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Abstract

:

Flavoured oils arouse great interest among consumers in many countries due to their variety of flavours and versatility, especially in the culinary field. The aromatization of oils seeks to improve their sensory and nutritional properties, and extend their useful life due to the added substances can be beneficial as antioxidant and antimicrobial agent. In this research, olive oils of the ‘Madural’ variety from Trasos Montes region of Portugal have been obtained and flavoured with different aromatics herbs and condiments (flower of salt and bay leaf, garlic, rosemary and dehydrated lemon peel). The objective is to study the influence of the aromatic herbs and condiments on the physicochemical parameters of the oils: quality, purity, oxidative stability and microbiological analysis. It can be noted that the flavourings do not significantly alter the quality of the monovarietal oil, although, for some parameters, the excessive contact times can affect the category of the oil. On the other hand, the high content of antioxidants provided by flavouring agents can favour its stability and prolong its expiration. In this sense, the flavouring agent that contributes to stop the oxidation of the oil over time is salt + bay leaves, as higher oxidative stability values were detected than those obtained in monovarietal oil. However, oils flavoured with rosemary or lemon show a decrease over time for this parameter, which could indicate that this flavouring accelerates oxidation. In the case of oxidative stability referred to those flavoured with garlic, they present similar values to the monovarietal. The effect exerted by flavourings on the different parameters of the oils is complex, since it is influenced by the method followed and the operating variables established for flavouring.
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1. Introduction


Nowadays, there is a great demand for innovative and specialized products, of high nutritional quality, with different sensory characteristics, such as flavoured oils.



The origin of these oils seems to come from ancient processing and conservation practices, in which the oils acquired the flavour of the aromatics herbs and condiments used, and they were later used in the preparation of dishes and salads [1]. Their versatility, ease of use, and wide variety of flavours have made flavoured oils staples for regular and unusual consumers in many countries around the world [2].



The aromatization of olive oils seeks to improve their organoleptic and nutritional properties and increase their useful life, since added flavouring agents can provide benefits through their antioxidant and antimicrobial characteristics [3].



In addition, the aromatization of olive oils deals a greater diversity of products in which virgin olive oil is the base product, allowing more choice for the consumer and improving the organoleptic characteristics of the oils [4].



Olive oils have been flavoured with their own phenolics or with phenolic compounds from other vegetable sources. Thus, different matrices have been used, namely spices and aromatic herbs (basil, pepper, garlic, and laurel), fruits (apple, banana, lemon, and orange), mushrooms, and nuts (almonds, and hazelnuts), being evaluated the impact at chemical and sensory levels [5].



The influence of flavourings on the physical-chemical and organoleptic characteristics of the oils are of vital importance to establish the amounts of flavouring to be used and the flavouring times. On the other hand, one of the most important factors in food quality control is the determination of the level of oxidation in food or food products.



The olive oil deterioration is evaluated by the peroxide index, among other quality parameters. The oxidation of fats is one of the main causes of food spoilage. It causes great concerns, mainly of an economic nature in the food industry, because it stimulates the appearance of unpleasant flavours and doors, generally identified as rancidity in foods that contain fat. These unpleasant flavours influence the organoleptic quality of the negatively [6].



The oxidation of fats leads to the formation of hydroperoxides, which are very unstable primary products that, by decomposition, form secondary products. These can include hundreds of individual compounds that negatively affect the flavour of foods. In many cases, these compounds are associated with oxidative rancidity and/or off-flavour formation [7].



Virgin olive oil is resistant to oxidation due to its low content of polyunsaturated fatty acids and the content of natural antioxidants, such as: alpha-tocopherol and phenolic compounds, hydroxytyrosol, tyrosol, and caffeic acid, among others [7].



On the other hand, oxidative stability is not considered a standard quality parameter, and it can be used as an indicator of the useful life of the oil. Normally it is evaluated by the induction time, that is, the time that elapses until the critical point of oxidation is reached, causing a sensory degradation of the oil, due to a sudden acceleration of the oxidative process. Oxidative stability is generally determined by the Rancimat method and reveals the resistance of the product to the initiation of oxidation, characterized by reactions involving free radicals [8,9].



The oxidative stability of olive oils depends on several factors, including the variety and degree of maturity of the olives used in its production. The latter plays a fundamental role in the chemical composition of the olive and, therefore, in its resistance to oxidation. The resistance to oxidation is mainly attributed to two factors: the composition of the fatty acids, which in the case of olive oils is characterized by a high value of the monounsaturated fatty acids/polyunsaturated fatty acids ratio and the presence of minor compounds with high antioxidant activity, mainly tocopherols and polyphenols, but also chlorophylls and carotenoids [10].



Thus, oleic acid (monounsaturated) confers greater resistance to oxidation. However, high percentages of polyunsaturated fatty acids (linoleic and linolenic) can contribute to shortening the useful life of the oil, due to the formation of compounds with conjugated double bonds, from which oxidation volatile products are formed with unpleasant aroma characteristic of rancidity. Being the relative oxidation values, of linolenic, linoleic and oleic acids, of approximately 20:10:1, respectively [10].



Therefore, the incorporation of flavourings into olive oil can be an advantageous procedure since it helps consumers accept olive oils by enhancing known and desirable flavours [11]. On the other hand, the flavouring agents used are usually rich in antioxidant and phenolic compounds, so they can increase shelf life and improve the nutritional, healthy and sensory composition of the oils [12,13,14,15].



However, it should be noted that, although the demand for these flavoured oils is growing regularly, there are currently no specific regulations for them that allow their correct labelling. In 2014, the International Olive Oil Council (IOOC), in its 22nd extraordinary meeting, asked all its members to “adopt the necessary measures to prevent flavoured oils from incorporating the terms “extra virgin olive oil”, “virgin olive oil” and “olive oil”, on their labels, given that these preparations do not comply with the IOC standard” [16], since this standard only allows the use of the aforementioned terms for products whose definition excludes the addition of any additive [17,18].



However, considering the growing interest in these products, this work has studied the variation of the physicochemical properties of olive oils flavoured with different substances. In addition, the oxidation and oxidative stability evolution of the flavoured oils, with respect to the monovarietal olive oils has been evaluated.




2. Materials and Methods


2.1. Preparation of the Samples


Olive oils of the ‘Madural’ (MO) variety were obtained in two successive seasons (2015/2016 and 2016/2017). In addition, natural products for flavouring were added to these oils at the time they were obtained: fleur de sel and dehydrated bay leaves (MOSB), dehydrated rosemary (MOR), dehydrated garlic (MOG) and dehydrated lemon peel (MOL). After 11 months the different flavoured olive oils were obtained. Next, the following parameters were analysed: moisture, acid index, peroxide index, ultraviolet parameter (K232, K268 and ∆K), organoleptic analysis, fatty acid composition, waxes, sterols, erythrodiol+uvaol, phenolic compounds, tocopherols, pH, oxidative stability and microbiological analysis.




2.2. Olives Characterization


The olives of the ‘Madural’ variety from the Mirandela area (Portugal) were characterized by moisture (%) [19], fat content (%) [20], biometric parameters of the fruit and the pulp/stone ratio. The evaluation of these parameters allowed to determine the harvest date of the olives.



The determination of moisture and volatile matter was carried out by drying a portion of the sample (1 g) in an oven at 103 °C until constant weight [19]. The determination of the total fat content was carried out according to the Soxhlet fat extraction method [20]. The dried sample, used in the determination of moisture, is introduced into the Soxhlet extractor and the extraction of the fat with n-hexane takes place for approximately 24 h. Subsequently, in the oven at 105 ± 1 °C, the traces of solvent are eliminated. With the amount of oil recovered, the richness of dry fat is determined, and from this the richness of wet fat. The arithmetic mean of two determinations will be taken as the result.




2.3. Quality Parameters


The acidity index is determined according to the methodology described in the ISO 660:2020 standard, those being oils and fats of animal and vegetable origin, along with determination of acidity or acidity index [21]. The sample (20 g) was dissolved in a mixed solvent of ethanol and diethyl ether in a 1:1 ratio and the free fatty acids present were titrated with potassium hydroxide solution (0.1 M). The titration was carried out in the presence of phenolphthalein solution as indicator. The acidity is expressed as percentage of oleic acid. All the measurements were made in triplicate.



Peroxide value (PV) was expressed as milliequivalent of active oxygen per kilogram of oil and determined according to the methodology described in ISO 3960:2007 [22]. A sample of 1.2–2.0 g of oil was dissolved in a mixture of chloroform and acetic acid (2:3 v/v). Next, 1 mL of KI saturated solution was added and 75 mL of deionized water was also added after stirring and 5 min in darkness. Finally, the sample is titrated with sodium thiosulphate and starch solution as indicator. All the measurements were made in triplicate.



K232 and K268 extinction coefficients were calculated according to analytical methods described in the CEE/2568/91, CEE/1429/92 regulations and subsequent modifications of the European Commission [23,24] by spectrophotometric examination. A sample of 100 mg of oil were dissolved in 25 mL of iso-octane and the extinction of the solution is then determined at the specified wavelengths with reference to pure solvent. Specific extinctions are calculated from the spectrophotometer readings using a quartz cell with a 1 cm optical path. All the measurements were made in triplicate.



The sensorial analysis was made according to COI/T.20/Doc.Nº 5 of 2007 [25]. The testing panel was constituted of 8 testers (6 women and 2 men) of age between 40 and 53 years old. They carried out the sensory characterization and linked the flavour stimuli of the oils with a numeric scale according to the standards [25]. In this analysis the positive perceptions identified were fruity, bitter and spicy and the negative perceptions were mouldy/damp earth, musty, burnt olive and vinegary.




2.4. Purity Parameters


The gas chromatography (GC) technique was used to determine the qualitative and quantitative fatty acid methyl-esters composition [24]. The sample were prepared by shaking a solution of oil in heptane (0.1 g in 2 mL) with 0.2 mL of 2 N methanolic potassium hydroxide stirred during 30 s. The methyl-esters were analysed from the supernatant solution by a gas chromatographer Shimadzu GC-2010 Plus ATF with double injection port of Split/SplitIess capillary columns with digital flow control, detectors (FID, ECD-2010Plus Detector and TCD) and AOC-5000 automatic injector (PAL LHS2-SHIM) for injection of liquids (up to 10 µL) or head-space (up to 2.5 mL). The capillary column was SP-2380 de 60 m × 0.2 mm × 0.2 μm, (Supelco, Pensilvania, EEUU). The oven temperature was set at 185 °C, the injector and detector temperature were set at 220 °C. The chromatograms were read in ascending order of number of carbons and insaturations using “Shimadzu GCsolution” for the treatment of the results.



The wax content was determined according to the methodology described in Regulation No. 2568/91 [24]. The contents of the different waxes and the sum of these contents are expressed in mg/kg of oil. All the measurements were made in triplicate.




2.5. Minor Components


The tocopherols were evaluated by HPLC following the method described by Cunha [26] on a Shimadzu HPLC mod. Prominesce series 20. A Sigma-Aldrich (St. Louis, MO, USA) (250 mg/L) 𝛼-tocopherol in acetonitrile was used as internal pattern. A sample of 0.2 g of oil was dissolved in 10 mL of n-hexane and 20 µL of sample was analysed. As mobile phase hexane was used: isopropanol (97:3 v/v) in isocratic conditions and 1 mL/min of flow rate. The chromatograms were recorded at 275 nm. The results are expressed as mg of α-tocopherol per oil kg. All the measurements were made in triplicate.



The total phenolic compounds were determined following the method described by Vázquez-Roncero [27], using the Folin-Ciocalteau reagent. The absorption of the solution measured at 725 nm. The results were given as mg/kg of caffeic acid. All the measurements were made in triplicate.




2.6. Oxidative Stability


For the determination of the stability of olive oils a Metrohm equipment, mod. Rancimat 743 was used. A sample of 3 g of the oil sample were weighed and then placed on the heating block. The air flow is turned on and passes through the tubes containing the oil samples. The oxidation curves are recorded by ionic conductivity measurement, as a result of stability through time expressed in hours, which corresponds to the induction period. It works at 120 °C, using a volumetric air flow rate of 10 L/h, and all the samples have been performed in duplicate.




2.7. Microbiological Study


2.7.1. Content of Microorganisms at 30 °C


The methodology used in the analytical determination is based on the NP 4405:2002 standard [28].




2.7.2. Content of Coliform Bacteria at 30 °C


These bacteria are a good indicator of the state of hygiene. The determination of coliform bacteria was carried out according to NP 3788:1990 [29].




2.7.3. Coagulase+ Staphylococci Count


The procedure used for the count of coagulase-positive Staphylococci is described in ISO 6888-2:1999 [30].






3. Results


3.1. Olive Determinations


The samples of olives of the ‘Madural’ variety from the Tras-os-Montes region of Portugal, were collected during the 2015/2016 and 2016/2017 seasons and were characterised in terms of moisture (%), fat content (%), fat content in dry matter, biometric parameters of the fruit and the pulp/stone ratio. Figure 1 shows the results.



Figure 1a shows that during the 2015/2016 season, fat levels increase (14.58%) and total content moisture content decreases (66.59%) from 26 November 2015. Regarding the fat content in dry matter, it is observed that lipid synthesis is in a growth phase, with a greater increase from 18 November 2015 (40.39%) and then stabilizes. Next, the selected harvest date was on 7 December 2015.



During 2016/2017 season, the fat content increases from 28 November 2016 (9.95%), reaching a value of 17.28% on 19 December 2016. The total moisture content of the olives drops until 12/5/2016 (53.34%), with a peak on 13 December 2016 (61.95%) and then drops sharply, reaching a value of 53.83% on 19 December 2016. Regarding the fat content in the dry matter, it is observed that lipid synthesis is in the growth phase, with an increase from28 November 2016 (24.41%), then increases at the beginning of December (27.71%) reaching a value of 37.42% on 19 December 2016. Combining the evolution of the different determinations, especially the total fat and the fat content in dry matter, the olives were harvested on 16 December 2016.



Table 1 shows the morphological parameters for the characterization of the biometric parameters of the olives (weight of the pulp and endocarp) and characterization of the pulp/stone ratio.



In both seasons, the average weight of the olives and the pulp/stone ratio were similar. The weight of the olives was considered medium (2–4 g) and the endocarp weight high (0.45–0.7 g).



Barranco et al. [31], consider that the main components of ripe olives are water and oil, and it is in the pulp where more than 95% of the total oil is found. This factor highlights the importance of the pulp/stone ratio in the total fat yield of the olive. Gouveia [32] explains that during the development and maturation of the olives there is a progressive decrease in the humidity of the pulp and, at the same time, an increase in the oil content, weight and volume of the fruit. García et al. [33] considers that the oil content of the olives increases as they mature, reaching its maximum value when the green fruits of the tree disappear. From this moment, the oil content remains practically constant.




3.2. Quality Parameters


The monovarietal and flavoured oils were analysed at the beginning and end of each year (2016 and 2017) to evaluate the evolution of the analytical parameters and the influence of flavouring agents on them. IOOC Regulations have been used as a reference in absence of applicable regulations for flavoured oils [17].



3.2.1. Humidity


The moisture values of the monovarietal and flavoured oils analysed in all the seasons are below 0.10. According to the IOOC standard [17], moisture and volatile matter should be less than 0.2 (% m/m).




3.2.2. Acidity


Table 2 reports the acidity values of the samples. The acidity of the oils increases over the time in all the seasons. However, the oils obtained in 2016 have acidity values higher than those obtained in 2017 and below 0.8%. On the other hand, the flavoured oils obtain similar acidity values to those obtained in monovarietal oil, though the increases over time are greater. Of the flavouring agents used, garlic and lemon produce minor increases in acidity in the two seasons. Considering the values obtained, monovarietal olive oil and flavoured oils correspond to the “Extra Virgin” Olive Oil category.



Flavourings usually have a negative effect on the acidity of the oils, as various authors reported, specifically with garlic [5,34], laurel [5], rosemary [35,36] or lemon [35].




3.2.3. Peroxide Value


The peroxide value (PV) evaluates the formation of primary oxidation products and the deterioration of natural antioxidants. The maximum limit of the peroxide value of an oil for human consumption is 20 mEq O2/kg [17]. The PV of olive oil can be associated with the olive varieties and the edaphoclimatic conditions of the regions [7].



From Table 2, it can be seen that the monovarietal oils have low PV which increases throughout the year, reaching, in the 2015/2016 season, its highest value in the last month of the study (10.7 mEq O2/kg). Similar behaviour it is observed for the 2016/2017 season, but with a higher value (19 mEq O2/kg), which may be due to the fact that the starting value was also higher. In both cases, the PV is below 20 mEq O2/kg, the maximum value allowed for oil of the “Extra Virgin” category [17].



Regarding flavoured oils, they show the same trend over time as monovarietal do, and in December of the 2015/2016 season the flavoured oils with rosemary (MOR) and with salt + bay leaves (MOSB) obtained the lowest increases, reaching 9.5 and 9.8 mEq O2/kg, respectively. Despite the high values of the rest of the flavourings, they all correspond to the Extra Virgin category according to IOOC [17]. However, at the end of the following season, significant increases were observed in all the oils, being the oil flavoured MOSB the one that obtained the lowest value, as in the previous season, maintaining the category of “Extra Virgin”. On the other hand, those flavoured with rosemary reached the highest value in this season (35.0 mEq O2/kg) and, such as those flavoured with garlic and lemon, which also exceeded 20 mEq O2/kg, all of them can be included. in the “Virgin” category.



The influence of flavouring agents on PV is complex and could be related to chemical effects. The influence of rosemary on PV may be due to its chemical composition, rich in polyphenolic compounds and derivates of caffeic acid (rosmarinic acid). Laurel leaves have antioxidant properties and, fleur de sel is a natural preservative and antibacterial agent, and when it comes to lemon-flavoured oil, it always obtains the highest PV values, regardless of the season under study, with the exception of the oil flavoured with rosemary from December of 2017.



On the other hand, the PV obtained can be related not only to the flavouring agent used, but also with the time of aromatization.



In the literature it can be seen that the influence of flavouring agent on PV is not clear. While some authors reported similar effects for garlic [1] and rosemary [34,35] decreasing PV and increasing the oxidative stability, other authors reported the opposite [36]. However, other authors consider that PV increase with the flavouring agents [1] and the oxidative stability decreases [36]. Regarding dry laurel, some authors [5], state that it decreases PV and increases oxidative stability, and as for dry lemon rind, Ayadi et al. [37] considers that it decreases the PV and increases the oxidative stability.




3.2.4. K232, K270 and ΔK


During the two seasons, K232 values (Table 2), both in monovarietal and flavoured oils, increase over time, but remain below 2.5%, which is the maximum value allowed for the olive oil in the “Extra Virgin” category. Regarding the flavoured oils, it can be seen that, in the two seasons, all the oils correspond to the “Extra Virgin” category. The olive oil flavoured with rosemary obtained the lowest value in the two seasons, while the oil flavoured with lemon reached the highest value.



Similarly, it can be seen that the values of K270, in monovarietal oils, increase over time, but remain below 0.22% (maximum value allowed for olive oil in the “Extra Virgin” category).



For the flavoured oils, in the studied seasons, the lowest values correspond to the oils with garlic and lemon, while the highest are those with salt, laurel leaf and rosemary. Based on the obtained results, it seems that all the oils correspond to the “Extra Virgin” category, with the exception of flavoured oil with salt and laurel leaf, from the 2016/2017 season, which are included in the “Virgin” category.



There is agreement between the results obtained with the bibliographic data consulted, according to which dried rosemary causes increases in the extinction coefficients [38,39] although the amounts of flavouring and contact have been different. Finally, regarding ΔK, in all cases, the values are equal or less than 0.01, so they correspond to “Extra Virgin” category. In the case of flavoured oils, in all cases they are considered “extra virgin” category except the oils with salt and bay leaf from December 2016 and the oils with lemon from the two seasons.



From all of the above, we conclude that monovarietal oils have good protection due to their natural antioxidants, with no significant alterations in their quality. Regarding the flavoured oils, the agents that cause the greatest alteration are salt, bay leaf and lemon, which cause losses of their initial category.




3.2.5. Sensory Evaluation


Table 3 shows the results of sensory evaluation of the monovarietal olive oil.



The oils have a score higher than 6.5, which correspond to “Extra Virgin” category. Figure 2 shows the sensory profile of the monovarietal oils at different season.



The oil from the 2015/2016 season has, in February, fruitiness of 5.9, bitterness of 3.1 and pungent of 2.6. In July, there was a slight decrease in fruit intensity (5.0) and, practically, the remaining positive attributes constant at 3.0 and 2.5, respectively. In December, it shows show a small decrease in the intensity of the positive attributes, fruity (3.8), bitter (2.5) and pungent (2.1). Considering that the median fruitiness is greater than zero (Mf > 0) and the median of defects is equal to zero (Md = 0), this oil corresponds to the “Extra Virgin” category.



The oils from the 2016/2017 season have, in February, fruit intensity score of 4.5, bitterness of 2.1 and spiciness of 1.7. In July there was a slight decrease in the positive attributes of fruitiness (3.7) and bitterness (1.8), while the intensity of pungent (1.7) was maintained. In December there was a small decrease in the intensity of the positive attributes, fruity (3.0) and bitter (1.5) and pungent (1.7) remained constant. The median fruitiness is greater than zero (Mf > 0) and the median defects is equal to zero (Md = 0), therefore, this oil falls into the “Extra Virgin” category.



Regarding the organoleptic analysis of the flavoured oils, Table 4 presents the results of the organoleptic characteristics. In all cases, the tasters identified the flavouring agents both in the taste and in the smell of the oils, being this perception lower in the case of rosemary (taste) and lemon (taste and smell). This perception is constant over time in the two seasons. It can be seen that in all cases the bitter and pungent characteristics decrease over time, the highest decrease occurs in the flavoured oil with lemon. Probably the intensity and character of the flavourings condition the perceptions of the superior bitter and pungent attributes. Similarly, the intensity of the flavour decreases over time, with the exception of the garlic oil which is maintained. It should be noted that seems to be a coincidence with Rodrigues et al. [35], for the garlic and rosemary flavourings, when they detect an increase in fruitiness and bitterness in the oils.





3.3. Purity Parameters


3.3.1. Fatty Acid Profile


Table 5 shows the most representative fatty acid composition values, according to the season.



Regarding of monovarietal oil, very similar percentages of palmitic acid (C16:0) were observed in all cases, with a slight decrease, in the different seasons. Regarding palmitoleic acid (C16:1), it remained constant (0.5 and 0.4%) in all seasons. The percentage of stearic acid (2.2%) also remained constant in the 2015/2016 season, with a decrease of 0.2% during the 2016/2017 season. There is a slight decrease in the percentage of oleic acid (C18:1), with the exception of the 2016/2017 season, in which there was an increase in this parameter (2.3%). Linoleic acid (C18:2) has values within the preference limit (3.5–21.0%) stipulated by the IOOC. They suffered a slight decrease, in the seasons under study, over time. Being in the 2015/2016 season when there was a higher value (12.3%). The percentage of linolenic acid (C18:3) is 1%, except for the 2015/2016 season in which the result obtained in February was 1.1%, with a slight decrease throughout of 2016.



All the flavoured oils have similar percentages of palmitic, palmitoleic, stearic, oleic, linoleic and linolenic acid during the two seasons.



Regarding the oleic acid, during the 2016/2017 season, an increase of the value was observed from 2.5 to 2.7, in all the flavoured oils. The rosemary is the most contributing herb to this parameter in 2015/2016 and 2016/2017 seasons (0.1 and 2.7%, respectively).



Sousa et al. [5] consider that rosemary and lemon have a strong influence on the fatty acids profile of the flavoured olive oils. These ingredients increase the oleic acid content and slight decrease of the saturated fatty acid concentration. These results agree with the obtained in this study (Table 5).



In conclusion, the flavoured agents influence the lipidic composition of the flavoured olive oils.



Table 6 shows the fatty acid composition of the olive oils.



All the fatty acid percentages obtained are within the ranges established by the EU Regulations [17], with the exception of the linolenic acid which reach the maximum limit in the monovarietal oil (1%) and in some of the flavoured oils.



Regarding the trans fatty acid values in Table 6, the monovarietal olive oil and the flavoured olive oils have values below of 0.05% which is the limit for the extra virgin category.



For C18:3 trans + C18:2 trans fatty acids, according to Delegated Regulation (EU) 2016/2095 [24] is the sum of the trans forms of linoleic and linolenic acids must be less than 0.05% for olive oil of the “Extra Virgin” category. In this case, the levels are within the legally accepted values, observing the same behaviour and identical values, as in the case of trans-oleic acids. There is now consistent scientific evidence on the harmful effects of consuming industrially produced trans fats. Given this situation, measures have been developed to reduce trans fats in processed foods. Another way is to replace these fats with olive oil, since it has been proven that the results obtained in the levels of fatty acids in the trans forms are within the legally accepted values.




3.3.2. Wax


Table 7 shows the composition of waxes determined in the oil samples of the ‘Madural’ variety and the respective flavoured oils during the campaigns under study.



Table 7 shows a maximum value can be observed for the monovarietal oil in December 2016 (49 mg/kg oil) and the minimum value observed corresponds to the oil analysed in February 2017 (34 mg/kg oil).



The maximum value allowed for the extra virgin category is 150 mg/kg oil, so these oils fall into this category. Finally, in terms of the wax content of the flavoured oils have similar values to those of the monovarietal oil, so they can be included in the same category. The oil flavoured with salt and bay leaf obtained lower values, especially in the 2016/2017 season. It can be concluded that the flavourings have an influence on the presence of waxes in the oils, since there is a decrease in values over time.




3.3.3. Sterols


The qualitative and quantitative analysis of sterols is part of the criteria of purity and authenticity of the quality of olive oil.



Due to its importance, Table 8 and Table 9 show the values of the individual sterols and total sterols, respectively, during the two seasons.



The values of individual sterols are within the permitted legal limits, for olive oil and flavoured oils of the “Extra Virgin” category, in the two seasons. Note that the apparent β-Sitosterol corresponds to: Δ-5,23-stigmastadienol + clerosterol + -sitosterol + sitostanol + Δ-5-avenasterol + Δ-5,24-stigmastadienol and must be ≥93.0% [17].



On the other hand, the percentage of stigmasterol has to be lower than campesterol, which occurs in both seasons. The percentage of β-sitosterol decreases over time, in the samples of monovarietal MO and flavoured oils MOSB and MOR, in the two seasons.



Regarding the total sterols, the values are within the legal limits (≥1000), for olive oil of the “Extra Virgin” category (Table 9) [17]. MOR and MOG show higher values, while MOSB and MOL show minor differences, which can be attributed to the composition of these flavouring agents.




3.3.4. Erythrodiol and Uvaol


Table 10 shows the resulting values from the determination of erythrodiol and uvaol in the monovarietal variety oil and flavoured oils, in the 2015/2016 and 2016/2017 seasons.



The results show that both monovarietal and flavoured olive oils have erythrodiol and uvaol values lower than the maximum limit (4.5%) [17]. These values are within the interval of 1.10 and 3.96% reported by Seabra et al. [38] and they are similar to the values reported by Chéu-Guedes Vaz [9] of 1.26% for ‘Madural’ variety olive oil from Mirandela region.



The flavoured oils have a sharper decrease in values over time, which became more pronounced in the last season. The olive oil flavoured with garlic acquires the highest values and the flavoured with salt and bay leaf obtains the lowest results, in the two seasons.




3.3.5. Phenolic Compounds


The content of total polyphenols in monovarietal oil decreases over time (Table 10). In the 2015/2016 and 2016/2017 seasons, the decreases in total polyphenols are 16 and 15 mg/kg, respectively (7% and 6% reduction, from February to December).



With respect to flavoured oils, in general, the content of total phenolic compounds, in December, increases in relation to the MO, in that month of each season. Although in the case of rosemary flavoured there is a decrease in the 2016/2017 season, and the MOL oil is the one that has the least increase, compared to the MO, in those months.



However, if we consider the periods from February to December, the total polyphenols content increases over the time in MOSB, MOG and MOR in the first season, decreasing in 2016/2017, while polyphenol content decreases in MOL in both seasons.



The fact that MOL shows these decreases compared to monovarietal oil may be due to the contribution of the polyphenols present in the composition of bay, rosemary and garlic. This would be in accordance with what different research groups indicated for garlic [36,38,39,40] and lemon [39] but contrary to what was stated by Sousa et al. [5] for the laurel, when they indicate that it decreases, and according to the results obtained it increases, although the operating variables variety, quantity, time and temperature differ from those of this investigation. As for those flavoured with rosemary, the results for both campaigns are contradictory, since it increases in the first campaign, according to same studies [36,41,42] and decreases in the second, similar to other studies [34,35].



There are several authors and research groups that pay attention to the anti-oxidant effects of polyphenols present in certain aromatic plants. Thus, Mestre et al. [43], mentions that the compounds extracted from aromatic plants are often attributed interesting antioxidant properties. In addition, therefore, the addition of flavourings to olive oil improves its nutritional properties and its beneficial effects on health, especially in terms of preventing oxidation. Furthermore, Middleton et al. [44], indicate that, of all the antioxidants, polyphenols have a wide range of biological effects generally attributed to antioxidant activity. Seabra et al. [38] mention that the antioxidant properties of rosemary extract have received a lot of attention in recent years, because of its antioxidant composition, among other constituents. Finally, Gambacorta et al. [1], consider that the addition of different concentrations (10–40 g/L) of garlic, pepper, oregano and rosemary increased the long-term stability of the oils.




3.3.6. Tocopherols


Table 11 shows the results of the total composition of tocopherols, for the ‘Madural’ monovarietal oil and its flavoured oils, for the different seasons under study. In all cases, the levels are within the established values, although in the 2015/2016 campaign the results obtained were higher.



It should be noted that the results show an increase in the total tocopherol content, going from 313.0 to 355.4 and from 203.0 to 299.2 mg/kg oil, respectively, for the 2015/16 and 2016/17 seasons, mainly due to the contribution of α and γ tocopherols, since the β form has minor influence.



Thus, it is observed that, in the 2015/2016 campaign, the α-tocopherols content [26,27] in MO ranged between 307.0 and 348.2 mg/kg oil, while in the 2016/2017, the values were lower, ranging between 203.0 and 291.2 mg/kg oil.



In this sense, and taking previous studies as a reference, the α-tocopherol content of the oils analysed from the ‘Madural’ variety, in the Mirandela region, varied between 150.9 and 456.2 mg/kg, obtaining mean levels of tocopherols, in the α form, of 285.8 mg/kg oil. It can be deduced that tocopherol content depends on the variety, the location of the olive groves and, most likely, technological factors [9].



On the other hand, in the first season, the β and γ forms evolved with an increase in tocopherols in the γ form, but a decrease in the β form. However, in the second season, tocopherols increased in both forms, obtaining results higher than those of the previous season.



Regarding the flavoured oils, the total tocopherol content increases with respect to MO with the different flavourings, except MOSB, which coincides with the bibliography, which indicates an increase in all the isoforms of vitamin E when rosemary is used [34,35], as it occurs with fresh garlic [5], which differs from the dried garlic used in this research. On the other hand, together with the increase in tocopherols, they also state that there is an increase in the oleic acid content. In this sense, when the fatty acid profile was analysed, a slight increase already appeared, caused by some herbs and spices used in flavouring [5]. Finally, it should be noted that no bibliographical evidence has been found to compare the behaviour obtained with salt and bay leaves or lemon flavourings.



In 2015/2016 season, flavoured oils with garlic, rosemary and lemon obtained increases of 20.30%, 17.03% and 15.43% in α-tocopherol, respectively, compared the MO. In the campaign 2016/2017, oils flavoured with lemon and garlic had an increase in α-tocopherol of 52.36% and 46.15%, respectively. In general, tocopherols, in the α form, increased with time, in all seasons.



Regarding β and γ tocopherols, in the 2015/2016 season, the values are similar to those in MO, with slight decreases with all flavourings. However, in the 2016/20/17 season, these forms of tocopherols obtained higher values than MO, highlighting the olive oil flavoured with garlic.





3.4. Oxidative Stability


Table 12 shows the oxidative stability resistance values for the monovarietal oil and the flavoured oils, determined by Rancimat at 120 °C, in the two seasons.



From the analysis of the Table, it can be deduced that in the two campaigns, the oil of the ‘Madural’ variety has low resistance to oxidation and it decreases during the year.



As in monovarietal oil, oxidative stability of flavoured oils also decreases over time. The oils flavoured with garlic, are similar to MO and it could be said that garlic does not influence this parameter. However, there are some bibliographical references that indicate that garlic increases oxidative stability [36,38,39] perhaps the discrepancies in the results may be due to the operating conditions.



In the case of oils flavoured with lemon, the values are somewhat lower than the monovarietal, indicating that these flavouring agents act by slightly decreasing oxidative stability. However, Ayadi et al. [31] detected an increase in stability for different operating conditions, with contact times of 15 days, which suggests that the contact time used in this investigation was too long.



Regarding the salt + bay leaf flavoured oil, in the two seasons, it can be seen that this flavouring agent slows down oxidation when stability values were observed higher than those obtained in monovarietal oil, which agrees with what was indicated by Sousa et al. [5] for contact times of 90 days, and Taleb et al. [38] who used fresh laurel and contact times very different from those of this research.



Considering the oil flavoured with rosemary, the results indicate that there is a significant decrease in oxidative stability over time, with very similar values in each season, in view of which, it could be said that this flavouring accelerates oxidation. Coinciding with the results indicated by Soares et al. [36], for contact times of 7 and 15 days, but not with what is indicated by other research groups [34,35,36,41], which operate with amounts of rosemary and contact conditions different from those of our research.




3.5. Microbiological Analysis


Considering that in this research dehydrated flavourings were added to the oils we intend to understand if there was any risk of microbial spoilage.



Olive oil does not contain water in its composition [9] which is a vital source for the existence of microorganisms. Nevertheless, determinations were made of microorganism counts at 30 °C (evaluation of hygienic quality) of coliform bacteria at 30 °C (evaluation of the existence of pathogenic microorganisms) and of coagulase + Staphylococci (evaluation of the quality of the products food), in the samples of the first and last campaign of the study to verify the veracity of the results. Table 13 shows the results obtained in the two seasons.



The results indicate that there is no risk of microbial presence in monovarietal and flavoured oils during both seasons because the existence of microorganisms is practically null. This situation also occurs because the flavouring agents used were all dehydrated.





4. Conclusions


The olive oil obtained from olives of the ‘Madural’ variety, in the studied seasons, is a balanced oil in its composition, which complies with current regulations and can be classified as “Extra Virgin olive oil”.



The incorporation of flavouring agents does not significantly affect to the quality of the monovarietal oils. Although flavourings such as garlic, bay leaf, rosemary or lemon usually have negative effects on the acidity of the oils, in this case, the effects are not significant. Regarding to the peroxide value, it can be said that the obtained values may be associated with the flavouring agent used and the aromatization time, since, in general, it can be seen that when the contact times are short (one to three months), the results are close to those of monovarietal oil. However, at longer times, the differences are so high that the category changes for some flavoured oils. In this sense, the ultraviolet absorption parameters allow classifying flavoured oils with the “Extra Virgin” category, except for those flavoured with salt and laurel, which would be “Virgin” category. The sensory profile shows that the aromas, and flavours are correctly detected in all the oils without affecting to others sensory attributes.



The fatty acid profile is not altered by the presence of flavourings and only it is observed an increase in the oleic acid content in all the flavoured oils, the one using rosemary standing out slightly. On the other hand, the total sterol contents show higher values for the oils flavoured with rosemary and garlic, while those flavoured with salt + bay leaf and lemon present less differences, which can be attributed to the composition of said flavourings.



In relation to the phenolic compounds, in general, an increase can be seen with respect to the monovarietal oil, perhaps due to the contribution of the phenolic compounds present in the composition of bay leaves, rosemary and garlic, although in the case of lemon its content decreases in both seasons. On the other hand, the total tocopherol content increases with respect to monovarietal oil with the different flavourings, except with salt + bay leaf, the increases that are mainly due to the α isoform.



Regarding oxidative stability, the flavouring that presents the greatest protection against oxidation is salt and bay leaf, and the least is rosemary, which seems to accelerate oxidation. Garlic and lemon show similar stability values, with small differences between them with respect to the monovarietal oil.



On the other hand, the total sterol contents show higher values for the oils flavoured with rosemary and garlic, while those flavoured with salt and bay leaf and lemon have smaller differences, which can be attributed to the composition of flavouring agents.



With regard to microbial deterioration in monovarietal and flavoured oils, the presence of detected microorganisms is practically null. These results are due to dehydration of the flavouring agents and the hygienic conditions during the obtention and storage of the oils.



Finally, the effect exerted by the flavourings, on the different parameters of the oils, depends on the method and the operating variables established for the flavouring operation: olive variety, quantity, physical characteristics and composition, flavouring, time and temperature of operation.
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Figure 1. Evolution of fat content (%), moisture (%) and fat content in dry matter (%) in olives of the ‘Madural’ variety (a) 2015/2016 season (b) 2016/2017 season. 
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Figure 2. The sensory profiles of the olive oils at different seasons. 
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Table 1. Mean values and standard deviation of the biometric parameters evaluated in the fruit and the pulp/stone ratio.
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	Season
	Average Weight (g)
	Average Endocarp Weight (g)
	Average Pulp Weight (g)
	Pulp/Stone Ratio





	2015/2016
	3.12 ± 0.20
	0.59 ± 0.10
	2.52 ± 0.16
	4.23 ± 0.21



	2016/2017
	3.17 ± 0.26
	0.61 ± 0.10
	2.54 ± 0.22
	4.15 ± 0.18
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Table 2. Quality parameters of all olive oils.
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Samples

	
February

2016

	
March

2016

	
April

2016

	
December

2016

	
February

2017

	
March

2017

	
April

2017

	
December

2017






	

	
Acidity (% oleic acid)




	
MO

	
0.24 ± 0.00

	
0.25 ± 0.01

	
0.25 ± 0.00

	
0.31 ± 0.00

	
0.10 ± 0.00

	
0.11 ± 0.00

	
0.13 ± 0.00

	
0.16 ± 0.00




	
MOSB

	
0.24 ± 0.00

	
0.24 ± 0.00

	
0.26 ± 0.00

	
0.32 ± 0.00

	
0.10 ± 0.00

	
0.11 ± 0.00

	
0.12 ± 0.00

	
0.14 ± 0.00




	
MOR

	
0.24 ± 0.00

	
0.24 ± 0.00

	
0.25 ± 0.00

	
0.35 ± 0.01

	
0.10 ± 0.00

	
0.13 ± 0.00

	
0.13 ± 0.00

	
0.16 ± 0.00




	
MOG

	
0.24 ± 0.00

	
0.24 ± 0.00

	
0.23 ± 0.00

	
0.28 ± 0.00

	
0.10 ± 0.00

	
0.15 ± 0.00

	
0.15 ± 0.00

	
0.17 ± 0.00




	
MOL

	
0.24 ± 0.00

	
0.24 ± 0.00

	
0.24 ± 0.00

	
0.28 ± 0.00

	
0.10 ± 0.00

	
0.14 ± 0.00

	
0.14 ± 0.00

	
0.17 ± 0.00




	

	
Peroxide value (mEq O2/kg)




	
MO

	
4.00 ± 0.00

	
6.40 ± 0.00

	
7.10 ± 0.01

	
10.70 ± 0.00

	
6.00 ± 0.00

	
6.20 ± 0.00

	
11.00 ± 0.00

	
19.00 ± 0.00




	
MOSB

	
4.00 ± 0.01

	
5.50 ± 0.00

	
5.90 ± 0.00

	
9.80 ± 0.00

	
6.00 ± 0.00

	
6.50 ± 0.01

	
13.00 ± 0.00

	
20.00 ± 0.00




	
MOR

	
4.00 ± 0.01

	
6.60 ± 0.01

	
6.80 ± 0.00

	
9.50 ± 0.00

	
6.00 ± 0.01

	
5.80 ± 0.00

	
9.00 ± 0.01

	
35.00 ± 0.01




	
MOG

	
4.00 ± 0.00

	
6.60 ± 0.01

	
6.90 ± 0.00

	
15.20 ± 0.01

	
6.00 ± 0.01

	
7.50 ± 0.01

	
9.00 ± 0.00

	
22.00 ± 0.00




	
MOL

	
4.00 ± 0.00

	
7.90 ± 0.00

	
8.40 ± 0.00

	
17.30 ± 0.00

	
6.00 ± 0.00

	
7.70 ± 0.00

	
10.00 ± 0.00

	
25.00 ± 0.00




	

	
K232




	
MO

	
1.49 ± 0.01

	
1.51 ± 0.03

	
1.62 ± 0.01

	
1.78 ± 0.02

	
1.70 ± 0.01

	
1.81 ± 0.02

	
1.87 ± 0.03

	
2.00 ± 0.12




	
MOSB

	
1.49 ± 0.01

	
1.60 ± 0.02

	
1.64 ± 0.04

	
2.02 ± 0.05

	
1.70 ± 0.01

	
1.80 ± 0.02

	
1.85 ± 0.01

	
2.26 ± 0.03




	
MOR

	
1.49 ± 0.03

	
1.59 ± 0.01

	
1.61 ± 0.03

	
1.91 ± 0.02

	
1.70 ± 0.05

	
1.79 ± 0.03

	
1.81 ± 0.01

	
2.20 ± 0.01




	
MOG

	
1.49 ± 0.02

	
1.61 ± 0.02

	
1.62 ± 0.01

	
1.96 ± 0.01

	
1.70 ± 0.02

	
1.82 ± 0.01

	
1.84 ± 0.05

	
2.27 ± 0.06




	
MOL

	
1.49 ± 0.03

	
1.60 ± 0.02

	
1.69 ± 0.04

	
2.03 ± 0.03

	
1.70 ± 0.01

	
1.81 ± 0.04

	
1.88 ± 0.06

	
2.31 ± 0.02




	

	
K270




	
MO

	
0.13 ± 0.00

	
0.13 ± 0.00

	
0.13 ± 0.00

	
0.19 ± 0.00

	
0.13 ± 0.00

	
0.15 ± 0.00

	
0.15 ± 0.00

	
0.20 ± 0.00




	
MOSB

	
0.13 ± 0.00

	
0.13 ± 0.00

	
0.13 ± 0.00

	
0.20 ± 0.00

	
0.13 ± 0.00

	
0.16 ± 0.00

	
0.16 ± 0.00

	
0.24 ± 0.00




	
MOR

	
0.13 ± 0.00

	
0.13 ± 0.00

	
0.13 ± 0.00

	
0.20 ± 0.00

	
0.13 ± 0.00

	
0.14 ± 0.00

	
0.14 ± 0.00

	
0.21 ± 0.00




	
MOG

	
0.13 ± 0.00

	
0.13 ± 0.00

	
0.13 ± 0.00

	
0.18 ± 0.00

	
0.13 ± 0.00

	
0.15 ± 0.00

	
0.15 ± 0.00

	
0.19 ± 0.00




	
MOL

	
0.13 ± 0.00

	
0.13 ± 0.00

	
0.13 ± 0.00

	
0.18 ± 0.00

	
0.13 ± 0.00

	
0.15 ± 0.00

	
0.15 ± 0.00

	
0.19 ± 0.00




	

	
ΔK




	
MO

	
0.00 ± 0.00

	
0.00 ± 0.00

	
0.00 ± 0.00

	
0.01 ± 0.00

	
0.00 ± 0.00

	
0.00 ± 0.00

	
0.00 ± 0.00

	
0.01 ± 0.00




	
MOSB

	
0.00 ± 0.00

	
0.01 ± 0.00

	
0.01 ± 0.00

	
0.02 ± 0.00

	
0.00 ± 0.00

	
0.01 ± 0.00

	
0.01 ± 0.00

	
0.01 ± 0.00




	
MOR

	
0.00 ± 0.00

	
0.01 ± 0.00

	
0.00 ± 0.00

	
0.01 ± 0.00

	
0.00 ± 0.00

	
0.01 ± 0.00

	
0.01 ± 0.00

	
0.01 ± 0.00




	
MOG

	
0.00 ± 0.00

	
0.01 ± 0.00

	
0.00 ± 0.00

	
0.01 ± 0.00

	
0.00 ± 0.00

	
0.00 ± 0.00

	
0.00 ± 0.00

	
0.00 ± 0.00




	
MOL

	
0.00 ± 0.00

	
0.01 ± 0.00

	
0.01 ± 0.00

	
0.02 ± 0.00

	
0.00 ± 0.00

	
0.01 ± 0.00

	
0.01 ± 0.00

	
0.02 ± 0.00








The results expressed as mean value ± typical deviation.
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Table 3. The organoleptic characteristics of the monovarietal olive oil.






Table 3. The organoleptic characteristics of the monovarietal olive oil.





	Samples
	February

2016
	July

2016
	December

2016
	February

2017
	July

2017
	December

2017





	MO
	7.5
	7.4
	6.7
	7.0
	6.7
	6.6
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Table 4. Sensorial profile of the flavoured oils.






Table 4. Sensorial profile of the flavoured oils.





	
Samples

	
Description

	
2015–2016

	
2016–2017




	
July

	
December

	
July

	
December






	
MOSB

	
Aroma (garlic)

	
VN

	
VN

	
VN

	
VN




	
Taste (garlic)

	
VN

	
VN

	
VN

	
VN




	
Bitter and pungent

	
3-5

	
3-4

	
3-3

	
2-3




	
Flavour intensity

	
5

	
3

	
5

	
4




	
MOR

	
Aroma (rosemary)

	
VN

	
VN

	
VN

	
VN




	
Taste (rosemary)

	
N

	
N

	
N

	
N




	
Bitter and pungent

	
2-3

	
2-2

	
2-3

	
2-1




	
Flavour intensity

	
4

	
4

	
4

	
4




	
MOG

	
Aroma (garlic)

	
VN

	
VN

	
VN

	
VN




	
Taste (garlic)

	
VN

	
VN

	
VN

	
VN




	
Bitter and pungent

	
3-4

	
2-3

	
3-3

	
2-3




	
Flavour intensity

	
4

	
4

	
5

	
4




	
MOL

	
Aroma (lemon)

	
N

	
N

	
N

	
N




	
Taste (lemon)

	
N

	
N

	
N

	
N




	
Bitter and pungent

	
3-2

	
2-2

	
2-2

	
2-2




	
Flavour intensity

	
4

	
3

	
4

	
2








Notation: LN: Slightly noticeable; N: noticeable; VN: Very noticeable.
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Table 5. Most representative fatty acids (%) of all olive oils.






Table 5. Most representative fatty acids (%) of all olive oils.













	Samples
	
	February

2016
	December

2016
	February

2017
	December

2017





	MO
	C16:0
	11.70± 0.12
	11.3 ± 0.10
	10.80 ± 0.09
	10.0 ± 0.05



	
	C16:1
	0.50± 0.01
	0.50 ± 0.01
	0.40 ± 0.02
	0.40 ± 0.01



	
	C18:0
	2.20 ± 0.03
	2.20 ± 0.02
	2.70 ± 0.01
	2.50 ± 0.03



	
	C18:1
	71.20 ± 0.02
	70.60 ± 0.02
	71.10 ± 0.03
	73.40 ± 0.08



	
	C18:2
	12.30 ± 0.03
	11.90 ± 0.04
	12.10 ± 0.02
	11.70 ± 0.03



	
	C18:3
	1.10 ± 0.02
	1.00 ± 0.01
	1.00 ± 0.01
	1.00 ± 0.01



	MOSB
	C16:0
	11.70 ± 0.03
	11.20 ± 0.02
	10.8 ± 0.01
	10.0 ± 0.01



	
	C16:1
	0.50 ± 0.01
	0.50 ± 0.06
	0.40 ± 0.03
	0.50 ± 0.01



	
	C18:0
	2.20 ± 0.02
	2.20 ± 0.01
	2.70 ± 0.02
	2.50 ± 0.01



	
	C18:1
	71.20 ± 0.12
	70.70 ± 0.09
	71.10 ± 0.01
	73.60 ± 0.03



	
	C18:2
	12.30 ± 0.03
	11.90 ± 0.02
	12.10 ± 0.02
	11.80 ± 0.02



	
	C18:3
	1.10 ± 0.01
	1.00 ± 0.01
	1.00 ± 0.02
	1.10 ± 0.03



	MOR
	C16:0
	11.70 ± 0.01
	11.50 ± 0.02
	10.80 ± 0.10
	10.10 ± 0.03



	
	C16:1
	0.50 ± 0.01
	0.50 ± 0.01
	0.40 ± 0.02
	0.50 ± 0.01



	
	C18:0
	2.20 ± 0.03
	2.20 ± 0.02
	2.70 ± 0.01
	2.50 ± 0.01



	
	C18:1
	71.20 ± 0.08
	71.30 ± 0.03
	71.10 ± 0.02
	73.80 ± 0.01



	
	C18:2
	12.30 ± 0.03
	11.7 ± 0.01
	12.10 ± 0.02
	11.60 ± 0.03



	
	C18:3
	1.10 ± 0.01
	1.00 ± 0.02
	1.00 ± 0.03
	1.00 ± 0.02



	MOG
	C16:0
	11.70 ± 0.01
	11.30 ± 0.03
	10.80 ± 0.05
	10.10 ± 0.01



	
	C16:1
	0.50 ± 0.02
	0.50 ± 0.05
	0.40 ± 0.02
	0.50 ± 0.01



	
	C18:0
	2.20 ± 0.02
	2.20 ± 0.04
	2.70 ± 0.07
	2.50 ± 0.01



	
	C18:1
	71.20 ± 0.04
	71.10 ± 0.02
	71.10 ± 0.01
	73.60 ± 0.02



	
	C18:2
	12.30 ± 0.01
	11.90 ± 0.02
	12.10 ± 0.04
	11.70 ± 0.03



	
	C18:3
	1.10 ± 0.02
	1.00 ± 0.03
	1.00 ± 0.01
	1.10 ± 0.02



	MOL
	C16:0
	11.70 ± 0.02
	11.40 ± 0.02
	10.80 ± 0.01
	10.10 ± 0.05



	
	C16:1
	0.50 ± 0.01
	0.50 ± 0.01
	0.40 ± 0.02
	0.50 ± 0.02



	
	C18:0
	2.20 ± 0.03
	2.20 ± 0.05
	2.70 ± 0.04
	2.50 ± 0.01



	
	C18:1
	71.20 ± 0.02
	70.70 ± 0.02
	71.10 ± 0.05
	73.70 ± 0.04



	
	C18:2
	12.30 ± 0.01
	11.80 ± 0.01
	12.10 ± 0.02
	11.80 ± 0.02



	
	C18:3
	1.10 ± 0.04
	1.00 ± 0.01
	1.00 ± 0.01
	1.10 ± 0.01
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Table 6. The percentage of fatty acids (%) of all olive oils.






Table 6. The percentage of fatty acids (%) of all olive oils.













	Samples
	
	February

2016
	December

2016
	February

2017
	December

2017





	MO
	C14:0
	<0.03
	<0.03
	<0.03
	<0.03



	
	C18:3
	1.10 ± 0.01
	1.10 ± 0.02
	1.10 ± 0.01
	1.10 ± 0.01



	
	C20:0
	0.30 ± 0.00
	0.30 ± 0.00
	0.40 ± 0.00
	0.30 ± 0.00



	
	C20:1
	0.30 ± 0.00
	0.30 ± 0.00
	0.30 ± 0.00
	0.30 ± 0.00



	
	C22:0
	<0.10
	<0.10
	0.10 ± 0.00
	0.10 ± 0.01



	
	C24:0
	<0.1
	<0.10
	0.10 ± 0.00
	<0.10



	
	C18:1 trans
	<0.02
	<0.02
	<0.02
	<0.02



	
	C18:3 trans + C18:2 trans
	<0.02
	<0.02
	<0.02
	<0.02



	MOSB
	C14:0
	<0.03
	<0.03
	<0.03
	<0.03



	
	C18:3
	1.10 ± 0.01
	1.00 ± 0.01
	1.00 ± 0.02
	1.1 ± 0.03



	
	C20:0
	0.30 ± 0.00
	0.40 ± 0.00
	0.40 ± 0.00
	0.40 ± 0.00



	
	C20:1
	0.30 ± 0.00
	0.30 ± 0.00
	0.30 ± 0.00
	0.30 ± 0.00



	
	C22:0
	<0.10
	<0.10
	0.10 ± 0.00
	0.10 ± 0.00



	
	C24:0
	<0.10
	<0.10
	0.10 ± 0.00
	<0.10



	
	C18:1 trans
	<0.02
	<0.02
	<0.02
	<0.02



	
	C18:3 trans + C18:2 trans
	<0.02
	<0.02
	<0.02
	<0.02



	MOR
	C14:0
	<0.03
	<0.03
	<0.03
	<0.03



	
	C18:3
	1.10 ± 0.02
	1.00 ± 0.01
	1.00 ± 0.01
	1.10 ± 0.01



	
	C20:0
	0.30 ± 0.01
	0.30 ± 0.00
	0.40 ± 0.00
	0.40 ± 0.01



	
	C20:1
	0.30 ± 0.00
	0.30 ± 0.00
	0.30 ± 0.01
	0.30 ± 0.00



	
	C22:0
	<0.10
	0.10 ± 0.00
	0.10 ± 0.00
	0.10 ± 0.00



	
	C24:0
	<0.10
	<0.10
	0.10 ± 0.00
	<0.10



	
	C18:1 trans
	<0.02
	<0.02
	<0.02
	<0.02



	
	C18:3 trans + C18:2 trans
	<0.02
	<0.02
	<0.02
	<0.02



	MOG
	C14:0
	<0.03
	<0.03
	<0.03
	<0.03



	
	C18:3
	1.10 ± 0.02
	1.00 ± 0.03
	1.00 ± 0.12
	1.10 ± 0.10



	
	C20:0
	0.30 ± 0.01
	0.40 ± 0.01
	0.40 ± 0.01
	0.40 ± 0.01



	
	C20:1
	0.30 ± 0.00
	0.30 ± 0.00
	0.30 ± 0.00
	0.30 ± 0.01



	
	C22:0
	<0.10
	0.10 ± 0.01
	0.10 ± 0.00
	0.10 ± 0.01



	
	C24:0
	<0.10
	<0.10
	0.1 ± 0.010
	<0.10



	
	C18:1 trans
	<0.02
	<0.02
	<0.02
	<0.02



	
	C18:3 trans + C18:2 trans
	<0.02
	<0.02
	<0.02
	<0.02



	MOL
	C14:0
	<0.03
	<0.03
	<0.03
	<0.03



	
	C18:3
	1.10 ± 0.04
	1.00 ± 0.02
	1.00 ± 0.01
	1.10 ± 0.03



	
	C20:0
	0.30 ± 0.00
	0.40 ± 0.00
	0.40 ± 0.00
	0.40 ± 0.00



	
	C20:1
	0.30 ± 0.01
	0.30 ± 0.00
	0.30 ± 0.00
	0.20 ± 0.00



	
	C22:0
	<0.10
	0.10 ± 0.00
	0.10 ± 0.00
	0.10 ± 0.00



	
	C24:0
	<0.10
	<0.10
	0.10 ± 0.00
	<0.10



	
	C18:1 trans
	<0.02
	<0.02
	<0.02
	<0.02



	
	C18:3 trans + C18:2 trans
	<0.02
	<0.02
	<0.02
	<0.02
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Table 7. Wax content (mg/kg oil) of all olive oils.






Table 7. Wax content (mg/kg oil) of all olive oils.





	Samples
	February

2016
	December

2016
	February

2017
	December

2017





	MO
	45.00 ± 0.20
	49.00 ± 0.21
	34.00 ± 0.11
	37.00 ± 0.12



	MOSB
	45.00 ± 0.12
	40.00 ± 0.15
	34.00 ± 0.20
	31.00 ± 0.14



	MOR
	45.00 ± 0.13
	42.00 ± 0.13
	34.00 ± 0.12
	34.00 ± 0.23



	MOG
	45.00 ± 0.10
	40.00 ± 0.14
	34.00 ± 0.10
	32.00 ± 0.11



	MOL
	45.00 ± 0.12
	41.00 ± 0.21
	34.00 ± 0.22
	32.00 ± 0.12
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Table 8. Individual sterols (%) of all olive oils.






Table 8. Individual sterols (%) of all olive oils.













	
	
	February

2016
	December

2016
	February

2017
	December

2017





	MO
	Cholesterol
	0.10 ± 0.00
	0.10 ± 0.00
	0.10 ± 0.00
	0.00 ± 0.00



	
	Brassicasterol
	<0.10
	<0.10
	<0.10
	0.10 ± 0.01



	
	Campesterol
	2.20 ± 0.02
	2.30 ± 0.01
	2.20 ± 0.01
	2.40 ± 0.01



	
	Estigmasterol
	0.50 ± 0.01
	0.50 ± 0.02
	0.50 ± 0.01
	0.40 ± 0.00



	
	Clerosterol
	1.00 ± 0.01
	1.00 ± 0.02
	1.00 ± 0.03
	0.90 ± 0.01



	
	β-sitosterol
	84.30 ± 0.20
	83.40 ± 0.18
	86.30 ± 0.15
	84.50 ± 0.21



	
	5∆-avenasterol
	10.40 ± 0.20
	10.60 ± 0.10
	9.80 ± 0.01
	10.30 ± 0.11



	
	5,24∆-estigmastadienol
	0.40 ± 0.00
	0.60 ± 0.00
	<0.10
	0.20 ± 0.00



	
	7∆-avenasterol
	0.10 ± 0.01
	0.20 ± 0.01
	0.10 ± 0.01
	0.50 ± 0.01



	MOSB
	Cholesterol
	0.10 ± 0.00
	0.10 ± 0.00
	0.10 ± 0.00
	0.10 ± 0.00



	
	Brassicasterol
	<0.10
	<0.10
	<0.10
	<0.10



	
	Campesterol
	2.20 ± 0.02
	2.30 ± 0.03
	2.20 ± 0.01
	2.30 ± 0.02



	
	Estigmasterol
	0.50 ± 0.01
	0.40 ± 0.01
	0.50 ± 0.01
	0.40 ± 0.01



	
	Clerosterol
	1.00 ± 0.01
	0.90 ± 0.01
	1.00 ± 0.01
	0.90 ± 0.02



	
	β-sitosterol
	84.30 ± 0.10
	83.60 ± 0.17
	86.30 ± 0.32
	84.60 ± 0.22



	
	5∆-avenasterol
	10.40 ± 0.15
	10.60 ± 0.21
	9.80 ± 0.17
	10.30 ± 0.10



	
	5,24∆-estigmastadienol
	0.40 ± 0.01
	0.60 ± 0.00
	<0.10
	0.80 ± 0.00



	
	7∆-avenasterol
	0.10 ± 0.00
	0.20 ± 0.00
	0.10 ± 0.00
	0.50 ± 0.00



	MOR
	Cholesterol
	0.10 ± 0.00
	0.10 ± 0.00
	0.10 ± 0.00
	0.10 ± 0.00



	
	Brassicasterol
	<0.10
	<0.10
	<0.10
	<0.10



	
	Campesterol
	2.20 ± 0.02
	2.20 ± 0.02
	2.20 ± 0.02
	2.50 ± 0.02



	
	Stigmasterol
	0.50 ± 0.00
	0.40 ± 0.00
	0.50 ± 0.00
	0.40 ± 0.00



	
	Clerosterol
	1.00 ± 0.01
	1.00 ± 0.03
	1.00 ± 0.01
	0.90 ± 0.01



	
	β-sitosterol
	84.30 ± 0.11
	83.10 ± 0.13
	86.30 ± 0.12
	83.60 ± 0.14



	
	5∆-avenasterol
	10.40 ± 0.12
	11.00 ± 0.06
	9.80 ± 0.03
	10.90 ± 0.12



	
	5,24∆-stigmastadienol
	0.40 ± 0.01
	0.60 ± 0.010
	<0.10
	0.70 ± 0.02



	
	7∆-avenasterol
	0.10 ± 0.00
	0.20 ± 0.00
	0.10 ± 0.00
	0.40 ± 0.00



	MOG
	Cholesterol
	0.10 ± 0.00
	0.10 ± 0.00
	0.10 ± 0.00
	0.10 ± 0.00



	
	Brassicasterol
	<0.10
	<0.10
	<0.10
	<0.10



	
	Campesterol
	2.20 ± 0.01
	2.30 ± 0.02
	2.20 ± 0.04
	2.50 ± 0.02



	
	Stigmasterol
	0.50 ± 0.00
	0.30 ± 0.00
	0.50 ± 0.01
	0.40 ± 0.00



	
	Clerosterol
	1.00 ± 0.02
	0.80 ± 0.04
	1.00 ± 0.01
	0.80 ± 0.04



	
	β-sitosterol
	84.30 ± 0.10
	83.80 ± 0.20
	86.30 ± 0.06
	84.00 ± 0.11



	
	5∆-avenasterol
	10.40 ± 0.12
	10.60 ± 0.07
	9.80 ± 0.02
	10.70 ± 0.08



	
	5,24∆-stigmastadienol
	0.40 ± 0.01
	0.50 ± 0.01
	<0.10
	0.60 ± 0.01



	
	7∆-avenasterol
	0.10 ± 0.00
	0.30 ± 0.00
	0.10 ± 0.00
	0.40 ± 0.00



	MOL
	Cholesterol
	0.10 ± 0.00
	0.1 ± 0.001
	0.10 ± 0.00
	0.1 ± 0.001



	
	Brassicasterol
	<0.10
	<0.10
	<0.10
	<0.10



	
	Campesterol
	2.20 ± 0.02
	2.10 ± 0.01
	2.20 ± 0.01
	2.30 ± 0.01



	
	Stigmasterol
	0.50 ± 0.00
	0.50 ± 0.00
	0.50 ± 0.00
	0.40 ± 0.00



	
	Clerosterol
	1.00 ± 0.01
	0.90 ± 0.02
	1.00 ± 0.02
	0.90 ± 0.01



	
	β-sitosterol
	84.30 ± 0.12
	83.60 ± 0.11
	86.30 ± 0.13
	84.50 ± 0.12



	
	5∆-avenasterol
	10.4±00.02
	10.70 ± 0.03
	9.80 ± 0.02
	10.40 ± 0.01



	
	5,24∆-stigmastadienol
	0.40 ± 0.00
	0.50 ± 0.00
	<0.10
	0.80 ± 0.00



	
	7∆-avenasterol
	0.10 ± 0.00
	0.30 ± 0.00
	0.10 ± 0.00
	0.50 ± 0.00
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Table 9. Total sterols (mg/kg) of all olive oils.






Table 9. Total sterols (mg/kg) of all olive oils.





	Samples
	February

2016
	December

2016
	February

2017
	December

2017





	MO
	1915 ± 23
	1978 ± 15
	1933 ± 11
	1956 ± 05



	MOSB
	1915 ± 11
	1896 ± 10
	1933 ± 25
	1916 ± 19



	MOR
	1915 ± 11
	1954 ± 25
	1933 ± 17
	1966 ± 21



	MOG
	1915 ± 01
	1922 ± 05
	1933 ± 15
	1947 ± 13



	MOL
	1915 ± 03
	1893 ± 12
	1933 ± 10
	1916 ± 05
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Table 10. Erythrodiol and uvaol (%) and total phenolic compounds (mg/kg oil) of all olive oils.






Table 10. Erythrodiol and uvaol (%) and total phenolic compounds (mg/kg oil) of all olive oils.





	

	
Erythrodiol and Uvaol (%)




	
Samples

	
February

2016

	
December

2016

	
February

2017

	
December

2017




	
MO

	
1.20 ± 0.01

	
0.90 ± 0.01

	
1.50 ± 0.01

	
0.80 ± 0.01




	
MOSB

	
1.20 ± 0.01

	
0.90 ± 0.02

	
1.50 ± 0.01

	
1.00 ± 0.02




	
MOR

	
1.20 ± 0.03

	
1.10 ± 0.04

	
1.50 ± 0.05

	
1.10 ± 0.03




	
MOG

	
1.20 ± 0.02

	
1.20 ± 0.01

	
1.50 ± 0.02

	
1.10 ± 0.01




	
MOL

	
1.20 ± 0.01

	
1.00 ± 0.03

	
1.50 ± 0.01

	
1.00 ± 0.04




	

	
Total Phenolic Compounds (mg/kg oil)




	

	
February

2016

	
December

2016

	
February2017

	
December

2017




	
MO

	
222.00 ± 1.01

	
206.00 ± 1.10

	
249.00 ± 1.80

	
234.00 ± 1.23




	
MOSB

	
222.00 ± 1.02

	
237.00 ± 2.33

	
249.00 ± 2.04

	
269.00 ± 1.60




	
MOR

	
222.00 ± 1.12

	
241.00 ± 1.21

	
249.00 ± 1.22

	
200.00 ± 2.02




	
MOG

	
222.00 ± 1.23

	
233.00 ± 2.30

	
249.00 ± 2.23

	
256.00 ± 1.23




	
MOL

	
222.00 ± 1.22

	
208.00 ± 1.20

	
249.00 ± 1.23

	
236.00 ± 1.27
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Table 11. Tocopherols (mg/kg oil) of all olive oils.






Table 11. Tocopherols (mg/kg oil) of all olive oils.





	
Samples

	

	
February

2016

	
December

2016

	
February

2017

	
December

2017






	
MO

	
Total

	
313.00 ± 2.30

	
355.40 ± 2.80

	
203.00 ± 1.70

	
299.20 ± 1.90




	

	
α- tocopherol

	
307.00 ± 1.30

	
348.20 ± 2.30

	
203.00 ± 2.20

	
291.20 ± 1.30




	

	
β- tocopherol

	
3.00 ± 0.03

	
2.30 ± 0.01

	
<1.00

	
2.60 ± 0.02




	
γ- tocopherol

	
3.00 ± 0.02

	
4.90 ± 0.04

	
<0.10

	
5.40 ± 0.04




	
MOSB

	
Total

	
313.00 ± 3.10

	
344.10 ± 2.40

	
203.00 ± 1.30

	
273.80 ± 1.90




	
α- tocopherol

	
307.00 ± 1.30

	
338.20 ± 1.30

	
203.00 ± 1.30

	
266.10 ± 1.30




	
β- tocopherol

	
3.00 ± 0.02

	
1.90 ± 0.01

	
<1.00

	
2.50 ± 0.01




	
γ- tocopherol

	
3.00 ± 0.04

	
3.90 ± 0.06

	
<1.00

	
5.20 ± 0.02




	
MOR

	
Total

	
313.00 ± 1.70

	
366.20 ± 2.30

	
203.00 ± 1.80

	
288.0 ± 1.70




	
α- tocopherol

	
307.00 ± 0.30

	
359.30 ± 1.60

	
203.00 ± 2.30

	
280.10 ± 0.30




	
β- tocopherol

	
3.00 ± 0.08

	
2.20 ± 0.23

	
<1.00

	
2.60 ± 0.02




	
γ- tocopherol

	
3.00 ± 0.14

	
4.60 ± 0.03

	
<1.00

	
5.30 ± 0.01




	
MOG

	
Total

	
313.00 ± 1.20

	
376.50 ± 2.30

	
203.00 ± 1.90

	
317.60 ± 1.30




	
α- tocopherol

	
307.00 ± 1.50

	
369.30 ± 3.30

	
203.00 ± 2.30

	
309.30 ± 1.00




	
β- tocopherol

	
3.00 ± 0.03

	
2.40 ± 0.06

	
<1.00

	
2.70 ± 0.02




	
γ- tocopherol

	
3.00 ± 0.09

	
4.70 ± 0.05

	
<1.00

	
5.60 ± 0.03




	
MOL

	
Total

	
313.00 ± 1.30

	
361.60 ± 1.30

	
203.00 ± 1.30

	
304.60 ± 1.30




	
α- tocopherol

	
307.00 ± 1.90

	
354.40 ± 0.70

	
203.00 ± 1.50

	
296.70 ± 2.10




	
β- tocopherol

	
3.00 ± 0.02

	
2.40 ± 0.02

	
<1.00

	
2.60 ± 0.02




	
γ- tocopherol

	
3.00 ± 0.01

	
4.80 ± 0.03

	
<1.00

	
5.30 ± 0.04
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Table 12. Oxidative stability (h) of all olive oils.






Table 12. Oxidative stability (h) of all olive oils.





	Samples
	February

2016
	December

2016
	February

2017
	December

2017





	MO
	8.8 ± 0.1
	6.0 ± 0.1
	8.9 ± 0.1
	6.0 ± 0.2



	MOSB
	8.8 ± 0.1
	7.0 ± 0.2
	8.9 ± 0.4
	6.5 ± 0.4



	MOR
	8.8 ± 0.2
	4.3 ± 0.1
	8.9 ± 0.3
	4.4 ± 0.1



	MOG
	8.8 ± 0.3
	6.0 ± 0.5
	8.9 ± 0.1
	5.9 ± 0.2



	MOL
	8.8 ± 0.1
	5.7 ± 0.1
	8.9 ± 0.1
	5.6 ± 0.1
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Table 13. Microbiological analysis (CFU/g) of all olive oils.






Table 13. Microbiological analysis (CFU/g) of all olive oils.












	Samples
	
	
	
	





	MO
	February

2015
	December

2015
	February

2017
	December

2017



	Microorganisms
	<1
	<1
	<1
	<1



	Coliform bacteria
	<1
	<1
	<1
	<1



	coagulase + Staphylococci
	<1
	<1
	1
	<1



	MOSB
	February

2015
	December

2015
	February

2017
	December

2017



	Microorganisms
	<1
	<1
	<1
	<1



	Coliform bacteria
	<1
	<1
	<1
	<1



	coagulase + Staphylococci
	<1
	<1
	<1
	<1



	MOR
	February

2015
	December

2015
	February

2017
	December

2017



	Microorganisms
	<1
	<1
	<1
	<1



	Coliform bacteria
	<1
	<1
	<1
	<1



	coagulase + Staphylococci
	<1
	<1
	<1
	<1



	MOG
	February

2015
	December

2015
	February

2017
	December

2017



	Microorganisms
	<1
	<1
	<1
	<1



	Coliform bacteria
	<1
	<1
	<1
	<1



	coagulase + Staphylococci
	<1
	<1
	<1
	<1



	MOL
	February

2015
	December

2015
	February

2017
	December

2017



	Microorganisms
	<1
	<1
	<1
	<1



	Coliform bacteria
	<1
	<1
	<1
	<1



	Coagulase + Staphylococci
	<1
	<1
	<1
	<1
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