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Abstract

:

The Tuscan Region has a vast repertoire of ancient plants that have been recovered across the territory over the years. These plants thrive in an environment characterized by minimal human intervention and are thus the result of the process of adaptation to the territory of origin. In this work, we focused on the quantification of bioactive compounds in ancient tomato varieties. More specifically, we quantified polyphenols, flavonoids, carotenoids, and vitamin C in eight local Tuscan tomato varieties and found higher contents with respect to those in commercial tomatoes Polyphenol and antioxidant compounds in ancient varieties reported a two- and, in some instances, three-fold increase in concentration, compared to the commercial counterparts. Interestingly, the data relative to the carotenoids did not show any significant differences when comparing the ancient varieties with the commercial ones, a finding confirming the market selection criterion based on color. On a longer-term perspective, this study aims at drawing attention to the importance of preserving autochthonous natural plant biodiversity and towards promoting research on local varieties. We believe that this study will pave the way to the valorization of local plant biodiversity and promote an extended use of products in the nutraceutical sector derived from vegetables.
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1. Introduction


According to the most recent scientific definition, the optimal diet consists not only of energy compounds but also of so-called “functional” compounds that are able to improve human health. Foods containing these beneficial compounds are referred to as “nutraceuticals” and are defined as “food, or any food, which provides medical or health benefits, including disease prevention and treatment” [1]. Most of these functional compounds derive from the secondary metabolism of plants and are synthesized in response to (a) biotic stresses, as well as during normal physiological processes (e.g., lignin biosynthesis during secondary cell wall formation) [2]. Plant secondary metabolites display bioactivity and can thus be useful for humans, in the form supplements, if included in the diet [3,4].



In recent years, the science of nutrition has been moving away from the concept of adequate nutrition to optimal nutrition, with the aim of promoting the consumption of foods that contribute to improving psycho-physical health and reducing the risk of disease. The focus is mainly on foods of plant origin because they contain a considerable amount of antioxidant compounds, such as phenols and carotenoids. Numerous studies have shown the activity of these compounds against free radicals which are responsible for oxidative stress. Polyphenols and carotenoids are secondary plant metabolites that play important roles in many physiological aspects of plants, such as growth, plant protection, intracellular signaling, and pigmentation [5]. However, complex processes, such as absorption and metabolism, combined with evidence of actual circulating concentrations of polyphenols and metabolites, suggest that a regular diet does not always provide adequate amounts of compounds to ensure protective effects [6]. Increasing the intake of positive antioxidants might be possible by consuming foods containing higher levels of these compounds [7].



Phenolic compounds represent the most abundant antioxidants in the human diet and have been found in different types of plant-derived foods, such as fruit, cereals, pulses, and chocolate, and in beverages such as tea, coffee, or wine. Fruits contain a large amount of antioxidant compounds, for example up to 200–300 mg of polyphenols and carotenoids per 100 g fresh weight [8]. About 8000 different compounds have been described from scientific reports characterized by a basic chemical structure containing aromatic rings that form bonds with one or more hydroxyl groups. Their classification is based on the number and arrangement of these phenolic rings and other structural elements allowing the formation of four subclasses of compounds: phenolic acids; flavonoids, which include flavonols, flavones, isoflavones, flavanones, anthocyanidins, and flavanols; stilbenes; and lignans [9].



Another important antioxidant involved in the defense against oxidation is lycopene, a compound of the carotenoid class. Lycopene is a natural pigment synthesized by microorganisms and plants, but not by animals [10]. In humans, lycopene can be consumed from fruits and vegetables through the daily diet, and its permanence in the blood is influenced by different biological factors such as lifestyles [11]. Its production level is affected by different within-plant biological factors. Tomato is one of the most widespread and consumed agricultural products in the world; it is extensively cultivated under different conditions such as fields, greenhouses, or small home gardens.



Tomatoes have a high nutritional value and contain a wide variety of natural antioxidants, such as carotenoids, vitamin C, and phenolic compounds [12]. The growing interest in tomato polyphenols is related to their antioxidant properties and possible health benefits. The content of antioxidant compounds in tomato fruit can protect human cellular components from oxidative damage and thus limit the risk of degenerative diseases associated with oxidative stress [13]. Evidence in animal models has shown that antioxidants, if combined with the normal diet, limit the development of diseases, such as tumors, cardiovascular, and neurodegenerative disorders [14].



A strong body of evidence in the literature has shown that increasing tomato consumption in the diet may lead to a 50% reduction in risk of cardiovascular disease and an 83% reduction in the risk of prostate cancer [15]. Because of the presence of these compounds, the tomato has a high nutraceutical value and can be considered as a functional food with positive effects in various pathological disorders [16].



Tomatoes are an important heritage of Tuscan biodiversity and show a high capacity/plasticity to react and adapt to environmental changes [17]. Environmental factors have led these varieties to develop molecular strategies of adaptation to the territory that have resulted, with time, in an increased content of defense compounds [18]. Studies have shown that local varieties of cultivated plants thriving in an environment with minimal human impact have a higher content of beneficial compounds than commercial ones [19]. Therefore, autochthonous fruit crops are an alternative source of compounds that are beneficial to human health, as well as being important for the valorization of the local agriculture and biodiversity [20]. The cultivation of tomatoes in restricted areas led, through the centuries, to the selection of local “autochthonous” varieties adapted to the environment. These varieties are an important source of genetic variability and contribute substantially to local biodiversity [20].



A study of tomato biodiversity within the Tuscany Region showed the presence of eight distinct varieties: ‘Liscio da Serbo Toscano’, ‘Rosso di Pitigliano’, ’Quarantino ecotipo (ec.) Valdarno’, ‘Fragola’, ‘Canestrino di Lucca’, ‘Costoluto fiorentino’, ‘Giallo di Pitigliano’, and ‘Pisanello’. These local genotypes have been described, put in collection for conservation, and included in a regional genetic database (http://germoplasma.regione.toscana.it/) [20]. So far, no information is available on the content of bioactive compounds of these local ancient varieties.



The aim of this work was to quantify the antioxidant compounds in eight ancient Tuscan tomato varieties compared to three commercial ones. The quantification of polyphenols, carotenoids, flavonoids, and vitamin C will contribute to: (1) promoting the full exploitation of the antioxidant potential of these tomatoes, (2) increasing their cultivation and consumption and (3) selecting the varieties to be used as genetic resources in future breeding programs.




2. Materials and Methods


2.1. Fruit Sampling


The seeds of eight local ancient Tuscan varieties included in the Regional Genetic Repertory, namely ‘Liscio da Serbo Toscano’, ‘Rosso di Pitigliano’, ‘Quarantino ecotipo (ec.) Valdarno’, ‘Fragola’, ‘Canestrino di Lucca’, ‘Costoluto fiorentino’, ‘Giallo di Pitigliano’, and ‘Pisanello’, were obtained from the Tuscan Seed Bank of Tuscany. The seeds were germinated together with three commercial varieties found on the market, i.e., ‘Insalataro’, ‘San Marzano’, and ‘Cuore di Bue’. The plants were produced by the Santa Paolina experimental farm of the National Research Council of Italy (CNR IVALSA) located in Follonica (Italy) (42°55′59.7″ N 10°45′53.0″ E) and then cultivated under traditional agronomic conditions. Harvesting of the fruits was performed at the same ripeness level (between 30–40 days after anthesis) during the period from 1 July to 15 September 2016. Fruits were immediately placed at −80 °C to block any metabolic process. This work forms a part of a study investigating the content of functional compounds in ancient Tuscan tomato varieties harvested in consecutive years (2016–2017–2018).




2.2. Sample Extraction


The extraction procedure was conducted as previously described by [21]. A total of 9.0 mL of 70% acetone was added to 3 g of frozen fruits and then homogenized using an Ultra-Turrax® T-25 basic (IKA®-Werke GmbH & Co., IKA, Staufen, Germany). The mixture was then sonicated for 20 min with an Elma Transsonic T 460/H and homogenized once again to achieve total lysis of the plant material. The final mixture was centrifuged for 5 min at 12,000 rpm (Microcentrifuge 5415D, Eppendorf®, Hamburg, Germany) and finally filtered through a 0.45 µm membrane filter to limit sample impurities.




2.3. Evaluation of Antioxidant Capacity


The Ferric Reducing Antioxidant Power (FRAP) assay, used in both animal and plant studies [22], was determined for each extract. The FRAP reagent was freshly prepared and it consisted of 2040 µL of sodium acetate buffer (300 mM pH 3.6) mixed with 200 µL of 10 mM TPTZ (2,4,6-tripyridyl-s-triazine) and 200 µL of 20 mM ferric chloride. In the last step, 20 µL of sample extract was added to the solution, and then the solution was incubated for 1 h at 37 °C. FRAP values were obtained by comparing the absorbance change at 593 nm in test reaction mixtures with a ferric chloride standard curve previously prepared by UV-Vis spectrophotometer (Shimadzu UV Visible Recording Spectrophotometer UV 160, Shimadzu, Kyoto, Japan). The values were expressed in mmol of ferrous chloride (Fe2+) equivalents per 100 g fresh weight (FW).




2.4. Evaluation of the Phenolic Content


The phenolic content was evaluated using the Folin–Ciocalteau (F–C) method which is used as a standardized method for routine analysis of a food product. The method uses a mixture of phosphomolybdic acid and phosphotungstic acid allowing electron transfer in an alkaline medium. Phenolic compounds form blue complexes that are quantified spectrophotometrically at 765 nm [23]. For our quantifications, 500 µL of a sample extract was added to 3.0 mL of distilled water and 250 µL of F-C reagent (Sigma Chemical, St. Louis, MI, USA). Then, 750 µL of saturated sodium carbonate and 950 µL of distilled water were added. The mixture was incubated for 30 min at 37 °C; at the end, the absorbance was recorded at 765 nm. The spectrophotometric results were compared to a pre-made gallic acid standard (Sigma Chemical, St. Louis, MI, USA) curve. The total phenolic content was expressed as milligrams of gallic acid equivalents (GAE) per 100 g fresh weight.




2.5. Evaluation of Flavonoid Content


The aluminum chloride method allows the determination of the total flavonoid content, separating their contribution from that of polyphenols. The principle is that aluminum chloride can form complexes with flavonoids in an acidic medium [24]. Briefly, 500 µL solutions of each fruit extract were mixed with 1.5 mL of methanol, 100 µL of 10% aluminum chloride, 100 µL of 1 M potassium acetate, and 2.8 mL of distilled water. After incubating at room temperature for 30 min, the absorbance of the solutions was measured at 415 nm (Shimadzu UV Visible Recording Spectrophotometer UV 160, Shimadzu, Kyoto, Japan). The total flavonoid content was calculated in relation to a quercetin standard (Sigma Chemical, St. Louis, MI, USA) from a calibration curve and the values were expressed as milligrams of quercetin equivalents (QeE) per 100 g of fruit.




2.6. Evaluation of Carotenoid Content


The carotenoid content was evaluated as previously described [25] and modified for our analysis. The method consists of the extraction of carotenoid compounds and evaluation by spectrophotometric analysis. Three grams of fresh fruits were added to 3 mL of extraction solvent composed of methanol, acetone, hexane (50:25:25), mixed for 5 min, then sonicated for 20 min. The mixture was centrifuged for 5 min at 12,000 rpm and the supernatant was recovered. The sample was evaporated by rotary evaporation at 30 °C for 3–5 min and then diluted in 3 mL of 100% acetone. To calculate the carotenoid content, we used 3 different wavelengths and applied the following mathematical formulae [25]:


Ca = 1 1.75 A662 − 2.35 A645,










Cb = 18.61 A645 − 3.96 A662










Cx+c = (1000 A470 − 2.27Ca-81.4Cb)/227








Ca is the individual levels of chlorophyll a, Cb is the level of chlorophyll b, and Cx+c is the total carotenoid content (TCC). A is the value that refers to the sample readings at different wavelengths.




2.7. Extraction of Polyphenols and HPLC Determination


Approximately 5 g of fruit tissue was dissolved in 5 mL of acidified methanol (5 mL) containing 1% (v/v) HCl. The standard procedure used for acid hydrolysis of the flavonoid components was analyzed as described for quercetin, myricetin, and kaempferol in tomatoes and processed products [26]. The mixture was incubated at 90 °C for 2 h and continuously stirred. The sample was cooled to room temperature and sonicated for 3 min to remove oxygen before injection. The final extract was filtered through a 0.45 μm membrane filter. The HPLC method was adapted to our study based on Kumar [27]. The analysis was carried out with an RP-C18 column (SUPELCO Kromasil 100A-5u-C18 4.6 mm × 250 mm), at a flow rate 1 mL/min and the absorbance set at 280 nm, in a run time of 21 min. The mobile phase consisted of two solutions, A) H2O and B) acetonitrile with 0.02% trifluoroacetic acid, and the following gradient: 0–5 min A (20%)–B (80%); 5–8 min A (60%)–B (40%); 8–12 min A (50%)–B (50%); 12–17 min A (60%)–B (40%); 17–21 min A (80%)–B (20%). Quantification was performed using an external standard calibration curve consisting of six points at the increasing concentrations of 0.5, 2, 5, 12, 25, and 50 μg per mL for the standards caffeic acid, ferulic acid, chlorogenic acid, quercetin, and naringenin (Sigma Chemical, St. Louis, MI, USA).




2.8. Extraction of Lycopene and HPLC Determination


A total of 3 g of fruit material was mixed in 100 mL of solvent solution hexane/acetone/ethanol (50:25:25 v/v/v). The mixture was magnetically stirred for 30 min. Then, 15 mL of water was added and an aliquot of 10 mL of the extract was evaporated to dryness. The residue was dissolved to a final volume of 4 mL of tetrahydrofuran (THF)/methanol/water solution. The final solution was filtered through a 0.45 μm membrane filter and 20 μL were used for HPLC analysis. The mobile phase was composed of methanol/acetone (90/10 v/v) and 9 μM triethanolamine at a flow rate of 0.9 mL/min. An RP-C18 column (SUPELCO Kromasil 100A-5u-C18 4.6 mm × 250 mm) was used, and the temperature was set at 30 °C, while the absorbance was set at 475 nm. The analysis was performed during 15 min under isocratic conditions of the mobile phase [28]. Quantification was performed using an external standard calibration curve, consisting of six points at the increasing concentrations of 0.5, 2, 5, 12, 25, and 50 μg per mL for a lycopene standard (Sigma Chemical, St. Louis, MI, USA).




2.9. Extraction of Vitamin C and HPLC Determination


Ascorbic acid was extracted directly from homogenized fruits. Plant material (3 g) was mixed with 3 mL of milli-Q water, then filtered through a 0.45 μm membrane filter and 20 μL were taken from the flow-through for HPLC (PerkinElmer Series 200 HPLC Systems) [29]. An RP-C18 column (SUPELCO Kromasil 100A-5u-C18 4.6 mm × 250 mm) and a diode array detector (PerkinElmer Inc. Series 200 Diode Array Detector, PerkinElmer, Norwalk, CT, USA) were used. The mobile phase consisted of a 0.01 M KH2PO4 buffered at pH 2.6 with o-phosphoric acid. An isocratic elution with a flow rate of 0.5 mL/min was used and detection was carried out at 250 nm. Quantification was carried out using an external standard calibration curve, consisting of six points at increasing concentrations of 0.5, 2.5, 5, 12, 25, and 50 µg per mL for a vitamin C standard.




2.10. Statistical Analysis


For each extract, three analytical measurements were made for each parameter and a final value was calculated as an average for each sample. Three independent biological replicates were obtained from each genotype and reported using the standard deviation (SD). The data were analyzed by a one-way analysis of variance (ANOVA) and the difference was considered significant when the P-value was <0.05.





3. Results


3.1. Antioxidant Capacity


Results showed that the antioxidant capacity of ancient tomatoes ranged from a minimum of 0.39 mmol Fe2+/100 g FW in the ‘Pisanello’ variety, to a maximum of 0.84 mmol Fe2+/100 g FW in the ‘Rosso di Pitigliano’ variety (Figure 1). The highest concentrations of antioxidants were in ‘Rosso di Pitigliano’ and ‘Liscio da Serbo Toscano’, while a high value was also obtained for ‘Quarantino ec. Valdarno’ (0.74 mmol Fe2+/100 g FW). ‘Fragola’ and ‘Giallo di Pitigliano’, on the other hand, showed the lowest values among local varieties (0.45 and 0.41 mmol Fe2+/100 g FW, respectively). The commercial tomato varieties were the lowest compared to all the ancient tomato varieties studied with values of 0.25 mmol Fe2+/100 g FW for ‘Insalataro’, 0.31 mmol Fe2+/100 g FW for San Marzano and 0.29 mmol Fe2+/100 g FW for ‘Cuore di Bue’.




3.2. Total Phenolic Content


The highest concentration of polyphenols was in the varieties ‘Quarantino ec. Valdarno’ and ‘Liscio da Serbo Toscano’, while ‘Canestrino di Lucca’ showed the lowest value among the ancient varieties (51.07 mg GAE/100 g FW) (Figure 2). Commercial varieties showed the lowest values: ‘Insalataro’ 33.30 mg GAE/100 g FW, ‘San Marzano’ 47.23 mg GAE/100 g FW, and ‘Cuore di Bue’ 42.31 mg GAE/100 g FW. To evaluate the contribution of polyphenols to the total antioxidant capacity, the Pearson correlation coefficient was calculated. It indicated a strong positive correlation (r = 0.8335). The flavonoid content ranged from 7.82 mg QeE/100 g FW in ‘Costoluto Fiorentino’ to 13.02 mg QeE/100 g FW in ‘Canestrino di Lucca’ for the Tuscan varieties (Figure 3). The lowest concentrations of flavonoid compounds were obtained for ‘Costoluto Fiorentino’ and ‘Quarantino ec. Valdarno’. Total flavonoids showed a weak correlation with the antioxidant potential, according to the Pearson correlation coefficient (r = 0.4271). The commercial varieties had lower flavonoid contents than the native ones, with values of 6.04 mg QeE/100 g FW for ‘Insalataro’, 6.98 mg QeE/100 g FW for ‘San Marzano’, and 6.74 mg QeE/100 g FW for ‘Cuore di Bue (Figure 3).




3.3. Carotenoid Content


The carotenoid values were between 0.88 mg TCC/100 g FW for ‘Canestrino di Lucca’ to 0.72 mg mg TCC/100 g FW for ‘Costoluto Fiorentino’ (Figure 4). Although there were differences in carotenoid content among the ancient varieties, they were not as evident as those reported in previous tests. Comparison of the data obtained for the ancient versus the commercial tomato varieties also showed slight differences in carotenoid content. The Pearson correlation showed a weak positive value between carotenoids and total antioxidants (r = 0.3). The Lichtenthaler test showed a similar carotenoid content in all cultivars (Figure 4).




3.4. Phenolic Profile


As expected, chlorogenic acid was the main compound found in tomatoes with the highest levels in the ‘Liscio da Serbo’ Tuscan variety (Table 1). Commercial tomatoes showed the lowest content, and, in the case of the ‘Insalataro’ variety, half of the average concentration. Chlorogenic acid showed a moderate positive correlation value with total antioxidants (r = 0.7486). Caffeic acid was in high amounts in the tomatoes, and it was more concentrated in the ‘Rosso di Pitigliano’ variety. Caffeic acid was also significantly lower in concentration in the commercial varieties than the ancient cultivars. The Pearson coefficient showed a moderate positive correlation value with the antioxidant power for caffeic acid (r = 0.6394). The least represented hydroxycinnamic acid was ferulic acid. The varieties with the highest concentration of this acid were ‘Rosso di Pitigliano’ and ‘Quarantino ec. Valdarno’, which had the same concentration, while the commercial cultivars reported the lowest values. Ferulic acid showed a moderate positive correlation with the antioxidant compounds (r = 0.6533). The HPLC method showed another class of phenolic compound, represented by flavonoids (quercetin and naringenin). The highest concentration of quercetin was detected in ‘Rosso di Pitigliano’, while naringenin was at the high concentrations in ‘Fragola’ and ‘Rosso di Pitigliano’. Quercetin and naringenin contents detected in commercial varieties were, in all cases, lower than the locally grown tomatoes. Quercetin and naringenin were evaluated for their antioxidant contribution through the Pearson test. Quercetin showed a strong positive correlation (r = 0.8456), while naringenin had a weak positive correlation (r = 0.4199).




3.5. Vitamin C Profile


Vitamin C in the tomato varieties varied (Table 1). There were high concentrations of vitamin C in ‘Liscio da Serbo Toscano’, ‘Rosso di Pitigliano’ and ‘Quarantino ec. Valdarno’. The Pearson coefficient showed a strong positive correlation between vitamin C and antioxidant power (r = 0.8737). The ancient tomato varieties all showed the higher vitamin C values than the commercial varieties, but high vitamin C levels were also reported in commercial varieties (e.g, ‘San Marzano’).




3.6. Lycopene Analysis


Unlike polyphenol content, lycopene showed a small variation in concentration among the ancient and commercial tomato varieties (Table 1). ‘Quarantino ec. Valdarno’, ‘Pisanello’, and ‘Canestrino di Lucca’ displayed the highest values. In contrast to the other compounds, lycopene showed a negative correlation with total antioxidant power (r = −0.0568).





4. Discussion


Ancient plant varieties represent the identity of the Tuscan territory but are threatened by genetic erosion; therefore, it is of fundamental importance to recover and preserve the ancient germplasm to protect biodiversity and local identity [20]. Furthermore, the renewed interest in the consumption of locally grown fruits is also closely linked to the rediscovery of local traditions. In this case, the ancient tomatoes have been evaluated for their nutraceutical properties by characterizing their bioactive compounds. Our case study was prompted by previous characterization of high functional compound contents in ancient species [19,30,31]. The higher levels of bioactives were explained by invoking adaptive strategies developed in the mutualistic relationships between plants and native ecosystems [20]. From a genetic point of view, we highlighted differences in genome and gene expression, thus emphasizing the unique traits of these local plants [32,33]. In this respect, we believe that our research is useful as it quantifies the content of these compounds, with specific attention on antioxidants, polyphenols, flavonoids, and carotenoids in both fruits of ancient and commercial tomatoes.



4.1. Total Antioxidant Compounds


The ancient varieties showed high levels of antioxidants. These levels were compared with three of the most consumed tomato varieties in Italy, demonstrating that all Tuscan tomato varieties have a higher content of antioxidant compounds than investigated commercial counterparts. These compounds in ancient varieties were, in the majority of cases, higher compared to those in commercial ones [34,35]. In our specific case study, Tuscan tomatoes showed two- or three-fold higher values of antioxidant concentration.




4.2. Polyphenols and Flavonoids


Generally, local tomato varieties showed a higher content of total polyphenols and flavonoids, as demonstrated by the Folin–Ciocalteau and aluminum chloride assays (Figure 2 and Figure 3), respectively. The results were confirmed by HPLC chromatographic analysis (Table 1) which identified the individual components of the various classes of compounds. In tomatoes, we found hydroxycinnamic acids and flavonoids, specifically ferulic acid, caffeic acid, quercetin, and naringenin. Comparing our data with previous reports for other local tomato varieties, the same trends occurred [36,37]. As Ilahy et al. [35] and Kaur et al. [35] reported, locally-grown tomatoes showed a higher content of polyphenols and flavonoids when compared to commercial varieties [34,35]. A Pearson correlation coefficient was calculated to find their eventual contribution to the total antioxidant content. As expected and reported by other authors, moderate and strong correlations were found when phenolic acids (chlorogenic, ferulic, and caffeic acid) were correlated with total antioxidant content, indicating that this class of compounds is crucial in determining the overall antioxidant content, e.g., [38,39]. Although quercetin showed a strong positive Pearson correlation coefficient, total flavonoids had a weak correlation with the total antioxidant activity. Teleszko et al. reported similarly correlated values in leaves of particular fruits (cranberry, apple, chokeberry, Japanese quince, bilberry, and blackcurrant leaves), even though these and our data were in disagreement with other published studies [40,41]. This may be explained by considering the low correlation coefficient calculated for naringenin, which is present in high concentrations in tomatoes [42,43].




4.3. Carotenoids and Vitamin C


Tomatoes are an excellent source of carotenoids, like lycopene [44]. The tomato is also one of the richest sources of vitamin C and its consumption is recommended for the daily intake of ascorbic acid [45]. As for the carotenoid content, there were no significant differences between ancient and commercial varieties (Figure 4). In contrast, differences were evident in the content of Vitamin C present in ancient varieties (Table 1). These two classes of compounds were at lower quantities in the Tuscan tomatoes investigated here, while compared with six other Italian tomato varieties investigated by other authors, that displayed higher carotenoid contents [34,35]. Although these results partially disagree with our data, it should be considered that the content of bioactive compounds is determined by the synergy of different factors, namely genotype, seasonality, original territory, agronomic treatments, and ripening time [46,47]. This finding can be explained in light of the selection criterion driven by specific features of fruit shape and color. A weak positive correlation was also found between carotenoids and antioxidant content. It should be noted that the most represented carotenoid in tomato, lycopene, showed a negative correlation with total antioxidants and may, therefore, be responsible for the overall low correlation measured for total carotenoids. Contrary to the Pearson correlation value for lycopene, vitamin C showed a high positive correlation with total antioxidants, witnessing their contribution on the total antioxidant potential of the tomato fruits.



Overall, our results showed a higher contribution to the total antioxidant content of phenolic acids and vitamin C, compared to flavonoids and carotenoids, in tomato fruits. Future studies focusing on the relationship between specific chemical structures and total antioxidant content and on the synergy of different classes of compounds will elucidate the impact of the different classes of bioactives in ancient tomatoes. Tomato fruits produce quantities of secondary metabolites depending on various factors such as agronomic treatment, geographical production areas, and variety. Therefore, it is necessary to understand whether a relationship between these factors and the total antioxidant capacity of the fruit exists in order to fully exploit the potential health benefits deriving from the consumption of these fruits [48].





5. Conclusions


The antioxidant, polyphenol, flavonoid, carotenoid, and vitamin C contents were evaluated in Tuscan tomato varieties and compared to commercial ones. Our study was carried out by combining chemical assays with HPLC analyses. The results showed the high contents in functional compounds in Tuscan local tomatoes that were, in the majority of the cases, greater than those found in commercial varieties. Therefore, these data confirm the intrinsic value of ancient varieties as alternatives, in terms of nutraceutical content, to commercial cultivars. These ancient varieties may have the potential to satisfy the increasing demand for food products with higher contents of nutraceutical compounds. On a longer-term perspective, the valorization of local species can foster, at a regional level, the commercialization of new “niche products” derived from ancient fruits. Our study will also pave the way for future studies focusing on the relationship between seasonality and the content of functional compounds. In this respect, plant epigenomics is expected to provide crucial information.
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Figure 1. Total content of antioxidant compounds by the Ferric Reducing Antioxidant Power (FRAP) assay for eight ancient and three commercial tomato varieties (left to right) expressed as mmol Fe2+/100 g FW. Different letters (a–g) indicate statistically significant differences at P < 0.05. 
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Figure 2. Total extractable polyphenols from the Folin–Ciocalteau assay for eight ancient and three commercial tomato varieties (left to right) expressed in mg Gallic Acid Equivalents (GAE) per 100 g fresh weight. Different letters (a–g) refer to statistically significant differences at P < 0.05. 
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Figure 3. Total flavonoid compounds measured with the aluminum chloride assay of eight ancient and three commercial tomato varieties (left to right) expressed in mg Quercetin Equivalents (QeE) per 100 g fresh weight. Different letters (a–g) refer to statistically significant differences at P < 0.05. 
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Figure 4. Total carotenoid content (TCC) by the Lichtenthaler assay of eight ancient and three commercial tomato varieties (left to right) expressed as mg TCC/100 g fresh weight. Different letters (a–c) indicate statistically significant differences at P < 0.05. 
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Table 1. Content of individual phenolic compounds, vitamin C, and lycopene of eight ancient and three commercial tomato varieties (top to bottom). Mean values and relative standard deviations are expressed as mg of compound per 100 g fresh weight. Different letters (a–h) refer to statistically significant differences at P < 0.05.
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	Tomato Variety
	Chlorogenic Acid
	Caffeic Acid
	Ferulic Acid
	Quercetin
	Naringenin
	Vitamin C
	Lycopene





	Liscio da Serbo Toscano
	3.51 ± 0.04 a
	1.79 ± 0.14 a
	0.41 ± 0.07 d
	1.52 ± 0.19 b
	0.47 ± 0.04 e
	0.30 ± 0.001 b
	0.44 ± 0.07 d



	Rosso di Pitigliano
	2.01 ± 0.05 e
	1.87 ± 0.13 a
	0.96 ± 0.11 a
	2.67 ± 0.36 a
	1.25 ± 0.15 a
	0.34 ± 0.003 c
	0.45 ± 0.03 d



	Quarantino ec. Valdarno
	3.41 ± 0.03 a
	0.78 ± 0.09 e
	0.95 ± 0.03 a
	2.55 ± 0.28 a
	0.43 ± 0.02 e
	0.29 ± 0.005 b
	0.59 ± 0.03 a



	Fragola
	2.52 ± 0.07 c
	0.72 ± 1.41 e
	0.66 ± 0.07 c
	1.36 ± 0.11 c
	1.01 ± 0.12 b
	0.17 ± 0.007 e
	0.51 ± 0.04 c



	Canestrino di Lucca
	2.14 ± 0.11 d
	0.71 ± 0.05 f
	0.32 ± 0.01 e
	1.68 ± 0.24 b
	0.65 ± 0.07 c
	0.19 ± 0.002 d
	0.60 ± 0.01 a



	Costoluto Fiorentino
	2.71 ± 0.09 b
	1.17 ± 0.16 c
	0.72 ± 0.04 b
	1.27 ± 0.18 c
	0.52 ± 0.06 d
	0.18 ± 0.004 e
	0.44 ± 0.07 d



	Giallo di Pitigliano
	2.01 ± 0.06 e
	0.84 ± 0.08 d
	0.76 ± 0.11 b
	0.95 ± 0.16 d
	0.71 ± 0.04 c
	0.17 ± 0.006 e
	0.44 ± 0.04 d



	Pisanello
	1.78 ± 0.12 f
	1.61 ± 0.18 b
	0.31 ± 0.02 e
	0.99 ± 0.17 d
	0.44 ± 0.06 e
	0.22 ± 0.012 c
	0.60 ± 0.04 a



	Insalataro
	1.55 ± 0.09 h
	0.48 ± 0.06 h
	0.14 ± 0.01 g
	0.77 ± 0.19 e
	0.33 ± 0.07 f
	0.10 ± 0.002 g
	0.42 ± 0.02 e



	San Marzano
	1.61 ± 0.13 g
	0.63 ± 0.05 g
	0.20 ± 0.01 f
	0.72 ± 0.18 e
	0.40 ± 0.08 e
	0.15 ± 0.009 f
	0.54 ± 0.06 a



	Cuore di Bue
	1.58 ± 0.07 h
	0.61 ± 0.02 g
	0.19 ± 0.03 f
	0.79 ± 0.15 e
	0.39 ± 0.05 e
	0.11 ± 0.001 g
	0.52 ± 0.05 b











© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).
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