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Abstract

Linear hydrocarbons such as n-alkanes and n-alkenes are contained in the unsaponifiable fraction and are one of the less
studied class of components in olive oil. This work was conducted in two subsequent harvest seasons (2016-2017 and 2017—
2018) and attentioned the oils of nine olive cultivars: Cassanese, Coratina, Itrana, Leccino, Nociara, Ottobratica, Pendolino,
Picholine and Sinopolese grown in the same geographical area (Rizziconi) of the region of Calabria (South Italy). Seven out
of the nine cultivars were allochthonous for the geographical area where the experiment was conducted. Height n-alkanes
with odd-carbon chain number, seven n-alkanes with even-carbon chain number and three n-alkenes were detected in the
following elution order: heneicosane, docosane, tricosene, tricosane, tetracosene, tetracosane, pentacosene, pentacosane,
hexacosane, heptacosane, octacosane, nonacosane, triacontane, entriacontane, dotriacontane, tritriacontane, tetratriacontane,
pentatriacontane. The cultivar variable produced very high significant differences, this was particularly evident for Sinopolese
oil showing a total n-alkanes and n-alkenes content of 260 and 290 mg/kg respectively for the first and the second harvest
season, whereas Ottobratica and Picholine oils contained less than 100 mg/kg and Cassanese and Itrana oils contained less
than 50 mg/kg. The highest n-alkene content was found in the oil of Ottobratica 1.97-161 mg/kg, Picholine 2.34—-1.99 mg/
kg and in Sinopolese 1.93-2.91 mg/kg. The odd/even ratio was less than 3 for Picholine and Sinopolese and less than 5 for
all other cultivars. Docosane was 12.30 and 17.61 mg/kg for Sinopolese and less than 2 mg/kg for all other cultivars. Harvest
season did not influence significantly the n-alkanes and n-alkenes content.

Keywords EVOO - Aliphatic hydrocarbon - Endogenous - Harvest year - Linear hydrocarbon - Minor component -

Unsaponifiable

Introduction

Olive oil is constituted by more than two hundred com-
pounds. Glycerides, partial glycerides, free fatty acids, phos-
phatides are the constituents of the major quantity of the
0il (98.5%), whereas other components such as tocopherols,
phenols, pigments, sterols, fatty alcohols, waxes are the so
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called minor components because they represent about the
1.5% of the oil. n-Alkanes and n-alkenes are minor compo-
nents of endogenous origin in the group of hydrocarbons and
have a specific pattern which can contribute to distinguish
the different vegetable oils such as: sesame seed oil, walnut
seed oil, sunflower seed oil [1, 2]; crude palm kernel oil
[3, 4]; peanut and sunflower seed oils [2]; avocado pulp oil
[5]; linum seed oil [6]; tomato seed oil [7]. This is due to
the specificity of the n-alkanes and n-alkenes carbon-chain
length in each vegetable oil and the specificity of the rela-
tive quantity of each n-alkane and n-alkene in each oil. If the
n-alkane composition in animal fat is considered, it can be
observed a specific behaviour. Tejeda et al. [8] in intramus-
cular lipids of Iberian fresh ham found that the carbon-chain
length varied between C12 and C32 with an even to odd
prevalence and with C12, C14, C16 and C18 as the major
n-alkane. This is in contrast with the even to odd prevalence
of n-alkanes of vegetable origin. Even if the major source
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in animal tissue is from vegetables of the diet, Pétron et al.
[9] found no relationship between the n-alkane composition
of vegetables in animal feed and the n-alkane composition
in intramuscular lipids of dry-cured Iberian ham, this was
probably because hydrocarbons are also originated by oxida-
tion of fatty acids [10].

Low quantity of n-alkanes is absorbed by the mammalian
small intestine [11], more in detail, the longer the carbon-
chain length the lower the absorption [12].

Olive oil can be contaminated by mineral oils of different
origin such as: air pollution [13], environmental pollution
[14], wrong storage condition [15], wrong processing sys-
tems [16], presence of lubricants, motor oils, pesticides [17],
and olive fruit transport.

In previous works conducted in the same geographical
area and with regards to the oil of the same olive cultivars
considered in the present work, it was studied the effect of
cultivar and harvest season on triglycerides [18], waxes [19],
sterols [20] and fatty alcohols [21]. The aim of this work was
to study the n-alkane and n-alkene composition in the oil of
nine olive cultivars grown in the same geographical area of
the Calabria region (South Italy), in addition, in this context
was studied the effect of cultivar and harvest season on the
n-alkane and n-alkene composition.

Materials and methods
Plant materials

Fruits were picked from olive trees grown in mono cultivar
plantations, in the geographical area of Rizziconi, in the
Gioia Tauro Plan at 115 m on the sea level (Calabria, South
Ttaly).

A total of nine cultivars were chosen for this experiment,
in detail: seven allochthonous (Cassanese, Coratina, Itrana,
Leccino, Nociara, Pendolino and Picholine) and two autoch-
thonous (Ottobratica and Sinopolese) for this geographical
area. It has to be pointed out that Cassanese is a Calabrian
cultivar but not from the specific geographical area where
our experiment was conducted. For all the cultivars the same
agronomic conditions were applied in a flat ground, of allu-
vial origin, with silt and sand. The trees were not irrigated
because the climate is humid and temperate. The maximum
rain fell was 165 mm in March 2016 and the minimum was
2 mm in June 2017. The temperature reached a maximum
of 39.4 °C on August 2017 (in the morning) and a minimum
of — 3.0 °C on January 2017 (in the night). For each cultivar
were chosen thirthy plants 25-35-year old, healthy and uni-
form in size, grown along a line between two opposite cor-
ners of the orchard. Plants of all cultivars were own-rooted.
The same fertilisation criterion was applied each year for
all the studied cultivars (N, P and K in a ratio 20/10/10).

@ Springer

Pruning was conducted every two years but dead woods
were removed each year. Pest treatments were conducted
against Bactrocera oleae, Spilocaea oleagina and Colletotri-
chum gloeosporioides. The experiment was conducted for
two subsequent harvest years (2016-2017 and 2017-2018)
and sampling was conducted in the following harvest
dates: 3 October, 18 October, 3 November, 17 November, 5
December, 19 December, 3 January. From each cultivar 2 kg
olives/tree (for a total of 60 kg) were manually and randomly
picked at each harvest date until drupes were found on trees.
Oil extraction was conducted within 5 h from picking in
a small mill “Mini 30” (AGRIMEC Valpesana, Calzaiolo,
S. Casciano VP, Florence), with the following procedure:
fruits were separated by leaves, stems and any solid mate-
rial and a mild washing with water was made before crush-
ing by a hammer-mill at room temperature. The olive paste
was mixed (for 35 min at 18-20 °C) without water adding
and placed in a pile of circular steel grids before to apply
a continuous, slow and mild increase in pressure up to 200
bars. The final pressure was maintained for 20 min. Olive oil
was separated by waste water by a laboratory centrifuge for
10 min at 3000 rpm and the superrnatant (oil) was filtered
in a paper filter before to be stored in a 100 mL amber glass
bottles (15—20 °C) until analysis, i.e. within two days after
oil extraction.

Chemicals

All reagents of analytical grade and chromatographic grade
were purchased from Carlo Erba (Milan, Italy). Silica gel
was purchased from Merck (Darmstadt, Germany). Pure
standards of alkanes were purchased from Sigma Chemical
Co. (St Louis, MO, USA).

Analytical procedure

n-Alkane and n-alkene fraction was obtained by applying
the method described for the determination of stigmasta-
dienes in vegetable oils and proposed in the Annex XVII
of the European regulation [22]. Shortly, n-hexacosane (as
internal standard) was diluted in n-hexane and dosed in a
250-mL glass flask. The solvent was evaporated by a mild
stream of nitrogen and olive oil and alcoholic potash at 10%
were dosed in the glass flask. At this point the reflux con-
denser was started to heat the mixture to a slight boiling for
30 min until complete saponification reaction. Thereafter
the unsaponifiable fraction was extracted by a glass funnel
before to be carefully introduced in a silica-gel glass column
with n-hexane as an eluent. The chromatographic elution
was conducted with a flow rate of 1 mL/min, approximately.
n-Alkanes and n-alkenes were contained in the first 35 mL
of eluate. The eluted volume was concentrated by a Rotary
evaporator before GC-on column analysis.
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Gas chromatography

A Carlo Erba HRGC3000 instrument was used for gas-chro-
matographic analysis, equipped with an on-column injec-
tor, a FID detector and a capillary column SE-54 MEGA-
Milano-Italy (column length 25 m, ID 0.32 mm and film
thickness 0.25 pm). The oven temperature program was:
60 °C (1 min isotherm), a 5 °C/min increase up to 290 °C
(40 min isotherm). The detector temperature was set at
310 °C. The identification of peaks was conducted by com-
paring their retention indices with those of pure standards
and with data reported in the literature.

Statistical analysis

Five fruit samplings were conducted for each cultivar for
each harvest season. For each fruit sampling were prepared
two batches of 30 kg drupes each. One replicate was con-
ducted on the oil of each batch, with a total of two replicates/
cultivar/fruit sampling.

To calculate means and standard deviations of the 20
final replicates of each cultivar (2 replicates X five sam-
plings X two harvest seasons) was used Excel 2010 as a
software. The SPSS 17.0 software (SPSS Inc., Chicago, IL,
USA) was used to analyse the means by one-way ANOVA
and Tukey’s test, at 5% probability, with cultivar and the
harvest season as variables.

Results and discussion

Eighteen peaks were detected in the gas-chromatogram,
fifteen n-alkanes and three n-alkenes. n-Alkanes ranged
between C21 and C35, with 8 odd-carbon chain and 7 even-
carbon chain components. n-Alkenes ranged between C23:1
and C25:1. The same GC profile was obtained in olive oils
from Croatia [23], and in olive oils from Greece, Spain,
Tunisia and from different geographical areas of Italy [24].

C21 was the first peak revealed by the gas-chromatogram
and accounted for less than 1 mg/kg in all cultivars except
for Sinopolese, in which it was 4.08 mg/kg in 2016-2017
and 6.52/in 2017-2018 harvest season. C21 was found in
highest quantity in 2016-2017 harvest season in the oil of
Coratina, Itrana, Leccino, Nociara and Pendolino whereas
it was in highest quantity in 2017-2018 in the oil of Cas-
sanese, Ottobratica and Sinopolese, i.e. the three Calabrian
cultivars (Fig. 1). The two-way ANOVA analysis indicated
that the cultivar and the interaction cv X harvest season had
a very high significant influence (p <0.001) on the C21
content (Table 1). Moreda et al. [2] reported of studies on
the n-alkane composition of five edible vegetable oils and
described a GC profile with n-alkanes ranging between
15 and 35 carbon-chain atoms; in that context, C21 was
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Fig.1 Variation in the Heneicosane content for two harvest seasons
(2016-2017 and 2017-2018), in the oil of the studied cultivars. The
values represent the means + standard deviation

quantified for 0.81 mg/kg in a virgin olive oil. A study on
n-alkane content of intramuscular lipids of fresh ham found
C12 as the first eluted n-alkane [8], namely a carbon chain
with 9 methylene groups less than in olive oil and, in that
case, C21 content ranged between 0.73 and 0.81 mg/kg [8].
In studies of other vegetable oils such as avocado pulp oil
and tomato seed oil were found C21 [5] and C19 [7] as the
first eluted n-alkane, this can consent to suppose that fat of
animal origin contains n-alkanes with a shorter chain than
vegetable oils.

C22 showed a similar pattern to C21 with Sinopolese
and Picholine oils having the highest quantity: the former
varied between 12.30 mg/kg (2016-2017) and 17.61 mg/
kg (2017-2018), the latter varied between 14.6 mg/kg
(2016-2017) and 1.78 mg/kg (2017-2018). From all other
cultivars was extracted an oil accounting for less than 1 mg/
kg (Fig. 2). Cultivar and cv X harvest season influenced very
significantly (p <0.001) the C22 content (Table 1). Herchi
et al. [6] studied the n-alkane composition of linum seed oil
and found a C22 content ranging between 2.8 and 3.6 mg/kg,
i.e. in a lower quantity than our Sinopolese oil but in a higher
quantity than in the oil of all other olive cultivars (Fig. 2).
Sakohoui et al. [25] applied a GC-MS analytical method
with a DB5 MS fused silica capillary column and found C22
and C36 respectively as the first and the last eluted n-alkanes
in olive oil of Meski cv grown in north-east Tunisia, instead
of C21 and C35 found in the oils of our study this could be
one parameter useful to distinguish oils of different geo-
graphical origin and of different cultivar.

C23:1 was the first eluted n-alkene in the GC chroma-
togram. The GC column used in this work, containing 5%
phenyl, 1% vinyl, 94% methyl polysiloxane and having a low
polarity has separated components so that n-alkenes were
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Table 1 Total n-alkanes; total odd-carbon chain n-alkanes; total even-carbon chain n-alkanes; total n-alkenes; total n-alkanes and n-alkenes

Total n-alkanes (mg/kg)

Total odd-carbon chain
n-alkanes (mg/kg)

Total n-alkanes and
n-alkenes (mg/kg)

Total even-carbon chain Total n-alk-
n-alkanes (mg/kg) enes (mg/kg)

Cassanese 2016-2017 21.13+9.04 16.93+7.41
Cassanese 2017-2018 19.06+6.37 14.92+4.99
Coratina 2016-2017 69.72+5.98 54.80+5.58
Coratina 2017-2018 48.85+9.78 36.42+8.19
Itrana 2016-2017 22.00+6.63 17.15+4.75
Itrana 2017-2018 23.39+4.67 18.93+3.74
Leccino 2016-2017 47.62 +27.64 37.61+19.77
Leccino 2017-2018 46.08+17.90 34.85+12.53
Nociara 2016-2017 52.55+12.13 39.90+9.18
Nociara 2017-2018 41.25+11.22 31.34+8.37
Ottobratica 2016-2017 86.46+30.57 69.92+23.43
Ottobratica 2017-2018 82.05+32.34 66.04 +24.68
Pendolino 2016-2017 54.45+20.38 4472 +17.24
Pendolino 2017-2018 51.94+16.70 43.13+14.11
Picholine 2016-2017 75.26+10.13 55.11+7.22
Picholine 2017-2018 84.76+2.89 62.37+2.23
Sinopolese 2016-2017 258.50+32.86 192.13 +24.71
Sinopolese 2017-2018 287.09 +44.47 210.36+32.88

420+1.67 0.16£0.03 21.29+9.07
4.14+1.39 0.14+£0.04 19.20+£6.38
14.93+4.19 1.28+£0.27 71.00+£6.24
9.43+2.35 0.55+0.15 46.40+9.91
4.74+1.92 0.11+£0.05 22.00+£6.63
4.46+0.94 0.11+£0.03 23.50+£4.65
10.01+7.88 0.13+£0.01 47.75+£27.66
11.23+£5.41 0.12+0.04 46.20+17.91
12.65+3.07 0.28 £0.11 52.83+12.22
9.91+2.89 0.15+£0.07 41.40+11.28
16.54+7.36 1.97+1.08 88.43+31.60
16.02+£7.71 1.61+1.03 83.67+33.31
9.73+3.14 0.22+0.23 54.67 +20.60
8.81+2.64 0.06+0.04 52.00+16.73
20.15+2.95 2.34+0.57 77.60+10.55
22.39+0.73 1.99+0.43 86.75+3.30
66.37+8.56 1.93+£0091 260.43+33.52
76.73+11.77 2.91+0.84 290.00£45.20

Variations in the oils of the studied cultivars are considered in the two harvest seasons (2016-2017 and 2017-2018) and are expressed as mg/

kg +standard deviation
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Fig.2 Variation in the Docosane content for two harvest seasons
(2016-2017 and 2017-2018), in the oil of the studied cultivars. The
values represent the means =+ standard deviation

eluted before the homologous n-alkane with the same carbon
chain number. In almost all cultivars the highest content was
found in the 20162017 harvest season except for Sinopolese
in which the highest content was found in 2017-2018. All
cultivars showed a C23:1 quantity lower than 1 mg/kg. In
detail, in Coratina, Ottobratica, Picholine and Sinopolese
oils, the C23:1 content varied between 0.16 mg/kg (Coratina
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Fig.3 Variation in the Tricosene content for two harvest seasons
(2016-2017 and 2017-2018), in the oil of the studied cultivars. The
values represent the means =+ standard deviation

2017-2018) and 0.95 mg/kg (Sinopolese 2017-2018),
whereas in the oil of all other cultivars the C21 content
was <0.11 mg/kg (Fig. 3).

The n-alkane and n-alkene profile showed a characteristic
bell-shape profile, with C23 as the first of these hydrocar-
bons being in the initial part of the bell-shape, even if differ-
ently for each cultivar. In fact, C23 accounted for 75.24 and
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89.90 mg/kg respectively for the first and the second harvest
seasons in Sinopolese oil and between 18.61 and 20.19 mg/
kg in Picholine oil. All other cultivars showed a C23 con-
tent < 10.66 mg/kg found in Nociara in 2016-2017, (Fig. 4).
The C23 content was influenced (p <0.001) by both culti-
var and cv X harvest season (Table 1). El Antari et al. [26]
studied the n-alkane composition of olive oils produced in
different sites of Morocco and found a C23 content ranging
between 3.54 and 9.24 mg/kg, also in this case C23 designed
the initial part of the bell-shape for the n-alkane profile.
Among the odd-numbered n-alkanes, C23 and C25 were
found to predominate in the oils from northern and southern
Italy, France, Croatia, Morocco and southern Greece [27],
this is in accordance especially with our oils extracted from
Sinopolese cv. (Fig. 1, 4, 8, 10, 12, 14, 16, 18).

C24:1 was the second detected n-alkene in the gas-chro-
matographic profile. The highest absolute quantities were
found in 2017-2018 harvest season in the Sinopolese oil
(0.94 mg/kg) and in 2016-2017 harvest season in the Picho-
line oil (0.68 mg/kg). Ottobratica produced an oil ranging
between 0.53 and 0.45 mg/kg and Coratina remained above
and below the 0.2 mg/kg level respectively in the 2016-2017
and in the 2017-2018. In all other cases was found a C24:1
content < than 0.06 mg/kg of Nociara oil (2016-2017),
(Fig. 5).

C24 was the third major n-alkane. Its content was high-
est in Sinopolese oil (43.32 and 48.80 mg/kg), followed
by Picholine (14.60-15.60 mg/kg) and by Leccino, Noci-
ara and Ottobratica oils in which C24 was closed between
5.25 and 7.69 mg/kg. In all the other cultivars, in both the
two harvest seasons, C24 was less or equal than 5.03 mg/
kg (Coratina 2016-2017), (Fig. 6). The cultivar showed a
very high significant effect on the C24 content (p <0.001)
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Fig.4 Variation in the Tricosane content for two harvest seasons
(2016-2017 and 2017-2018), in the oil of the studied cultivars. The
values represent the means + standard deviation
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Fig.5 Variation in the Tetracosene content for two harvest seasons
(2016-2017 and 2017-2018), in the oil of the studied cultivars. The
values represent the means + standard deviation

instead of harvest season and the interaction of cv X harvest
season (Table 1). Koprivnjak et al. [28] in olive oils from
Istria (Croatia) found a C24 content 4 times lower in Bjelica
cv oil than in Buza and Leccino oils.

C25:1 was the third and last n-alkene eluted in the GC
chromatogram. The lowest quantities were found in Cas-
sanese, Itrana, Leccino, Nociara and Pendolino oils,
accounting for less than 0.2 mg/kg. Only in Sinopolese
oil (2017-2018) was found a C25:1 content slightly more
than 1 mg/kg (Fig. 7). Our results indicated that the interac-
tion cv X harvest season had a very high significant effect
(»<0.001) on the C25:1 content (Table 1).
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Fig.6 Variation in the Tetracosane content for two harvest seasons
(2016-2017 and 2017-2018), in the oil of the studied cultivars. The
values represent the means + standard deviation
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Fig.7 Variation in the Pentacosene content for two harvest seasons
(2016-2017 and 2017-2018), in the oil of the studied cultivars. The
values represent the means + standard deviation
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Fig.8 Variation in the Pentacosane content for two harvest seasons
(2016-2017 and 2017-2018), in the oil of the studied cultivars. The
values represent the means + standard deviation

C25 was the second major n-alkane. The studied cul-
tivars can be classified in 3 main groups: Cassanese,
Coratina, Itrana, Leccino, Nociara and Pendolino oils
showing less than 15 mg/kg; Ottobratica and Picholine oils
ranging between 15 and 30 mg/kg and lastly Sinopolese
oil accounting for more than 70 mg/kg (Fig. 8). Findings
of other authors on Tunisian olive oil reported C25 as the
major n-alkane which was quantified in 22.10 mg/kg [25].
El Antari et al. [26] found C25 as one of the predominant
n-alkanes in Moroccan olive oil ranging between 4.30 and
10 mg/kg. Troya et al. [29] reported about the importance
of C25, in fact they used the C21/C25 ratio as one of the

@ Springer

main parameters useful to predict the botanical origin of
vegetable oil.

The C26 content in Sinopolese oil was found to be 6.39
and 6.23 mg/kg respectively for the first and the second har-
vest season. By and large it was double in quantity with
respect to Coratina, Ottobratica and Sinopolese oils; triple
with respect to Leccino, Nociara and Pendolino oils, and
4-5 times higher than in Cassanese and Itrana oils. In the oil
of the autochthonous cultivars the C26 content was higher
in the 2016-2017 with respect to the 2017-2018 harvest
season: 1.33-1.27 mg/kg for Cassanese, 3.27-3.10 mg/kg
for Ottobratica and 6.39—6.23 mg/kg for Sinopolese (Fig. 9).

In the oil of the autochthonous cultivars, C27 con-
tent was higher in the 2016-2017 with respect to the
2017-2018 harvest season: 4.67—4.46 mg/kg for Cassanese,
15.75-13.47 mg/kg for Ottobratica and 19.23-18.25 mg/
kg for Sinopolese. This behaviour was also found in
Coratina, Leccino and Nociara oils, in contrast to Itrana
(4.08-6.06 mg/kg), Pendolino (11.90-12.38 mg/kg) and
Picholine (5.22—7.95 mg/kg) (Fig. 10). In a study con-
ducted in olive oils produced in Morocco, C27 was quanti-
fied in-a range of 2.87-40.85 mg/kg with a high variability
between the studied samples [26].

C28 was higher in the 2016-2017 than in the 2017-2018
harvest season, in the oil of all cultivars that exceeded 1 mg/
kg in both the harvest seasons. Whereas, in the cultivars
showing a border line content (slight higher or lower than
1 mg/kg) only Itrana (0.65-0.87 mg/kg) and Picholine
(0.77-1.09 mg/kg) oils showed and inverse rate. Ottobrat-
ica and Pendolino oils predominated on all other cultivars
for the C28 content, i.e. 3.0 mg/kg in both cultivars in the
2016-2017 harvest season (Fig. 11).
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Fig.9 Variation in the Hexacosane content for two harvest seasons
(2016-2017 and 2017-2018), in the oil of the studied cultivars. The
values represent the means + standard deviation
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Fig. 10 Variation in the Eptacosane content for two harvest seasons
(2016-2017 and 2017-2018), in the oil of the studied cultivars. The
values represent the means + standard deviation
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Fig. 11 Variation in the Octacosane content for two harvest seasons
(2016-2017 and 2017-2018), in the oil of the studied cultivars. The
values represent the means + standard deviation

C29 content was highest in the oil of the 2016-2017
harvest season for all cultivars except than Itrana and
Picholine. By Coratina, Ottobratica, Pendolino and Sino-
polese it was obtained an oil with a C29 content ranging
between 9.84 mg/kg (Coratina 2017—2018) and 19.92 mg/
kg (Ottobratica 2016-2017). The oil of all other cultivars
in both the studied harvest seasons showed a C29 con-
tent ranging between 8.34 mg/kg (Nociara 2017-2018)
and 3.51 mg/kg (Cassanese 2017—2018), (Fig. 12).
Koprivnjak et al. [30] studied four olive oils of Croatian
cultivars and found that C29 was the predominant linear
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Fig. 12 Variation in the Nonacosane content for two harvest seasons
(2016-2017 and 2017-2018), in the oil of the studied cultivars. The
values represent the means + standard deviation
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Fig. 13 Variation in the Triacontane content for two harvest seasons
(2016-2017 and 2017-2018), in the oil of the studied cultivars. The
values represent the means =+ standard deviation

hydrocarbon in the oil of Debela, Rosulja and Slatka cul-
tivars whereas in the Naska oil prevailed C25.

C30 was higher in the 2016-2017 than in the 2017-2018
harvest season in the oil of almost all cultivars except for
Itrana and Picholine (Fig. 13), following the same behav-
iour of C28 (Fig. 11). The highest C30 content was found
in Coratina, Pendolino and Ottobratica (2.57, 2.20 and
1.89 mg/kg, respectively), whereas Itrana and Picholine
showed the lowest values ranging between 0.32 mg/kg
(Itrana, first harvest season) and 0.56 mg/kg (Picholine,
second harvest season), (Fig. 13). Cultivar and the interac-
tion cv X harvest season had a high significant (p <0.01)
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and a significant (p <0.05) effect (Table 1). The ratio C24/
C30 was the second main parameter found by Troya et al.
[29] useful to predict the botanical origin of vegetable oil,
hence the importance of knowing also the content of these
two compounds.

C31 was higher in the 2016-2017 than in the 2017-2018
harvest season in the oil of almost all the studied cultivars
except for Picholine oil (Fig. 14). Coratina oil showed the
highest C29 content in the first harvest season (8.75 mg/
kg), followed by Pendolino and Ottobratica oils (6.34 and
6.33 mg/kg respectively). Itrana and Picholine oils con-
tained less than 2.0 mg/kg C31 in both the harvest seasons
(Fig. 14). C31 value was affected by both cultivar (p <0.01)
and harvest season (p <0.05) but not by their interaction
(p>0.05). In a study conducted on olive fruits and olive
leaves of Frantoio, Moraiolo and Leccino cvs, C31 was
found to be one of the predominant n-alkanes throughout
the ripening periods of fruits [31].

C32 content was higher in the second harvest season
than in the first for Picholine and Sinopolese, in contrast
with the tendency showed by all other cultivars. Coratina
oil contained the highest C32 content in both the harvest
seasons (0.62 and 0.56, respectively). As for C31, Itrana and
Picholine oils showed the lowest C32 content, i.e. less than
0.2 mg/kg in both the harvest seasons (Fig. 15). C32 values
of our oils were in agreement with findings of other authors
[32] in olive oils of seven cultivars grown in the Extrema-
dura region of Spain. C32 was the last eluted n-alkane found
in the tomato seed oil [7] this could allow to differentiate an
oil extracted from a fruit from an oil extracted from a seed.

C33 was higher in 2016-2017 than in 2017-2018 for
the oil of all cultivars except for Sinopolese oil. As for C31
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Fig. 14 Variation in the Entriacontane content for two harvest sea-
sons (20162017 and 2017-2018), in the oil of the studied cultivars.
The values represent the means + standard deviation
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Fig. 15 Variation in the Dotriacontane content for two harvest sea-
sons (2016-2017 and 2017-2018), in the oil of the studied cultivars.
The values represent the means =+ standard deviation

and C32, Itrana and Picholine oils showed the lowest C33
content, i.e. less than 0.5 mg/kg in both the harvest sea-
sons. In all cases the C33 content was lower than 2.40 mg/
kg (Fig. 16), whereas Sakouhi et al. [25] found 4.5 mg/kg in
olive oil of Meski cv.

C34 was the last even-carbon chain alkane eluted by
the GC analysis. No. C34 content of the studied cultivar
occurred as much as 0.2 mg/kg. Itrana, Leccino, Nociara
and Picholine oils occurred with less than 0.1 mg/kg in both
the studied harvest seasons. Coratina oil showed a C34 con-
tent double in the first harvest season compared with the
second one (0.20-0.10 mg/kg), on the contrary, Sinopolese
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Fig. 16 Variation in the Tritriacontane content for two harvest sea-
sons (2016-2017 and 2017-2018), in the oil of the studied cultivars.
The values represent the means + standard deviation
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Fig. 17 Variation in the Tetratriacontane content for two harvest sea-
sons (2016-2017 and 2017-2018), in the oil of the studied cultivars.
The values represent the means + standard deviation
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Fig. 18 Variation in the Pentatriacontane content for two harvest sea-
sons (20162017 and 2017-2018), in the oil of the studied cultivars.
The values represent the means + standard deviation

oil showed a C34 content twice higher in the second har-
vest season with respect to the first one (0.10-0.20 mg/kg),
(Fig. 17). C34 was the last eluted n-alkane found in the avo-
cado pulp oil [7], i.e. with one methylene group less than in
olive oils of the present study.

C35 was at the same time the last eluted odd-carbon
chain alkane and also the last component revealed by the
GC chromatogram. This was in accordance with findings
of other authors with regards to studies on olive oil [23,
24, 30, 32, 33], and studies on olive fruits and olive leaves
[31]. In our study, C35 predominated in the oil of Ottobrat-
ica (0.45-0.40 mg/kg) and Sinopolese (0.32-0.47 mg/kg),
i.e. the two autochthonous cultivars for the geographical

area where the experiment was conducted. Picholine and
Itrana oils accounted for the lowest C35 content: the for-
mer remained below the 0.1 mg/kg level in both the har-
vest seasons, the latter accounted for 0.11 and 0.10 mg/kg
in the first and in the second harvest season, respectively
(Fig. 18).

Total n-alkanes taken together herein are depicted in
the Table 1. Sinopolese oil abundantly prevailed on other
studied cultivars accounting for 258.50 and 287.09 mg/kg
in the first and in the second harvest season, respectively.
The second oil for n-alkane content was the one of Otto-
bratica, even if it accounted for 86.46 and 82.05 mg/kg, i.e.
2.99-3.50 times less than in Sinopolese oil. Coratina, Lec-
cino, Nociara and Pendolino oils sampled in 2017-2018 con-
tained between 41.25 and 54.45 mg/kg respectively, whereas
Cassanese and Itrana oils contained less than 30 mg/kg in
both the harvest seasons. The total n-alkane content of the
second harvest season was higher than in the first one for
Itrana, Picholine and Sinopolese oils, in opposition to the
behaviour of the oil of our other studied cultivars. Findings
of other authors showed that the n-alkane content in olive
oil from Central and South Italy and Croatia was higher than
in oils of other Countries of the Mediterranean basin, such
as Spain and Northern Greece [27]. n-Alkanes lack in func-
tional groups, are very stable molecules and can survive in
fossil records for millions of years [34] also for this reason
they are important because can be used in studies of paleo-
ecology and paleoclimatology [35]. In addition, they can be
used to distinguish a virgin olive oil from a pomace olive
oil and the virgin olive oil originated from first to fourth
malaxation or pomace oil from first to third extraction [36].
Food can be contaminated with hydrocarbons (mineral oils)
and with polyolefinic products (oligomers) [37] which are
soluble in vegetable oils, hence it is necessary to know the
endogenous n-alkane composition of a vegetable oil such as
olive oil to better evaluate the endogenous and the hexog-
enous hydrocarbon composition.

The total odd-carbon chain n-alkanes (OCCA) con-
tent is quantified in the Table 1. Aside from Sinopolese
oil, all other cultivars showed a total odd-carbon chain
content lower than 70 mg/kg. In detail, Sinopolese con-
tained 192.13-210.36 mg/kg, namely 2.75 to 3.19 times
more than the oil of the second major cultivar: Ottobratica
69.92-66.04 mg kg. Picholine contained 55.11-62.37 mg/
kg, and lastly Cassanese (16.93-14.92 mg/kg). Itrana, Picho-
line and Sinopolese oils showed the total highest OCCA
content in the 2017-2018 harvest season, in contrast with all
other studied cultivars. Mihailova et al. [27] studied the olive
oils of eight Mediterranean Countries and found odd-number
homologues such as C23, C25, C27, C29 and C31 to be
the most prevalent n-alkanes and found C23, C25, C27 and
C29 prevailing in the Italian olive oils samples in northern,
central and southern regions.
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The absolute value of total even-carbon chain n-alkanes
(ECCA) was lower than the total OCCA. Sinopolese oil
contained one third ECCA than OCCA (Table 1). Picholine
showed the second major ECCA content (20.15-22.39 mg/
kg) and all other cultivars showed an ECCA content lower
than 20 mg/kg in both the harvest seasons. As for OCCA
also for ECCA, Cassanese oil showed the lowest content
(4.20-4.14 mg/kg). In the 2017-2018 harvest season was
revealed the highest ECCA content in the oils of Leccino,
Picholine and Sinopolese in opposition to the results found
for all other cultivars. Total ECCA content was found to be
affected by cultivar (p <0.001) and by the interaction cv X
harvest season (p <0.05), (Table 2). Findings of Koprivnjak
et al. [28] on Leccino, Buza and Bjelica olive oils produced
in restricted zone of Istria (Croatia) and sampled in three
different fruit ripening stages showed ECCA always in lower
quantity than OCCA.

The total n-alkene content was highest in Ottobratica,
Picholine and Sinopolese oils ranging between 1.61 mg/kg

Table 2 Analysis of the variance, two-way ANOVA

Cultivar Harvest season Cultivar
X harvest
season

C21 sk s ek
C22 seskesk n.s sekk
C23:1 soleok n.s Ak
C23 skskesk n.s sk
C24:1 kot n.s i
C24 ks n.s n.s
C25:1 ns n.s gk
C25 Hk n.s n.s
C26 ok n.s n.s
C27 Hk n.s n.s
C28 Hkk n.s n.s
C29 Hok n.s n.s
C30 ok n.s *

C31 hic * n.s
C32 Hk n.s n.s
C33 Hk n.s n.s
C34 s n.s n.s
C35 HE n.s n.s
Alkanes and alkenes Total =~ *** n.s n.s
Total alkanes Hkk n.s n.s
Total alkenes HkE n.s *
Alkanes/Alkenes s n.s otk
Even Alkanes HkE n.s *

0Odd Alkanes Hokk n.s n.s
Odd/Even ratio HkE n.s n.s

Significance level for the variables: cultivar, harvest season and inter-
action of cultivar X harvest season

*##%kp <0.001; **p <0.01; *p <0.05; n.s., not significant; p>0.05

@ Springer

(Ottobratica 2017-2018) and 2.91 (Sinopolese 2017-2018).
In the oil of all cultivars except than in Sinopolese, the
n-alkene content of the first harvest season prevailed on the
content of the second harvest season (Table 1). In the oil of
Cassanese, Itrana, Leccino, Nociara and Pendolino, in both
the harvest seasons, the total n-alkene content did not occur

482
483
484
485
486
487

to as much as 0.28 mg/kg (Fig. 23). The two-way ANOVA [XeZis

analysis demonstrated that the total n-alkenes were influ-
enced by cultivar (p <0.001) and by the interaction cv X
harvest season (p <0.05), (Table 2). It is worthy of note that
in this study was detected and quantified the n-alkene con-
tent, whereas in almost all the few studies published in this
field it was quantified only the n-alkane fraction [2, 25-28,
31]. n-Alkenes can be used as a marker to distinguish natu-
ral oils from isomeric paraffins (n-alkanes) migrated from
packaging to the food [13]. On the other hand, unsaturated
hydrocarbons appear during the process of oil refining [2].
For this reason, it is fundamental to know the n-alkene con-
tent in natural edible oils and also the n-alkene content in
the oil of each specie and of each cultivar grown in a specific
geographic area.

As a direct consequence of the single fraction of
n-alkanes and n-alkenes, the sum of the total n-alkane and
n-alkene contents was highest in Sinopolese (260 mg/kg in
2016-2017 and 290 mg/kg in 2017-2018) and lowest in Cas-
sanese and in Itrana accounting for less than 24 mg/kg in
both the harvest seasons (Table 1).

In the Fig. 19 is described the OCCA/ECCA ratio. This
value was highest in Pendolino (4.53-4.86) and Ottobrat-
ica (4.41-4.34) oils, in both the harvest seasons. Picholine
(2.74-2.79) and Sinopolese (2.90-2.74) showed the lowest

Odd/Even-Carbon Chain ratio
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Fig. 19 Variation in the odd/even carbon chain r-alkane ratio for two

harvest seasons (2016-2017 and 2017-2018), in the oil of the studied
cultivars. The values represent the means + standard deviation
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cultivars and harvest seasons

Fig.20 Variation in the total n-alkanes/total n-alkenes ratio for two
harvest seasons (2016-2017 and 2017-2018), in the oil of the studied
cultivars. The values represent the means + standard deviation

values. The OCCA/ECCA ratio was highest in the first har-
vest season for Cassanese, Leccino, Ottobratica and Sinopo-
lese. The two-way analysis of variance showed a very high
significant effect (p <0.001) by the cv X harvest season
interaction (Fig. 19). This is in accordance with studies of
Eglinton and Hamilton [38, 39] who found that that plants
produce n-alkanes with a strong odd-over-even ratio.

The total n-alkanes/total n-alkenes ratio is depicted in
the Fig. 20. A marked difference between harvest seasons
was found in the Pendolino oil (408.70-1137.48). Leccino
showed the second major ratio in both the harvest seasons
(343.55-409.13). The lowest ratio was found in the oil of
Picholine (33.15-43.97).

Conclusion

Hydrocarbons such as n-alkanes and n-alkenes are con-
tained in the unsaponifiable fraction of an olive oil and
are a group of components until now scarcely attentioned
but many information can be obtained from their study

Bl to qualify an olive oil. Findings on the effect of culti-

532
533
534
535
536
537
538
539

var and harvest season on n-alkane and n-alkene com-
position of nine olive cultivars in a two-year study, are
here reported. Sinopolese oil predominated on all other
cultivars in the n-alkane and n-alkene content when
the carbon-chain length ranged between 21 and 27 and
between 34 and 35; whereas Coratina oil predominated in
the range C30—C33 carbon-chain length and Ottobratica
and Pendolino oils predominated in the range C28-C29.

The two-way ANOVA analysis has demonstrated that the

541

interaction of cultivar X harvest season had a very high

significant effect on short carbon-chain n-alkanes and
n-alkenes, while almost for all components, cultivar had a
high significant (»p <0.01) or a very high significant effect
(»<£0.001). The relevant effect of cultivar could be addi-
tionally used to distinguish the monocultivar olive oils.
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