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Abstract

:

This study aimed to identify the aromatic compounds present in the different aroma types of different table grape varieties and deeply understand the changes in the aromatic compounds during the growth and development process. The skin and flesh of three table grape varieties (‘Kyoho’, ‘Shine Muscat’, and ‘Ryuho’) in different growth and development stages were selected to determine their aromatic compounds using headspace solid-phase microextraction gas chromatography-mass spectrometry and principal component analysis. The results showed that the aromatic compounds of the ‘Kyoho’ and ‘Ryuho’ grapes were similar, mainly containing C6 compounds and esters, whereas ‘Shine Muscat’ was characterized by C6 compounds and terpenes. The levels of aromatic compounds in the skin were higher than those in the flesh. The content of esters in ‘Ryuho’ was significantly higher than that in ‘Kyoho’ and ‘Shine Muscat’. This showed that ‘Ryuho’ combines the advantages of the parents in its aroma composition. Selecting suitable parents for hybridization is one method for obtaining new varieties with a special aroma. This provides a theoretical basis for future molecular hybrid breeding and molecular-assisted breeding, as well as molecular biology research on aroma synthesis and metabolism in table grapes.
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1. Introduction


The grape (Vitis spp.) is a perennial deciduous vine [1]. Owing to its high economic value, it is cultivated worldwide. Recently, there have been frequent reports that table grapes, wine, and other grape products are beneficial to human health [2,3]. The demand for high-quality grapes has increased significantly, and in-depth research on grape quality is increasing [4,5]. Commercially cultivated grapes can be classified as either table or wine grapes [6]. More than 10,000 grape varieties are known worldwide; among them, 13 varieties cover more than one-third of the world’s grape cultivation area [7]. Of these 13 varieties, ‘Kyoho’ has small national coverage, but its cultivation area is more than 350,000 hectares, ranking it first.



‘Kyoho’ (‘Ishiharawase’ × ‘Centennial’, 1937) is a widely planted and popularized grape variety [1,8]. Because of its large grain size and good quality, it has been introduced and popularized all over the world. ‘Ryuho’ (‘Golden Muscat’ × ‘Kuroshio’, tetraploid) is the second generation of ‘Kyoho’. It has a strawberry flavor, a sweet and good taste, and is juicy [9]. However, due to its thin skin and soft flesh, it is not resistant to storage and transportation, and the mature fruits easily rot; because of these and other shortcomings, this variety has not been widely cultivated. Nevertheless, considering the in-depth studies on the laws of grape aroma synthesis and metabolism, the research value of ‘Ryuho’ with a strong aroma will appear. ‘Shine Muscat’ (‘Akitsu-21’ × ‘Hakunan’, diploid) was manufactured by the National Institute of Fruit Tree Science (NIFTS) in Japan in 1988 [10] and is mainly for table use. It has large grains, a high sugar concentration, a muscat flavor, and a thin flesh crust and has become one of the new and alternative varieties in the grape industry.



Aroma is one of the most important characteristics of grape quality [11]. More than 800 aromatic compounds were detected in grapes, including terpenoids, alcohols, aldehydes, acids, ketones, esters, etc. [12,13]. In addition to the C6 compounds, linalool, and C13 compounds, ethyl 2-methyl butyrate and ethyl butyrate were the main aroma-contributing compounds in the three varieties of the ‘Kyoho’ series [14]. With a special and strong aroma, the ‘Ryuho’ grape has a high research value, which requires further study. Influenced by the wine industry, most studies have focused on the concentration of aromatic compounds in wine grapes in the mature stage, and there are only a few studies on the anabolism of the aromatic compounds in table grapes. Moreover, studying the laws of aroma synthesis and metabolism in the process of grape growth and development will help understand the pathway of grape aroma metabolism and the related genes [15].



In this experiment, the ‘Kyoho’, ‘Shine Muscat’, and ‘Ryuho’ varieties were chosen to analyze the aromatic compounds, qualitatively and quantitatively, in the growth and development process of table grapes. They were also used to compare the differences in the aromatic compounds between the skin and flesh; this will provide a theoretical basis to further understand the quality differences and characteristics among the table grape varieties and will have practical significance in genetic breeding, the selection of suitable harvest times, and the cultivation of new varieties.




2. Materials and Methods


2.1. Plant Materials


‘Kyoho’, ‘Shine Muscat’, and ‘Ryuho’ grapes were obtained from an orchard in the Tsukuba Plant Innovation Research Center (T-PIRC) of the University of Tsukuba, Ibaraki, Japan (36.116N, 140.094E). The grapevines were undergoing standardized cultivation in a rain-proof greenhouse in this orchard. Bloom time for this experiment was noted when 50% of the flowers had opened, which was 3 June 2017 for ‘Kyoho’ and ‘Ryuho’, and 10 June 2017 for ‘Shine Muscat’. The berries were collected from clusters 10, 30, 50, 70, 90, and 110 days after full bloom (DAFB) for ‘Kyoho’ and ‘Shine Muscat’, and 10, 30, 50, 70, 90, and 95 DAFB for ‘Ryuho’. Because of the different mature stages, ‘Kyoho’ and ‘Shine Muscat’ were harvested at 110 DAFB and ‘Ryuho’ was harvested at 95 DAFB. The berries were randomly collected from three different clusters. One part was used to measure grain quality and the other was used to analyze the aromatic compounds in the berries. After sampling, the skin and flesh of the berries were immediately separated, frozen in liquid nitrogen, and stored at −80 °C for later use.




2.2. Fruit Quality


The length and width of the berries were measured using an electronic digital caliper (Shinwa, Niigata, Japan), and the weight of the individual berries was measured using an electronic balance (Shinko Denshi, Tokyo, Japan). A PR-101 α sugar meter (Atago, Tokyo, Japan) was used to measure the total soluble solids (TSS). The fruit shape index indicates the shape of the grapes: vertical diameter (mm) and horizontal diameter (mm). Three independent biological replicates were used for each experiment.




2.3. Extraction of the Aromatic Compounds


The aromatic compounds of the grape grain homogenate were extracted using headspace solid-phase microextraction (HS-SPME) [15,16]. Four grams of the grape skin or flesh, preserved at −80 °C, was ground into powder in liquid nitrogen using a mortar and pestle. An internal standard solution was prepared by diluting 1 μL of octanol with 5 mL of hexane. In a 100 mL headspace bottle, 1 μL of the internal standard solution, 5 mL of distilled water, and 4 g of NaCl were mixed in a water bath shaker at 25 °C, for 30 min. The 50/30 μm divinylbenzene/carboxen/polydimethylsiloxane (DVB/CAR/PDMS) extraction fiber of the SPME (57328-u, Supelco, GA, USA) head was inserted into the bottle through the rubber pad and kept above the sample liquid surface. The distance between the fiber and liquid level was maintained at 3 cm. Extraction of the aromatic compounds was performed at 25°C, for 30 min. Three independent biological replicates were used for each experiment.




2.4. Qualitative and Quantitative Analysis of the Aromatic Compounds


Gas chromatography-mass spectrometry (GC-MS) analysis was performed using a Thermo Scientific FOCUS GC and a 110-5383 MS, with a DB-WAX (250°C, 30 m × 250 mm × 0.25 μm) chromatographic column (Agilent Technologies, Santa Clara, CA, USA). The chromatographic conditions were as follows: (1) the sample inlet temperature was 250°C, (2) helium was used as the carrier gas at 1 mL/min in the constant flow mode, and (3) the GC inlet was set in the splitless mode. The column temperature was initially set at 40°C for 5 min, followed by an increase to 220°C at a rate of 6 °C/min. The temperature was then held at 220 °C for 5 min and thereafter increased by 4 °C/min to 240°C. For the mass spectrometry, the ion source temperature was 230°C and the quadrupole temperature was 150°C. The ionization mode was set as electron ionization (EI), the electric energy was 70 eV, and the electron ionization mass spectra were obtained by scanning from 30 to 350 m/z.



Qualitative and quantitative methods were used to identify the mass spectra of the unknown compounds. Qualitative methods included matching the spectra with those found in the NIST Mass Spectral Library and combining them with an artificial map spectral analysis. Quantitative methods included calculating the aromatic compounds present using the peak area normalization relative to percentage content with the following formula:



Content of each compound (μg/kg) = peak area of each compound/peak area of internal standard × internal standard concentration (μg/L) × internal standard dosage (L)/sample volume (kg).




2.5. Data Analysis


Microsoft Office Excel 2016 (Microsoft, Washington, DC, USA), SPSS 17.0 (IBM, Chicago, IL, USA), and the JMP software (JMP, Tustin, CA, USA) were used to analyze the data. One-way analysis of variance (ANOVA) and t-tests were used to analyze the differences in fruit quality and aromatic compound formation among the three varieties.





3. Results


3.1. Fruit Gowth and Development


The growth and development of ‘Kyoho’, ‘Shine Muscat’, and ‘Ryuho’ are shown in Figure 1. The color-changing period (veraison) of the three varieties was approximately 60 DAFB. The grain length, as shown in Figure 2, was ‘Ryuho’ (35 mm) > ‘Shine Muscat’ > ‘Kyoho’ (Figure 2A). The grain width of ‘Ryuho’ and ‘Kyoho’(30 mm) was significantly larger than that of ‘Shine Muscat’ (25 mm) (Figure 2B). The single grain weight of ‘Ryuho’ and ‘Kyoho’ at maturity was about 15 g, which was significantly larger than the ‘Shine Muscat’ berries (10 g) (Figure 2D). The fruit shape indices of the three varieties were ‘Shine Muscat’(1.3–1.4) > ‘Ryuho’ (1.2), and ‘Kyoho’(0.9) (Figure 2C). The total soluble solids of the three varieties reached 20% at maturity, and there were no significant differences among the three cultivars (Figure 2E). This indicates that all three cultivars reached the maturity stage (TSS > 15%).




3.2. The Total Aromatic Compounds in the Three Varieties


The changes in the contents of the volatile aromatic compounds during grain development in ‘Kyoho’, ‘Shine Muscat’, and ‘Ryuho’ are shown in Figure 3. The total aroma content of ‘Ryuho’ skin reached its peak (1182.23 mg/kg) at 70 DAFB, and thereafter decreased (Figure 3A). The aroma content of ‘Kyoho’ skin reached a small peak (538.22 mg/kg) at 70 DAFB but reached its peak (926.27 mg/kg) at 110 DAFB. The aromatic content of ‘Shine Muscat’s’ skin increased gradually with the growth and development of the berries, reaching its peak (1077.22 mg/kg) at 110 DAFB. The total aromatic content of ‘Ryuho’ flesh was significantly higher than that of ‘Kyoho’ and ‘Shine Muscat’ and reached its peak (1062.16 mg/kg) at 90 DAFB, and thereafter decreased (Figure 3B). The total aromatic content of ‘Kyoho’ flesh reached its peak (477.54 mg/kg) at 110 DAFB. The total aroma content of ‘Shine Muscat’s’ flesh reached a small peak (265.87 mg/kg) at 70 DAFB but reached its peak (505.49 mg/kg) at 110 DAFB.




3.3. The Proportion of Each Aroma Type in the Three Varieties


The proportions of C6 alcohols, C6 aldehydes, and esters in the three varieties were up to 85.33%. higher (Figure 4) The proportion of esters increased with grain development, whereas the proportion of aldehydes decreased. The proportion of alcohols and terpenes fluctuated throughout the developmental period. The proportions of C6 alcohols and C6 aldehydes in the foxy type variety ‘Kyoho’ skin (45.27–63.78%) and ‘Ryuho’ skin (28.06–44.84%), and the muscat type variety ‘Shine Muscat’ skin (38.99–66.17%) are shown in Figure 4A–C. The proportions of C6 compounds in ‘Kyoho’ flesh (36.37–68.14%), ‘Ryuho’ flesh (5.88–44.84%), and ‘Shine Muscat’ flesh (38.99–66.17%) are shown in Figure 4D,E. The proportion of esters in the flesh of ‘Shine Muscat’ reached a maximum at 70 DAFB and thereafter decreased.




3.4. The Content Changes of the Different Aromatic Compounds


Thirty aromatic compounds were identified in the berries of ‘Kyoho’, ‘Shine Muscat’, and ‘Ryuho’, including C6 alcohols and C6 aldehydes (6), esters (5), terpenes (4), alcohols (except C6, 4), aldehydes (except C6, 8), and ketones (3).



Most of the aromatic compounds in ‘Shine Muscat’ gradually accumulated in the skin with growth and development, especially from 70 DAFB (Figure 5). The anabolic trend of aromatic compounds in ‘Ryuho’ generally increased first and thereafter decreased. For example, the C6 alcohols and aldehydes, terpenes (limonene and p-cymene), esters (ethyl butyrate, ethyl 2-butenoate, ethyl hexanoate, ethyl octanoate), alcohols (ethanol, 1-octen-3-ol, and 2-ethyl-1-hexanol), and ketones (5-methyl-4-hexen-3-one) showed a peak at 70 DAFB. Ethyl acetate and 4-terpineol exhibited peaks at 90 DAFB. The concentrations of (E)-2-hexenal, (Z)-2-hexen-1-ol, ethanol, phenyl ethyl alcohol, and esters, in ‘Kyoho’ increased gradually with growth and development. In addition, 3-hexenal, (Z)-3-hexen-1-ol, p-cymene, and 4-terpineol exhibited peaks at 70 DAFB, which thereafter decreased.



The change trends of the aromatic compounds in ‘Shine Muscat’s’ flesh were similar to those in its skin; most of them increased gradually with growth and development, especially the terpenes (Figure 6). Some aromatic compounds in ‘Ryuho’s’ flesh decreased first, then increased, and finally decreased, such as (E)-2-hexenal, hexanol, the (Z)-3-hexen-1-ol of the C6 compounds, and nonanal, which peaked at 70 DAFB. The concentrations of (E)-2-hexenal, 4-terpineol, ethanol, 2-ethyl-1-hexanol, and phenyl ethyl alcohol peaked at 90 DAFB. During growth and development, the concentrations of 3-hexenal, (E)-2-pentenal, octanal, (Z)-2-heptenal, and (E,E)-2,4-hexadienal decreased gradually. The concentration of esters in ‘Kyoho’ increased with growth and development; however, the concentration of aldehydes decreased.




3.5. Principal Component Analysis (PCA) of the Aromatic Compounds of the Three Varieties


The aromatic compounds in the skin and flesh of the three varieties at different growth and developmental stages of the berries were analyzed using PCA, as shown in Figure 7. The results showed that the three varieties were clearly distinguishable at different stages, based on the skin and flesh. The representative compounds of the three varieties were different during the different periods (Figure 7A). The representative aromatic compound in the ‘Shine Muscat’ skin was linalool. The aromatic compounds represented in the ‘Kyoho’ skin were C6 aldehyde and terpene. Terpenes, alcohols, and esters were the representative compounds in ‘Ryuho’, such as limonene and ethyl octanoate. The aromatic characteristics in the flesh of the three varieties were similar to those in the skin before veraison (Figure 7B). After veraison, the main representative compounds of ‘Ryuho’ were ethyl acetate, ethyl butyrate, ethyl hexanoate, ethyl octanoate, and ethanol. Terpenes and aldehydes were the representative compounds found in ‘Shine Muscat’.




3.6. Cluster Analysis of the Aromatic Components in the Different Varieties and Growth Stages


The aromatic compounds and their relative contents of the different varieties at different growth and developmental stages were analyzed using cluster analysis. The aromatic compounds of ‘Ryuho’s’ skin were close, at 90 and 95 DAFB (Figure 8A). The compounds of ‘Kyoho’s’ skin were similar, at 90 and 110 DAFB. The compounds of ‘Kyoho’s’ and ‘Ryuho’s’ skin clustered together at 70 DAFB. In terms of the content change of the aromatic compounds, the changes in the three aldehydes in the C6 aromatic compounds were similar, and the changes in the esters and alcohols were the same, particularly ethanol and ethyl acetate. The changes in the terpenes, including β-linalool and limonene, were consistent. In the flesh, the aroma compounds of ‘Ryuho’ at 70 and 110 DAFB clustered together (Figure 8B). ‘Kyoho’ was similar to the ‘Ryuho’ grape at 70 DAFB and they clustered together at 90 DAFB. At 10 and 30 DAFB, the aroma of the flesh of the three varieties varied greatly. As in the skin, the changes in ethanol and ethyl acetate were similar in the flesh.





4. Discussion


Grape aroma is an important characteristic of grape quality and is key to cultivating excellent grape germplasm resources. The cultivation of new varieties with high quality and a muscat aroma will be one of the directions for table grape breeding in the future [17]. The study of fruit quality, especially the differences and inheritance of aroma substances, has important theoretical and practical significance.



4.1. Aroma Characteristics of the Different Varieties


The aroma characteristics of table grapes are floral, fruity, herbaceous, and sweet. The aromatic compounds of the different varieties of grapes are different [18]. According to the aromatic compounds, grape can be divided into muscat, non-muscat, and non-aromatic types [19]). Yang’s [20] classification was similar to that of Mateo [19], which is that they can be divided into muscat, strawberry, and no flavor. The unique muscat aroma is closely related to terpenoids and their contents [11,21]. The most abundant content observed in this variety was monoterpenoids, which mainly exist in the skin. ‘Shine Muscat’ is a muscat-flavored grape, and its aroma is closely related to terpenoids [22]. The most abundant monoterpenoids in ‘Shine Muscat’ are linalool, geraniol, nerol, citronellol, and α-terpineol [20]. Wu [22] and Tan [23] believed that linalool and geraniol were the main compounds in ‘Shine Muscat’.



Reports have shown that esters are the aromatic compounds with the highest content in the skin of the ‘Kyoho’ series grapes [8,14]. In this study, the aromatic compounds of ‘Kyoho’ were mainly C6 and esters in the skin and flesh, and the proportion of esters in the flesh was higher. The aromatic compounds in tetraploid table grapes with a muscat flavor, including ‘Zaoheibao’, ‘Qiuheibao’, ‘Wanheibao’, and ‘Tetraploid Muscat Hamburg’ as well as their diploid parents including ‘Guibao’, ‘Zaomeiguixiang’, ‘Christmas Rose’, and ‘Muscat Hamburg’, were tested [23]. Linalool and geraniol contributed the most to the eight muscat-aroma grape varieties. However, the monoterpenoids in this study were linalool and limonene, which may be related to differences in the climate conditions, soil environment, management methods, and detection and analysis.



After the diploid muscat-flavored grapes doubled, the relative content of the main aromatic substances did not double due to the chromosome doubling but was related to the richness of the parental muscat flavor. It can be inferred that in the cultivation of new varieties with good aroma, crossbreeding is better than ploidy breeding, and the key is the selection of parents.




4.2. Aroma Changes during Growth and Development and Selection of Harvest Time


The content of aromatic compounds in ‘Shine Muscat’ before veraison was low, mainly terpenes. From veraison to maturity, the aromatic compounds gradually accumulated, primarily C6 and terpenes. The aroma of the ‘Ryuho’ grape was mainly esters, which first increased and thereafter decreased. The results in Figure 3 show that, among the three grape varieties, the aromatic compounds in the skin were higher than those in the flesh.



In this experiment, the ‘Ryuho’ grapes ripened earlier than the ‘Kyoho’ and ‘Shine Muscat’ grapes. Studies have shown that C6 compounds (which are green leaf volatiles) are important in grapes and are an important indicator of grape maturity [24]. Many table varieties are used as raw materials for jams, juices, wines, and other processed products [25]. The aromatic content of ‘Ryuho’ reached its maximum value before the harvest. During production, an appropriate harvest period can be selected according to the different uses.




4.3. Research Value of ‘Ryuho’ on Aroma


The high cost and difficulty of research related to flavor phenotypes have been a huge challenge since breeding [26]. It is necessary to develop existing germplasm resources to a greater extent and collect and preserve abundant landraces, wild species, and wild relatives during breeding. ‘Ryuho’ is sweet, with a strong strawberry flavor, high and stable yield, and good quality. Compared to its sister varieties ‘Benizuiho’ and ‘Benifuji’, ‘Ryuho’ has a stronger resistance to anthrax and light fruit cracking than ‘Kyoho’ [20].



At present, little research has been conducted on the aroma synthesis of the ‘Ryuho’ grape. In this study, the concentration of aromatic compounds in ‘Kyoho’ and ‘Ryuho’ was higher than in ‘Shine Muscat’. The total aromatic content in ‘Ryuho’s’ skin and flesh were higher than in ‘Kyoho’ and ‘Shine Muscat’. The relative content of esters in the aromatic compounds of the three grape varieties was flesh > skin and ‘Ryuho’ > ‘Kyoho’ > ‘Shine Muscat’. ‘Ryuho’ has high research value and should be further studied in grape production and new variety cultivation in the future.



In short, the composition of aromatic compounds in grapes is complex. Many factors affect the formation and accumulation of aromatic compounds in grapes. Among these, the differences in the genotype are the main reason for the differences in the types and contents of the aromatic compounds. There are also differences in aromatic metabolic pathways among the grapes with different aroma types, which require further study. With the development of genomics, proteomics, and metabolomics, the specific pathways and key genes involved in grape aroma anabolism can be studied in detail.





5. Conclusions


The typical aromatic compounds of ‘Shine Muscat’ are terpenes and C6 compounds, such as linalool and 3-hexenal. The main aromatic compounds of ‘Kyoho’ and ‘Ryuho’ grapes are C6 compounds and esters such as (E)-2-hexenal and ethyl acetate. As the hybrid offspring of ‘Kyoho’, the content of esters, such as ethyl hexanoate, in ‘Ryuho’ was significantly higher than in the ‘Kyoho’ grapes, while the content of the C6 compounds was lower. ‘Ryuho’ reached maturity earlier than ‘Kyoho’ and ‘Shine Muscat’, and the highest concentration of aroma accumulation was before the ripening stage. In production, we should pay attention to selecting the appropriate harvest time according to the different demands.
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Figure 1. Developmental changes in the ‘Kyoho’, ‘Shine Muscat’, and ‘Ryuho’ clusters. (A) ‘Kyoho’, (B) ‘Shine Muscat’, (C) ‘Ryuho’. 
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Figure 2. The fruit quality of ‘Kyoho’, ‘Shine Muscat’, and ‘Ryuho’. (A) Grain length, (B) grain width, (C) fruit shape index, (D) single grain weight, (E) total soluble solids. ‘Kyoho’ and ‘Shine Muscat’ were harvested at 110 DAFB, and ‘Ryuho’ was harvested at 95 DAFB. n = 3. ns: not significant; p < 0.05 (*) according to a t-test between ‘Kyoho’ and ‘Shine Muscat’ at 110 DAFB. Letters represent a significant difference, p < 0.05, according to Tukey’s test. The error bars represent the standard error (SE). 
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Figure 3. The total content of various volatile aromatic compounds during the growth and development of ‘Kyoho’, ‘Shine Muscat’, and ‘Ryuho’. (A) Skin, (B) flesh. n = 3. ‘Kyoho’ and ‘Shine Muscat’ were harvested at 110 DAFB, and ‘Ryuho’ was harvested at 95 DAFB. ns: not significant; p < 0.05 (*) according to a t-test between ‘Kyoho’ and ‘Shine Muscat’ at 110 DAFB. Letters represent a significant difference, p < 0.05, according to Tukey’s test. The error bars represent the standard error (SE). Letters at harvesting time represent significant differences among three cultivars. 
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Figure 4. The proportions of various volatile aromatic compounds in ‘Kyoho’, ‘Shine Muscat’, and ‘Ryuho’. (A) The skin of ‘Kyoho’, (B) the skin of ‘Shine Muscat’, (C) the skin of ‘Ryuho’, (D) the flesh of ‘Kyoho’, (E) the flesh of ‘Shine Muscat’, (F) the flesh of ‘Ryuho’. n = 3. 
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Figure 5. The concentration changes of different aromatic compounds in the skins of ‘Kyoho’, ‘Shine Muscat’, and ‘Ryuho’ during growth and development. n = 3. ns: not significant; p < 0.05 (*) according to a t-test between ‘Kyoho’ and ‘Shine Muscat’ at 110 DAFB. ‘Kyoho’ and ‘Shine Muscat’ were harvested at 110 DAFB, and ‘Ryuho’ was harvested at 95 DAFB. Letters represent a significant difference, p < 0.05, according to Tukey’s test. The error bars represent the standard error (SE). Letters at harvesting time represent significant differences among three cultivars. 
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Figure 6. The concentration changes of different aromatic compounds in the flesh of ‘Kyoho’, ‘Shine Muscat’, and ‘Ryuho’ during growth and development. n = 3. ns: not significant; p < 0.05 (*) according to a t-test between ‘Kyoho’ and ‘Shine Muscat’ at 110 DAFB. Letters represent a significant difference, p < 0.05, according to Tukey’s test. The error bars represent the standard error (SE). Letters at harvesting time represent significant differences among three cultivars. 
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[image: Horticulturae 09 00085 g006a][image: Horticulturae 09 00085 g006b]







[image: Horticulturae 09 00085 g007a 550][image: Horticulturae 09 00085 g007b 550] 





Figure 7. The PCA of various volatile aromatic compounds in the skin and flesh of ‘Kyoho’, ‘Shine Muscat’, and ‘Ryuho’ during growth and development. (A) Skin, (B) flesh. ‘KH’ stands for ‘Kyoho’; ‘SM’ stands for ‘Shine Muscat’; ‘RH’ stands for ‘Ryuho’. 
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Figure 8. Cluster analysis of the aromatic compounds in the three varieties at different development stages. (A) Skin, (B) flesh. ‘KH’ stands for ‘Kyoho’; ‘SM’ stands for ‘Shine Muscat’;‘ RH’ stands for ‘Ryuho’. 
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