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Abstract

:

The aim of this study was to find out how different postharvest temperatures and MeJA treatments affected the quality of table grapes, their antioxidant properties, and the amount of hydrogen peroxide and malondialdehyde they contained. For the investigation, postharvest Shine Muscat table grapes were treated with low and high temperatures and MeJA at concentrations of 10 and 100 μmol/L. The results indicated that treating grape berries with MeJA at concentrations of 10 and 100 μmol/L effectively reduced weight loss and mitigated the increase in soluble solid content while also mitigating the decrease in berry firmness and titratable acidity. Consequently, this treatment preserved the sensory and nutritional qualities of the berries and extended their shelf life. Meanwhile, the application of MeJA at a concentration of 10 μmol/L demonstrated superior effectiveness compared to the 100 μmol/L concentration and resulted in a significant enhancement of antioxidant activities by increasing levels of superoxide dismutase, catalase, ascorbate peroxidase, and polyphenol oxidase. Furthermore, the levels of hydrogen peroxide and malondialdehyde in the samples increased for all treatments throughout the storage period. Nevertheless, the levels of hydrogen peroxide and malondialdehyde generation following MeJA treatment remained much lower compared to samples treated at room temperature and low temperature. Therefore, the postharvest application of MeJA at a concentration of 10 μmol/L could play a critical role as a stimulator of fruit quality as well as enhance physicochemical parameters and antioxidant activities for extending the shelf life of grapes during storage.
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1. Introduction


Table grape cultivars are among the most widely consumed non-climacteric fruits globally. China has been the world’s leading producer of table grapes since 2011, with over 582,728 hectares planted and an annual yield of 11,269,900 t in 2021 [1]. Over the past ten years, table grape agriculture in China has spread from the western and northern regions to the southwestern and southern provinces of Sichuan, Jiangsu, Guangxi, and Yunnan [2]. Table grapes have a low physiological activity rate, and traits like appearance, color, texture, flavor, and aroma determine their quality. The “veraison” stage marks the onset of ripening, during which the grapes undergo changes such as sugar accumulation, berry softening, anthocyanin synthesis, organic acid metabolism, and the accumulation of flavour compounds [3].



Soluble solid content (SSC) and sugar/acid ratios are key indicators of table grape quality, with specific minimum requirements set for each cultivar [4]. The synthesis of hundreds of different volatile compounds during ripening determines the flavour of table grapes, which is a complex and important aspect of their quality [5]. Table grapes are highly perishable after harvest and sensitive to water loss due to rachis and pedicel desiccation, resulting in browning, weight loss, and fruit softening. Additionally, the necrotrophic fungus Botrytis cinerea is primarily responsible for fungal degradation, which results in significant losses [6]. This fungus grows quickly and can spread through berries even at low temperatures (LT) around 0 °C. As a result, table grape preservation is difficult and depends on a variety of characteristics, with temperature and relative humidity being especially important.



Temperature is one of the most important factors affecting fruit storage. Fruit can have its shelf life extended after harvest by being stored at the right temperature, which also reduces quality deterioration and microbiological infection [7,8]. A growing body of research suggests that low-temperature storage plays a protective role in fruits by regulating antioxidant activity, thereby reducing the accumulation of reactive oxygen species (ROS). This mechanism helps to minimize nutrient consumption and preserve fruit quality [9,10,11]. According to Zhao et al. [12], preserving sweet cherry and nectarine at near-ice temperatures considerably increased the activities of superoxide dismutase (SOD), catalase (CAT), and ascorbate peroxidase (APX). Storage at 4 °C also kept the antioxidant enzyme activities in peach fruit active for a considerable amount of time [13]. The findings of the study demonstrated that low-temperature storage can effectively maintain high antioxidant enzyme activity and delay senescence in fruits. This preservation of antioxidant activity contributes to the preservation of stored fruit quality and extends the overall storage period.



Methyl jasmonate (MeJA) is a plant hormone that acts as a signal molecule involved in the growth and development of plants. It also plays a crucial role in the plant’s response to various abiotic and biotic stresses [14,15,16]. Several previous studies and investigations show that the exogenous application of MeJA has a positive impact on the quality and shelf life of various harvested fruits, such as wine grape and bell pepper, which could be attributed to improved oxidation resistance. Moreover, MeJA applications have been shown to extend shelf life and be beneficial in mitigating symptoms of chilling injury in sweet orange and pomegranate [17,18]. It has been proposed that using MeJA lowers the activity of enzymes that hydrolyse glycosidic connections between cell wall components to promote cell wall softening in fruits, enhancing firmness and resistance to mechanical damage while indirectly lowering microbial attack [19].



MeJA has recently been used to improve the chilling resistance of fruits and vegetables such as pepper and pineapple [20,21]. It is possible that a stronger antioxidant defence system and a lower malondialdehyde (MDA) level are linked to MeJA’s ability to protect fruit quality from chilling damage.



Treatment with MeJA raised the levels of ascorbic acid and carotenoids in cherry tomato fruits that had already been picked. It also caused bioactive metabolites to build up [22]. During storage, a particular quantity of exogenous MeJA treatment preserved the fruit quality of blood orange and retained greater total phenolic and anthocyanin content than in the control [23]. Additionally, postharvest MeJA treatment can preserve and even enhance the nutritional and medicinal quality of medlar, wine grape, mandarin fruit, and Centella asiatica [24,25,26,27].



It has been demonstrated in several studies that the application of MeJA can improve the innate disease resistance of plants against pathogen infection and ecological stresses such as cold [28]. Moreover, MeJA has been shown to have insecticidal properties in agricultural crops by enhancing the activities of chitinase and β-1,3 glucanases in plant leaves [29]. Furthermore, exogenous MeJA has been found to enhance chilling tolerance in horticultural crops by improving the expression of heat shock proteins (HSPs) and C-repeat binding factor (CBF) [30]. These findings suggest that treatment with MeJA could be a valuable approach to reducing postharvest diseases and enhancing fruit quality, ultimately resulting in an extended shelf life for horticultural produce. Therefore, the aim of our study is to investigate how temperature regulation and MeJA affect the antioxidant activities of the Shine Muscat grape from a physiochemical perspective during a period of storage.




2. Materials and Methods


2.1. Fruit Samples and Treatments


The investigation was conducted using white table grapes, namely the Shine Muscat varietal. The Shine Muscat grapes were manually collected from the experimental vineyard of Nanjing Agricultural University, situated in the Jiangsu Academy of Agricultural Sciences in China. The grape bunches were promptly transported to the laboratory in cardboard boxes within a span of one hour. Prior to the experiment, the bunches were organized to guarantee that they possessed identical dimensions and hues and were devoid of any imperfections or indications of illness. The experiment took place at the laboratory of the pomology department, situated at Nanjing Agricultural University in Jiangsu Province, China. The bunches were divided into four groups, as indicated in Table 1. There were 15 boxes in each group, and each group had three boxes that served as replications. Subsequently, the bunches were placed on filter paper and packed in plastic boxes weighing 500 g each prior to storage.



Analyses were conducted on days 0, 10, 20, and 30 following the treatments. For the RT treatment, no measurements were taken on the 30th day except for estimating the weight loss at the end of storage because it had reached the unacceptable limit for consumption and marketing. Following the physiological evaluation, five berries were taken as samples and tested three times for subsequent analyses. The samples were immediately frozen in liquid nitrogen and stored at −80 °C.




2.2. Measurement of Physicochemical Properties


The fruit’s quality was assessed by measuring the weight loss ratio, firmness, soluble solid content (SSC), and titratable acidity (TA) using the methodology outlined in the AOAC [31] guidelines. Five berries were utilised in order to ascertain the weight reduction of the samples, and their initial weight was measured prior to storage. The weights of the remaining samples were measured at each sampling stage. Weight loss was determined by subtracting the weight at each sampling stage from the initial weight of each sample, dividing the difference by the initial weight, and then multiplying the quotient by 100.



A digital penetrometer (GY-4 digital fruit penetrometer, China) was used to measure the penetration force required for a 6 mm diameter probe to enter the berry at a rate of 5 mm/s to a depth of 5 mm. The experiment involved using five berries, which were tested three times, and the measurements were recorded in Newtons (N).



Five berries from each bunch were mixed and ground to make a homogeneous sample that was the same for SSC testing. The measurement was made in triplicate at 20 °C using a digital refractometer (3T, Atago Co., Ltd., Tokyo, Japan). A few drops of juice were put on the prism of the refractometer, and the results were expressed as a percentage.



Five mL of juice was taken and titrated with 0.1 N sodium hydroxide (NaOH) to a phenolphthalein endpoint using a colour indicator (clear to pink) to measure the percentage of titratable acidity. Total acidity was represented as a percentage of tartaric acid in the results.




2.3. Measurement of Antioxidant Enzyme Activities


The evaluation of antioxidant enzyme activity was conducted using the method described by Modesti et al. [25]. The frozen berry tissue powder was dissolved in an extraction buffer (2:5 w/v) containing 100 mM potassium phosphate buffer (pH 7.8), 100 mM sodium EDTA (pH 7), 1.25 mM polyethylene glycol, and 2 mM dithiothreitol to obtain the total soluble proteins. After being thoroughly mixed in the mortar with a 5% solution of polyvinylpolypyrrolidone, the sample was then transferred to a 2 mL Eppendorf tube. The samples were subjected to a 30 min 14,000× g centrifugation at 4 °C. The supernatant was used to conduct enzyme activity experiments.



A mix of 1.5 mL of 100 μL crude enzyme extract, 50 mM of potassium phosphate buffer (pH 7.8), 0.1 mM sodium EDTA, 13 mM of methionine, 75 μM NBT, and 2 μM riboflavin was made to measure SOD activity. Riboflavin was added to start the reaction, and the absorbance at 560 nm was measured after 15 min of incubation at room temperature with constant illumination. The amount of enzyme that, under the abovementioned assay conditions, inhibits the rate of NBT degradation by 50% is considered one SOD unit. The activity of SOD was determined as U g/FW using a UV spectrophotometer (Shimadzu UV-1800, Tokyo, Japan) with proper calibration.



To evaluate the activity of CAT, a reaction mixture was made by mixing 1.5 mL of a crude enzyme extract with 100 L, 20 mM of H2O2, and 50 mM of a pH 7 potassium phosphate buffer. The procedure began with the introduction of H2O2, and as a result of its decomposition, the absorbance at 240 nm at 25° C for 1 min decreased. CAT activity was measured as μmol H2O2/g FW.



APX activity was determined using a reaction mixture with a final volume of 1.5 mL. The mixture consisted of 20 μL of pure enzyme extract, 100 mM of potassium phosphate buffer (pH 7), 0.25 mM of ascorbic acid, 0.70 mM of H2O2, and 0.66 mM of sodium EDTA (pH 7). The process was initiated by introducing H2O2, and the ascorbic acid oxidation was evaluated by measuring the reduction at 290 nm. The activity of APX was expressed as μmol H2O2/g FW.



Polyphenol oxidase (PPO) activity was determined by incubating 1.5 mL of a final volume containing 500 mM of catechol in 100 mM of sodium phosphate buffer, pH 6.4, with 20 μL of a crude enzyme extract and observing the rise in absorbance at 398 nm. The molar difference in catechol-specific activity was expressed as μmol/g FW.




2.4. Measurement of H2O2 and Malondialdehyde (MDA) Content


To assay the hydrogen peroxide (H2O2) and MDA content, we followed the method according to Wang et al. [32]. In brief, 4 mL of 0.1% cold trichloroacetic acid was used to homogenize 0.5 g of the sample. After 20 min in an ice bath, the homogenate was centrifuged at 12,000× g and 4 °C for 20 min. The supernatants produced were collected for analysis.



For H2O2 content measurement, the reaction system was prepared by collecting 0.5 mL of supernatant, 1 mL of 1 M potassium iodide, and 0.5 mL of 10 mM potassium phosphate buffer (pH 7.0). The reaction system was incubated at 25 °C for one hour in the dark before determining the absorbance at 390 nm. H2O2 was used as a standard, and the H2O2 content was expressed as μmol H2O2/g FW.



To measure the MDA content, 0.4 g of the sample was homogenized in 8 mL of 10% cold trichloroacetic acid and centrifuged at 10,000× g and 4 °C for 20 min. The resulting 2 mL of supernatant was mixed with 2 mL of 20% trichloroacetic acid containing 0.5% thiobarbituric acid and incubated at 95 °C for 30 min. After quick cooling on ice, the reaction mixture was centrifuged at 10,000× g for 10 min at 4 °C. The absorbance of the system was measured at 450, 532, and 600 nm. The MDA content was measured using the equation below and expressed on a (μmol/g FW) basis:


MDA content = 6.452 × (OD532 − OD600) − 0.559 × OD450



(1)








2.5. Statistical Analysis


The data were analysed using one-way analysis of variance (ANOVA) with CoStat software, as described by Snedecor and Cochran [33]. The results were evaluated as the mean ± standard error (SE). Significance analysis was performed using Duncan’s multiple range tests, with a p value < 0.05 considered significant.





3. Results


3.1. Effect of RT, LT, and MeJA on Weight Loss, Firmness, TSS, and TA


According to the results presented in Figure 1A,B, it is evident that there were significant differences between the treatments in terms of weight loss and berry firmness. In terms of weight loss, the application of MeJA (M1 and M2) resulted in significantly lower weight loss compared to both the RT and LT treatments across all storage intervals. Notably, there were no significant differences between the M1 and M2 treatments in terms of weight loss at any of the storage intervals. Moreover, the highest weight loss percentages were recorded for the RT group and the LT group during all storage intervals.



Considering berry firmness, the MeJA-treated samples exhibited significantly greater berry firmness compared to the untreated RT and LT samples. Additionally, berry firmness was consistently lower at the 10- and 20-day storage intervals for the RT treatment compared to the MeJA-treated samples.



In summary, the application of MeJA had a significant impact on reducing weight loss and maintaining berry firmness compared to both RT and LT treatments across the storage periods. Furthermore, there were no significant differences in weight loss or firmness between the M1 and M2 treatments at any of the storage intervals, except for the 30-day interval, where there was a significant difference in firmness between them.



According to the data provided in Figure 1C,D, the results indicate that the MeJA treatment effectively reduced the increase in SSC in comparison to samples stored at RT and LT, particularly over the period of 20 to 30 days of storage. Nevertheless, no notable disparities were detected among the various treatments over the 0- and 10-day storage periods. Furthermore, there was no discernible disparity observed between the M1 and M2 treatments after 20 and 30 days of storage. There was no discernible disparity between the RT and LT treatments during the storage period.



Furthermore, the TA percentage in all samples gradually decreased during storage. There were no significant differences between M1, M2, and LT treatments at 0, 10, and 20 days of storage, except for the 30-day storage interval, where a significant difference was observed between the M2 and LT treatments. The RT treatment exhibited a much lower TA percentage compared to the other treatments. Therefore, the main result is that the MeJA treatment greatly slowed the rise in SSC, especially after 30 days of storage. It also had different effects on TA compared to the other treatments.




3.2. Effect of RT, LT, and MeJA on SOD, CAT, APX, and PPO Activity


According to the data shown in Figure 2A–C, the levels of SOD, CAT, and APX activity initially increased in all treatment groups and gradually declined toward the end of the storage period. The highest activity was observed on day 20 in the M1, M2, LT, and RT treatments. The application of MeJA resulted in higher values of SOD, CAT, and APX compared to all other treatments. Additionally, a significant difference was observed between LT and RT, with RT exhibiting the lowest values of SOD, CAT, and APX compared to the other treatments. Moreover, a significant difference in the content of SOD, CAT, and PPO was found between M1 and M2 at 20 and 30 days of storage. However, there was no clear effect observed in APX between the M1 and M2 treatments during all storage periods.



Based on the results provided, it can be concluded that the application of MeJA significantly increased the activity of SOD, CAT, and APX in all of the treatments. Furthermore, notable differences were observed in these enzyme activities between LT and RT, with the LT treatment exhibiting significantly higher values of SOD, CAT, and APX than the RT treatment at 10 and 20 days of storage. To sum up, adding MeJA increased the activity of SOD, CAT, and APX in all of the treatments. There were notable differences in these enzyme activities between LT and RT, as well as between M1 and M2 at different storage times. However, there was no clear effect on APX between M1 and M2 treatments during all storage periods.



According to the findings in Figure 2D, PPO content showed a gradual rise until it reached its peak on day 20 of storage, then experienced a slight decline near the end of the storage period. On day 20, there was a notable disparity between the LT and RT treatments. Furthermore, a significant difference was observed between the MeJA treatments and the LT treatment. There was a notable disparity observed in the MeJA treatments (M1 and M2), specifically during the 20- and 30-day storage periods. The M1 treatment exhibited the highest values, followed by the M2, LT, and RT treatments.




3.3. Effect of RT, LT, and MeJA on H2O2 and MDA Content


The findings of Figure 3A demonstrate that the concentration of H2O2 in all treatments indicated a progressive rise, culminating at the conclusion of the storage duration. The LT samples exhibited the highest concentration of H2O2, indicating a substantial statistical disparity when compared to the RT samples and those treated with MeJA during storage. In addition, M1 had the lowest H2O2 level compared to the other treatments during the storage period.



The analysis of the results presented in Figure 3B indicates a progressive increase in the content of MDA in all treated samples throughout the storage period. Notably, the MeJA treatments effectively preserved a lower content of MDA compared with the other treatments across the entire duration. Specifically, the M1 treatment demonstrated the lowest MDA content during the storage period, followed by the M2, RT, and LT treatments. A significant difference was observed between the LT and RT groups, as well as between the M1 and M2 treatments, during the storage period.





4. Discussion


4.1. Effect of RT, LT, and MeJA on Weight Loss, Firmness, TSS, and TA


The weight loss of fruits is a critical parameter used to evaluate their quality and marketability [34]. As shown in Figure 1A, weight loss percentage increased in all treatments during the storage period. This increase in weight loss was due to increased respiratory intake and transpiration water loss [35]. Weight loss increased with storage temperature. Less weight was lost under LT settings compared to RT conditions at the conclusion of the storage period. These findings align with previous studies that have shown a significant reduction in weight loss percentage in fruits such as blueberry, mango, and winter jujube when stored under LT conditions compared to the control group stored under RT conditions. These results reveal that MeJA treatment could enhance and preserve the quality of grapes. The findings agreed with [25,36,37]. They indicated that MeJA could inhibit weight loss in mangosteen, tomato, dragon fruit, papaya, table grape, and wine grape during storage periods. The decrease in weight loss resulting from MeJA treatment is likely attributable to inhibition of the fruit’s respiration process, which leads to a reduction in oxygen consumption and subsequent weight loss [38]. Furthermore, it improves the fruit’s capacity to retain moisture and decreases the rate of evaporation, resulting in less weight loss during storage [39]. MeJA also impacts fruit components, specifically organic acids and flavonoids, resulting in enhanced fruit quality and delayed deterioration [40].



Table grape firmness is an important quality parameter for producers, since severe softening might result in postharvest decay or consumer rejection [3]. Based on the results of this research, it was observed that both MeJA treatment and LT storage contributed to delaying the loss of firmness in grapes. This delay in firmness loss helped in maintaining the crisp flavour and freshness of the fruit. This effect may be attributed to the ability of LT to prevent postharvest physiological metabolism, as shown in Figure 1B. These findings agreed with [34,41,42]. They indicated that storage at LT prevented firmness reduction in blueberry, winter jujube, and apricot, delaying fruit ripening and senescence. Additionally, the reduction in fresh weight loss percentage can be due to MeJA treatment reducing the respiration rate during storage, presumably due to the maintenance of firmness and fruit quality [43].



MeJA treatment has been shown to increase firmness in fruits, as reported in previous studies [44]. This increase in firmness can be due to cell wall integrity stimulation-related enzymes, such as chitin synthase and phenylalanine ammonia-lyase (PAL).



Previous studies have indicated that the application of MeJA has varying effects on the expression of PAL. Furthermore, the PAL expression pattern differs between the pulp and core tissues. However, it is uncertain if PAL directly contributes to lignin formation in kiwifruit [44]. In peach fruit, MeJA was found to enhance phospholipid remodelling, which promotes the integrity of the cell wall and reduces electrolyte leakage. This may be due to the effect of MeJA on the related enzymes of the cell wall [45]. Moreover, MeJA has been shown to delay the degradation of enzymes, such as cellulose and pectin methylesterase in mandarin fruit [26].



SSC and TA are key quality parameters that determine the sugar, acid content, and flavour of fruits. In grapes, these parameters play a critical role in determining the unique flavour of the grape [46]. As shown in Figure 1C, SSC in all the treatment samples increased gradually during the storage period. The increase in SSC can be attributed to the elevated proportion of water loss from the grape berry along with the ongoing conversion of starch into sugar during the ripening process, leading to a greater concentration of SSC [34]. The results of this research agree with previous findings that MeJA-treated blueberry fruits resulted in lower SSC values compared to the untreated, particularly during the 14- and 21-day storage periods [47].



In contrast, the content of TA in all samples reduced slightly and continuously during storage, as shown in Figure 1D. This can be due to the organic acid consumption in the respiration process, with a minor decrease shown in treated samples [48]. At the end of storage, the SSC was lower and the TA content was higher in MeJA samples than in RT and LT samples, indicating that MeJA delayed the increase in SSC and reduced the decrease in TA content to maintain a higher storage quality.



The TA content observed during storage could be attributed to the berries’ metabolic activity during storage, as reported by Caleb et al. [49]. The results of this research are consistent with the results of El-Beltagi et al. [50], who indicated a decrease in TA content in pomegranate with increasing storage intervals under cold storage conditions, while MeJA treatment helped preserve the TA content compared to the control. Furthermore, it has been shown that blueberry fruits treated with MeJA exhibited a higher TA content compared to the control during storage, as reported by Huang et al. [47].



Briefly, the application of MeJA substantially suppressed the reduction of titratable acidity caused by storage-related damage while decreasing the sugars at the end of storage. The decrease in sugars is a result of the production and accumulation of phenolic compounds, which are driven by MeJA, as well as of the carbohydrates that play a crucial role as a material and energy source in the metabolism of phenolic compounds [51]. In this study, grape fruits preserved high quality criteria after 30 days of storage, although the SSC percentage was reduced.




4.2. Effect of RT, LT, and MeJA on SOD, CAT, APX, and PPO Activity


Antioxidant enzymes, including SOD, CAT, and APX, are essential components of the antioxidant system and play a main role in alleviating and eliminating ROS. These antioxidant enzymes also play a significant role during the fruit development stages, especially the ripening stage. According to Mittler [52], the antioxidants (CAT and APX) convert H2O2 to O2 and H2O, while SOD catalyses the dissociation process of O2− into H2O2 and O2. Previous studies have shown that SOD, CAT, and APX activities can alleviate chilling injuries and extend the shelf life of postharvest fruits by maintaining membrane integrity [53]. MeJA treatment improves the quality retention of Agaricus bisporus by inhibiting the activities of PPO, increasing the activities of antioxidant enzymes such as CAT and SOD, and reducing the expression levels of genes that encode PPO during storage [54].



Based on the findings of this study, it was found that MeJA had a significant impact on the content of SOD, CAT, APX, and PPO enzymes (as shown in Figure 2). This increase in enzyme activity was linked to better fruit quality parameters compared to the RT and LT treatments [36,44]. As a result, the amount of ROS in the fruits after harvest decreased [55]. Similar outcomes were observed in wine grapes treated with MeJA [25]. The results indicate that one mechanism by which MeJA-treated grapes preserve their quality is through their increased SOD, CAT, and APX enzyme content. According to [55], MeJA treatments that preserved higher SOD activity may have lowered O2− by converting it to H2O2. For example, the H2O2 content of MeJA-treated grapes increased slightly during storage, which may have been due to an increase in CAT enzyme content. Higher CAT enzyme content has been demonstrated to be the cause of conversion of H2O2 to water and O2 [56]. Treatment with 10 µM/L MeJA was more effective than treatment with 100 µM/L MeJA in increasing the levels of antioxidant enzymes during storage. The results of this study agreed with previous studies that demonstrated that a low concentration of MeJA can effectively suppress the biosynthesis of ethylene, a crucial hormone that plays a role in the ageing process of fruits and vegetables [57].



The postharvest treatment of grape fruits with MeJA has been observed to result in an increase in PPO enzyme activity during storage. This increase in activity is likely due to the enhanced activity of enzyme precursors and the regeneration of enzymes over time [58,59]. However, as enzyme levels drop toward the end of the storage period, there is a potential for the accumulation of reactive oxygen species (ROS), leading to damage to DNA and RNA, promotion of membrane peroxidation, and early senescence [60]. These effects can ultimately result in the loss of texture and quality, as well as impact the taste and nutritional value of the grape fruit. The data presented suggest that MeJA effectively modulates the stress response pathways, leading to the induction of PPO activity [61].



It is important to consider these findings when managing postharvest treatments for grape fruits in order to minimize the negative effects of PPO activity and ROS accumulation during storage. Strategies for controlling PPO activity and ROS accumulation, such as optimizing storage conditions and employing antioxidant treatments, may be beneficial in preserving the texture, quality, taste, and nutritional value of grape fruits during postharvest storage.




4.3. Effect of RT, LT, and MeJA on H2O2 and MDA Content


H2O2, a reactive oxygen species, can lead to oxidative stress, membrane peroxidation, and cell death in plants [62]. Based on the data provided in Figure 3A, the study indicates that the production of H2O2 and MDA content increased during storage, but following treatment with MeJA, the levels remained significantly lower compared to grapes treated with RT and LT. Furthermore, the activity of CAT and APX enzymes appeared to be linked to stress levels, as their increased activity might have contributed to a reduction in H2O2 accumulation in the tissue. This finding aligns with previous research on MeJA-treated wine grapes [25].



It is clear that the study suggests a potential role for MeJA in mitigating oxidative stress and H2O2 accumulation in grapes during storage. This aligns with previous research on other plant species [55]. The precise mechanism behind MeJA’s impact on H2O2 and MDA content, as well as its effect on CAT and APX enzymes, would likely benefit from further investigation and clarification.



MDA, a by-product of lipid peroxidation, is utilized as a marker to assess membrane damage induced by oxidative stress in plants [63]. In the present study, it was observed that samples treated with MeJA exhibited lower levels of MDA compared to other treatments, possibly due to an increase in enzymatic antioxidants. The reduction in MDA formation attributed to MeJA treatment suggests it may inhibit peroxidation reactions [64]. Conversely, the research highlighted a significant increase in MDA content in grapes treated with LT during storage, indicating that LT may accelerate the breakdown of membrane lipids. This effect could potentially impact cell compartmentalization and lead to a loss of cell integrity [65].



These findings suggest that MeJA treatment may play a role in reducing MDA content, potentially through the modulation of peroxidation reactions and the enhancement of enzymatic antioxidants. Additionally, the contrasting impact of LT on MDA content emphasizes the significance of environmental factors in influencing membrane lipid breakdown and cellular integrity during storage.





5. Conclusions and Prospects


Notably, this study presents compelling evidence for the efficacy of MeJA treatment, particularly at a concentration of 10 μmol/L, in preserving the quality attributes of grapes. This includes the reduction of weight loss, enhancement of firmness, and maintenance of titratable acidity (TA), alongside the mitigation of the increase in soluble solid content (SSC). Additionally, the application of MeJA led to elevated levels of crucial antioxidant enzymes such as superoxide dismutase (SOD), catalase (CAT), ascorbate peroxidase (APX), and polyphenol oxidase (PPO). Furthermore, it effectively reduced the increase in H2O2 and MDA content during cold storage. Hence, the application of MeJA as a stimulator of berry quality emerges as a promising strategy to enhance the physical, chemical, and physiological characteristics of grapes, ultimately improving berry quality.



According to this study, the application of MeJA as a chemical molecule in the winemaking process holds potential for decreasing the sugar levels in grapes, particularly in the delayed stages of storage. However, additional investigation is necessary to fully understand its effectiveness. It is vital to meticulously consider the suitable dosage in order to attain the desired outcome without jeopardising the excellence of the wine. Moreover, the use of MeJA might potentially influence the inherent taste of the wine, requiring careful calibration to maintain the ideal equilibrium among sugar, acidity, and flavour. Due to the insufficient state of study on this topic, it is crucial to perform further investigation and achieve thorough knowledge.
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Figure 1. Effects of temperature and MeJA on weight loss (A), firmness (B), SSC (C), and TA content (D) in grapes during the storage period. The data presented are expressed as the mean ± (SE) of triplicate assays. Significant differences between the RT, LT, and MeJA samples within the same period were determined using Duncan’s test (p < 0.05), indicated by different letters. 
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Figure 2. Effect of different temperatures and MeJA on SOD (A), CAT (B), APX (C), and PPO activity (D) in grapes during storage period. The data presented are expressed as the mean ± (SE) of triplicate assays. Significant differences between the RT, LT, and MeJA samples within the same period were determined using Duncan’s test (p < 0.05), indicated by different letters. 
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Figure 3. Effect of different temperatures and MeJA treatment on H2O2 (A) and MDA content (B) in grapes during storage period. The data presented are expressed as the mean ± (SE) of triplicate assays. Significant differences between the RT, LT, and MeJA samples within the same period were determined using Duncan’s test (p < 0.05), indicated by different letters. 
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Table 1. Experimental Conditions for Storage of Shine Muscat Grape Bunches for a Duration of 30 Days.
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	Group
	Treatment
	Treatment Mode
	Temperature
	Relative Humidity





	RT
	Tap water
	Soak for 5 min
	20 (±5) °C
	70 (±5) %



	LT
	Tap water
	Soak for 5 min
	4 °C
	95%



	M1
	MeJA 10 μmol/L
	Soak for 5 min
	4 °C
	95%



	M2
	MeJA 100 μmol/L
	Soak for 5 min
	4 °C
	95%







Note: RT stands for room temperature, LT stands for low temperature, and MeJA stands for methyl jasmonate.
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