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This study aims to analyze the physicochemical characteristics and activities of 21 sour cherry cultivars in China. The evaluated accessions differ in several quality traits including weight, moisture, color, total soluble solids, and total acids. Glucose and malic acid were the predominant individual sugar and organic acid in all accessions. The potassium (K) and iron (Fe) were of the highest contents in Érid jubileum (453.887 mg/100 g FW) and Meili (2.988 mg/100 g FW), respectively. The contents of total phenolics (TP) were from 9.309 to 24.118 mg GAE/g DW, and total flavonoids (TF) were 8.935–27.198 mg RE/g DW, which were highly positively correlated (r = 0.892, p < 0.001). M-15, Érdi fubileum, and Érid jubileum showed the highest inhibitory effects on xanthine oxidase, and the IC50 inhibitory were 2.619, 3.117, and 3.940 mg/ml, respectively. This work evaluated the quality and nutritional characteristics of 21 sour cherry cultivars grown in China and explored their potential as an innovative food ingredient for hyperuricemia by evaluating the inhibitory effects of xanthine oxidase. And these results provide valuable data and new ideas for the future sour cherry breeding program as well as a processing guide.
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INTRODUCTION

Sour cherry, also called tart cherry, is native to Europe (1) and is popular in Europe and the United States. Compared with sweet cherries, sour cherry has its own characteristic astringent taste for higher acid/sugar ratios (2), is rich in polyphenolic compounds such as flavonoids (3), and has much higher amounts of hydroxycinnamic acids, procyanidins, flavonol glycosides, and flavanols (3–5). Hence, given the significantly high phytochemical contents, sour cherry is also branded as “Ultimate super-food” for its remarkable functions, such as antioxidant (6) and anti-inflammatory (7), especially the anti-gout effect (8, 9).

Uric acid is the final product of purine metabolism in humans. When the serum urate concentration was over 408 μmol/L (6.8 mg/dL), hyperuricemia is defined (10). In recent years, the prevalence of hyperuricemia and gout keep increasing dramatically, and the prevalence of hyperuricemia and gout in mainland China was 13.3% and 1.1%, respectively (11). Previous studies verified that reducing the activity of xanthine oxidase (XO), which is a key enzyme in purine metabolism, and inhibiting its catalytic oxidation of hypoxanthine to xanthine were both effective means to further inhibit uric acid (UA) production (12). It was found that polyphenolics have great potential for preventing diseases caused by the overproduction of radicals and the XO activity (12, 13). Because of no seasonal restrictions and ease of dose control, sour cherry provides a more convenient solution for the nutritional intervention of hyperuricemia. Therefore, sour cherry and its products are becoming more and more popular in China market.

As an introduced species, sour cherry is a new type of fruit in China, and some new breed sour cherry varieties have appeared and begun to be planted large-scale in Shannxi and Shangdong Province recently. However, the chemical compositions of sour cherries are of high variability among different cultivars (14) and different grown conditions (15). Therefore, it is necessary to analyze and compare the physical and chemical active components of sour cherry from different regions and strains.

Therefore, given the limited knowledge of Chinese cultivated sour cherry, the main purpose of this work was to characterize the physicochemical characteristics and nutrients. So, the fruit weight, moisture, and edible proportion were detected and calculated, and the contents of the total soluble solids, total acid, individual sugar, and organic acids were measured. And the nutrients such as potassium (K), iron (Fe), total phenolics, total flavonoids, and total anthocyanins were evaluated and analyzed. Aiming to explore their potential as an innovative food ingredient for hyperuricemia, the inhibitory effects of XO were evaluated. This work would help select the most valuable and desirable sour cherry cultivars in China.



MATERIALS AND METHODS


Plant Materials

Twenty-one sour cherry varieties cultivated in China were studied in this work. “Meili”, “Meixue”, “Aode”, “Aojie”, and “Xiuyu” were the varieties bred by the Chinese researchers. The code names of the varieties given by the breeders were “zy-1”, “1–1”, “2–3”, “8–9”, “8–13”, “BS4”, “BS5”, “M-15”, and “H-6”. “Korosi early”, “Paraszt meggy”, “Érdi fubileum”, “Érid jubileum”, “Ujfehértoi fürbõs”, “Debreceni bõtermõ”, and “Earey hungazihn” were imported varieties. At the fully ripened stage, the fruits were randomly selected and harvested by hand (Table 1 and Figure 1).


Table 1. The information and quality traits of the 21 different sour cherry cultivars analyzed.
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FIGURE 1. The cherry cultivars were used in the study. (A) the appearance of the 21 sour cherries; (B) the CIELAB color space diagram of the studied sour cherry fruit skins.


The fruits were delivered to the lab immediately after harvest and kept in the −80°C refrigerator (DW-86L486, Haier, Qingdao, China) for titratable acidity, reducing sugar, and minerals. The fruit mass, water content, the proportion of edible portions, and color were measured on the fresh berries. For the total phenolics, total flavonoids, total anthocyanins, antioxidant activity analyses, and xanthine oxidase inhibitory assay, samples without pit were freeze-dried for 48 h (FD5–5, SIM, L.A., USA) and crushed by mortar for homogeneous powder in liquid nitrogen. The powder was maintained at −80°C, waiting to be extracted and analyzed.

The extracts were prepared as below: the powder (1 g) was extracted using 60 ml of 80% aqueous methanol acidified with 1% formic acid at room temperature and stayed for 24 h in darkness. Then, the samples were filtered and transferred to a 100 ml volumetric flask filled with extractant to volume, and mixed.



Chemicals and Reagents

Xanthine, Xanthine Oxidase, and Standards (rutin, malic acid, citric acid, tartaric acid, succinic acid, lactic acid, oxalate, fumarate, glucose, fructose, and sucrose) were purchased from Yuanye (Yuanye Bio-Tech, Shanghai, China). Single Element Standard Solution Fe (1,000 μg/ml) and K (100 μg/ml) were purchased from the National Center (Guobiao, Beijing, China). The acetonitrile and methanol for the high-performance liquid chromatography (HPLC) were from Merck (Merck KGaA, Darmstadt, Germany). The 2,2′-azinobis(3-ethylbenzothiaziline-6-sulfonate (ABTS) was obtained from Solabio (Solabio Sci&Tech, Beijing, China).



Fruit Weight, Edible Proportion, and Moisture

Thirty berries of each cultivar were selected randomly. Their weights were evaluated by an electronic scale (BS124S, Sartorius, Göttingen, Germany). The cherry pits were removed and weighed, and the edible proportion was calculated as follows: Edible proportion (%) = (fruits weight - pits weight)/fruits weight × 100. The moisture was determined according to the method described by Schulz et al. (16).



Color Measurement

The CIELAB scale was used for the fruit and juice color. The L*, a*, and b* values were measured by the chroma meter (CR-400, Konica Minolta, Tokyo, Japan), according to the method described by Ly et al. (17). The chroma (C*) and hue (h*) can be calculated from the a* and b* values as: C* = [(a*)2+(b*)2]1/2 and h*= arctan (b*/a*) (18).



Total Soluble Solids and Titratable Acidity

The TSS was measured by the refractometric method (RX-5000α-Bev, ATAGO, USA). The titratable acidity was determined by titrating the diluted fruit juice to pH 8.20 with 0.1 mol/L NaOH (DELTA-320, Mettler Toledo, Zurich, Switzerland). And the TSS/TA ratio was calculated and used as an indicator of taste quality (19).



Minerals

Cherry pulps of 1.0 g were weighed into digestion tubes and a digestion solution of nitric acid was added to digest until the samples were transparent or slightly yellow on the electric furnace. The samples were made up to 100 ml with ultrapure water and then diluted to a suitable concentration for analysis. The analysis of K was carried out by atomic absorption spectrophotometer (AA-6,800, Shimadzu, Kyoto, Japan) and Fe was analyzed by liquid chromatography inductively coupled plasma mass spectrometry (LC-ICP-MS/MS) (8,800, Agilent, Santa Clara, USA). To avoid interference, cesium chloride (0.2%) was added for K determinations.



Total Phenolics, Total Flavonoids, and Total Anthocyanins

The TP, TF, and TAn content in the cherry extract samples were the basis of the method of Yan et al. (20). They were expressed as milligrams of gallic acid equivalents (GAE) per gram of dry weight (DW), milligrams of rutin equivalent (RE) per gram of DW, and milligrams cyanidin-3-glucoside equivalent (Cyd-3-Glu) per gram of DW, respectively.



Quantification of Organic Acids and Individual Sugars

The organic acids were determined by the method described by Zhao et al. (21). Quantification was achieved using a calibration plot of external standards. The quantification was achieved using a calibration plot of external standards: malic acid (y = 3.2495x + 33.218; R2 =0.9995; concentrations of 12.5–200 μg/ml), citric acid (y = 1.7875x +1.3552; R2 =0.9998; concentrations of 8.0–129 μg/ml), lactic acid (y = 1.3525x + 2.2422; R2 =0.9999; concentrations of 33.3–533 μg/mL), tartaric acid (y = 3.4616x + 6.7397; R2 =0.9973; concentrations of 8.8–141.2 μg/ml), and fumaric acid (y = 284.69x + 6.8556; R2 =0.9999; concentrations of 6.2–100 μg/ml).

The quantitative analysis of individual sugars was carried out by HPLC (Chromaster, HITACHI, Tokyo, Japan) equipped with refractive index detector (RID) (5450, HITACHI, Tokyo, Japan) and were separated in Agilent ZORBAX Eclipse XDB-C18 (250 × 4.6 mm, 5 μm) (Santa Clara, USA) at 30°C. Eighty percent acetonitrile was used as mobile phase, and the flow rate was 0.8 ml/min. The standard curves (concentrations of 0.781–25.0 mg/ml) were glucose (y = 428741x – 447094; R2 =0.9990), fructose (y = 409423x - 229445; R2 = 0.9996), and sucrose (y = 391267x – 243540; R2 =0.9992).



ABTS Tests

For the extracts, ABTS assays were used according to the method of Floegel et al. (22) described. The ABTS·+ scavenging activities were expressed as mM Vc equivalents (VCE) per gram of DW.



Xanthine Oxidase Inhibitory Assay

The xanthine oxidase inhibitory assay was after the method described by Ahmed et al. (23). The extracts were evaporated to dry by the Hei-VAP Value (Heidolph, Schwabach, German). The extracts were screened for XO inhibitory activity at a final concentration of 20.00 mg/ml and diluted with phosphate-buffered saline (PBS) buffer to different concentrations. The reaction medium consisting of 60 μl of 1 mmol/L xanthine and 50 μl of the test sample was preincubated at 37°C for 5 min. To trigger the reaction, 30 μl of 0.02 unit/ml XO buffer solution was added. After incubation at 37°C for 30 min, the reaction was terminated by the addition of 50 μl of 0.5 M HCl. The absorbance at 295 nm was measured using a microplate reader (Powerwave XS, Biotek, Winooski, USA).



Statistical Analysis

The data were recorded as mean ± SD of at least triplicate determinations. The Pearson's correlation coefficient was calculated by the Graphpad prism 9.0 (GraphPad Software Inc., California, USA). The significance levels for all tests were p < 0.05 and p < 0.01. SPSS 21.0 (IBM, Armonk, New York, USA) was adopted for the statistical study and analysis.




RESULTS AND DISCUSSION

The evaluated physical and chemical characteristics are presented in Tables 1, 2. These parameters, such as color, fruit weight, sugar, acid, and so on, are the critical varietal characteristic for consumption and processing, that may fluctuate depending on climate, soil, and agricultural conditions (14).


Table 2. The color parameters and nutrients of 21 sour cherry fruits.
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The Physical Traits of the Sour Cherry Accessions Fruit Weight, Size, and Moisture

Fruit weight and size were shown in Table 1, both fruit weights and edible portions varied significantly (p < 0.05). The fruit weights ranged from 2.495 to 5.890 g, and their edible portions ranged from 89.26 to 94.11% (Table 1). The values are within the range of the studied sour cherries from other countries (15, 19, 24). Twelve of the investigated cultivars had larger fruits than the mean value of 4.434 g, lower than sweet cherries (25). Earey hungazihn, Aojie, 1–1, Aode, Meixue, 8–9, and Érid jubileum were characterized by the largest fruits (weight>5.0 g). In contrast, the weights of Ujfehértoi fürbõs, zy-1, and BS5 were lighter than 3.00 g, characterized by rather small fruits. Eleven of the edible parts of the cultivars were higher than the average value, over 91.91%. Ujfehértoi fürbõs was the only cultivar edible portion below 90%. The above-mentioned variability of parameters can influence the form of utilization and the technology of processing. Big fruits and high edible portions are favorable for both fresh consumption and processing acceptance (19, 24). Occasionally, smaller fruits may be preferred by processing companies for special products such as in chocolate or confectionery industries (19).

Moisture content is an important trait of fruit quantities and has a significant impact on other factors such as taste, texture, appearance, and weight. In this study, the moisture content values ranged from 78.37% (Debreceni bõtermõ) to 87.91% (Aode) (Table 1), which are in accordance with sweet cherries (from 75.08 to 88.56%) (25). The moisture content of China breeds Meili, Miexue, Aode, and Xiuyu were higher than the introduced cultivars, and this finding partly means that the China breeds were more suitable for juice processing.



The Contents of TSS and TA in Sour Cherry Accessions

The TSS and TA are the two vital quality traits of fruits. Their ratio (TSS/TA), indicated by maturity, was a key factor responsible for the taste and flavor of fruits and influencing the preference and acceptance of consumers (14, 25). In this study, the TSS values varied from 13.4°Brix (Xiuyu) to 21.8°Brix (2, 3), significantly different (p < 0.05) among cultivars (Table 2), that was in the range of previewed work in German (19). Except Xiuyu and M-15, the TSS value of the other cultivars was all above 14.0, which was considered as a “desirable line” for sweet cherries (14). Because of the similar value of TSS with sweet cherries (14, 25), a higher value of TA was the reason for the lower TSS/TA in sour cherries (19), which resulted in a more sour taste of sour cherries. The sourest cultivars in this study were Meili, Aode, Meixue, and Debreceni bõtermõ, with the values of 1.980, 1.957, 1.940, and 1.939 g malic acid/100g FW, respectively. Xiuyu and Ujfehértoi fürbõs were the least acidic cultivars, with TA values of 1.024 and 1.053 g/100 FW. The TA values are in accordance with previously reported data, falling between 0.90 and 3.1 g malic acid/100g FW in Poland (24), Germany (19), and Croatia (26). While sweet cherries were low in acid with values between 0.40–1.5 g malic acid/100 g FW in Italy (27), Portuguese (25), Greece (14), and Iran (28). The values of the TSS and TA of sour cherries were similar with peaches (29) and pomegranates (30, 31). Moreover, according to Pearson's coefficient (Figure 2A), there is no correlation between TSS and TA, which may be caused by natural differences among cultivars (25, 27), and results in the difference from previous studies (p < 0.01, r = 0.597 and 0.42, respectively) (25, 28).
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FIGURE 2. Correlation analysis of each trait. (A) Correlation coefficients among individual sugars, organic acids, total soluble solids (TSS), and titratable acid (TA); (B) Correlation coefficients between fruit traits and antioxidant properties. (*, **, *** Correlations significant at p < 0.05, p < 0.01, and p < 0.001. ns = not significant).


The TSS/TA ratio was considered as maturity index (MI), which classified fruits as sour, MI = 5–7; sour-sweet, MI: 17–24; and sweet, MI: 31–98 (29). The MI values of the tested accessions varied from 7.12 in Meili to 16.71 in Ujfehértoi fürbõs (Table 2). According to the classification, all the analyzed fruits were a sour-sweet taste rather than only a sour taste. And the values were higher than those of the sour cherries in Poland (15) and much lower than those of sweet cherries, which varied from 16.07 to 38.19 (25, 27). In particular, the MI values of Mieli, Miexue, Aode, Debreceni bõtermõ, and M-15 were near 7, closed to sour taste.



The Individual Sugars and Organic Acids Profiling of Sour Cherries

In fruits, the most common sugars are glucose, fructose, and sucrose, which are responsible for sweetness perception, while the main organic acids responsible for sourness perception were usually malic acid, critic acid, tartaric acid, and so on. The contents of the individual sugars and organic acids are shown in Table 3. Glucose was the dominant sugar in the tested cultivars, followed by fructose and sucrose, which confirmed the previous researches in Turkey (32), Poland (15), Hungarian (33), Italy (27), and Greece (14). Ujfehértoi fürbõs, Érid jubileum, and Érdi fubileum had the highest glucose content, and Meili the lowest (12.239, 12.070, 10.475, and 6.399 g/100 g FW, respectively). The contents of fructose were from 3.008 to 7.054 g/100 g FW. The ratio of glucose/fructose was about two in all the invested cultivars, being consistent with the sour cherries in Turkey (32) as well as Hungarian (33), but different from that in Poland (the ratio about 1:1). By correlation analysis (Figure 2B), the content of glucose was highly correlated with TSS and fructose (r =0.892 and.836, respectively; p < 0.001), similar to the tendency described for cherries, including sour (33) and sweet cherries (27). The trace amounts of sucrose were identified in most cultivars, from 0.517 g/100g FW in Aode to 1.210 g/100g FW in Earey hungazihn, while absence in 1–1, Korosi early, and Debreceni bõtermõ.


Table 3. The organic acids and sugars of 21 sour cherry samples.
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The predominant organic acid in all the accessions was malic acid, with highly positively correlated with TA that was described above (r = 0.916; p < 0.001) (Figure 2B). The content of organic acids differed widely among the cultivars: the contents of malic acid ranged from 707.54 (Xiuyu) to 1,574.57 mg/100 g FW (Debreceni bõtermõ), accounting for 52.12 to 72.48% of the total organic acids; lactic acid ranged from 124.32 (Earey hungazihn) to 583.96 mg/100 g FW (Aojie), accounting for 9.32–25.03% of the total organic acids; citric acids ranged from 94.56 (Earey hungazihn) to 442.35 mg/100 g FW (Aojie), accounting for 7.09–18.96% of the total organic acids; trace amount of fumaric acid was detected in most cultivars.



The Color Traits of the Sour Cherry Accessions

Color plays an important role in consumer acceptance and is one of the most important features for a product with high quality (14, 34). The color characteristics of the sour cherries are shown in Table 2. For a more intuitive comparison of skin colors, the CIELAB color space diagram (Figure 1B) was made by L*, a*, and b* values, which stand for lightness, redness, and yellowness (17). Results were shown that the L*, a*, and b* values were significantly different, and Xiuyu was the most different one among the accessions, with the highest L*, a*, and b* values (28.41, 17.81, and 5.20) and a golden color juice. On the whole, the obtained L* values varying from 18.95 to 43.30 and a* value from 1.9 to 33.5, which are corroborated with previous studies in sweet cherries, while negative b* values were obtained in most accessions, that was very different from sweet cherries (14, 25, 27). It was worth noticing that the darker cultivars tended to be less red and less yellow (Figure 1B), such as Érdi fubileum, Érid jubileum, Paraszt meggy, Korosi early, 8–9. Furthermore, these cultivars showed lower values of chrome (C) and hue angle (H), corresponding to a darker and more intense color. The differences among sour cherry cultivars in fruit color may also underline the variability in the accumulation pattern of specific anthocyanin molecules (14), the larger the number of hydroxyl groups on the B-ring, the bluer the color (35). And as pH increase, the color of anthocyanin moves to the non-spectral purple and approaches a progressive loss of fruit color. This could partially explain the difference in color traits L*, a*, and b* along with the variances of TA (Figure 2A).



The Contents of TP, TF, and TAn in the Sour Cherry Accessions

Phenolics were the main secondary metabolites of sour cherries, associated with various capabilities. The total phenolics, flavonoids, and anthocyanins were detected in this study. The results are shown in Table 2. The contents of TP ranged from 9.309 ± 0.219 mg GAE/g DW in 8–9 to 24.118 ± 0.859 mg GAE/g DW in M-15 and the contents of TF were ranged from 8.935 ± 0.226 mg RE/g DW in Xiuyu to 27.198 ± 0.916 mg RE/g DW in zy-1. The significant differences are also shown in TAn contents of the accessions. Debreceni bõtermõ and Earey hungazihn had the highest amount of TAn (3.995 and 4.108 mg Cyd-3-Glu/g DW, respectively), and Xiuyu had the lowest content (0.390 mg Cyd-3-Glu/g DW). M-15, zy-1, Debreceni bõtermõ, and Earey hungazihn showed the highest level of TA and TF in the accessions. Pearson correlation analysis (Figure 2A) also confirmed that the content of TP and TF was of significantly positive correlation (r=0.892, p < 0.001). However, neither of them correlated with the content of anthocyanins. Both TP and TAn contents of most accessions were higher than that of Montmorency (10,323±1,468 and 482±56 μg/g DW) and Balaton (7,752±932 and 1,063±178 μg/g DW) in America (5).



Mineral Traits of the Sour Cherry Accessions

Cherries were considered to be a good source of dietary K, which played an important role in the Dietary Approaches to Stop Hypertension (DASH), and could reduce blood pressure and stroke risk (1), as well as lowering serum urate among gout patients (36). In the accessions, the contents of K ranged from 250.906 to 453.887 mg/100 g FW, much higher than the records in the USDA MyPyramid nutrient data 173 and 222 mg/100 g FW at sour and sweet cherries respectively (1). From the Correlation analysis (Figure 2B), the contents of K showed moderate relationships to total anthocyanins (r = −0.490, p < 0.05) and L* (r = 0.595, p < 0.05). According to the literature, the high K application rate affected the L* value (37) and reduced anthocyanins (38), which indicated that K might be related to fruit color. In this regard, the fruit K contents variation could partly explain the detected differences in the color variances.

Iron is also an important microelement for human health. The Fe contents of the accessions were ranged from 0.919 mg/100 g FW to 2.988 mg/100 g FW, and they were 5.4–17.6 times higher than sour cherries with USDA recorded 0.17 mg/100 g and their products (6). The lowest content of Fe was 0.919 mg/100 g FW detected in BS 4, significantly lower than the other accessions (1.809–2.988 mg/100 g FW at 1–1 and Meili), which were closed with wild cherries (the range from 1.8 to 3.96 mg/100 g FW) (6).



ABTS Free Radical Scavenging Capacities

The ABTS assay was one of the most sensitive and speedy methods applied as the commonly antioxidant assay methods (39). It applied to both hydrophilic and lipophilic antioxidant systems (40) and performed better with high-pigmented and hydrophilic antioxidants (22). Because 80% methanol aqueous solution was used as the extraction agent, the extracts were a hydrophilic material rich in pigment. Hence the ABTS assay was adopted for antioxidant capability in this study. The results (Figure 3) showed that 1–1, M-15, and Debreceni bõtermõ displayed the highest activity (119.580, 114.912, and 113.562 mM VCE/g DW, respectively), while Xiuyu and 8–9 were the lowest with 55.851 and 57.954 mM VCE/g DW, respectively. Furthermore, we found that the ABTS scanning capability was positively relative to the total phenolics and flavonoids (r =0.651 and r =0.662, p < 0.01) (Figure 2A). This correlation was consistent with the conventional knowledge, that the antioxidant capacity is highly correlated with the phenolic content (22). Through Pearson correlation analysis, a negative correlation was found between the scavenging ability of ABTS and IC50 of XO (r = −0.613, p < 0.01) (Figure 2A), which might be also related to the content of phenolics.
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FIGURE 3. Activity analysis of sour cherry extract. (A) The ABTS·+ scavenging activity; (B) IC50 for xanthine oxidase inhibitory activity of sour cherry extracts (p < 0.05).




Xanthine Oxidase Inhibitory Activity

Inhibiting XO is one of the most effective methods for reducing the amount of serum UA (41). In this study, 50% inhibitive concentration (IC50) for the xanthine oxidase inhibitory activity of sour cherry extracts were detected and the results are shown in Figure 3B. The xanthine oxidase inhibitory activity observed with all accessions suggested that sour cherries contained a substantial amount of phytoconstituents with xanthine oxidase inhibitory potential. Among them, the extracts of M-15 displayed obvious activity with IC50 of 2.619 mg/ml, followed by Érdi fubileum (3.177 mg/ml) and Érid jubileum (3.940 mg/ml), while Xiuyu and Meixue displayed very weak inhibitory activities with the IC50 of 17.950, and 13.595 mg/ml, respectively. Meili, Aojie, and Aode displayed a moderate activity with the IC50 of 6.495, 7.700, and 7.791 mg/ml, respectively. Many results indicate that polyphenolics have a great potential for preventing diseases caused by XO activity (13, 23, 39). Therefore, we furtherly studied the relationship among TP, TF, TAn, and the IC50 of XO. The results showed that the Pearson correlation analysis also revealed a moderate correlation between the IC50 of XO and TP (r = −0.571, p < 0.01), TF (r = −0.463, p < 0.05), but no correlation with TAn (r = −0.417, ns) (Figure 2A). The results suggested that polyphenolics and flavonoids, rather than anthocyanins, were the important components in the inhibition of XO activity in the extract of sour cherries. The substitution of different groups on varied positions of flavonoid scaffolds greatly influenced the binding behavior of compounds on the active site of XO, resulting in the difference in the inhibition activity (13).

Xanthin oxidant (XO) inhibitors, allopurinol and febuxostat, are currently used as first-line clinical drugs in many countries (10, 42). But there are many side effects such as hepatitis, nephropathy, and allergic reaction (12, 13), that limited their use. And for patients with asymptomatic hyperuricemia, experts agreed that lifestyle advice on diet, weight loss, or exercise would be applied rather than drug treatment (42). Thus, many researchers were focused on searching for natural XO inhibitors with less toxic and side effects (12, 13, 23). Many clinical studies have found that sour cherry can reduce the content of UA and delay the onset of gout (8, 9). And the results of this work also proved that sour cherry extract has good XO inhibition ability, which indicates the potential application of sour cherry in the treatment and daily management of patients with gout in the future.




CONCLUSIONS

In this study, fruit quality traits, nutrients, and the inhibitory effect on the XO of 21 sour cherry cultivars grown in China were analyzed. The predominant sugar and organic acids were glucose and malic acid. All the tested sour cherries showed a high level of K and Fe content, and sour cherries in China could be a good plant-based source of K and Fe. Meili, Meixue, Aode, Korosi early, and Debreceni bõtermõ showed a high level of TA. Regarding the phenolic levels, zy-1, M-15, Debreceni bõtermõ, and Earey hungazihn possessed higher amounts of total phenolics, flavonoids, and anthocyanins. All the tested cultivars showed inhibition of XO, but the inhibition ability was different among cultivars, which were significantly stronger in M-15, Debreceni bõtermõ, and Earey hungazihn, relating to the high content of phenolics and flavonoids. Moreover, the Chinese cultivars, Meili, Meixue, Aode, and Aojie were more suitable for processing, because of their characteristics of big size, high moisture, and high acids. While Xiuyu was more promising for fresh eating due to the low acids and high-water content. Overall, our findings provide valuable data and new ideas for the future sour cherry breeding program.
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ABTS, 2,2′-azinobis(3-ethylbenzothiaziline-6-sulfonate); C, Chrome; Cyd-3-Glu, Cyanidin-3-glucoside equivalent; DASH, Dietary Approaches to Stop Hypertension; DW, Dry weight; FW, Fresh weight; GAE, Gallic acid equivalents; H, Hue angle; RE, Rutin equivalent; TAn, Total anthocyanins; TA, Titratable acidity; TF, Total flavonoids; TP, Total Phenolics; TSS, Total soluble solid; UA, Uric acid; VCE, Vc equivalents; XO, Xanthin oxidant.
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91,61+ 0.34%
9356 +0.28°
93.36.+0.28°
92,04 % 0.15%

Moisture (g/100g)

86.28 +0.14%
86.12+ 0.1
87.91£0.48°
81.18 + 0.44%
84.28 + 0.81%%
80.71 0,32
81.39 & 0.849"
82.34 2 0.08%
85.90 & 0.41%°
84.67 & 0.44%9
85.86 & 0.18%¢
84.67 + 0.63%
83.25 % 0.73%
85.12 2 0,449
79.54 4 0.08"
78.83 £ 0541
83.96 & 0.22°%
78.37 £0.43
84.83 4 3.28°
87.12.+ 008
85.22 % 1.58%9

Values are expressed as mean = standard. Cultivars sharing the same letter belong to the same subgroup, according to the Dunn’s test (o < 0.05).

TSS (*Brix)

141 £0.10
1656+ 0.1"
155+ 04"
18.1£0.1°
140+ 0.4
19.1£0.1°
218+0.1°
179401
148+ 0.4'
16.3+0.29
1422010
136 +0.5¢
1994 0.6°
16.1£0.29
19.940.2°
1854019
176 £0.2'
152£0.1"
149402
13.4.+0.2¢
14.2:£02

TA(g malic acid/100g FW)

1.980 + 0.008*
1.940 +0.016%
1.957 £ 0.028%
1.499 0,002
1.323 0001/
1.324 4 0,002
1.758 + 0,003
1319+ 0,008
1.265  0.003%
1.541 4 0.006°
1,676 % 0,017
1.834 £ 0.008°
1.922 £ 0.06°

1.765 00274
1.780 % 0.000¢
1.649 £ 0.010'
1.083 +0.001"
1.939  0.023%
1.394 0,003
1.024 +0011!
1,696 % 0.021°

TSS/TA

)

799

7.92
12.07
1058
14.43
124
13.57
1.79
10.58
8.47

7.36
10.35
212
11.18
11.22
16.71
7.84
10.69
13.00
837
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