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Abstract

:

Peaches are one of the most popular fruits around the globe. Selecting the optimum harvesting maturity for peaches is crucial in assuring high-quality fruits. This study is a model for determining the ideal harvest time for a robot harvester. Our study was carried out over two years on ‘Mihong’ peaches during days after full bloom (DAFB) 71 to 90 in 2021 and DAFB 64 to 84 in 2022 to select the optimal maturity index through a quality survey. The fruit size, soluble solids content (SSC), titratable acidity (TA), firmness, peel color (L*, a*, b*, chroma, and hue), and ethylene production were investigated. Fruit size showed the regular double sigmoid curve, and SSC increased while firmness and TA decreased with time. The samples left in storage conditions in 2022 showed a massive change in SSC and firmness after DAFB 74, implying the optimum harvesting stage. Interestingly, color values manifest the same consequence with a*, b*, and hue by reaching a plateau with apex side color values after DAFB 74, indicating the desired maturity. Overall, the results show that color values are an outstanding non-destructive alternative to typical destructive measurements for determining the exact time to harvest ‘Mihong’ peaches.
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1. Introduction


Peaches (Prunus persica L.) are one of the most economically important, healthy, and delicious summer fruits. They are the world’s third most economically important temperate tree fruit, after apples and pears, and more than 90% of their production is for the fresh market [1]. According to the FAOSTAT corporate statistical database, 1.49 million ha of land was used to produce 24.57 million Mt of peaches and nectarines in 2020, with 189,058 Mt going to the Republic of Korea [1].



Ideal harvesting maturity has become a key factor in peach fruit production to better satisfy consumer preference in the marketplace as it determines the fruit quality and storage time [2]. Peach fruit maturity has a great influence on flavor components, ripening potential, physiological deterioration issues, resistance to moisture loss, susceptibility to mechanical damage, and invasion by pathogens [3]. Peaches harvested too early (immature) cannot reach market quality standards since they typically soften slowly and never reach the desired melting texture and taste. They usually have lower soluble solids content (SSC) and higher acids. As this is a climacteric fruit, if over-matured fruits are harvested, their post-harvest life may be shortened due to rapid softening as they are already approaching the senescence stage at harvest [3,4,5]. Thus, determining the optimum maturity stage for harvesting peaches is critical for obtaining acceptable quality for consumers [6]. Consequently, several maturity indices such as size and shape, SSC, firmness, skin and flesh color, TA, ethylene production, and respiration rate are used to determine whether a particular fruit has reached its optimal maturity stage [2,3,5].



The simplest and most basic measurements are the visual appearance of a particular fruit, such as size and shape. Since fruit size may vary depending on crop load, climacteric conditions, genetic factors, and other cultural practices [3,4,7], these indices cannot be used alone to measure the optimum maturity stage. The ripening of peach fruit involves many biochemical and physiological processes, such as the degradation of chlorophyll and starch, the biosynthesis of pigments and volatile compounds, the accumulation of sugars and organic acids as well as the modifications of the structure and composition of cell wall polysaccharides [8]. Accordingly, SSC elevations with maturity and ripening have also become a commonly used quality parameter for determining the maturity stage of fruit. However, the sugar content and SSC of peaches might be influenced by the position of the fruit in the canopy, crop load, pruning practices, and yearly climate [9]. Stone fruits also lose acidity during maturity, which is affected by cultivar and seasonal variability. The ratio of SSC:TA has been found to be more closely related to quality than acid content or SSC alone [3].



Fruit firmness decreases with maturation. Fruit softening is a developmental process that can create modifications in the structure of cell walls, particularly by the degradation of cell wall polymers. The mechanical strength and the texture of cell walls change dramatically during the fruit softening process. In addition, ripe fruit contains a large number of hydrolases that are involved in the degradation of cell wall polymers [10]. Thus, firmness is also used as a key factor to determine maturity in most fruits.



Fruit color is determined by various pigments present in skin and flesh tissues [3]. Anthocyanin is the principal color compound in many red, purple, and blue fruits, including apples, red pears, strawberries, grapes, blueberries, and peaches, and plays an essential role in determining consumer acceptance [11]. Measuring the color value a*, which is closely related to the anthocyanin content of a particular fruit, is more convenient than measuring the actual anthocyanin content using destructive methods. In addition, fruit color values L*, b*, hue, and chroma are also commonly used for determining the maturity stage of the fruit.



In the worldwide horticulture sector, many fruit growers are moving towards automating orchard management using artificial intelligence and robotics due to labor shortages. Labor is also becoming more expensive, contributing to the reduced profitability of fruit growing. Using robots and artificial intelligence can ensure a standardized cost for a steady flow of orchard data to assist orchard management decisions and the consistently high-quality production of fruits [12]. Particularly in machine harvesting, it is important to select the optimal maturity stage; otherwise, it may lead to a vast loss of fruit during the handling process since they become more delicate with ripening.



This research focuses on selecting an appropriate maturity index for ‘Mihong’ peaches in order to incorporate into a robot harvester via a developed algorithm program. Here, we analyze a series of quality parameters to determine the most suitable index among them to harvest the peaches, providing the best consumer acceptance and longest storage length with minimal handling damage.




2. Materials and Methods


2.1. Sample Preparation


The ‘Mihong’ peaches used for this experiment were harvested from an orchard (N 35°08′15.954′′, E 128°11′16.1304′′) located in Munsan-Myeon, Jinju-si, Republic of Korea, in 2021 and 2022 throughout the month of June, starting from the 10th to the 30th, during the peach growing season. Harvesting dates were selected essentially based on the maturity, considering the color on the apex side and other common parameters such as the fruit size.



In 2021, a total of 216 fruits (36 fruits each day) were harvested from four ‘Mihong’ trees over six consecutive days (10, 15, 17, 22, 24, and 29 June) with differing maturity stages and number of days after full bloom (DAFB 71, DAFB 76, DAFB 78, DAFB 83, DAFB 85 and DAFB 90). In 2022, a total of 140 fruits (20 fruits each day; there were variations in fruiting capacity because of the weather and environmental factors; therefore, the sample size had to be lowered) were harvested from four ‘Mihong’ trees over seven consecutive days (10, 13, 16, 20, 23, 27, and 30 June) considering the DAFB (DAFB 64, DAFB 67, DAFB 70, DAFB 74, DAFB 77, DAFB 81 and DAFB 84). Figure 1 shows the different maturity stages in both years. In 2022, there was a seven-day delay in the full bloom because of the weather and environmental conditions.



These harvested peaches were transferred in less than an hour to the Laboratory of Fruit Science at Gyeongsang National University in Jinju, Korea, and several quality parameters were measured.




2.2. Measurement of Physicochemical Properties


2.2.1. Fruit Size


For each fruit, its weight was measured using a digital scale (Electric indicator scale-Bas 610, Chiba, Japan), and its length and width were measured using a digital Vernier caliper (Mitutoyo Digimatic Caliper CD-15APX, Kawasaki, Japan).




2.2.2. Color Measurements


Color measurements of peach fruits were taken using a portable colorimeter (Chroma meter CR-400—KONICA MINOLTA, INC., Osaka, Japan). After the completion of white calibration, the L*, a*, and b* values on different sides of each sample were measured. In the 2021 samples, only the right and left sides of the fruit were measured. The apex side color values were added as an additional measurement for the 2022 samples. Figure 2 shows the selection criteria for different sides of the fruit.



Thereafter, chroma (C) and hue (h°) values were calculated using Equations (1) and (2):


C = (a*2 + b*2)1/2



(1)






h° = tan−1 1 (b*/a*)



(2)








2.2.3. Firmness


Peach fruit firmness was measured using a rheometer (CR-100, Sun Scientific Inc., Tokyo, Japan) fitted with an 8 mm round flat probe that compressed the fruit to a depth of 3 mm at a loading rate of 2 mm∙s−1 [13]. The maximum force generated during the penetration was expressed as the firmness in newtons (N). In the 2022 samples, further measurements were taken after two days of storage at room temperature (RT) (DAFB 74+2, DAFB 77+2, and DAFB 81+2) to analyze the effect considering distribution time to the local market.




2.2.4. Soluble Solids Content


The soluble solids content (SSC) for all peach fruits was measured using a hand refractometer (Pocket Refractometer, PAL-1, Atago Co., Ltd., Tokyo, Japan). Peeled peach flesh was wrapped in a four-layer cheesecloth, squeezed using a manual stainless-steel squeezer, and the absorbance was read using the refractometer calibrated in °Brix, expressed as a percentage at RT. The refractometer used had a refractive index accuracy of ±0.2, and the °Brix (%) range was 0 to 53% with a 0.1% Brix resolution at RT. SSC measurements were also taken two days after storage in selected DAFB in the 2022 samples (DAFB 74+2, DAFB 77+2, and DAFB 81+2).




2.2.5. Titratable Acidity


The titratable acidity (TA) of the fruit was measured using a pH meter (BP3001, Trans Instruments, Jalan Kilang Barat, Singapore). Titration was accomplished using 1 mL of fruit juice (the liquid was obtained as the same way as SSC, and 1 mL was extracted using a 1000 µL pipet) diluted into 80 mL of distilled water. Then, NaOH (0.1 mol∙L−1) was added at a rate of 1 mL∙min−1 to reach to an end point of pH of 8.3 [14].





2.3. Determination of Ethylene Production


The ethylene evolution of the peaches was only measured in the 2022 samples. As soon as they were transferred to the laboratory, the samples were kept in sealed 2.1 L air-tight containers for 2 h, and 1 mL of headspace gas was evaluated for ethylene. Ethylene production was measured by using a gas chromatograph with a Porapak Q column and TCD detector (GC-8A, Shimadzu Co., Ltd., Kyoto, Japan) and expressed in µL·kg−1·hr−1.




2.4. Statistical Analysis


All data were statistically analyzed by JMP Pro (Version 16.1, SAS Institute Inc., Cary, NC, USA) using ANOVA, and a mean comparison was performed according to Tukey’s test (p < 0.05). All values are denoted as mean ±SE (Standard Error).





3. Results and Discussion


3.1. Changes in Fruit Size Measurements in ‘Mihong’ Peaches


The weights of the fruits used in this study varied between 110 g and 250 g during the fruit developmental period. The weights gradually increased with the DAFB and the harvest date, and by the end of the experiment, the fruit weight reached a constant stage after passing DAFB 78 (17 June) in 2021 and DAFB 81 (27 June) in 2022 (Figure 3A,D).



As depicted in Figure 3B,E and Figure 3C,F, respectively, the length and width of peach fruit dramatically increased with time. However, the increment rate decreased from the beginning to the end.



Usually, peach fruit development follows a double sigmoid curve in which four phases can be defined [15], with growth occurring only during three of the stages, with one interval stage for stone formation [16]. The typical features at the first stage are rapid growth (exponential) and a high rate of cell division and elongation. During the second phase, the endocarp becomes hardened to form the stone [17]. There is a much smaller net increase in fruit size at this stage [18]. In the next step, the exponential growth of the pericarp occurs again due to an increase in cell division. In the last stage, the fruit reaches its final size, and ripening begins [19]. Our results also showed typical variation with the harvest time, especially in the length variation curve.




3.2. Changes in the Fruit SSC, Firmness, and TA in ‘Mihong’ Peaches


SSC values have increased, whereas the firmness and TA values decreased over harvesting time.



As shown in Figure 4A,D, in the 2022 samples, SSC and firmness were also measured after two days in storage after harvesting for DAFB 74+2, DAFB 77+2, and DAFB 81+2 (22, 25, 29 June). In these samples, SSC measurements showed a greater increase compared to the harvest day except for DAFB 81+2 (29 June). Here, only three stages were selected for the storage condition due to the fact that, based on the visual measures, they are in the best range to be harvested. Anyway, on the final day of storage (DAFB 81+2; 29 June), the SSC value remained the same as the harvesting date showing the over-maturation.



Sweetness is the most important factor, influencing consumer acceptance of peach fruit, with sucrose, glucose, and fructose being their main sugars [20]. Peaches with high eating quality are considered to have high fructose content and lower glucose and sorbitol content. Sugars make up more than 60% of the SSC in peach fruits [9]. The sugar levels in different peach cultivars are significantly influenced by fruit ripening and storage periods. Usually, early-maturing peach cultivars show a higher SSC content than late-maturity cultivars, as supported by the findings by Khan et al. [21]. In their study, the ‘Florida Gold’ peach cultivar showed the maximum total sugars followed by ‘Peach Selecl. No. 3′ (PS-3)’ and ‘Florida King’, while late-maturing cultivars exhibited the least SSC content. However, peaches and nectarines with an 11 °Brix or higher SSC are widely accepted by consumers [22]. This value may be dependent on the cultivar, and according to some of the literature, in yellow peaches, the SSC value at commercial harvest showed an average value of 12.1 °Brix, with the average between 13.86 °Brix (‘Rome Star’) and 9.38 °Brix (‘Vistarich’). White peaches had an average value of 11.6 °Brix; the lowest content was in ‘Rosa delWest’ (9.53 °Brix) and the highest in ‘Greta’ (13.23 °Brix). Percoche showed values between 9.90 and 13.27 °Brix in ‘Babygold 7′ and ‘Cotogna del Poggio’, respectively [23,24,25]. According to our findings in 2022, the SSC amount showed a massive boost after two days of storage, coming close to the optimal range. This indicates that DAFB 74 to DAFB 77 (during 20–23 June harvest date) were ideal to harvest peach fruit in 2022 since they could reach acceptable quality for the consumer when considering transportation time. This conclusion is verified by the curve because the SSC did not significantly change after this stage.



As depicted in Figure 4B,E, the firmness of the ‘Mihong’ fruit exhibited a significant reduction in both the 2021 and 2022 samples. As previously mentioned, the firmness measurements taken after two days of storage (DAFB 74+2, DAFB 77+2, and DAFB 81+2) showed a greater reduction than the harvesting date in the 2022 samples. After DAFB 74 (20 June), the firmness reduced by more than half when compared to the previous date within a very small time gap. In addition, after DAFB 77 (23 June), the firmness was reduced to a very small amount, limiting most handling practices; most importantly, machine harvesting could not be performed. However, the data gathered in 2021 show a greater reduction after DAFB 83 (22 June), likely due to varying environmental factors during the ripening process.



Fruit softness is an important physiological process associated with fruit quality. It involves various structural and compositional changes in cell wall components as a result of fruit-softening enzymes. Higher fruit firmness in peaches might be due to the presence of insoluble protopectins and comparatively fewer amounts of soluble protopectins. Fruits with higher softening resulted in the conversion of insoluble protopectins to more soluble pectic acid and pectin. Softening of fruits occurs due to damage to cellular membrane integrity, which is associated with the activity of polygalacturonase enzymes. During fruit ripening, an increase in polygalacturonase and pectin esterase enzyme activity causes the depolymerization of pectin. Delayed and modified depolymerization and solubilization may lead to a partial reduction in the higher activities of major cell wall hydrolysis enzymes [21]. Thus, at the optimal maturity stage, firmness should be at a desirable range that is not too high or too low.



According to the findings of our 2022 experiment, DAFB 74 to 77 (during the 20 June–23 June harvest date) is the most convenient period for machine harvesting when considering the firmness data. This is also suggested by the variations in the SSC data, because if the peaches will be harvested during this period, they can reach acceptable flavor quality with minimum mechanical damage due to identical firmness.



The overall TA changes (Figure 4C,F) can be expressed as an amount reduction with time. In both years, the TA continuously decreased except for one day. According to the 2021 data, the TA begins with a steady reduction before dropping suddenly after DAFB 78 (17 June) and finally reaches a plateau. For the 2022 data, the TA shows a gradual reduction until passing 81 DAFB (27 June), when it also becomes constant. At this point, the peach fruit has obtained its maturity stage of consumer acceptance.



Malic, citric, and quinic acids are the major ones found in stone fruits, which greatly contribute to the total acidity of peaches and nectarines. Wang et al. reported that the taste of malic acid is stronger and more persistent than that of citric acid [25]. Quinic acid imparts a slightly sour and bitter taste and is reported to have antibacterial properties beneficial to health. However, a lower extent of acid content seems to be favorable for fruit quality evaluated by consumers. The literature has reported TA values of 0.13–0.31% in white-fleshed peaches and 0.45–0.87% in yellow-fleshed peaches, or a range from 0.15 to 0.34% in white peaches and from 0.53 to 0.97% in yellow-fleshed peaches, or 0.31–0.47% in white peaches and from 0.53 to 0.86% in yellow peaches as having optimum eating quality [24,26,27,28,29]. The reduction in acidity in mature peaches may be due to the rapid rate of oxidative processes. Higher respiration may result in the degradation of organic acid, which confirms earlier studies reporting that organic acids act as substrates for enzymatic reactions of respiration resulting in acidity reduction [21]. Our findings also align with this, verifying that acid content is reduced at later harvest dates. Zhuang et al. have also shown identical results with ‘Yulu’ and ‘ZhaoYang’ peach cultivars [30]. Our TA data also suggest that after DAFB 78, acid content slightly varies, confirming it is suitable to harvest peach fruit before that point as our SSC and firmness results also prove that peaches have reached the desired flavor by this stage.



The SSC, firmness, and TA results from the 2022 samples suggest that DAFB 74 to 77 (during the 20 June–23 June harvest date) is the ideal period to harvest peach fruit if the grower must use a machine harvester with minimal damage to the fruits.




3.3. Changes in the Color Values of Fruit Skin in ‘Mihong’ Peaches


The mean values for the colors are shown in Table 1 and Table 2 for both 2021 and 2022. Here, nearly the same alteration pattern is displayed by the right and left sides of the fruit in both years. However, in addition to the two sides, the apex side color values were also measured in the 2022 samples. The apex side revealed interesting identical patterns which deviate to some degree from the other two sides. While the overall L*, b*, and hue color values of the left and right side reduced with harvest dates, the a* value gradually increased with the time in both the 2021 and 2022 samples. The chroma value showed a slight reduction at the end of the experiment in 2021, even though it did not manifest a significant change throughout the experimental time in 2022, except for the last day.



When considering the L* value, it reduced from the initial to the last experiment day. The right and the left side of the fruit samples from 2021 and 2022 showed a relatively similar pattern and, during the initial period, underwent slight alterations and finally reduced. On the apex side, the L* value changes have deviated from the other sides, but it did not show an identical pattern and only exhibited an overall reduction. The L* value indicates the brightness of an object, which varies from 0 (black) to 100 (white) [31]. With ripening, the brightness of the peach fruit skin reduced, showing an L* value reduction in both cultivars on each side.



The a* value of the right and left sides of the fruits in both years showed the same pattern. It increased during maturity in three different phases: rising slightly, accelerating quickly, then again a slight increment. However, for the color of the apex side, the a* value plateaued after the DAFB 74 (20 June) harvest date and only increased again on the last day. By the end of the experimental day, the fruits are fully matured and showed some deviations, and they are unsuitable for machine harvesting. Therefore, when considering the a* value, ‘Mihong’ peaches should be harvested after DAFB 74 (20 June) since it has obtained their desired color by this stage.



Usually, the a* value represents the red–green color of the object: a positive value represents red, and a negative value represents green. Here, most of the values began in the negative and grew to positive values at later ripening stages as the green color changed to red. The closest results for the apex side changes were exhibited by Arias R. et al. and Zhang et al. for six different peach cultivars [2,32]. According to the data gathered by Scalisi et al., yellow peach cultivars also exhibit an increment of the a* value with maturity [33].



Anthocyanin is an important determinant of the color, specially related to the a* value in many fruits, flowers, seeds, and roots [34,35]. Anthocyanin is water-soluble and the colors it produces may vary between red, purple, and blue depending on the molecule and pH of the vacuole [36,37]. According to the data analyzed by Tsuda et al., anthocyanin concentrations of peach fruit skins in three different cultivars showed parallel results with the a* values in all cultivars [38]. Therefore, observing color variations in our study suggests that anthocyanin biosynthesis may begin from the apex side and then eventually spread to the middle part of the fruit, as a higher a* value is shown on the apex side than on the right and left sides of the fruit from the beginning (Table 2).



The b* value followed the same pattern as the a* value but in the opposite direction; as the harvesting date increased, the b* value decreased in both the 2021 and 2022 samples, except for a small deviation on the last date of the 2022 experiment. The apex side reached a constant b* value after DAFB 74 (harvest date of 20 June).



The b* value represents the yellow–blue color of the object; a positive value represents yellow, and a negative value represents blue. Because fruits become more yellow with time, the b* value increases past the initial point. The same results for the right and left sides were shown by Zhang et al. [2]. However, the results observed on the apex side suggest that after DAFB 74 or 20 June, the peaches were appropriate for harvesting as they had obtained the desired color.



The chroma values in the 2021 samples did not show a significant rhythm to the fluctuation. However, in the 2022 experiment, the right, left, and apex sides remained constant throughout the harvesting time except for the final day. On the final day, almost all the values finally reached the same point. Usually, color saturation or intensity is measured by chroma (C), and it is the purity of a color (a high chroma has no added black, white, or gray) [39]. In this study, the chroma value varies within 20–40, which has a significant purity in the color without any abnormalities and defects on the skin.



The hue value reduced with the harvest date on the right and left side of the peach samples from both years. The hue also has the same pattern as the b* value, which reduced according to the three speed phases. In addition, the hue showed a similar pattern to the b* value on the apex side, which is completely different from the right and left sides of the same fruit. After DAFB 74 (20 June), the hue value plateaued and deviated slightly only on the last date.



The hue angle (h°) describes the relative amounts of redness and yellowness. Red/magenta is defined as 0°/360°, yellow as 90°, green as 180°, and blue as 270°, or intermediate colors between adjacent pairs of these basic colors. A product is redder if the hue value is lower [39]. Considering our results, Scalisi et al. have also reported the same results for the right and left sides of peach fruit [33]. Tadesse et al. studied the effect of harvesting sweet peppers at different maturity stages and found that the hue value declined with the ripening [40]. This also suggests that after DAFB 74 (20 June) is a satisfactory time to harvest peaches depending on the color development.




3.4. Changes of Ethylene Production in ‘Mihong’ Peaches by Harvest Date


As expressed in Figure 5, ethylene production increased with time (DAFB/Harvesting date). It also displayed a significant pattern: increasing slowly at the beginning, accelerating abruptly in the middle, and then slowing down in increments towards the end of the experiment day.



Since peaches and nectarines are climacteric fruit, ethylene plays a key role by regulating the expression of genes involved in a wide range of ripening-related reactions, including autocatalytic ethylene production, flesh softening, chlorophyll loss, and changes in sugar and acid content [41,42]. The ethylene production levels may affect fruit firmness and TA but might not significantly affect SSC. This indicates that SSC might be ethylene-independent, while fruit firmness and TA are ethylene-dependent. The involvement of ethylene in peach fruit softening has recently been proven [43]; it has also been observed that the rapid drop of fruit firmness during ripening (melting stage) begins when significant ethylene production has already occurred [44].





4. Conclusions


In this study, ‘Mihong’ peach samples from 2021 and 2022 were analyzed based on various quality parameters. According to our results, fruit size revealed a double sigmoid curve, typical for peach fruit development, and the SSC increased while firmness and TA declined with time. The SSC and firmness varied by a large ratio in two days of storage conditions compared to the harvest date, in the 2022 samples, suggesting the optimal harvesting time for ‘Mihong’ peaches as the stage of DAFB 74 (20 June harvest date). The L*, b*, and hue color values decreased, whereas a* increased and chroma remained constant in the right and left side of the fruit measurements. The ethylene production also increased, showing the maturity with time. Interestingly, the a*, b*, and hue values reached a plateau with apex side color values after DAFB 74 (20 June harvest date) based on the 2022 data, exhibiting the desired color development and manifesting the same results. Conclusively, these results imply that color values, particularly the a* values on the apex side, are a more acceptable method that can provide a clear sense of when to harvest ‘Mihong’ peaches with desired fruit attributes. These a* value fluctuations can be further evinced by studying the anthocyanin content of the fruit and will be able to be used as a non-destructive measurement for future studies.
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Figure 1. Different maturity stages of ‘Mihong’ peaches in each harvest day, at field conditions in 2021 (A) and 2022 (B). 
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Figure 2. Side selection for color measurements. 
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Figure 3. (A) Changes in the fruit weight, (B) length, and (C) width based on DAFB and (D) changes in the fruit weight, (E) length, and (F) width based on harvest date in ‘Mihong’ peach samples from 2021 and 2022. Vertical bars indicate ±SE (n = 36, 2021 and n = 20, 2022). Means with different letters (a–d) indicate significant difference during the DAFB and harvesting time in both years separately (p < 0.05) according to the Tukey’s test. 
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Figure 4. (A) Changes in soluble solids content (SSC), (B) firmness, and (C) titratable acidity (TA) based on DAFB and (D) changes of soluble solids content (SSC), (E) firmness, and (F) titratable acidity (TA) based on harvest date for both 2021 and 2022 samples. Vertical bars indicate ±SE (n = 36, 2021 and n = 20, 2022). Means with different letters (a–e) indicate significant difference during the DAFB and harvesting time in both years separately (p < 0.05) according to the Tukey’s test. 






Figure 4. (A) Changes in soluble solids content (SSC), (B) firmness, and (C) titratable acidity (TA) based on DAFB and (D) changes of soluble solids content (SSC), (E) firmness, and (F) titratable acidity (TA) based on harvest date for both 2021 and 2022 samples. Vertical bars indicate ±SE (n = 36, 2021 and n = 20, 2022). Means with different letters (a–e) indicate significant difference during the DAFB and harvesting time in both years separately (p < 0.05) according to the Tukey’s test.



[image: Horticulturae 09 00730 g004]







[image: Horticulturae 09 00730 g005 550] 





Figure 5. Changes in ethylene production of the 2022 ‘Mihong’ peach samples based on harvest date and DAFB. Means with different letters (a–c) indicate significant difference during the DAFB/ harvesting time (p < 0.05) according to the Tukey’s test. 
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Table 1. Changes in the L*, a*, and b* color values and chroma and hue values with Harvest time/DAFB in ‘Mihong’ peaches from 2021.
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Harvest Date

/DAFB

	
L* Value

	
a* Value

	
b* Value

	
Chroma

	
Hue




	
Right

	
Left

	
Right

	
Left

	
Right

	
Left

	
Right

	
Left

	
Right

	
Left






	
10 June (DAFB 71)

	
66.4 ± 0.8 ab

	
66.0 ± 0.8 a

	
−11.8 ± 0.6 c

	
−11.4 ± 0.7 c

	
37.3 ± 0.5 a

	
37.2 ± 0.4 a

	
39.3 ± 0.5 a

	
39.1 ± 0.5 a

	
107.3 ± 1.0 a

	
106.8 ± 1.0 a




	
15 June (DAFB 76)

	
69.2 ± 0.9 a

	
68.8 ± 1.0 a

	
−8.3 ± 1.3 c

	
−7.8 ± 1.4 c

	
37.1 ± 0.6 a

	
36.9 ± 0.7 a

	
38.8 ± 0.6 ab

	
38.8 ± 0.5 a

	
101.4 ± 2.1 a

	
100.8 ± 2.5 a




	
17 June (DAFB 78)

	
70.7 ± 1.0 a

	
69.8 ± 1.2 a

	
−7.3 ± 1.4 c

	
−4.8 ± 1.9 c

	
37.9 ± 0.6 a

	
36.5 ± 0.7 a

	
39.5 ± 0.5 a

	
38.6 ± 0.6 ab

	
100.1 ± 2.2 a

	
96.0 ± 3.1 a




	
22 June (DAFB 83)

	
66.2 ± 1.7 ab

	
65.4 ± 1.7 a

	
11.6 ± 0.1 b

	
10.8 ± 2.15 b

	
31.9 ± 0.9 b

	
32.1 ± 1.2 b

	
37.1 ± 0.4 bc

	
36.7 ± 0.5 bc

	
70.3 ± 4.0 b

	
70.6 ± 3.8 b




	
24 June (DAFB 85)

	
62.8 ± 1.7 bc

	
66.1 ± 1.7 a

	
18.1 ± 2.0 b

	
13.5 ± 2.0 b

	
27.9 ± 0.7 c

	
29.4 ± 1.0 b

	
35.4 ± 0.6 c

	
34.9 ± 0.5 c

	
58.5 ± 3.4 c

	
65.4 ± 3.7 b




	
29 June (DAFB 90)

	
57.8 ± 1.4 c

	
57.1 ± 1.3 b

	
27.7 ± 1.3 a

	
29.2 ± 1.0 a

	
26.1 ± 0.7 c

	
25.4 ± 0.8 c

	
39.1 ± 0.5 ab

	
39.3 ± 0.5 a

	
43.9 ± 2.2 d

	
41.2 ± 1.7 c








Means with different letters (a–d) within a column are significantly different (p < 0.05) according to the Tukey’s test.
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Table 2. Changes in the L*, a*, and b* color values and chroma and hue values with Harvest time/DAFB in ‘Mihong’ peaches from 2022.
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Harvest Date

/DAFB

	
L* Value

	
a* Value

	
b* Value

	
Chroma

	
Hue




	
Right

	
Left

	
Apex

	
Right

	
Left

	
Apex

	
Right

	
Left

	
Apex

	
Right

	
Left

	
Apex

	
Right

	
Left

	
Apex






	
10 June (DAFB 64)

	
67.8 ± 0.8 a

	
67.0 ± 0.9 a

	
59.6 ± 1.0 a

	
−10.3 ± 0.6 e

	
−8.5 ± 1.4 d

	
4.7 ± 1.6 d

	
27.3 ± 0.5 a

	
26.8 ± 0.6 ab

	
18.9 ± 1.2 a

	
29.2 ± 0.7 b

	
28.7 ± 0.7 b

	
21.0 ± 0.9 b

	
110.4 ± 1.0 a

	
106.9 ± 2.7 a

	
72.4 ± 5.0 a




	
13 June (DAFB 67)

	
69.0 ± 0.9 a

	
66.4 ± 1.1 ab

	
54.9 ± 1.1 b

	
−10.2 ± 0.8 e

	
−8.0 ± 1.0 d

	
14.3 ± 1.0 bc

	
28.3 ± 0.7 a

	
26.5 ± 0.8 ab

	
14.1 ± 1.0 bc

	
30.2 ± 0.8 b

	
27.9 ± 0.9 b

	
20.7 ± 0.8 b

	
109.3 ± 1.3 a

	
105.6 ± 1.9 a

	
44.3 ± 3.2 b




	
16 June (DAFB 70)

	
69.5 ± 1.0 a

	
70.1 ± 1.0 a

	
62.2 ± 1.2 a

	
−8.8 ± 1.0 e

	
−7.6 ± 1.1 d

	
8.9 ± 1.8 cd

	
28.2 ± 0.7 a

	
28.2 ± 0.5 a

	
19.3 ± 1.1 a

	
29.7 ± 0.8 b

	
29.6 ± 0.7 b

	
23.0 ± 0.6 b

	
106.5 ± 1.7 a

	
104.3 ± 2.0 a

	
64.3 ± 5.0 a




	
20 June (DAFB 74)

	
68.1 ± 1.7 a

	
68.2 ± 1.3 a

	
51.2 ± 0.7 bc

	
1.9 ± 2.1 d

	
1.9 ± 1.9 c

	
18.8 ± 0.8 b

	
26.1 ± 1.3 a

	
26.6 ± 1.2 ab

	
10.4 ± 0.5 c

	
28.0 ± 0.8 b

	
28.1 ± 0.9 b

	
21.5 ± 1.0 b

	
83.2 ± 5.0 b

	
83.8 ± 4.4 b

	
28.9 ± 0.6 c




	
23 June (DAFB 77)

	
68.5 ± 1.6 a

	
66.7 ± 1.2 a

	
49.4 ± 1.0 cd

	
6.8 ± 2.8 c

	
9.6 ± 1.9 b

	
19.3 ± 1.0 b

	
24.9 ± 1.5 ab

	
24.0 ± 0.9 b

	
10.9 ± 0.9 c

	
28.9 ± 0.9 b

	
27.4 ± 0.5 b

	
22.5 ± 1.1 b

	
72.1 ± 6.1 b

	
67.7 ± 4.3 c

	
29.4 ± 2.0 c




	
27 June (DAFB 81)

	
65.4 ± 1.8 a

	
60.8 ± 1.5 bc

	
53.9 ± 1.3 bc

	
17.7 ± 1.6 b

	
20.6 ± 1.0 a

	
17.9 ± 1.0 b

	
20.3 ± 1.3 b

	
17.5 ± 1.2 c

	
10.9 ± 1.3 c

	
28.2 ± 0.6 b

	
27.6 ± 0.8 b

	
21.2 ± 1.4 b

	
48.7 ± 4.0 c

	
47.9 ± 2.9 d

	
29.9 ± 1.8 c




	
30 June (DAFB 84)

	
57.6 ± 2.1 b

	
60.3 ± 2.2 c

	
45.4 ± 1.2 d

	
24.5 ± 1.6 a

	
22.8 ± 1.4 a

	
28.5 ± 2.6 a

	
23.7 ± 1.6 ab

	
25.3 ± 1.3 ab

	
18.2 ± 1.1 ab

	
35.0 ± 1.4 a

	
34.8 ± 0.9 a

	
34.1 ± 2.7 a

	
43.6 ± 3.2 c

	
39.9 ± 2.8 d

	
33.3 ± 1.2 bc








Means with different letters (a–e) within a column are significantly different (p < 0.05) according to the Tukey’s test.
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