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Abstract

:

Apples and apple-based products are particularly interesting due to being a good source of polyphenols in an everyday diet. Recently there has been increased interest in the preservation of traditional apple varieties due to studies that suggest that traditional apple varieties have a higher content of polyphenols and antioxidant activity compared to commercial varieties. This study shows that traditional apple varieties contain higher concentration of polyphenolic compounds than conventional ones, such as chlorogenic acid (1.29–456 mg/kg dw), catechin (0.70–312 mg/kg dw), epicatechin (1.75–244 mg/kg dw), procyanidin B1 + B2 (4.08–358 mg/kg dw) and quercetin-3-glucoside (0.96–231 mg/kg dw). This research underlies the great potential of traditional apple varieties as a source of natural antioxidants and polyphenolics.
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1. Introduction


Apples (family Rosaceae, species Malus domestica Borkh) and apple-based products are one of the most consumed fruits around the world and are significant sources of varied biologically active compounds, such as polyphenols [1]. Lately, there has been a growing interest in the preservation of traditional apple varieties, which are locally adapted to their natural environments, including specific regions, small orchards and homegrown [2]. This interest has grown due to studies that propose that traditional apple varieties contain higher levels of polyphenols and antioxidant activity compared to commercial ones [3]. Furthermore, fresh fruit consumption represents the main source of polyphenols, and apples are generally available throughout the year [4]. Polyphenols are naturally occurring secondary metabolite phytochemicals produced in plant sources [5]. Moreover, they can be found bound in the cell wall and they represent more than 50% of non-extractable polyphenols in some plants [6]. Apples contain several main groups of polyphenolic compounds: flavanols, phenolic acids, dihydrochalcones, flavonols and anthocyanins [7]. Traditional apple varieties prove to be rich in some individual polyphenols, such as quercetin-3-rutinoside, procyanidins B1, B2, A2, epicatechin, chlorogenic acid, etc. [8]. The by-products of apple processing (pomace and peel) might also be used as a source of polyphenols [9]. Wang et al. [10] reported that the content of polyphenols in apple pomace (120–300 mg/100 g dw) were much higher than those in apple tissue, apple flesh and apple juice. Bars-Cortina et al. [11] reported that epicatechin and its polymerized forms such as dimer, trimer and tetramer were the main flavan-3-ols detected in the apple peel, with a high variability between apple varieties. The content of apple polyphenols is also influenced by water conditions of the harvesting season, fruit maturity, cultivar properties, geographic location, etc. Moreover, it was found that anthocyanins in the apple peel can be increased by environmental factors, such as temperature and light [12]. On the other hand, procyanidins and flavan-3-ols are reduced in the maturation process, which is similar to other polyphenols [13]. For example, red-fleshed apples contained higher amounts of chlorogenic acid (238 ± 35.7 mg/kg), anthocyanins (49.2 ± 6.55 mg/kg), dihydrochalcones (47.8 ± 4.67 mg/kg) and organic acid, but lower amount of flavan-3-ols (21.9 ± 0.96 mg/kg) than white-fleshed apples [11]. The concentration of procyanidins is significantly correlated with antioxidant activity and various clinical studies have suggested that procyanidins and flavan-3-ols are entangled in various health benefits, such as prevention of cardiovascular diseases, type II diabetes, dementia and cancer [13,14,15]. Furthermore, their antioxidant potential depends on the chain length of oligomers and the type of oxygen they react with. This also applies to procyanidins and their monomer [16,17]. Starowicz et al. [18] reported that procyanidins are stronger antioxidants than more absorbable epicatechin and catechin. In the present study, LC-MS/MS analysis was employed to determine polyphenols in the analysed samples, allowing the quantification of catechin, procyanidin B1, procyanidin B2, chlorogenic acid, epicatechin, quercetin-3-rutinoside, quercetin-3-glucoside and astragalin in a large number of traditional apple varieties. Despite the nutritional value, some polyphenols possess antifungal, antioxidant activity, anti-inflammatory, antiviral, antitoxin, anticancer properties, etc. For example, catechin has antioxidant, antibacterial and antiviral activity [19]. Moreover, catechin and epicatechin were isolated as antifungal compounds [20]. Astragalin has antidiabetic, anticancer, anti-inflammatory and antioxidant activity [21] Quercetin-3-rutinoside is an anti-allergic, antimicrobial and antifungal agent [22,23]. Furthermore, chlorogenic acid is known as an antioxidant and radical scavenger. It also has antifungal properties that were tested in vitro against pathogenic fungi [24]. Additionally, in this work, the total polyphenolic content (TPC) and antioxidant activity using DPPH radical were assessed. The purpose of this research was the identification and quantification of polyphenols in examined apples; to determine the total polyphenolic content and antioxidant activity; and to determine the content of astragalin in traditional apple varieties, which, to the best of our knowledge, is the first study to do so.




2. Results and Discussion


In this study, the quantification and identification of polyphenols using LC-MS/MS, total polyphenolic content (TPC) and antioxidant activity in selected Croatian traditional apple varieties was performed. The TPC values in traditional apple varieties are given in Table 1. The highest TPC was detected in ‘Bobovec’ (13,264.9 ± 10.2 mg/kg dw), followed by ‘Ilinjača’ (10,806.6 ± 68.3 mg/kg dw) and ‘Ploska Letovanička’ (10,126.7 ± 2.7 mg/kg dw). The lowest TPC was found in ‘Kraljevača’ (3781.5 ± 14.6 mg/kg dw). These results are in accordance with those reported by Akagić et al. [25] and Skoko et al. [12], where the highest TPC in traditional apple varieties was observed for ‘Srčika’ (813.9 ± 11.8 mg/kg dw), followed by ‘Adamovka’ (613.0 ± 4.0 mg/kg dw) varieties. On the other hand, in the same research, commercial apple varieties showed concentrations of total polyphenols in the range from 437.0 to 286.4 mg/kg dw. In conclusion, traditional apple varieties contain a higher content of total polyphenols than commercial ones.



Furthermore, the content of the most abundant polyphenols found in apples, catechin and epicatechin, were determined (Table 2). The highest content of catechin was detected in ‘Boskopska tikvica’ (311.79 ± 18.1 mg/kg dw), followed by a significantly lower content of catechin in ‘Kokos Reneta’ (145.19 ± 8.5 mg/kg dw). The highest content of epicatechin was detected in ‘Kolačarka’ (243.56 ± 4.4 mg/kg dw), followed by a similar content in ‘Slastica’ (243.16 ± 28.5 mg/kg dw). On the other hand, the lowest content of catechin and epicatechin was detected in ‘Gospoinjača’ (0.70 ± 0.2 mg/kg dw: 1.75 ± 0.0 mg/kg dw, respectively). The statistical significance of catechin and epicatechin is shown in Figure A1 and Figure A2. These results are comparable to the content of catechin and epicatechin reported in our previous study [26], where the content of epicatechin in all traditional apple varieties was higher than the content of catechin in the same sample. The same trend was observed in all of the examined samples in this study. For example, the content of epicatechin for ‘Palaska’ was 231.27 ± 41.8 mg/kg dw, whereas the content of catechin was significantly lower (95.29 ± 14.7 mg/kg dw). Procyanidin B1 and B2 were also detected in all of the examined traditional apple varieties (Table 2). Procyanidins are the major class of apple polyphenols, and they are stronger antioxidants than epicatechin and catechin. The highest content of procyanidin B1 + B2 was detected in ‘Kolačarka’ (357.71 ± 35.2 mg/kg dw), followed by approximately similar content in ‘Boskopska tikvica’ (313.03 ± 1.5 mg/kg dw). Such statistical significance is shown in Figure A3. Chlorogenic acid, the polyphenol that is also responsible for higher antioxidant activity in apples, was also detected in the apple samples. The highest content of chlorogenic acid was detected in ‘Princeza’ (455.86 ± 2.1 mg/kg dw), followed by ‘Ilinjača’ (388.38 ± 22.7 mg/kg dw). On the other hand, the lowest content of procyanidin B1 + B2 and chlorogenic acid was detected in ‘Gospoinjača’ (4.08 ± 0.2 mg/kg dw; 1.29 ± 0.2 mg/kg dw, respectively). The statistical significance of chlorogenic acid is shown in Figure A4. These results of procyanidin B1 + B2 and chlorogenic acid are in accordance with those previously reported by Raudone et al., [27]. Furthermore, quercetin-3-rutinoside and quercetin-3-glucoside were also detected in all of the apple samples. The content of quercetin-3-rutinoside and quercetin-3-glucoside was also measured in traditional apple varieties. The results of flavonols are presented in Table 2. The highest content of quercetin-3-rutinoside was measured in ‘Palaska’ (15.69 ± 1.6 mg/kg dw), followed by ‘Šumatovka’ (14.75 ± 1.6 mg/kg dw). The lowest content was measured in ‘Gospoinjača’ (0.15 ± 0.0 mg/kg dw). The highest content of querce-tin-3-glucoside was measured in ‘Ananas Reneta’ (230.66 ± 15.8 mg/kg dw), followed by significantly lower content in ‘Boskopska tikvica’ (132.19 ± 8.2 mg/kg dw). On the other hand, the lowest content of quercetin-3-glucoside was measured in ‘Gospoinjača’ (0.96 ± 0.1 mg/kg dw). The obtained results show that all traditional apple varieties have a significantly higher content of quercetin-3-glucoside than the content of quercetin-3-rutinoside. The statistical significance of quercetin-3-rutinoside and quercetin-3-glucoside is shown in Figure A5 and Figure A6. Other authors also observed that the two groups of apple varieties could be defined. The first group can be defined by a higher content of chlorogenic acid and flavan-3-ols and the second group can be defined by great amounts of quercetin derivatives [28,29]. Moreover, quercetin-3-rutinoside has been used conventionally as an antiallergic, antimicrobial and antifungal agent, and certain research has shown pharmacological benefits for the treatment of different chronic diseases such as hypertension, cancer and diabetes [23]. The content of astragalin, a naturally occurring flavonoid, has also been detected in all traditional apple varieties (Table 2). The richest source of astragalin with 29–34% of total polyphenols as compared to other plants was Cercis chinensis [30]. Furthermore, astragalin possesses a broad spectrum of pharmacological properties, such as neuroprotective, antidiabetic, antioxidant, anticancer and anti-inflammatory [31,32]. The obtained results show that the highest content of astragalin was measured in ‘Kraljevača’ (28.79 ± 0.3 mg/kg dw), followed by ‘Ananas Reneta’ (21.79 ± 1.1 mg/kg dw). The statistical significance of astragalin is shown in Figure A7. It should be highlighted that ‘Gospoinjača’ had the lowest content of all examined polyphenols, such as astragalin (0.70 ± 0.1 mg/kg dw), quercetin-3-rutinoside, quercetin-3-glucoside, procyanidin B1 + B2, chlorogenic acid, epicatechin and catechin. Research about the presence of astragalin, as far as we know, was identified for the first time in traditional apple varieties. On the other hand, astragalin could undergo structural optimization to improve its chemical availability and optimize its absorption profiles, which will ultimately lead to potential drug candidates [21]. Furthermore, the colour map of correlations between all polyphenols in 23 Croatian traditional apple varieties could be found in Figure 1.



The antioxidant activity (AA) of traditional apple varieties was determined using DPPH reagent, which is one of the most used in vitro assays, based on the inactivation of stable synthetic radicals. Table 3 presents the results of the AA of twenty-three traditional apple varieties. The highest antioxidant activity was measured in ‘Meglena’ (59.0 ± 3.6 mmol TE/kg dw), followed by ‘Ploska Letovanička’ (58.6 ± 3.4 mmol TE/kg dw). It should be highlighted that ‘Ploska Letovanička’ also was one of the varieties with the highest TPC, which is mainly responsible for the higher AA. On the other hand, the lowest AA was measured in ‘Muškatna Mirisava’ (11.3 ± 0.4 mmol TE/kg dw). These results are comparable to the AA reported in our previous study [26].



The highest content of procyanidin B1 + B2 was negatively correlated with the higher content of quercetin-3-glucoside and astragalin. This means that increasing the content of quercetin and astragalin leads to a decrease in the content of procyanidin B1 + B2. This is in accordance with the previously stated facts that traditional apples varieties have a higher content of procyanidin B1 + B2, and therefore a lower content of astragalin and quercetin-3-glucoside. Furthermore, as far as we know, astragalin, which has a significant antifungal effect, was identified for the first time in traditional apple varieties and it is positively correlated with phenolic acids; therefore, apples with a higher content of phenolic acids will also contain a higher content of astragalin. The higher content of procyanidin B1 + B2 was positively correlated with the higher content of catechin, epicatechin and quercetin-3-rutinoside (p < 0.05). The highest content of catechin was negatively correlated with a higher content of astragalin and quercetin-3-glucoside, and positively correlated with a higher content of epicatechin (p < 0.05). The highest content of chlorogenic acid was negatively correlated with a higher content of epicatechin and positively correlated with a higher content of quercetin-3-glucoside and astragalin (p < 0.05). On the other hand, the highest content of epicatechin was negatively correlated with a higher content of quercetin-3-glucoside and astragalin, and positively correlated with a higher content of quercetin-3-rutinoside. The highest content of quercetin-3-rutinoside was positively correlated with a higher content of quercetin-3-glucoside and astragalin. The highest content of quercetin-3-glucoside was positively correlated with a higher content of astragalin (p < 0.05). Such correlation is important because it helps us understand the difference between individual polyphenols, polyphenols, mycotoxins, etc. For example, the apple varieties with a higher content of catechin and epicatechin induce patulin production [26].




3. Material and Methods


3.1. Chemicals and Reagents


The determined polyphenols, their CAS numbers, retention time and MS/MS transitions are summarized in Table 4. Methanol (MeOH) and ultrapure water, both MS grade, were supplied by Scharlab (Barcelona, Spain). Folin–Ciocalteu’s phenol reagent (2M), 2,2-diphenyil-1-picrylhydrazyl (DPPH), 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid (Trolox®) and formic acid were purchased from Sigma–Aldrich (Darmstadt, Germany). Sodium carbonate (Na2CO3) was supplied by Panreac (Barcelona, Spain). All chemicals and reagents were of analytical grade.



The individual standard stock solutions for each polyphenol (500–1000 µg/mL) were prepared in methanol. Further dilutions and mixtures were prepared in MeOH/water (50:50, v/v). The calibration curves were prepared in MeOH/water (50:50, v/v) covering a concentration range between 0.1 and 5 µg/ mL for all target compounds, excluding procyanidins (1–20 µg/mL). All solutions were stored at −20 °C and protected from light.




3.2. Plant Material


The fruits of traditional apple varieties: ‘Kolačarka’, ‘Muškatna Mirisava’, ‘Senabija’, ‘Princeza’, ‘Kokos Reneta’, ‘Karlovčica’, ‘Zmazanka’, ‘Imperica’, ‘Šumatovka’, ‘Poglavnikova’, ‘Boskopska tikvica’, ‘Kablarka’, ‘Palaska’, ‘Bobovec’, ‘Bobovec Palči’, ‘Slastica’, ‘Gospoinjača’, ‘Kraljevača’, ‘Grofova’, ‘Meglena’, ‘Ilinjača’, ‘Ploska Letovanička’ and ‘Ananas Reneta’ were collected in October 2021 at the College of Agriculture in Križevci (46°01′36.1″ N 16°33′16.3″ E), Croatia. The orchard was planted in 2014 by grafting traditional apple varieties to the rootstock MM 106 (the origin of the buds of traditional varieties was from the collection plantation of the family farm Horvatić, Cvetkovec, Croatia 46°20′85.9″ N 16°69′86.4″ E). The planting distance between the rows is 4 m and within each row is 2 m. Each variety is represented by three trees. The rows are reinforced with columns and wires, and the cultivation form is an irregular palmette. The soil type is pseudogley, slightly acidic to neutral reacting, loamy-clay texture, slightly humic and very well supplied with phosphorus and potassium, and the orchard is located in an area with temperate continental climate. All twenty-three apple varieties studied were authenticated by a pomologist. The average sample was prepared from 5 apples of each variety, which were previously lyophilized (Christ, Osterode am Harz, Germany) and pulverized. A total of 250 mg of the average sample was mixed with 1,25 mL of extraction solvent (80% aqueous methanol). Furthermore, extraction of bioactive polyphenolic compounds was performed by Ultrasound extraction (UAE) in an ultrasonic bath at 35 kHz for 15 min in 20 mL test tubes. After the extraction, the obtained extracts were centrifuged (Heareus, Multifuge 3 L-R Centrifuge, Thermo Fisher Scientific, San Jose, CA, US) at 25 °C for 15 min and filtered through a 0.45 µm polytetrafluoroethylene (PTFE) syringe-tip filter (Chromanfil Xtra, Macherey-Nagel GmbH & Co. KG, Düren, Germany). Each extraction was performed in triplicate.




3.3. Total Polyphenolic Content (TPC) Determination


The total polyphenolic content (TPC) was determined employing the Folin–Ciocalteu (FC) colorimetric method described by Singleton and Rossi [33], employing a modification of the Zhang’s guidelines [34] for microtitration in 96-well plates. Briefly, 20 µL of the diluted extract was mixed with 100 µL of Folin–Ciocalteu reagent (1:10, v/v) and 80 µL of sodium carbonate solution (7.5 g/L). The mixture was shaken and kept in the dark for 30 min. Afterwards, the absorbance was measured at 760 nm in a microplate reader (BMG LABTECH, Ortenberg, Germany). The TPC was quantified employing a calibration curve of gallic acid covering a concentration range between 20 and 160 mg/L. The TPC was expressed as milligrams of gallic acid equivalent (mg GAE) per kg of dry weight of apple.




3.4. Antioxidant Activity (AA) Determination


The antioxidant activity (AA) was determined using the DPPH reagent following the method described by Symes et al., [35]. Briefly, 100 µL of the extracts at different dilutions factors were placed in a 96-well plate and mixed with 100 µL of DPPH reagent (prepared in methanol). The mixture was kept in the dark for 10 min and the measurement was performed at 515 nm in a microplate reader (BMG LABTECH, Ortenberg, Germany). For the quantification of the AA, a calibration curve prepared in Trolox, covering a concentration range between 3 and 31 mg/kg, was employed. The AA was expressed as millimoles Trolox equivalent (mmol TE) per kg of dry weight of apple.




3.5. LC-MS/MS Analysis


For the identification and quantification of the target polyphenols in the apple samples, LC-MS/MS analysis was performed employing a Thermo Scientific (San José, CA, USA) instrument based on a TSQ Quantum UltraTM triple quadrupole mass spectrometer equipped with a HESI-II (heated electrospray ionization) source and an Accela Open autosampler with a 10 μL loop. The chromatographic separation was performed using a Kinetex C18 column (2.6 μm, 100 × 2.1 mm) with a guard column (SecurityGuardTM ULTRA Holder) obtained from Phenomenex (Torrance, CA, USA). The column temperature was set at 50 °C and the injection volume was 10 μL. The mobile phase consisted of water (A) and methanol (B), both containing 0.1 % formic acid. The eluted program started with 5% of B (held 5 min), and increased to 90% of B over 11 min (held 3 min). Then, initial conditions were reached in 5 min. The flow rate was kept constant at 200 μL/min. The total run time for each injection was 20 min. The mass spectrometer and the HESI-II source were working simultaneously in the positive and negative mode. Selected Reaction Monitoring (SRM) acquisition mode was implemented monitoring 2 or 3 transitions per compound (Table 1) for an unequivocal identification and quantification of the target compounds. The system was operated by Xcalibur 2.2 and Trace FinderTM 3.2.




3.6. Statistical Analysis


The data presented in this work are expressed as the mean value ± SEM (standard error of measurement) from three separate experiments. The pooled datasets were checked for distribution normality by the Shapiro–Wilk test and homoscedasticity was checked by the Levene test and compared by analysis of variance (ANOVA). The ANOVA test showed that there were statistically significant differences, therefore we employed the LSD test to determine the exact differences. Statistical analyses were performed using Statistica 13.5 (TIBCO Software Inc., Palo Alto, CA, USA) and the differences were considered statistically significant when the p value was <0.05. A correlogram was prepared by using Minitab Statistical Software (Minitab LLC, State College, PA, USA), while statistically significant correlations were checked by Statistica 13.5.





4. Conclusions


The research conducted within this study provides comprehensive data on the polyphenol profiles of Croatian traditional apple varieties. It was demonstrated that traditional apple varieties have higher content of polyphenolic compounds and antioxidant activity than classical ones. In this study, several polyphenols with interesting properties, such as chlorogenic acid, catechin, epicatechin, procyanidin B1 + B2 and quercetin-3-glucoside were quantified, highlighting the presence of quercetin-3-rutinoside at high concentrations, up to 16 mg/kg dw. Additionally, astragalin, which has a significant antifungal effect, was quantified for the first time in traditional apples, reaching concentrations up to 29 mg/kg dw in the ‘Kraljevača’ variety. Furthermore, quercetin-3-rutinoside has been used conventionally as an antimicrobial, antifungal and antiallergic agent, and some research has shown it has pharmacological benefits in the treatment of various chronic diseases. Future research will be performed to contribute to food safety from the point of view of contributing to global food sufficiency and help preventing economic losses.







Author Contributions


Conceptualization A.L. and T.K.; methodology M.L. and M.C.; formal analysis A.-M.G.S. and I.F.; writing-original draft preparation A.-M.G.S. and M.S.B.; writing review and editing B.Š., A.J. and D.K. All authors have read and agreed to the published version of the manuscript.




Funding


This research has been supported by Croatian Science Foundation under the project “The possibility of exploiting traditional apple cultivars for the production of apples and apple juice with the reduced patulin content” (UIP-2020-02-8461).




Data Availability Statement


The data presented in this study are available on request from the corresponding author.




Conflicts of Interest


The authors declare no conflict of interest.





Appendix A




[image: Plants 11 03540 g0a1 550] 





Figure A1. The statistical significance of catechin in traditional apple varieties; the p-values of the correlations of identified polyphenols. Statistically significant p-values are marked red (p < 0.05). 






Figure A1. The statistical significance of catechin in traditional apple varieties; the p-values of the correlations of identified polyphenols. Statistically significant p-values are marked red (p < 0.05).
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Figure A2. The statistical significance of epicatechin in traditional apple varieties; the p-values of the correlations of identified polyphenols. Statistically significant p-values are marked red (p < 0.05). 






Figure A2. The statistical significance of epicatechin in traditional apple varieties; the p-values of the correlations of identified polyphenols. Statistically significant p-values are marked red (p < 0.05).
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Figure A3. The statistical significance of procyanidin B1 + B2 in traditional apple varieties; the p-values of the correlations of identified polyphenols. Statistically significant p-values are marked red (p < 0.05). 






Figure A3. The statistical significance of procyanidin B1 + B2 in traditional apple varieties; the p-values of the correlations of identified polyphenols. Statistically significant p-values are marked red (p < 0.05).
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Figure A4. The statistical significance of chlorogenic acid in traditional apple varieties; the p-values of the correlations of identified polyphenols. Statistically significant p-values are marked red (p < 0.05). 
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Figure A5. The statistical significance of quercetin-3-rutinoside in traditional apple varieties; the p-values of the correlations of identified polyphenols. Statistically significant p-values are marked red (p < 0.05). 






Figure A5. The statistical significance of quercetin-3-rutinoside in traditional apple varieties; the p-values of the correlations of identified polyphenols. Statistically significant p-values are marked red (p < 0.05).
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Figure A6. The statistical significance of quercetin-3-glucoside in traditional apple varieties; the p-values of the correlations of identified polyphenols. Statistically significant p-values are marked red (p < 0.05). 






Figure A6. The statistical significance of quercetin-3-glucoside in traditional apple varieties; the p-values of the correlations of identified polyphenols. Statistically significant p-values are marked red (p < 0.05).
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Figure A7. The statistical significance of astragalin in traditional apple varieties; the p-values of the correlations of identified polyphenols. Statistically significant p-values are marked red (p < 0.05). 
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Figure 1. The colour map of correlations between polyphenols in 23 Croatian traditional apple varieties, * statistically significant negative or positive correlation. 
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Table 1. Total polyphenol content (mg/kg dw) in traditional apple varieties.
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	Sample ID
	mg/kg dw





	‘Kolačarka’
	8891 ± 144.1



	‘Muškatna Mirisava’
	4062.8 ± 29.1



	‘Senabija’
	4827.3 ± 0.9



	‘Princeza’
	7603.6 ± 109.9



	‘Kokos Reneta’
	5416.1 ± 136.5



	‘Karlovčica’
	4414.9 ± 210.5



	‘Zmazanka’
	4494.1 ± 61.8



	‘Imperica’
	3823.1 ± 4.0



	‘Šumatovka’
	8468.9 ± 321.0



	‘Poglavnikova’
	5518.3 ± 46.2



	‘Boskopska tikvica’
	6743.5 ± 99.2



	‘Kablarka’
	5788.1 ± 2.6



	‘Palaska’
	9660.4 ± 220.0



	‘Bobovec’
	13264.9 ± 10.2



	‘Bobovec Palči’
	6424.7 ± 168.9



	‘Slastica’
	5230.5 ± 116.5



	‘Gospoinjača’
	4951.6 ± 2.8



	‘Kraljevača’
	3781.5 ± 14.6



	‘Grofova’
	4317.9 ± 130.1



	‘Meglena’
	8995.9 ± 26.0



	‘Ilinjača’
	10,806.6 ± 68.3



	‘Ploska Letovanička’
	10,126.7 ± 2.7



	‘Ananas Reneta’
	6869.3 ± 79.8







Mean ± SD based on two extracts each measured twice (n = 4).
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Table 2. Content of polyphenols (mg/kg dw a) in traditional apple varieties.
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	Sample ID
	Catechin (mg/kg dw)
	Epicatechin (mg/kg dw)
	Procyanidin B1 + B2 (mg/kg dw)
	Chlorogenic Acid (mg/kg dw)
	Quercetin-3-Rutinoside (mg/kg dw)
	Quercetin-3-Glucoside (mg/kg dw)
	Astragalin (mg/kg dw)





	‘Kolačarka’
	90.18 ± 7.5
	243.56 ± 4.4
	357.71 ± 35.2
	245.67 ± 40.6
	7.71 ± 0.7
	58.56 ± 5.0
	9.78 ± 1.8



	‘Muškatna Mirisava’
	30.16 ± 0.5
	149.42 ± 30.5
	164.27 ± 38.8
	110.35 ± 46.5
	12.53 ± 1.4
	115.84 ± 34.0
	15.35 ± 0.5



	‘Senabija’
	22.87 ± 4
	120.50 ± 3.4
	191.31 ± 10.1
	161.22 ± 17.3
	13.55 ± 1.7
	106.04 ± 1.7
	17.48 ± 1.2



	‘Princeza’
	30.77 ± 1.4
	149.55 ± 7.0
	203.40 ± 11.0
	455.86 ± 2.1
	4.98 ± 0.1
	69.75 ± 1.4
	15.46 ± 0.0



	‘Kokos Reneta’
	145.19 ± 8.5
	141.21 ± 9.2
	292.88 ± 18.9
	247.68 ± 46.1
	3.84 ± 0.7
	52.74 ± 6.3
	15.57 ± 1.3



	‘Karlovčica’
	33.72 ± 2.5
	113.17 ± 16.1
	169.57 ± 34.5
	131.55 ± 42.1
	0.70 ± 0.6
	12.00 ± 3.8
	3.54 ± 0.7



	‘Zmazanka’
	29.62 ± 2.8
	191.27 ± 2.6
	252.94 ± 3.7
	165.20 ± 4.4
	0.26 ± 0.2
	18.35 ± 0.1
	4.31 ± 0.1



	‘Imperica’
	31.50 ± 1.9
	173.29 ± 15.1
	228.39 ± 11.3
	117.73 ± 10.5
	1.43 ± 1.0
	82.44 ± 3.5
	13.91 ± 0.2



	‘Šumatovka’
	46.71 ± 3.6
	161.90 ± 18.3
	287.32 ± 16.9
	204.29 ± 20.6
	14.75 ± 1.6
	93.89 ± 8.5
	14.68 ± 1.2



	‘Poglavnikova’
	48.76 ± 4.5
	161.43 ± 14.4
	253.57 ± 3.9
	169.04 ± 0.4
	3.76 ± 0.9
	47.40 ± 2.5
	9.63 ± 0.2



	‘Boskopska tikvica’
	311.79 ± 18.1
	216.50 ± 0.5
	313.03 ± 1.5
	244.43 ± 12.0
	8.84 ± 1.0
	132.19 ± 8.2
	16.98 ± 0.8



	‘Kablarka’
	21.52 ± 29.9
	135.25 ± 24.7
	191.04 ± 29.1
	297.40 ± 82.8
	8.35 ± 4.0
	25.50 ± 0.9
	8.19 ± 0.2



	‘Palaska’
	95.29 ± 14.7
	231.27 ± 41.8
	284.83 ± 77.9
	260.86 ± 91.3
	15.69 ± 1.6
	74.97 ± 12.5
	8.81 ± 0.8



	‘Bobovec’
	132.15 ± 42.2
	163.50 ± 46.2
	285.99 ± 70.1
	277.64 ± 166.0
	11.43 ± 3.3
	69.24 ± 30.1
	16.95 ± 4.2



	‘Bobovec Palči’
	53.07 ± 6.3
	169.91 ± 29.2
	209.66 ± 26.8
	281.06 ± 63.3
	9.45 ± 2.8
	87.89 ± 8.2
	13.19 ± 1.1



	‘Slastica’
	40.12 ± 0.2
	243.16 ± 28.5
	230.50 ± 1.4
	148.43 ± 10.8
	5.11 ± 1.1
	55.19 ± 4.1
	9.58 ± 0.1



	‘Gospoinjača’
	0.70 ± 0.2
	1.75 ± 0.1
	4.08 ± 0.2
	1.29 ± 0.2
	0.15 ± 0.1
	0.96 ± 0.1
	0.70 ± 0.0



	‘Kraljevača’
	10.20 ± 13.9
	127.31 ± 1.9
	104.63 ± 1.1
	328.57 ± 3.4
	4.13 ± 1.6
	36.55 ± 1.1
	28.79 ± 0.3



	‘Grofova’
	10.87 ± 14.8
	141.65 ± 5.2
	167.73 ± 20.0
	188.02 ± 19.5
	0.82 ± 0.6
	40.64 ± 0.4
	12.90 ± 1.0



	‘Meglena’
	70.65 ± 46.3
	119.68 ± 5.0
	181.64 ± 28.5
	245.67 ± 40.6
	2.23 ± 1.4
	21.78 ± 4.9
	11.63 ± 1.1



	‘Ilinjača’
	120.65 ± 4.7
	146.94 ± 15.8
	256.56 ± 6.7
	110.35 ± 46.5
	4.39 ± 0.6
	47.07 ± 2.7
	15.53 ± 0.2



	‘Ploska Letovanička’
	67.72 ± 9.5
	84.50 ± 8.8
	148.96 ± 30.2
	161.22 ± 17.3
	2.41 ± 0.9
	19.10 ± 8.1
	11.49 ± 3.3



	‘Ananas Reneta’
	28.13 ± 2.8
	86.13 ± 5.7
	357.71 ± 35.2
	455.86 ± 2.1
	8.43 ± 1.0
	230.66 ± 15.8
	21.79 ± 1.1







a: Dry weight. Mean ± SD based on two extracts each measured twice (n = 4).
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Table 3. Antioxidant activity (mmol TE/kg dw) of traditional apple varieties.
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	Sample ID
	mmol TE/kg dw





	‘Kolačarka’
	23.9 ± 0.5



	‘Muškatna Mirisava’
	11.3 ± 0.4



	‘Senabija’
	12.1 ± 0.5



	‘Princeza’
	23.1 ± 1.3



	‘Kokos Reneta’
	27.0 ± 2.4



	‘Karlovčica’
	13.3 ± 2.3



	‘Zmazanka’
	14.7 ± 1.2



	‘Imperica’
	12,0 ± 1.1



	‘Šumatovka’
	36,2 ± 1.9



	‘Poglavnikova’
	29.7 ± 1.3



	‘Boskopska tikvica’
	35.6 ± 1.7



	‘Kablarka’
	29.3 ± 2.0



	‘Palaska’
	17.3 ± 1.3



	‘Bobovec’
	51.3 ± 3.7



	‘Bobovec Palči’
	17.7 ± 2.0



	‘Slastica’
	15.2 ± 1.0



	‘Gospoinjača’
	19.6 ± 1.7



	‘Kraljevača’
	16.1 ± 1.4



	‘Grofova’
	17.6 ± 0.9



	‘Meglena’
	59.0 ± 3.6



	‘Ilinjača’
	44.9 ± 4.2



	‘Ploska Letovanička’
	58.6 ± 3.4



	‘Ananas Reneta’
	35.6 ± 2.7







Mean ± SD based on two extracts, each measured twice (n = 4).
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Table 4. Target polyphenols: CAS number, molecular mass, retention time and SRM transitions (precursor ion→ product ion (collision energy, eV)).
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	Polyphenols
	CAS
	Molecular Mass (g/mol)
	Retention

Time (min)
	MS/MS

Transitions 1





	Gallic acid
	149-91-7
	170.1
	2.61
	169.02 → 125.04 (17)

169.02 → 153.1 (15)



	2,4,6-trihydroxybenzoic acid
	71989-93-0
	188.1
	4.22
	168.98 → 150.99 (17)

168.98 → 83.02 (23)

168.98 → 107.02 (22)



	2,4-dihydroxybenzoic acid
	89-86-1
	154.1
	5.00
	153.00 → 109.05 (16)

153.00 → 65.09 (19)

153.00 → 67.07 (23)



	3,4-dihydroxybenzoic acid
	99-50-3
	154.1
	5.00
	152.98 → 109.04 (17)

152.98 → 91.04 (28)

152.98 → 108.03 (26)



	Caftaric acid
	67879-58-7
	312.2
	4.78
	310.96→ 178.97 (17)

310.96 → 148.96 (14)



	3,4-dihydroxybenzaldehyde
	139-85-5
	138.1
	5.05
	137.07 → 136.11 (21)

137.07 → 91.09 (24)

137.07 → 92.13 (25)



	Procyanidin B1
	20315-25-7
	578.5
	5.07
	577.03 → 407.06 (26)

577.03 → 288.93 (25)

577.03 → 424.97 (26)



	p-hydroxybenzoic acid
	99-96-7
	138.1
	5.35
	137.00 → 93.00 (17)

137.00 → 65.00 (27)



	2,5-dihydroxybenzoic acid
	490-79-9
	117.1
	5.38
	152.96 → 108.00 (24)

152.96 → 81.02 (21)

152.96 → 109.01 (16)



	Catechin
	18829-70-4
	290.3
	5.50
	289.00 → 245.02 (17)

289.00 → 203.11 (22)



	3-hydroxyphenylacetic acid
	621-37-4
	152.2
	5.70
	151.00 → 65.00 (20)

151.00 → 79.00 (20)



	Procyanidin B2
	29106-49-8
	578.5
	5.96
	577.03 → 407.06 (26)

577.03 → 288.93 (25)

577.03 → 424.97 (26)



	2,5-dihydroxybenzaldehyde
	1194-98-5
	138.1
	6.11
	136.99 → 108.02 (21)

136.99 → 81.08 (18)

136.99 → 109.04 (14)



	Chlorogenic acid
	327-97-9
	354.3
	6.12
	353.00 → 191.07 (22)

353.00 → 85.09 (43)

353.00 → 93.07 (45)



	3-hydroxybenzaldehyde
	100-83-4
	122.1
	6.22
	121.02 → 93.05 (20)

121.02 → 92.05 (23)

121.02 → 120.04 (19)



	4-hydroxybenzaldehyde
	123-08-0
	122.1
	6.25
	122.97 → 95.05 (13)

122.97 → 51.10 (36)

122.97 → 77.05 (20)



	Vanillic acid
	121-34-6
	168.2
	6.29
	167.00 → 108.00 (27)

167.00 → 152.00 (18)



	2,6-dihydroxybenzoic acid
	303-07-1
	154.1
	6.33
	153.00 → 109.05 (17)

153.00 → 65.09 (21)

153.00 → 135.02 (16)



	3,5-dihydroxybenzoic acid
	99-10-5
	154.1
	6.33
	152.97 → 109.01 (15)

152.97 → 65.06 (16)

152.97 → 67.05 (20)



	3,4-dimethoxybenzoic acid
	93-07-2
	182.2
	6.45
	182.96 → 137.08 (6)

182.96 → 106.99 (22)



	Caffeic acid
	331-39-5
	180.2
	6.50
	178.98 → 135.03 (19)

178.98 → 134.01 (28)



	Epicatechin
	35323-91-2
	290.3
	6.56
	289.00 → 245.02 (17)

289.00 → 203.11 (22)



	Epigallocatechin gallate
	989-51-5
	458.4
	6.79
	457.15 → 169.05 (21)

457.15 → 125.09 (42)

457.15 → 305.09 (21)



	Gallocatechin gallate
	84650-60-2
	458.4
	7.29
	457.15 → 169.05 (21)

457.15 → 125.09 (42)

457.15 → 305.09 (21)



	Procyanidin A2
	41743-41-3
	576.5
	7.32
	577.09 → 287.00 (32)

577.09 → 136.98 (62)

577.09 → 425.08 (13)



	7-hydroxycoumarin
	93-35-6
	162.1
	7.80
	162.99 → 107.04 (22)

162.99 → 77.05 (34)

162.99 → 91.05 (20)



	p-coumaric acid
	501-98-4
	164.2
	7.89
	163.02 → 119.07 (18)

163.02→ 93.07 (37)

163.02 → 117.05 (38)



	Catechin gallate
	130405-40-2
	442.3
	8.01
	441.13 → 289.13 (20)

441.13 → 125.08 (42)

441.13 → 169.05 (24)



	Trans-ferulic acid
	537-98-4
	194.2
	8.33
	192.80 → 177.90 (12)

192.80 → 133.90 (16)



	3,4-dimethoxybenzaldehyde
	120-14-9
	166.2
	8.92
	167.01 → 139.05 (13)

167.01 → 108.05 (21)

167.01 → 124.03 (18)



	4-methoxybenzaldehyde
	123-11-5
	136.1
	10.03
	136.97 → 109.05 (12)

136.97 → 77.05 (23)

136.97 → 94.04 (18)



	Quercetin-3-glucuronide
	22688-79-5
	478.4
	10.32
	479.09 → 461.50 (14)

479.09 → 302.96 (18)



	Quercetin-3-rutinoside
	153-18-4
	610.5
	10.35
	609.18 → 270.92 (96)

609.18 → 178.87 (44)

609.18 → 300.01 (37)



	Quercetin-3-glucoside
	482-35-9
	463.4
	10.43
	465.07 → 256.90 (41)

465.07 → 302.97 (14)



	Myricetin
	529-44-2
	318.2
	11.43
	319.00 → 153.02 (31)

319.00 → 217.06 (31)

319.00 → 245.06 (27)



	3,4,5-trimethoxycinnamic acid
	90-50-6
	238.2
	11.59
	239.03 → 221.04 (11)

239.03 → 162.99 (27)

239.03 → 190.01 (19)



	3,5-dimethoxybenzaldehyde
	7311-34-4
	166.2
	11.81
	167.15 → 124.03 (17)

167.15 → 77.05 (26)



	Quercetine
	117-39-5
	302.2
	12.10
	303.09 → 229.10 (28)

303.09 → 153.04 (33)



	Kaempferol
	520-18-3
	286.2
	12.57
	285.07 → 184.91 (30)

285.07 → 239.12 (35)



	Apigenin
	520-36-5
	270.2
	12.63
	269.09 → 117.12 (37)

269.09 → 149.12 (26)

269.09 → 151.06 (26)



	Chrysin
	480-40-0
	254.2
	13.24
	253.13 → 143.18 (30)

253.13 → 63.20 (34)

253.13 → 145.16 (31)







1 Underlined MS/MS transition is used as quantification transition.
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1 ‘Kolaéarka’ 0.000000 0.000000 0.000000 0.000000 0.000000 0.000008 0.000000 0.000000 0.000000 0.007600 0.000000 0.287345 0.000000 0.000000 0.608129 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
2 "‘Muskatna Mirisava’ 0.000000 0.763896 0.003910 0.126932 0.967013 0.000000 0.000015 0.000023 0.001330 0.000000 0.384671 0.000000 0.067033 0.005849 0.000000 0.001500 0.671355 0.192335 0.703908 0.279656 0.001083 0.000852
3 ‘Senabija’ 0.000000 0.763896 0.001665 0.069779 0.795585 0.000000 0.000005 0.000008 0.000540 0.000000 0.567732 0.000000 0.122416 0.002542 0.000000 0.003540 0.469590 0.110937 0.936371 0.169373 0.002592 0.002060
4 "Princeza’ 0.000000 0.003910 0.001665 0.144559 0.003485 0.000712 0.077331 0.101431 0.706126 0.000000 0.000296 0.000000 0.000012 0.882985 0.000000 0.000000 0.012127 0.092966 0.001318 0.057937 0.000000 0.000000
5 ‘Kokos Reneta’ 0.000000 0.126932 0.069779 0.144559 0.117331 0.000006 0.001921 0.002823 0.068757 0.000000 0.018960 0.000000 0.001283 0.188037 0.000000 0.000011 0.265410 0.818089 0.058917 0.647357 0.000008 0.0000086
6 ‘Karlovéica” 0.000000 0.967013 0.795585 0.003485 0.117331 0.000000 0.000013 0.000020 0.001177 0.000000 0.407414 0.000000 0.073090 0.005229 0.000000 0.001692 0.641566 0.178985 0.734774 0.262019 0.001224 0.000964
7 ‘Zmazanka’ 0.000008 0.000000 0.000000 0.000712 0.000006 0.000000 0.074991 0.056405 0.002166 0.030039 0.000000 0.000000 0.000000 0.000455 0.000044 0.000000 0.000000 0.000003 0.000000 0.000001 0.000000 0.000000
8 ‘Imperica’ 0.000000 0.000015 0.000005 0.077331 0.001921 0.000013 0.074991 0.892867 0.160212 0.000188 0.000001 0.000000 0.000000 0.056694 0.000000 0.000000 0.000060 0.000978 0.000004 0.000491 0.000000 0.000000
9 ‘Sumatovka’ 0.000000 0.000023 0.000008 0.101431 0.002823 0.000020 0.056405 0.892867 0.202812 0.000123 0.000001 0.000000 0.000000 0.075360 0.000000 0.000000 0.000093 0.001456 0.000008 0.000740 0.000000 0.000000
10 ‘Poglavnikova’ 0.000000 0.001330 0.000540 0.706126 0.068757 0.001177 0.002166 0.160212 0.202812 0.000002 0.000089 0.000000 0.000003 0.600436 0.000000 0.000000 0.004456 0.041705 0.000423 0.024589 0.000000 0.000000
11 ‘Boskopska tikvica 0.007600 0.000000 0.000000 0.000000 0.000000 0.000000 0.030039 0.000188 0.000123 0.000002 0.000000 0.000343 0.000000 0.000000 0.027550 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
12 ‘Kablarka” 0.000000 0.384671 0.567732 0.000296 0.018960 0.407414 0.000000 0.000001 0.000001 0.000089 0.000000 0.000000 0.323435 0.000466 0.000000 0.016084 0.198479 0.032807 0.622768 0.054677 0.012166 0.009892
13 ‘Palaska’ 0.287345 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000343 0.000000 0.000000 0.000000 0.118072 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
14 ‘Bobovec’ 0.000000 0.067033 0.122416 0.000012 0.001283 0.073090 0.000000 0.000000 0.000000 0.000003 0.000000 0.323435 0.000000 0.000019 0.000000 0.140203 0.025861 0.002498 0.142159 0.004722 0.113745 0.097205
15 ‘Bobovec Paléi’ 0.000000 0.005849 0.002542 0.882985 0.188037 0.005229 0.000455 0.056694 0.075360 0.600436 0.000000 0.000466 0.000000 0.000019 0.000000 0.000000 0.017552 0.123832 0.002023 0.078948 0.000000 0.000000
16 ‘Slastica’ 0.608129 0.000000 0.000000 0.000000 0.000000 0.000000 0.000044 0.000000 0.000000 0.000000 0.027550 0.000000 0.118072 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
17 ‘Gospoinjata’ 0.000000 0.001500 0.003540 0.000000 0.000011 0.001692 0.000000 0.000000 0.000000 0.000000 0.000000 0.016084 0.000000 0.140203 0.000000 0.000000 0.000419 0.000024 0.004416 0.000051 0.911850 0.848491
18 ‘Kraljevata’ 0.000000 0.671355 0.469590 0.012127 0.265410 0.641566 0.000000 0.000060 0.000093 0.004456 0.000000 0.198479 0.000000 0.025861 0.017552 0.000000 0.000419 0.374866 0.422425 0.508126 0.000297 0.000231
19 ‘Grofova’ 0.000000 0.192335 0.110937 0.092966 0.818089 0.178985 0.000003 0.000978 0.001456 0.041705 0.000000 0.032807 0.000000 0.002498 0.123832 0.000000 0.000024 0.374866 0.094838 0.819781 0.000017 0.000013
20 ‘Meglena’ 0.000000 0.703908 0.936371 0.001318 0.058917 0.734774 0.000000 0.000004 0.0000086 0.000423 0.000000 0.622768 0.000000 0.142159 0.002023 0.000000 0.004416 0.422425 0.094838 0.146647 0.003247 0.002588
21 ‘llinjaca’ 0.000000 0.279656 0.169373 0.057937 0.647357 0.262019 0.000001 0.000491 0.000740 0.024589 0.000000 0.054677 0.000000 0.004722 0.078948 0.000000 0.000051 0.508126 0.819781 0.146647 0.000035 0.000027
22 ‘Ploska Letovanicka” 0.000000 0.001083 0.002592 0.000000 0.000008 0.001224 0.000000 0.000000 0.000000 0.000000 0.000000 0.012166 0.000000 0.113745 0.000000 0.000000 0.911850 0.000297 0.000017 0.003247 0.000035 0.935945
23 ‘Ananas Reneta’ 0.000000 0.000852 0.002060 0.000000 0.000008 0.000964 0.000000 0.000000 0.000000 0.000000 0.000000 0.009892 0.000000 0.097205 0.000000 0.000000 0.848491 0.000231 0.000013 0.0025@ 0.000027 0.935945
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LSD test; variable Catechin (Spreadsheet3)
Probabilities for Post Hoc Tests
Error: Between MS = 106,20, df = 46,000

mg/kg {1} | 2} | {3} | {4} | {5} ‘ {6} | {7} ‘ {8} | {9} | {10} | {11} | {12} | {13} | {14} | {15} | {16} | {17} | {18} | {19} ‘ {20} ‘ {21} | {22} | {23}

Cell No. 90,179 24 000 22,871 55715 148,52 33,718 27 857 31504 46,709 51,396 307,52 38,443 108,63 102,66 56,400 40,283 20,062 20,731 10,676 97,316 120,05 71,053 26,498
1 ‘Kolacarka” 0.000000 0.000000 0.000169 0.000000 0.000000 0.000000 0.000000 0.000005 0.000032 0.00 0.000000 0.033435 0.144807 0.000218 0.000000 0.000000 0.000000 0.000000 0.400670 0.000900 0.027748 0.000000
2 ‘MusSkatna Mirisava” 0.000000 0.893906 0.000465 0.000000 0.254050 0.648764 0.377143 0.009697 0.002125 0.00 0.092792 0.000000 0.000000 0.000362 0.059131 0.641992 0.699434 0.120184 0.000000 0.000000 0.000001 0.767853
3 ‘Senabija’ 0.000000 0.8939086 0.000308 0.000000 0.203803 0.556360 0.310304 0.006823 0.001443 0.00 0.070650 0.000000 0.000000 0.000239 0.044165 0.739973 0.800318 0.154040 0.000000 0.000000 0.000001 0.668454
4 "Princeza” 0.000169 0.000465 0.000308 0.000000 0.012051 0.001816 0.006062 0.290097 0.610233 0.00 0.045824 0.000000 0.000001 0.935418 0.073131 0.000108 0.000139 0.000003 0.000011 0.000000 0.074828 0.001135
5 ‘Kokos Reneta’ 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.00 0.000000 0.000021 0.000002 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.001472 0.000000 0.000000
6 ‘Karlovéica” 0.000000 0.254050 0.203803 0.012051 0.000000 0.489602 0.793559 0.129465 0.041160 0.00 0.577170 0.000000 0.000000 0.009780 0.439292 0.111420 0.129557 0.008752 0.000000 0.000000 0.000057 0.395298
7 ‘Zmazanka” 0.000000 0.648764 0.556360 0.001816 0.000000 0.489602 0.666812 0.029935 0.007497 0.00 0.214723 0.000000 0.000000 0.001434 0.146572 0.359029 0.401386 0.046922 0.000000 0.000000 0.0000086 0.872369
8 ‘Imperica’ 0.000000 0.377143 0.310304 0.006062 0.000000 0.793559 0.666812 0.077287 0.022352 0.00 0.413778 0.000000 0.000000 0.004865 0.302226 0.180521 0.206857 0.017062 0.000000 0.000000 0.000024 0.554851
9 ‘Sumatovka’ 0.000005 0.009697 0.006823 0.290097 0.000000 0.129465 0.029935 0.077287 0.580237 0.00 0.331050 0.000000 0.000000 0.255391 0.448922 0.002735 0.003416 0.000093 0.000000 0.000000 0.005811 0.020402
10 "Poglavnikova” 0.000032 0.002125 0.001443 0.610233 0.000000 0.041160 0.007497 0.022352 0.580237 0.00 0.130566 0.000000 0.000000 0.554943 0.193126 0.000534 0.000679 0.000015 0.000002 0.000000 0.023899 0.004864
11 ‘Boskopska tikvica” 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
12 ‘Kablarka” 0.000000 0.092792 0.070650 0.045824 0.000000 0.577170 0.214723 0.413778 0.331050 0.130566 0.00 0.000000 0.000000 0.038198 0.827896 0.034056 0.040779 0.001873 0.000000 0.000000 0.000336 0.162467
13 ‘Palaska’ 0.033435 0.000000 0.000000 0.000000 0.000021 0.000000 0.000000 0.000000 0.000000 0.000000 0.00 0.000000 0.481753 0.000000 0.000000 0.000000 0.000000 0.000000 0.185449 0.181172 0.000052 0.000000
14 ‘Bobovec’ 0.144807 0.000000 0.000000 0.000001 0.000002 0.000000 0.000000 0.000000 0.000000 0.000000 0.00 0.000000 0.481753 0.000002 0.000000 0.000000 0.000000 0.000000 0.528549 0.044391 0.000484 0.000000
15 ‘Bobovec Palgi” 0.000218 0.000362 0.000239 0.935418 0.000000 0.009780 0.001434 0.004865 0.255391 0.554943 0.00 0.038198 0.000000 0.000002 0.061664 0.000083 0.000107 0.000002 0.000014 0.000000 0.088301 0.000891
16 ‘Slastica’ 0.000000 0.059131 0.044165 0.073131 0.000000 0.439292 0.146572 0.302226 0.448922 0.193126 0.00 0.827896 0.000000 0.000000 0.061664 0.020343 0.024616 0.000989 0.000000 0.000000 0.000654 0.108195
17 ‘Gospoinjata” 0.000000 0.641992 0.739973 0.000108 0.000000 0.111420 0.359029 0.180521 0.002735 0.000534 0.00 0.034056 0.000000 0.000000 0.000083 0.020343 0.936982 0.270477 0.000000 0.000000 0.000000 0.448215
18 ‘Kralievaca” 0.000000 0.699434 0.800318 0.000139 0.000000 0.129557 0.401386 0.206857 0.003416 0.000679 0.00 0.040779 0.000000 0.000000 0.000107 0.024616 0.936982 0.238256 0.000000 0.000000 0.000000 0.4965086
19 ‘Grofova’ 0.000000 0.120184 0.154040 0.000003 0.000000 0.008752 0.046922 0.017062 0.000093 0.000015 0.00 0.001873 0.000000 0.000000 0.000002 0.000989 0.270477 0.238256 0.000000 0.000000 0.000000 0.066404
20 ‘Meglena’ 0.400670 0.000000 0.000000 0.000011 0.000000 0.000000 0.000000 0.000000 0.000000 0.000002 0.00 0.000000 0.185449 0.528549 0.000014 0.000000 0.000000 0.000000 0.000000 0.009620 0.003109 0.000000
21 ‘llinjaca” 0.000900 0.000000 0.000000 0.000000 0.001472 0.000000 0.000000 0.000000 0.000000 0.000000 0.00 0.000000 0.181172 0.044391 0.000000 0.000000 0.000000 0.000000 0.000000 0.009620 0.000001 0.000000
22 ‘Ploska Letovanicka” 0.027748 0.000001 0.000001 0.074828 0.000000 0.000057 0.0000086 0.000024 0.005811 0.023899 0.00 0.000336 0.000052 0.000484 0.088301 0.000654 0.000000 0.000000 0.000000 0.003109 0.000001 0.000003
23 ‘Ananas Reneta” 0.000000 0.767853 0.668454 0.001135 0.000000 0.395298 0.872369 0.554851 0.020402 0.004864 0.00 0.162467 0.000000 0.000000 0.000891 0.108195 0.448215 0.496506 0.066404 0.000000 0.000000 0.000003
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LSD test; variable Rutin (Quercetin-3-rutinoside) (Spreadsheet3)
Probabilities for Post Hoc Tests

Error: Between MS =1,

)096, df = 46,000

mg/kg {1} ‘ {2} | {3} | {4} | {5} | {6} | {7} | {8} | {9} | {10} | {11} | {12} | {13} | {14} | {15} | {16} | {17} | {18} ‘ {19} | {20} ‘ 21} | 22} | {23}

Cell No. 7,7134 10,004 13,554 44817 3,8446 36785 15645 1,4308 15,419 3,8867 8,8874 44419 15,694 10,390 10,780 4 8667 55052 54746 67591 1,5605 4. 4355 2,7445 8,8778
1 ‘Kolacarka’ 0.048130 0.000005 0.006279 0.001289 0.000000 0.000000 0.000001 0.000000 0.001437 0.303542 0.005712 0.000000 0.021914 0.009227 0.015155 0.000000 0.053218 0.000000 0.000002 0.005625 0.000063 0.307474
2 ‘Muskatna Mirisava” 0.048130 0.002903 0.000013 0.000002 0.000000 0.000000 0.000000 0.000017 0.000002 0.327447 0.000011 0.000008 0.733888 0.495044 0.000039 0.000000 0.000218 0.000000 0.000000 0.000011 0.000000 0.323343
3 ‘Senabija’ 0.000005 0.002903 0.000000 0.000000 0.000000 0.000000 0.000000 0.105045 0.000000 0.000149 0.000000 0.064073 0.007373 0.017799 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000145
4 "Princeza’ 0.006279 0.000013 0.000000 0.575049 0.000676 0.000382 0.009570 0.000000 0.600506 0.000307 0.972009 0.000000 0.000004 0.000001 0.734532 0.001095 0.383426 0.001516 0.012844 0.967499 0.130499 0.000315
5 ‘Kokos Reneta’ 0.001289 0.000002 0.000000 0.575049 0.003474 0.002048 0.037746 0.000000 0.970375 0.000051 0.599087 0.000000 0.000001 0.000000 0.369748 0.005412 0.155327 0.007283 0.048765 0.603007 0.334668 0.000052
6 "Karlovéica’ 0.000000 0.000000 0.000000 0.000676 0.003474 0.852203 0.351088 0.000000 0.003131 0.000000 0.000752 0.000000 0.000000 0.000000 0.000237 0.872095 0.000042 0.786053 0.295999 0.000764 0.040653 0.000000
7 ‘Zmazanka’ 0.000000 0.000000 0.000000 0.000382 0.002048 0.852203 0.264580 0.000000 0.001840 0.000000 0.000426 0.000000 0.000000 0.000000 0.000131 0.728490 0.000023 0.647407 0.219645 0.000433 0.026420 0.000000
8 ‘Imperica’ 0.000001 0.000000 0.000000 0.009570 0.037746 0.351088 0.264580 0.000000 0.034673 0.000000 0.010482 0.000000 0.000000 0.000000 0.003840 0.439297 0.000814 0.506825 0.908930 0.010636 0.250277 0.000000
9 "‘Sumatovka’ 0.000000 0.000017 0.105045 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000001 0.000000 0.808431 0.000053 0.000160 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000001
10 "Poglavnikova’ 0.001437 0.000002 0.000000 0.600506 0.970375 0.003131 0.001840 0.034673 0.000000 0.000057 0.625031 0.000000 0.000001 0.000000 0.389637 0.004892 0.166050 0.006596 0.044915 0.629027 0.316679 0.000059
11 ‘Boskopska tikvica” 0.303542 0.327447 0.000149 0.000307 0.000051 0.000000 0.000000 0.000000 0.000001 0.000057 0.000275 0.000000 0.189477 0.100211 0.000866 0.000000 0.004063 0.000000 0.000000 0.000270 0.000002 0.993237
12 ‘Kablarka” 0.005712 0.000011 0.000000 0.972009 0.599087 0.000752 0.000426 0.010482 0.000000 0.625031 0.000275 0.000000 0.000004 0.000001 0.708317 0.001215 0.364811 0.001680 0.014037 0.995486 0.139324 0.000282
13 ‘Palaska’ 0.000000 0.000008 0.064073 0.000000 0.000000 0.000000 0.000000 0.000000 0.808431 0.000000 0.000000 0.000000 0.000024 0.000074 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
14 ‘Bobovec’ 0.021914 0.733888 0.007373 0.000004 0.000001 0.000000 0.000000 0.000000 0.000053 0.000001 0.189477 0.000004 0.000024 0.731104 0.000012 0.000000 0.000073 0.000000 0.000000 0.000003 0.000000 0.186712
15 ‘Bobovec Paléi’ 0.009227 0.495044 0.017799 0.000001 0.000000 0.000000 0.000000 0.000000 0.000160 0.000000 0.100211 0.000001 0.000074 0.731104 0.000004 0.000000 0.000024 0.000000 0.000000 0.000001 0.000000 0.098547
16 “Slastica’ 0.015155 0.000039 0.000000 0.734532 0.369748 0.000237 0.000131 0.003840 0.000000 0.389637 0.000866 0.708317 0.000000 0.000012 0.000004 0.000392 0.592590 0.000550 0.005259 0.704122 0.066337 0.000888
17 ‘Gospoinjaca’ 0.000000 0.000000 0.000000 0.001095 0.005412 0.872095 0.728490 0.439297 0.000000 0.004892 0.000000 0.001215 0.000000 0.000000 0.000000 0.000392 0.000072 0.911996 0.375355 0.001236 0.057961 0.000000
18 "Kraljevata’ 0.053218 0.000218 0.000000 0.383426 0.155327 0.000042 0.000023 0.000814 0.000000 0.166050 0.004063 0.364811 0.000000 0.000073 0.000024 0.592590 0.000072 0.000102 0.001145 0.361865 0.019545 0.004160
19 ‘Grofova’ 0.000000 0.000000 0.000000 0.001516 0.007283 0.786053 0.647407 0.506825 0.000000 0.006596 0.000000 0.001680 0.000000 0.000000 0.000000 0.000550 0.911996 0.000102 0.437035 0.001707 0.073219 0.000000
20 "‘Meglena’ 0.000002 0.000000 0.000000 0.012844 0.048765 0.295999 0.219645 0.908930 0.000000 0.044915 0.000000 0.014037 0.000000 0.000000 0.000000 0.005259 0.375355 0.001145 0.437035 0.014238 0.299498 0.000000
21 ‘llinjaca’ 0.005625 0.000011 0.000000 0.967499 0.603007 0.000764 0.000433 0.010636 0.000000 0.629027 0.000270 0.995486 0.000000 0.000003 0.000001 0.704122 0.001236 0.361865 0.001707 0.014238 0.140790 0.000277
22 "Ploska Letovanicka” 0.000063 0.000000 0.000000 0.130499 0.334668 0.040653 0.026420 0.250277 0.000000 0.316679 0.000002 0.139324 0.000000 0.000000 0.000000 0.066337 0.057961 0.019545 0.073219 0.299498 0.140790 0.000002
23 "Ananas Reneta’ 0.307474 0.323343 0.000145 0.000315 0.000052 0.000000 0.000000 0.000000 0.000001 0.000059 0.993237 0.0002_82 0.000000 0.186712 0.09&&547 0.0008@ 0.000000 0.004160 0.000000 0.000000 0.000277 0.000002
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LSD test; variable Quercetin-3-Glucoside (Spreadsheet3)
Probabilities for Post Hoc Tests
Error. Between MS = 18947, df = 46,000

mg/kg {1} {2} {3} {4} {5} {6} {7} {8} {9} {10} {11} {12} {13} {14} {15} {16} {17} {18} {19} {20} 21} 22} {23}

Cell No. 58,564 496,53 106,04 69,574 56,077 14,007 18,560 82,438 97,221 49,163 131,95 25,718 74,970 47,505 87,893 50,427 31,195 36,214 40,701 18,782 47,075 23,431 237,71
1 "Kolacarka’ 0.000314 | 0.674685 | 0.922383 | 0.982445 | 0.693605 | 0.723508 | 0.832712 | 0.732442 | 0.933700 @ 0.517020 @ 0.771410 | 0.884578 @ 0.922043 | 0.795281 = 0.942602 @ 0.808684 @ 0.843250 @ 0.874417 0.724981 @ 0.919023 | 0.755994 | 0.117784
2 "Muskatna Mirisava’ 0.000314 0.001127 | 0.000425 | 0.000293 | 0.000090 | 0.000102 | 0.000602 | 0.000893 | 0.000242 | 0.002199 | 0.000125 | 0.000492 & 0.000231 | 0.000697 | 0.000251 | 0.000146 | 0.000169 | 0.000191 | 0.000103 | 0.000228 | 0.000118 | 0.025855
3 "Senabija’ 0.674685 | 0.001127 0.747065 | 0.658732 | 0.417081 | 0.440337 | 0.834599 | 0.937802 @ 0.615224 @ 0.818682 @ 0.478423 | 0.783444 @ 0.604990 @ 0.872444 @ 0.623085 @ 0.508773 @ 0.537482 @ 0.563839 @ 0.441493 @ 0.602349 | 0.466054 | 0.247399
4 ‘Princeza’ 0.922383 | 0.000425 | 0.747065 0.904933 | 0.623363 | 0.652024 @ 0.909372 | 0.806782 @ 0.856682 @ 0.581577 @ 0.698177 @ 0.961918 @ 0.845188 @ 0.871232 @ 0.865472 @ 0.734289 | 0.767935 | 0.798400 | 0.653440 | 0.842213 | 0.683292 @ 0.141475
5 ‘'Kokos Reneta’ 0.982445 | 0.000293 | 0.658732 | 0.904933 0.709881 | 0.740031 | 0.815598 | 0.715979 | 0.951209 | 0.502990 @ 0.788272 @ 0.867241 @ 0.939531 @ 0.778375 0.960125 0.825763 @ 0.860493 | 0.891778 @ 0.741515 @ 0.936505 | 0.772754 | 0.112906
6 ‘Karlov€ica’ 0.693605 | 0.000090 | 0.417081 | 0.623363 | 0.709881 0.967866 | 0.545600 | 0.462812 | 0.755844 | 0.299463 @ 0.917462 | 0.590142 @ 0.767005 @ 0.514187 @ 0.747364 @ 0.879123 @ 0.844234 @ 0.813310 @ 0.966296 @ 0.769908 | 0.933542 | 0.052502
7 ‘Zmazanka’ 0.723508 | 0.000102 | 0.440337 | 0.652024 | 0.740031 @ 0.967866 0.572546 | 0.487509 | 0.786611 | 0.318288 | 0.949487 | 0.618116 @ 0.797905 @ 0.540332 @ 0.778026 @ 0.910976 @ 0.875862 | 0.844685 0.998429 @ 0.800840 @ 0.965616 @ 0.057292
8 ‘Imperica’ 0.832712 | 0.000602 | 0.834599 | 0.909372 | 0.815598 | 0.545600 | 0.572546 0.895926 | 0.768505 @ 0.661601 | 0.616195 | 0.947307 @ 0.757337 @ 0.961495 @ 0.777059 @ 0.650572 @ 0.682774 @ 0.712074 @ 0573879 @ 0.754449 | 0.602083 | 0.173776
9 "Sumatovka’ 0.732442 | 0.000893 | 0.937802 | 0.806782 | 0.715979 | 0.462812 @ 0.487509 @ 0.895926 0.670931 | 0.758704 | 0.527792 | 0.843929 | 0.660301 | 0.934217 @ 0.679086 @ 0.559752 @ 0.589875 | 0.617437 @ 0.488735 0.657556 @ 0.514731 @ 0.217607
10 "Poglavnikova’ 0.933700 | 0.000242 | 0.615224 | 0.856682 | 0.951209 | 0.755844 @ 0.786611 | 0.768505 @ 0.670931 0.465090 | 0.835680 | 0.819402 | 0.988295 | 0.731953 | 0.991070 @ 0.873680 @ 0.908780 & 0.940314 @ 0.788124 @ 0.985260 @ 0.819917 = 0.100199
11 ‘Boskopska tikvica’ 0.517020 | 0.002199 | 0.818682 | 0.581577 | 0.502990 @ 0.299463 @ 0.318288 @ 0.661601 | 0.758704 @ 0.465090 0.349481 | 0.614575 | 0.456253 | 0.696861 | 0.471898 | 0.374653 & 0.398718 | 0.421024 | 0.319229 @ 0.453977 @ 0.339302 @ 0.351609
12 ‘Kablarka’ 0.771410 | 0.000125 | 0.478423 | 0.698177 | 0.788272 | 0.917462 | 0.949487 | 0.616195 @ 0.527792 | 0.835680 @ 0.349481 0.663274 | 0.847146 | 0.582793 | 0.826957 | 0.961347 & 0.925998 = 0.894525 | 0.951055 @ 0.850125 @ 0.983848 @ 0.065583
13 ‘Palaska’ 0.884578 | 0.000492 | 0.783444 | 0.961918 | 0.867241 @ 0.590142 @ 0.618116 | 0.947307 | 0.843929 @ 0.819402 @ 0.614575 0.663274 0.808027 | 0.908952 | 0.828106 | 0.698705 | 0.731791 @ 0.761810 @ 0.619408 @ 0.805084 @ 0.648694 @ 0.154392
14 ‘Bobovec’ 0.922043 | 0.000231 | 0.604990 | 0.845188 | 0.939531 | 0.767005 @ 0.797905 | 0.757337 | 0.660301 | 0.988295 @ 0.456253 | 0.847146 @ 0.808027 0.720964 | 0.979366 | 0.885248 | 0.920417 | 0.951992 | 0.799424 @ 0.996965 @ 0.831333 | 0.097333
15 ‘Bobovec Paléi” 0.795281 | 0.000697 | 0.872444 | 0.871232 | 0.778375 @ 0.514187 @ 0.540332 @ 0.961495 | 0.934217 @ 0.731953 | 0.696861 @ 0.582793 @ 0.908952 @ 0.720964 0.740375 | 0.616324 | 0.647807 @ 0.676511 | 0.541627 0.718124 = 0.569050 @ 0.189086
16 ‘Slastica’ 0.942602 | 0.000251 | 0.623085 | 0.865472 | 0.960125 | 0.747364 @ 0.778026 | 0.777059 | 0.679086 @ 0.991070 @ 0.471898 | 0.826957 @ 0.828106 @ 0.979366 @ 0.740375 0.864874 | 0.809916 | 0.931413 | 0.779534 | 0.976332 | 0.811234 = 0.102431
17 ‘Gospoinjata’ 0.808684 | 0.000146 | 0.508773 | 0.734289 | 0.825763 | 0.879123 @ 0.910976 | 0.650572 @ 0.559752 @ 0.873680 0.374653 | 0.961347 @ 0.698705 0.885248 | 0.616324 @ 0.864874 0.964568 | 0.932956 | 0.912537 | 0.888251 | 0.945223 @ 0.072597
18 ‘Kraljevacta’ 0.843250 | 0.000169 | 0.537482 | 0.767935 | 0.860493 @ 0.844234 @ 0.875862 @ 0.682774 | 0.589875 0.908780 @ 0.398718 @ 0.925098 @ 0.731791 | 0.920417 @ 0.647807 @ 0.899916 @ 0.964568 0.968327 | 0.877414 | 0.923437 | 0.909934 | 0.079572
19 ‘Grofova’ 0.874417 | 0.000191 | 0.563839 | 0.798400 | 0.891778 | 0.813310 @ 0.844685 | 0.712074 @ 0.617437 | 0.940314 @ 0.421024 = 0.894525 0.761810 @ 0.951992 | 0.676511 @ 0.931413 | 0.932956 @ 0.968327 0.846226 | 0.955022 | 0.878542 @ 0.086276
20 ‘Meglena’ 0.724981 | 0.000103 | 0.441493 | 0.653440 | 0.741515 @ 0.966296 @ 0.998429 | 0.573879 | 0.488735 0.788124 @ 0.319229 @ 0.951055 0.619498 | 0.799424  0.541627 @ 0.779534 @ 0.912537 | 0.877414 | 0.846226 0.802361 | 0.967186 | 0.057536
21 ‘llinjaca’ 0.919023 | 0.000228 | 0.602349 | 0.842213 | 0.936505 | 0.769908 @ 0.800840 | 0.754449 @ 0.657556 & 0.985260 @ 0.453977 | 0.850125 0.805084 | 0.996965 0.718124 @ 0.976332 @ 0.888251 @ 0.923437 @ 0.955022 | 0.802361 0.834300 | 0.096602
22 ‘Ploska Letovanicka’ 0.755994 | 0.000118 | 0.466054 | 0.683292 | 0.772754 | 0.933542 @ 0.965616 = 0.602083 | 0.514731 @ 0.819917 @ 0.339302 @ 0.983848 @ 0.648694 @ 0.831333 @ 0.569050 & 0.811234 @ 0.945223 | 0.900934 | 0.878542 | 0.967186 | 0.834300 0.062829
23 ‘Ananas Reneta’ 0117784 | 0.025855 0.247399  0.141475 0112906 | 0.052502 0.057292 0.173776 0217607 | 0.100199 0.351609 0.065583 @ 0.154392  0.097333 0.189086 & 0.102431 0.072597 & 0.079572 | 0.086276 0.057536 0.096602 & 0.062829
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LSD test, variable Astragalin (Spreadsheet3)
Probabilities for Post Hoc Tests
Error: Between MS = 160,61, df = 46,000

mg/kg {1} {2} {3} {4} {5} {6} {7} {8} {9} {10} {11} {12} {13} {14} {15} {16} {17}

Cell No. 97773 50,368 17,485 15,383 15,569 4,2027 4,3451 13,906 14,681 99113 16,965 8,3370 9,4780 14,529 13,186 9,5430 52858
1 ‘Kolacarka’ 0.000290 | 0.460152 | 0.590621 | 0.578381 @ 0.592668 @ 0.602122 @ 0.691768 0.637786 | 0.989720 @ 0.490798 | 0.889906 | 0.977051 @ 0.648256 @ 0.743330 | 0.982035 | 0.666277
2 ‘Mus$katna Mirisava” 0.000290 0.002652 | 0.001482 | 0.001561 | 0.000052 | 0.000055 | 0.000974 | 0.001215 | 0.000302 | 0.002300 | 0.000188 | 0.000265 | 0.001164 | 0.000792 | 0.000270 | 0.000073
3 ‘Senabija’ 0.460152 | 0.002652 0.839936 | 0.853948 | 0.205716 | 0.210534 @ 0.731004 @ 0.787672 | 0.467946 @ 0.960144  0.381271 | 0.443024 @ 0.776427 | 0.679763 @ 0.446713 @ 0.244498
4 ‘Princeza’ 0.590621 | 0.001482 | 0.839936 0.985716 | 0.285569 | 0.291673 | 0.887098 | 0.946248 @ 0.599506 @ 0.879165 0.499336 | 0.571014 | 0.934583 | 0.832809 @ 0.575246 @ 0.334276
5 ‘Kokos Reneta’ 0.578381 | 0.001561 | 0.853948 | 0.985716 0.277719 | 0.283706 | 0.872981 | 0.932007 | 0.587178 @ 0.893299 | 0.488121  0.558975 0.920360 | 0.818878 @ 0.563163 | 0.325527
6 ‘Karlovéica’ 0.592668 | 0.000052 | 0.205716 | 0.285569 | 0.277719 0.989081 | 0.353299 | 0.316514 | 0.583832 @ 0.223715 @ 0.691343 | 0.612622 @ 0.323534 | 0.389814 @ 0.608261 | 0.917086
7 ‘Zmazanka’ 0.602122 | 0.000055 | 0.210534 | 0.291673 @ 0.283706 @ 0.989081 0.360342 | 0.323063 | 0.593219 | 0.228842 | 0.701437 @ 0.622221 @ 0.330180 | 0.397312 = 0.617829 | 0.927952
8 ‘Imperica’ 0.691768 | 0.000974 | 0.731004 | 0.887098 & 0.872981 @ 0.353299 @ 0.360342 0.940558 | 0.701272 | 0.768834 | 0.593066 @ 0.670732 @ 0.952229 @ 0.944864 | 0.675280 | 0.409140
9 ‘Sumatovka’ 0.637786 | 0.001215 | 0.787672 | 0.946248 @ 0.932007 @ 0.316514 @ 0.323063 @ 0.940558 0.646983 | 0.826331 | 0.542810 | 0.617460 @ 0.988302 @ 0.885726 @ 0.621851  0.368614
10 ‘Poglavnikova” 0.989720 | 0.000302 | 0.467946 @ 0.599506 @ 0.587178 @ 0.583832 @ 0.593219 | 0.701272 | 0.646983 0.498880 @ 0.879736 | 0.966777 | 0.657516 | 0.753078 @ 0.971759 @ 0.656965
11 ‘Boskopska tikvica” 0.490798 | 0.002300 | 0.960144 @ 0.879165 @ 0.803299 @ 0.223715 @ 0.228842 | 0.768834 @ 0.826331 | 0.498880 0.408705 @ 0.473020 | 0.814939 | 0.716653 | 0.476851 @ 0.26489%4
12 ‘Kablarka” 0.889906 | 0.000188 | 0.381271 | 0.499336 @ 0.488121 @ 0.691343 | 0.701437 @ 0.593066 | 0.542810 @ 0.879736 | 0.408705 0.912676 = 0.552516 | 0.641556 | 0.907722 | 0.769425
13 ‘Palaska’ 0.977051 | 0.000265 | 0.443024 @ 0.571014 @ 0.558975 0.612622 @ 0.622221 | 0.670732 | 0.617460 @ 0.966777 @ 0.473020 @ 0.912676 0.627783 | 0.721722 | 0.995014 = 0.687258
14 ‘Bobovec’ 0.648256 | 0.001164 | 0.776427 | 0.934583 @ 0.920360 | 0.323534 @ 0.330180 @ 0.952229 | 0.988302 @ 0.657516 | 0.814939 | 0.5562516 @ 0.627783 0.897313 | 0.632207 | 0.376372
15 ‘Bobovec Paléi” 0.743330 | 0.000792 | 0.679763 | 0.832809 @ 0.818878 @ 0.389814 @ 0.397312 | 0.944864 | 0.885726 @ 0.753078 @ 0.716653 | 0.641556 @ 0.721722 @ 0.897313 0.726397 | 0.449075
16 ‘Slastica’ 0.982035 | 0.000270 | 0.446713 | 0.575246 @ 0.563163 @ 0.608261 @ 0.617829 | 0.675280 | 0.621851 | 0.971759 @ 0.476851 @ 0.907722 | 0.995014 | 0.632207 | 0.726397 0.682678
17 ‘Gospoinjata’ 0.666277 | 0.000073 | 0.244498 | 0.334276 @ 0.325527 @ 0.917086 & 0.927952 @ 0.409140 | 0.368614 @ 0.656965 @ 0.264894 | 0.769425 0.687258 @ 0.376372 | 0.449075 | 0.682678

18 ‘Kraljevaca’ 0.068144 | 0.045604 | 0.267213 | 0.191306 @ 0.197290 @ 0.020170 | 0.020852 | 0.148636 | 0.170005 | 0.070009 @ 0.246688 @ 0.050629 @ 0.064131 0.165626 | 0.130766 @ 0.064985 @ 0.025911
19 ‘Grofova’ 0.777849 | 0.000691 | 0.646925 @ 0.797601 @ 0.783827 @ 0.415026 @ 0.422818 | 0.908806 | 0.850025 | 0.787734 @ 0.683113 | 0.674283 @ 0.755916 @ 0.861525 | 0.963794 @ 0.760665 @ 0.476486
20 ‘Meglena’ 0.858838 | 0.000503 | 0.574148 | 0.718362 @ 0.705050 @ 0.476640 @ 0.485088 | 0.826761 | 0.769257 | 0.868964 @ 0.608500 @ 0.751889 @ 0.836320 0.780471 | 0.880972 ' 0.841201 | 0.542955
21 ‘llinjaca’ 0.597695 | 0.001438 | 0.831924 | 0.991809 @ 0.977527 @ 0.290140 @ 0.296312 | 0.895211 | 0.954423 | 0.606630 @ 0.871077 | 0.505831 @ 0.577975 0.942750 | 0.840823 | 0.582232 @ 0.339363
22 ‘Ploska Letovani¢ka’ 0.721581 | 0.000864 | 0.701048 | 0.855455 @ 0.841438 @ 0.374246 @ 0.381554 | 0.967931 | 0.908630 & 0.731231 = 0.738351 | 0.621045 @ 0.700201 @ 0.920259 | 0.976900 @ 0.704826 | 0.432083
23 ‘Ananas Reneta’ 0.246762 | 0.008500 | 0.670408 & 0.530869 @ 0.542598 @ 0.093647 @ 0.096234 & 0.442762 | 0.487921 = 0.251943 @ 0.634505 @ 0.195905 @ 0.235475 0.478844 | 0.403172 @ 0.237894 = 0.114846

{18} {19} {20} {21} {22} {23}
29,106 12,714 11,628 15276 13,487 21917
0.068144 @ 0.777849 | 0.858838 | 0.597695 @ 0.721581 | 0.246762
0.045604 | 0.000691 | 0.000503 | 0.001438 | 0.000864 | 0.008500
0.267213 | 0.646925 | 0.574148 | 0.831924 @ 0.701048 | 0.670408
0.191306 = 0.797601 | 0.718362 | 0.991809 | 0.855455 @ 0.530869
0.197200 = 0.783827 | 0.705050 | 0.977527 | 0.841438 | 0.542598
0.020170 | 0.415026 | 0.476640 | 0.290140 @ 0.374246 @ 0.093647
0.020852 | 0.422818 | 0.485088 | 0.296312 = 0.381554 | 0.096234
0.148636 @ 0.908806 & 0.826761 | 0.895211 | 0.967931 | 0.442762
0.170005 @ 0.850025 | 0.769257 | 0.954423 @ 0.908630 | 0.487921
0.070009 @ 0.787734 | 0.868964 | 0.606630 @ 0.731231 | 0.251943
0.246688 @ 0.683113 | 0.608500 | 0.871077 | 0.738351 | 0.634505
0.050629 @ 0.674283 | 0.751889 | 0.505831 | 0.621045 @ 0.195905
0.064131 @ 0.755916 | 0.836320 | 0.577975 | 0.700201 | 0.235475
0.165626 @ 0.861525 | 0.780471 | 0.942750 @ 0.920259 | 0.478844
0.130766 = 0.963794 | 0.880972 | 0.840823 | 0.976900 @ 0.403172
0.064985 @ 0.760665 | 0.841201 | 0.582232 | 0.704826 @ 0.23789%4
0.025911 | 0.476486 | 0.542955 | 0.339363 | 0.432083 | 0.114846

0.120003 | 0.097965 | 0.187937 | 0.138027 | 0.490681
0.120003 0.916887 | 0.805530 | 0.940734 = 0.378417
0.097965 @ 0.916887 0.726035 | 0.858189 | 0.325265
0.187937 | 0.805530 @ 0.726035 0.863515 | 0.524203
0.138027 | 0.940734 | 0.858189 | 0.863515 0.419474
0490681 0.378417 | 0.325265 0.524203 @ 0.419474
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LSD test; variable Chlorogenic Acid (Spreadsheet3)
Probabilities for Post Hoc Tests
Error: Between MS =22779,, df = 46,000

mg/kg {1} | {2} | {3} | {4} | {5} | {6} | {7} | {8} | {9} | {10} | {11} | {12} | {13} | {14} | {15} | {16} | {17} | {18} | {19} | {20} | 21} | {22} | {23}

Cell No. 245 67 526,02 161,22 438,42 274,35 131,55 166,70 117,73 214,29 166,89 246,54 248,33 260,86 102,50 314,39 146,52 50277 323,20 174,69 241,68 360,75 254,60 147,71

1 ‘Kolacarka” 0.027617 0.496578 0.124655 0.817054 0.359237 0.524791 0.304566 0.800116 0.525789 0.994434 0.982927 0.902453 0.251292 0.579788 0.425158 0.119678 0.532371 0.567396 0.974281 0.355275 0.942549 0.430718
2 ‘Muskatna Mirisava” 0.027617 0.004846 0.480756 0.046881 0.002484 0.005467 0.001803 0.014909 0.005490 0.028075 0.029043 0.036705 0.001259 0.092652 0.003491 0.000351 0.106621 0.006505 0.025587 0.186465 0.032682 0.003587
3 ‘Senabija” 0.496578 0.004846 0.029316 0.363412 0.810814 0.964729 0.725734 0.668727 0.963501 0.492204 0.483230 0.422927 0.635962 0.220176 0.905533 0.372655 0.195207 0.913451 0.517064 0.112254 0.452443 0.913174
4 ‘Princeza’ 0.124655 0.480756 0.029316 0.189615 0.016443 0.032497 0.012417 0.075465 0.032613 0.126310 0.129790 0.156405 0.009041 0.319476 0.022105 0.002871 0.354703 0.037682 0.117228 0.531644 0.142628 0.022625
5 ‘Kokos Reneta” 0.817054 0.046881 0.363412 0.189615 0.252540 0.386912 0.210138 0.628338 0.387748 0.822473 0.833704 0.913342 0.169863 0.746667 0.305009 0.075536 0.693590 0.422849 0.792132 0.486741 0.873423 0.309498
6 ‘Karlovéica” 0.359237 0.002484 0.810814 0.016443 0.252540 0.776758 0.911154 0.505314 0.775578 0.355643 0.348286 0.299512 0.814665 0.144701 0.903883 0.512841 0.126748 0.727904 0.376152 0.069301 0.323240 0.896253
7 ‘Zmazanka’ 0.524791 0.005467 0.964729 0.032497 0.386912 0.776758 0.692898 0.701131 0.998770 0.520284 0.511032 0.448706 0.604881 0.236856 0.870613 0.349722 0.210471 0.948594 0.545882 0.122184 0.479247 0.8782086
8 ‘Imperica” 0.304566 0.001803 0.725734 0.012417 0.210138 0.911154 0.692898 0.437282 0.691764 0.301349 0.294770 0.251421 0.902201 0.117353 0.816313 0.586794 0.102226 0.646087 0.319742 0.054628 0.272451 0.808841
9 ‘Sumatovka” 0.800116 0.014909 0.668727 0.075465 0.628338 0.505314 0.701131 0.437282 0.702271 0.794736 0.783645 0.707238 0.369042 0.420795 0.584987 0.189765 0.381398 0.749384 0.825102 0.240743 0.745055 0.591599
10 "Poglavnikova’ 0.525789 0.005490 0.963501 0.032613 0.387748 0.775578 0.998770 0.691764 0.702271 0.521278 0.512017 0.449621 0.603810 0.237453 0.869400 0.348939 0.211019 0.949821 0.546901 0.122542 0.480198 0.876991
11 ‘Boskopska tikvica” 0.994434 0.028075 0.492204 0.126310 0.822473 0.355643 0.520284 0.301349 0.794736 0.521278 0.988492 0.907979 0.248483 0.584548 0.421161 0.118092 0.536932 0.562705 0.968719 0.358867 0.948101 0.426690
12 ‘Kablarka” 0.982927 0.029043 0.483230 0.129790 0.833704 0.348286 0.511032 0.294770 0.783645 0.512017 0.988492 0.919418 0.242747 0.594450 0.412971 0.114869 0.546427 0.553067 0.957223 0.366368 0.959590 0.418434
13 ‘Palaska” 0.902453 0.036705 0.422927 0.156405 0.913342 0.299512 0.448706 0.251421 0.707238 0.449621 0.907979 0.919418 0.205196 0.666023 0.358304 0.094217 0.615345 0.487898 0.876985 0.421784 0.959721 0.363302
14 ‘Bobovec”’ 0.251292 0.001259 0.635962 0.009041 0.169863 0.814665 0.604881 0.902201 0.369042 0.603810 0.248483 0.242747 0.205196 0.092248 0.722586 0.673706 0.079878 0.560871 0.264573 0.041645 0.223358 0.715391
15 ‘Bobovec Paléi” 0.579788 0.092652 0.220176 0.319476 0.746667 0.144701 0.236856 0.117353 0.420795 0.237453 0.584548 0.594450 0.666023 0.092248 0.179735 0.037414 0.943319 0.262800 0.558036 0.708522 0.629847 0.182791
16 ‘Slastica’ 0.425158 0.003491 0.905533 0.022105 0.305009 0.903883 0.870613 0.816313 0.584987 0.869400 0.421161 0.412971 0.358304 0.722586 0.179735 0.438827 0.158394 0.820180 0.443921 0.088818 0.384981 0.992308
17 ‘Gospoinjaca’ 0.119678 0.000351 0.372655 0.002871 0.075536 0.512841 0.349722 0.586794 0.189765 0.348939 0.118092 0.114869 0.094217 0.673706 0.037414 0.438827 0.031770 0.317979 0.127229 0.015292 0.104107 0.433204
18 ‘Kraljevaca” 0.532371 0.106621 0.195207 0.354703 0.693590 0.126748 0.210471 0.102226 0.381398 0.211019 0.536932 0.546427 0.615345 0.079878 0.943319 0.158394 0.031770 0.234299 0.511559 0.761985 0.580447 0.161166
19 ‘Grofova” 0.567396 0.006505 0.913451 0.037682 0.422849 0.727904 0.948594 0.646087 0.749384 0.949821 0.562705 0.553067 0.487898 0.560871 0.262800 0.820180 0.317979 0.234299 0.589325 0.137920 0.519885 0.827678
20 ‘Meglena” 0.974281 0.025587 0.517064 0.117228 0.792132 0.376152 0.545882 0.319742 0.825102 0.546901 0.968719 0.957223 0.876985 0.264573 0.558036 0.443921 0.127229 0.511559 0.589325 0.338981 0.916930 0.449625
21 “llinjaca’ 0.355275 0.186465 0.112254 0.531644 0.4867 41 0.069301 0.122184 0.054628 0.240743 0.122542 0.358867 0.366368 0.421784 0.041645 0.708522 0.088818 0.015292 0.761985 0.137920 0.338981 0.393511 0.090556
22 ‘Ploska Letovanicka” 0.942549 0.032682 0.452443 0.142628 0.873423 0.323240 0.479247 0.272451 0.745055 0.480198 0.948101 0.959590 0.959721 0.223358 0.629847 0.384981 0.104107 0.580447 0.519885 0.916930 0.393511 0.390212
23 ‘Ananas Reneta’ 0.430718 0.003587 0.913174 0.022625 0.300498 0.896253 0.878206 0.808841 0.591599 0.876991 0.426690 0.418434 0.363302 0.715391 0.182791 0.992308 0.433204 0.161166 0.827678 0.449625 0.090556 0.390212
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LSD test, variable Procyanidine B1+B2 (Spreadsheet3)
Probabilities for Post Hoc Tests

Error: Between MS = 12

3,60, df = 46,000

mg/kg {1 | {2} | {3} | {4} | {5} | 6} | 7 | {8} | {9} | {10} | {11y | {12} | {13 | {14} | {15} | {16} | (17 | {18} | {19 | {20} | 21 | {22 | {23)

Cell No. 357,71 167,61 191,31 206,15 302,88 150,57 254,70 228,39 293,99 254 42 313,71 141,32 268,16 236,57 223,00 230,12 106,34 104,88 182,74 181,64 258,43 165,63 137,42
1 ‘Kolacarka” 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000015 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
2 ‘MusSkatna Mirisava” 0.000000 0.012132 0.000104 0.000000 0.066939 0.000000 0.000000 0.000000 0.000000 0.000000 0.005763 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.1022086 0.129048 0.000000 0.828752 0.001743
3 ‘Senabija’ 0.000000 0.012132 0.108861 0.000000 0.000048 0.000000 0.000175 0.000000 0.000000 0.000000 0.000002 0.000000 0.000009 0.001074 0.000095 0.000000 0.000000 0.350110 0.292043 0.000000 0.006895 0.000000
4 "Princeza” 0.000000 0.000104 0.108861 0.000000 0.000000 0.000003 0.018191 0.000000 0.000003 0.000000 0.000000 0.000000 0.001619 0.069923 0.011285 0.000000 0.000000 0.013171 0.009647 0.000001 0.000052 0.000000
5 ‘Kokos Reneta” 0.000000 0.000000 0.000000 0.000000 0.000000 0.000003 0.000000 0.3324086 0.000003 0.238928 0.000000 0.000393 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000012 0.000000 0.000000
6 ‘Karlovéica” 0.000000 0.066939 0.000048 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.313213 0.000000 0.000000 0.000000 0.000000 0.000013 0.000008 0.000917 0.001314 0.000000 0.103928 0.154290
7 ‘Zmazanka” 0.000000 0.000000 0.000000 0.000003 0.000003 0.000000 0.005721 0.000080 0.975457 0.000000 0.000000 0.144868 0.0517086 0.001069 0.009469 0.000000 0.000000 0.000000 0.000000 0.682981 0.000000 0.000000
8 ‘Imperica’ 0.000000 0.000000 0.000175 0.018191 0.000000 0.000000 0.005721 0.000000 0.006216 0.000000 0.000000 0.000068 0.372051 0.555772 0.849498 0.000000 0.000000 0.000008 0.000005 0.001820 0.000000 0.000000
9 ‘Sumatovka’ 0.000000 0.000000 0.000000 0.000000 0.3324086 0.000000 0.000080 0.000000 0.000073 0.034987 0.000000 0.006608 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000295 0.000000 0.000000
10 "Poglavnikova” 0.000000 0.000000 0.000000 0.000003 0.000003 0.000000 0.975457 0.006216 0.000073 0.000000 0.000000 0.136859 0.055285 0.001171 0.010257 0.000000 0.000000 0.000000 0.000000 0.660608 0.000000 0.000000
11 ‘Boskopska tikvica” 0.000015 0.000000 0.000000 0.000000 0.238928 0.000000 0.000000 0.000000 0.034987 0.000000 0.000000 0.000008 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
12 ‘Kablarka” 0.000000 0.005763 0.000002 0.000000 0.000000 0.313213 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000359 0.000218 0.000037 0.000056 0.000000 0.010218 0.670136
13 ‘Palaska’ 0.000000 0.000000 0.000000 0.000000 0.000393 0.000000 0.144868 0.000068 0.006608 0.136859 0.000008 0.000000 0.001107 0.000010 0.000125 0.000000 0.000000 0.000000 0.000000 0.289268 0.000000 0.000000
14 ‘Bobovec”’ 0.000000 0.000000 0.000009 0.001619 0.000000 0.000000 0.051706 0.372051 0.000000 0.055285 0.000000 0.000000 0.001107 0.141767 0.480915 0.000000 0.000000 0.000000 0.000000 0.020083 0.000000 0.000000
15 ‘Bobovec Paléi” 0.000000 0.000000 0.001074 0.069923 0.000000 0.000000 0.001069 0.555772 0.000000 0.001171 0.000000 0.000000 0.000010 0.141767 0.436883 0.000000 0.000000 0.000057 0.000038 0.000308 0.000000 0.000000
16 ‘Slastica’ 0.000000 0.000000 0.000095 0.011285 0.000000 0.000000 0.009469 0.849498 0.000000 0.010257 0.000000 0.000000 0.000125 0.480915 0.436883 0.000000 0.000000 0.000004 0.000003 0.003128 0.000000 0.000000
17 ‘Gospoinjaca’ 0.000000 0.000000 0.000000 0.000000 0.000000 0.000013 0.000000 0.000000 0.000000 0.000000 0.000000 0.000359 0.000000 0.000000 0.000000 0.000000 0.873483 0.000000 0.000000 0.000000 0.000000 0.001305
18 ‘Kralievata’ 0.000000 0.000000 0.000000 0.000000 0.000000 0.000008 0.000000 0.000000 0.000000 0.000000 0.000000 0.000218 0.000000 0.000000 0.000000 0.000000 0.873483 0.000000 0.000000 0.000000 0.000000 0.000813
19 ‘Grofova’ 0.000000 0.1022086 0.350110 0.013171 0.000000 0.000917 0.000000 0.000008 0.000000 0.000000 0.000000 0.000037 0.000000 0.000000 0.000057 0.000004 0.000000 0.000000 0.903516 0.000000 0.065748 0.000009
20 ‘Meglena’ 0.000000 0.129048 0.292043 0.009647 0.000000 0.001314 0.000000 0.000005 0.000000 0.000000 0.000000 0.000056 0.000000 0.000000 0.000038 0.000003 0.000000 0.000000 0.903516 0.000000 0.084515 0.000014
21 ‘llinjaca” 0.000000 0.000000 0.000000 0.000001 0.000012 0.000000 0.682981 0.001820 0.000295 0.660608 0.000000 0.000000 0.289268 0.020083 0.000308 0.003128 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000
22 ‘Ploska Letovanicka” 0.000000 0.828752 0.006895 0.000052 0.000000 0.103928 0.000000 0.000000 0.000000 0.000000 0.000000 0.010218 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.065748 0.084515 0.000000 0.003232
23 "Ananas Reneta” 0.000000 0.001743 0.000000 0.000000 0.000000 0.154290 0.000000 0.000000 0.000000 0.000000 0.000000 0.670136 0.000000 0.000000 0.000000 0.000000 0.001305 0.000813 0.000009 0.000014 0.000000 0.003232
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