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Abstract

:

Selenium (Se) deficiency in humans could be improved by biofortification of food with selenium, 1-Methylcyclopropene (1-MCP) treatment is beneficial for the non-sulfur storage of fresh fruit. This study investigated fruit quality of table grape (Hutai No.8) with foliar Se fertilizer at maturity, and fruit quality changes of table grape during shelf life stages that caused by postharvest 1-MCP treatment in 2016 and 2017. The results showed that foliar Se fertilizer application significantly increased Se content in grape berries at maturity, and the raised rate were 43.09% and 33.24% compared to that of control in 2016 and 2017 respectively, meanwhile it increased the nutritional components in grape berries, including soluble proteins, soluble sugars, Vitamin C, total soluble solids, proanthocyanidin content and so on, and decreased the titratable acidity content. During shelf life stages, 1-MCP application decreased the decay number of grapes, and SE + 1-MCP treatment had the most excellent fruit quality among all treatments in two consecutive vintages. In conclusion, Se fertilizer application could increase Se content in grape berries, also improved the fruit nutritional and health care values at maturity. 1-MCP application could delay the process of ripening and senescence for Se-enriched grape and maintaining the postharvest quality of table grape during shelf life stages, it allows us to market the fruit at a more advanced ripening stage without quality loss.
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1. Introduction


Grape (Vitis vinifera L.) is the head among the four largest fruits (apples, grapes, oranges and bananas) in the world, with abundant nutrition (such as soluble sugars, proteins, nutriment elements, and so on) and health care values (such as vitamins, resveratrol and proanthocyanidin) that are essential to human health [1,2]. With deeper understanding of Se on human nutrition, more and more Se-enriched grape comes into people’s horizon, it causes significant attention from all walks of people.



Selenium (Se) is an essential microelement in human nutrition [3]. Agronomic biofortification with Se-enriched fertilizers is an effective means to increase Se intake in dietary by humans [4,5]. Now, spraying Se fertilizer is an effective way of developing Se-enriched fruit, and a new practice for high quality production in fruit cultivation. Using organic Se sources in plants can regulate Se nutrition from the source and prevent related Se deficiency diseases; also, it is a safe, inexpensive and feasible way to absorb appropriate Se nutrition from natural foods through the transformation of the food chain [6]. During the plant growth periods, foliar Se fertilizer to increase the Se content in grapes and thereby improve fruit nutritional quality, had become a standard practice [7]. Because of the increasing fruit volume and higher fruit moisture content, phenomenon of decay, threshing, stems browning, and so on happened more easily during the marketing process, then greatly reduced the edible quality and commodity value of table grape [8]. However, the postharvest physiology and fresh-keeping technology on Se-enriched grape had not yet been reported in detailed. Exploring fresh-keeping technology of Se-enriched grape will be an important factor that determined the commodity of Se-enriched fruit, and accordingly, extending the supply of Se-enriched grapes in commercial market.



1-Methylcyclopropene (1-MCP) is an effective ethylene action inhibitor, that could remove the effect of endogenous and exogenous ethylene on fruit quality in a certain period of shelf life stage [9,10]. The 1-MCP inhibits ethylene production was considered that 1-MCP was combined with ethylene receptor, thereby cut off the combination of ethylene and ethylene receptor [11,12]. It had been widely used to maintain fruit quality during storage, and to extend the shelf life of fruits and vegetables, because it was effective at very low concentrations with non-toxicity and no residue [13]. Some studies indicated that using 1-MCP in fruits slowed down the maturation process and ethylene production in apple fruit [14,15,16], melon [17], banana [18], kiwifruit, mango, persimmon [19], and pineapple [20]. In brief, 1-MCP could decrease respiration and ethylene production rates, softening and color change, moreover, could extend the shelf life of fresh-cut fruits stored under refrigeration. In addition, it was mainly applied to delay ripening and prolong shelf life storage [21], however, different types of fruit have different effects of 1-MCP.



Due to aforementioned, exogenous Se fertilizer is used to adjust fruit quality characteristics, then produced the high quality Se-enriched grapes. In addition, impact on fruit quality during the shelf life period of 1-MCP will certainly become the focus of attention. This study conducted foliar Se fertilizer during growth periods and 1-MCP application at shelf life period on Hutai No.8 variety. The objective was to (1) examine the effect of foliar Se fertilizer on quality of table grape at maturity; (2) evaluate fruit quality changes under 1-MCP treatments during shelf life periods, furthermore, providing scientific guidance for the cultivation and storage of Se-enriched grape.




2. Materials and Methods


2.1. Experiment Design


Experiment site was located in Institute of Soil and Water Conservation, Northwest A&F University, Yangling (34°12′–34°20′ N; 108°–108°7′ E, elevation 560 m), Shaanxi, China, and was proceed in greenhouse from February to September in 2016 and 2017. The annual average temperature was 12.9 °C, and the annual average precipitation was about 635 mm. Dark loessial soil was formed by 46.4% sand, 37.0% silt and 16.6% clay on average, soil pH was 7.9; soil electrical conductivity was 0.7 mS/cm; soil water holding capacity was 24% (mass basis); soil bulk density (0–30 cm) was 1.2 g/cm3; soil nutrients were mainly 14.66 g/kg organic matter; 0.82 g/kg total N; total 0.99 g/kg P2O5; 28.75 mg/kg available N (1 mol/L NaOH hydrolysis); 30.46 mg/kg available P (0.5 mol/L NaHCO3); 153.68 mg/kg available K (1 mol/L neutral NH4OAc); and 59 ug/kg Se content in soil.



Hutai No.8 variety (Xi’an institute of grapes) was used in this experiment, which is European and America hybrid specie, which had the characteristics of early maturity, excellent quality, high yield, strong disease resistance, low temperature resistance, storage and transportation resistance, no dropping, easy management and so on, and it is the main cultivar of fresh grape in Xi’an in recent years. Also, it is at the international advanced level in both yield and quality, especially the advantage of not easy to grain, which solves the problem of international grape storage and transportation. In this study, it was grown using stem cutting (no rootstock) in greenhouse in 2012. In plant growth periods, including CK (control, pure water) and SE treatments (Se fertilizer, it was a foliar fertilizer with amino acid-chelated Se-enriched of organic Se ≥ 60 g/L, come from Shaanxi Yangling Macao bond biological science Co., LTD. located in Yangling, Shaanxi Province). Spraying Se fertilizer with 120 g/L (according to preliminary experimental results) on leaves of SE treatments during young fruit to fruit swelling period after 17:00–18:00 on 17 May, 28 May and 8 June 2016 respectively. At the same time, pure water was sprayed on CK treatments, and repeat the same operation in 2017.



There were eight plots, and each plot measured 6.5 m by 3.5 m, and a randomized block design with four replications was adopted, sixteen vines of Hutai No.8 that were stem cutting in 2012 were grafted in a plot in 2016. The local farm management strategy was applied in plantation, such as organic fertilizer (organic matter content ≥45%, total nutrient content of N-P2O5-K2O ≥ 5%) application following 180 g per tree after pruning in 2015, 40 g K fertilizer per tree and 20 g urea per tree was application on 12 May 2016. A little irrigation was carried out after each fertilization. In addition, when soil water content under 60% of field capacity, that was determined by TDR (time domain reflectometry) in germination, fruit swelling, berries coloring periods, carried out three supplementary irrigation with 90% of field capacity to fill up respectively. Each vine reserved 7–9 fruit clusters and keep about 60 fruit per cluster when fruit thinning, and all the managements were same in 2017.



Grape berries were harvested on 2 September 2016 and 17 August 2017 respectively. Then, they were transported to laboratory for fruit quality determination immediately, and the rest were stored under room temperature for the next shelf life experiments. Eight hours later, half of grape berries were treated with 1-MCP (the powder with 3.3% of active ingredient, Agrofresh Inc. Philadelphia, PA, USA), and the rest were as control (CK). 1-MCP treatments (1 uL L−1, according to the manufacturer’s recommendation) were performed in an air regulate case sealed immediately and fumigation 24 h under the room temperature (20 ± 1 °C), non-treated grapes were also introduced in the regulate case without active product at their corresponding temperature. After venting, all of samples were stored on a shelf under the room temperature about 20 ± 1 °C (simulated shelf life). Fruit quality indexes were measured once a week, combined the determination results of each index to end the determination of shelf life. All treatments in 2016 and 2017 were in Table 1.




2.2. Measurement Methods of Samples


2.2.1. Sampling of Grape Berries


At harvest, five fruit clusters for each replicate were gathered randomly, and 20 fruit of each cluster were selected randomly were used to characterize fruit quality. Berry samples were rinsed three times with distilled water, and dry out surface water, then homogenate with a juicer, transfer to a glass-bottle in 4 °C refrigerator for the determination of fruit quality. In addition, during the shelf life periods, four dynamic samplings were interval of a week in 2016 and 2017, respectively. Similarly, five fruit clusters for each replicate were gathered randomly, and 20 fruit of each cluster were selected randomly that used to characterize fruit quality.




2.2.2. Grape Physical Property


At each evaluation date, fruit decay was calculated by recording the number of five fruit clusters for each replication, the average of the replications was taken for fruit decay in each treatment.




2.2.3. Grape Chemical Composition


All chemical preparations and dilutions used deionized water, and all reagents were analytically pure reagents.



The total Se concentration was determined by the method similar to Premarathna and Toaldo [2,22]. Homogenate sample was digested by a closed vessel microwave procedure (CEM, Matthews, NC, USA) with a three-stage time program: 5 min at 300 W, then 10 min at 500 W, and 25 min at 800 W. Weighed approximately 2.5 g of finely homogenate sample into a Teflon digestion vessel, then added 10 mL of concentrate HNO3 and 2 mL H2O2. After the solution of microwave digestion was about 1 mL, the vessel was allowed to cool at normal temperature, then added deionized water to 10 mL (Milli-Q, Millipore, Bedford, MA, USA). Analyzed the total Se concentrations of digest solution through inductively coupled plasma-mass spectrometry (ICP-MS) (820-MS, Varian, Palo Alto, CA, USA) was by.



Total soluble solids (TSS) was determined by an ATAGO PR-101 digital refractometer (ATC-1 Atago, Tokyo, Japan) [23].



Titratable acidities (TA) by titration with 0.1 N NaOH [23]. Approximately weight homogenate sample 5 g into a big glass tube, then add distilled water 20 mL, extract in 80 °C constant water bath for 30 min, the extracting solution was filtered and dilution, then 25 mL of extracting solution was added phenolphthalein 2–3 drops, titrate with 0.1 N NaOH and record the dosage.



Phenol-sulfuric acid method was used to measure total soluble sugars [23]. Approximately weight homogenate sample 0.3 g into a glass tube, then add distilled water 5 mL, extract in a boiling water bath for 1 h, the extracting solution was filtered and dilution, then 0.1 mL of extracting solution was added distilled water, phenol and concentrated sulfuric for reflection 30 min, and analysis of soluble sugar content with a spectrophotometer (Bibby Jenway 6305, Stone, UK) at 485 nm.



Vitamin C (Vc) was determined by molybdenum blue colorimetric method [24]. Approximately weight homogenate sample 3 g into a centrifuge tube, then add oxalic acid-EDTA mixed liquor 5 mL, centrifuged for 10 min at 3000 r, then shake well and keep warm in the water bath for 15 min, constant volume to 25 mL, the supernatant was used for analysis of Vc content with a spectrophotometer (Bibby Jenway 6305, Stone, UK) at 760 nm.



Soluble proteins content was measured as follows: put homogenate sample about 2 g and 6 mL distilled water into a 10 mL centrifuge tube, stand for 30 min, then centrifuged. Retained supernatant was used for analysis of soluble proteins by a method of coomassie brilliant blue G-250 [25].



Proanthocyanidin (OPC) content was measured similar to original Porter [26] method: approximately weight homogenate sample 2 g into a centrifuge tube, then add absolute ethyl alcohol to 10 mL, stand for 30 min. The supernatant was used for analysis of OPC content with a spectrophotometer (Bibby Jenway 6305, Stone, UK) at 525 nm by a method of molysite catalytic colorimetry.



Resveratrol (RES) content was determined by potassium permanganate fading spectrophotometry similar to Jiang et al. [27]: put homogenate sample 3 g into a centrifuge tube, and add absolute ethyl alcohol to 10 mL, ultrasonic extraction 30 min, then centrifuged at 5000× g for 15 min, retained supernatant was used for analysis RES content by a spectrophotometer (Bibby Jenway 6305, Stone, UK) at 525 nm.





2.3. Statistical Analysis


SPSS 20.0 (SPSS Inc., Chicago, IL, USA) were used for statistical analysis of data. Statistically significant differences (p < 0.05) from different treatments of postharvest data were revealed after one-way analysis of variance (ANOVA), and multiple comparison followed by Duncan’s multiple range test. In addition, a two-factor analysis of variance was performed between Se fertilizer and 1-MCP of fruit quality in 2016. The data of maturity period were compared by independent sample T test (p < 0.05). Graphs were plotted with SigmaPlot 12.5 (Systat Software, San Jose, CA, USA).





3. Results


3.1. Se Content in Grape Berries


Foliar Se fertilizer application increased Se content of grape berries at the maturity harvest time in both 2016 and 2017, and Se content in grape berries had significant difference of between SE treatments and CK treatments (p < 0.05) (Figure 1). Se content in grape berries was 25.75 ug/kg and 27.59 ug/kg respectively under SE treated in 2016 and 2017, meanwhile, the raised rate of Se content was 43.09% and 33.24% compared to that of CK in 2016 and 2017, it meets the standard of Se-enriched fruit (20–100 ug/kg).




3.2. Fruit Quality of Grape Berries at Maturity


Foliar Se fertilizer significantly increased the soluble sugars, soluble proteins, Vc, TSS and OPC content in grape berries (p < 0.05) during two consecutive vintages in 2016 and 2017. However, Soluble sugar is higher in 2016 and less in 2017 either CK or spraying Se fertilizer, which might cause by tree age vigor and the weather factor, because the average rainfall (850 mm) and the average temperature (20 °C) in 2017 was significantly higher than that in 2016 (1050 mm, 18 °C) during the stage of grape growth, which directedly affected the growth of fruit trees, especially the accumulation of soluble sugar. Similarly, the soluble solid and resveratrol content was high in 2016 and less in 2017 (Table 2).



In addition, RES content of grape berries under SE treatments was higher than that of CK, but it had no significant difference between CK and SE groups (p > 0.05). Compared to CK group, the titratable acidity content in grape berries under SE treatments was decreased significantly (p < 0.05).




3.3. The Dynamic Changes of Fruit Quality during Postharvest Period


3.3.1. The Decay Number of Grapes during Shelf Life Period


During two consecutive postharvest stage in 2016 and 2017, whether CK or SE treatments, the decay number of grapes with 1-MCP application were nearly lower than that of non 1-MCP in the process of dynamic measurement (Figure 2). In short, the total decay number of grapes was the highest under SE + CK, followed by CK + CK, while CK + 1-MCP had the least total decay number of grapes. In addition, for the non 1-MCP treated, the total decay number of grapes under Se fertilizer treated was higher than CK group during shelf life stages. Therefore, even if Se fertilizer increased the decay number of grapes during shelf life stages, 1-MCP application of postharvest stage could decrease the total decay number of grapes for both CK and SE treatments in growth periods in both 2016 and 2017.




3.3.2. Dynamic Changes in Se Content of Grape Berries


During the whole shelf life periods in 2016 and 2017, Se content of grape berries were decreased constantly for all treatments as time goes on (Figure 1). The decrease of Se content under CK + CK and SE + CK were more obvious at the first week of shelf life-time (2 to 9 September 2016 and 17 to 25 August 2017), the subsequent stages were reduced in waves. Either CK or SE treatments of growth periods, Se content in grape berries that with 1-MCP application was higher compared to the corresponding CK treatments, and it decreased more slowly. Meanwhile, for CK + 1-MCP and SE + 1-MCP treatments in 2017, Se content among five dynamic determinations had no significant difference (p > 0.05). In addition, Se content of grape berries under SE treatments (SE + CK/1-MCP) was higher compared to CK treatments significantly (CK + CK/1-MCP) during the whole shelf life periods (p < 0.05).




3.3.3. Dynamic Changes of TSS and Titratable Acidity


Patterns of change in TSS content were similar between CK and SE treatments in 2016 and 2017, and it showed that TSS content increased first and then decreased (Figure 3). TSS content under CK treatments increased and peaked before decreasing on 16 September 2016 and 1 September 2017 respectively, while TSS content of SE treatments reached its highest value at the first week during postharvest periods except for that of SE + 1-MCP on 9 September 2016. TSS content under CK + CK treatments had significant difference among the five dynamic determinations during the whole shelf life periods in 2016 and 2017 (p < 0.05), hence, it showed that the dynamic changes for TSS content of grape berries under CK + CK treatments performed the most dramatic. Whether CK or SE in the early shelf life stage, the content of TSS in grape berries that treated by 1-MCP were lower than non 1-MCP treatment, while in later shelf life stage, the TSS content with 1-MCP application were higher than non 1-MCP treated. TSS content of grape berries had significant difference between CK/SE + CK treatments and CK/SE + 1-MCP treatments during the whole shelf life periods (p < 0.05).



During the whole shelf life periods in 2016 and 2017, titratable acidity content in grape berries were decreased constantly for all treatments as time goes on. The titratable acidity content was always the highest under CK + 1-MCP treatments, while it always had the lowest titratable acidity content under SE + CK treatments in 2016 and 2017. Either CK or SE treatments of growth periods, the titratable acidity content in grape berries of 1-MCP application was higher compared to that of non 1-MCP treatments, so it showed that 1-MCP application slowed down the decrease of titratable acidity in grape berries, and it maintained the higher titratable acidity content in grape berries during shelf life stage.




3.3.4. Dynamic Changes in Soluble Sugars and Vc


Dynamic changes in soluble sugars content of grape berries were similar to the pattern of TSS in both 2016 and 2017, which increased first, and then decreased with the time goes on (Figure 4). The soluble sugars in grape berries under all treatments reached a peak at the second week in 2017 (1 September 2017). Similarly, it reached the peak under CK/SE + 1-MCP treatments at the second week in 2016 (16 September 2016), while it reached the peak under CK/SE + CK at the first week in 2016 (9 September 2016), then decreased quickly during shelf life stages. Whether CK or SE in the early shelf life stages, the content of soluble sugars in grape berries that with 1-MCP treated were lower than non 1-MCP treated, while in the later shelf life stages, the soluble sugars content with 1-MCP application were higher than non 1-MCP treated. So, changes of soluble sugar content in grape berries under 1-MCP treatments was slower than non 1-MCP treated during the whole shelf life stages in 2016 and 2017.



The content of Vc in grape berries increased and peaked on the first week (9 September 2016 and 25 August 2017) in both 2016 and 2017, then decreasing with time. Vc content of grape berries under SE treated were always higher than CK significantly (p < 0.05), except for the last determination on 28 September 2016. In addition, either CK or SE treatments, the Vc content in grape berries under 1-MCP treatments was higher than that of non 1-MCP, and Vc content had a significant difference between CK and 1-MCP treated during shelf life period (p < 0.05).




3.3.5. Dynamic Changes of RES and OPC


As time goes on, changes of RES content in grape berries were fluctuated for all treatments in both 2016 and 2017 (Figure 5). Either CK or SE treatments, RES content in grape berries under 1-MCP treatments was higher than non 1-MCP treatment, and RES content had significant difference between CK/SE + CK and CK/SE + 1-MCP treated at the first- and second-week during shelf life stages (p < 0.05). Therefore, in a certain extent, 1-MCP had inhibitory effect on the change of RES content in grape berries during shelf life stage, and it maintained relatively high RES content in grape berries within a period of shelf life stages.



During the whole shelf life periods in 2016 and 2017, OPC content in grape berries decreased constantly for all treatments as time goes on, and the OPC content in grape berries under SE + CK/1-MCP treated was higher than CK + CK/1-MCP significantly among the five dynamic determinations (p < 0.05). In addition, either CK or SE treatments, the OPC content in grape berries with 1-MCP application was also higher compared to that of non 1-MCP treated. OPC content of grape berries under SE + 1-MCP was always the highest, and it was the lowest under CK + CK.




3.3.6. The Two-Factor Interaction Analysis between Se Fertilizer and 1-MCP of Fruit Quality in 2016


The results of two-factor analysis showed that Se fertilizer had significant effects on titratable acids, soluble protein, soluble sugars and so on in grape berries during the shelf life (p < 0.001). 1-MCP had significant effects on soluble proteins, Vc, total soluble solids, titratable acids in grape berries during the shelf life (p < 0.001), and the interaction of the two factors had significant effects on all fruit quality except for resveratrol in grape berries (p < 0.001) (Table 3).






4. Discussion


4.1. Effect of Se Fertilizer Application on Se Content in Grape Berries


Numerous research had indicated that adding Se fertilizer can improve Se concentration of crop edible part effectively, such as rice, wheat and maize [4,28,29], which Se content in rice and wheat grains increased 51 and 10 folds respectively of Se fertilizer application compared to that of control, and it improved Se concentration in corn either soil application or foliar spray significantly. However, the bioavailable of Se in human and animal foodstuffs was strongly affected by the source and application forms of Se fertilizer that supplied to plants [30]. And those studies mostly selected the exogenous Se fertilizer as the main forms, including selenite and selenate. Due to the selenite was adsorption onto ferric soil minerals or accumulation in plant tissue, which is not part of human diet, selenite had less bioavailable when it was applied into the soil [31,32,33]. Therefore, it was considered that Se fertilizer application in soil is disadvantageous for improving the concentration of Se in crops. Furthermore, studies of Premarathna et al. (2010) and Keskinen et al. (2014) shown that over 80% selenite and selenate application in soil would be leached out or fixed within one week after rainfall or irrigation, it was a wasted Se biofortification method [33,34]. In addition, the excessive selenite or selenate addition inhibited plant growth, it was also resulting in a high mortality rate when applied with 2.5 and 5.0 mg/kg [35]. Therefore, inorganic Se fertilizer was not a suitable choice for Se fertilizer addition, while foliar Se fertilizer may be more beneficial to improve Se concentrations than soil application. Hence, this research concluded that foliar spray 120 g/L of amino acid-chelated Se-enriched foliar fertilizer was contributing to increasing Se concentration in grape berries, also plants absorbed easily, and it had no harm for plants and human. Similarly, Fang et al. (2009) suggested that foliar Se fertilizer could promote the absorption and accumulation of Se content in the edible part of plants [36].




4.2. Effect of Foliar Se Fertilizer on Fruit Quality at Maturity


Studies had reported that minerals fertilizer affect fruit quality [37]. Similarly, Se fertilizer as one of the micro-minerals fertilizers significantly affect the quality, such as amino acids, proteins, soluble sugars, Vc in potatoes, onions, rice and green tea leaves [22,38,39,40]. Researchers had done the similar study of Se fertilizer application on wheat, and it improved the nutrient content of crop including proteins, soluble solids, soluble sugars [41], the results were consistent with our study that foliar spray Se fertilizer improved the content of soluble sugars, TSS, soluble proteins and Vc in grape berries (Table 2). In addition, Se fertilizer application decreased the titratable acidity of grape berries (Table 2), which was also confirmed in kumquat fruit [42], at the same time increased the fruit sugar-acid ratio. Soluble sugars and soluble proteins in grape berries under Se fertilizer treated was higher compared to that of CK, it may be due to the high photosynthetic rate of Se fertilizer application, also it was confirmed in our previous study [43,44], which was focused on changes of sugars content in response to foliar Se fertilizer, the results showed that the high acid invertase of grape berries and the high photosynthetic rate of leaves explained the increasing of soluble sugars in grape berries with foliar spray Se fertilizer. In addition, there were almost no reports about the impact of Se fertilizer on RES and OPC content in grape berries except our previous study [7], so this study was more necessary. All of our studies indicated that foliar spray Se fertilizer had no significant effect on RES content in grape berries, and OPC content under SE treatments was increased obviously compared with CK.




4.3. Effect of 1-MCP on Fruit Quality During Shelf Life Stages


During storage and shelf life, the samples with 1-MCP application decreased the ethylene production as had been reported in many fruits [9]. Results of previous studies had indicated that the samples with 1-MCP application did not completely inhibit the production of ethylene, but continued to produce a certain level of ethylene [45], and it is believed that a certain level of ethylene production is necessary for the normal maturation of peaches after refrigeration [46]. As a non-climacteric fruit, the grape berries could not produce ethylene in the process of storage, but the pedicel could continuously produce ethylene. On account of exogenous ethylene c also initiate their ripening and senescence, hence, we could use 1-MCP to delay the changes of fruit quality in table grape during shelf life stages.



1-MCP could improve the contents and profiles of sugars, titratable acidity and amino acids in fruit during storage stages depending on the fruit species, cultivars and the storage conditions, also it sustained higher antioxidant contents in many fruits after storage compared with that of non 1-MCP application [13]. Similarly, in our study, the nutritional components including Se content, titratable acidity, Vc and OPC in grape berries under 1-MCP treated was still higher compared to non 1-MCP treated during the whole shelf life stages.



Although 1-MCP application significantly affects peaches ripening, it does not completely prevent ripening, and it suggested that ethylene receptors were continuously synthesized in the fruit during storage [47]. In our study, the decay number of grapes without 1-MCP application (CK/SE + CK) was higher compared to that of 1-MCP treated (CK/SE + 1-MCP) in both 2016 and 2017, similar result was obtained in Xu et al. (2016) study that 1-MCP reduced the decay incidence and lesion expansion caused by C. gloeosporioides in mango fruits [48]. In addition, in this study, TSS content in grape berries was higher under 1-MCP treated than those not treated during the later shelf life stages, and this effect was consistent with study of Chen and Spotts (2005) that indicated TSS in “d’Anjou” pears under 1-MCP treatment was slightly higher compared to that of unprocessed fruit [49]. Also DeEll and Ehsani-Moghaddam (2017) found TSS content in Bartlett pears was higher with 1-MCP compared to that of CK [10]. Previous study indicated that 1-MCP plays a role in regulating the expression of mature metabolic-related gene and reduce the respiration rate of fruits by reducing titratable acidity [50]. In this study, we concluded that the 1-MCP application inhibited the reducing of titratable acidity in grape berries during shelf life stages. It was agreed with previous reports that the titratable acidity in jackfruit decreased during maturation and aging which was caused by titratable acidity is used as substrate for respiratory metabolism [51,52].



In horticultural crops, Se had potential benefits in terms of shelf life stage, and in fruit, Se might regulate the ripening process through its antioxidant and anti-aging properties, with benefits for commercial life of postharvest and greater benefits for human health [53]. Though in this study, the SE + 1-MCP treatment had the most excellent fruit quality among all treatments during shelf life stages in 2016 and 2017, further investigations were still needed to fully understand the molecular and biochemical mechanisms, by which Se or 1-MCP directly or indirectly affect fruit tissues during the ripening and postharvest stages.





5. Conclusions


Spraying Se fertilizer could significantly increase Se content of grape berries at maturity, and the raised rate were 43.09% and 33.24% compared to that of control in 2016 and 2017 respectively; also it improved the nutritional components including TSS (the ratio were 6.90% and 5.27% in 2016 and 2017 respectively), Vc (the ratio were 9.09% and 20.00% in 2016 and 2017 respectively), soluble sugars (the ratio were 8.28% and 13.38% in 2016 and 2017 respectively), soluble proteins (the ratio were 22.63% and 15.33% in 2016 and 2017 respectively), OPC (the ratio were 62.76% and 86.74% in 2016 and 2017 respectively) etc. 1-MCP application could delay the process of ripening and senescence for Se-enriched grape during shelf life stages, and then maintaining the postharvest quality of table grape, it allows us to market the fruit at a more advanced ripening stage without quality loss. Hence, study on the production of Se-enriched grapes with foliar Se fertilizer could address Se deficiencies in humans effectively, and 1-MCP treatment is beneficial for the non-sulfur storage of fresh fruit. In the future perspective, the synergy effect of Se and 1-MCP on fruit quality will be a tread of research.
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Figure 1. Dynamic changes of Se content in grape berries during shelf life period. Notes: CK—control treatments; SE—Se fertilizer treatments; 1-MCP—1-Methylcyclopropene treatments. Different lower-case letters on the polyline show significant differences (p < 0.05) between different treatments. Different capital letters on the polyline show significant differences (p < 0.05) between different shelf life (days). 
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Figure 2. The decay number of grapes during shelf life period. Notes: CK—control treatments; SE—Se fertilizer treatments; 1-MCP—1-Methylcyclopropene treatments. Different lower-case letters on the polyline show significant differences (p< 0.05) between different treatments. Different capital letters on the polyline show significant differences (p < 0.05) between different shelf life (days). 
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Figure 3. Dynamic changes of titratable acidity and total soluble solids during shelf life period. Notes: CK—control treatments; SE—Se fertilizer treatments; 1-MCP—1-methylcyclopropene treatments; TSS, total soluble solids. Different lower-case letters on the polyline show significant differences (p < 0.05) between different treatments. Different capital letters on the polyline show significant differences (p < 0.05) between different shelf life (days). 
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Figure 4. Dynamic changes in soluble sugars and vitamin C during shelf life period. Notes: CK—control treatments; SE—Se fertilizer treatments; 1-MCP—1-methylcyclopropene treatments; Vc, vitamin C. Different lower-case letters on the polyline show significant differences (p < 0.05) between different treatments. Different capital letters on the polyline show significant differences (p < 0.05) between different shelf life (days). 
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Figure 5. Dynamic changes of resveratrol and proanthocyanidin during shelf life period. Notes: CK—control treatments; SE—Se fertilizer treatments; 1-MCP—1-methylcyclopropene treatments; RES—resveratrol; OPC—proanthocyanidin. Different lower-case letters on the polyline show significant differences (p < 0.05) between different treatments. Different capital letters on the polyline show significant differences (p < 0.05) between different shelf life (days). 
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Table 1. The treatments in 2016 and 2017.
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Preharvest Treatments

	
Postharvest Treatments






	
CK

	
CK + CK




	
CK + 1-MCP




	
SE

	
SE + CK




	
SE + 1-MCP








Notes: CK—control treatments; SE—selenium fertilizer treatments; 1-MCP—1-Methylcyclopropene treatments.













[image: Table] 





Table 2. Fruit quality attributes between CK and SE treatments at maturity.
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Fruit Quality Attributes

	
2016

	
2017




	
CK

	
SE

	
CK

	
SE






	
Soluble sugars (g/kg)

	
160.88

	
174.20 *

	
125.03

	
141.76 *




	
Soluble proteins (g/kg)

	
1.37

	
1.68 *

	
1.37

	
1.58 *




	
Vitamin C (g/kg)

	
0.11

	
0.12 *

	
0.10

	
0.12 *




	
Total soluble solids (%)

	
19.27

	
20.60 *

	
18.97

	
19.97 *




	
Titratable acidity (g/kg)

	
0.38 *

	
0.33

	
0.44 *

	
0.41




	
Resveratrol (mg/kg)

	
0.24 ns

	
0.25 ns

	
0.23 ns

	
0.23 ns




	
Proanthocyanidin (g/kg)

	
4.27

	
6.95 *

	
5.73

	
10.70 *








Note: CK—control treatments; SE—selenium fertilizer treatments. * show significant difference between CK and SE groups (p < 0.05); ns show no significant difference between CK and SE treatments (p > 0.05).
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Table 3. The two-factor interaction analysis between Se fertilizer and 1-MCP of fruit quality in grape berries.
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	Soluble Sugars
	Soluble Proteins
	Vitamin C
	Total Soluble Solids
	Titratable Acidity
	Resveratrol
	Proanthocyanidin
	Selenium Content





	A
	***
	***
	***
	***
	***
	***
	***
	***



	B
	**
	***
	***
	***
	***
	NS
	**
	*



	A × B
	***
	***
	***
	***
	***
	***
	***
	***







Note: A: Se fertilizer; B: 1-MCP; the *, **, and *** significant at p < 0.05, 0.01, and 0.001 levels, respectively; NS—not significant.
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