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Abstract

:

Tropical fruits are in high demand for their flavor and for their functional composition because these compounds are considered nutraceuticals. Passion fruit production is of economic importance to Ecuador; however, several Passiflora species are grown and each has to be analyzed to identify their phytochemical composition. In this study, the polyphenol, flavonoid, carotenoid, vitamin C, sugar and organic acid contents were determined. Six different Passiflora spp. germplasms were analyzed, coming from Passiflora edulis f. flavicarpa, Passiflora alata, Passiflora edulis f. edulis and unidentified Passiflora species (local germplasm). Measurement techniques included reflectometry for vitamin C, spectrophotometry for antioxidant compounds and HPLC for sugars and organic acids. Data were analyzed by principal component analysis, correlation and analysis of variance. Results showed that INIAP 2009 and P10 showed a high amount of polyphenols, antioxidant activity and citric content. Sweet passion fruit had the lowest vitamin C content while Gulupa showed the highest content. In terms of the local germplasm, POR1 showed the lowest content of flavonoids while PICH1 had high flavonoid and carotenoid content. Polyphenols were the main compounds that influenced antioxidant activity. This phytochemical information adds value to passion fruit as a nutraceutical source.






Keywords:


phytochemical composition; antioxidant activity; Passiflora spp. germplasm; Ecuador; polyphenols; organic acids












1. Introduction


The species of the Passifloraceae family are grown in tropical and subtropical regions worldwide [1]. In South America, the main countries where passion fruit is grown are Brazil, Ecuador, Peru and Colombia [2]. This fruit is consumed fresh as juice (locally) because around 40% of the fruit is composed of pulp, or it is marketed (world-wide) as a concentrate and is desirable as a beverage component due to its nutritional characteristics, color, acid taste and exotic aroma [3,4,5].



There are several species of Passifloras grown in South América which are phenotypically different [6], mainly in terms of fruit size and peel color. Moreover, other wild species are used, and some may intercross with the domesticated and semidomesticated species (local germplasm) [7]. Passiflora edulis f. flavicarpa (yellow passion fruit) is the most cultivated species in Ecuador, Brazil and Peru; while P. edulis f. edulis is mostly grown in Colombia [8]. In Ecuador, yellow passion fruit is grown in the coastal lowlands (Manabí, Quevedo, Guayas) while purple passion fruit is cultivated in the highlands (Imbabura). P. edulis f. flavicarpa reaches fruit measurements of 6 to 7 cm in diameter and 6 to 12 cm in length [9], fruit weight of 174 g, and peel thickness of 7.4 mm [10]. P. edulis f. edulis (purple passion fruit), mainly grown in Colombia, is almost round with a diameter of about 5 cm, thinner peel than yellow passion fruit, and weight between 42 and 68 g [8]. P. alata (Sweet passion fruit) is mainly grown in Brazil; it has a fruit weight between 192 and 243 g, length of 9.6 cm, and diameter of 7.1 cm [11,12]. In Ecuador, there are some local cultivars called “Criollo” (Passiflora sp.) which have not been botanically described but are grown by farmers; the fruit are bigger or similar in size to those of P. edulis f. edulis but smaller than P. edulis f. flavicarpa, reaching around 93 g of fruit weight and 5 mm of peel thickness [10].



Consumption of fruits is clearly associated with health benefits such as improving the immune system, reduction of cellular oxidative damage and protection against cancer development [13]. These properties are attributed to the presence of phytochemicals and nutrients with antioxidant properties; therefore, fruit antioxidant compounds have been reported to be beneficial for the human diet [14]. In addition, there is a great interest on the use of natural antioxidants in food products because of studies that show possible adverse effects due to the consumption of synthetic antioxidants [15]. Nevertheless, the concentration of these compounds is strongly influenced by climate and soil conditions, crop developmental stage and genetic factors [16].



Natural biophenols are a broad group of molecules found only in plants, and these molecules possess an extraordinary antioxidant power, being produced as secondary metabolites by the plant for protection against attack by bacteria, fungi, and insects [17]. Phenolic compounds are the major group of natural antioxidants (biocompounds) because of their great diversity and broad distribution, contributing greatly to the total antioxidant activity [18]. Among the main antioxidant compounds are polyphenols, flavonoids and carotenoids [19]. Polyphenols and carotenoids are biomolecules related to fruit color [13].



Passiflora species have been found a good source of antioxidant compounds, differing in type according to the species [1]. P. edulis has been associated with higher values of total phenolic compounds, vitamin C, total carotenoids, and antioxidant activity (ABTS) [20]. Consequently, it has been stated that passion fruit pulp is a good source of secondary metabolites such as phenols, carotenoids, flavonoids and tannins but also of other bioactive compounds such as saponins [1,21,22]. In addition, this fruit is a source of vitamin C, sugars and organic acids [5,23,24].



Polyphenols from passion fruit have been reported to have potential beneficial effects in many pathological conditions [25]; hence, this fruit is a good source of these valuable biocompounds [26]. Catechin is the main flavonoid found in P. edulis and this species contains more of this biocompound than other Passiflora species [20]. In terms of carotenoids, beta carotene is naturally abundant in yellow orange fruits [27], being also reported as the main carotenoid in yellow, purple and orange passion fruit [1,18,28]. Vitamin C is found in many fruits [14] such as passion fruit [5], especially when they are grown under organic as compared to conventional systems [18]. Barbosa et al. have reported low content of citirc acid in yellow passion fruit [20], whereas Oliveira-Folador reported low concentrations of ascorbic acid in the same cultivar [29].



Studies have mainly determined the antioxidant activity of the yellow passion fruit (Passiflora edulis f. flavicarpa) in order to use the pulp of this fruit as an input for food products [1,28]. Barbosa de Oliveira found that the total antioxidant activity is higher in yellow passion fruit produced under conventional management [18], and it has been reported to have an antioxidant activity of 33% in this fruit [28].



In fruit, sugar is the main factor influencing fruit quality [30]. Mamede et al. found that the pulp of Sweet passion fruit (P. alata) has a high content of sugar; this fruit is sweeter and less acidic compared to traditional commercial passion fruits [31]. In addition, yellow and purple passion fruit have more sugar content than other more sour species [23]. The main sugars present in the passion pulp are glucose, fructose and sucrose [24]. Matute et al. observed similar amounts of glucose and fructose in the pulp of yellow passion fruit [21] but Barbosa et al. found different values of these two sugars [20]; sucrose is in a lesser proportion in passion fruit [23]. The main organic acids present in yellow passion fruit pulp are citric and malic acids [20]. The content of these organic acids in yellow and purple passion fruit is variable, depending on the fruit developmental stage and environmental conditions [24,32].



In Ecuador, studies of yellow passion fruit accessions have been carried out for basic fruit quality variables [10,33]; however, there is almost no information on phytochemical compounds of the different Passiflora germplasm grown in the country. Currently, the phytochemical composition of the fruits is of great importance to highlight the benefit of their consumption for human health; thus, studies have been carried out mainly on passion fruit commercial cultivars (P. edulis f. flavicarpa and f. edulis); however, this study also considers local cultivars that are little exploited but can be a potential source of biocompounds. In addition, P. alata was also considered; it is an underutilized species and there is little information on the chemical composition of its fruits but it is appreciated for its medicinal properties [34]. Consequently, the objective of this study was to determine the content of antioxidant compounds, sugars and organic acids in different passion fruit germplasm grown in Ecuadorian environmental conditions, adding value to this fruit as a nutraceutical source and generating information that may be used for further breeding programs.




2. Materials and Methods


2.1. Experimental Site and Vegetal Material


The research was carried out at the Nutrition and Quality Laboratory (ISO/IEC 17025) of the National Institute of Agricultural Research (INIAP), located in Cutuglahua (Pichincha province), 00°22′57″ South and 78°33′18″ West.



Fruit of the different passion fruit germplasms were harvested from research sites belonging to INIAP (Table 1) and were harvested in maturity grade 5 (100% color change on the tree) [35,36] from 1 year-old plants.




2.2. Chemical Reagents


A Milli-Q Academic water purification system (Millipore, Sao Paulo, Brazil) was used to obtain deionized water. The standards of (+) catechin, gallic acid, cyanidin-3-glucoside chloride, ABTS (2,2-azinobis-3-ethyl-benzothiazoline-6-sulfonic acid), and Trolox (6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid) were obtained from Sigma Aldrich (St. Louis, MO, USA). The analytical grade solvents and reagents were acquired from Merck (Darmstadt, Germany).




2.3. Preparation of the Samples


Pulp was extracted from the fruit and dried by lyophilization. Dried samples were ground in a Retsch model ZM 200 mill (Hann, Germany) then passed through a stainless-steel sieve (1 mm mesh) to a uniform particle size.




2.4. Color Assessment


Two hundred grams of lyophilized fruit pulp of each germplasm was homogenized in a blender. Thirty grams of each sample was placed in a Petri dish. The dishes were placed on a white surface and divided into four equal parts. Measurements were carried out in triplicate in each quarter and at the center of the plate [13]. Color was measured using a ColorTec-PCM handheld colorimeter (ColorTec, Clinton, NJ, USA), with a measurement angle of 10°, Illuminator D65, and aperture of 8 mm. The chromatic properties were defined by the L* a* b* color method of the CIE (Commission Internationale de l’Eclairage) and were expressed as L* (lightness), a* (red/green), and b* (blue/yellow) coordinates. Hue angle (°H) and Chroma (C*) were calculated with the a* and b* values with the following formulae:


°H = tan−1 (b/a) and C* = (a2 + b2)1/2












2.5. Preparation of Extracts


Phytocomponent extraction was carried out by the method of Hue et al. [37]. Dry sample (0.3 g) was placed in 15 mL plastic centrifuge tubes and 5 mL of methanol/water/formic acid solution added (70:30:0.1 v/v/v). A shaking extraction process, using FAST PREP 24 (MP Biomedicals, Fisher Scientific, Hampton, VA, USA) was followed for 5 min and then the sample was placed in an ultrasound bath (Cole-Palmer, Chicago, IL, USA) for 10 min. It was centrifuged in a 4-16KS centrifuge (Sigma, Neustadt, Germany) for 10 min at 5500 rpm (2706× g). The supernatant was separated and transferred to a 25 mL amber volumetric balloon. This process was repeated three times and brought to a volume of 25 mL with the extraction solution. This extract was also used to estimate antioxidant activity (AA).



For the analysis of organic acids, total and reducing sugars, 1 g of dry sample was weighed and 70 mL of water type I was added, stirred for 30 min and centrifuged for 10 min in a Sigma 4-16KS centrifuge; the supernatant was transferred to a 100 mL volumetric balloon and graded with water type I.




2.6. Vitamin C


Vitamin C (ascorbic acid) was measured using a reflectometer (RQflex plus 10, Merck, Germany). First, 30 g of pulp was weighed and made up to 200 mL with distilled water. A 20 mL aliquot was taken and tested by immersing an ascorbic acid strip in the reflectometer. The final result was expressed in mg 100 g pulp−1 (fresh weigh basis), according to the following formula:


   Vitamin   C  =    L    ×    V    Sw    








where L = reflectometer lecture (mg/L−1), V = final volume (mL) and Sw = sample weight (g).




2.7. Total Polyphenol Content Quantification


Total polyphenol content quantification was carried out by UV-visible spectrophotometry [38]. The diluted extract (1 mL) was placed in a 15 mL test tube and 6 mL of distilled water and 1 mL of Folin–Ciocalteau reagent added, then the mixture was rested for 3 min. After that, 2 mL of 20% Na2CO3 (w/v) was added and heated to 40 °C for 2 min. The absorbance of the blue chromophore was measured at 760 nm using a UV-VIS spectrophotometer, model 2600 (Shimadzu, Kyoto, Japan). Five extraction cycles were necessary to obtain total polyphenol content recovery. Quantification was carried out by the interpolation of the corresponding absorbance value of each sample on a calibration curve made with gallic acid at 0–100 mg gallic acid/L. Results were expressed as mg of gallic acid equivalents per gram of dry sample (mg GAE g−1 DW).




2.8. Total Flavonoid Content


Total flavonoid content was measured using a UV-visible spectrophotometer by the method of Zhishen et al. [39]. The diluted extract (1 mL) was placed in a 15 mL tube with 4 mL of distilled water and the mixture homogenized. Next, 0.3 mL of 5% sodium nitrite (w/v) and 0.3 mL of 10% aluminum chloride (w/v) were added; the sample was left to rest for 5 min after the addition of each reagent. Finally, 2 mL of 1N NaOH was added to distilled water to a volume of 10 mL. The absorbance was measured in the pink chromophore at 490 nm using a UV-VIS spectrophotometer, model 2600 (Shimadzu, Kyoto, Japan). Five extraction cycles were required to recover 100% of the flavonoid content. The quantification was performed by the interpolation of the corresponding absorbance value of each sample on a calibration curve made with (+)—catechin, 0–100 mg (+)—catechin/L. Results were expressed as mg of catechin equivalents per gram of dry sample (mg catechin g−1 DW).




2.9. Total Carotenoid Content


Total carotenoid content (TCC) was measured following the method described by Llerena et al. [13], in the absence of light and oxygen and using 1.0 g of the freeze-dried sample. The extraction was done using 50 mL of a solvent mixture composed by hexane 50%, ethanol 25%, acetone 25% (v/v/v), 0.1% of butylated hydroxytoluene (BHT) (p/v) and 5 g of calcium chloride (p/v). These elements were added gradually, one at a time. The mixture was mixed for 20 min in a refrigerated water bath at 4 °C. The separation phase was achieved by adding 15 mL of distilled water over 10 min. The extract was filtered and transferred to a separating funnel. The organic phase was transferred to a volumetric flask. Hexane was added to a total volume of 50 mL. The determination of total carotenoid content was made using the UV-VIS spectrophotometer, model 2200 (Shimadzu, Kioto, Japan) at 450 nm. Results were expressed as µg of β carotene g−1 dry weight of pulp. TCC was calculated based on the following equation:


  TCC =    A    ×    VT    × 104   2592 ×    W     








where A is the absorbance at 450 nm, VT is the total volume, 104 is the conversion constant expressed as µg g−1, 2592 is the molar extinction coefficient of β carotene in hexane and W is the weight of the sample.




2.10. Antioxidant Activity as Measured by the ABTS Method


Antioxidant activity (AA) was estimated by the 2,2-azinobis (3-ethyl-benzothiazoline-6-sulfonic acid) cation bleaching method (ABTS•+) [38]. The ABTS•+ solution (7 mM) and the potassium persulfate solution (2.45 mM) were mixed in a 1:1 ratio (v/v). The absorbance of the prepared ABTS•+ solution was measured the following day, and was diluted using a phosphate buffer until getting an absorbance of 1.1 ± 0.01 at 734 nm. In 15 mL test tubes containing 200 µL of sample, 3.8 mL of the ABTS•+ working solution was added and the solution rested for 45 min. Absorbance was measured at 734 nm by a UV-VIS spectrophotometer, model 2600 (Shimadzu, Kyoto, Japan). The AA was estimated by interpolating the absorbance on a calibration curve developed previously with a Trolox standard (0–800 µmol Trolox L−1). Results were reported as µmol equivalent Trolox per gram of dry sample (µmol TE g−1 of sample DW).




2.11. Antioxidant Activity as Measured by the Ferric Reducing Power (FRAP) Method


Ferric reducing power (FRAP) was also measured to estimate the AA [38]. The diluted extract (1 mL) was placed in a 15 mL test tube and 2.5 mL of phosphate buffer at pH 6.6 and 2.5 mL of a 1.0% potassium ferrocyanide solution were added. The mixture was shaken and incubated at 50 °C for 20 min, then 2.5 mL of 10% trichloroacetic acid with 2.5 mL of water and 0.5 mL of 1% FeCl3 were added. The mixture was homogenized in a vortex (Mistral Multi-Mixer, Melrose Park, IL, USA). The solution was rested for 30 min in the dark and a green complex (ferrous chloride–potassium ferrocyanide) was formed. The absorbance was measured at 700 nm using a UV-VIS spectrophotometer, model 2600 (Shimadzu, Kyoto, Japan). The AA and results were estimated as for the ABTS method.




2.12. Sugar Content


Total sugar content was determined by the method of Dubois et al. [40]. An aliquot of 1.25 mL of extract was placed in a 15 mL test tube, 2.5 mL of anthrone reagent was added and the tubes were heated in a boiling water bath for 10 min. Then tubes were cooled in a cold water bath for 10 min. The reaction formed a green chromophore and the absorbance at 625 nm was determined. Quantification of total sugars was carried out by interpolation of the absorbance of the samples on a calibration curve made with D − (+) − glucose from 0 to 50 mg of glucose L−1. Results were expressed as glucose equivalents in g 100 g−1 of dry sample.



In addition, reducing sugar content was determined by the method of Miller [41]. An aliquot of 0.5 mL of the extract was placed in a 15 mL test tube, 0.5 mL of reagent of 1 M NaOH and 1.5 mL of DNS reagent (3,5 dinitrosalicylic acid) were added and the tubes were heated in a boiling water bath for 5 min. The tubes were then cooled in a cold water bath for 10 min and 9.5 mL of water type I was added. The reaction formed a brown chromophore and absorbance at 540 nm was determined. The quantification of reducing sugars was done by interpolation of the absorbance of the samples on a calibration curve performed with D (+) glucose from 0 to 2000 mg of glucose L−1. Results were expressed as glucose equivalents in g 100 g−1 of dry sample. Finally, the content of non-reducing sugars was calculated as the difference between total sugars and reducing sugars.




2.13. Organic Acids Quantification


The contents of citric and malic acids were determined by the method of Espín and Samaniego [42]. An aliquot of the extract was passed through a 0.22 µm PVDF Millipore membrane and placed in a capped amber vial and analyzed by High Performance Liquid Chromatography (HPLC). The analysis was carried out using the Agilent 1100/1200 series (Waldbronn, Germany). The separation was carried out using an Agilent column (300 × 6.5 mm) at a flow of 0.7 mL min−1 and at a temperature of 40 °C, using a solution of 0.01 N sulfuric acid in water type I as the mobile phase. For the analysis, 10 µL of the purified extract was injected into the equipment and the organic acids were monitored using a UV-visible detector at 210 nm. The identification and quantification of citric and malic acid was carried out by comparison with their respective standards. Results were expressed in g of each organic acid per 100 g−1 of dry sample.




2.14. Statistical Analysis


In this research, a completely randomized design was applied, and the experimental unit was a 20 g sample of freeze-dried pulp. In terms of the univariate analysis, the Levenne test was calculated to set the homogeneity of variances and an analysis of variance (ANOVA) was carried out with the data. Tukey test at 5% was used to determine differences among means. Data analysis was carried out in the R statistical program version 4.04 [43].



Pearson correlation coefficients (d.f. = 16) were calculated to measure the linear correlation between two variables; while partial correlations (d.f. = 14) were calculated to measure the degree of association between two random variables, removing the effect of a set of controlling random variables [44].



Turning to the multivariate analysis, principal component analysis (PCA) and k-means method were used to analyze data and compare their results. PCA was used to visualize the relationship among variables, and their association with the Passiflora species; while the k-means analysis was used for grouping because it is more accurate since it looks randomly for similar individuals to finally form fixed groups based on the best number of clusters obtained by the Elbow method [45]. Consequently, the information obtained from these two methods was complementary.





3. Results


3.1. Color Assessment of the Passion Fruit Pulp


Color coordinate values, chromaticity and Hue angle are shown in Table 2 and Table 3.




3.2. Analysis of Variance (ANOVA)


3.2.1. Antioxidant Activity and Compounds


Antioxidant compounds and contents of the different passion fruit germplasm and species are given in Table 4. INIAP 2009, P10 and Sweet passion fruit had the highest polyphenol content with 2.09, 2.22 and 2.08 mg g−1 (gallic acid), respectively. All passion fruit germplasm, except for Criollo POR1, had flavonoid content of over 0.40 mg g−1 (catechin). Criollo PICH1 had the highest carotenoid content (67.73 µg g−1), while Sweet passion fruit had the lowest (22.80 µg g−1). Gulupa had the highest vitamin C content (30.44 mg 100 g pulp−1), whereas Sweet passion fruit had the lowest (6.07 mg 100 g pulp−1).



Antioxidant activity of passion fruit germplasm and species are showed in Table 5. In terms of ABTS, INIAP 2009 had the highest antioxidant activity (43.00 µmol TE g−1), while Criollo PICH1 had the lowest (30.32 µmol TE g−1). Turning to FRAP, INIAP 2009 and P10 had the highest antioxidant activity (53.61 and 50.71 µmol TE g−1, respectively), while Criollo PICH1 had the lowest (32.14 µmol TE g−1).




3.2.2. Sugar and Organic Acid Analysis


Passion fruit germplasm and species differed in sugar composition (Table 5). Sweet passion fruit and Criollo PICH1 had the highest total sugar content (52.47 and 51.47 g 100 g−1, respectively), whereas Criollo POR1 had the lowest (41.01 g 100 g−1). Sweet passion fruit had the highest reducing sugar content (51.03 g 100 g−1), while Gulupa the lowest (40.25 g 100 g−1). In terms of non-reducing sugars, INIAP 2009 and P10 had the highest contents (6.57 and 9.90 g 100 g−1, respectively), while Sweet passion fruit had the lowest (1.43 g 100 g−1).



Table 5 shows the organic acid contents of passion fruit germplasm and species. P10 had the highest citric acid content (31.77 g 100 g−1), while Gulupa and Criollo PICH1 had the lowest (12.29 and 12.03 g 100 g−1, respectively). In terms of malic acid, P10 had the highest content (5.19 g 100 g−1), whereas Criollo POR1 and Criollo PICH1 had the lowest (4.05 and 4.16 g 100 g−1, respectively).





3.3. Correlation Analysis


A matrix correlation was estimated for the common and partial correlations between antioxidant compounds, sugar and organic acid content (Table 6). The main positive Pearson correlations were between polyphenol and antioxidant activity (ABTS and FRAP), and vitamin C and carotenoid content. On the other hand, there was a high negative correlation between polyphenol and carotenoid contents.



For partial correlations, there was a positive correlation of polyphenol content and antioxidant activity (FRAP), and of vitamin C with carotenoids and malic acid contents.




3.4. K-Means Analysis


The Elbow method defined five groups (Figure 1). The first group was formed by individuals of P. edulis f. flavicarpa (P10 and INIAP 2009), which showed high contents of polyphenol, flavonoid, non-reducing sugars and citric acid, and high antioxidant activity (ABTS and FRAP), while lower contents of carotenoids, total sugars and reducing sugars were detected. The second group consisted of P. edulis f. edulis (Gulupa) germplasm, which showed high contents of carotenoids, vitamin C and malic acid, and lower contents of non-reducing sugars and citric acid. The third group was composed of Passiflora sp. (Criollo POR1), which showed high contents of vitamin C, non-reducing sugars and citric acid contents, and lower contents of flavonoids, total sugars, reducing sugars and malic acid. The fourth group contained P. alata germplasm, which showed high contents of polyphenols, total sugars, reducing sugars and malic acid, but low contents of carotenoids, vitamin C, non-reducing sugars and citric acid. Finally, the fifth group was formed by Passiflora sp. (Criollo PICH1), which showed high contents of flavonoids, carotenoids, total sugars and reducing sugars; in contrast, they had low contents of polyphenols, antioxidant activity (ABTS and FRAP) non-reducing sugars and citric and malic acid.




3.5. Principal Component Analysis (PCA)


The PCA analysis showed that the first two components explained 74% (Figure 2) of the variance observed in the data. The first component was a contrast between polyphenols vs. carotenoids, while the second component was between antioxidant activity vs. total sugars; in the former component malic acid content also had some influence while in the latter citric acid has some influence.



INIAP 2009 was associated with antioxidant activity and citric acid; P10 with polyphenol and antioxidant activity; Sweet passion fruit with polyphenol content; Gulupa with flavonoids, carotenoids and vitamin C; POR1 with carotenoids and vitamin C; and PICH1 with flavonoids and carotenoids (Figure 2).





4. Discussion


Antioxidants are present in many fruits and vegetables, their unique chemical structure imprinting both their properties and their dietary and therapeutic actions as the literature confirms [46]. However, numerous assessments must be made before they are made directly available for human consumption; they are usually part of a supplementary diet to encourage good health and disease prevention [14]. They are compounds such as polyphenols, flavonoids, carotenoids and vitamin C, present in plants [19]; nevertheless, genotype, geographic area, crop age, maturity and storage conditions can influence the content of these bioactive compounds in fruit [47]. The importance of climatic factors and anthropogenic aspects must not be neglected, as their influence on fruit production is overwhelming [48,49]. In addition, quantitative information about the content of sugars, organic acids and phenolic compounds is relevant to verify the quality index for fruits [50].



4.1. Pulp Color


Color traits of fruits depend on factors such as species, soil conditions and harvest period [1]. They are related to the state of maturity, due to the process of accumulation of pigments and the sugar and organic acid contents in the fruits [51]. There was variability among the pulp colors of the different germplasms evaluated in this study; colors ranged from pale yellow (P. alata) to orange (the other germplasm) due to the amount of carotenoids, especially β carotene which causes orange color. The pale yellow color is related to phytofuluene [52].



Ramos et al. reported values of 8.44 (a*), 42.83 (b*) and 58.5 (L*) for pulp of P. edulis f. flavicarpa, and values of 0.29 (a*), 17.18 (b*) and 77.65 (L*) for P. edulis f. edulis [1], showing some differences from those found in our study. The same author observed that the highest brightness (L*) was showed by Gulupa as in this study; however, Sweet passion fruit also got a high value in this parameter. Criollo PICH1 showed the highest value for the parameter a* that indicates the intensity of colors red and green, while P10 and Criollo PICH1 had the highest values for b* which indicated the intensity of yellow and blue.




4.2. Univariate Analysis


4.2.1. Polyphenols, Flavonoids, Carotenoids, Vitamin C and Antioxidant Activity


Polyphenol content should be considered a key nutritional and commercial factor [53]. Fruits are the main nutritional sources of polyphenols [54]. The latter are compounds derived from vegetal secondary metabolism. Their effect is recognized in the control they exert against free radicals and reactive oxygen species [53] because they show resistance to oxidation (modulation of oxidative stress, specifically in the activation of transcription) and regulate different types of oxidases in the body [55]. These compounds decrease the risk of chronic, neurodegenerative and cardiovascular disease, and certain cancers [56]. In passion fruit, polyphenol compounds have strong antioxidant activity and its consumption is good for human health [57].



All passion fruit germplasm had higher polyphenol content (>1.40 mg gallic acid g−1) than the 0.04, 0.07 and 0.40 mg gallic acid g−1 that was reported in yellow passion fruit (P. edulis f. flavicarpa) in other studies [20,26,58]. However, Silva et al. reported 7.6 mg gallic acid g−1 in P. edulis f. flavicarpa [59], which is higher than found in this study, but Septembre-Malaterre reported a closer value (2.86 mg gallic acid g−1) [60]. In terms of purple passion fruit (P. edulis f. edulis), the result of this study was higher than that reported by Carmona-Hernández et al. (0.47 mg gallic acid g−1) [26].



Variety INIAP 2009 and the breeding germplasm P10 showed high content of total polyphenols. Both are yellow passion fruit which is the most grown cultivar in Ecuador and they may be considered as parental for further breeding process because polyphenols are related to high antioxidant capacity. Nonetheless, Sweet pasion fruit (P. alata) also showed high content of these compounds; hence this underutilized germplasm can also be taken into account for interspecific crosses or to be used in the food industry.



Flavonoids have antioxidant, pharmacological, anti-inflammatory, antiallergic, antiviral, anticarcinogenic, and therapeutic and cytotoxic properties [61]. These compounds have the ability to protect against DNA damage caused by reactive oxygen species (ROS) through the inhibition of the tyrosinase enzyme, a property which may be useful for the treatment of and prevention from ROS-related diseases [55].



All passion fruit germplasm had higher content (>0.40 mg catechin g−1) than the 0.30 mg catechin g−1 that was reported by Barbosa et al. in yellow passion fruit [20]; only Criollo POR1 had similar catechin content. In addition, Carmona-Hernández et al. reported a flavonoid content of 0.29 and 028 mg catechin g−1 for P. edulis f. flavicarpa and P. edulis f. edulis, respectively [62]; these values are lower than those obtained for the same species in this study. Criollo PICH1 is a local cultivar that can be considered for breeding because it showed the highest amount of flavonoids; consequently, this local germplasm is a potential source of these compounds.



Most of the information about polyphenols and flavonoids has been reported for yellow and purple passion fruit; for this reason, the results of this research contribute to the knowledge of these compounds in other species of Passiflora.



The provitamin A carotenoid (β carotene) is an important source of vitamin A [63] from fruit consumption. Passion fruit is a good source of β carotene [64]; however, the carotenoid content in passion fruit pulp depends on several factors such as the crop production system, climatic conditions and fruit maturation [65]. Carotenoids can inhibit cell oxidation processes [27] and these compounds may prevent cancer and degenerative diseases, as well as stimulate the immune system and metabolism [66].



The results for carotenoids obtained for all the passion fruit germplasm grown in Ecuador were higher (from 22.80 to 67.73 µg β carotene g−1) than those found by Wondracek et al. (7.80 µg β carotene g−1) [67] and Barbosa et al. (1.87 µg β carotene g−1) [20], but lower than the 77.00 µg β carotene g−1 reported by Pertizatti et al. [65]; both cases refer to yellow passion fruit grown in different places in Brazil. However, the result obtained for P. edulis f. flavicarpa (INIAP 2009 and P10) was similar to that (38.29 µg β carotene g−1) reported by Septembre-Malaterre et al. [60]. On the other hand, carotenoid contents of 13.34 and 13.62 µg β carotene g−1 have been reported for yellow passion fruit and 1.72 µg β carotene g−1 for purple passion fruit [1,59], values much lower than found in this study. In addition, Souza et al. found a higher content of β carotene in fruit of P. alata (82.49 µg g−1) than detected in our study (22.80 µg β carotene g−1) [68]. Criollo PICH1 also showed the highest amount of carotenoids, corroborating the importance of characterizing local germplasms.



The main role of vitamin C (ascorbic acid) is as an antioxidant and cofactor in redox reactions, and fruits are a good source of this compound [69]. Vitamin C has exhibited mechanisms of action against respiratory infections, which include antioxidant, anti-inflammatory, antithrombotic, and immuno-modulatory functions; moreover, preliminary studies have suggested that it might improve outcomes in the treatment of COVID-19 [70].



Passion fruit is a tropical fruit rich in Vitamin C [64]. The content of this vitamin in several Passiflora species varies from 2.3 to 57.7 mg 100 g−1 [65]. Barbosa et al. reported a vitamin C content of 26.42 mg 100 g−1 in yellow passion fruit [20], which is similar to values obtained for INIAP 2009, P10 (both P. edulis f. flavicarpa) and Criollo POR1 (Passiflora sp.). In addition, all passion fruit germplasm, except for P. alata, had higher vitamin C content (>23.00 mg 100 g−1) than reported by Barbosa de Oliveira et al. (17.12 to 21.81 mg 100 g−1) [18] and Carvajal et al. (18 mg 100 g−1) [71]. However, Gulupa (purple passion fruit) had a higher vitamin C content than the yellow passion fruit germplasms, in this study; therefore, this germplasm could be considered for breeding purposes. However, its fruit shell is purple color, and crossing with the yellow germplasms would generate phenotypic variability in the progeny. In addition, Gulupa can be used in food industry because of its high content of vitamin C.



Antioxidant activity depends not only on the phenolic composition, but also on the presence of other bioactive compounds, their interactions and synergic effects [72]. ABTS and FRAP values showed that P. edulis f. flavicarpa germplasm had the best antioxidant activity. Barbosa de Oliveira et al. reported a total antioxidant activity of 7.20 μmol TE g−1 (fresh weight) for ripe yellow passion fruit grown under conventional management [18]. This study estimated, based on dry weight, an average value of 41.40 µmol TE g−1 using the ABTS method for P. edulis f. flavicarpa, which is higher than that reported by Carvajal et al. (27.78 µmol TE g−1) [71]; while P. edulis f. edulis had a value which was relatively close to the 42.34 µmol TE g−1 reported by the same author. Ramos et al. found that antioxidant activity was related to carotenoid content [1]. This was not observed in our study because it was correlated with the polyphenol content, corroborating that phenolic compounds are the main antioxidants, strongly contributing to the total antioxidant activity [18].




4.2.2. Sugar Content and Organic Acids


Sugars and organic acids are fruit quality factors appreciated by consumers and the food industry [73]; their content can vary depending on factors such as species, cultivars, agronomic and climatic conditions. Sugars do not depend on whether the fruit is acidic or not [74].



It has been reported that temperature can influence total sugar content in passion fruit [75], which was reflected in the results of the yellow and purple passion fruit that are grown in different altitudes and temperature conditions in Ecuador. Studies have found a range from 5.25 to 6.98 g/100 g−1 of total sugars in yellow passion fruit [23,76,77]; however, Ramaiya et al. reported total sugar of 5.75 and 13.97 g 100 g−1 for P. edulis f. flavicarpa harvested in two different places in Malaysia [23]; these values are lower than detected in our study under Ecuadorian conditions, thus corroborating that environmental conditions influence this parameter [74]. Ramaiya et al. also found an amount of 14.28 g 100 g−1 for P. edulis f. edulis [23], which was lower than that detected in our study. Mamede et al. found a total sugar content of 15.40 g 100 g−1 of pulp of Sweet passion fruit (P. alata) [31], which is much lower than that found in this research (52.47 g 100 g−1). Sweet passion fruit and Criollo PICH1 showed the highest amount of total sugars; both are underutilized cultivars that could be exploited for this fruit trait.



Sucrose, glucose and fructose are the predominant sugars in passion fruit but their sugar content differs among species [24]. Sucrose (non-reducing sugar) is in less proportion than glucose and fructose (reducing sugars) in passion fruit [23], a trend that was also observed in this study. Sweet passion fruit had the lowest content of non-reducing sugars, with less sucrose in comparison to the other germplasms. Glucose has been found to be the main sugar in yellow passion fruit [20,23], whereas this sugar and fructose are present in similar amounts in red passion fruit [23].



Organic acids have antibacterial effects [78]. The main organic acids quantified in the passion fruit pulp are citric and malic acids [20]. Citric acid is a safe organic acid responsible for fruit flavor and can be used as a food additive [79]. In fruit, it inhibits bacterial and fungal growth, improves disease resistance [80] and reduces postharvest respiration [81]. These organic acids are influenced by temperature [75]. In terms of citric acid, the results for P. edulis f. flavicarpa (INIAP 2009 and P10) were higher than those (3.87 g 100 g−1) reported by Barbosa et al. [20]. Criollo POR1 also had a high value, thus these three genotypes were high in acidity. Malic acid is another key flavor component of fruit [82] and also used in the food industry [78]. Barbosa et al. reported low malic acid content (1.60 g 100 g−1) for the yellow passion fruit compared with the value obtained in this study [20]. Most fruit had citric acid levels ranging from 0.03 to 5.15 g 100 g−1 and malic acid levels ranging from 0.01 to 2.18 g 100 g−1 [83]; however, the values obtained in the passion fruit germplasm grown under Ecuadorian field conditions were higher, except for P. alata which was in the mentioned range for citric acid content. The breeding germplasm P10 showed a high amount of both organic acids: this could be a distinctive feature for this cultivar if it is released as a variety in the future, with potential use focused on the food industry.





4.3. Correlation Analysis


In this study, there was a positive correlation (Pearson) between polyphenols and ABTS and FRAP (antioxidant activity), which is in agreement with Rotta et al., who associated total phenolic content of passion fruit pulp with ABTS analysis [84]. In addition, there was also a positive partial correlation between polyphenols and FRAP which corroborates that polyphenols are the main compound related to passion fruit antioxidant activity [57]. Polyphenols and carotenoids had a negative correlation, both have been associated with antioxidant activity and ease prevention [85]. There was a negative correlation also between reducing sugars and citric acid, both compounds that are used for fruit growth and respiration [86].



Partial correlation coefficients are considered more appropriate for selection of a trait in a breeding program when considering the effect of the other variables [87]; this is because the Pearson correlation coefficient only indicates the linear correlation among two sets of data, thus indicating a trend; it does not involve all the other variables in the response. Vitamin C showed a correlation with carotenoids and malic acid, which means that if a breeding population is developed based on vitamin C the other two parameters will also be linked to the former.




4.4. Multivariate Analysis


One way to discriminate between samples in relation to different compounds is by a multivariate analysis using PCA [88]. According to this analysis, germplasm showing more polyphenol content had less carotenoid content; however, Ramos et al. did not find an inverse relationship between polyphenols and carotenoids using this type of analysis [1]. In addition, fruit showing more vitamin C content had less malic acid content which agrees with Ponder et al. [89] but contrasts with the results reported by Aubert and Chalot [90] in other fruit crops; this response could vary according to the fruit species. Antioxidant activity was opposite to total sugars, which is in accordance with the reports of Ramaiya et al. for passion fruit [23]. Citric acid was also inversely related to the total sugar content; most passion fruit germplasms are slightly acid because of the high citric acid content [20], which means they contain less sugar content.



PCA constitutes an efficient technique to distinguish the passion fruit species in relation to the different fruit compounds, even when the differences in the values of the traits measured are not great [20]. It was clear that yellow passion fruit (P. edulis f. flavicarpa) and Sweet passion fruit (P. alata) had good polyphenol and malic acid content, whereas Gulupa (P. edulis f. edulis) and the Criollos (Passiflora sp.) had high flavonoid, carotenoid and vitamin C contents.



Results of both analysis (PCA and k-means) were similar, showing the same trend for relevant traits such as polyphenol and carotenoid content, antioxidant activity and total sugars. In both methods, INIAP 2009, P10 (both P. edulis f. flavicarpa) and Sweet passion fruit (P. alata) had high polyphenol content, and the latter also showed the lowest carotenoid content. In group formation by the k-means method, INIAP 2009 and P10 were found in the same group, which make senses because P10 is a breeding germplasm that comes from INIAP 2009 segregation. This pattern can also be seen in the PCA analysis. INIAP 2009 and P10 were related to high antioxidant activity in both methods. On the other hand, the local germplasms (POR 1 and PICH1) were grouped individually, although phenotypically they would be considered as yellow passion fruit, this result means that they had different chemical characteristics from the other yellow passion fruit germplasm (INIAP 2009 and P10) and between them.



This research has generated information on the content of biocompounds and antioxidant activity of commercial cultivars (yellow and purple passion fruit), but has also considered local germplasms that despite having a smaller fruit size and yield, showed themselves to be a source of antioxidant compounds, especially flavonoids and carotenoids (PICH1). In addition, the results showed that P. alata was a good source of polyphenols and reducing sugars, aspects that could be related to its medicinal properties. A limitation of this study was that the evaluated germplasms are cultivated in different environmental conditions (altitude, precipitation and heliophany) in Ecuador due to adaptations for their growth and production. Therefore, the effect of the environment is a factor which would influence the content of biocompounds. Nevertheless, this study provides information that is very useful as a reference for further chemical profile studies, breeding programs and genotype X environment interaction research in passion fruit species.





5. Conclusions


There were differences in the contents of antioxidant compounds, sugars and organic acids in the passion fruit germplasm assessed in this study. There was an inverse relationship between polyphenols and carotenoids, and total sugars and antioxidant activity. INIAP 2009 and P10 showed the high amount of polyphenols, antioxidant activity and citric content, Sweet passion fruit had the lowest vitamin C content while Gulupa showed the highest content. In terms of the local germplasm, POR1 showed the lowest amount of flavonoids while PICH1 had high flavonoids and carotenoid content. It was determined that polyphenols were the main compound that influenced antioxidant activity in the passion fruit species.



These results contribute to the information on fruit phytochemical content and add value to passion fruit species as a nutraceutical source. In addition, this information can also be used to develop objectives in breeding programs for this tropical fruit.







Author Contributions


Conceptualization, W.V., K.K. and I.S.; methodology, I.S., W.V. and K.K.; data curation, I.S., W.V. and L.R.; statistical analysis, L.R. and W.V.; writing—original draft preparation, W.V., T.S., I.S. and K.K.; writing—review and editing, W.V., T.S., K.K., N.T., A.S. and A.S.-T.; funding acquisition, W.V. and A.S.-T. All authors have read and agreed to the published version of the manuscript.




Funding


This research was financed by the National Institute of Agricultural Research (INIAP) and the Japan International Cooperation Agency (JICA).




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


Data is contained within the article.




Acknowledgments


Thanks to the Japan International Cooperation Agency (JICA) for financing the doctoral studies of the first author through the Program “Agriculture Studies Networks for Food Security (Agri-Net)”, and to the Tokyo University of Agriculture and National Institute of Agriculture Research (INIAP) for supporting the execution of this research. Thanks to Randy Kutcher from University of Saskatchewan for editing the manuscript and Eng. Beatriz Brito for her support during this research.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Ramos, L.; Pesamosca, E.; Salvador, M.; Hickmann, S.; de Oliveira, A. Antioxidant potential and physicochemical characterization of yellow, purple and orange passion fruit. J. Food Sci. Technol. 2018, 55, 2679–2691. [Google Scholar]

	



Gómez, M. Mercado Mundial del Maracuyá. Revista Vinculando, 2005. Available online: https://vinculando.org/mercado/mercado_maracuya.html (accessed on 6 July 2021).

	



Talcott, S.T.; Percival, S.S.; Pittet-Moore, J.; Celoria, C. Phytochemical composition and antioxidant stability of fortified yellow passion fruit (Passiflora edulis). J. Agric. Food Chem. 2003, 51, 935–941. [Google Scholar] [CrossRef] [PubMed]

	



Cazarin, C.B.; Silva, J.K.; Colomeu, T.C.; Zollner, R.L.; Junior, M.R. Capacidade antioxidante e composicao quimica da casca de maracuja (Passiflora edulis). Cienc. Rural. 2014, 44, 1699–1704. [Google Scholar] [CrossRef]

	



Biswas, S.; Mishra, R.; Singh, A. Passion to profession: A review of passion fruit processing. Aptisi Trans. Technopreneurship 2021, 3, 48–57. [Google Scholar] [CrossRef]

	



Da Silva, D.; Peixoto, J.; Souza, M.; Gelape, F.; Silva, K.; de Deus, R.; Nogueira, I. Agronomic descriptors and ornamental potential of passion fruit species. Ornam. Hort. 2017, 23, 357–362. [Google Scholar]

	



Batista do Carmo, T.V.; Semen Martins, L.S.; dos Santos Musser, R.; Moura da Silva, M.; Oliveira Santos, J.P. Genetic diversity in accessions of Passiflora cincinnata mast. Based on morphoagronomic descriptors and molecular markers. Rev. Caatinga 2017, 30, 68–77. [Google Scholar] [CrossRef]

	



Rodríguez, N.; Ambachew, D.; Melgarejo, L.; Wohlgemuth, M. Morphological and agronomic variability among cultivars, landraces, and genebank accessions of purple passion fruit, Passiflora edulis f. edulis. HortScience 2020, 55, 768–777. [Google Scholar]

	



Castro, J.; Paredes, C.; Muñoz, D. El Cultivo de Maracuyá; Gerencia Regional Agraria La Libertad: Trujillo, Peru, 2009; pp. 1–30. [Google Scholar]

	



Viera, W.; Brito, B.; Zambrano, E.; Ron, L.; Merino, J.; Campaña, D.; Álvarez, H. Genotype x environment interaction in the yield and fruit quality of passion fruit germplasm grown in the Ecuadorian Littoral. Int. J. Fruit Sci. 2020, 20, S1829–S1844. [Google Scholar] [CrossRef]

	



Santos, C.; Vieira, E.; Girardi, E.; Carriello, R.; Nunez, O. Fruit quality and production of yellow and ‘Sweet’ passion fruit in northern state of São Paulo. Rev. Bras. Frutic. 2018, 40, e968. [Google Scholar]

	



Rinaldi, M.; Dianese, A.; Costa, A.; Assis, D.; Oliveira, T.; Assis, S. Post-harvest conservation of Passiflora alata fruits under ambient and refrigerated condition. Food Sci. Technol. 2019, 39, 889–896. [Google Scholar] [CrossRef]

	



Llerena, W.; Samaniego, I.; Angos, I.; Brito, B.; Ortiz, B.; Carrillo, W. Biocompounds content prediction in ecuadorian fruits using a mathematical model. Foods 2019, 8, 284. [Google Scholar] [CrossRef] [PubMed]

	



Atta, E.M.; Mohamed, N.H.; Abdelgawad, A.A.M. Antioxidants: An overview on the natural and synthetic types. Eur. Chem. Bull. 2017, 6, 365–375. [Google Scholar] [CrossRef]

	



Lourenço, S.C.; Moldão-Martins, M.; Alves, V.D. Antioxidants of natural plant origins: From sources to food industry applications. Molecules 2019, 24, 4132. [Google Scholar] [CrossRef]

	



Zargoosh, Z.; Ghavam, M.; Bacchetta, G.; Tavili, A. Effects of ecological factors on the antioxidant potential and total phenol content of Scrophularia striata Boiss. Sci. Rep. 2019, 9, 16021. [Google Scholar] [CrossRef] [PubMed]

	



Leri, M.; Scuto, M.; Ontario, M.L.; Calabrese, V.; Calabrese, E.J.; Bucciantini, M.; Stefani, M. Healthy effects of plant polyphenols: Molecular mechanisms. Int. J. Mol. Sci. 2020, 21, 1250. [Google Scholar] [CrossRef]

	



Barbosa de Oliveira, A.; de Almeida, M.M.; Herbster, C.F.; de Siqueira, L.; de Souza, K.O.; Filho, E.G.; Urban, L.; Alcântara, M.R. Effects of organic vs. conventional farming systems on quality and antioxidant metabolism of passion fruit during maturation. Sci. Hortic. 2017, 222, 84–89. [Google Scholar] [CrossRef]

	



Gulcin, I. Antioxidants and antioxidant methods: An updated overview. Arch. Toxicol. 2020, 94, 651–715. [Google Scholar] [CrossRef]

	



Barbosa, T.; de Araujo, F.; Neto, A.; de Freitas, S.; de Souza, J.; de Oliveira, S.; Brito, A.; Lima, M. Phytochemical compounds and antioxidant activity of the pulp of two brazilian passion fruit species: Passiflora cincinnata Mast. and Passiflora edulis Sims. Int. J. Fruit Sci. 2021, 21, 255–269. [Google Scholar] [CrossRef]

	



Matute, N.; López, A.; Echeverría, A. Physico-chemical evaluation and antioxidant capacity of moringa (Moringa oleifera) and passion fruit (Passiflora edulis). Cumbres 2017, 4, 9–16. [Google Scholar]

	



Pardo-Jumbo, A.; Matute, N.L.; Echavarria, A.P. Determination of bioactive compounds and antioxidant activity of the passion fruit pulp (Passiflora edulis). FACSALUD-UNEMI 2017, 1, 5–11. [Google Scholar] [CrossRef]

	



Ramaiya, S.D.; Bujang, J.S.; Zakaria, M.H.; King, W.S.; Sahrir, M.A.S. Sugars, ascorbic acid, total phenolic content and total antioxidant activity in passion fruit (Passiflora) cultivars. J. Sci. Food Agric. 2012, 93, 1198–1205. [Google Scholar] [CrossRef]

	



Fischer, G.; Melgarejo, L.M.; Cutler, J. Pre-harvest factors that influence the quality of passion fruit: A review. Agron. Colomb. 2018, 36, 217–226. [Google Scholar] [CrossRef]

	



Matsumoto, Y.; Katano, Y. Cardiovascular protective effects of polyphenols contained in passion fruit seeds namely piceatannol and scirpusin B: A review. Tokai J. Exp. Clin. Med. 2021, 46, 151–161. [Google Scholar]

	



Carmona-Hernandez, J.C.; Taborda-Ocampo, G.; González-Correa, C.H. Folin-ciocalteu reaction alternatives for higher polyphenol quantitation in Colombian passion fruits. Int. J. Food Sci. 2021, 8871301, 1–10. [Google Scholar] [CrossRef]

	



Krinsky, N.; Johnson, E. Carotenoid actions and their relation to health and disease. Mol. Aspects Med. 2005, 26, 459–516. [Google Scholar] [CrossRef] [PubMed]

	



Molina-Hernández, B., Jr.; Martínez-Correa, H.A.; Andrade-Mahecha, M.M. Potencial agroindustrial del epicarpio de maracuyá como ingrediente alimenticio activo. Inf. Tecnol. 2019, 30, 245–256. [Google Scholar] [CrossRef]

	



Oliveira-Folador, G.; de Oliveira-Bicudo, M.; de Andrade, E.F.; Renard, C.M.G.C.; Bureau, S.; de Castilhos, F. Quality traits prediction of the passion fruit pulp using NIR and MIR spectroscopy. Food Sci. Technol. 2018, 95, 172–178. [Google Scholar] [CrossRef]

	



Kanayama, Y. Sugar metabolism and fruit development in the tomato. Hort. J. 2017, 86, 417–425. [Google Scholar] [CrossRef]

	



Mamede, A.; Soares, A.G.; Oliveira, E.J.; Farah, A. Volatile composition of sweet passion fruit (Passiflora alata Curtis). J. Chem. 2017, 3497216, 1–9. [Google Scholar] [CrossRef]

	



Zhang, X.; Wei, X.; Ali, M.M.; Rizwan, H.M.; Li, B.; Li, H.; Jia, K.; Yang, X.; Ma, S.; Li, S.; et al. Changes in the content of organic acids and expression analysis of citric acid accumulation-related genes during fruit development of yellow (Passiflora edulis f. flavicarpa) and purple (Passiflora edulis f. edulis) passion fruits. Int. J. Mol. Sci. 2021, 22, 5765. [Google Scholar] [CrossRef]

	



Álvarez, H.; Pionce, J.; Castro, J.; Viera, W.; Sotomayor, A. Population densities and nitrogen fertilization in passion fruit (Passiflora edulis Sims f. flavicarpa Deg.). Rev. Cient. Ecuat. 2018, 5, 1–6. [Google Scholar]

	



Noriega, P.; de Freitas Mafud, D.; Strasser, M.; Myiake Kato, E.Y.; Bacchi, E.M. Passiflora alata Curtis: A Brazilian medicinal plant. Bol. Latinoam. Caribe Plantas Med. Aromat. 2011, 10, 398–413. [Google Scholar]

	



Pinzón, I.; Fisher, G.; Corredor, G. Determination of the maturity stages of purple passion fruit (Passiflora edulis Sims.). Agron. Colomb. 2007, 25, 83–95. [Google Scholar]

	



Vargas-Alfonso, J.A. Desarrollo de Una Alternativa Tecnológica para la Producción de Maracuyá (Passiflora edulis var. flavicarpa) en el Municipio de Borbur, Boyacá. 2018. Available online: https://ciencia.lasalle.edu.co/ingenieria_agronomica/123 (accessed on 18 August 2021).

	



Hue, C.; Brat, P.; Gunata, Z.; Samaniego, I.; Servent, A.; Morel, G.; Davrieux, F. Near infra-red characterization of changes in flavan-3-ol derivatives in cocoa (Theobroma cacao L.) as a function of fermentation temperature. J. Agric. Food Chem. 2014, 62, 10136–10142. [Google Scholar] [CrossRef] [PubMed]

	



Samaniego, I.; Brito, B.; Viera, W.; Cabrera, A.; Llerena, W.; Kannangara, T.; Vilcacundo, R.; Angós, I.; Carrillo, W. Influence of the maturity stage on the phytochemical composition and the antioxidant activity of four Andean blackberry cultivars (Rubus glaucus Benth) from Ecuador. Plants 2020, 9, 1027. [Google Scholar] [CrossRef]

	



Zhishen, J.; Mengcheng, T.; Jianming, W. The determination of flavonoid contents in mulberry and their scavenging effects on superoxide radicals. Food Chem. 1999, 64, 555–559. [Google Scholar] [CrossRef]

	



Dubois, M.; Gilles, K.; Hamilton, J.; Rebers, P.; Smith, F. Phenol sulfuric total sugar. Anal. Chem. 1956, 28, 350–356. [Google Scholar] [CrossRef]

	



Miller, G.L. Use of Dinitrosalicylic Acid Reagent for Determination of Reducing Sugar. Anal. Chem. 1959, 31, 426–428. [Google Scholar] [CrossRef]

	



Espín, S.; Samaniego, I. Manual para el Análisis de Parámetros Químicos, Asociados a la Calidad del Cacao; INIAP: Quito, Ecuador, 2016. [Google Scholar]

	



R Core Team. R: A Language and Environment for Statistical Computing; R Foundation for Statistical Computing: Vienna, Austria, 2021; Available online: https://www.R-project.org/ (accessed on 24 June 2021).

	



Baba, K.; Shibata, R.; Sibuya, M. Partial correlation and conditional correlation as measures of conditional independence. Aust. N. Z. J. Stat. 2004, 46, 657–664. [Google Scholar] [CrossRef]

	



Syakur, M.A.; Khotimah, B.K.; Rochman, E.M.S.; Satoto, B.D. Integration k-means clustering method and elbow method for identification of the best customer profile cluster. In IOP Conference Series: Materials Science and Engineering, Proceedings of the 2nd International Conference on Vocational Education and Electrical Engineering (ICVEE), Surabaya, Indonesia, 9 November 2017; IOP Publishing: Bristol, UK, 2018; Volume 336, pp. 1–6. [Google Scholar] [CrossRef]

	



Glevitzky, I.; Dumitrel, G.A.; Glevitzky, M.; Pasca, B.; Otrisal, P.; Bungau, S.; Cioca, G.; Pantis, C.; Popa, M. Statistical analysis of the relationship between antioxidant activity and the structure of flavonoid compounds. Rev. Chim. 2019, 70, 3103–3107. [Google Scholar] [CrossRef]

	



Cardeñosa, V.; Girones-Vilaplana, A.; Muriel, J.L.; Moreno, D.A.; Moreno-Rojas, J.M. Influence of genotype, cultivation system and irrigation regime on antioxidant capacity and selected phenolics of blueberries (Vaccinium corymbosum L.). Food Chem. 2016, 202, 276–283. [Google Scholar] [CrossRef]

	



Bungau, S.; Behl, T.; Aleya, L.; Bourgeade, P.; Aloui-Sossé, B.; Purza, A.L.; Abid, A.; Samuel, A.D. Expatiating the impact of anthropogenic aspects and climatic factors on long term soil monitoring and management. Environ. Sci. Pollut. Res. 2021, 202, 30528–30550. [Google Scholar] [CrossRef]

	



Gitea, M.A.; Gitea, D.; Tit, D.M.; Purza, L.; Samuel, A.D.; Bungau, S.; Badea, G.E.; Aleya, L. Orchard management under the effects of climate change: Implications for apple, plum, and almond growing. Environ. Sci. Pollut. Res. 2019, 26, 9908–9915. [Google Scholar] [CrossRef] [PubMed]

	



Kelebek, H.; Selli, S. Determination of volatile, phenolic, organic acid and sugar components in a Turkish cv. Dortyol (Citrus sinensis L. Osbeck) orange juice. J. Sci. Food Agric. 2011, 91, 1855–1862. [Google Scholar] [CrossRef]

	



Kalt, W.; McRae, K.B.; Hamilton, L.C. Relationship between surface color and other maturity indices in wild lowbush blueberries. Can. J. Plant Sci. 1995, 75, 485–490. [Google Scholar] [CrossRef]

	



Maoka, T. Carotenoids as natural functional pigments. J. Nat. Med. 2020, 74, 1–16. [Google Scholar] [CrossRef]

	



Tresserra, R.A.; Lamuela, R.R.M.; Moreno, J.J. Polyphenols, food and pharma. Current knowledge and directions for future research. Biochem. Pharmacol. 2018, 156, 186–195. [Google Scholar] [CrossRef]

	



Pham, N.M.; Do, V.V.; Lee, A.H. Polyphenol-rich foods and risk of gestational diabetes: A systematic review and meta-analysis. Eur. J. Clin. Nutr. 2019, 73, 647–656. [Google Scholar] [CrossRef] [PubMed]

	



Zuo, A.R.; Dong, H.H.; Yu, Y.Y.; Shu, Q.L.; Zheng, L.X.; Yu, X.Y.; Cao, S.W. The antityrosinase and antioxidant activities of flavonoids dominated by the number and location of phenolic hydroxyl groups. Chin. Med. 2018, 13, 1–12. [Google Scholar] [CrossRef] [PubMed]

	



Grosso, G. Effects of polyphenol-rich foods on human health. Nutrients 2018, 10, 1089. [Google Scholar] [CrossRef] [PubMed]

	



Do Socorro, S.; Libonati, R.M.F.; Sabaa-Srur, A.U.O.; Luo, R.; Shejwalkar, P.; Hara, K.; Dobbs, T.; Smith, R.E. Evaluation of the effects of passion fruit peel flour (Passiflora edulis fo. flavicarpa) on metabolic changes in HIV patients with lipodystrophy syndrome secondary to antiretroviral therapy. Rev. Bras. Farmacogn. 2016, 26, 420–426. [Google Scholar] [CrossRef]

	



Brat, P.; Georgé, S.; Bellamy, A.; Du Chaffaut, L.; Scalbert, A.; Mennen, L.; Arnault, N.; Amiot, M.J. Daily polyphenol intake in France from fruit and vegetables. J. Nutr. 2006, 136, 2368–2373. [Google Scholar] [CrossRef]

	



Silva, L.M.R.; Figueiredo, E.A.T.; Ricardo, N.M.P.S.; Vieira, I.G.P.; Figueiredo, R.W.; Brasil, I.M.; Gomes, C.L. Quantification of bioactive compounds in pulps and by-products of tropical fruits from Brazil. Food Chem. 2014, 143, 398–404. [Google Scholar] [CrossRef]

	



Septembre-Malaterre, A.; Stanislas, G.; Douraguia, E.; Gonthier, M. Evaluation of nutritional and antioxidant properties of the tropical fruits banana, litchi, mango, papaya, passion fruit and pineapple cultivated in Réunion French Island. Food Chem. 2016, 212, 225–233. [Google Scholar] [CrossRef]

	



Brodowska, K.M. Natural flavonoids: Classification, potential role, and application of flavonoid analogues. Eur. J. Biol. Res. 2017, 7, 108–123. [Google Scholar]

	



Carmona-Hernández, J.C.; Taborda-Ocampo, G.; Valdez, J.C.; Bolling, B.W.; González-Correa, C.H. Polyphenol extracts from three colombian passifloras (passion fruits) prevent inflammation-induced barrier dysfunction of caco-2 cells. Molecules 2019, 24, 4614. [Google Scholar] [CrossRef]

	



Toti, E.; Chen, C.Y.O.; Palmery, M.; Villaño Valencia, D.; Peluso, I. Non-provitamin A and provitamin A carotenoids as immunomodulators: Recommended dietary allowance, therapeutic index, or personalized nutrition? Oxid. Med. Cell. Longev. 2018, 4637861, 1–20. [Google Scholar] [CrossRef]

	



De Freitas, J.P.X.; de Oliveira, E.J.; da Cruz Neto, A.J.; dos Santos, L.R. Evaluation of genetic resources of yellow passion fruit. Pesq. Agropec. Bras. 2011, 46, 1013–1020. [Google Scholar]

	



Pertuzatti, P.B.; Sganzerla, M.; Jacques, A.C.; Barcia, M.T.; Zambiazi, R.C. Carotenoids, tocopherols and ascorbic acid content in yellow passion fruit (Passiflora edulis) grown under different cultivation systems. Food Sci. Technol. 2015, 64, 259–263. [Google Scholar] [CrossRef]

	



Britton, G. Carotenoidresearch:History and new perspectives for chemistry in biological systems. Biochim. Biophys. Acta Mol. Cell Biol. Lipids 2020, 1865, 158699. [Google Scholar] [CrossRef] [PubMed]

	



Wondracek, D.C.; Faleiro, F.G.; Sano, S.M.; Vieira, R.F.; Agostini-Costa, T.S. Composição de carotenoides em Passifloras do Cerrado. Rev. Bras. Fruticul. 2011, 33, 1222–1228. [Google Scholar] [CrossRef]

	



Souza, V.R.; Pereira, P.A.P.; Queiroz, F.; Borges, S.V.; Carneiro, J.D.S. Determination of bioactive compounds, antioxidant activity and chemical composition of Cerrado Brazilian fruits. Food Chem. 2012, 134, 381–386. [Google Scholar] [CrossRef]

	



Fenech, M.; Amaya, I.; Valpuesta, V.; Botella, M.A. Vitamin C content in fruits: Biosynthesis and regulation. Front. Plant Sci. 2019, 9, 2006. [Google Scholar] [CrossRef] [PubMed]

	



Carr, A.C.; Rowe, S. The emerging role of vitamin c in the prevention and treatment of covid-19. Nutrients 2020, 12, 3286. [Google Scholar] [CrossRef]

	



Carvajal, L.M.; Turbay, S.; Rojano, B.; Álvarez, L.M.; Luz-Restrepo, S.; Álvarez, J.M.; Bonilla, K.C.; Ochoa, C.; Sánchez, N. Some Passiflora species and their antioxidant capacity. Rev. Cub. Plantas Med. 2011, 16, 354–363. [Google Scholar]

	



Lovrić, V.; Putnik, P.; Bursać Kovačević, D.; Jukić, M.; Dragović-Uzelac, V. Effect of microwave-assisted extraction on the phenolic compounds and antioxidant capacity of blackthorn flowers. Food Technol. Biotechnol. 2017, 55, 243–250. [Google Scholar] [CrossRef] [PubMed]

	



Nikolaou, C.H.; Karabagias, J.K.; Gatzias, I.; Kontakos, S.; Badeka, A.; Kontominas, M.G. Differentiation of fresh greek orange juice of the Merlin cultivar according to geographical origin based on the combination of organic acid and sugar content as well as physicochemical parameters using chemometrics christos. Food Anal. Methods 2017, 10, 2217–2228. [Google Scholar] [CrossRef]

	



Asencio, A.D.; Serrano, M.; García-Martínez, S.; de Pretel, M.T. Organic acids, sugars, antioxidant activity, sensorial and other fruit characteristics of nine traditional Spanish citrus fruits. Eur. Food Res. Technol. 2018, 244, 1497–1508. [Google Scholar] [CrossRef]

	



Shinohara, T.; Usui, M.; Higa, Y.; Igarashi, D.; Inoue, T. Effect of accumulated minimum temperature on sugar and organic acid content in passion fruit. J. Int. Soc. Southeast Asian Agricul. Sci. 2013, 19, 1–7. [Google Scholar]

	



Janzantti, N.S.; Macoris, M.S.; Garruti, D.S.; Monteiro, M. Influence of the cultivation system in the aroma of the volatile compounds and total antioxidant activity of passion fruit. Food Sci. Technol. 2012, 46, 511–518. [Google Scholar] [CrossRef]

	



Macoris, M.S.; de Marchi, R.; Janzantti, N.S.; Monteiro, M. The influence of ripening stage and cultivation system on the total antioxidant activity and total phenolic compounds of yellow passion fruit pulp. J. Sci. Food Agric. 2012, 92, 1886–1891. [Google Scholar] [CrossRef] [PubMed]

	



Hashemi, S.M.B.; Jafarpour, D. Ultrasound and malic acid treatment of sweet lemon juice: Microbial inactivation and quality changes. J. Food Process. Preserv. 2020, 44, 14866. [Google Scholar] [CrossRef]

	



Sommers, C.H.; Fan, X.T.; Handel, A.P.; Sokorai, K.B. Effect of citric acid on the radiation resistance of Listeria monocytogenes and frankfurter quality factors. Meat Sci. 2003, 63, 407–415. [Google Scholar] [CrossRef]

	



Patrignani, F.; Siroli, L.; Serrazanetti, D.I.; Gardini, F.; Lanciotti, R. Innovative strategies based on the use of essential oils and their components to improve safety, shelf-life and quality of minimally processed fruits and vegetables. Trends Food Sci. Technol. 2015, 46, 311–319. [Google Scholar] [CrossRef]

	



Pilizota, V.; Sapers, G.M. Novel browning inhibitor formulation for fresh-cut apples. J. Food Sci. 2004, 69, 140–143. [Google Scholar] [CrossRef]

	



Christopher, J.M.; Emma, S.V.A.; Wayne, M.P. Enzyme-based amperometric biosensors for malic acid—A review. Anal. Chimica Acta 2021, 1156, 338218. [Google Scholar]

	



Flores, P.; Hellín, P.; Fenoll, J. Determination of organic acids in fruits and vegetables by liquid chromatography with tandem-mass spectrometry. Food Chem. 2012, 132, 1049–1054. [Google Scholar] [CrossRef]

	



Rotta, E.M.; Rodrigues, C.A.; Sales-Fontes, I.C.; Maldaner, L.; Visentainer, J.V. Determination of phenolic compounds and antioxidant activity in passion fruit pulp (Passiflora spp.) using a modified QuEChERS method and UHPLC-MS/MS. Food Sci. Technol. 2019, 100, 397–403. [Google Scholar] [CrossRef]

	



Robles-Sánchez, M.; Gorinstein, S.; Martín-Belloso, O.; Astiazarán-García, H.; González-Aguilar, G.; Cruz-Valenzuela, R. Minimal processing of tropical fruits: Antioxidant potential and its impact on human health. Interciencia 2007, 32, 227–232. [Google Scholar]

	



Genard, M.; Reich, M.; Lobit, P.; Besset, J. Correlations between sugar and acid content and peach growth. J. Hortic. Sci. Biotechnol. 1999, 74, 772–776. [Google Scholar] [CrossRef]

	



Ferreira, A.R.; Oliveira, J.; Pathania, S.; Almeida, A.S.; Brites, C. Rice quality profiling to classify germplasm in breeding programs. J. Cereal Sci. 2017, 76, 17–27. [Google Scholar] [CrossRef]

	



Granato, D.; Putnik, P.; Kovacevíc, D.B.; Santos, J.S.; Calado, V.; Rocha, R.S.; Da Cruz, A.G.; Jarvis, B.; Rodionova, O.Y.; Pomerantsev, A. Trends in chemometrics: Food authentication, microbiology, and effects of processing. Comp. Rev. Food Sci. Food Saf. 2018, 17, 663–677. [Google Scholar] [CrossRef] [PubMed]

	



Ponder, A.; Hallmann, E. The nutritional value and vitamin C content of different raspberry cultivars from organic and conventional production. J. Food Composit. Anal. 2020, 87, 103429. [Google Scholar] [CrossRef]

	



Aubert, C.; Chalot, G. Physicochemical characteristics, vitamin C, and polyphenolic composition of four European commercial blood-flesh peach cultivars (Prunus persica L. Batsch). J. Food Composit. Anal. 2020, 86, 103337. [Google Scholar] [CrossRef]








[image: Plants 11 00328 g001 550] 





Figure 1. Groups (5) formed by the k-means algorithm and the elbow method showing the phytochemical traits. Group 1 P. edulis f. flavicarpa (INIAP 2009 and P10), group 2 P. edulis f. edulis (Gulupa), group 3 Passiflora sp. (Criollo POR1), group 4 P. alata (Sweet passion fruit), and group 5 Passiflora sp. (Criollo PICH1). Results are expressed in mg GAE g−1 for polyphenols, mg catechin g−1 for flavonoids, µg β carotene g−1 for carotenoids, mg 100 g pulp−1 for vitamin C, µmol TE g−1 for ABTS and FRAP, g 100 g−1 for sugar and organic acid content. 
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Figure 2. Principal component (PC) analysis of phytochemical traits of passion fruit germplasm. Passiflora edulis f. flavicarpa (INIAP 2009 and P10), Passiflora edulis f. edulis (Gulupa), Passiflora alata (SweetPF), Passiflora sp.—local germplasm (POR1 and PICH1). 
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Table 1. Passiflora species analyzed to determine the fruit mineral content.
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Species

	
Name

	
Type of Germplasm 1

	
Site

	
Province

	
Latitude (South)

	
Longitude (West)

	
Altitude (masl)

	
Annual Precipitation (mm)

	
Annual Average Temperature (°C)

	
Heliophany (Hours/Year)






	
Passiflora edulis f. flavicarpa

	
INIAP 2009

	
EV

	
Portoviejo

	
Manabí

	
01°09′43″

	
80°23′06″

	
52

	
852

	
26

	
1385




	
Passiflora edulis f. flavicarpa

	
P10

	
BG




	
Passiflora sp.

	
Criollo POR1

	
ELG




	
Passiflora sp.

	
Sweet PF

	
IG

	
Quevedo

	
Los Ríos

	
01°04′24″

	
79°29′14″

	
74

	
1200

	
25

	
920




	
Passiflora edulis f. edulis

	
Criollo PICH1

	
ELG




	
Passiflora alata

	
Gulupa

	
IG

	
Tumbaco

	
Pichincha

	
00°12′57″

	
78°24′43″

	
2348

	
892

	
17

	
2039








1 EV = Ecuadorian variety, BG = Breeding germplasm, ELG = Ecuadorian local germplasm, IG = Introduced germplasm.
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Table 2. Color coordinates (L* a* b*) of pulp passion fruit from germplasm grown in Ecuador.
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	Germplasm
	Fruit
	Lyophilized Pulp
	a*

(+Red, −Green)
	b*

(+Yellow, −Blue)





	INIAP 2009
	 [image: Plants 11 00328 i001]
	 [image: Plants 11 00328 i002]
	4.54 ± 0.48 c
	41.15 ± 0.55 b



	P10
	 [image: Plants 11 00328 i003]
	 [image: Plants 11 00328 i004]
	2.35 ± 0.06 d
	47.56 ± 1.14 a



	Sweet passion fruit
	 [image: Plants 11 00328 i005]
	 [image: Plants 11 00328 i006]
	−0.46 ± 0.02 e
	13.21 ± 0.17 d



	Gulupa
	 [image: Plants 11 00328 i007]
	 [image: Plants 11 00328 i008]
	6.44 ± 0.20 b
	36.17 ± 0.25 c



	Criollo POR1
	 [image: Plants 11 00328 i009]
	 [image: Plants 11 00328 i010]
	3.53 ± 0.03 c
	38.00 ± 1.19 b



	Criollo PICH1
	 [image: Plants 11 00328 i011]
	 [image: Plants 11 00328 i012]
	9.67 ± 0.20 a
	46.75 ± 0.24 a







Different letters indicate significant differences (p < 0.05) using the ANOVA one-way analysis followed by Tukey’s test.
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Table 3. Lightness, chromaticity and Hue angle determined on pulp passion fruit of germplasm grown in Ecuador.
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	Germplasm
	L*

Lightness
	C*

Chroma
	H°

Hue





	INIAP 2009
	44.02 ± 0.48 ab
	41.41 ± 0.51 b
	1.46 ± 0.01 b



	P10
	42.98 ± 0.60 b
	47.62 ± 1.13 a
	1.52 ± 0.01 a



	Sweet passion fruit
	45.37 ± 0.13 a
	13.21 ± 0.17 d
	−1.54 ± 0.01 d



	Gulupa
	45.59 ± 0.35 a
	36.74 ± 0.21 c
	1.39 ± 0.01 c



	Criollo POR1
	38.25 ± 0.22 c
	38.16 ± 1.18 bc
	1.48 ± 0.01 b



	Criollo PICH1
	44.29 ± 0.23 ab
	47.73 ± 1.13 a
	1.37 ± 0.01 c







Different letters indicate significant differences (p < 0.05) using the ANOVA one-way analysis followed by Tukey’s test.
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Table 4. Antioxidant activity and compounds in passion fruit germplasm grown in Ecuador.
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	Germplasm
	Polyphenols * (mg GAE g−1)
	Flavonoids * (mg catechin g−1)
	Carotenoids *

(µg β carotene g−1)
	Vitamin C **

(mg 100 g pulp−1)
	ABTS *

(µmol TE g−1)
	FRAP *

(µmol TE g−1)





	INIAP 2009
	2.09 ± 0.01 a
	0.55 ± 0.01 ab
	42.51 ± 0.31 bc
	25.57 ± 0.58 bc
	43.00 ± 0.93 a
	53.61 ± 1.16 a



	P10
	2.22 ± 0.03 a
	0.56 ± 0.01 ab
	35.20 ± 2.19 c
	23.24 ± 0.38 c
	39.80 ± 0.70 ab
	50.71 ± 0.89 a



	Sweet passion fruit
	2.08 ± 0.01 a
	0.44 ± 0.04 bc
	22.80 ± 0.95 d
	6.07 ± 0.12 d
	35.84 ± 0.43 c
	42.18 ± 0.51 b



	Gulupa
	1.64 ± 0.03 b
	0.45 ± 0.02 abc
	49.19 ± 2.58 b
	30.44 ± 0.89 a
	36.80 ± 0.03 bc
	41.69 ± 0.86 b



	Criollo POR1
	1.61 ± 0.12 b
	0.38 ± 0.05 c
	45.37 ± 0.44 b
	25.96 ± 0.22 b
	37.35 ± 1.20 bc
	36.27 ± 1.52 c



	Criollo PICH1
	1.41 ± 0.01 b
	0.62 ± 0.06 a
	67.73 ± 1.37 a
	23.52 ± 0.44 c
	30.32 ± 0.06 d
	32.14 ± 0.27 c







Different letters indicate significant differences (p < 0.05) using the ANOVA one-way analysis followed by Tukey’s test. * dry weight basis, ** fresh weight basis.
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Table 5. Sugar composition of passion fruit germplasm grown in Ecuador.
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	Sugar Composition
	Total Sugar

(g 100 g−1)
	Reducing Sugar

(g 100 g−1)
	Non-Reducing Sugars (g 100 g−1)
	Citric Acid

(g 100 g−1)
	Malic Acid (g 100 g−1)





	INIAP 2009
	37.77 ± 0.74 d
	31.20 ± 0.31 e
	6.57 ± 1.05 ab
	22.50 ± 0.01 b
	3.43 ± 0.02 d



	P10
	41.83 ± 0.77 bc
	31.94 ± 0.51 e
	9.90 ± 1.28 a
	31.77 ± 0.25 a
	5.19 ± 0.04 a



	Sweet passion fruit
	52.47 ± 0.36 a
	51.03 ± 0.34 a
	1.43 ± 0.02 c
	2.46 ± 0.02 d
	4.75 ± 0.05 b



	Gulupa
	43.86 ± 0.33 b
	40.25 ± 0.69 c
	3.61 ± 0.36 bc
	12.29 ± 0.17 c
	4.51 ± 0.04 b



	Criollo POR1
	41.01 ± 0.31 c
	35.44 ± 0.11 d
	5.56 ± 0.41 b
	22.41 ± 0.10 b
	4.05 ± 0.05 c



	Criollo PICH1
	51.47 ± 0.23 a
	48.27 ± 0.44 b
	3.19 ± 0.21 bc
	12.03 ± 0.07 c
	4.16 ± 0.13 c







Different letters indicate significant differences (p < 0.05) using the ANOVA one-way analysis followed by Tukey’s test. All parameters are in dry weight basis.
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Table 6. Pearson correlation (upper triangle) and partial correlation (lower triangle) for the relationship between the contents of antioxidant compounds, sugars and organic acids in passion fruit germplasm grown in Ecuador.
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	Vitamin C
	Polyphenols
	Flavonoids
	ABTS
	FRAP
	Carotenoids
	Total Sugars
	Reducing Sugars
	Non-Reducing Sugars
	Citric Acid
	Malic Acid





	Vitamin C
	-
	−0.40
	0.12
	0.18
	0.03
	0.63 *
	−0.64 *
	−0.62 *
	0.42
	0.56
	−0.34



	Polyphenols
	−0.40
	-
	0.12
	0.65 *
	0.85 **
	−0.79 **
	−0.27
	−0.36
	0.43
	0.30
	0.29



	Flavonoids
	0.05
	0.37
	-
	−0.16
	0.16
	0.42
	0.08
	−0.03
	0.24
	0.21
	−0.08



	ABTS
	−0.09
	−0.34
	−0.29
	-
	0.87
	−0.50
	−0.78 **
	−0.79 **
	0.61
	0.56
	−0.19



	FRAP
	0.26
	0.62 *
	0.39
	0.68 **
	-
	−0.54
	−0.58
	−0.65 *
	0.61
	0.48
	0.02



	Carotenoids
	0.62 *
	−0.35
	0.42
	−0.26
	0.06
	-
	0.06
	0.07
	−0.06
	0.04
	−0.40



	Total sugars
	−0.09
	−0.15
	−0.31
	−0.19
	0.31
	0.06
	-
	0.96 ***
	−0.65
	−0.78 **
	0.37



	Reducing sugars
	0.09
	0.15
	0.31
	0.19
	−0.31
	−0.06
	1.00 ***
	-
	−0.84 **
	−0.90 ***
	0.21



	Non-reducing sugars
	0.09
	0.15
	0.31
	0.19
	−0.31
	−0.06
	1.00 ***
	−1.00 ***
	-
	0.91 ***
	0.14



	Citric acid
	−0.41
	0.01
	0.36
	−0.03
	−0.35
	0.22
	0.05
	−0.05
	−0.05
	-
	0.01



	Malic acid
	0.71 **
	0.10
	−0.30
	−0.37
	0.18
	−0.63
	−0.26
	0.26
	0.26
	0.46
	-







* Represents statistical significant coefficients at 10%, ** at 5% and *** at 1%.
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