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Abstract

:

Globally, the red wine market experienced a rapid growth in the last decade, due to the superior colour, taste, and nutritional quality. The red grapes used for vinification have individual characteristics varying within the regional environment. In this study, the quality of seven grape cultivars, including Marselan, Yan 73, Muscat Hamburg, Kadarka, Merlot, Cabernet Sauvignon, and Crimpose, and their corresponding wines, were investigated based on high-performance liquid chromatography and headspace solid-phase microextraction coupled to gas chromatography–mass spectrometry. These techniques were performed to analyze the chemical compositions and volatile compounds of the tested samples, respectively. The results showed that tartaric acid (29.96% to 73.45%) and rutin (12.53% to 56.54%) were the dominant organic acid and phenolic compounds in grapes, respectively. Higher concentrations of organic acids and phenolic compounds, and the types of volatile compounds, were observed to be highest in the Cabernet Sauvignon grape. The antioxidant activity of wines ranged from 6.74 to 102.68 mmol TE/L, and Yan 73 wine had the highest antioxidant activity. A total of 69 volatile compounds consisting of 17 alcohols, 26 esters, 5 aldehydes, 9 acids, 7 ketones, and 5 other volatile compounds were identified in all tested wines, and 11 important aroma active substances (odor activity value > 1) were selected, consisting of β-ionone, phenethyl acetate, geranyl acetate, ethyl 9-decenoate, ethyl caprate, ethyl pelargonate, decanal, ethyl caprylate, 6-methyl-5-hepten-2-one, methyl 2-hexenoate, and ethyl hexanoate, which endow wines with a unique aroma. This work clearly describes the chemical and sensory characteristics of seven red grape cultivars in Xinjiang of China and provides diversity options for cultivars for winemaking.
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1. Introduction


Wine is a popular beverage produced from the complete or partial alcoholic fermentation of fresh grape berries or grape juice [1]. Wine can be classified into red, white, and rose wine based on its colour [2]. The process of red wine inoculated fermentation involves the following four stages: impregnation, alcoholic fermentation, malolactic fermentation, and aging [3]. The unique components originating from red grape skins and seeds, such as anthocyanins and tannins, are integrated into the fermentation broth during impregnation process [4], and have been reported as vital for the colour of red wine and closely correlated with its commercial value [5]. Sugar and acid in grapes determine the alcohol level and main flavor of wine [6]. The species and concentration of organic acids has connected closely with the style and quality of wine, such as in regulating acid-base balance and, consequently, impacting on the sensory, color, flavor, microbiological, and physicochemical stability [7]. Polyphenols are important constituents in wine, contributing the sensory properties and antioxidant activity of wine [8]. As some research showed, wine grape characteristics can be highly specific to grape cultivar [9], and though the fermentation process has a crucial effect on wine quality [10], the effects were weakened by using similar equipment, starter, and process flow [11]. Furthermore, Huang et al. [12] found that wine grape quality also depend on geographical factors, and it is greatly impacted by climate [13], soil [14], water quality [15], and microbes [16].



In the wine industry, Cabernet Sauvignon grape is widely used in winemaking process due to its characteristics of easy planting, higher tannin content, deeper color, complex flavour, and abundant style. The homogeneity phenomenon of the wine style was gradually exposed due to the same grape cultivar and fermentation process. Nowadays, red wine brewers have gradually focused on the innovation and complexity of red wines. Therefore, using good red grape cultivars and improving brewing techniques has become an important issue in international brewing. Some grape cultivars may be rich in some beneficial ingredients, such as anthocyanins and polyphenols, while others may be defective, so some varieties may need to be mixed with others for vinification to make up for their deficiencies. Additionally, as Izquierdo-Llopart et al. [17] found, red wine made by blending different cultivars had more balanced flavors and stronger antioxidant activities.



China cannot be ignored as one of the main red wine producing countries in the world [18]. The Xinjiang Uygur Autonomous Region is a historic and principal wine-making region in China with a total annual grape output of 1.1 million tons from an 80,000 hm2 vineyard [19]. Four major wine-production areas in Xinjiang, named Tianshanbeilu, Yili, Yanqi, and Hami, have been developed and certified, and Cabernet Sauvignon is the major wine grape variety [20]. Therefore, in order to improve the quality of red wine, this study selected seven local red grape cultivars in Xinjiang (China), namely Marselan (MSL), Yan 73 (Y73), Muscat Hamburg (MH), Kadarka (KDK), Merlot (ML), Cabernet Sauvignon (CS), and Crimpose (CP), and used high-performance liquid chromatography (HPLC) and headspace solid-phase microextraction coupled with gas chromatography–mass spectrometry (HS-SPME/GC-MS) technologies to determine various indexes of seven red grape cultivars and corresponding red wines, including classic physiochemical indexes, antioxidant indicators, color, and volatile compounds. Thus, this study aims to evaluate the chemical and sensory properties of different red grapes and wines, by comparing their levels of different indexes, and the results may provide a good experimental basis for the blending fermentation of different varieties of red grape.




2. Materials and Methods


2.1. Wine Samples


Grape samples of seven cultivars, namely Marselan (MSL), Yan 73 (Y73), Muscat Hamburg (MH), Kadarka (KDK), Merlot (ML), Cabernet Sauvignon (CS), and Crimpose (CP), were collected at optimum maturity (≧20 degrees Brix) [21] from Xinjiang Zhongxin Guoan Grape Wine Co. Ltd. at the Manasi County of Xinjiang Province in China in October, 2021. After sampling, some basic indicators of grape berries were determined immediately, including the pH, total sugar, and total acidity [22]. For each grape cultivar, 5000 g fresh grapes were destemmed, crushed, and then added into a 10 L glass fermenter from Sichuan Huatong World Trade Co., Ltd. (Chengdu, China) for vinification. After destemming and crushing, 20 mg/L pectinase and 45 mg/L free SO2 were added into the fermenter, in order to play the important roles of increasing the grape juice extraction rate and sterilizing miscellaneous bacteria, respectively. The grape mash was macerated at 8–10 °C for 48 h, followed by the addition of 200 mg/kg commercial Saccharomyces cerevisiae RC212 for the alcoholic fermentation. All fermentations were performed at 25 °C under static conditions. Finally, all wine samples were sealed into 500 mL glass bottles and stored at −80℃ until further analysis. Each grape variety sample was fermented in triplicates. Additionally, all grape samples were named as “Fruit Name Abbreviation + G”, and all wine samples were named as “Fruit Name Abbreviation + W”. For example, “MSLG” represents “MSL grape”, while “MSLW” represents ”MSL wine”. The alcoholic fermentation was considered to be completed when residual sugar content was <4 g/L and, at this time, the relative density of wine was below 0.995. After alcoholic fermentation, skin residue separation was performed, and all samples were protected with 50 mg/L free SO2 before bottling.




2.2. Analytical Determinations


2.2.1. Determination of Classic Physicochemical Indexes


The pH value of wines was determined by a calibrated pH meter (model PHSJ-3CF; Shanghai Jingke, Shanghai, China). Total acidity and ethanol content were evaluated using the OIV methods (International Organisation of Vine and Wine methods, 2012). Total sugar was measured by the dinitrosalicylic acid (DNS) method [23], and the samples’ absorbance were analyzed by spectrophotometer (Labo) with the visible detector at the 520 nm wavelength (y = 0.5866x − 0.0096, R2 = 0.9992). Organic acids of all samples were analyzed by high-performance liquid chromatography (HPLC) according to Murtaza’s methods [24] with some modifications. All organic acid standards were dissolved in deionized water, diluted to different concentrations gradient, and different standard curves were drawn, as follows: tartaric acid (y = 1 × 106x − 209.52, R2 = 0.9994), malic acid (y = 570,878x − 2974.6, R2 = 0.9997), lactic acid (y = 421,430x − 325.29, R2 = 0.9982), quininic acid (y = 405,419x − 464.73, R2 = 0.9977), oxalic acid (y = 5 × 106x − 24,147, R2 = 0.9991), citric acid (y = 579,209x + 861.07, R2 = 0.9996), and succinic acid (y = 290,500x + 2219, R2 = 0.999). Each sample was centrifuged and then filtered through a 0.22 μm nylon membrane, and organic acids were identified through HPLC equipped with an Agilent ZORBAX SB-C18 column (4.6 × 150 mm i.d., 5 μm, Dima Technologies, Shanghai, China). The column oven temperature was maintained at 20 °C. The injected sample volume was 10 μL, and the mobile phase was a mixture of 1 mmol/L K2HPO4 (pH 2.0) and 3% methanol, with the flow rate of 1 mL/min. A UV detector (Diamonsil Plus, China) was used to accomplished peak detection at 210 nm. All sample were measured in triplicate.




2.2.2. Determination of Total Phenolic, Total Flavonoid and Total Anthocyanin Content


Total phenolic content (TPC) was measured by the Folin–Ciocalteu method, which is based on Andlauer’s described procedure [25] with some modifications. The TPC of the samples were calculated using the standard curve of gallic acid (y = 0.0009x + 0.0112, R2 = 0.9992), with gradient concentrations (0, 200, 400, 600, 800, 1000 mg/L) as the independent variable and corresponding absorbances as the dependent variable. The results were expressed by gallic acid equivalents (GAE, mg/L). Absorbances were measured at 765 nm with water as a blank. Total flavonoid content (TFC) was determined by the previous method [26] with some modifications. The TFC of the samples were calculated using the standard curve of rutin (y = 0.0021x − 0.0007, R2 = 0.9997), with gradient concentrations (0, 50, 100, 150, 200, 250, and 300 mg/L) as the independent variable and corresponding absorbances as the dependent variable. The results were expressed as rutin equivalents (RE, mg/L). The absorbance was determined at 510 nm with a spectrophotometer, and ultrapure water was used as a background control instead of a wine sample. Total anthocyanin content (TAC) was estimated by the pH differential absorbance method [27]. Briefly, 0.5 mL sample was added to 20 mL glass test tube and diluted 20 times with hydrochloric acid/sodium chloride buffer (pH 1.0) and acetic acid/sodium acetate buffer (pH 4.5), respectively. Then, the absorbance of the two diluents was measured at 510 nm and 700 nm, respectively, with a spectrophotometer. All determinations were carried out in triplicate. The final absorbance of the wine samples was calculated as follows:


A = (A510nm − A700 nm)pH 1.0 − (A510nm − A700nm)pH 4.5



(1)







Total anthocyanin content depended on the absorbance value, and the content was expressed by cyanidin-3-O-glucoside equivalents (CGE, mg/L). The TAC was calculated by using the following equation:


CGE (mg/L) = (A × MW × DF × 1000)/(ε × 1)



(2)




where CGE is cyanidin-3-O-glucoside equivalents, A is the final absorbance, MW is relative molecular mass of cyanidin-3-O-glucoside (449), DF is dilution ratio, and ε is the molar extinction coefficient.




2.2.3. Determination of Phenolic Compounds


Procedures used for the extraction of phenolic compounds in grape berries or red wines were described in detail by Briz et al. [28]. After extraction, polyphenols were identified and quantified by the HPLC method. An analytical column, namely a Dikma C18 column (5 μm, 150 × 3 mm i.d.; Diamonsil Plus Technology, China), with a ground column, namely a Pelliguard LC-18 (40 mm, 50 × 4.6 mm i.d.; Supelco, Bellefonte, PA, USA), was used for separation of phenolic acids, anthocyanins, and flavonols. Binary gradient elution was used as follows: mobile phase A, methanol; mobile phase B, ultra-pure water (pH 2.6). Elution procedures were as follows: gradient, 5% A at 0 to 20 min, 25% A at 20 to 35 min, 40% A at 35 to 55 min, 95% A at 55 to 60 min, 5% A at 60 to 65 min; flow rate, 0.8 mL/min; column temperature, 30 °C; injection volume, 20 μL; and UV detector wavelength, 280 nm.



Phenolic compounds were identified according to retention times (RI) and chromatographic spectra of samples with gallic acid (y = 27,204x − 47,454, R2 = 0.9983), coumaric acid (y = 15,974x − 500.35, R2 = 0.9988), proanthocyanidin B1 (y = 5915.2x − 480.33, R2 = 0.9992), neochlorogenic acid (y = 23,615x − 423.15, R2 = 0.9986), catechin (y = 6565.5x − 320.98, R2 = 0.9986), vanillic acid (y = 16,920x − 258.16, R2 = 0.9959), chlorogenic acid (y = 20,127x + 317.66, R2 = 0.9959), epicatechin (y = 6562.3x − 126.95, R2 = 0.9973), ferulic acid (y = 48,080x − 802.96, R2 = 0.9977), rutin (y = 14,368x + 183.97, R2 = 0.999), quercetin (y = 27,355x − 497.69, R2 = 0.9925), and kaempferol (y = 32,419x − 177.7, R2 = 0.997) standards. Phenolic compounds were quantified using calibration curves by standards. All determinations were performed in triplicate.




2.2.4. Determination of Antioxidant Activity


The DPPH radical scavenging activity of all tested samples was measured according to the method described by Stopka et al. [29] with some slight modifications. Here, 25 μL of sample was mixed with 975 μL of DPPH solution in a test tube and left in the dark for 30 min before measuring the absorbance at 517 nm. Here, EtOH was used as a blank sample. The ABTS+ radical scavenging activity of all samples was evaluated based on a previous study [30]. For the CUPRAC analysis, the procedures were described in detail according to research by Apak et al. [31]. The absorption was measured at 450 nm, using water as a blank sample. The FRAP method described by Di et al. [32] was used with slight modifications. Red wine was diluted at the ratio of 1:10 (v/v) with dH2O, and 0.15 mL of diluted wine sample was mixed with 2.85 mL FRAP reagent for 30 min in the dark. Then, the absorbance was determined at 593 nm. All antioxidant activity indexes were expressed as Trolox equivalents (μmol TE/L). All analyses were carried out in triplicate.




2.2.5. Determination of Chromatic Characteristics


The color measurement of all wines was carried out under same experimental conditions, spectrophotometric parameters, chromatic Sudraud’s indexes and CIELab parameters. The chromatic Sudraud’s indexes were determined according to a method by Savino et al. [33] with some modifications. Color intensity (CI), the total amount of color, was calculated as the sum of the absorbance at 420 nm, 520 nm, and 620 nm. Color composition indicates the contribution of each components (yellow, red, and blue) to the overall color. Tonality (To) indicates the relationship of the yellow-orange pigments (420 nm) over the red ones (520 nm). These indexes were calculated as follows:


CI = A420 + A520 + A620, To = A420/A520



(3)






%Yellow = A420/CI × 100, %Red = A520/CI × 100, %blue = A620/CI × 100



(4)







The official methods to determine the color was set up by the “Commission Internationale de 1′Eclairage” (CIE) based on the tristimulus values, which define a three-dimensional space called the CIE-xy space [34]. The indexes that define the CIELab space are as follows: L*, a measure of lightness; a*/−a*, a measure of redness/greenness; b*/−b*, a measure of yellowness/blueness; C*, chroma; and h*, the hue angle. All CIELab parameters were determined by a SC-80C automatic colorimeter (Beijing Kangguang instrument Co., Ltd., Beijing, China) following the recommendations of OIV-MA-AS2-11: R2006). All parameters were measured in triplicate.




2.2.6. Determination of Volatile Compounds


Headspace solid-phase microextraction (HS-SPME)/gas chromatography–mass spectrometry (GC-MS) were used for the analysis of volatile compounds in the samples. The 2 cm SPME fiber coated with a 50/30 μm DVB/CAR/PDMS phase (Supelco, Bellefonte, PA, USA) was conditioned in a stream of helium for 1 h at 250℃ before analysis. A single fiber was used for the entire study. After the analysis, the SPME fiber was inserted into GC injector (Agilent, Santa Clara, CA, USA) for blank run in order to ensure that no residual compounds were polluting the fiber or the column. Grape berry and wine samples were prepared according to methods by Cellamare et al. [35] with some modifications. In brief, 1 g NaCl and 5 mL sample were mixed in a 20 mL HS vial (Agilent, America), and then 1 μL of 3-octanol (165 mg/mL) (Merck, Shanghai, China) as the internal standard was added into the mixture. The vial was immediately sealed with a polytetrafluoroethene (PTFE) silicone diaphragm (Agilent, Santa Clara, CA, USA) and equilibrated at 40 °C for 10 min. Then, an SPME fiber was inserted into the sealed vial and exposed to the HS the of glass vial for resolution at 40 °C for 40 min, without contact with the sample in vial. After extraction, the fiber was inserted into the GC injection port equipped with glass insert at 250 °C for 5 min for volatiles fiber desorption. Each volatile compound was analyzed using a HP INNOWAX column (30 m × 0.25 mm, Agilent, Santa Clara, CA, USA). Helium was the carrier gas with a rate of 1 mL/min. The detector was maintained at 230 ℃, and the electron ionization energy was maintained at 70 eV. The temperature programs were as follows: 5 min at 50 °C, 50 to 86 °C at 3 °C/min, 86 to 90 °C at 1 °C/min, 90 to 180 °C at 3 °C/min, 180 °C for 3 min, then at 15 °C/min, up to 230 °C, with the final holding time of 5 min. Total ion chromatographs (TICs) were performed in a scanning rage of 35–350 m/z at a rate of 5 scans/s.



The volatile compounds of all samples were putatively identified by matching their retention indexes (RI) with those in mass spectral library (NIST 17). The content of volatile compounds were calculated by the internal standard method using the following equation:


RCVC (μg/L) = (PAVC/PAIS) × CIS (μg/L)



(5)




where RCVC represent the relative concentration of volatile components in wine, PAVC/PAIS represent the ratio of the peak area for both volatile component and the internal standard, and CIS represent the concentration of the internal standard.




2.2.7. Sensory Analysis


Sensory evaluation was finished using the method described by Granato et al. [36] with some modifications. Here, 10 trained panelists (6 women and 4 men) aged from 25 to 28 were selected from Shihezi University to evaluate all wine samples. To equilibrate any probable order effects, the order of wine samples was randomly presented for each taster. Assessors were seated in separate compartments with uniform lighting and were kept away from the noise and interfering stimuli of the laboratory. The panelists evaluated each sample in a clear tasting glass for about 15 s. Then, they began to assess the intensity of each attribute. The following parameters were analyzed: fruity, floral, sweetness, acidity, body, complexity, aftertaste. The intensity of each description were scored from 0 (weak) to 10 (intense).




2.2.8. Statistical Analysis


All data were expressed as mean ± standard deviation from triplicates. The variation of each indexes among different samples was analyzed using SPSS (version 20; IBM, Chicago, IL, USA) with Duncan’s multiple range tests, with the significance level at 5% (p ≤ 0.05). Here, R 4.0.4 (RStudio, Boston, MA, USA) was used to make a heatmap for analysis of the content differences of certain indicators. Origin Pro 2022 (OriginLab, Northampton, MA, USA) was used to produce stacking histograms, overlays, and radar charts. Principal component analysis (PCA) was performed using the SIMCA 14.1 software (Umetrics, Malmö, Sweden).






3. Results and Discussion


3.1. Basic Physicochemical Properties


The total sugar (TS), pH, total acidity (TA), and alcohol content (AC) of samples are listed in Table 1. The TS content of all grapes ranged from 166.11 g/L in CSG to 229.56 g/L in MSLG. Through fermentation, the TS content in all grapes reduced rapidly, and the final TS content of all wines ranged from 1.64 g/L in CPW to 3.12 g/L in KDKW, indicating that all wines were fermented into dry red wine. The alcohol content (AC) of all wines ranged from 8.52 to 13.47%, of which MSLW had a maximum AC of 13.47%. Obviously, the results showed a positive correlation between TS content in grapes and AC in wines, which be consistent with the previous study [37]. The TA content of all grapes ranged from 5.52 to 7.23 g/L, and that of all wines fluctuated from 6.13 to 8.11 g/L, which showed an upward trend through fermentation. The TA content peaked in CSW, which was 8.11 g/L. High levels of TA content can contribute to the microbial stability and freshness of the wine [38]. The pH of all grapes ranged from 3.63 to 4.89; after fermentation, the pH dropped and the value of all wines ranged from 3.47 to 3.97, which may be attributed to the increase in total acidity content, but both are not in direct proportion. Overall, both the TA content and pH value are slightly higher than in some studies, which may be caused by fermentation without a descending acid treatment.




3.2. Cluster Analysis of Organic Acids


Organic acids construct one of the main taste groups of red wine, that of sourness [39]. The evaluation of grade and quality of wines is deeply affected by the variety and concentration of organic acids that can regulate the acid-base balance and affect the mouthfeel, color, and biological stability of wine [40]. Seven organic acids were identified by HPLC analysis in all grapes and wines, including tartaric acid, malic acid, lactic acid, quininic acid, oxalic acid, citric acid, and succinic acid. According to the literature, tartaric acid, malic acid, and citric acid originated from the grape berry, while the other four organic acids originate from alcoholic fermentation and bacterial activity [41]. As shown in Figure 1, variability was found in the levels of organic acids among the grape cultivars and wines (p < 0.05). The total organic acid content was found to be highest in CSG, but for wine, it was determined to be highest in KDKW, while in MLW and CSW it differed by only 0.09 ± 0.02 g/L. Tartaric acid and malic acid were found to be the main components of both grapes and wines, as their sum content accounted for over 60% of the total organic acids in all samples, of which the maximum sum content was measured in CSG, up to 95.22%. Except for in MHG, tartaric acid was the most abundant organic acid in the grapes, ranging from 1.27 g/L in MHG to 7.36 g/L in CSG, accounting for 29.96 to 73.45% of total organic acids. In KDKW, malic acid accounted for 30.91% of total organic acid content, and the content was up to 5.30 g/L, which was 4- to 9-fold higher than in other wine samples. Malic acid provides a strong and sharp taste, although excess malic acid content can cause a pungent taste [42].



Clustering analysis of the seven organic acid in various grapes and wines was carried out in Figure 2. We clearly found, both in grapes and wines, that the seven organic acids were classified into three groups; tartaric acid and malic acid were separately divided into one group, while the other organic acids were grouped together. Among those, malic acid distinguished all tested grapes and wines well, citric acid can distinguish CPG from other grapes, and quininic acid can be used as a criterion to distinguish CSW from other wines. Obviously, the results showed that the variety and concentration of organic acids in all samples had significant disparity, and which further indicated that organic acid content may depend on grape cultivars.




3.3. Content of Total Phenol, Total Flavonoid and Total Anthocyanin


The total phenolic content (TPC) and total flavonoid content (TFC), as well as total anthocyanin content (TAC), of different grapes and corresponding wines were measured in Figure 3 (p < 0.05). Phenolic compounds are associated with the antioxidant activity of grapes and wine, which can reduce the risk of cardiovascular disease and cancer [43]. The total content of these three parameters ranged from 195.76 to 3367.51 mg/kg and 1866.56 to 6245.72 mg/L, respectively, in the grapes and wines. The sum content of three measured indexes in Yan 73 grapes and wine was significantly higher than that in other samples. Additionally, among all samples, the content of phenolic components decreased in the following order: TPC > TFC > TAC. The TPCs of wines decreased in the following order: MSLW > Y73W > CPW > CSW > KDKW > MLW > MHW; among these, the TPCs showed little difference among KDKW, MLW, and CSW. The TACs varied significantly in the different wines, and decreased in the following order: Y73W > CSW > MLW > MSLW > CPW > KDKW > MHW; among these, the TAC in Y73W was 13.6 times greater than in MHW. Likewise, the TFCs showed a peaked abundance in both Yan 73 grapes and wine. According to these results, it may be inferred that Y73W has the highest antioxidant activity.



The relative abundance of TPC, TFC, and TAC in various grapes and wines was presented in Figure S1. The relative abundance of TP and TF accounted for more than 80% in all samples. Moreover, the relative abundance of TPC, TFC, and TAC was distributed similarly in CSG and MLG, and was also similar in CSW and MLW, which indicates that the antioxidant capacity of both wines may be similar. To sum up, the significant differences in the content of phenolic compounds were exhibited among different grapes and wines.




3.4. Composition of Phenolic Compounds


Twelve phenolic compounds, including gallic acid, coumaric acid, proanthocyanidin B1, neochlorogenic acid, catechin, vanillic acid, chlorogenic acid, epicatechin, ferulic acid, rutin, quercetin, and kaempferol, were identified in the grapes and wines (Figure 4). Rutin, gallic acid, and epicatechin were the dominant phenolic compounds which occurred in all grapes, and their sum contents accounted for 50.31 to 74.75% of the total phenolic compounds, while among wines, gallic acid, catechin, and epicatechin were the dominant phenolic compounds, and their sum content ranged from 32.27 to 81.48 mg/L, accounting for 40.91 to 80.35% of the total phenolic compounds. Catechin was the major phenolic compound in all wines. Much of the research focused on the effects of catechin content in red wine on the health of humans [44], especially its antioxidant properties [45]. The catechin content in CSW was up to 30.14 mg/L, approximately three times than that of Y73W. Rutin was also often studied as an antioxidant [46]. Here, Y73W had the highest level of rutin (15.47 mg/L), in which content was five times than in MSLW.



Furthermore, clustering analysis of 12 phenolic compounds in various grapes and wines was carried out in Figure S2. For grapes, 12 phenolic compounds were clustered into three groups, as follows: rutin was grouped individually, vanillic acid and epicatechin were grouped together, and the other phenolic compounds were grouped together. For wines, 12 phenolic compounds were clustered into 4 groups, catechin was divided as a separate group, gallic acid and epicatechin were clustered as a group, vanillic acid and rutin were divided as a group, and the other phenolic compounds were grouped together. Additionally, Y73W was clustered as a separate group, MLW and MSLW were clustered together, and the other wines were clustered together. Significant differences were found between these three categories. Polyphenols in red wine are mainly derived from grape berries, and the grape skin is an essential component, containing polyphenols. The impregnation stage before fermentation is an important path via which polyphenols enter into wine [47]. Above all, the results showed that the amount and concentration of these potentially beneficial phenolic compounds varies and depends on the variety of grapes.




3.5. Determination of Antioxidant Activity


The antioxidant activity of all wines was evaluated by determining the radical scavenging capacity (ABTS+ and DPPH) and the reducing capacity (FRAP and CUPRAC) (Figure 5). Among all wines, the antioxidant activity was obviously different. The antioxidant activity of Y73W was the strongest, followed by that of MSLW, CPW, MLW, CSW, MHW and KDKW. Yan 73 (Vitis vinifera) grape is a teinturier grape cultivar, which accumulates anthocyanins in the skin, pulp, pedicels, and rachis [48]. According to Luan et al. [49], the phenolic content (anthocyanins and non-anthocyanins) of the Yan 73 wine was significantly higher than that of the Cabernet Sauvignon wine. This is consistent with the conclusion of our research.



The reducing power of the antioxidants of all wines was determined within the range of 6.74–102.68 mmol TE/L. As shown in Table S1, the antioxidant activity analyzed with the CUPRAC assay decreased in the following order: Y73W > MSLW > CPW > MHW > MLW > CSW > KDKW. The results of the FRAP assay of all wines followed the same order with the CUPRAC assay of all wines. The radical scavenging activity of all wines measured by the DPPH assay was found to be within a range of 9.12–17.81 mmol TE/L (Table S1). Here, Y73W exhibited higher radical scavenging activity than other wines. The antioxidant activity measured with the ABTS+ assay decreased in the following order: Y73W > CSW > CPW > MSLW > MLW > MHW > KDKW. The ABTS+ values obtained for Yan 73 wine and Cabernet Sauvignon wine are consistent with the results reported by Xu et al. [50].




3.6. Correlation Analysis of Phenolic Compounds and Antioxidant Activity


Wine, particularly red wine, is a rich source of antioxidant phenolic compounds, which possess antioxidant activity, and may have an important role in human health, especially in some diseases involving oxidation, such as coronary heart disease, inflammation, and cancer caused by mutagenesis [51]. All wines were evaluated by determining the contents of total phenol, total anthocyanins, total flavonoids, monomeric phenols, ABTS+, DPPH, FRAP, and CUPRAC. To examine the possible correlation among these parameters, Pearson’s coefficient was performed using the Origin software (Figure 6).



Strong positive correlations among four antioxidant activity assays (ABTS+, DPPH, FRAP, and CUPRAC) were found in different wines. Significant positive correlations were shown between total phenol content (TPC) and DPPH, FRAP, and CUPRAC of all wines. Lopez-Velez et al. also found significant positive correlations between total phenol content and total antioxidant capacity [52]. Total flavonoid content (TFC) had a good correlation with the DPPH and FRAP in all wines. Total anthocyanin content (TAC) also had a positive correlation with antioxidant activity in all wines, while the correlation for antioxidant activity with TPC and TFC was lower. These results were consistent with Ghatak et al. [53]



Additionally, for monomeric phenols, gallic acid, coumaric acid, proanthocyanidin B1, neochlorogenic acid, vanillic acid, and kaempferol presented good positive correlations with the antioxidant activity of wines. The potential antioxidant activity of these compounds was also characterized in previous research [54]. However, the mechanisms of the antioxidants of these monomeric phenols needs to be further studied.




3.7. Color Analysis


The colors of all wines are illustrated in Figure 7, calculated by the chromatic parameters (CI, To, %Yellow, %Red, %Blue) and CIELab indexes (C*, h*, l*, a*, b*). The colors of different wine varieties were obviously different. According to Bric-Cid et al. [55], the color of the wine is influenced by phenolic compounds in the wine. In addition, Fragoso et al. [56] thought that, although the phenolic components of grapes is affected by many factors, the most important is the grape cultivar.



As shown in Figure 7a, the highest value of color intensity (CI) was registered for MSLW (9.24), and the lowest value was measured for MHW (1.32). Fragoso et al. found that the anthocyanin content significantly correlated with the color intensity [57]. For color tonality (To), the value ranged from 0.55 in MLW to 1.39 in MHW, with a smaller difference between MLW and MHW. Three tonalities of the yellow, red, and blue in all wines are presented in Figure 7b. Here, Y73W showed the highest red tonality (61.09%) and lowest yellow tonality (28.31%). The MLW had the highest blue tonality (19.89%). According to the research of Gordillo et al. [58], red wine with a notably darker color will have a more bluish tonality.



The results of CIELab parameters are showed in Figure 7c,d. The color parameter a* (green-red) and b* (blue-yellow) values were found to be slightly different between MSLW and MLW. The MHW had a highest value of l* (lightness); this was also shown by Zhang et al. [59] when analyzing the color properties of Muscat Hamburg wine, wherein they found that the l* value was very high in Muscat Hamburg wines.




3.8. Volatile Compounds Composition and Content


Here, HS-SPME/GC-MS was used to analyze volatile compounds in seven grape cultivars and corresponding wines. A total of 61 aroma compounds were identified from 7 grape cultivars, including 14 alcohols, 24 esters, 6 aldehydes, 8 acids, 7 ketones, and 2 other volatile compounds (Table S2). However, more aroma compounds were determined from the wines, including 17 alcohols, 26 esters, 5 aldehydes, 9 acids, 7 ketones, and 5 other volatile compounds (Table S3). Wine aroma strongly affects wine quality, and volatile components that construct wine aroma are traditionally divided into three categories according to their orgin, as follows: grape, fermentation, and maturation aroma [60]. The aromatic characteristics play an important roles in the properties of the wine.



The composition and relative abundance of alcohols, esters, acids, aldehydes, ketones, and other compounds in different wines are shown in Figure 8a,b. As shown in Figure 8a, the highest content of the total volatile compounds was found in KDKW, followed by MLW, at 8403.43 μg/L and 7499.59 μg/L, respectively. The lowest content was determined in CPW, at only 3844.06 μg/L. The percentage content of compounds of different chemical types was found to be significant different in various wines (Figure 8b). Alcohols were the largest group of volatile compounds in all wines, accounting for 46–79%; this result is in accordance with other results for these and other red wine varieties [61]. Esters were the second most abundant group of volatile compounds in all wines (15–45%), and this result is consistent with previous studies for different red wine varieties [62]. This was followed by acids, as the percentage content of those in all wines was between 3–8%; this conclusion also was reported by previous data [63]. Furthermore, the number of mutual and unique aromas of different wines are presented by the Venn and upset diagrams in Figure 8c.



3.8.1. Alcohols


Higher alcohol has been considered as a secondary product of the yeast metabolism during alcoholic fermentation, and is related to pungent, caramel, and fruity odors [64]. They can have both positive and negative effects on wine aroma; in fact, they can have a detrimental effects when their concentrations exceed 400 mg/L, although they play a positive role when they are present at optimal levels [65]. As can be seen from the results in Table S3, the significant highest concentrations of isoamyl alcohol were found in different wine varieties ranging from 1565.27 to 3335.76 μg/L, followed by phenylethyl alcohol (495.26–1475.8 μg/L). The KDKW had the highest content of isoamyl alcohol. Isoamyl alcohol is described as having a whiskey and malty odor [66]. The interaction between isoamyl alcohol and the anthocyanin-derivative fraction and/or tannins is suggested to be involved in the formation of a “green character” in red wines. Phenylethyl alcohol is the most important benzene-derived higher alcohol, and is also the only fusel alcohol characterized with positive terms, such as sweet, rose, and perfumed [67]. The CSW had the highest content of phenylethyl alcohol. It has previously been reported in the literature as the major higher alcohol found in Cabernet Sauvignon wine [68], thus, supporting the results obtained here. In addition, 2-hexanol and nerol were only determined in MHW, and their contents were 0.1 and 43.09 μg/L, respectively. Here, 1-hexanol was found to be present in all wines, ranging from 16.37 μg/L in MHW to 51.05 μg/L in CSW. This compound provides the green character of the wine [69]. Overall, it was observed that the content of higher alcohol was obviously affected by the grape cultivar.




3.8.2. Esters


The yeasts produce aliphatic ethyl esters and acetates in enzymatic reactions during alcoholic fermentation [70], and the content of esters can also be modulated by lactic acid bacteria during malolactic fermentation [71]. Previous data indicated that esters play an important role in wine aroma perception even at low concentrations (a few micrograms per liter) through complex synergistic effects [72]. A total of 26 esters were identified in this study, and they were found to be significantly different in the compositions and contents of all wines (Figure 9). Phenethyl acetate, ethyl benzoate, citronellyl formate, and linalyl formate showed the highest concentrations in MHW. Diethyl succinate, ethyl butyrate, ethyl trans-2-butenoate, and geranyl acetate were found to be highest in MSLW. This study also found a significantly higher content of ethyl acetate, methyl 2-hexenoate, octyl formate, methyl salicylate, ethyl laurate, isopentyl hexanoate, ethyl 9-decenoate, methyl caprylate and ethyl pelargonate in MLW. To sum up, the types and contents of esters in the wine may depend on different grape varieties, which is consistent with the results of Philipp et al. [73].




3.8.3. Acids


A total of nine volatile fatty acids were identified from different wines. Fatty acids constitute an important aroma group that can contribute fruity, sour, cheesy, and rancid odors [14]. These compounds have been related with unpleasant flavors when above their sensory threshold [74] but, in this research, these compounds were present at subthreshold concentrations, and they had a positive contribution to the quality of all wines by increasing the aromatic complexity. The total concentration of these compounds in all wines ranged between 174.43 and 419.88 μg/L. This result is similar to that reported for other grape varieties by San et al. [75]. As shown in Figure 9, dodecanoic acid, butanoic acid, 2-hexenoic acid, nonanoic acid, and isobutyric acid were found at higher concentrations in CSW, and the results were similar with those of Vilanova et al., who found the highest content of fatty acids in Cabernet Sauvignon wine compared with other red wines [76].





3.9. Principal Component Analysis


Principal component analysis (PCA) was applied to the data matrix containing the concentrations of 69 aroma compounds quantified by the HS-SPME-GC-MS technique, in order to detect differences/similarities among different wine samples. This study used PCA to explore possible differentiation among seven varieties of wine and present correlations between different wines and compounds (Figure 10). Here, 55.1% of the variance was explained by 69 different aroma compounds, with PC1 and PC2 accounting for 33.9 and 21.2% of the variance, respectively.



As shown in Figure 10, whether from the perspective of PC1 or PC2, a clear separation of different wine samples was observed, indicating that significant differences in volatile compounds occurred between wine varieties. Additionally, most volatile compounds clustered at KDKW and MLW, which indicated the higher concentrations of volatile compounds in these wines. In particular, MLW was located far away from the other wines, and abundant volatile compounds were found in MLW, whether in terms of type or content. Methyl caprylate was a distinctive aroma compound in MLW; moreover, 1-nonanol, benzyl alcohol, ethyl 3-methyl valerate, ethyl laurate, ethyl pelargonate, octyl formate, methyl salicylate, 2-hexene aldehyde, and limonene were strongly correlated to MLW. Other wines were surrounded by only a few volatile compounds. Only butanoic acid and nonanoic acid were clustered with CSW, which is consistent with the results of Duan et al., who found that the high-temperature circumstances in summer and perennial intense sun exposure in Xinjiang have a negative impact on the aroma of Cabernet Sauvignon wine [12].




3.10. Identification of Aroma Fingerprints of Wines


Odor activity value (OAV) was used to characterize the contribution of each volatile compound to total aroma components, which is an objective method with certain reference value [77]. The OAV of each volatile compound was evaluated in order to identify potential impact odorants [78], which was calculated by dividing its concentration in the wine by the concentration corresponding to its odor threshold obtained from the previous literature [79]. In this study, 11 key aroma compounds (OAV > 1) were identified from all wines, comprising β-ionone, phenethyl acetate, geranyl acetate, ethyl 9-decenoate, ethyl caprate, ethyl pelargonate, decanal, ethyl caprylate, 6-methyl-5-hepten-2-one, methyl 2-hexenoate, and ethyl hexanoate (Figure S3). Furthermore, the obvious differences between these 11 volatile compounds were found in different wines (Figure 11). The total concentration of the 11 volatile compounds (OAV > 1) of wines decreased in the following order: KDKW > Y73W > MHW > MLW > MSLW > CSW > CPW. Ethyl caprylate is described as having pineapple and brandy odors, which was the dominant aromatic active compound in KDKW, Y73W, MHW, and CPW, ranging from 311.82 to 931.73 μg/L. Ethyl caprate, possessing a coconut aroma, was the main aromatic active compound in CSW and MLW. Geranyl acetate is always described as having rose and lemon odors; in this study, it only occurred in MSLW and, thus, may be distinctive aromatic compound of MSLW. Further analysis showed that all wines could be categorized into three types. Ethyl caprylate and ethyl caprate were the dominant aromatic active compounds in KDKW, MSLW, MLW, CSW, and MHW, which may be classified together; ethyl caprate and ethyl hexanoate accounted for a higher proportion in Y73W; ethyl caprylate and ethyl hexanoate were key aromatic compounds in CPW. Overall, the data indicates that the key aromatic compounds of wines were clearly identified in this study, and the results will provide a theoretical basis for differentiating seven varieties of wines.




3.11. Sensory Analysis of Different Wines


The results of the sensory evaluation of the wines produced from seven different grape cultivars were shown in Figure 11b. It was observed that both fruity flavors and sweetness were prominent in different wines, especially in MLW; this result is consistent with the results of Zhang et al. [80], who found that merlot wine has a strong fruity aroma. This study found that floral and acidic flavors were not obvious in all wines. Yildirim et al.’s research [81] has shown that phenolics, terpenes, ethyl esters, and ketones have positive effects on the floral aroma of the wine. However, in this study, lower concentrations of these compounds were detected in all wines, which may be the reason that they have weak floral aromas. Furthermore, acidity, when exceeding its threshold, can bring unpleasant feelings for human [82]. The body of the wine can be described as light, medium, or full [83]; except for MHW, all of the wines had fuller bodies. The complexity of wine flavor reflects the quality of the wine [84]. Here, MLW, MSLW, and CSW were positively appreciated by tasters, with higher “complexity” scores compared with other wines. Aftertaste, also called flavor length, is often described as short, medium, or long. Usually on the premise of a pleasant aftertaste, the longer it lasts, the better the quality of wine [85]. In general, CSW, MLW, and MSLW had a better aftertaste than other wines.





4. Conclusions


This study explored the differences in seven grape cultivars and corresponding wines through physicochemical indexes, organic acids, phenolic compounds, volatile compounds, antioxidant activity, and sensory diversity. Tartaric acid, malic acid, citric acid, lactic acid, and succinic acid were the prominent contributors to the acidity of different grapes and wines, and total contents of organic acid in wines were much larger than those in grapes. Highest concentrations of total phenols, total flavonoids, and total anthocyanins were found in Y73G and Y73W. Similarly, Y73W had the highest antioxidant activity compared to other wines. Regarding color parameters, MLW and CSW had higher blue tonality, MSLW and Y73W had higher red tonality; these wines had better color characteristics. Additionally, the total content of volatile compounds was measured as being highest in KDKW, followed by MLW; they had higher concentrations of esters, exhibiting strong fruity aromas. Our research provides more options for improving the homogeneity phenomenon in the wine industry of Xinjiang, and exhibits a foundation for exploring the blending fermentation of various red grapes.
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Figure 1. Difference in seven organic acid contents (g/L) in seven grape cultivars and corresponding wines. Samples’ full names are as follows: MSL (Marselan), Y73 (Yan 73), MH (Muscat Hamburg), KDK (Kadarka), ML (Merlot), CS (Cabernet Sauvignon) and CP (Crimpose). Furthermore, G represents “grape” and W represents “wine”. 
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Figure 2. The clustering analysis of seven organic acids in seven grape cultivars (a) and corresponding wines (b). If the color of the circle tends towards red, the content of organic acid is higher. Samples’ full names are as follows: MSL (Marselan), Y73 (Yan 73), MH (Muscat Hamburg), KDK (Kadarka), ML (Merlot), CS (Cabernet Sauvignon) and CP (Crimpose). Furthermore, G represents “grape” and W represents “wine”. 
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Figure 3. The content of total phenol, total flavonoid, and total anthocyanin of seven grape cultivars and corresponding wines (p ≤ 0.05). Samples’ full names are as follows: MSL (Marselan), Y73 (Yan 73), MH (Muscat Hamburg), KDK (Kadarka), ML (Merlot), CS (Cabernet Sauvignon) and CP (Crimpose). Furthermore, G represents “grape” and W represents “wine”. 
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Figure 4. The relative abundance of 12 polyphenols in 7 grape cultivars and corresponding wines. Samples’ full names, as follows: MSL (Marselan), Y73 (Yan 73), MH (Muscat Hamburg), KDK (Kadarka), ML (Merlot), CS (Cabernet Sauvignon) and CP (Crimpose). Furthermore, G represents “grape” and W represents “wine”. 
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Figure 5. The antioxidant activities (mmol TE/L) of wines produced from seven different grape varieties (p ≤ 0.05). Samples’ full names, as follows: MSL (Marselan), Y73 (Yan 73), MH (Muscat Hamburg), KDK (Kadarka), ML (Merlot), CS (Cabernet Sauvignon) and CP (Crimpose). Furthermore, G represents “grape” and W represents “wine”. 
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Figure 6. The correlations between phenolic compounds and antioxidant activity. Strong and weak correlations are indicated by the large and small circles, respectively. The color of the scale bar denotes the nature of the correlation; 1 indicates a perfect positive correlation (red), and −1 indicates a perfect negative correlation (blue). Significant correlations (p ≤ 0.05) are indicated by *. 
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Figure 7. Color analysis of wines produced from seven different grape varieties. (a) Color intensity (CI) and tonality (To); (b) %Yellow, %Red, %Blue; (c) C*, h*; (d) l*, a*, b*. The * is part of the full name to distinguish it from the letters C, h, l, a, b (p ≤ 0.05). Samples’ full names, as follows: MSL (Marselan), Y73 (Yan 73), MH (Muscat Hamburg), KDK (Kadarka), ML (Merlot), CS (Cabernet Sauvignon) and CP (Crimpose). Furthermore, G represents “grape” and W represents “wine”. 
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Figure 8. The composition of volatile compounds in wines produced from seven different grape varieties (a). The relative abundance of volatile compounds in all wines (b). The Venn diagram and upset plot of all wines (c). In the upset plot, black dots indicate the common aroma compounds in different wines. Samples’ full names, as follows: MSL (Marselan), Y73 (Yan 73), MH (Muscat Hamburg), KDK (Kadarka), ML (Merlot), CS (Cabernet Sauvignon) and CP (Crimpose). Furthermore, G represents “grape” and W represents “wine”. 
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Figure 9. Heatmap analysis of alcohol, ester, and acid compounds in wines produced from seven different grape varieties. The boxes of three colors on the left side represent different compounds categories. Here, Ⅰ, ⅠⅠ, Ⅲ, ⅠⅤ represent these compounds as clustered into four groups. Samples’ full names, as follows: MSL (Marselan), Y73 (Yan 73), MH (Muscat Hamburg), KDK (Kadarka), ML (Merlot), CS (Cabernet Sauvignon) and CP (Crimpose). Furthermore, G represents “grape” and W represents “wine”. 
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Figure 10. Biplot of PCA for volatile compounds of wines produced from seven different grape varieties. Samples’ full names, as follows: MSL (Marselan), Y73 (Yan 73), MH (Muscat Hamburg), KDK (Kadarka), ML (Merlot), CS (Cabernet Sauvignon) and CP (Crimpose). Furthermore, G represents “grape” and W represents “wine”. Here, −1, −2, and −3 indicates, respectively, replicates 1, 2, 3. 
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Figure 11. Eleven important aroma compounds (OAV > 1) in wines produced from seven different grape varieties (a). Sensory analysis of different wines (b). Samples’ full names, as follows: MSL (Marselan), Y73 (Yan 73), MH (Muscat Hamburg), KDK (Kadarka), ML (Merlot), CS (Cabernet Sauvignon) and CP (Crimpose). Furthermore, G represents “grape” and W represents “wine”. 
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Table 1. Classic physicochemical indexes of different grape and wine samples.
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	Variety
	Total Sugar (g/L)
	pH
	Total Acidity (g/L)
	Alcohol % (v/v)





	MSLG
	229.56 ± 0.16 b
	3.98 ± 0.34 cdef
	6.43 ± 0.02 f
	-



	Y73G
	178.31 ± 0.12 f
	3.63 ± 0.2 fg
	6.43 ± 0.09 f
	-



	MHG
	204.81 ± 0.21 a
	4.11 ± 0.15 bcd
	7.23 ± 0.26 de
	-



	KDKG
	207.23 ± 0.13 d
	4.17 ± 0.24 bc
	7.14 ± 0.43 e
	-



	MLG
	228.06 ± 0.23 c
	4.48 ± 0.11 b
	5.52 ± 0.22 g
	-



	CSG
	166.11 ± 0.34 e
	4.89 ± 0.34 a
	6.31 ± 0.25 f
	-



	CPG
	223.12 ± 0.24 g
	4.07 ± 0.12 cde
	6.52 ± 0.18 f
	-



	MSLW
	1.82 ± 0.07 j
	3.73 ± 0.12 defg
	7.42 ± 0.13 cde
	13.47 ± 0.47 a



	Y73W
	1.83 ± 0.12 j
	3.47 ± 0.13 g
	6.13 ± 0.35 f
	9.79 ± 0.19 c



	MHW
	1.81 ± 0.14 j
	3.97 ± 0.24 cdef
	7.56 ± 0.31 bcd
	11.35 ± 0.63 b



	KDKW
	3.12 ± 0.34 h
	3.95 ± 0.13 cdef
	7.69 ± 0.03 bc
	12.18 ± 0.77 b



	MLW
	2.31 ± 0.16 i
	3.48 ± 0.21 g
	7.92 ± 0.12 ab
	13.42 ± 0.62 a



	CSW
	2.89 ± 0.06 h
	3.67 ± 0.25 efg
	8.11 ± 0.14 a
	8.52 ± 0.42 d



	CPW
	1.64 ± 0.11 j
	3.81 ± 0.15 cdefg
	7.31 ± 0.09 cde
	13.29 ± 0.52 a







(1). Samples’ full names are as follows: MSL (Marselan), Y73 (Yan 73), MH (Muscat Hamburg), KDK (Kadarka), ML (Merlot), CS (Cabernet Sauvignon), and CP (Crimpose). Furthermore, G represents “grape” and W represents “wine”. (2). Mean values and standard deviations followed by different letters in a column indicate that the samples were significantly different (p < 0.05, Tukey’s HSD test). (3). ”-” indicates “not measured”.
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