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Abstract

:

Three cultivars of Jerusalem artichoke Albik, Rubik and Gute Gelbe were grown under different nitrogen fertilization regimens: 0, 80 and 120 kg N·ha−1. Phenolic compounds were extracted from tubers using 80% (v/v) methanol. The total phenolics were determined with the Folin–Ciocâlteu reagent and antioxidant activity was assessed using the ABTS (2,2’-azinobis-(3-ethylbenzothiazoline-6-sulfonic acid)), FRAP (ferric-reducing antioxidant power), and DPPH (2,2-diphenyl-1-picrylhydrazyl) assays. The content of individual phenolic compounds was determined by HPLC. The effect of nitrogen fertilization on the total phenolics content was observed for the Albik cultivar. In the Rubik variety the lowest content was recorded at fertilization zero, and in the Gute Gelbe variety at this fertilization level the content of phenols was the highest. At fertilization 120 kg N·ha−1, the highest ABTS test results were noted for all cultivars. For the Albik variety no effect of fertilization on the FRAP test results was noted; for the Rubik variety at zero nitrogen fertilization, the value for FRAP was the lowest, and it was the highest Gute Gelbe. The results of the DPPH test in the Gute Gelbe variety did not depend on the fertilization used. In the other two varieties, the lowest DPPH results were obtained at zero nitrogen regimen. Three main phenolic compounds were determined using HPLC. One of them was chlorogenic acid and the other two were derivatives of caffeic acid. The content of chlorogenic acid in tubers of the Gute Gelbe variety depended on nitrogen fertilization; the highest content of this compound was found in the case of fertilization zero. Statistical analysis showed a correlation between the content of phenolic compounds in tubers and their antioxidant potential. The results of this study suggest great potential for using Jerusalem artichoke tubers as a rich source of phenolic compounds with high antioxidant capacity.
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1. Introduction


The Jerusalem artichoke [JA] (Helianthus tuberosus L.) in the Helianthus genus and the Asteraceae family is found widely across the temperate zone, mostly in eastern North America [1,2]. JA tubers are the richest source of inulin, a natural storage fructan carbohydrate [3]. Inulin, a prebiotic and soluble dietary fiber, is not hydrolyzed in the human intestine digestive tract but is fermented selectively by beneficial bacteria in the gut. Inulin promotes good digestive health, influences lipid metabolism, enhances the mineral bioavailability of Ca, Mg and Fe and reduces the risk of developing colon cancer [4,5,6].



Several authors reported JA as a source of phenolic compounds, mainly phenolic acids [7,8,9,10,11]. High content of caffeic acid derivatives in JA were confirmed by several authors [12,13]. Bach et al. [10] and Mattila and Hellström [9] identified gallic and chlorogenic acids as the major phenolic compounds in JA tubers. Seven derivatives of caffeic acid, including three isomers of caffeoylquinic acid neo-chlorogenic acid, chlorogenic acid, crypto-chlorogenic acid) and four isomeric di-caffeoylquinic acids (3, 5-O-dicaffeoyl, 3, 4-O-dicaffeoyl, 4, 5-O-dicaffeoyl, 1, 3-O-dicaffeoyl esters) were found in JA tubers by Kapusta et al. [12].



Phenolic acids are secondary metabolites that are commonly found in plant-derived foods. These phenolic compounds acids have attracted considerable interest in the past few years due to their many potential health benefits. They are powerful antioxidants and have been reported to demonstrate antibacterial, antiviral, anticarcinogenic, anti-inflammatory and vasodilatory actions [14,15,16,17]. The antioxidant activity of phenolic compounds extracted from JA tubers was confirmed in vitro using ORAC, FRAP and DPPH assays [18,19,20].



The influence of nitrogen fertilization on the content of phenolic compounds in plants and their antioxidant potential has been investigated by numerous scientific groups. However, the published results are inconclusive. In the literature, there are publications showing positive and negative effects of nitrogen fertilization on the content of phenolic compounds in plants [21,22,23,24,25,26,27,28,29].



This research was carried out to determine the effect of different nitrogen fertilization on the content of phenolic compounds in Jerusalem artichoke tubers and their antioxidant potential.




2. Materials and Methods


2.1. Chemicals


Ferrous chloride, sodium persulfate, the Folin–Ciocâlteu phenol reagent, chlorogenic acid, caffeic acid, 2, 2′-azinobis-(3-ethylbenzothiazoline-6-sulfonic acid), 2, 4, 6-tri (2-pyridyl)-s-triazine, 2, 2-diphenyl-1-picrylhydrazyl (DPPH) and 6-hydroxy-2, 5, 7, 8-tetramethyl-chroman-2-carboxylic acid (Trolox) were obtained from Sigma-Aldrich (St. Louis, MO, USA). Methanol, acetonitrile, and all other chemicals were acquired from Avantor Performance Materials (Gliwice, Poland).




2.2. Plant Material, Preparation of Samples


Jerusalem artichoke tubers were grown in a field experiment (Agricultural Experiment Station in Tomaszkowo, near Olsztyn 53°410 N, 20°240 E). They were established by the method of random sub-blocks: blocks (fertilization level N and sub-blocks—variety) in three replications. Three varieties of Jerusalem artichoke were cultivated: Albik (club, white, tuber) Rubik (irregular to oval, purple) (Poland) and Gute Gelbe (oval-round, white) (Germany). Tubers were planted into heated soil in the second ten days of April (brown soil, suitability complex 5 and quality class IVb) [30], 40 cm apart, with inter-row spacing of 62.5 cm. The plot area was 5.4 m2. The same agrotechnical operations were carried out on all the plots. Weeds were controlled mechanically. The following fertilization variants of N were used in the form of 46% urea once before planting: 0 kg (without fertilization), 80 kg N·ha−1 and 120 kg N·ha−1. At the same time, 46% granulated triple superphosphate (73 kg P2O5·ha−1) and 60% potash salt (115 kg K2O·ha−1) were applied. Tubers for chemical analyses were harvested from late autumn to mid-November. From each replicate of the experiment (i.e., from three plots in a given object), 5 tubers were randomly taken. Tubers were washed under running water and the flesh with skin was cut into cubes of 1 × 1 × 1 cm. The prepared material was freeze-dried (Alpha model 1–4 LD plus from Doncerv) and then milled in a laboratory mill (A 11 basic). For chemical analyses, 100 g samples were taken.




2.3. Extraction


After milling, the lyophilized tubers were extracted with 80% (v/v) methanol at a ratio of solid material to solvent 1:10 (w/v) [31]. Extractions were performed at 65 °C for 15 min and then filtered. Extraction was repeated from the precipitates twice more. The supernatants were then combined for each sample and the methanol was evaporated under vacuum using a rotary evaporator at 50 °C (Rotavapor R-200, Büchi Labortechnik, Flawil, Switzerland). The remaining water was removed by lyophilization (Lyph Lock 6, Labconco, Kansas City, MO, USA). Mass balance was carried out to calculate the yield (%) of extraction.




2.4. Determination of Total Phenolic Content


The colorimetric reaction with Folin–Ciocâlteu reagent (FCR) was performed to determine the content of phenolic compounds in JA samples [32]. The reaction mixtures consisted of 0.25 mL of JA extract), 0.25 mL of FCR, 0.5 mL of saturated solution of Na2CO3 (22 g of sodium carbonate was added to 100 mL water at 25 °C), and 4 mL of water and were left to stand in the dark for 25 min. After centrifugation (MPW-350R, MPW Med. Instruments, Warsaw, Poland) for 5 min at 5000× g, the absorbance of the supernatants was recorded at λ = 725 nm (DU-7500 spectrophotometer, Beckman Instruments, Fullerton, CA, USA). TPC results were calculated on the basis of the calibration curve for caffeic acid and were expressed as equivalents of standard per gram of plant fresh matter.




2.5. HPLC Analysis


Phenolic compounds of Jerusalem artichoke tuber extracts were separated using a high-performance liquid chromatography (HPLC) Shimadzu system (Shimadzu, Kyoto, Japan), which consisted of a CBM-20A controller, a DGU-20A5R degassing unit, two LC-30AD pumps, a SIL-30AC autosampler, an SPD-M30A diode array detector and a CTO-20AC column oven. Aliquots of 10 μL of extract solutions in 80% (v/v) methanol were injected into a Luna C8 (2) column (4.6 × 150 mm, particle size 3 μm, Phenomenex, Torrance, CA, USA). The compounds were eluted in a linear gradient system of solvents A (acetonitrile-water-trifluoroacetic acid, 5:95:0.1, v/v/v) and B (acetonitrile-trifluoroacetic acid, 100:0.1, v/v) [33,34]: 0–18 min, 0%–60% B. The flow rate was 1 mL/min, and the oven temperature was 25 °C. Detection was carried out by scanning over a wavelength range from 200 to 400 nm. The contents of individual phenolic compounds were expressed on the basis of the calibration curves of the corresponding standards or structurally related substances.




2.6. ABTS Assay


The ABTS assay was carried out according to Re et al. [35]. Trolox was used as the standard; the results were expressed as μmol Trolox equivalents per gram fresh plant matter.




2.7. Ferric-Reducing Antioxidant Power


The FRAP reagent was prepared using a previously described method [36]. FRAP results were expressed as μmol Fe2+ equivalents per gram of fresh matter using the calibration curve for FeSO4.




2.8. Scavenging of the DPPH Radical


The ability of Jerusalem artichoke tuber extracts to scavenge DPPH was evaluated according to a previously described method [37]. Portions of 100 μL of JA extract were mixed with 0.25 mL of 1-mM DPPH and 2 mL of methanol. The absorbance of mixtures was read at λ = 517 nm after the samples stood for 20 min. The results were the expressed as μmol Trolox equivalents per gram fresh plant matter.




2.9. Statistical Analysis


The extraction was conducted in triplicate. Antioxidant assays and HPLC analyses were performed in at least three repetitions. The results are presented as the means ± standard deviation (SD). One-way ANOVA and Fisher’s least significant difference test at a level of P < 0.05 were used to determine the significance of differences between mean values. To determine the relation between the results of the total phenolics and the antioxidant assays the Pearson’s correlation was used. Statistical analysis was performed using GraphPad Prism version 6.04 for Windows (GraphPad Software, San Diego, CA, USA).





3. Results


The tubers of Gute Gelbe cultivar fertilized with 120 kg N·ha−1 had the highest content of phenolic compounds (9.89 mg·g−1). A lower content of phenolic compounds, but still above 9 mg·g−1, was noted for tubers of the non-fertilized Gute Gelbe cultivar (9.76 mg·g−1) and tubers of the Rubik cultivar fertilized with 80 or 120 kg N·ha−1 (9.25 and 9.41 mg·g−1, respectively) (Table 1). The content of phenolic compounds in the tubers of the remaining objects ranged from 7.81 mg·g−1 (Albik, 0 kg N·ha−1) to 8.38 mg·g−1 (Rubik, 0 kg N·ha−1).



The extracts of JA tubers were characterized by the presence of three main phenolic compounds (Figure 1). Based on retention time and UV spectra of original standard, compound 1 was identified as chlorogenic acid. Based on UV spectra (Figure 2), compounds 2 and 3 were tentatively identified as caffeic acid derivatives.



The content of chlorogenic acid in JA tubers ranged from 4.62 mg·g−1 g (Gute Gelbe, 80 kg N·ha−1) to 6.30 mg·g−1 (Gute Gelbe 0 kg N·ha−1) (Table 2). The content of compounds 2 and 3 was significantly lower than that of chlorogenic acid. The content of 2 compound in the tubers was at a similar level—from 0.54 mg·g−1 (Rubik, without N fertilization) to 0.79 mg·g−1 (variety Gute Gelbe, 120 kg N·ha−1). Compound 3 exceeded 1 mg·g−1 was determined in tubers of the Rubik cultivar (1.03–1.07 mg·g−1 in 80 and 120 kg N·ha−1 treatment, respectively) and the Gute Gelbe cultivar (1.19 mg·g−1, without fertilization N). For both the Albik and Rubik cultivars, an increase in phenolic compounds content, including the dominant chlorogenic acid, was found in tubers from fertilized plants. In the case of the Gute Gelbe cultivar, the content of total phenolics as well as the content of chlorogenic acid was the highest in tubers from plants without fertilization and with fertilization of 120 kg N·ha−1. The effect of N fertilization on the contents of compounds 2 and 3 of the compound was ambiguous.



ABTS, FRAP and DPPH assays were used to assess the antioxidant potential of JA tubers. The ABTS test showed the highest antioxidant capacity for the Rubik cultivar fertilized with 80 kg N·ha−1 (Table 2). In all assays, tubers of the Albik and Rubik cultivars originating from the objects fertilized with 80 and 120 kg N·ha−1 were characterized by greater antioxidant potential than tubers from non-fertilized plants. The highest results for the antioxidant assays were recorded for tubers of the Gute Gelbe cultivar, for ABTS in the 120 kg N·ha−1 facility and for FRAP and DPPH in the facility without fertilization. For the same cultivar, the greatest variation in antioxidant potential was demonstrated by the FRAP assay. Gute Gelbe. The results indicate the highest antioxidant effectiveness in the tuber extracts that were the richest in phenolic compounds.



The antioxidant activity of the Jerusalem artichoke tuber extracts was correlated with the content of total phenolics (Figure 3). The correlation coefficients between total phenolics and the results of ABTS and FRAP and DPPH assays were 0.806, 0.952, and 0.882 respectively.




4. Discussion


The content of total phenolic compounds in this study classified JA tubers as a rich source of phenolic compounds. The results of total phenolics for JA tubers are similar or higher than those reported for oils seeds, cereals, and legumes [38].



The results of several investigation showed an influence of nitrogen fertilization on the content of phenolic compounds in plants. However, the findings are inconclusive. Higher nitrogen fertilization increased the content of sinapine in rape seeds [39]. The highest content of phenolic compounds was found in red cabbage fertilized with N at a dose of 150 kg·ha−1. A further increase in the dose to 250 kg reduced the content of phenolic compounds [21]. Li et al. [40] found a significant decrease in phenolic compounds in the mustard leaf by increasing the level of N.



Broccoli showed a decrease in flavonoids with nitrogen fertilization [22]. Zhao et al. [25] reported a significantly higher level of phenolic compounds in Brassica rapa L. chinensis plants in an ecological system compared to a conventional system. In Wendy et al [41], the increased accumulation of p-coumaric acid in the pac choi plant is explained by the application of a liquid organic nitrogen source in comparison with traditional mineral fertilization. Organically grown cauliflower (Brassica oleracea L. subsp. botrytis), had a 21% higher content of polyphenols compared to a conventionally frown specimen [42]. Conversa et al. [43] also reported a higher level of phenolic compounds in organic Brassica rapa. An increase in nitrogen fertilization caused a decrease in the content of rosmarinic acid and caffeic acid in Ocimum basilicum L. with a simultaneous increase in antioxidant activity, as well as an increase in the content of total phenolics in Solanum lycopersicum L. [44], and Brassicaceae [21,23,41].



According to Łata [28], the total phenolic content of two varieties of kale Brassica oleracea did not undergo significant modification under the influence of the N fertilization level (0, 100, 200, 300 mg/dm3). In addition, the author stated that the level of N did not significantly affect the total antioxidant power (FRAP value) of kale, regardless of the genotypes. An undefined trend in antioxidant capacity in relation to the increasing level of N was expressed by red cabbage, which, compared to green-leafed cabbage was characterized by a higher content of phenols and combined antioxidant activity. Other studies showed that the production system did not affect the content of flavonoids and polyphenols in cauliflower (except for single genotypes) [45] and in broccoli [46]. Conversa et al. [43] did not state the modifying effect of conventional and organic growing systems on the antioxidant properties of crude or processed Brassica rapa L. subsp. sylvestris.



Takeuchi and Nagashima [20] reported between 39 and 129 mg gallic acid equivalents (GAE) 100 g−1 FW in the peel and between 4.9 and 31 mg GAE·100 g−1 FW in the tuber flesh. Williams et al. [47] argue that the quantity and quality of polyphenols in plants is largely determined by factors such as variety; agrotechnological conditions including fertilization and the state of ripeness; and storage conditions. In this study, the content of phenolic compounds in Jerusalem artichoke extracts ranged from 7.81 mg/g (cv. Albik, 0 kg N·ha−1) to 9.89 mg·g−1 (cv. Gute Gelbe, 120 kg N·ha−1). Based on the chromatogram of the Jerusalem artichoke tuber extract, three compounds were identified, with chlorogenic acid dominating. The highest level of chlorogenic acid 6.30 mg·g−1 was determined in the tuber extract from Gute Gelbe derived from non-fertilized N plants. The content of compounds 2 and 3 in the tuber extract of the studied cultivars was less than that of chlorogenic acid, and their content did not exceed 0.80 mg/g (cv. Gute Gelbe, 120 kg N·ha−1) and 1.20 mg·g−1 (cv. Gute Gelbe, 0 kg N·ha−1).



In Jerusalem artichoke tubers, 22 phenolic compounds were identified with phenolic acids, mainly salicylic acid and chlorogenic acid, dominanting them [7]. Other researchers have reported the occurrence of chlorogenic acid, caffeic acid and unidentified phenolic acid as major phenolic acids in Jerusalem artichoke tubers [9]. Chlorogenic and gallic phenolic acids were 38.1 to 57.0 mg/ 100 g DM in the autumn and 21.0 to 27.4 mg·100 g−1 DM in the spring. The authors of later studies identified chlorogenic acid and gallic acid as the main phenolic compounds in Jerusalem artichoke tubers [10], in addition salicylic acid and caffeic acid [2]. Their maximum content was found during harvest in mature tubers, as it decreased during storage.



Mattila and Hellström [9] did not find statistically significant differences between the varieties in the content of phenolic acids in the tubers of Jerusalem artichoke. Genetic conditioning turned out to be a factor that strongly differentiated the content of phenolic compounds in broccoli [46]. Fennel varieties, according to Salama et al. [48], had different DPPH scavenging activity and Fe2+ -chelating activities.



Based on our results, a tendency of an increase in the content of phenolic compounds (due to the dominant share of chlorogenic acid) in the tuber extract harvested from plants content with fertilization of 80 and 120 kg N N·ha−1 was observed in both the Albik and Rubik varieties compared to tubers without fertilization. In the Gute Gelbe variety, both total phenols and chlorogenic acid contents were higher in tubers harvested from plants without fertilization and with fertilization 120 kg N·ha−1 than in the 60 kg N·ha−1 fertilized plants. The effect of N fertilization on the contents of compounds 2 and 3 was ambiguous. N fertilization affects the synthesis of phenolic compounds [49]. The of hydroxycinnamic acids, mainly chicoric acid, was higher in the roots of Cichorium intybus L. from a conventional cultivation system (higher N fertilization) compared to a biodynamic system in conditions of adequate hydration; antiradical activity was higher in biodynamic cultivation [50]. Under conditions of water stress (drought), the authors found no difference in the content of phenolic compounds and anti-radical activity between the two cultivation systems. Sinkovič et al. [51] studied extracts from the leaves of non-fertilized chicory plants and recorded higher TPC values, including mainly chlorogenic acid and silicic acid (254.3 mg·100 g−1 FW), in the leaves from non-fertilized than from leaves of fertilized plants (128.6 and 125.5 mg·100 g−1 FW organic and mineral, respectively).



In this study, the antioxidant potential of Jerusalem artichoke tuber extract was assessed using ABTS, FRAP and DPPH assays. The tuber extracts from cultivars Albik and Rubik with N fertilization were characterized by greater antioxidant activity than extracts from tubers 0f non-fertilized plants in all tests. The FRAP assay revealed large differences in the level of antioxidant potential of Jerusalem artichoke cv. Gute Gelbe - 110.9 µmol Fe2+.g−1 (0 kg N·ha−1) and 81.9 µmol Fe2+.g−1 (80 kg N·ha−1). In the DPPH test, tuber extracts of the same cultivar also showed the greatest ability to quench radicals in a 0 kg N N·ha−1treatment. These results indicate the highest antioxidant effectiveness of the tuber extracts, that were the richest in phenolic compounds. Ibrahim et al. [52] reported the highest levels of phenols, also flavonoids, and the highest antioxidant activity of DPPH and FRAP assays were recorded in Labisia pumila Benth (Kacip Fatimah) fertilized with 90 kg N·ha−1 (organic and inorganic fertilization); higher doses of N to 270 kg·ha−1reduced secondary metabolites and antioxidant activity. The largest content included total phenols in Stevia rebaudiana Bertoni leaves and at the same time, high antioxidant capacity was obtained after the application of N fertilization at a dose of 150 kg·ha−1; limited or increased availability of N were less favourable for the accumulation of the above compounds [53]. Barroso et al. [27] reported a significantly higher content of total phenolic compounds in the above species fertilized with 25 kg N·ha−1 compared to non-fertilized plants, with a higher antioxidant activity.



The strong positive correlation between the total content of phenolic compounds and the results of ABTS and FRAP tests (Figure 3) clearly indicates that phenolic compounds were the carrier of the antioxidant activity of JA extracts. This is in line with the theoretical premises. In the method used for determination of the total phenolic compounds, occurs the reduction of the Folin-Ciocalteu reagent by phenolate anions. A positive correlation between total phenol content and antioxidant activity was found in Satureja hortensis (R2 = 0.55) [53], in Labisia pumila [54], in selected Brassicaceae species [25,55], and in Vaccinium myrtillus fruits [56]. In contrast, Terpinc et al. did not find a positive correlation between the content of total phenolic compounds in white mustard extracts and antioxidant activity [57].




5. Conclusions


Three phenolic compounds were found in the tuber extracts of three Jerusalem artichoke varieties, predominantly chlorogenic acid. The highest total phenol content was determined in tuber extracts from cultivar Gute Gelbe in the treatment with 120 kg N·ha−1 fertilization and without fertilization, which at the same time explains the highest antioxidant activity of the extract of the above variety in the ABTS test and in the FRAP and DPPH test, respectively. Increase in the content of phenolic compounds in tuber extracts of cultivar Albik and Rubik under the influence of N fertilization at a dose of 80 and 120 kg·ha−1 demonstrated greater antioxidant potential in all tests (ABTS, FRAP and DPPH) in comparison with the tuber extract from non-fertilized plants (0 kg N·ha−1). This research supplements existing knowledge and suggests that optimal N fertilization and properly selected varieties have an impact on the formation of the beneficial composition of biologically active compounds, including phenols in Jerusalem artichoke tubers and their antioxidant potential.
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Figure 1. Typical HPLC chromatogram of phenolic compounds from Jerusalem artichoke tubers. 






Figure 1. Typical HPLC chromatogram of phenolic compounds from Jerusalem artichoke tubers.



[image: Agronomy 10 01215 g001]







[image: Agronomy 10 01215 g002 550] 





Figure 2. UV-DAD (diode array detector) spectra of the main phenolic compounds from Jerusalem artichoke ((1–3)—number of the peaks on the chromatogram). 
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Figure 3. Correlation between the total phenolics content and the results of ABTS (2,2’-azinobis-(3-ethylbenzothiazoline-6-sulfonic acid)), FRAP (ferric-reducing antioxidant power), and DPPH (2,2-diphenyl-1-picrylhydrazyl) assays. 
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Table 1. Effect of N fertilization on the content of total phenolic compounds of Jerusalem artichoke tubers and their antioxidant potential.
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Cultivar

	
Fertilization (N·ha−1)

	
Total Phenolics

	
ABTS Assay

	
FRAP Assay

	
DPPH Assay




	
(mg·g−1)

	
(μmol Trolox·g−1)

	
(μmol Fe2+.g−1)

	
(μmol Trolox·g−1)






	
Albik

	
0

	
7.81 ± 0.18 a

	
36.5 ± 1.1 b

	
86.2 ± 1.6 a

	
40.9 ± 1.1 c




	

	
80

	
8.14 ± 0.16 a

	
40.7 ± 1.2 a

	
88.4 ± 0.9 a

	
48.3 ± 0.8 a




	

	
120

	
8.16 ± 0.36 a

	
38.4 ± 0.8 a

	
87.3 ± 1.3 a

	
46.7 ± 0.5 b




	
Rubik

	
0

	
8.38 ± 0.19 b

	
37.0 ± 1.1 b

	
90.6 ± 0.5 b

	
41.9 ± 0.3 c




	

	
80

	
9.25 ± 0.45 a

	
42.7 ± 0.5 a

	
95.3 ± 0.4 a

	
49.9 ± 0.6 a




	

	
120

	
9.41 ± 0.37 a

	
43.4 ± 0.6 a

	
95.6 ± 0.4 a

	
48.0 ± 0.6 b




	
Gute Gelbe

	
0

	
9.76 ± 0.20 b

	
41.5 ± 0.7 b

	
110.9 ± 1.2a

	
46.2 ± 0.8 a




	

	
80

	
7.93 ± 0.09 c

	
39.4 ± 0.8 c

	
81.9 ± 0.9 c

	
44.3 ± 1.0 a




	

	
120

	
9.89 ± 0.20 a

	
43.1 ± 0.4 a

	
97.8 ± 0.2 b

	
44.3 ± 0.9 a








Means with the different letters in the same column are significantly different (P < 0.05).
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Table 2. Effect of N fertilization on the content of individual phenolic compounds of Jerusalem artichoke tubers.
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Cultivar

	
Fertilization (N·ha−1)

	
Compound 1

	
Compound 2

	
Compound 3




	
(Chlorogenic Acid)

	
(mg·g−1)

	
(mg·g−1)




	
(mg·g−1)

	

	






	
Albik

	
0

	
4.95 ± 0.25 a

	
0.75 ± 0.04 a

	
0.94 ± 0.05 a




	

	
80

	
5.18 ± 0.26 a

	
0.73 ± 0.04 a

	
0.82 ± 0.05 b




	

	
120

	
5.21 ± 0.27 a

	
0.69 ± 0.03 a

	
0.82 ± 0.04 b




	
Rubik

	
0

	
5.46 ± 0.27 a

	
0.54 ± 0.03 b

	
0.97 ± 0.05 a




	

	
80

	
5.54 ± 0.28 a

	
0.72 ± 0.04 a

	
1.03 ± 0.05 a




	

	
120

	
5.72 ± 0.29 a

	
0.67 ± 0.03 a

	
1.07 ± 0.05 a




	
Gute Gelbe

	
0

	
6.30 ± 0.31 a

	
0.76 ± 0.04 a

	
1.19 ± 0.06 a




	

	
80

	
4.62 ± 0.23 c

	
0.71 ± 0.04 a

	
0.95 ± 0.04 b




	

	
120

	
5.20 ± 0.26 b

	
0.79 ± 0.04 a

	
0.95 ± 0.04 b








Means with the different letters in the same column are significantly different (P < 0.05).
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