

  foods-10-00290




foods-10-00290







Foods 2021, 10(2), 290; doi:10.3390/foods10020290




Article



n-Alkanes and n-Alkenes in Virgin Olive Oil from Calabria (South Italy): The Effects of Cultivar and Harvest Date



Angelo Maria Giuffrè[image: Orcid]





Dipartimento di Agricoltura, Università degli Studi Mediterranea di Reggio Calabria, Contrada Melissari, 89124 Reggio Calabria, Italy







Academic Editors: Maria Joao Cabrita and Raquel Garcia



Received: 9 December 2020 / Accepted: 28 January 2021 / Published: 1 February 2021



Abstract

:

n-Alkanes and n-alkenes are components of the unsaponifiable fraction of an olive oil. These were analysed by GC on-column analysis and are here proposed as an additional tool to certify the origin, authenticity, traceability and chemical quality of olive oil produced in the Reggio Calabria province (South Italy). Nine cultivars were studied: Cassanese, Coratina, Itrana, Leccino, Nociara, Ottobratica, Pendolino, Picholine and Sinopolese grown in the region of Calabria (South Italy). n-Alkanes in the range from 21 to 35 chain carbon atoms and alkenes in the range from 23:1 to 25:1 chain carbon atoms were found with the following elution order: heneicosane (C21), docosane (C22), tricosene (C23:1), tricosane (C23), tetracosene (C24:1), tetracosane (C24), pentacosene (C25:1), pentacosane (C25), hexacosane (C26), eptacosane (C27), octacosane (C28), nonacosane (C29), triacontane (C30), entriacontane (C31), dotriacontane (C32), tritriacontane (C33), tetratriacontane (C34), pentatriacontane (C35). The oil of all cultivars showed a decreasing trend in total n-alkane and n-alkene content, with the oil of Sinopolese showing the highest content, varying from 328.50 to 214.00 mg/kg. Odd-chain alkanes predominated over even-chain n-alkanes, and tricosane, tetracosane and pentacosane were the most represented alkanes. Cultivar and harvest date significantly influenced the n-alkane and n-alkene content. These findings can be useful to distinguish different olive cultivars and to decide the fruit harvest date for the oil of the Reggio Calabria province (South Italy). A daily quantity of 30 g of olive oil of the Sinoplese cv (the one with the highest n-alkane and n-alkene content) was found to be in accordance with the suggestions of the European Agency for the evaluation of medicinal products Committee for veterinary medicinal products and biogenic hydrocarbons intake for the human diet.
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1. Introduction


Olive oil is globally recognised for its biological properties due to its physico-chemical composition. Calabria (South Italy) is the second largest Italian region for olive oil production (755,032 tons in 2016) [1], and for this reason many works have been conducted to study olive oil produced in this geographic region with regard to the physico-chemical properties of the fruit and oil of many olive cultivars [2,3,4,5,6,7,8,9,10,11], and in particular with regard to the evolution during olive fruit ripening of triglycerides [12] and minor components such as sterols [13], fatty alcohols [14] and waxes [15].



The unsaponifiable fraction also contains linear hydrocarbons, among them alkanes and alkenes, which have not been much studied, probably because both European regulation [16] and the Trade Standard of the International Olive Council [17] do not yet consider these components.



n-Alkane content was found to be affected by the geographic origin of the oil [18] and can be used to detect enhanced concentrations of leaf material in olive oil, because n-alkane profiles of olive leaves were found not to exhibit significant variations during the harvest season in contrast to n-alkanes in olive oil [19].



Studies conducted on vegetable oils found that n-alkane composition varies depending on the botanical origin [20]; for instance, the carbon atom chain of n-alkane ranges between 21 and 34 mg/kg in avocado pulp oil [21] and between 19 and 32 mg/kg in tomato seed oil [22].



To study the hydrocarbon fraction, it is useful to compare the endogenous hydrocarbons (alkanes and alkenes) with the exogenous hydrocarbons (mineral oils and paraffins) [23,24,25]. Alkanes are metabolized to fatty alcohols and then acids in the small intestine [26] and in the liver [27]. Mineral oils and paraffins are retained in human tissues [28] and can migrate, for example from paper board to dry foods or from jute or sisal bags [29,30].



Endogenous hydrocarbons are produced by the decarboxylation of long-chain fatty acids [31,32]; they are different in aquatic or terrestrial plants and are related to the geographic origin.



Exogenous hydrocarbons are generally due to non-voluntary (albeit dangerous for human health) addition mainly caused by contamination due to air pollution [33], incorrect storage [34], or incorrect processing [35] and transport.



From the point of view of the edibility of a vegetable oil, it is important to point out that the intake of biogenic hydrocarbons is normally within the range of 10–100 mg/person/day (0.17–1.7 mg/kg of body weight/day), and the intake of hydrocarbons by all sources has been estimated at around 240 mg/person/day (4 mg/kg body weight/day), if a 60 kg person is considered, as suggested by the European Agency for the evaluation of medicinal products [36].



n-Alkanes have also been used as markers in nutritional studies with wild ruminant and non-ruminant animals [37,38].



In a recent work, we studied the influence of harvest season on the n-alkane and n-alkene content in virgin olive oils produced in the region of Calabria (South Italy) [39] in a scientific context of scarce information with regard to the occurrence of n-alkane content in vegetable oils and, in particular, of olive oils [40].



This is the first complete work studying the evolution of endogenous alkanes and alkenes during fruit ripening in monocultivar olive oil and studying the effect of cultivar and harvest date on the alkane and alkene composition, in order to characterise monocultivar olive oil and to have a further decisional element in relation to the date of olive harvest.




2. Materials and Methods


2.1. Plant Material


All olive trees were grown in mono cultivar plantations, in a non-polluted geographic area of Rizziconi, in the Gioia Tauro Plan at 115 m on the sea level (Calabria, South Italy).



Nine cultivars were selected for this work: two autochthonous (Ottobratica and Sinopolese) and seven allochthonous (Cassanese, Coratina, Itrana, Leccino, Nociara, Pendolino and Picholine) for this geographic area. The authentication of these cultivars was conducted by the author of this study (an agronomist) in collaboration with the owner of the olive grove and the supplier of the plants. The ground is flat, alluvial, with silt and sand. The climate is humid and temperate and olive trees were not irrigated. The maximum rain fell was 165 mm in March 2016 and the minimum was 2 mm in June 2017.



The maximum temperature of this geographic area was 39.4 °C on August 2017 (in the morning) and the minimum was −3.0 °C on January 2017 (in the night). Thirty plants aged 25 to 35 years, healthy and uniform in size, grown along a line between two opposite corners of the orchard, were chosen for each cultivar. Pruning was conducted every two years, but dead wood was removed each year. All cultivars were own-rooted plants, and the same fertilisation criterion was applied each year (N, P and K in a ratio 20/10/10). The main parasitic attacks were due to: Bactrocera oleae, Spilocaea oleaginea and Colletotricum gloeosporioides and treatments were applied to contrast these pathogens.



The experiment was conducted for two harvest years (2016–2017 and 2017–2018) on the following harvest dates: 3 October, 18 October, 3 November, 17 November, 5 December, 19 December, 3 January. Sampling was manually and carefully conducted at biweekly intervals, and from each cultivar, 2 kg olives/tree (for a total of 60 kg) were randomly picked at each harvest date until drupes were found on trees. The maturity index (MI) varied from 0 (100% intense green colour of skin and pulp) to 7 (skin and pulp 100% black) [41]. The MI of the last sampling was 6 for fruits of cultivars whose last sampling was conducted on 5 and 19 December, and it was 7 for fruits picked on January. This was related to the different response given from an olive genotype to a specific environment and it is the reason for what we have conducted five, six or seven samplings in relation to the different cultivars. In Coratina, Itrana, Leccino and Picholine cultivars, no fruit was found on plants on 19 December. Drupes were processed within 5 h after picking in a small mill “Mini 30” (AGRIMEC Valpesana, Calzaiolo, S. Casciano VP, Florence), with a capacity of 40 kg with the following 10-step procedure: (1) drupe separation by leaves, stems and any solid material; (2) mild drupe washing; (3) drupe crushing by a hammer-mill at room temperature; (4) mixing of the olive paste without adding water for 35 min at a range of temperatures between 18 and 20 °C; (5) positioning of the olive paste in a pile of circular steel grids; (6) pressure by a hydraulic press with a continuous slow and mild increase in pressure up to 200 bar; (7) maintaining maximum pressure for 20 min; (8) separation of the olive oil from the liquid mixture (oil and waste water) by a laboratory centrifuge (3000 rpm for 10 min); (9) filtration of the oil by filter paper; (10) storage of the olive oil in 100 mL amber glass bottles in the dark at 15–20 °C until analysis, which was conducted within two days after oil extraction.




2.2. Chemicals


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




2.3. Analytical Procedure


The European Regulation [6] and the Trade Standard of the International Olive Council [7] do not contain a specific method for alkanes and alkenes determination; however, Annex XVII of the European regulation (Method for the determination of stigmastadienes in vegetable oils) [6] can be well applied to determine also alkanes and alkenes in olive oil. In brief, n-hexacosane diluted in n-hexane as internal standard was placed in a 250 mL glass flask and n-hexane was evaporated by a mild stream of nitrogen. At this point, olive oil and alcoholic potash were added to 10%, then the reflux condenser was started, and the mixture was heated to slight boiling for 30 min until complete saponification reaction. The unsaponifiable fraction was separated and then was carefully introduced in a separating glass column containing a previously activated silica gel and n-hexane. At this point, the chromatographic elution was started with n-hexane at a flow rate of 1 mL/min approximately. The first 35 mL of eluate contains n-alkanes and n-alkenes.




2.4. Gas Chromatography


For gas-chromatographic analysis of n-alkanes and n-alkenes, a Carlo Erba HRGC3000 instrument was used, which was equipped with an on-column injector, an FID detector and a capillary column SE-54 MEGA-Milano-Italy (column length 25 m, ID 0.32 mm and film thickness 0.25 μm). The oven temperature was programmed at 60 °C for 1 min and then at 5 °C/min up to 315 °C (40 min). The detector temperature was maintained at 330 °C. Peaks were identified by comparing their retention indices with those of pure standards of n-alkanes and n-alkenes.




2.5. Statistical Analysis


Two batches of 30 kg drupes each were prepared for each cultivar at each harvest date, and two independent replicates were conducted from the oil of each batch, with a total of four replicates/cultivar/harvest date. Excel 2010 software was used to calculate the means and standard deviations of eight replicates (four replicates/year × two harvest years). The means were analysed by one-way ANOVA and Tukey’s test, at 5% probability, using the SPSS 17.0 software (SPSS Inc., Chicago, IL, USA); the variables were the cultivar and the harvest date. Principal component analysis (PCA) was applied by SPSS software for Windows, version 15.0 (Chicago, IL, USA).





3. Results and Discussion


Alkanes in the range of C21 to C35 and alkenes in the range of C 23:1 and C 25:1 were detected with the following elution order: heneicosane (C21), docosane (C22), tricosene (C23:1), tricosane (C23), tetracosene (C24:1), tetracosane (C24), pentacosene (C25:1), pentacosane (C25), hexacosane (C26), eptacosane (C27), octacosane (C28), nonacosane (C29), triacontane (C30), entriacontane (C31), dotriacontane (C32), tritriacontane (C33), tetratriacontane (C34), pentatriacontane (C35).



C21 was found almost always in a quantity lower than 1 mg/kg, except in the last two samplings of Picholine and in all samples of Sinopolese. The cultivars produced very high significant differences among the means (p = 0.000). The differences between harvest dates were: p = 0.009 for Nociara, p = 0.003 for Sinopolese, p = 0.002 for Itrana, p = 0.001 for Leccino, Ottobratica and Pendolino, p = 0.000 for all other cultivars (Table S1). C21 was revealed to be the first odd-chain n-alkane in rangeland plant species from the Sudan, with a quantity ranging between 1 and 8 mg/kg DM of leaves or whole plant [42].



The lowest C22 value was found in the fifth sampling of Itrana (0.14 mg/kg), whereas the very highly significant highest value (p = 0.000) was in the fourth sampling of Sinopolese (16.93 mg/kg) which showed a different alkane profile with respect to the other studied cultivars (Table S2). Sayago et al. [43] studied seventeen Spanish olive oils of different cultivars and found 4 mg/kg as C22 mean content (1.35 mg/kg min–9.93 mg/kg max) in lower quantity than our Sinopolese oil and in higher quantity with respect to all other cultivars. C22 was found to be less than 1% in the aerial parts of three Artemisia species in which a range between C19 and C33 was detected [44].



In Table S3, data regarding to C23:1 are listed, which is the first n-alkene appearing in the GC profile, and which almost always amounted to less than 1 mg/kg, with the exception of the first sampling of Sinopolese (1.24 mg/kg). Nociara showed no significant differences in C23:1 during fruit ripening (p = 0.061) (Table S3). The C23:1 content varied, showing very highly significant differences with olive ripening (p = 0.001) in Itrana and (p = 0.000) in all other cultivars, and it was similarly influenced (p = 0.000) by cultivar at each harvest date (Table S3). Osorio-Bueno et al. studied the oil of seven olive cultivars and found a C23:1 content ranging between 0.02 and 0.11 ppm [45].



C23 showed a tendency in decrease in the oil of all cultivars from the first part of the harvest season to the last sampling. Cassanese always very highly significantly showed the lowest C23 content (p = 0.000), ranging from 1.05 to 0.42 mg/kg, whereas Sinopolese oil very highly significantly showed the highest values (p = 0.000), ranging from 90.48 to 60.03 mg/kg (Table S4). Sakoui et al. [46], in Maski oil of complete mature fruits, found a C23 content of 10.4 mg/kg, in lower quantity than C23 found in Picholine, Sinopolese and in the initial harvest season of Nociara and Ottobratica oils but in higher quantity than in all other cultivars and samplings.



The second detected n-alkene was C24:1, accounting for less than 1 mg/kg, except in the first sampling of Ottobratica and Sinopolese (1.05 and 1.17 mg/kg, respectively). This hydrocarbon showed a decreasing trend in many cultivars with Ottobratica, Picholine and Sinopolese, very highly significantly accounting for the highest contents (p = 0.000) in all samplings. Leccino and Pendolino showed no significant differences during fruit ripening (p = 0.249 and 0.296 respectively) (Table S5). It has to be pointed out that the C24:1 content of the oil of almost all the allochthonous cultivars was similar to that found by other authors in Spanish olive oils (0.02–0.09 mg/kg) [43].



C24 was characterised by a very highly significant decreasing trend during olive ripening in all cultivars (p = 0.000). Leccino, Ottobratica, Picholine and Sinopolese oils accounted for more than 10 mg/kg in the first sampling and Picholine and Sinopolese oils were above this threshold during the whole harvesting season. Both cultivar and harvest date variables showed very highly significant differences (p = 0.000) between the C24 values (Table S6). Osorio Bueno et al. [45] studied the hydrocarbon content of virgin olive oil from the Extremadura region (Spain) and found a C24 content ranging between 0.53 and 1.62 ppm, i.e., in a lower amount in many cases with respect to our findings.



C25:1 was the last eluted of the three detected alkenes. It showed a decreasing trend in eight out of the nine studied cultivars; in fact, only Itrana oil showed an increasing (but nonlinear) trend. The harvest date influenced differently the C25:1 content in the oil of all the studied cultivars: Cassanese, Itrana, Nociara, Ottobratica, Picholine and Sinopolese (p = 0.000); Coratina and Pendolino (p = 0.010 and p = 0.003, respectively); Leccino (p = 0.009), (Table S7). Koprivnjak and Conte studied the oil of Leccino, Bianchera, Carbonazza and Busa cultivars grown in the Pula area (Croatia) and calculated a C25:1 content ranging between 0.15 mg/kg (Busa cv) and 1.23 mg/kg (Bianchera cv) [47], similar to our findings (Table S5).



C25 was highest in Ottobratica Picholine and Sinopolese oils (p = 0.000). Ottobratica oil showed a very highly significant decrease with ripening (p = 0.000) from 34.15 to 11.40 mg/kg. The oil of Picholine ranged from 27.95 mg/kg to 21.05 mg/kg between samplings (p = 0.000), and the oil of Sinopolese varied from 91.35 to 59.63 mg/kg (p = 0.000). Cultivar showed very highly significant differences (p = 0.000) in the C25 content at each sampling (Table S8). Sakoui et al. [46] found C25 as the major alkane in Maski oil of complete mature fruits, accounting for 22.1 mg/kg, in a higher quantity than in the oil of all samplings of six out nine cultivars of our work, whereas in a study on pulverized leaves of Kalanchoe pinnata, C25 was quantified in traces and as the first n-alkane eluted in the GC chromatogram [48].



C26 was very highly significantly found to have the highest quantity (p = 0.000) in Ottobratica oil (4.52–2.53 mg/kg) and in Sinopolese oil (8.75–5.15 mg/kg), namely the two autochthonous cultivars. Both cultivar and harvest date showed very highly significant differences (p = 0.000) between the contents of this saturated hydrocarbon during sampling (Table S9). Sayago et al., in 70 olive oils of cultivars grown in southwest Spain—Beas, Gibraleón, Niebla, Sanlúcar de Guardiana, Abequina, Picual, and Verdial de Huévar—found a mean C26 content of 0.32 mg/kg (0.10 mg/kg minimum–1.09 mg/kg maximum) [43]. This is explained by the high content of short-chain n-alkanes in these Spanish oils and the low content of the long-chained, confirmed by Lazon et al. [49] and in contrast to the results of our work on the olive oils of Reggio Calabria province (south Italy) (Tables S1–S23).



C27 content showed no significant differences (p = 0.233) in Picholine during olive ripening, but decreased in all other cultivars. The variation was significant (p = 0.022) in Itrana from 3 October (5.43 mg/kg) to 5 December (3.66 mg/kg) and was very highly significant (p = 0.000) in the remaining seven cultivars (Table S10). Koprivnjak et al. [50] analysed by LC-GC the oil of three olive cultivars grown in the geographic area of Istria (Croatia) and found a decreasing tendency in the content of each alkane even if with a different rate; in addition, in the oil of Leccino and Buza cultivars, the major compounds were C23, C24 and C25 (similarly to our cultivars), whereas in Bjelica oil, the major compounds were (C25, C27 and C29). Bianchi et al. found C27 homologue to be the main n-alkane (47% of the total) in black olives of Coratina cv grown on hills surrounding Pescara (central Italy) [51]. The findings of Mihailova et al. showed that in olive oils produced in Slovenia, central Italy, Portugal northern Greece and Spain, C27, C29 and C31 n-alkanes were prevalent [18], but we also found this in the olive oils of the west area of the Reggio Calabria province, south Italy (Tables S5, S7 and S9).



C28 was highest in Coratina, Ottobratica, Pendolino and Sinopolese and a very highly significant (p = 0.000) variation in diminution during olive ripening was shown in all cultivars. The highest C27 value was in the first sampling of Pendolino (4.05 mg/kg), and the lowest was in the fifth and last sampling of Itrana (0.53 mg/kg) (Table S11).



C29 content was more than 20 mg/kg in the first sampling of Ottobratica, Pendolino and Sinopolese oils and in the second sampling of Pendolino and was not less than 3.27 mg/kg in any of the samplings of all cultivars (Table S12). In Spanish virgin olive oil from the Extremadura region, C29 was found to be one of the predominant alkanes in a range of 2.17–7.02 ppm [45]. C29 was the n-alkane detected in highest quantity (27% of the total n-alkane content) in green olives of Coratina cv from central Italy [51] and in highest quantity in seed oil of sunflower (49.63%), sesame (18.45%), peanut (12.69%) and safflower (27.05%) [52]. At the same time, C29 was the main n-alkane (24.4%), and the last one detected in the GC profile of Hypericum perforatum dried leaves purchased from Norsk Medisinaldepot, Oslo, Norway [53].



C30 showed very highly significant differences (p = 0.000) when cultivar and harvest dates were compared. Pendolino had the highest content in the first two samplings (2.88 and 2.48 mg/kg respectively). Itrana had the lowest content in all samplings varying from 0.38 mg/kg to 0.25 mg/kg), (Table S13).



C31 content never exceeded 10 mg/kg and was very significantly the highest (p = 0.000) in Pendolino, ranging from 9.63 mg/kg (3 October) to 4.05 mg/kg (19 December). There was a depleting trend, even if the content of the last sampling of six out nine cultivars was higher than the last but one (Table S14). In a study conducted in Tuscany (central Italy) on Frantoio, Moraiolo and Leccino cultivars, C31 was found to be the highest n-alkane in olive leaves, and was present in higher quantities in olive leaves than in olive fruits; this condition was repeated each month in samplings from July to November [19].



C32 accounted for less than 1 mg/kg in all samplings of all cultivars with the exception of the content of the fourth sampling conducted for Coratina (1.27 mg/kg). The harvest date did not influence the C27 content of Ottobratica (p = 0.055), whereas very highly significant differences were found in all other cultivars (p = 0.000). When considering the cultivar effect, we found highly significant differences (p = 0.009) on 19 December and very highly significant differences (p = 0.000) in all other harvest dates (Table S15). Wilson et al. (1999) studied pregnant sows (Sus scrofa L.) and measured faecal recovery of n-alkanes from ingested grass and from dosed n-alkane (C32) under controlled indoor conditions, with or without the addition of soybean oil in the diet. They found no effect of soybean (Glycine max L.) oil addition on faecal recovery of alkanes, nor was there a consistent pattern of diurnal variation in faecal n-alkane concentration. Faecal recoveries were incomplete and ranged from 43.3% for C24 to 98.6% for C32 [38].



C33 was within the range of 3.02 mg/kg at the first sampling of Sinopolese oil and 0.27 mg/kg of Pendolino oil at the fourth sampling. When considering all harvest dates, Itrana and Picholine contained the lowest C33 values, which were always observed at values less than 0.74 mg/kg. When the cultivar variable was considered, highly significant (p = 0.002) differences were found between the values of the sixth sampling, and very highly significant (p = 0.000) differences were observed between all other samplings (Table S16). C33 was the highest n-alkane revealed (62.90%) on pulverized leaves of Kalanchoe pinnata [48].



C34 was one of the alkanes detected in the lowest quantity—at values always less than 0.27 mg/kg—in Ottobratica on 19 December. Highly significant differences (p = 0.006) were found when comparing the means of the sixth sampling, and very highly significant differences (p = 0.000) were found when comparing all other samplings. Itrana and Picholine oils showed the lowest C34 values, i.e., less than 0.06 mg/kg (Table S17). Mihailova et al. found C34 in higher quantities in olive leaves than in olive fruits throughout the whole ripening season; this happened also for C30, C32, C33 and C35. In brief, this condition was found for all the high-chain n-alkanes and, consequently, the oil extracted from batches of olive fruits containing a high leaf content showed a high n-alkane content [19].



C35 was the last alkane eluted in the chromatogram. For each cultivar, the highest value was found in the first sampling, and ranged between 0.69 mg/kg (Sinopolese) and 0.12 mg/kg (Picholine). The differences between means were significant (p = 0.015) in Itrana, highly significant in Coratina (p = 0.004), and very highly significant in the oil of all other cultivars (p = 0.000) (Table S18).



The total n-alkane content was influenced both by the harvest date and by the cultivar effects (p = 0.000). This was particularly evident for Ottobratica and Sinopolese (the two autochthonous cultivars), whose total alkane content was much higher than other ones. When considering the first sampling, the oil of Sinopolese contained 324.76 mg/kg, i.e., 10.68 times more than in Itrana (30.40 mg/kg) and 9.29 times more than in Cassanese (34.97 mg/kg). When considering the fifth sampling (on 5 December, when fruits were found on the trees of all cultivars), the oil of Sinopolese contained 266.98 mg/kg of total alkanes, with higher content with respect other cultivars as follows: 19.72% more than in Cassanese, 8.44% more than in Coratina, 16.82% more than in Itrana, 8.92 more than in Leccino, 8.00% more than in Nociara, 3.78% more than in Ottobratica, 7.13% more than in Pendolino, and 4.03% more than in Picholine (Table S19). El Antari et al. [54] studied the total n-alkane content of five olive oils from Morocco and found the following values: 19.65, 27.94, 55.97, 101.63 and 42.73 mg/kg in oils obtained from different cultivars growing in different geographic areas and from olives picked with different ripening indexes. Mihailova et al. [19] studied the ripening effect of the alkane content and found a depletion with ripening in fruits, while simultaneously observing stability in leaves; consequently, the oil extracted from fruits processed with a high leaf content showed a higher n-alkane content with respect to oil produced with a low leaf content. Pineda et al. [55] studied the total alkane content in Hojiblanca extracted oil submitted to four successive malaxations with a small-scale extractive plant and found that the n-alkane content increased constantly with the number of malaxations from 16.50 to 25.00 mg/kg. In the same study, Pineda et al. found a decreasing n-alkane content in olive fruit of the Picual cultivar until July and a substantial stabilisation from July to December [55]. Similar results were found by Sakouhi et al. in oil of Meski cv grown in north-east Tunisia, with a decreasing trend from the 21st to the 26th week after flowering and a substantial stabilisation from the 27th week [46].



Gómez-Coca et al. studied the effect of the number of extractions and the n-alkane content in the oil of three olive cultivars (Aloreña, Leccino and Manzanilla) grown in the south of Spain, and found that in the olive oil of the second centrifugation, the n-alkane content was higher than in the oil of the first one. At the same time, the oil obtained with solvent from olive pomace contained more n-alkanes that the centrifuged one [56]. n-Alkane content of endogenous origin can be used to distinguish extra virgin olive oil or lampante olive oil from olive pomace oil; in fact, Moret et al. found that olive oils obtained using a mechanical system (pressure or first centrifugation) usually do not contain mineral paraffins above the detection limit (1 mg/kg), whereas solvent-extracted pomace olive oils showed a high mineral paraffin content. This could be associated with the transport of olive pomace from the olive mill plant to the refining plant [23]. Paraffins, and in general, mineral oil saturated hydrocarbons, are undeliverable, because exposure to them in rat diet was found to increase liver and spleen weights, as well as the vacuolization and granuloma formation associated with lymphoid cell clusters in the liver [57]. With regard to the n-alkane content in different plants and the possibility of distinguishing them with chemotaxonomic distinctions, it should be pointed out that n-alkane production appears to be much higher in angiosperms than in gymnosperms [58].



The harvest date produced highly significant differences in the total n-alkene content of Cassanese, Coratina and Nociara oils (p = 0.002, p = 0.003 and p = 0.002 respectively) and very highly significant differences (p = 0.001 and p = 0.000) in the oil of all other cultivars. A constant decreasing tendency was observed in alkene content even if, in some cases, the last sampling showed a slightly higher content than the previous one. The cultivar variable always influenced the total alkene content (p = 0.000). No total alkene content was found to be as high as 3.75 mg/kg (found in Sinopolese oil at the first sampling). More specifically, in the oils of Cassanese, Itrana, Leccino, Nociara and Pendolino, the total alkene content was lower than 0.39 mg/kg. On the fifth sampling (5 December), six cultivars produced an oil with a total alkene content ≤0.35 mg/kg, whereas Ottobratica, Picholine and Sinoplese oils exhibited values of 0.90, 1.67 and 2.03 mg/kg, respectively (Table S20). The literature on n-alkane composition in olive oil is scarce, but that on n-alkenes is extremely poor. In one of the existing papers, the authors studied the oil of Leccino, Bianchera, Carbonazza and Busa cultivars grown in the Pula area (Croatia) and found a total n-alkene content ranging between 0.26 mg/kg (Busa cv) and 3.88 mg/kg (Carbonazza cv) [47].



The sum of alkanes and alkene contents was consistent with the behaviour of each single hydrocarbon fraction. The decreasing trend was confirmed, and the harvest date and cultivar effects caused very highly significant differences between means (p = 0.000). The diminution with ripening from the first to the last sampling in the total alkanes and alkenes content was: 173% in Cassanese (from 35.17 to 20.33 mg/kg); 208% in Coratina (66.50–32.00 mg/kg); 191% in Itrana (30.50–16.00 mg/kg); 252% Leccino (75.50–30.00 mg/kg); 167% Nociara (58.50–35.00), 245% Ottobratica (139.50–57.00 mg/kg); 222% Pendolino (82.00–37.00 mg/kg); 135% Picholine (91.50–68.00 mg/kg); 154% Sinopolese (from 328.50 to 214 mg/kg), (Figure 1). The total n-alkane and n-alkene content studied by other authors with respect to the Leccino oil produced in the Pula area (Croatia), allochthonous for this geographic area, was 61.67 mg/kg, even though the harvesting date and the maturation index of the olive fruits were not specified in this study; Bianchera, Carbonazza and Busa cultivars possessed 47.81, 47.05 and 40.15 mg/kg, respectively [47]. If assuming a daily use of 30 g olive oil in the human diet, it can be stated that 9.86 to 6.42 mg/day (Sinopolese oil), 4.19 to 1.71 mg/day (Ottobratica oil), 1.06 to 0.61 mg/day (Cassanese oil) or 0.92 to 0.48 mg/day (Itrana oil) is ingested in the diet, that is, less than the 10–100 mg/person/day of biogenic hydrocarbons and the 240 mg/person/day of hydrocarbons stated by all sources indicated by the European Agency for the evaluation of medicinal products [36].



During ripening, the total alkanes/total alkenes ratio was not affected by the harvest date in the oil of Pendolino (p = 0.148), while it showed significant differences in Coratina, Nociara and Picholine oils (p = 0.023, p = 0.021 and p = 0.012, respectively), highly significant differences in Sinopolese oil (p = 0.008), and very highly significant differences in Itrana and Ottobratica oils (p = 0.000). The cultivar effect produced very highly significant differences at each harvest date (p = 0.000). The three highest values were found in Pendolino: 926.37, 959.96 and 693.34 in the third, fourth and fifth samplings, respectively. The three lowest values were found in the first three samplings of Picholine: 35.58, 31.92 and 36.64 (Table S21).



The values related to the sum of the total odd-chain alkanes were predominant in the oils of the two autochthonous cultivars: Sinopolese with a decreasing tendency from 241.70 mg/kg to 160.18 mg/kg, and Ottobratica with a decreasing tendency from 107.60 to 46.31 mg/kg. Itrana oil contained the lowest total of even carbon chain number alkanes, from 23.78 to 12.90 mg/kg (decreasing with drupes ripening), i.e., 10.16 to 15.14 lower than in Sinopolese oil (Table S22). Bortolomeazzi et al. [59] studied the total odd chain number alkanes in the oil of some Italian cultivar and found 52.1 and 53.7 ppm in Leccino cv grown in the Abruzzo region (central Italy), and 37.4, 43.2 and 33.8 ppm in oil of Coratina of the Apulia region (south Italy), that is, almost the same content we found in the oil obtained in the first sampling (3 October) of Leccino (56.32 mg/kg), and a similar content to our second and fourth samplings of Coratina (46.95 and 32.45 mg/kg) (Table S22). Odd-chain n-alkanes were found to be useful for distinguishing different genus and species of oils. Specifically, C31 was found to be the most abundant in peanut oil; C31 was predominant in grapeseed oil, followed by C29 and C27; C29 and 31 were prevalent in sunflower and corn oils; and C29 was prevalent in hazelnut oil, followed by C31 and C27 [20]. Partially different results were found by Benitez-Sanchez et al. in crude hazelnut oils from different geographic areas, whereby C31 was found in low quantities to trace amounts [60].



Additionally, the values related to the sum of the total even-chain alkanes were greater in the two autochthonous cultivars. In Sinopolese oil, the rate during fruit ripening was decreased from 83.06 to 52.10 mg/kg (159% less), and in Ottobratica, the rate decreased from 28.47 to 9.61 mg/kg (296% less). Itrana oil showed the lowest absolute values, as well as a depletion of 223% (from 6.62 to 2.97 mg/kg from the first to the last sampling) (Table S23). The findings of Bortolomeazzi et al. [59] describe a total even-chain alkanes of 10.1 and 10.2 ppm for Leccino oil (central Italy) and of 8.7, 9.2 and 7.0 ppm for Coratina oil (South Italy), with a similar content to our Leccino at the end of October and our Coratina oil at the end of November (Table S23).



The total odd/even chain number alkanes ratio is described in Figure 2. The harvest date did not influence this value in Itrana, while it showed significant differences in Leccino oil (p = 0.017), highly significant differences in the oil of Pendolino (p = 0.005), and very highly significant differences (p = 0.000) in all other cultivars. When considering the cultivar effect, the differences between means were always very highly significant (p = 0.000). This ratio ranged between 2.73 (in Picholine oil on 18 October) and 5.17 (in Ottobratica oil on 5 December).



Principal component analysis (PCA) is a multivariate statistical analysis method used to reduce the number of variables, and this was applied to identify which compounds provided the best ability to differentiate the cultivars. The analysis of data using the PCA technique made it possible to chemically group the samples into three groups, in such a way as to express and evidence their similarities and differences. The significant factor loadings from the PCA of chemical constituent variables were obtained as suggested by D’Agostino et al. [61] after varimax rotation. The eigenvalues of the covariance matrix showed that the set of the two principal components (PCs) accounted for 86.14% of the total variance in the dataset with respect to cultivars. The loadings of first and second principal components (PC1 and PC2) accounted for 54.16 and 31.98% of the variance, respectively (Figure 3). Positive values for PC1 indicate the cultivars with the highest contents of C21, C22, C23:1, C23, C24:1, C24, C25:1, C25, C26, ∑ (total) Alkanes + ∑ (total) Alkenes, ∑ (total) alkenes, ∑ (total) even chain alkanes, and ∑ (total) odd chain alkanes. The highest PC2 values correspond to the cultivars with C28, C29, C30, C31, C32, C33, C34, C35. Cultivar projection on the factorial map allows a clear separation between the analysed samples (Figure 1). In fact, PCA analyses indicate the existence of three groups. The first group was formed of Leccino, Cassanese, Itrana, Nociara and Picholine cultivars, the second of Coratina, Ottobratica and Pendolino cultivars and third grouped of Sinopolese cultivar. According to the bi-dimensional representation of the first two factors, Sinopolese oil has a profile far removed from the other cultivars. Pendolino, Ottobratica and Coratina oils are more correlated with PC2 than the Sinopolese oil. This means that the Sinopolese cultivar is very different from the other cultivars.




4. Conclusions


A marked significant difference between cultivars was found with Sinopolese and Ottobratica oils containing the highest alkanes and alkenes content; in contrast, Cassanese and Itrana oils significantly showed the lowest content at each sampling. Both alkane and alkene content constantly and significantly decreased with fruit ripening in the oil of all cultivars. The significant differences found in this work showed that alkanes and alkenes can be used as an additional tool for certifying the origin, authenticity, and traceability of the oil of the studied cultivars grown in the Reggio Calabria province (South Italy). With regard to the daily intake, it can be confirmed that if a daily use of 30 g olive oil is considered in the human diet, it can be assumed that 6.42 to 9.86 mg/day (Sinopolese oil), 1.71 to 4.19 mg/day (Ottobratica oil), 0.61 to 1.06 mg/day (Cassanese oil) and 0.48 to 0.92 mg/day (Itrana oil) are ingested in the diet, i.e., amounts well within the 10–100 mg/person/day of biogenic hydrocarbons and the 240 mg/person/day of hydrocarbons by all sources indicated by the European Agency for the evaluation of medicinal products.








Supplementary Materials


The following are available online at https://www.mdpi.com/2304-8158/10/2/290/s1, Table S1: Heneicosane (C 21). Table S2: Docosane (C 22). Table S3: Tricosene (C 23:1). Table S4: Tricosane (C 23). Table S5: Tetracosene (C 24:1). Table S6: Tetracosane (C24). Table S7: Pentacosene (C 25:1). Table S8: Pentacosane (C25). Table S9: Hexacosane (C26). Table S10: Eptacosane (C27). Table S11: Octacosane (C28). Table S12: Nonacosane (C29). Table S13: Triacontane (C30). Table S14: Entriacontane (C31). Table S15: Dotriacontane (C32). Table S16: Tritriacontane (C 33). Table S17: Tetratriacontane (C 34). Table S18: Pentatriacontane (C 35). Table S19: Total n-alkanes. Table S20: Total alkenes. Table S21: Alkanes/Alkenes ratio. Table S22: Total odd-chain n-alkanes. Table S23: Total even-chain n-alkanes.





Funding


This research was supported by: Distretto ad alta tecnologia agroindustriale della Calabria AGRIFOODTECH—PROGETTO PON03PE_00090_2. Sustainable models and new technologies for olives and olive oil.




Data Availability Statement


Not applicable.




Conflicts of Interest


The author declares no conflict of interest.




References


	



Istat.it. 2017. Available online: http://www.agri.istat.it/jsp/dawinci.jsp?q=plC270000010000032100&an=2016&ig=1&ct=311&id=15A|21A|32A (accessed on 16 June 2020).

	



Giuffrè, A.M. Biometric evaluation of twelve olive cultivars under rainfed conditions in the region of Calabria, South Italy. Emir. J. Food Agric. 2017, 29, 696. [Google Scholar] [CrossRef]

	



Mafrica, R.; Piscopo, A.; De Bruno, A.; Pellegrino, P.; Zappia, A.; Zappia, R.; Poiana, M. Integrated Study of Qualitative Olive and Oil Production from Three Important Varieties Grown in Calabria (Southern Italy). Eur. J. Lipid Sci. Technol. 2019, 121, 1900147. [Google Scholar] [CrossRef]

	



Plastina, P.; Tundis, R.; La Torre, C.; Sicari, V.; Giuffré, A.M.; Neri, A.; Bonesi, M.; Leporini, M.; Fazio, A.; Falco, T.; et al. The addition of Capsicum baccatum to Calabrian monovarietal extra virgin olive oils leads to flavoured olive oils with enhanced oxidative stability. Ital. J. Food Sci. 2020, in press. [Google Scholar] [CrossRef]

	



Sicari, V.; Leporini, M.; Giuffrè, A.M.; Aiello, F.; Falco, T.; Pagliuso, M.T.; Ruffolo, A.; Reitano, A.; Romeo, R.; Tundis, R.; et al. Quality parameters, chemical compositions and antioxidant activities of Calabrian (Italy) monovarietal extra virgin olive oils from autochthonous (Ottobratica) and allochthonous (Coratina, Leccino, and Nocellara Del Belice) varieties. J. Food Meas. Charact. 2020, 1–13. [Google Scholar] [CrossRef]

	



Loizzo, M.R.; Sicari, T.M.P.V.; Tundis, R. Calabrian extra-virgin olive oil from Frantoio cultivar: Chemical composition and health properties. Emir. J. Food Agric. 2018, 30, 631–637. [Google Scholar] [CrossRef]

	



Mele, M.Z.I.M.A.; Giuffre, A.M. Pre-and post-harvest factors and their impact on oil composition and quality of olive fruit. Emir. J. Food Agric. 2018, 30, 592–603. [Google Scholar] [CrossRef]

	



Giuffrè, A.M. The evolution of free acidity and oxidation related parameters in olive oil during olive ripening from cultivars grown in the region of Calabria, South Italy. Emir. J. Food Agric. 2018, 30, 539–548. [Google Scholar] [CrossRef]

	



Libri, A.V.; Capocasale, M.; Giuffrè, A.M. Gli oli di oliva extra vergini prodotti in Calabria: La cultivar Sinopolese. Ind. Aliment. Italy 2019, 58, 13–23. [Google Scholar]

	



Giuffrè, A.M.; Caracciolo, M.; Zappia, C.; Capocasale, M.; Poiana, M. Effect of heating on chemical parameters of extra virgin olive oil, pomace olive oil, soybean oil and palm oil. Ital. J. Food Sci. 2018, 30, 715–739. [Google Scholar] [CrossRef]

	



Giuffrè, A.M.; Capocasale, M.; Macrì, R.; Caracciolo, M.; Zappia, C.; Poiana, M. Volatile profiles of extra virgin olive oil, olive pomace oil, soybean oil and palm oil in different heating conditions. LWT Food Sci. Technol. 2020, 117, 108631. [Google Scholar] [CrossRef]

	



Giuffrè, A.M. Variation in triacylglycerols of olive oils produced in Calabria (Southern Italy) during olive ripening. Riv. Ital. Sostanze Gr. 2014, 91, 221–240. [Google Scholar]

	



Giuffrè, A.M.; Louadj, L.; Poiana, M.; Macario, A. Composition en stérols des huiles extraites d’olives de cultivars de la province de Reggio Calabria (Sud d’Italie). Riv. Ital. Sostanze Gr. 2012, 89, 177–183. [Google Scholar]

	



Giuffrè, A.M. Evolution of Fatty Alcohols in Olive Oils produced in Calabria (Southern Italy) during Fruit Ripening. J. Oleo Sci. 2014, 63, 485–496. [Google Scholar] [CrossRef]

	



Giuffrè, A.M. Wax Ester Variation in Olive Oils Produced in Calabria (Southern Italy) During Olive Ripening. J. Am. Oil Chem. Soc. 2014, 91, 1355–1366. [Google Scholar] [CrossRef]

	



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. Available online: https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:01991R2568-20161204&from=en (accessed on 30 January 2021).

	



Trade Standard Applying to Olive Oils and Olive Pomace Oils. Available online: https://www.internationaloliveoil.org/wp-content/uploads/2019/11/COI-T.15-NC.-No-3-Rev.-13-2019-Eng.pdf (accessed on 30 January 2021).

	



Mihailova, A.; Abbado, D.; Kelly, S.D.; Pedentchouk, N. The impact of environmental factors on molecular and stable isotope compositions of n-alkanes in Mediterranean extra virgin olive oils. Food Chem. 2015, 173, 114–121. [Google Scholar] [CrossRef]

	



Mihailova, A.; Abbado, D.; Pedentchouk, N. Differences inn-alkane profiles between olives and olive leaves as potential indicators for the assessment of olive leaf presence in virgin olive oils. Eur. J. Lipid Sci. Technol. 2015, 117, 1480–1485. [Google Scholar] [CrossRef]

	



Troya, F.; Lerma-García, M.; Herrero-Martínez, J.; Simó-Alfonso, E.F. Classification of vegetable oils according to their botanical origin using n-alkane profiles established by GC–MS. Food Chem. 2015, 167, 36–39. [Google Scholar] [CrossRef]

	



Giuffrè, A.M. Changes in the n-alkane composition of avocado pulp oil (Persea americana, Miller) during fruit ripening. Grasas Aceites 2005, 56, 75–78. [Google Scholar] [CrossRef]

	



Giuffrè, A.M.; Capocasale, M. n-Alkanes in tomato (Solanum lycopersicum L.) seed oil: The cultivar effect. Int. Food Res. J. 2016, 23, 979–985. [Google Scholar]

	



Moret, S.; Populin, T.; Conte, L.; Grob, K.; Neukom, H.-P. Occurrence of C15-C45 mineral paraffins in olives and olive oils. Food Addit. Contam. 2003, 20, 417–426. [Google Scholar] [CrossRef]

	



Moret, S.; Populin, T.; Conte, L.S. Contamination of vegetable oils with mineral oils. Riv. Ital. Sostanze Gr. 2009, 86, 3–14. [Google Scholar]

	



Moret, S.; Barp, L.; Grob, K.; Conte, L. Optimised off-line SPE–GC–FID method for the determination of mineral oil saturated hydrocarbons (MOSH) in vegetable oils. Food Chem. 2011, 129, 1898–1903. [Google Scholar] [CrossRef]

	



Ichihara, K.; Ishihara, K.; Kusunose, E.; Kusunose, M. Some Properties of a Hexadecane Hydroxylation System in Rabbit Intestinal Mucosa Microsomes. J. Biochem. 1981, 89, 1821–1827. [Google Scholar] [CrossRef]

	



Perdu-Durand, E.; Tulliez, J. Hydrocarbon hydroxylation system in liver microsomes from four animal species. Food Chem. Toxicol. 1985, 23, 363–366. [Google Scholar] [CrossRef]

	



Biedermann, M.; Barp, L.; Kornauth, C.; Würger, T.; Rudas, M.; Reiner, A.; Concin, N.; Grob, K. Mineral oil in human tissues, Part II: Characterization of the accumulated hydrocarbons by comprehensive two-dimensional gas chromatography. Sci. Total Environ. 2015, 506–507, 644–655. [Google Scholar] [CrossRef]

	



Biedermann, M.; Munoz, C.; Grob, K. Update of on-line coupled liquid chromatography—Gas chromatography for the analysis of mineral oil hydrocarbons in foods and cosmetics. J. Chromatogr. A 2017, 1521, 140–149. [Google Scholar] [CrossRef]

	



Grob, K. Mineral oil hydrocarbons in food: A review. Food Addit. Contam. Part A 2018, 35, 1845–1860. [Google Scholar] [CrossRef]

	



Kolattukudy, P.E. Chemistry and Biochemistry of Natural Waxes; Elsevier: Amsterdam, The Netherlands, 1976. [Google Scholar]

	



Iyer, S.; Millar, T.; Clemens, S.; Zachgo, S.; Giblin, M.; Taylor, D.; Kunst, L. Advances in Plant Lipid Research; Sánchez, J., Cerda´-Olmedo, E., Martínez-Force, E., Eds.; Universidad de Sevilla: Seville, Spain, 1998; p. 87. [Google Scholar]

	



Neukom, H.-P.; Grob, K.; Biedermann, M.; Noti, A. Food contamination by C20–C50 mineral paraffins from the atmosphere. Atmos. Environ. 2002, 36, 4839–4847. [Google Scholar] [CrossRef]

	



Grob, K.; Bronz, M. Analytical problems in determining 3,5-. stigmastadiene and campestadiene in edible oils. Riv. Ital. Sostanze Gr. 1994, 71, 291–295. [Google Scholar]

	



Grob, K.; Artho, A.; Biedermann, M.; Egli, J. Food contamination by hydrocarbons from lubricating oils and release agents: Determination by coupled LC-GC. Food Addit. Contam. 1991, 8, 437–446. [Google Scholar] [CrossRef]

	



The European Agency for the Evaluation of Medicinal Products. Committee for Veterinary Medicinal Products—Mineral Hydrocarbons—Summary Report; EMEA/CVMP/069/95-Final; European Food Safety Authority: Parma, Italy, 1995. [Google Scholar]

	



de Oliveira, E.D.; Carneiro da Silva, S. n-Alkanes as markers in nutritional studies with wild ruminant and non-ruminant animals. Sci. Agric. 2007, 64, 657–662. [Google Scholar] [CrossRef]

	



Wilson, H.; Sinclair, A.; Hovell, F.D.D.; Mayes, R.; Edwards, S. Validation of the n-alkane technique for measuring herbage intake in sows. In Proceedings of the Annual Meeting of the British Society of Animal Science; 1999; p. 177. [Google Scholar]

	



Giuffrè, A.M. The effect of cultivar and harvest season on the n-alkane and the n-alkene composition of virgin olive oil. Eur. Food Res. Technol. 2020, 247, 1–12. [Google Scholar] [CrossRef]

	



Srbinovska, A.; Conchione, C.; Ursol, L.M.; Lucci, P.; Moret, S. Occurrence of n-Alkanes in Vegetable Oils and Their Analytical Determination. Foods 2020, 9, 1546. [Google Scholar] [CrossRef]

	



IOC. Guide for the Determination of the Characteristics of Oil-Olives. Available online: https://www.internationaloliveoil.org/wp-content/uploads/2019/11/COI-OH-Doc.-1-2011-Eng.pdf (accessed on 30 January 2021).

	



Ali, H.; Mayes, R.; Hector, B.; Orskov, E. Assessment of n-alkanes, long-chain fatty alcohols and long-chain fatty acids as diet composition markers: The concentrations of these compounds in rangeland species from Sudan. Anim. Feed Sci. Technol. 2005, 121, 257–271. [Google Scholar] [CrossRef]

	



Sayago, A.; González-Domínguez, R.; Urbano, J.; Fernández-Recamales, Á. Combination of vintage and new-fashioned analytical approaches for varietal and geographical traceability of olive oils. LWT Food Sci. Technol. 2019, 111, 99–104. [Google Scholar] [CrossRef]

	



Bachelor, F.; Paralikar, A.; Telang, S. Alkanes of three Artemisia species. Phytochemistry 1972, 11, 442–443. [Google Scholar] [CrossRef]

	



Osorio Bueno, E.; Sánchez Casas, J.; Montaño García, A.; Gallardo González, L. Discriminating power of the hydrocarbon content from virgin olive oil of Extremadura cultivars. J. Am. Oil Chem. Soc. 2005, 82, 1–61. [Google Scholar] [CrossRef]

	



Sakouhi, F.; Cerchi, W.; Sbei, K.; Absalon, C.; Boukhchina, S. Characterisation and accumulation of squalene and n-alkanes in developing Tunisian Olea europaea L. fruits. Int. J. Food Sci. Technol. 2011, 46, 2281–2286. [Google Scholar] [CrossRef]

	



Koprivnjak, O.; Conte, L.S. Caratterizzazione della frazione idrocarburica e composizione degli acidi grassi degli oli d’oliva vergini provenienti dalla zona di Pola (Croazia). Riv. Ital. Sostanze Gr. 1996, 73, 317–320. [Google Scholar]

	



Gaind, K.; Gupta, R. Alkanes, alkanols, triterpenes and sterols of Kalanchoe pinnata. Phytochemistry 1972, 11, 1500–1502. [Google Scholar] [CrossRef]

	



Lazón, A.; Albi, T.; Cart, A.; Gracián, J. The hydrocarbon fraction of virgin olive oil and changes resulting from refining. J. Am. Oil Chem. Soc. 1994, 71, 285–291. [Google Scholar] [CrossRef]

	



Koprivnjak, O. Variety differentiation of virgin olive oil based on n-alkane profile. Food Chem. 2005, 90, 603–608. [Google Scholar] [CrossRef]

	



Bianchi, G.; Murelli, C.; Vlahov, G. Surface waxes from olive fruits. Phytochemistry 1992, 31, 3503–3506. [Google Scholar] [CrossRef]

	



Moreda, W.; Pérez-Camino, M.; Cert, A. Gas and liquid chromatography of hydrocarbons in edible vegetable oils. J. Chromatogr. A 2001, 936, 159–171. [Google Scholar] [CrossRef]

	



Brondz, I.; Greibrokk, T.; Aasen, A.J. n-Alkanes of Hypericum perforatum: A revision. Phytochemistry 1983, 22, 295–296. [Google Scholar] [CrossRef]

	



El Antari, A.; Hilal, A.; Boulouha, B.; El Moudni, A. Influence of variety, environment and cultural techniques on the characteristics of olive fruits and the chemical composition of extra virgin olive oil of Morocco. Olivae 2000, 80, 29–36. [Google Scholar]

	



Pineda, M.; Rojas, M.; Gálvez-Valdivieso, G.; Aguilar, M. The origin of aliphatic hydrocarbons in olive oil. J. Sci. Food Agric. 2017, 97, 4827–4834. [Google Scholar] [CrossRef]

	



Gómez-Coca, R.Q.; del Carmen Pérez-Camino, M.; Moreda, W. Saturated hydrocarbon content in olive fruits and crude olive pomace oils. Food Addit. Contam. Part A 2016, 33, 391–402. [Google Scholar] [CrossRef]

	



Nygaard, U.C.; Vege, Å.; Rognum, T.; Grob, K.; Cartier, C.; Cravedi, J.-P.; Alexander, J. Toxic effects of mineral oil saturated hydrocarbons (MOSH) and relation to accumulation in rat liver. Food Chem. Toxicol. 2019, 123, 431–442. [Google Scholar] [CrossRef]

	



Bush, R.T.; McInerney, F.A. Leaf wax n-alkane distributions in and across modern plants: Implications for paleoecology and chemotaxonomy. Geochim. Cosmochim. Acta 2013, 117, 161–179. [Google Scholar] [CrossRef]

	



Bortolomeazzi, R.; Berno, P.; Pizzale, L.; Conte, L.S. Sesquiterpene, alkene, and alkane hydrocarbons in virgin olive oils of different varieties and geographical origins. J. Agric. Food Chem. 2001, 49, 3278–3283. [Google Scholar] [CrossRef] [PubMed]

	



Benitez-Sánchez, P.L.; León-Camacho, M.; Aparicio, R. A comprehensive study of hazelnut oil composition with comparisons to other vegetable oils, particularly olive oil. Eur. Food Res. Technol. 2003, 218, 13–19. [Google Scholar] [CrossRef]

	



D’Agostino, M.; Sanz, J.; Martínez-Castro, I.; Giuffrè, A.M.; Sicari, V.; Soria, A.C. Statistical analysis for improving data precision in the SPME GC–MS analysis of blackberry (Rubus ulmifolius Schott) volatiles. Talanta 2014, 125, 248–256. [Google Scholar] [CrossRef] [PubMed]








[image: Foods 10 00290 g001 550] 





Figure 1. Total alkanes and alkenes. Data are expressed as mg/kg and are given as mean (n = 8). Means and standard deviations were calculated on 8 replicates (4 replicates/year x two harvest years), in the harvest years 2016–2017 and 2017–2018. 
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Figure 2. Odd-/even-chain alkanes ratio. Data are given as means (n = 8). Means and standard deviations were calculated on eight replicates (four replicates/year x two harvest years) in the harvest years 2016–2017 and 2017–2018. 
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Figure 3. Biplot graph, PC1 versus PC2, using loadings and scores for different olive oil cultivars. 
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