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Abstract


Olive tree leaf is a phenol-rich, high-potential-value biomass that can be used to formulate food additives and supplements. Leaf phenolic content varies depending on numerous factors, like cultivar, geographical origin, year, and season of harvest. The aim of this research was to evaluate the variations in phenolic profile of four major Tuscan cultivars (Frantoio, Leccio del Corno, Leccino, and Moraiolo) over four different phenological phases and across two years. All 96 olive leaf samples were harvested from trees grown in the same orchard located in Florence. After drying, their phenolic profile was characterized using HPLC-DAD-MS, and the obtained data were processed by ANOVA, GA-LDA, and RF methods. A total of 25 phenolic derivatives were analyzed, with total contents ranging 16,674.0–50,594.3 mg/kg and oleuropein (4570.0–27,547.7 mg/kg) being the predominant compound regardless of cultivar, year, and season of harvest. Oleuropein and hydroxytyrosol glucoside showed inverse proportionality and similar behavior across years in all cultivars, and therefore were highlighted as main phenolic compounds correlated with the seasonal variability in studied cultivars. Interesting behavior was also pointed out for apigenin rutinoside. Application of GA-LDA and RF methods allowed pointing out the excellent performance of leaf phenols in discriminating samples based on cultivar, harvest year, and harvesting season.
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1. Introduction


The olive (Olea europaea L.) tree is a typical Mediterranean cultivation, with more than 750 million plants cultivated over ten million hectares in the Mediterranean basin alone, accounting for more than 95% of the worldwide production of table olives and olive oil [1,2,3]. Virgin olive oil (VOO) is the oil derived from the fruits of Olea europaea L. without the use of solvents, using mechanical processes exclusively [4], while extra virgin olive oil (EVOO) is its superior quality segment, characterized by a rich flavor profile and various culinary applications [5]. Moreover, EVOO consumption is associated with well-investigated health benefits, which are mainly due to its high oleic acid content and to the presence of phenolic and secoiridoid derivatives [6,7,8]. These facts have led to a constant increase in worldwide EVOO production in recent decades, both in the Mediterranean region and in countries where the olive tree is not traditionally cultivated, such as Chile, Australia, and the USA [1,9].



The increase in the worldwide cultivation of olive trees can potentially lead to relevant environmental issues; in fact, VOO production entails the formation of a considerable quantity of by-products, such as olive mill wastewater, olive pomace, and pruning residues [10,11,12]. These waste biomasses represent a problem due to their high organic load, which makes them highly polluting for the environment, but can also be seen as an underexploited resource, since they often contain high concentrations of health-beneficial compounds similar to those that can be found in EVOO [10,13,14]. Several approaches have been proposed for the recovery of these bioactive compounds in order to improve the sustainability of the VOO production chain; olive by-products have found application as cattle feed, fertilizers, and novel materials, and their extracts in the pharmaceutical, food, and cosmetic sectors [15,16,17]. In the food sector, extracts can be upcycled as ingredients for the formulation of phytochemical food supplements, or as additives to improve the stability and the nutritional value of food [18,19,20,21].



Olive leaves have been used for centuries in folk medicine [22] and are nowadays included in the European Medicinal Agency monographs as well as in the European Pharmacopoeia [23,24]. The bioactivity of olive leaf extracts (OLEs) is due to the presence of bioactive compounds with different chemical nature: phenolic derivatives like verbascoside and hydroxytyrosol, flavonoid derivatives like rutin and luteolin-7-O-glucoside, and triterpenic acids such as oleanolic acid. Secoiridoid compounds, among which oleuropein is the most abundant in the plant, are characteristic of the Oleaceae botanic family [25,26]. High and consistent concentrations of bioactive derivatives are requested in OLEs for their application in the nutraceutical sector; since the abundance of secondary metabolites in the plant may vary according to many different factors such as cultivar, phenological phase, and pedoclimatic conditions, it is crucial to consider the effects of these variables on the composition of the extracts [25,27,28].



Focusing on phenolic compounds, the analytical technique most used for their profiling is given by High-Performance Liquid Chromatography with Diode Array and Mass Spectrometry Detector (HPLC-DAD-MS), enabling identification and quantitation of many of the compounds present in the leaf [27,29,30,31,32,33,34,35].



The effect of cultivar on the phenolic composition of Olea europaea L. by-products is particularly important to study; olive groves of recent implantation are typically adapted to intensive and mechanized agriculture, which often involves the use of a single olive cultivar. Therefore, monovarietal EVOO is not only a fast-growing niche product in the context of high-quality oils [36,37] but it is also produced in large quantities for the formulation of industrial EVOO blends. Thus, the selection of the best cultivars for the upcycling of olive leaves into nutraceuticals is crucial for an efficient and effective exploitation of this waste biomass [12]; moreover, it has been demonstrated that, in olive leaves, seasonal variations in the concentrations of bioactive compounds are cultivar-dependent [28].



Numerous studies in recent scientific literature have already investigated the seasonal variations of local olive cultivars [38]. A common limitation of these studies is the diverse geographical origin of the olive leaves samples from different cultivars; recent studies have in fact demonstrated that minor differences (even less than 50 km) in the harvesting location of olive leaves can cause significant variations in the phenolic composition of extracts obtained from leaves of the same cultivar [35,39]. Furthermore, little research in the literature has studied the variation in phenolic profile of monocultivar olive leaves, and, to the authors’ knowledge, no study has studied this in olive leaves of the main Tuscan cultivar (i.e., Frantoio, Moraiolo, Leccino, and Leccio del Corno) across seasons over years.



The aim of the present research was to study the variation in phenolic profile in olive leaves collected from four different typical Tuscan cultivars across four phenological phases over two years. The employed sampling approach effectively eliminated the geographical and pedoclimatic factors, allowing a precise assessment of the influence of cultivar on OLE composition, as well as on the interactions between cultivar and season of harvest. To this aim, olive leaves of the Frantoio, Moraiolo, Leccino, and Leccio del Corno cultivars were collected from trees all located in the same experimental field in the province of Florence. Leaf samples were gathered over a two-year timespan and across the four phenological seasons. After drying, leaves were subjected to ultrasonic-assisted hydroalcoholic extraction, and the composition of the extracts was characterized by HPLC-DAD-MS. A statistical approach involving 3-way ANOVA, Genetic Algorithm with Linear Discriminant Analysis (GA-LDA), and Random Forest (RF) methods was applied to study any correlation among phenolic compounds and the different sources of variability (i.e., year and cultivar season).




2. Materials and Methods


2.1. Chemicals


Ultrapure water was both generated using a Milli-Q system (Millipore S.A., Molsheim, France) and supplied by an Elga Purelab Option R system (Veolia Environnement S.A., Paris, France). HPLC-grade formic acid, methanol, and acetonitrile, as well as analytical-grade methanol and ethanol, and a tyrosol standard were obtained from Merck (Darmstadt, Germany).




2.2. Collection and Drying of Olive Leaf Samples


Olive leaves were harvested from rural areas surrounding Florence (Tuscany and Italy), from trees belonging to widely cultivated and traditional Tuscan cultivars, namely Frantoio, Leccio del Corno, Moraiolo, and Leccino. These cultivars are renowned for their characteristic features and their significant role in high-quality extra virgin olive oil production. Sampling was carried out over a two-year period, from April 2022 to February 2024, once in each season (spring, summer, autumn, and winter, corresponding with different phenological phases of the plant, namely spring vegetative growth, summer heat and water stress, autumn regrowth, and winter dormancy, respectively) on three different trees per cultivar. The leaves from each set of three trees were pooled to obtain a representative sample. Leaf collection was performed uniformly around the entire circumference of each tree, selecting leaves from the central part of the shoots to ensure homogeneity in age, avoiding both very young and very old leaves. The trees were non-irrigated and managed under organic farming. The sampling strategy was designed to assess the influence of cultivar, year, and seasonal variation on the quali-quantitative phenolic profile of olive leaves.



All samples were collected in triplicate, yielding a total of 96 samples (4 cultivars × 4 seasons × 2 years × 3 replicates). Seasonal collections were scheduled as follows: April (spring), July (summer), November (autumn), and February (winter). To minimize variability due to soil and climatic conditions, all samples were gathered from the same experimental olive orchard (situated at 43.8359 N, 11.2066 E) and collected on the same day for each designed sampling period. Fresh leaves were oven-dried at 80 °C using a Termaks TS 8430 (Bergen, Norway) oven, until reaching a constant weight. The dried material was then ground and homogenized using an IKA M 20 Universal mill (IKA-Werke GmbH & Co. KG, Staufen im Breisgau, Germany). The samples collected are listed in Table 1.




2.3. HPLC-DAD-MS Analysis of Olive Leaf Phenolic Compounds


Approximately 1 g of each powdered leaf sample was precisely weighed and subjected to two sequential extractions with 30 mL of EtOH:H2O (80:20, v/v), employing an IKA T 25 digital Ultraturrax followed by ultrasonic bath treatment. After centrifugation at 5000 rpm for 10 min at 0 °C, the supernatants were defatted twice using 30 mL of hexane. The solvents were subsequently removed under vacuum. The resulting dried extracts were reconstituted in 5 mL of MeOH:H2O (50:50, v/v), then centrifuged at 14,000 rpm for 5 min. The supernatant was used for HPLC analysis.



For the chromatographic analyses, a 1260 Infinity II LC system coupled with a DAD and a Mass Spectrometry Detector (InfinityLab LC/MSD) using an API/ESI interface (Agilent Technologies, Palo Alto, CA, USA) was employed. Chromatographic separation was performed on a Poroshell 120 EC-C18 column (150 mm × 3.0 mm, 2.7 µm particle size; Agilent, Palo Alto, CA, USA). The mobile phase consisted of HPLC-grade acetonitrile (solvent A) and ultrapure water acidified with 0.1% formic acid (solvent B). A linear multistep gradient elution was applied at a constant flow rate of 0.4 mL/min. The gradient profile was as follows: solvent B decreased from 95% to 60% over 40 min, held at 60% for 5 min, reduced to 0% over the next 5 min, maintained at 0% for 3 min, and then returned to 95% within 2 min, making the total run time 55 min. The injection volume was 2 µL, and the system was equilibrated for 10 min prior to each run. UV-Vis spectra were recorded from 200 to 550 nm, with chromatograms monitored at 210, 220, 240, 280, and 350 nm.



Quantification was carried out using external standard calibration curves built with reference standards where available; compounds for which identical standards were not available were quantified as equivalents, using standards from the same chemical class, as follows:




	
Tyrosol (λ = 280 nm; calibration range 0–8.2 µg; R2 = 0.992) was used for the determination of hydroxytyrosol and its derivatives.



	
Rutin (λ = 350 nm; calibration range 0–2.2 µg; R2 = 1) served as the standard for rutin quantification.



	
Luteolin-7-O-glucoside (λ = 280 nm; calibration range 0–2.8 µg; R2 = 0.9975) was employed for the quantification of other flavonoid compounds.



	
Oleuropein (λ = 280; calibration range 0–18 µg; R2 = 0.9997) was used for quantification of both oleuropein and secoiridoid derivatives.



	
Verbascoside (λ = 280 nm; calibration range 0–0.8 µg; R2 = 0.9997) was selected for the quantification of phenolic acids and their derivatives.









2.4. Data Analysis


The mean and standard deviation (SD) of triplicate measurements from all experiments were computed using custom routines developed in Microsoft EXCEL (version 365). A three-way ANOVA was carried out for each parameter to assess the influence of cultivar, year, season, and their interactions. To determine statistically significant differences among sample data, post hoc analyses were performed using Tukey’s multiple comparison test. All ANOVA and Tukey tests were conducted using R software (version 4.3.1, The R Foundation for Statistical Computing, Vienna, Austria).



The capability of the chemical variables to correctly classify samples according to either cultivar, year, or season was assessed using two supervised classification methods: GA-LDA and Random Forest (RF). Specifically, each of the two methods was applied three times, focusing separately on one of the three sources of variation: cultivar (with classes given by the cultivar Frantoio, Leccino, Leccio del Corno, and Moraiolo), year (classes year 1 and year 2), and season (classes, spring, summer, autumn, and winter).



GA-LDA: Linear Discriminant Analysis (LDA), combined with a Genetic Algorithm (GA) for variable selection [40], was employed to build a discriminant function capable of maximizing class separation based on a selected subset of variables. The GA, inspired by the principles of natural selection, is particularly effective for handling datasets with numerous and heterogeneous variables across multiple samples, as in the case of this study [41]. It begins with a randomly generated population of variable sets (individuals), which are evaluated and ranked. Through successive iterations, the algorithm evolves the population by selecting high-performing individuals based on a fitness function—in this case, the LDA—and applying genetic operators such as crossover and mutation to produce new combinations. This evolutionary process continues over several generations to improve solution quality. LDA served as the fitness function, assessing each variable combination based on the Class Error Average (i.e., the mean percentage of misclassified samples across all classes). This metric was derived from a confusion matrix obtained through 5-fold cross-validation. Overall classification accuracy was also calculated. The parameters used in the GA were as follows:




	
Number of Variables per Individual: 8.



	
Population Size: 100.



	
Number of Generations: 25.



	
Number of Elite Individuals: 50.



	
Crossover Probability: 1 (applied to all elite individuals).



	
Mutation Probability: Random.








RF: The Random Forest algorithm is a machine learning method that constructs multiple decision trees using random subsets of data and variables—a technique known as bagging [42]. The final classification result is derived by aggregating the predictions of all individual trees, which reduces model variance and improves accuracy. In this study, the forest consisted of 500 trees, and model performance was optimized by minimizing the Out-of-Bag (OOB) error. A 5-fold cross-validation procedure was used to produce the confusion matrix



The importance of variables was evaluated. In the case of the GA-LDA method, it was the frequence (%) with which variables are selected by the GA in the best ten combinations per run. In the case of the RF method, it was the number of times (expressed in %) each variable is selected by each single tree.



All data analyses were conducted using R software (version 4.3.1, The R Foundation for Statistical Computing).





3. Results and Discussion


A typical chromatogram of the phenolic profile of olive leaf extracts (OLE) is reported in Figure 1A, with a zoom of the central part (rich of peaks very close to each other) following in Figure 1B. The main peaks are numbered according to the assignment summarized in Table 2. Compound identification was carried out using data of retention time, UV and Mass spectra, and literature information [29,30,43,44,45]. Table 2 lists the assignment of 25 phenolic and secoiridoid molecules. They include (i) the two main Olea europaea L. secoiridoids (i.e., oleuropein (confirmed with standard) and ligstroside); (ii) eight oleuropein-related compounds (i.e., hydroxyoleuropein isomers 1 and 2, oleuropein diglucoside, methoxyoleuropein isomers 1 and 2, dehydrooleuropein isomers 1 and 2, and oleuroside); (iii) three hydroxytyrosol-related molecules (i.e., hydroxytyrosol–glucoside isomers 1 and 2, and hydroxytyrosol (confirmed with standard)); (iv) three derivatives of phenolic acids (with m/z of 379, 489, and 519, respectively); and (v) nine flavonoids (i.e., luteolin diglucoside, rutin (confirmed with standard), luteolin rutinoside, luteolin-7-O-glucoside (confirmed with standard), flavonoid with m/z 505, apigenin rutinoside, luteolin-4-O-glucoside, flavonoid with m/z 553, and luteolin glucoside isomer). To the best of the authors’ knowledge, this is the first article reporting the presence of dehydrooleuropein isomers (peaks 23 and 24) in olive leaves. The presence of its aglycone was previously reported in extra virgin olive oil [46,47], but the position of the additional unsaturation was not specified. Given the complex and double-bonds-rich structure of oleuropein, a possible position for the new double bond could be the carbon chain of the phenylethyl portion of the molecule. This hypothesis was supported by the presence of a fragment with m/z 403 in the mass spectra of the two isomers, corresponding to an ionized elenolic acid methyl ester. The loss of 403 units from an initial molecular weight of 538 would in fact result in a fragment with 135 atomic units of weight, corresponding to a dehydrohydroxytyrosyl moiety.



All data of both single phenolic compounds and total phenolic content in all olive leaf samples analyzed are reported in Table 3, as means of triplicates and as mg/kg of leaf dry weight. An average total phenolic content of 30,353.9 mg/kg was observed, with minimum and maximum values of 16,674.0 and 50,594.3 mg/kg for the MorY1Sp and LdCY2Au samples, respectively. As expected [32,35,48], oleuropein was the most abundant phenolic compound, with a minimum average value of 4570.0 mg/kg and a maximum average value of 27,547.7 mg/kg for the MorY1Sp and LdCY2Au samples, respectively. Ligstroside, the other typical secoiridoid of Olea europaea L. [49], was present in contents much lower than oleuropein, ranging from 117.0 mg/kg to 1931.0 mg/kg, with a mean value of 820.8 mg/kg. After oleuropein, the compounds with the highest concentrations were the flavonoids luteolin-7-O-glucoside, with an average content of 3005.1 mg/kg and values ranging from 1735.7 mg/kg to 6466.0 mg/kg, and luteolin-4-O-glucoside, with an average content of 2941.8 mg/kg and values ranging from 1210.7 mg/kg to 6309.3 mg/kg. These were followed by hydroxytyrosol glucoside isomer 1, with an average content of 1923.8 mg/kg and values ranging from 196.3 mg/kg to 6777.7 mg/kg, hydroxyoleuropein isomer 2, with an average content of 1323.8 mg/kg and values ranging from 573.3 mg/kg to 2635.0 mg/kg, and hydroxyoleuropein isomer 1, with an average content of 1135.5 mg/kg and values ranging from 121.7 mg/kg to 2021.3 mg/kg. All the other molecules were present with average values lower than 1000 mg/kg, including hydroxytyrosol with an average content of 261.8 mg/kg and values ranging from 118.0 mg/kg to 502.7 mg/kg.



The values hereby presented are in general agreement with the literature data reported for the same cultivars, with the additional feature of their consistency over a two-year timespan: Blasi et al. [50] analyzed Moraiolo, Leccino, and Frantoio olive leaves, gathering samples in December, March, June, and September. TPCs were analyzed with the Folin–Ciocalteu method and expressed as mg/g of gallic acid equivalents. The values reported in the study were slightly higher (up to 65 mg/g or 65,000 mg/kg) than those hereby presented, probably due to the different analysis method [51]; however, the seasonal pattern is similar, with TPC values increasing from winter to summer, and then decreasing in autumn. Hydroxytyrosol values for the three varieties were found to be in a 1000–6000 mg/kg range, mostly depending on the harvesting season and with no significant difference among cultivars. In agreement with the present study, the highest values were reached in the cold season. Reported oleuropein levels for the three cultivars were very variable, ranging from about 2000 to 60,000 mg/kg and presenting different seasonal patterns for the different cultivars. While TPC values (evaluated with the Folin–Ciocalteu method) and oleuropein concentrations for the three cultivars presented by Borghini et al. [35] were comparable to those of the present study, reported hydroxytyrosol–glucoside levels were much higher, with samples reaching 26,600 mg/kg for Moraiolo and 24,700 mg/kg for Leccino. No seasonal pattern was identified by the authors as their work was focused on geographical variations.



3.1. Variation in Phenolic Compound Profiles Across Cultivars, Years, and Seasons


The effect of each factor (i.e., cultivar, year, and season) and their two- and three-way combinations on each variable (i.e., single phenolic compounds and total phenolic content) was studied using 3-way ANOVA.



3.1.1. Total Phenols, Secoiridoids, and Derivatives


Figure 2 shows the evolution of oleuropein and hydroxytyrosol glucoside isomer 1 content over seasons across two years of olive leaves of the four cultivars included in the study, while those of hydroxytyrosol glucoside isomer 2, hydroxytyrosol, ligstroside, total phenolic content, and dehydrooleuropein isomer 1 and 2 are reported in Figure S1 of the Supplementary Materials. Finally, Table 4 and Table S1 (of Supplementary Materials) summarize the significance of the effect of each factor and their combination on secoiridoids and their derivatives as evaluated using 3-way ANOVA.



A significant effect of all factors and their combinations on all variables occurred, with only a few exceptions, as follows: year for hydroxytyrosol glucoside isomer 2 and methoxyoleuropein isomer 1, and cultivar × year for hydroxytyrosol isomer 1, oleuropein, and total phenols. This means that the effect of the year does not depend on the cultivar for such molecules. Concerning the differences due to each single factor, the significant letters in the top-right square of Figure 2 show that oleuropein and hydroxytyrosol glucoside show statistically significant differences among almost every factor, with only a few exceptions: oleuropein content is not different in Moraiolo and Leccino, while hydroxytyrosol glucoside is not different in Moraiolo and Frantoio and in summer and autumn. The most interesting behavior is that of oleuropein and hydroxytyrosol glucoside isomer 1, where a recurring trend can be immediately observed across all four cultivars throughout the seasons and years (Figure 2). Contrarily, in the case of hydroxytyrosol and, especially, hydroxytyrosol glucoside isomer 2, the variations do not consistently follow the same trend observed for hydroxytyrosol glucoside isomer 1, except for certain combinations of cultivar, year, and season (Figure S1). Finally, the total phenolic content exhibits few significant variations, and a less homogeneous pattern compared to oleuropein, while ligstroside shows a general increase from spring to summer, followed by a decreasing trend in the succeeding seasons.



The results observed for oleuropein and hydroxytyrosol glucoside isomer 1, confirmed across four cultivars and over two growing seasons, suggest that their concentrations undergo regular seasonal variations, likely due to changes in the activity of specific enzymes which are in turn influenced by the plant’s phenological stages (i.e., spring vegetative growth, summer heat and water stress, autumn regrowth, and winter dormancy), but also by other factors, such as genotype, geographical location, stress, and ultraviolet radiation [31,38,52]. Moreover, the seasonal variations in these two compounds (Figure 2) indicate an inverse proportionality: where the concentration of one increases, the other decreases, and vice versa. Specifically, starting from spring, oleuropein levels increase, reaching their highest values in summer and autumn, before decreasing again in winter to levels comparable to those observed in spring. In contrast, and even more markedly, hydroxytyrosol glucoside isomer 1 shows the opposite pattern: its concentrations peak in winter and spring, then drop by more than an order of magnitude in summer and autumn. It is also noteworthy that oleuropein levels in spring and winter are never significantly different (with the sole exception of cultivar Leccino in the second year), just as the levels of hydroxytyrosol glucoside isomer 1 in summer and autumn do not show significant differences (except for cultivar Leccio del Corno in the first year). These data indicate that hydroxytyrosol glucoside isomer 1 can be considered a direct precursor of oleuropein, synthesized by the plant through enzymatic pathways during the warm seasons, likely in response to water deficit and heat stress [53,54]. These two molecules can be considered the main phenolic compounds correlated with the seasonal variability in olive leaf of the four cultivars studied in this article.



It is also interesting to note the behavior of the two isomers of dehydrooleuropein. Their variation is shown in Figure S1 of Supplementary Material, while Table S1 summarizes the significance of the effect of each factor and their combination as evaluated using 3-way ANOVA, showing a significant effect of all factors and interactions. The graphs in Figure S1 show a behavior very similar to that of oleuropein, with an increase passing from spring to summer and autumn, followed by a decrease in winter and spring. This similar behavior supports the identification of these molecules as dehydrooleuropein, structurally similar to oleuropein.




3.1.2. Flavonoids


After oleuropein, the class of flavonoids is the most represented in the phenolic profile of leaf of the analyzed cultivars [55,56]. The evolution of their content over seasons across two years is reported in Figure S2 of the Supplementary Material, while Table 5 summarizes the significance of the effect of each variable and of their combination as evaluated using 3-way ANOVA. Briefly, no recurrent trend can be observed for the 5 luteolin-related flavonoids, and in general the contents of luteolin glucoside isomer and luteolin diglucoside were the lowest in spring (with only a few exceptions), while they were often the highest in that season in the case of luteolin-7-O-glucoside, luteolin-4-O-glucoside, and luteolin rutinoside, even if the differences among samples were not particularly relevant. The levels of luteolin-7-O-glucoside and luteolin rutinoside were the highest and lowest for Leccio del Corno and Moraiolo, respectively, while luteolin diglucoside confirmed high levels in Leccio del Corno but the lowest one in Frantoio. No recurrent significant trends were observed for rutin and flavonoid m/z 505, while flavonoid m/z 553 always increased from spring thereafter and decreased from autumn to winter. However, among flavonoids, the most evident differences were observed for apigenin rutinoside, which showed the greatest levels in Leccino followed by Leccio del Corno, with lower levels for Frantoio and Moraiolo. For all cultivars, this molecule showed very low levels in spring, approximately an order of magnitude lower than in the other seasons.



It was possible to compare with other studies the data hereby presented on flavonoids in Leccino olive leaf, as this particular variety, which originates from Tuscany, has expanded to southern Italy and to several countries like Croatia and Spain, also due to the cultivar’s resistance to frost and to pathogens like Xylella fastidiosa [57,58]. In agreement with this work, Peskovic et al. [38] reported concentrations of apigenin glucoside significatively higher than other cultivars and up to 1200 mg/kg, with values very similar to those shown in Figure S2 of the Supplementary Materials; similarly, Borghini and coworkers [35] reported for Leccino apigenin values higher than for other cultivars, with concentrations up to 8000 mg/kg. In both studies the molecule was the second most abundant flavonoid compound in Leccino leaves after luteolin-7-O-glucoside. Difonzo and coworkers [27] reported much lower levels of apigenin glucoside in the cultivar, with values up to 61 mg/kg; by contrast, Leccino was the variety with the lowest concentration of this molecule among the considered cultivars.





3.2. Chemometric Models for Samples Differentiation


To assess the ability of the analyzed phenolic compounds to classify leaf samples according to either cultivar, season, or harvest year, models were developed using two methods based on different approaches: (i) Genetic Algorithm–Linear Discriminant Analysis (GA-LDA); and (ii) Random Forest (RF) [41,42]. The results obtained are summarized in the confusion matrices shown in Table 6, and the models’ performance was evaluated in terms of accuracy (i.e., the percentage of correctly classified samples relative to the total number of samples) and Class Error Average (CEA, i.e., the average of error percentages within each individual class). Furthermore, Table 7 summarizes the phenolic compounds selected as the most important variables for their significance in discriminating samples according to each single factor (i.e., cultivar, year, and season) after application of either GA-LDA and RF methods.



The data in Table 6 confirm the excellent performance of the phenolic compounds in olive leaves in discriminating samples based on cultivar, harvest year, and harvesting season. In particular, with regard to cultivar, the Random Forest method yielded an accuracy of 98.96% and a Class Error Average (CEA) of 1.04%, while the GA-LDA method achieved an accuracy of 94.8% and a CEA of 5.21%. As for the season, both methods (RF and GA-LDA) provided an accuracy of 100%, and consequently, a CEA of 0%. Lastly, in the case of harvest year, the Random Forest method yielded an accuracy of 97.92% and a CEA of 2.08%, whereas the GA-LDA method achieved an accuracy of 98.96% and a mean class error of 1.04%. It is also noteworthy that in no case did the model misclassify more than one sample per class, with the sole exception of the Leccino cultivar, for which 4 out of 24 samples were misclassified by the GA-LDA model, still achieving good performance (83.3% accuracy). These performances, confirmed at very high percentages using two methods based on very different approaches, reinforce the conclusion that the phenolic profiles of olive leaves vary significantly according to the factors considered in this study: cultivar, season, and harvest year. This evidence is even more significant considering that every olive leaf sample was collected in the same area and on the same day for each sampling point, thereby eliminating variability related to geographic origin and the differences related to pedoclimatic conditions, which may have an impact if samples are collected on different days.



Finally, Table 7 presents the most important variables in discriminating among the various sample categories, considering the cultivar, the harvesting season, and the harvest year for both methods used. In the case of the GA-LDA method, the total content of phenolic compounds emerged as one of the most significant variables for all three factors (cultivar, year, and harvesting season). Additionally, hydroxytyrosol glucoside isomer 1 (for harvesting season and year), luteolin rutinoside (for cultivar and harvesting season), and oleuroside (for cultivar and year) were found to be significant for two factors. Considering the individual factors, the variables that were 100% significant were luteolin rutinoside and luteolin diglucoside for the cultivar, hydroxytyrosol glucoside isomer 1 for the harvesting season, and methoxyoleuropein isomer 2, oleuroside, and phenolic acid derivative m/z 379 for the harvest year. In the case of the RF method, no variable was found to be among the most significant across all three factors, while apigenin rutinoside was significant for two factors (cultivar and harvesting season). Considering the individual factors, the variables that were 100% significant were luteolin-7-O-glucoside for the cultivar, apigenin rutinoside for the harvesting season, and the flavonoid with m/z 505 for the harvest year.





4. Conclusions


This article presents HPLC-DAD-MS data on phenolic compounds in olive leaf samples of four major Olea europaea L. Tuscan cultivars. The employed sampling approach (all samples collected on the same day from the same orchard) allowed for effectively pointing out the influence of cultivar, harvesting season, and harvesting year on the concentrations of the analyzed phenolic and secoiridoid derivatives. Oleuropein and total phenolic content reached the highest levels in autumn for the Leccio del Corno variety and showed a recurring seasonal pattern in all varieties, with higher concentrations in summer and autumn and lower in spring and winter, while hydroxytyrosol glucoside exhibited an opposite seasonal pattern. Though no specific pattern could be identified for the nine quantified flavonoids, 3-way ANOVA highlighted the significance of these compounds in differentiating samples, especially in terms of cultivar and harvesting season. Application of GA-LDA and RF confirmed the possibility to discriminate olive leaves samples in terms of cultivar, season, and year of harvest through their phenolic profiles, and allowed the identification of the most significant parameters that differentiate the samples. The data herein reported will be useful for valorization of olive by-products, by allowing the selection of the most suitable cultivars for specific goals, such as producing olive leaf extracts rich in phenolic derivatives, such as oleuropein or hydroxytyrosol. Future research should focus on characterizing leaf samples of other cultivars for expanding knowledge and the spectrum of cultivars with known concentration of phenols.
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Figure 1. Chromatographic profile at 280 nm (A) and zoom of the central part of the chromatogram (B) of a representative olive leaf extract (OLE). 
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Figure 2. Variation in oleuropein and hydroxytyrosol–glucoside isomer 1 in olive leaf samples of the 4 cultivars across years and seasons. Fra, Frantoio; Lec, Leccino; LdC, Leccio del Corno; Mor, Moraiolo; Sp, spring; Su, summer; Au, autumn; and Wi, winter. In each graph, different letters over the bars indicate significant differences within each single sample at p < 0.05, while different letters in the top-right box indicate significant differences within each individual factor at p < 0.05, resulting from 3-way ANOVA and Tukey test. 






Figure 2. Variation in oleuropein and hydroxytyrosol–glucoside isomer 1 in olive leaf samples of the 4 cultivars across years and seasons. Fra, Frantoio; Lec, Leccino; LdC, Leccio del Corno; Mor, Moraiolo; Sp, spring; Su, summer; Au, autumn; and Wi, winter. In each graph, different letters over the bars indicate significant differences within each single sample at p < 0.05, while different letters in the top-right box indicate significant differences within each individual factor at p < 0.05, resulting from 3-way ANOVA and Tukey test.



[image: Separations 12 00192 g002]







 





Table 1. Olive leaf samples collected. The samples code is reported along with cultivar, year, season, and harvesting date.
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	Code
	Cultivar
	Year
	Season
	Harvesting Date





	FrY1Sp
	Frantoio
	1
	Spring
	April 2022



	FrY1Su
	Frantoio
	1
	Summer
	July 2022



	FrY1Au
	Frantoio
	1
	Autumn
	November 2022



	FrY1Wi
	Frantoio
	1
	Winter
	February 2023



	FrY2Sp
	Frantoio
	2
	Spring
	April 2023



	FrY2Su
	Frantoio
	2
	Summer
	July 2023



	FrY2Au
	Frantoio
	2
	Autumn
	November 2023



	FrY2Wi
	Frantoio
	2
	Winter
	February 2024



	LecY1Sp
	Leccino
	1
	Spring
	April 2022



	LecY1Su
	Leccino
	1
	Summer
	July 2022



	LecY1Au
	Leccino
	1
	Autumn
	November 2022



	LecY1Wi
	Leccino
	1
	Winter
	February 2023



	LecY2Sp
	Leccino
	2
	Spring
	April 2023



	LecY2Su
	Leccino
	2
	Summer
	July 2023



	LecY2Au
	Leccino
	2
	Autumn
	November 2023



	LecY2Wi
	Leccino
	2
	Winter
	February 2024



	LdCY1Sp
	Leccio del Corno
	1
	Spring
	April 2022



	LdCY1Su
	Leccio del Corno
	1
	Summer
	July 2022



	LdCY1Au
	Leccio del Corno
	1
	Autumn
	November 2022



	LdCY1Wi
	Leccio del Corno
	1
	Winter
	February 2023



	LdCY2Sp
	Leccio del Corno
	2
	Spring
	April 2023



	LdCY2Su
	Leccio del Corno
	2
	Summer
	July 2023



	LdCY2Au
	Leccio del Corno
	2
	Autumn
	November 2023



	LdCY2Wi
	Leccio del Corno
	2
	Winter
	February 2024



	MorY1Sp
	Moraiolo
	1
	Spring
	April 2022



	MorY1Su
	Moraiolo
	1
	Summer
	July 2022



	MorY1Au
	Moraiolo
	1
	Autumn
	November 2022



	MorY1Wi
	Moraiolo
	1
	Winter
	February 2023



	MorY2Sp
	Moraiolo
	2
	Spring
	April 2023



	MorY2Su
	Moraiolo
	2
	Summer
	July 2023



	MorY2Au
	Moraiolo
	2
	Autumn
	November 2023



	MorY2Wi
	Moraiolo
	2
	Winter
	February 2024










 





Table 2. List of phenolic compounds identified in olive leaf by UV spectra and MS Spectra in Negative Ionization Mode.
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	Peak n°
	Compound
	rt (min)
	λmax
	[M − H]−
	Related Ions





	1
	Hydroxytyrosol-Glc isomer 1
	6.8
	276
	315
	153,123



	2
	Hydroxytyrosol-Glc isomer 2
	7.2
	280
	315
	153



	3
	Hydroxytyrosol
	7.3
	278
	153
	123



	4
	Phenolic acid derivative (m/z 379)
	10.8
	325,235
	379
	



	5
	Phenolic acid derivative (m/z 489)
	13.1
	228,312
	489
	



	6
	Phenolic acid derivative (m/z 519)
	14.5
	236,324
	519
	431



	7
	Luteolin diglucoside
	16.8
	248,268,335
	609
	554



	8
	Hydroxyoleuropein isomer 1
	20.1
	230,280
	555
	591



	9
	Rutin
	20.3
	271,341
	609
	



	10
	Hydroxyoleuropein isomer 2
	20.4
	230,280
	555
	



	11
	Luteolin rutinoside
	20.6
	252,346
	593
	451



	12
	Luteolin-7-O-Glucoside
	21.4
	254,348
	447
	895



	13
	Flavonoid (m/z 505)
	22.5
	265,335
	505
	541



	14
	Apigenin rutinoside
	23.2
	266,336
	577
	269



	15
	Oleuropein diglucoside
	24.0
	224,276,332
	701
	737



	16
	Luteolin-4-O-Glucoside
	24.3
	268,336
	447
	285



	17
	Flavonoid (m/z 553)
	25.0
	266,344
	553
	461,601



	18
	Luteolin Glucoside isomer
	25.8
	268,336
	447
	285



	19
	Methoxyoleuropein isomer 1
	25.9
	282,328
	569
	491



	20
	Methoxyoleuropein isomer 2
	26.2
	282,324
	569
	403



	21
	Oleuropein
	26.7
	232,281
	539
	575,377



	22
	Oleuroside
	28.5
	228,283
	539
	575,403



	23
	Dehydrooleuropein isomer 1
	29.3
	-
	537
	403



	24
	Dehydrooleuropein isomer 2
	29.5
	-
	537
	403



	25
	Ligstroside
	30.2
	226
	523
	361










 





Table 3. Mean and standard deviation of each phenolic compound and total phenolic content (TPC) across triplicates of each sample. Values are expressed as mg/kg of leaf dry weight.
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Cultivar

	
Year

	
Season

	
Hydroxytyrosol-Glc Isomer 1

	
Hydroxytyrosol-Glc Isomer 2

	
Hydroxytyrosol

	
Phenolic Acid Deriv (m/z 379)

	
Phenolic Acid Deriv (m/z 489)

	
Phenolic Acid Deriv (m/z 519)

	
Luteolin Diglucoside

	
Hydroxyoleuropein Isomer 1

	
Rutin




	
Fra

	
Y01

	
Sp

	
2532.0 ± 91.1

	
277.3 ± 16.6

	
263.0 ± 18.2

	
170.3 ± 14.5

	
329.0 ± 43.7

	
337.3 ± 24.8

	
208.3 ± 4.0

	
1128.0 ± 54.6

	
318.0 ± 5.3




	
Fra

	
Y01

	
Su

	
219.3 ± 3.2

	
171.3 ± 55.0

	
152.0 ± 51.9

	
154.3 ± 30.3

	
44.7 ± 3.1

	
114.3 ± 4.7

	
214.0 ± 13.0

	
2021.3 ± 150.1

	
334.3 ± 32.8




	
Fra

	
Y01

	
Au

	
252.3 ± 30.4

	
107.7 ± 9.7

	
121.3 ± 5.9

	
44.0 ± 11.0

	
64.0 ± 6.6

	
238.0 ± 45.3

	
193.3 ± 52.0

	
1373.3 ± 126.1

	
310.0 ± 73.1




	
Fra

	
Y01

	
Wi

	
3328.3 ± 62.0

	
386.7 ± 17.1

	
291.3 ± 18.2

	
62.7 ± 5.5

	
256.3 ± 13.7

	
300.7 ± 2.3

	
259.7 ± 9.0

	
1064.3 ± 35.0

	
219.7 ± 18.0




	
Fra

	
Y02

	
Sp

	
3585.3 ± 75.9

	
318.7 ± 19.6

	
256.0 ± 3.0

	
76.3 ± 3.1

	
241.7 ± 5.7

	
354.0 ± 6.6

	
174.7 ± 1.2

	
993.7 ± 15.0

	
296.0 ± 5.2




	
Fra

	
Y02

	
Su

	
579.3 ± 16.7

	
280.3 ± 11.1

	
221.7 ± 11.4

	
0.0 ± 0.0

	
0.0 ± 0.0

	
0.0 ± 0.0

	
252.3 ± 6.0

	
2000.0 ± 48.8

	
622.7 ± 19.3




	
Fra

	
Y02

	
Au

	
337.7 ± 8.1

	
220.3 ± 9.5

	
342.0 ± 6.2

	
168.7 ± 11.8

	
78.7 ± 3.5

	
265.3 ± 6.5

	
174.0 ± 1.0

	
1535.0 ± 42.3

	
385.7 ± 15.2




	
Fra

	
Y02

	
Wi

	
1756.3 ± 93.0

	
76.0 ± 9.5

	
378.3 ± 11.7

	
96.7 ± 15.6

	
186.3 ± 20.7

	
269.3 ± 31.8

	
176.0 ± 2.6

	
1022.3 ± 25.7

	
273.0 ± 23.3




	
Lec

	
Y01

	
Sp

	
2861.0 ± 618.8

	
362.7 ± 57.1

	
355.0 ± 80.1

	
154.3 ± 5.5

	
209.7 ± 4.0

	
273.0 ± 26.2

	
261.3 ± 6.4

	
1032.0 ± 134.2

	
330.3 ± 15.5




	
Lec

	
Y01

	
Su

	
707.7 ± 37.7

	
390.3 ± 55.6

	
399.3 ± 87.3

	
110.0 ± 18.0

	
26.0 ± 6.2

	
107.0 ± 27.1

	
338.7 ± 13.7

	
1402.0 ± 161.8

	
209.3 ± 33.6




	
Lec

	
Y01

	
Au

	
690.3 ± 57.8

	
161.7 ± 23.3

	
204.3 ± 23.0

	
59.0 ± 3.0

	
39.0 ± 4.6

	
388.7 ± 11.7

	
377.0 ± 16.5

	
1102.3 ± 158.2

	
479.7 ± 18.3




	
Lec

	
Y01

	
Wi

	
3265.0 ± 285.9

	
386.7 ± 37.3

	
297.7 ± 18.1

	
70.3 ± 7.4

	
240.0 ± 11.5

	
352.7 ± 24.9

	
401.7 ± 44.1

	
740.7 ± 78.2

	
239.0 ± 26.5




	
Lec

	
Y02

	
Sp

	
4045.0 ± 128.7

	
204.7 ± 16.9

	
363.0 ± 27.4

	
72.3 ± 4.9

	
248.3 ± 4.2

	
429.3 ± 7.1

	
300.0 ± 8.7

	
612.7 ± 3.2

	
304.7 ± 7.4




	
Lec

	
Y02

	
Su

	
504.0 ± 38.7

	
571.0 ± 12.5

	
245.3 ± 10.1

	
0.0 ± 0.0

	
0.0 ± 0.0

	
0.0 ± 0.0

	
325.3 ± 23.6

	
1178.0 ± 84.7

	
333.0 ± 8.5




	
Lec

	
Y02

	
Au

	
755.0 ± 39.2

	
443.3 ± 21.0

	
379.3 ± 28.4

	
132.7 ± 10.4

	
151.3 ± 8.5

	
336.7 ± 13.0

	
391.7 ± 16.0

	
1430.0 ± 70.4

	
338.0 ± 5.0




	
Lec

	
Y02

	
Wi

	
2105.0 ± 70.7

	
327.0 ± 31.5

	
276.7 ± 9.1

	
111.3 ± 6.7

	
106.7 ± 7.4

	
269.0 ± 7.9

	
375.3 ± 12.5

	
1200.3 ± 34.3

	
0.0 ± 0.0




	
LdC

	
Y01

	
Sp

	
3445.3 ± 796.0

	
216.7 ± 47.9

	
301.0 ± 78.9

	
118.0 ± 9.8

	
397.0 ± 71.2

	
395.3 ± 72.3

	
245.0 ± 36.7

	
766.0 ± 108.8

	
366.3 ± 35.9




	
LdC

	
Y01

	
Su

	
2006.0 ± 492.9

	
222.0 ± 84.5

	
181.3 ± 48.2

	
236.0 ± 31.5

	
194.3 ± 44.1

	
413.7 ± 61.3

	
418.0 ± 18.2

	
1330.0 ± 286.1

	
508.7 ± 35.5




	
LdC

	
Y01

	
Au

	
567.3 ± 129.6

	
129.7 ± 27.9

	
176.3 ± 20.2

	
188.3 ± 28.4

	
86.3 ± 26.9

	
516.7 ± 76.7

	
410.0 ± 43.0

	
1199.7 ± 120.7

	
619.3 ± 46.1




	
LdC

	
Y01

	
Wi

	
4614.0 ± 113.6

	
432.7 ± 14.0

	
297.3 ± 20.1

	
125.0 ± 6.1

	
426.0 ± 18.7

	
678.3 ± 16.5

	
452.0 ± 9.8

	
651.3 ± 18.0

	
391.7 ± 13.4




	
LdC

	
Y02

	
Sp

	
6777.7 ± 100.9

	
346.7 ± 23.1

	
502.7 ± 44.2

	
209.7 ± 17.2

	
633.3 ± 28.6

	
799.3 ± 23.1

	
321.7 ± 3.8

	
747.3 ± 46.0

	
640.3 ± 26.6




	
LdC

	
Y02

	
Su

	
253.0 ± 16.5

	
99.7 ± 7.6

	
129.7 ± 8.6

	
0.0 ± 0.0

	
0.0 ± 0.0

	
0.0 ± 0.0

	
326.3 ± 6.1

	
1954.3 ± 9.6

	
591.3 ± 10.1




	
LdC

	
Y02

	
Au

	
502.7 ± 38.9

	
151.3 ± 5.9

	
196.0 ± 4.4

	
217.3 ± 11.2

	
112.0 ± 5.6

	
510.3 ± 45.3

	
469.7 ± 39.8

	
1886.7 ± 134.0

	
457.3 ± 24.7




	
LdC

	
Y02

	
Wi

	
2436.3 ± 126.4

	
260.7 ± 5.1

	
180.0 ± 19.3

	
104.7 ± 5.0

	
305.3 ± 14.5

	
620.3 ± 31.8

	
421.0 ± 31.5

	
1305.3 ± 65.1

	
563.0 ± 26.2




	
Mor

	
Y01

	
Sp

	
1928.7 ± 168.3

	
112.0 ± 21.1

	
269.7 ± 6.7

	
49.7 ± 6.7

	
98.0 ± 18.7

	
329.7 ± 22.0

	
247.3 ± 14.5

	
575.7 ± 66.0

	
162.0 ± 28.5




	
Mor

	
Y01

	
Su

	
196.3 ± 32.0

	
139.3 ± 15.5

	
124.0 ± 16.1

	
113.3 ± 36.2

	
15.7 ± 4.7

	
55.7 ± 22.7

	
330.7 ± 4.2

	
1086.7 ± 160.5

	
171.3 ± 2.9




	
Mor

	
Y01

	
Au

	
386.0 ± 65.9

	
85.7 ± 11.9

	
138.0 ± 21.8

	
27.0 ± 2.6

	
14.7 ± 1.2

	
174.3 ± 4.0

	
305.3 ± 18.5

	
1015.7 ± 114.7

	
276.0 ± 2.0




	
Mor

	
Y01

	
Wi

	
3002.7 ± 64.5

	
284.0 ± 5.3

	
249.0 ± 15.1

	
27.3 ± 4.7

	
45.0 ± 2.0

	
290.3 ± 3.8

	
376.7 ± 7.6

	
631.3 ± 46.9

	
166.0 ± 2.0




	
Mor

	
Y02

	
Sp

	
5080.3 ± 129.9

	
148.7 ± 1.5

	
426.0 ± 9.0

	
26.7 ± 2.1

	
63.0 ± 3.6

	
322.3 ± 6.8

	
289.0 ± 8.5

	
121.7 ± 4.0

	
257.0 ± 15.9




	
Mor

	
Y02

	
Su

	
249.3 ± 5.0

	
142.7 ± 11.7

	
118.0 ± 7.9

	
0.0 ± 0.0

	
0.0 ± 0.0

	
0.0 ± 0.0

	
255.3 ± 15.9

	
1307.3 ± 46.5

	
286.7 ± 14.2




	
Mor

	
Y02

	
Au

	
415.0 ± 15.7

	
186.7 ± 8.5

	
178.7 ± 17.6

	
106.3 ± 3.2

	
102.3 ± 4.6

	
296.3 ± 9.1

	
369.7 ± 9.8

	
1023.3 ± 37.9

	
504.0 ± 19.3




	
Mor

	
Y02

	
Wi

	
2175.7 ± 75.5

	
73.7 ± 10.0

	
364.3 ± 28.3

	
0.0 ± 0.0

	
64.0 ± 11.4

	
288.0 ± 15.7

	
315.0 ± 2.6

	
898.7 ± 9.3

	
241.3 ± 2.5




	
Cultivar

	
Year

	
Season

	
Hydroxyoleuropein Isomer 2

	
Luteolin Glucoramnoside

	
Luteolin-7-O-Glucoside

	
Flavonoid (m/z 505)

	
Apigenin Glucoramnoside

	
Oleuropein Diglucoside

	
Luteolin-4-O-Glucoside

	
Flavonoid (m/z 553)

	
Luteolin Glucoside Isomer




	
Fra

	
Y01

	
Sp

	
935.7 ± 135.1

	
395.0 ± 15.9

	
3810.3 ± 75.3

	
164.3 ± 7.1

	
62.7 ± 8.5

	
70.3 ± 29.6

	
3922.0 ± 93.6

	
1108.7 ± 29.7

	
60.7 ± 5.5




	
Fra

	
Y01

	
Su

	
2216.3 ± 83.0

	
242.0 ± 16.6

	
3143.7 ± 92.1

	
124.0 ± 7.2

	
310.0 ± 26.3

	
285.7 ± 15.3

	
2215.0 ± 85.7

	
1224.3 ± 66.8

	
129.7 ± 23.7




	
Fra

	
Y01

	
Au

	
2446.3 ± 445.7

	
237.0 ± 39.1

	
2496.7 ± 486.5

	
79.3 ± 4.2

	
229.0 ± 34.6

	
952.7 ± 56.2

	
2606.7 ± 435.3

	
1099.3 ± 204.5

	
205.3 ± 6.4




	
Fra

	
Y01

	
Wi

	
1124.7 ± 10.7

	
276.7 ± 3.5

	
3294.0 ± 246.9

	
114.7 ± 12.7

	
371.7 ± 33.7

	
945.0 ± 32.5

	
2646.7 ± 38.9

	
1070.7 ± 23.5

	
134.0 ± 7.5




	
Fra

	
Y02

	
Sp

	
1621.3 ± 32.7

	
240.0 ± 10.8

	
3319.7 ± 36.6

	
210.0 ± 16.1

	
93.0 ± 5.6

	
688.0 ± 34.8

	
3306.3 ± 31.7

	
806.0 ± 8.7

	
166.3 ± 11.5




	
Fra

	
Y02

	
Su

	
1050.7 ± 51.0

	
226.0 ± 3.5

	
3604.0 ± 54.7

	
0.0 ± 0.0

	
282.0 ± 7.9

	
506.3 ± 21.1

	
3746.7 ± 68.6

	
942.7 ± 31.0

	
166.3 ± 6.4




	
Fra

	
Y02

	
Au

	
1724.7 ± 84.4

	
188.3 ± 5.8

	
3780.3 ± 32.1

	
88.3 ± 1.5

	
299.3 ± 7.5

	
399.7 ± 12.7

	
3470.0 ± 28.6

	
1329.7 ± 23.1

	
274.7 ± 12.7




	
Fra

	
Y02

	
Wi

	
1276.3 ± 85.0

	
246.3 ± 12.0

	
2632.3 ± 158.9

	
0.0 ± 0.0

	
340.7 ± 35.6

	
1000.0 ± 102.4

	
2353.3 ± 142.2

	
915.3 ± 59.4

	
187.0 ± 18.5




	
Lec

	
Y01

	
Sp

	
912.3 ± 66.7

	
403.0 ± 18.3

	
2927.0 ± 30.3

	
110.0 ± 66.2

	
41.3 ± 8.1

	
638.7 ± 50.9

	
3558.3 ± 52.2

	
741.3 ± 47.7

	
43.7 ± 7.6




	
Lec

	
Y01

	
Su

	
1494.3 ± 183.8

	
157.3 ± 7.6

	
2147.0 ± 128.4

	
256.3 ± 20.6

	
913.0 ± 96.0

	
375.3 ± 7.2

	
2301.3 ± 141.3

	
1017.3 ± 38.4

	
79.3 ± 8.5




	
Lec

	
Y01

	
Au

	
1090.7 ± 62.4

	
260.7 ± 12.5

	
3153.0 ± 67.1

	
157.7 ± 10.0

	
855.7 ± 36.7

	
1851.7 ± 118.3

	
2816.3 ± 105.2

	
1012.7 ± 38.1

	
187.7 ± 2.5




	
Lec

	
Y01

	
Wi

	
777.3 ± 85.7

	
183.3 ± 16.8

	
2035.0 ± 204.3

	
183.7 ± 19.4

	
848.3 ± 84.6

	
818.0 ± 74.3

	
1210.7 ± 93.4

	
686.3 ± 67.7

	
84.0 ± 12.1




	
Lec

	
Y02

	
Sp

	
602.7 ± 19.6

	
214.3 ± 5.5

	
2790.3 ± 66.5

	
308.3 ± 9.5

	
167.7 ± 4.0

	
1300.7 ± 21.0

	
3282.7 ± 89.7

	
538.7 ± 14.7

	
190.3 ± 8.0




	
Lec

	
Y02

	
Su

	
1128.7 ± 50.1

	
258.0 ± 22.6

	
2402.7 ± 23.6

	
0.0 ± 0.0

	
955.0 ± 20.5

	
764.7 ± 56.2

	
2697.0 ± 33.8

	
1090.0 ± 7.9

	
136.0 ± 6.1




	
Lec

	
Y02

	
Au

	
971.3 ± 28.7

	
183.3 ± 10.8

	
2447.3 ± 83.8

	
0.0 ± 0.0

	
1248.3 ± 33.5

	
1710.3 ± 25.5

	
2115.7 ± 83.5

	
933.0 ± 33.6

	
151.0 ± 11.1




	
Lec

	
Y02

	
Wi

	
1696.7 ± 125.6

	
291.0 ± 7.2

	
2627.3 ± 106.8

	
0.0 ± 0.0

	
1136.7 ± 36.4

	
1567.3 ± 64.1

	
2351.3 ± 176.3

	
871.3 ± 35.0

	
179.3 ± 10.7




	
LdC

	
Y01

	
Sp

	
1358.3 ± 114.5

	
588.0 ± 107.2

	
3767.0 ± 547.9

	
168.7 ± 13.7

	
85.3 ± 22.2

	
201.0 ± 21.7

	
3848.3 ± 684.2

	
805.0 ± 161.4

	
64.7 ± 3.8




	
LdC

	
Y01

	
Su

	
1611.3 ± 152.6

	
306.7 ± 2.1

	
3862.7 ± 48.0

	
141.7 ± 9.3

	
538.7 ± 10.0

	
294.0 ± 59.8

	
2883.7 ± 58.0

	
938.3 ± 99.0

	
116.3 ± 11.0




	
LdC

	
Y01

	
Au

	
1864.3 ± 170.5

	
431.0 ± 54.4

	
3918.3 ± 513.5

	
96.3 ± 10.1

	
500.3 ± 65.9

	
1880.0 ± 156.1

	
3706.7 ± 436.7

	
1180.7 ± 121.5

	
284.0 ± 37.3




	
LdC

	
Y01

	
Wi

	
1050.3 ± 62.4

	
241.0 ± 6.6

	
3707.7 ± 236.9

	
141.7 ± 10.1

	
512.3 ± 12.5

	
1324.0 ± 32.2

	
3062.3 ± 78.7

	
954.7 ± 15.6

	
137.0 ± 1.0




	
LdC

	
Y02

	
Sp

	
952.7 ± 14.6

	
415.3 ± 20.5

	
6466.0 ± 245.8

	
640.3 ± 23.2

	
120.3 ± 4.5

	
2239.7 ± 142.3

	
6309.3 ± 214.3

	
909.3 ± 33.3

	
248.3 ± 15.1




	
LdC

	
Y02

	
Su

	
2635.0 ± 72.6

	
406.3 ± 12.9

	
3013.7 ± 32.9

	
0.0 ± 0.0

	
559.3 ± 4.2

	
662.7 ± 23.4

	
2533.3 ± 39.9

	
1219.0 ± 23.3

	
171.3 ± 4.5




	
LdC

	
Y02

	
Au

	
1909.0 ± 203.4

	
379.3 ± 29.1

	
4300.3 ± 456.8

	
0.0 ± 0.0

	
555.7 ± 22.6

	
911.0 ± 25.9

	
3451.0 ± 400.3

	
1178.7 ± 104.3

	
76.0 ± 5.3




	
LdC

	
Y02

	
Wi

	
2027.0 ± 54.8

	
461.7 ± 43.0

	
4146.7 ± 286.1

	
0.0 ± 0.0

	
626.7 ± 47.0

	
2378.7 ± 186.6

	
3616.7 ± 171.8

	
1058.7 ± 122.1

	
138.7 ± 12.1




	
Mor

	
Y01

	
Sp

	
573.3 ± 39.4

	
468.7 ± 69.9

	
1869.7 ± 137.4

	
93.3 ± 38.8

	
30.3 ± 4.5

	
365.0 ± 27.5

	
2886.0 ± 136.0

	
658.0 ± 23.5

	
26.3 ± 3.2




	
Mor

	
Y01

	
Su

	
1277.0 ± 124.7

	
150.7 ± 21.1

	
1970.7 ± 77.0

	
121.7 ± 3.1

	
197.7 ± 10.5

	
319.0 ± 2.6

	
1946.3 ± 155.6

	
772.7 ± 35.8

	
75.3 ± 3.1




	
Mor

	
Y01

	
Au

	
868.7 ± 79.7

	
256.3 ± 13.6

	
1735.7 ± 44.0

	
64.7 ± 6.1

	
270.3 ± 37.1

	
1701.3 ± 37.1

	
2318.0 ± 141.2

	
853.3 ± 24.0

	
119.0 ± 5.6




	
Mor

	
Y01

	
Wi

	
868.7 ± 29.3

	
84.3 ± 10.8

	
1849.7 ± 59.9

	
86.7 ± 3.2

	
210.7 ± 9.9

	
1316.7 ± 39.9

	
2303.0 ± 32.7

	
676.7 ± 16.5

	
96.0 ± 3.5




	
Mor

	
Y02

	
Sp

	
720.3 ± 29.0

	
169.3 ± 12.5

	
2415.0 ± 78.8

	
147.7 ± 8.6

	
79.3 ± 2.1

	
868.0 ± 43.0

	
2979.7 ± 88.5

	
592.0 ± 17.5

	
135.3 ± 3.1




	
Mor

	
Y02

	
Su

	
1183.0 ± 76.3

	
191.3 ± 8.3

	
1900.0 ± 10.6

	
0.0 ± 0.0

	
254.7 ± 3.1

	
382.0 ± 32.6

	
2108.3 ± 31.3

	
959.0 ± 16.6

	
113.7 ± 9.0




	
Mor

	
Y02

	
Au

	
1031.7 ± 75.4

	
182.7 ± 5.5

	
2570.0 ± 34.7

	
0.0 ± 0.0

	
292.3 ± 21.5

	
1186.3 ± 133.6

	
3260.3 ± 22.1

	
901.3 ± 30.9

	
165.7 ± 4.2




	
Mor

	
Y02

	
Wi

	
1360.0 ± 124.7

	
193.3 ± 9.0

	
2058.3 ± 64.0

	
0.0 ± 0.0

	
353.0 ± 16.5

	
1182.3 ± 129.2

	
2324.7 ± 99.2

	
667.0 ± 31.5

	
140.3 ± 19.5




	
Cultivar

	
Year

	
Season

	
Methoxyoleuropein Isomer 1

	
Methoxyoleuropein Isomer 2

	
Oleuropein

	
Oleuroside

	
Dehydrooleuropein Isomer 1

	
Dehydrooleuropein Isomer 2

	
Ligstroside

	
TPC




	
Fra

	
Y01

	
Sp

	
606.3 ± 57.2

	
389.0 ± 70.4

	
9357.3 ± 853.7

	
543.0 ± 97.3

	
256.0 ± 44.7

	
250.3 ± 17.0

	
945.0 ± 34.1

	
28,440.3 ± 862.9




	
Fra

	
Y01

	
Su

	
395.0 ± 163.5

	
358.0 ± 175.4

	
18,470.7 ± 8526.4

	
511.0 ± 82.6

	
459.3 ± 36.3

	
633.3 ± 43.7

	
1931.0 ± 46.2

	
36,073.0 ± 8929.6




	
Fra

	
Y01

	
Au

	
402.7 ± 25.5

	
357.7 ± 32.2

	
11,387.7 ± 2439.6

	
736.3 ± 47.2

	
362.7 ± 25.7

	
488.3 ± 57.0

	
1625.3 ± 144.5

	
28,417.7 ± 4580.9




	
Fra

	
Y01

	
Wi

	
277.7 ± 19.7

	
1102.3 ± 65.5

	
10,228.7 ± 297.5

	
662.3 ± 58.1

	
229.7 ± 10.4

	
184.3 ± 18.5

	
1205.3 ± 30.1

	
30,037.3 ± 788.0




	
Fra

	
Y02

	
Sp

	
249.0 ± 22.3

	
214.3 ± 2.5

	
8442.3 ± 166.1

	
476.3 ± 13.0

	
158.7 ± 3.2

	
203.0 ± 5.2

	
975.7 ± 26.3

	
27,466.7 ± 401.6




	
Fra

	
Y02

	
Su

	
470.3 ± 22.0

	
292.7 ± 10.0

	
19,253.0 ± 135.5

	
1174.7 ± 24.0

	
547.3 ± 3.2

	
652.0 ± 20.1

	
893.7 ± 67.5

	
37,764.3 ± 462.4




	
Fra

	
Y02

	
Au

	
497.0 ± 28.4

	
292.7 ± 4.2

	
26,811.3 ± 259.1

	
1662.7 ± 57.8

	
354.3 ± 13.4

	
394.3 ± 11.5

	
1359.0 ± 50.3

	
46,432.7 ± 176.1




	
Fra

	
Y02

	
Wi

	
195.3 ± 35.9

	
146.0 ± 30.3

	
9987.3 ± 485.8

	
984.7 ± 89.5

	
256.3 ± 25.5

	
258.7 ± 19.1

	
937.0 ± 74.0

	
25,951.3 ± 1501.7




	
Lec

	
Y01

	
Sp

	
204.0 ± 72.1

	
262.7 ± 90.9

	
7797.0 ± 428.5

	
528.3 ± 44.3

	
221.7 ± 17.9

	
239.0 ± 26.7

	
430.3 ± 133.9

	
24,896.7 ± 399.0




	
Lec

	
Y01

	
Su

	
124.3 ± 10.8

	
115.0 ± 39.0

	
9902.3 ± 2074.7

	
359.3 ± 65.5

	
296.7 ± 25.1

	
336.0 ± 54.9

	
1348.0 ± 136.9

	
24,915.0 ± 2730.8




	
Lec

	
Y01

	
Au

	
250.3 ± 27.6

	
261.0 ± 12.3

	
10,496.0 ± 734.2

	
540.3 ± 92.0

	
358.0 ± 6.2

	
377.7 ± 7.4

	
839.0 ± 48.8

	
28,010.3 ± 847.8




	
Lec

	
Y01

	
Wi

	
283.0 ± 26.9

	
634.7 ± 28.9

	
8109.7 ± 785.7

	
568.7 ± 56.0

	
137.0 ± 12.5

	
135.3 ± 12.3

	
551.0 ± 64.8

	
23,239.3 ± 2097.2




	
Lec

	
Y02

	
Sp

	
351.3 ± 8.6

	
455.0 ± 40.4

	
4883.0 ± 42.8

	
518.3 ± 5.1

	
99.0 ± 2.6

	
126.7 ± 3.2

	
442.7 ± 12.3

	
22,852.3 ± 283.3




	
Lec

	
Y02

	
Su

	
338.3 ± 31.6

	
304.7 ± 20.6

	
9568.0 ± 208.5

	
640.3 ± 57.1

	
399.7 ± 12.1

	
381.3 ± 16.5

	
1198.3 ± 88.8

	
25,420.0 ± 548.4




	
Lec

	
Y02

	
Au

	
296.3 ± 27.5

	
189.0 ± 11.4

	
16,899.0 ± 454.1

	
1533.0 ± 118.8

	
260.3 ± 7.1

	
323.3 ± 17.0

	
925.3 ± 51.2

	
34,545.0 ± 1025.2




	
Lec

	
Y02

	
Wi

	
0.0 ± 0.0

	
0.0 ± 0.0

	
12,692.7 ± 569.8

	
1449.7 ± 57.0

	
206.0 ± 14.4

	
252.0 ± 6.6

	
713.7 ± 22.4

	
30,807.3 ± 1136.0




	
LdC

	
Y01

	
Sp

	
905.3 ± 142.8

	
719.7 ± 85.0

	
8282.0 ± 1240.0

	
446.0 ± 50.5

	
88.0 ± 6.2

	
101.7 ± 25.4

	
1287.7 ± 236.3

	
28,968.0 ± 4175.6




	
LdC

	
Y01

	
Su

	
1065.3 ± 71.7

	
113.3 ± 12.4

	
18,959.7 ± 4926.8

	
652.0 ± 14.0

	
309.3 ± 37.8

	
402.0 ± 5.6

	
693.0 ± 35.8

	
38,399.7 ± 4509.9




	
LdC

	
Y01

	
Au

	
218.7 ± 18.6

	
411.7 ± 47.4

	
26,181.7 ± 3548.3

	
757.0 ± 35.3

	
426.0 ± 70.5

	
404.7 ± 35.0

	
520.3 ± 91.0

	
46,674.3 ± 5761.5




	
LdC

	
Y01

	
Wi

	
332.0 ± 34.4

	
633.3 ± 34.2

	
11,249.3 ± 516.9

	
509.0 ± 32.0

	
191.7 ± 3.1

	
140.7 ± 5.5

	
583.3 ± 24.8

	
32,838.7 ± 1022.1




	
LdC

	
Y02

	
Sp

	
198.7 ± 14.6

	
390.0 ± 33.6

	
14,366.7 ± 359.3

	
1198.0 ± 80.5

	
119.3 ± 7.0

	
182.0 ± 5.3

	
835.3 ± 58.4

	
46,569.3 ± 901.2




	
LdC

	
Y02

	
Su

	
321.7 ± 22.5

	
165.7 ± 3.8

	
18,194.7 ± 155.4

	
1364.0 ± 12.1

	
723.0 ± 11.4

	
784.0 ± 17.1

	
812.7 ± 23.1

	
36,920.7 ± 355.5




	
LdC

	
Y02

	
Au

	
1566.7 ± 35.2

	
375.0 ± 17.8

	
27,547.7 ± 1151.6

	
2033.0 ± 52.0

	
450.0 ± 23.6

	
486.3 ± 36.2

	
870.7 ± 38.0

	
50,594.3 ± 1746.3




	
LdC

	
Y02

	
Wi

	
0.0 ± 0.0

	
0.0 ± 0.0

	
13,860.0 ± 734.0

	
798.3 ± 28.3

	
118.0 ± 3.6

	
71.0 ± 10.5

	
727.3 ± 12.1

	
36,225.7 ± 1914.5




	
Mor

	
Y01

	
Sp

	
331.3 ± 283.8

	
287.7 ± 269.6

	
4570.0 ± 1495.0

	
331.7 ± 4.9

	
135.3 ± 28.2

	
158.0 ± 45.2

	
117.0 ± 22.1

	
16,674.0 ± 1521.9




	
Mor

	
Y01

	
Su

	
195.0 ± 51.6

	
208.3 ± 24.0

	
10,405.0 ± 6853.8

	
416.7 ± 87.8

	
320.3 ± 9.6

	
354.7 ± 25.4

	
726.7 ± 116.9

	
21,689.3 ± 7187.5




	
Mor

	
Y01

	
Au

	
208.3 ± 17.0

	
190.7 ± 23.7

	
7914.7 ± 970.4

	
514.7 ± 38.2

	
310.7 ± 25.4

	
437.3 ± 77.2

	
443.3 ± 81.1

	
20,630.0 ± 1422.2




	
Mor

	
Y01

	
Wi

	
138.7 ± 31.0

	
454.0 ± 23.3

	
6704.0 ± 183.1

	
421.3 ± 19.9

	
204.7 ± 9.0

	
196.0 ± 5.6

	
541.0 ± 86.0

	
21,224.0 ± 224.3




	
Mor

	
Y02

	
Sp

	
269.7 ± 16.2

	
269.7 ± 16.2

	
5014.7 ± 269.5

	
237.7 ± 22.5

	
133.3 ± 6.8

	
179.0 ± 6.2

	
338.0 ± 17.3

	
21,283.3 ± 780.4




	
Mor

	
Y02

	
Su

	
338.3 ± 12.7

	
296.3 ± 25.6

	
13,187.3 ± 102.8

	
736.0 ± 28.7

	
474.0 ± 8.7

	
465.0 ± 19.1

	
668.7 ± 62.7

	
25,616.3 ± 241.6




	
Mor

	
Y02

	
Au

	
413.7 ± 54.9

	
393.0 ± 24.2

	
14,289.7 ± 142.3

	
1514.0 ± 82.4

	
371.3 ± 8.0

	
317.0 ± 26.0

	
410.3 ± 26.3

	
30,482.3 ± 202.1




	
Mor

	
Y02

	
Wi

	
178.3 ± 15.3

	
107.0 ± 19.1

	
6266.3 ± 488.4

	
1239.0 ± 88.7

	
186.7 ± 15.6

	
217.0 ± 17.8

	
370.3 ± 35.8

	
21,265.0 ± 1136.6











 





Table 4. Significance of the effects of individual factors and their interactions on hydroxytyrosol–glucoside isomer 1, hydroxytyrosol, oleuropein, ligstroside, and dehydrooleuropein isomer 1 and 2, as evaluated by 3-way ANOVA.
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Factors

	
OHtyr Glc Is 1

	
Hydroxytyrosol

	
Oleuropein

	
Ligstroside

	
Dehydrooleu Is 1

	
Dehydrooleu Is 2




	
Pr(>F)

	
Sign

	
Pr(>F)

	
Sign

	
Pr(>F)

	
Sign

	
Pr(>F)

	
Sign

	
Pr(>F)

	
Sign

	
Pr(>F)

	
Sign






	
Cultivar

	
<2 × 10−16

	
***

	
3.94 × 10−12

	
***

	
<2 × 10−16

	
***

	
<2 × 10−16

	
***

	
<2 × 10−16

	
***

	
<2 × 10−16

	
***




	
Year

	
3.02 × 10−10

	
***

	
2.98 × 10−9

	
***

	
1.19 × 10−6

	
***

	
3.43 × 10−6

	
***

	
1.65 × 10−10

	
***

	
5.39 × 10−6

	
***




	
Season

	
5.49 × 10−16

	
***

	
<2 × 10−16

	
***

	
<2 × 10−16

	
***

	
<2 × 10−16

	
***

	
<2 × 10−16

	
***

	
<2 × 10−16

	
***




	
Cultivar × Year

	
0.373

	

	
4.41 × 10−6

	
***

	
0.55

	

	
1.09 × 10−14

	
***

	
2.06 × 10−12

	
***

	
9.04 × 10−12

	
***




	
Cultivar × Season

	
8.36 × 10−6

	
***

	
9.21 × 10−16

	
***

	
2.01 × 10−7

	
***

	
<2 × 10−16

	
***

	
<2 × 10−16

	
***

	
<2 × 10−16

	
***




	
Year × Season

	
6.04 × 10−6

	
***

	
3.56 × 10−11

	
***

	
4.44 × 10−6

	
***

	
1.08 × 10−8

	
***

	
<2 × 10−16

	
***

	
<2 × 10−16

	
***




	
Cultivar × Year × Season

	
1.60 × 10−8

	
***

	
6.91 × 10−13

	
***

	
4.69 × 10−5

	
***

	
<2 × 10−16

	
***

	
<2 × 10−16

	
***

	
<2 × 10−16

	
***








Pr(>F) indicates the level of probability that factor has no effect on that parameter, on a scale from 0 (it has an effect at 100%) to 1 (it has an effect at 0%). Significance of the effects: ‘***’, from 99.9 to 100%; no symbols, from 0 to 90%.













 





Table 5. Significance of the effects of individual factors and their interactions on each flavonoid molecule, as evaluated by 3-way ANOVA.






Table 5. Significance of the effects of individual factors and their interactions on each flavonoid molecule, as evaluated by 3-way ANOVA.





	
Factors

	
Luteolin-7-O-Glucoside

	
Luteolin-4-O-Glucoside

	
Luteolin-Rutinoside

	
Luteolin-Glucoside Isomer

	
Luteolin-Diglucoside




	
Pr(>F)

	
Signif.

	
Pr(>F)

	
Signif.

	
Pr(>F)

	
Signif.

	
Pr(>F)

	
Signif.

	
Pr(>F)

	
Signif.




	
Cultivar

	
<2 × 10−16

	
***

	
<2 × 10−16

	
***

	
<2 × 10−16

	
***

	
<2 × 10−16

	
***

	
<2 × 10−16

	
***




	
Year

	
2.85 × 10−9

	
***

	
3.06 × 10−12

	
***

	
2.65 × 10−5

	
***

	
<2 × 10−16

	
***

	
0.138

	




	
Season

	
<2 × 10−16

	
***

	
<2 × 10−16

	
***

	
<2 × 10−16

	
***

	
<2 × 10−16

	
***

	
<2 × 10−16

	
***




	
Cultivar × Year

	
5.14 × 10−6

	
***

	
0.00231

	
**

	
5.24 × 10−6

	
***

	
3.92 × 10−13

	
***

	
0.073

	
.




	
Cultivar × Season

	
1.18 × 10−11

	
***

	
<2 × 10−16

	
***

	
5.24 × 10−6

	
***

	
1.73 × 10−13

	
***

	
1.27 × 10−12

	
***




	
Year × Season

	
9.46 × 10−7

	
***

	
0.2274

	

	
<2 × 10−16

	
***

	
<2 × 10−16

	
***

	
5.65 × 10−11

	
***




	
Cultivar × Year × Season

	
<2 × 10−16

	
***

	
<2 × 10−16

	
***

	
9.98 × 10−7

	
***

	
<2 × 10−16

	
***

	
3.27 × 10−8

	
***




	
Factors

	
Apigenin-Rutinoside

	
Rutin

	
Flavonoid (m/z 553)

	
Flavonoid (m/z 505)

	




	
Pr(>F)

	
Signif.

	
Pr(>F)

	
Signif.

	
Pr(>F)

	
Signif.

	
Pr(>F)

	
Signif.

	

	




	
Cultivar

	
<2 × 10−16

	
***

	
<2 × 10−16

	
***

	
<2 × 10−16

	
***

	
<2 × 10−16

	
***

	

	




	
Year

	
<2 × 10−16

	
***

	
<2 × 10−16

	
***

	
0.61773

	

	
<2 × 10−16

	
***

	

	




	
Season

	
<2 × 10−16

	
***

	
<2 × 10−16

	
***

	
<2 × 10−16

	
***

	
<2 × 10−16

	
***

	

	




	
Cultivar × Year

	
5.39 × 10−15

	
***

	
<2 × 10−16

	
***

	
4.17 × 10−7

	
***

	
<2 × 10−16

	
***

	

	




	
Cultivar × Season

	
<2 × 10−16

	
***

	
<2 × 10−16

	
***

	
0.00033

	
***

	
<2 × 10−16

	
***

	

	




	
Year × Season

	
7.04 × 10−8

	
***

	
<2 × 10−16

	
***

	
4.55 × 10−5

	
***

	
<2 × 10−16

	
***

	

	




	
Cultivar × Year × Season

	
1.25 × 10−8

	
***

	
<2 × 10−16

	
***

	
5.85 × 10−9

	
***

	
<2 × 10−16

	
***

	

	








Pr(>F) indicates the level of probability that factor has no effect on that parameter, on a scale from 0 (it has an effect at 100%) to 1 (it has an effect at 0%). Significance of the effects: ‘***’, from 99.9 to 100%; no symbols, from 0 to 90%.













 





Table 6. Confusion matrices of the results obtained after 5-fold cross-validation applying the GA-LDA method on data of phenols with samples grouped per (A) cultivar, (C) season, and (E) year, and by applying the RF method on data of phenols with samples grouped per (B) cultivar, (D) season, and (F) year. Fra, Frantoio; Lec, Leccino; LdC, Leccio del Corno; Mor, Moraiolo; Sp, spring; Su, summer; Au, autumn; and Wi, winter.






Table 6. Confusion matrices of the results obtained after 5-fold cross-validation applying the GA-LDA method on data of phenols with samples grouped per (A) cultivar, (C) season, and (E) year, and by applying the RF method on data of phenols with samples grouped per (B) cultivar, (D) season, and (F) year. Fra, Frantoio; Lec, Leccino; LdC, Leccio del Corno; Mor, Moraiolo; Sp, spring; Su, summer; Au, autumn; and Wi, winter.





	
(A) Cultivar—GA-LDA




	

	
Samples

	
Fra

	
LdC

	
Lec

	
Mor




	
Fra

	
24

	
24 (100%)

	
0 (0%)

	
0 (0%)

	
0 (0%)




	
LdC

	
24

	
0 (0%)

	
24 (100%)

	
0 (0%)

	
0 (0%)




	
Lec

	
24

	
0 (0%)

	
1 (4.2%)

	
20 (83.3%)

	
3 (12.5%)




	
Mor

	
24

	
1 (4.2%)

	
0 (0%)

	
0 (0%)

	
23 (95.8%)




	
Total

	
96

	
CEA = 5.21%—Accuracy = 94.8%




	
(B) Cultivar—RF




	

	
Samples

	
Fra

	
LdC

	
Lec

	
Mor




	
Fra

	
24

	
23 (95.8%)

	
0 (0%)

	
0 (0%)

	
1 (4.2%)




	
LdC

	
24

	
0 (0%)

	
24 (100%)

	
0 (0%)

	
0 (0%)




	
Lec

	
24

	
0 (0%)

	
0 (0%)

	
24 (100%)

	
0 (0%)




	
Mor

	
24

	
0 (0%)

	
0 (0%)

	
0 (0%)

	
24 (100%)




	
Total

	
96

	
CEA = 1.04%—Accuracy = 98.96%




	
(C) Season—GA-LDA




	

	
Samples

	
Sp

	
Su

	
Au

	
Wi




	
Sp

	
24

	
24 (100%)

	
0 (0%)

	
0 (0%)

	
0 (0%)




	
Su

	
24

	
0 (0%)

	
24 (100%)

	
0 (0%)

	
0 (0%)




	
Au

	
24

	
0 (0%)

	
0 (0%)

	
24 (100%)

	
0 (0%)




	
Wi

	
24

	
0 (0%)

	
0 (0%)

	
0 (0%)

	
24 (100%)




	
Total

	
96

	
CEA = 0%—Accuracy = 100%




	
(D) Season—RF




	

	
Samples

	
Sp

	
Su

	
Au

	
Wi




	
Sp

	
24

	
24 (100%)

	
0 (0%)

	
0 (0%)

	
0 (0%)




	
Su

	
24

	
0 (0%)

	
24 (100%)

	
0 (0%)

	
0 (0%)




	
Au

	
24

	
0 (0%)

	
0 (0%)

	
24 (100%)

	
0 (0%)




	
Wi

	
24

	
0 (0%)

	
0 (0%)

	
0 (0%)

	
24 (100%)




	
Total

	
96

	
CEA = 0% — Accuracy = 100%




	

	
(E) Year—GA-LDA

	




	

	

	
Samples

	
Y01

	
Y02

	




	

	
Y01

	
48

	
48 (100%)

	
0 (0%)

	




	

	
Y02

	
48

	
1 (2.1%)

	
47 (97.9%)

	




	

	
Total

	
48

	
CEA = 1.04%—Accuracy = 98.96%

	




	

	
(F) Year—RF

	




	

	

	
Samples

	
Y01

	
Y02

	




	

	
Y01

	
48

	
46 (95.8%)

	
2 (4.2%)

	




	

	
Y02

	
48

	
0 (0%)

	
48 (100%)

	




	

	
Total

	
48

	
CEA = 2.08%—Accuracy = 97.92%

	











 





Table 7. Phenolic variables selected for their significance in discriminating samples according to either cultivar, season, or year applying (A) the GA-LDA method and (B) the RF method. The significance, given in percentage by the frequency with which the variable was selected by the GA or the RF in the best 10 combinations or in all trees, respectively, is reported in the brackets in decreasing order. Variables in bold appear at least two times.
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(A) Variables Selected by GA-LDA




	
Cultivar

	
Season

	
Year




	
Luteolin rutinoside (100%)

	
OHtyr Glc Is 1 (100%)

	
Methoxyoleur. Is 2 (100%)




	
Luteolin diglucoside (100%)

	
Oleurop diglucoside (90%)

	
Oleuroside (100%)




	
Apigenin rutinoside (90%)

	
Phenolic acid m/z 519 (80%)

	
Phenolic acid m/z 379 (100%)




	
Flavonoid m/z 553 (80%)

	
Luteolin-4-O-gluc (70%)

	
OHtyr Glc Is 1 (70%)




	
Total (70%)

	
Luteolin rutinoside (60%)

	
Total (70%)




	
Oleuroside (60%)

	
Total (50%)

	
Dehydrooleurop Is 2 (50%)




	
Phenolic acid m/z 489 (50%)

	

	




	
(B) Variables Selected by RF




	
Cultivar

	
Season

	
Year




	
Luteolin-7-O-Glc (100%)

	
Apigenin rutinoside (100%)

	
Flavonoid (m/z 505)




	
Luteolin diglucoside (91%)

	
Dehydrooleurop is 2 (94%)

	
Oleuroside (80%)




	
Apigenin rutinoside (86%)

	
Dehydrooleurop is 1 (82%)

	




	
Ligstroside (79%)

	
Oleurop diglucoside (79%)

	




	
Total (61%)

	
OHtyr Glc Is1 (75%)

	




	
Luteolin rutinoside (55%)

	
Phenolic acid m/z 519 (74%)

	




	

	
Phenolic acid m/z 489 (53%)
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