquera, Sevilla, pp. 36–39 (1991).
International Olive Council (IOC), Trade standard applying to olive oils
and olive pomace oils. COI/T, 15/NC no 3 Rev 7. Principe de Vergara,
154, 28002, Madrid (2013).
Minguez-Mosquera MI, Rojas BG, Fernandez JG and Guerro LGJ, Pigments present in virgin olive oil. J Am Oil Chem Soc 67:192–196
(1990).
European Standard NF EN ISO 5509 Norm, Preparation of methyl esters
of fatty acids. AFNOR, Paris (2000).
European Standard NF EN ISO 5508 Norm, Analysis by gas chromatography of methyl esters of fatty acids. AFNOR, Paris (1995).
Ollivier D, Artaud J, Pinatel C, Durbec JP and Guérère M, Triacylglycerol and fatty acid compositions of French virgin olive oils. Characterization by chemometrics. J Agric Food Chem 51:5723–5731
(2003).
Chtourou M, Gargouri B, Jaber H and Bouaziz M, Comparative study of
olive quality from Chemlali Sfax Arbequina cultivated in Tunisia. Eur
J Lipid Sci Technol 115:631–640 (2013).
Gargouri B, Ammar S, Zribi A, Ben-Mansour A and Bouaziz M, Eﬀect of
growing region on quality characteristics and phenolic compounds
of chemlali extra-virgin olive oils. Acta Physiol Plant 35:2801–2812
(2013).
Dridi-Gargouri O, Kallel-Trabelsi S, Bouaziz M and Abdelhèdi R,
Synthesis of 3-O-methylgallic acid a powerful antioxidant by
electrochemical conversion of syringic acid. Biochim Biophys Acta
1830:3643–3649 (2013).

www.soci.org
34 Tsimidou M, Polyphenols and quality of virgin olive oil in retrospect.
Ital J Food Sci 10:99–116 (1998).
35 Ouni Y, Flamini G, Issaoui M, Nabil BY, Cioni PL, Hammami M et al.,
Volatile compounds and compositional quality of virgin olive oil
from Oueslati variety: Inﬂuence of geographical origin. Food Chem
124:1770–1776 (2011).
36 Karabagias I, Michos C, Badeka A, Kontakos S, Stratis I and Kontominas
MG, Classiﬁcation of Western Greek virgin olive oils according to
geographical origin based on chromatographic, spectroscopic,
conventional and chemometric analyses. Food Res Int 54:
1950–1958 (2013).
37 Owen RW, Mier W, Giacosa A, Hull WE, Spiegelhalder B and Bartsch H,
Phenolic compounds and squalene in olive oils: The concentration
and antioxidant potential of total phenols, simple phenols, secoiridoids, lignans and squalene. Food Chem Toxicol 38:647–659 (2000).
38 Ben Mansour A, Flamini G, Ben Selma Z, Le Dréau Y, Artaud J, Abdelhadi R et al., Comparative study on volatile compounds, fatty acids,
squalene and quality parameters from whole fruit, pulp and seed
oils of two Tunisian olive cultivars using chemometrics. Eur J Lipid
Sci Technol 117:976–987 (2015).
39 Fernández-Cuesta A, León L, Velascoa L and De la Rosa R, Changes in
squalene and sterols associated with olive maturation. Food Res Int
54:1885–1889 (2013).
40 Ben Mansour A, Gargouri B, Flamini G and Mohamed Bouaziz, Eﬀect of
agricultural sites on diﬀerentiation between Chemlali and Neb Jmel
olive oils. J Oleo Sci 64:381–392 (2015).

4439

J Sci Food Agric 2016; 96: 4432–4439

© 2016 Society of Chemical Industry

wileyonlinelibrary.com/jsfa

