Evaluating the Role of Brassinolide in Extending Shelf Life and bioactive compounds in Mango cv. Langra
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Abstract
The present study was done to enhance the shelf- life and bioactive compounds of mango cv. Langra at Bihar Agricultural University, Sabour. The pre-harvest application of brassinolide (BR) on the post-harvest quality and shelf life of mango cv. Langra has been observed. Mangoes treated with different concentrations of BR at marble stage and 15 days after marble stage, stored at ambient condition showed upto 16th days of storage. The observations of physiological weight loss percent, marketability percent, bioactive compounds (total soluble solids, total phenols, titratable acidity, ascorbic acid, antioxidant capacity and carotenoids) and shelf-life of fruits were taken. As the storage period advanced, the physiological weight loss and total carotenoids content increased whereas total phenol, titratable acidity, ascorbic acid, antioxidant capacity and marketability percent decreased. TSS was highest (22.6 oBrix) with BR 1.0 ppm at marble stage + 15 days after marble stage after 13 days of storage while it slightly decreased (21.3 oBrix) on 16th day of storage. Similar pattern was also observed in rest of the treatments. Total phenol was highest (171.35 mg GAeq./gFW) in first day under treatment T6 while lowest (50.33 mg GAeq./gFW) in T1- control.  Titratable acidity was maximum (1.05%) in T1: control just after harvesting and as the storage period advanced, it decreased upto last day of storage and found minimum (0.15%) under BR 1.0 ppm at marble stage + 15 days after marble stage on 16th day of storage. Ascorbic acid was also found decreasing trend as the storage period prolonged. The highest ascorbic acid content (75.60 mg/100 g pulp) was recorded under T6: BR 1.0 ppm at marble stage + 15 days after marble stage after 1st day of storage. Antioxidant capacity was again found decreasing trend from 1st day of storage to last day of storage. It was highest (5.67 μ mol Trolox equivalent/g FW) in T6 i.e BR 1.0 ppm at marble stage + 15 days after marble stage. Total carotenoids content was (1.94 mg/ 100 g FW) after one day of storage in control and it increased as fruit firm and eatable while again decreasing when quality fruit deteriorate.
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Introduction
The mango holds the esteemed title of the king of fruits, celebrated for its exceptional taste and nutritional benefits (Singh et al., 2013). India ranks 1st in the area with coverage of 2346.09 thousand MT (DOA & FW, 2022-23) and with total production of 20872.22 thousand MT (DOA & FW, 2022-23). Bihar is one of the major states under mango production with annual production of 1576.06 thousand MT (DOA & FW, 2022-23) and area of about 162.99 thousand MT (DOA & FW, 2022-23). Commonly cultivated varieties of mango in Bihar are Langra, Gulab khas, Bombai, Zardalu, Dashehari, Chausa, Amrapali etc. The state’s leading in mango production in India are UP, Andhra Pradesh, Bihar, Karnataka, Gujarat, Tamilnadu, Odisha, West Bengal, Jharkhand, Maharashtra, and Madhya Pradesh.
Mango (Mangifera indica L.) is an economically important tropical fruit crop valued for its nutritional and sensory qualities (Kumar et al., 2021) (Le et al., 2022). However, fruits and vegetables are perishable in nature. At present, it is the necessity to extent shelf-life of these perishable products for export point of view. The storage life of mango especially “Langra” have relatively poor shelf-life but the demand of this variety is good in local as well distant market. Langra is a significant commercial mango cultivar found in North India, including Bihar. It exhibits biennial bearing and matures in the mid-season, possessing excellent keeping quality. This cultivar is favored due to its higher pulp content, firm flesh, lemon yellow color, thin skin, small stone size, and minimal fibrousness. (Anu et al., 2015). Many different pre and post-harvest treatments have been studied to enhance the shelf life as well as to maintain fruit quality.
Brassinolide are classified as the sixth plant hormone and are natural phyto-hormone. Brassinolide constitute a type of plant steroid hormones that regulate various aspects of plant growth and development besides stress responses (Ahammed et al 2021). These are among the most efficient and environmentally friendly phytohormones because they regulate a variety of plant physiological processes, including pollen tube growth, vascular differentiation, cell division, elongation, preventing the loss of photosynthetic pigments, delaying abscission, ethylene biosynthesis, and more (Hasan et al., 2011, Hayat et al., 2012, Nolan et al., 2020). Numerous crop plants have demonstrated a notable increase in growth due to its effects (Mitchell et al. 1970; Vidhya Vardhini, 2017). The potential application of exogenously applied BRs in obtaining yield and quality improvement of many horticultural crops has been established. Little has been reported on post-harvest quality of mangoes resulting from pre-harvest BR application. They are commonly applied to change the pre- and post-harvest qualities of various horticultural crops. Additionally, they are well-known for having antioxidant properties (Haubrick and Assmann, 2006). 
The present study aimed at assessing the impact of pre-harvest foliar application of brassinolide at various concentrations and timings on physiological loss in weight, marketability percent, quality attributes and shelf life of mango cv. Langra fruits under ambient storage conditions. Insights into the feasibility of using BR as a potential pre-harvest treatment to enhance post-harvest quality and marketability of mangoes may be obtained from the results.
Materials and Methods: 
Mango cv. Langra trees were selected for this experiment at Horticulture Garden, Department of Horticulture (Fruit and Fruit Technology), Bihar Agricultural University, Sabour, Bhagalpur, Bihar during 2023-24. Trees were sprayed with brassinolide (BR) at concentrations of 0.5, 1.0 and 1.5 ppm at marble stage, 15 days after marble stage and in combinations. Control trees were left untreated. Brassinolide is not water soluble. To create the working solution, it was therefore first dissolved in 99.9 % ethanol and then added to the necessary volume of water. Working solution of brassinolide was prepared in the morning hour at the time of spray.  10 liters per plant was prepared for the application of this chemical. The treatment details are as follows; T1: Control,  T2: 0.5 ppm BR at marble stage, T3: 1.0 ppm BR at marble stage, T4: 1.5 ppm BR at marble stage, T5: 0.5 ppm BR at marble stage + 15 days after, T6: 1.0 ppm BR at marble stage + 15 days after marble stage, T7: 1.5 ppm BR at marble stage + 15 days after marble stage, T8: 0.5 ppm BR at 15 days after marble stage, T9: 1.0 ppm BR at 15 days after marble stage, T10: 1.5 ppm BR at 15 days after marble stage .
Fruit harvesting and storage: Fruits were harvested at physiological maturity and stored under ambient conditions. 
Quality analysis: Physiological loss in weight, marketability percent and all biochemical analysis were evaluated at 1, 4, 7, 10, 13 and 16 days of storage. The following parameters were measured: - Physiological loss in weight (%), Shelf life (days), Total soluble solids (°Brix), Total phenol content (mg GA eq./g FW), Titratable acidity (%), Ascorbic acid content (mg/100 g pulp), Antioxidant capacity (μ mol Trolox equivalent/g FW),Total carotenoids (mg/100 g FW). Data were statistically analyzed to determine significant differences between treatments.
Fruits from various treatments were harvested when Langra reached physiological maturity. Fruits with uniform size and good colour were chosen from each treatment to study the impact of brassinolide on shelf life and biochemical changes in fruits during storage. The fruits from each treatment were divided into two lots. One lots used to study the physiological weight loss and marketability percent and overall appearance of fruits at various day’s intervals, while the other lots used for biochemical analysis of fruits at different days of storage. Observations were recorded at three-day interval.
Determination of Physiological loss in weight (%) 
Physiological loss in weight (%) was calculated by Gravimetric method. At storage, the initial weight of the fruits in each treatment was noted replication-wise. Each treatment's weight for the same fruits was noted every two days, and weight changes were recorded. The cumulative weight loss was calculated as a percentage of the initial fruit weight. Fruits will be weighed at different sampling intervals in order to calculate the weight loss during post-harvest storage. The percent weight loss during storage of fruits under ambient conditions (on 1st, 4th, 7th, 10th, 13th and 16th day of storage) was calculated with following formula:
PLW (%) =
Determination of Marketable Fruit Percentage
The percentages of marketable fruits from each treatment were taken, keeping fruits which are according to desired market standards, such as size, shape, color, and the absence of defects. Percentages were calculated with the given formula:
Marketable fruit =
Determination of shelf life
Shelf life (days) was calculated using Visual observation of fruit marketability, (Kitinoja, L., & Kader, A. A. 2015). 
Determination of TSS
The pulp from five mango fruits was collected and mixed thoroughly. TSS were measured from the mixed pulp of 10 gram using digital refractometer. (Atago-Palette PR 101, Atago Co. Ltd., Itabashi-Ku, Tokyo, Japan)
Determination of Total phenol content
Total phenolic content of the mango fruit has been determined by applying the Singleton et al. (1999) method. For this, 5 g of fruit sample was crushed in 10 ml of 80 % ethanol. The homogenate was then centrifuged for 20 minutes at 4°C at 10,000 rpm, the supernatant was used in the total phenolic assay. Next, 2.9 ml of distilled water was mixed with 100 µl of sample extract and 0.5 ml of 2 N Folin-Ciocalteau reagents. It was mixed with 2 millilitres of 20% Na2CO3 solution after 3 minutes. After the prepared solution was left for 90 minutes, the absorbance at 760 nm was measured with a spectrophotometer (HALO DB-20S UV- VIS Double beam spectrophotometer, Australia).Gallic acid was used to produce standard calibration curve. The total phenolics content was expressed as (mg GAE g-1 pulp).
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Determination of Titratable acidity 
Titratable acidity was determined using the standard titration method, (AOAC, 2000). 50 ml of water was added to 2 g of crushed fruit sample. After a thorough mixing, it was filtered. A few drops of 1% phenolphthalein solution were used as an indicator when titrating the filtered sample against 0.1 N sodium hydroxide solution. The following formula was used to get the values as a percent of citric acid based on the observed titrate value. Titratable acidty expressed in %.
TA (%) = 
Determination of Ascorbic acid content
Ascorbic acid content was estimated using the 2, 6-dichlorophenol indophenol dye method (Jones and Hughes, 1983). To evaluate 10 g fruit sample was crushed in a 3% metaphosphoric acid solution. The extract's volume was then increased to 100 milliliters using a solution of metaphosphoric acid. 10 milliliters of the sample extract were then titrated against the dye (2, 6-dichlorophenol indophenol) until a pink colour was visible. The following formula was used to calculate the ascorbic acid content, and the result was finally expressed in mg/100g pulp.
Ascorbic acid (mg/100g) = 

Determination of Antioxidant capacity 
Cupric reducing antioxidant capacity (CUPRAC) assay was performed according to the method of Apak et al. (2008). 1 g sample of mango pulp was crushed in 10 ml 80 % ethanol. Then centrifuged the sample homogenate at 10,000 rpm for 20 min at 4°C temperature and supernatant were collected. 100 µl of sample aliquot and 1 ml each of copper (II) chloride solution, neocuproine solution, ammonium acetate buffer solution and distilled water were mixed in a test tube. The tubes were then capped and after 1 hour, the absorbance was recorded at 450 nm in a spectrophotometer, against a reagent blank. The following formula was used to calculate the antioxidant capacity, and the result was finally expressed in μ mol Trolox equivalent g-1 FW.
Total antioxidant capacity = 
Determination of Total carotenoid content
Total carotenoids in mangos were computed using Roy's (1973) technique. Mango pulp sample weighing 5 g was crushed in acetone until the tissue loses all its colour. It was then placed in a separating funnel to separate the extracted solution. It was thoroughly incorporated with petroleum ether and a small amount of sodium sulphate solution. Then, using an undisturbed separating funnel, the carotenoids were separated from the petroleum ether layer and the acetone layer. The coloured solution was then separated and the volume was adjusted with petroleum ether in a 50 ml volumetric flask. Finally, using petroleum ether as a blank, the sample absorbance was measured in a spectrophotometer at 452 nm. The findings were presented on mg/100g FW basis
Total carotenoids (mg/100g) = 
Statistical analysis
The investigation was performed in a randomized block design having 10 treatments and 3 replications. The standard procedure for RBD which was given by Panse and Sukhatme (1954) was used for the statistical analysis of recorded data. Mean difference was tested by ‘F’ test at 5 % level of significance. Critical difference was used for comparison of treatments at 5 % level of significance. Web Agri Stat Package 2.0 (WASP 2.0) was used to analyze the data while Duncan’s multiple range test was considered for mean comparison.
Result and discussion
Physiological loss in weight (%)
The pre-harvest application of brassinolide (BRs) significantly influenced the physiological weight loss of mango fruits during storage. Table 1 and Figure 1 present the effects of various treatments on weight loss progression throughout the storage period.  On the first day of storage, no physiological weight loss was observed across all treatments. However, by the fourth day, differences became apparent. Treatment T6 (1.0 ppm BRs applied at marble stage + 15 days after marble stage) exhibited the lowest weight loss 4.95%. This was followed closely by T5 (0.5 ppm BRs at marble stage + 15 days after marble stage), T7 (1.5 ppm BRs at marble stage + 15 days after marble stage), and treatments T8, T9, and T10 (0.5, 1.0, and 1.5 ppm BRs applied 15 days after marble stage, respectively). In contrast, the control (T1) showed the highest weight loss 9.73%, followed by T2 (0.5 ppm BRs at marble stage) and T3 (1.0 ppm BRs at marble stage) with 8.61% and 8.21% weight loss, respectively. This trend persisted through the 7th, 10th, and 13th days of storage.  By the 16th day of storage, the efficacy of brassinolide treatments in mitigating weight loss became more pronounced. Treatment T6 continued to demonstrate the best performance, with the lowest weight loss of 19.21%. Treatments T5 and T7 also showed promising results, with weight losses of 20.26% and 20.38%, respectively. The control group (T1) exhibited the highest weight loss at 27.92%, followed by T2 and T3 with 21.74% and 21.65% weight loss, respectively.  These results suggest that pre-harvest application of brassinolide, particularly at 1.0 ppm applied both at the marble stage and 15 days after (T6), can effectively reduce physiological weight loss in mango fruits during storage. The double application strategy (at marble stage and 15 days after marble stage) appears to be more effective than single applications, indicating a potential for optimizing brassinolide treatment protocols to enhance mango fruit storage life. This significant reduction in weight loss indicates improved fruit preservation and maintenance of quality during storage. Lower weight loss is crucial for maintaining fruit freshness, appearance, and marketability
Shelf Life
The result obtained regarding shelf life of fruits under ambient storage condition influenced by pre-harvest application of brassinolide on mango cv. Langra are furnished in Table 1a. There was significant effect of brassinolide on shelf life of mango fruits during storage periods. T6: 1.0 ppm BRs at marble stage + 15 days after marble stage was most effective treatment for extending shelf life of mango fruit during storage among all the treatments and it was recorded maximum shelf life of 16 days. However, the minimum shelf life (10 days) was reported in fruits treated with T1: control and rest treatment showed extend in self-life of around 3 days when compared from control. T6 extended the shelf life to 16 days, a substantial improvement over the control's 10 days. This 60% increase in shelf life is highly beneficial for the mango industry, allowing for extended storage, transportation, and marketing periods without compromising fruit quality.
Marketable fruit percentages
The marketability percentages of mango cv. Langra differ significantly under various treatments of brassinolide over a 16-day storage period and shown in Table 1b. On 1st and 4th day marketability percent was 100% in all the treated as well as in untreated fruits. While in T1: control marketability percent declines gradually with increase in storage period by the 10th day and on day 13th and 16th it become 0.0. Such a sharp decline suggested that the rate of degradation of mangoes without brassinolide treatment is relatively fast, thus pointing towards the role of growth regulators in maintaining viability after harvesting.
On 7th ,10th, 13th, and 16th day remarkably, T6: 1.0 ppm BRs at marble stage + 15 days after marble stage was the one whose marketability percentages persisted at highly respectable levels, with values of 95.22% on the 7th day, 91.33% on 10th day, 87.32% on 13th day and 80.15% on the 16th day. This means that T6- 1.0 ppm BRs at marble stage + 15 days after marble stage is the best effective treatment in the shelf life and marketability followed by T5-0.5 ppm BRs at marble stage + 15 days after marble stage remained very marketable as percentages were recorded showing it had good retention in quality over time.
Overall, results point out that T1: control has suffered extreme losses in terms of marketability. It concluded and supported the fact that brassinolide treatment is essential for enhanced post-harvest quality of mangoes from T2 to T10. Data clearly depicts the reduction of physiological loss in weight and increase in marketability of mango cv. Langra at the time of extended storage.
Total soluble solid (oBrix)
The effect of pre-harvest foliar spray with brassinolide on TSS content in mango fruits at different days after storage is reflected in Table 2 and Fig. 2. The data corresponding to the total soluble solids content in mango under different treatments revealed that it increased up to 13th days of storage and thereafter decreased on 16th day of storage.
However, the TSS content of mango fruits was remarkably affected by various treatments. The data shows that on 1st day, the highest TSS (10.83 oBrix) was recorded in T6: 1.0 ppm BRs at marble stage + 15 days after marble stage followed by T5- 0.5 ppm BRs at marble stage + 15 days after marble stage, T7: 1.5 ppm BRs at marble stage + 15 days after marble stage having value (10.23 oBrix, 10.00 oBrix) whereas lowest TSS (8.16 oBrix) in T1: control which was followed by T2-0.5 ppm BRs at marble stage. On the 4th day and 7th day maximum TSS was observed in T1-control followed by T2-0.5 ppm BRs at marble stage while minimum TSS was observed in T6:1.0 ppm BRs at marble stage + 15 days after marble stage followed by T5-0.5 ppm BRs at marble stage + 15 days after marble stage. On 10th day maximum TSS (21.9 oBrix) was observed in T1: control which was followed by T2: 0.5 ppm BRs at marble stage having value (19.80 oBrix) while minimum (18.10 oBrix) was observed in T6. On 13th day the highest TSS (22.63 oBrix) was observed in T6-1.0 ppm BRs at marble stage + 15 days after marble stage followed by T5: 0.5 ppm BRs at marble stage + 15 days after marble stage, T7:1.5 ppm BRs at marble stage + 15 days after marble stage having value (22.08 oBrix, 21.64 oBrix) whereas lowest TSS (18.27 oBrix) in T1-control and also gradual decline in TSS was found in control, as compared to other treatments.
On the 16th day of storage, there was gradually decreasing trends of TSS was observed in all treatments. The maximum TSS (21.36 oBrix) was observed in T6:1.0 ppm BRs at marble stage + 15 days after marble stage followed by T5-0.5 ppm BRs at marble stage + 15 days after marble stage and T7: 1.5 ppm BRs at marble stage + 15 days after marble stage having value (19.70 oBrix and 19.10 oBrix) respectively while minimum (17.78 oBrix) in control.. The higher TSS values indicate greater retention of sugar and flavor, factors of extreme importance in fruit quality and consumer acceptance.
Total Phenol content (mg GA eq./100g FW)
The data presented in Table 3 and Fig. 3 demonstrate that all treated fruits exhibited significantly higher total phenolic content compared to the control. Statistical analysis of combined data revealed significant differences among treatments with respect to total phenol content. The result showed that the contents of total phenols in the stored mango fruits decrease with increased storage time in both treated and control fruits. Storage period (1st, 4th, 7th, 10th, 13th and 16th day) showed a highest value of total phenolic content in T6: 1.0 ppm BRs at marble stage + 15 days after marble stage, which fell in the range 171.35-71.99 mg GA eq./100 g FW. This was followed by T5 (0.5 ppm BRs at marble stage + 15 days after marble stage), T7 (1.5 ppm BRs at marble stage + 15 days after marble stage), and T4 (1.5 ppm BRs at marble stage), which had values ranging from 169.36 to 68.47, 163.86 to 64.81, and 158.56 to 64.61 mg GA eq./100 g FW, respectively. Remarkably, T6 was statistically at par to T5. The lowest values for the total phenolic contents were in the control that ranged from 131.67 to 50.33 mg GA eq./100 g FW during the storage period. Then this was followed by T2 (0.5 ppm BRs at marble stage) and T3 (1.0 ppm BRs at marble stage), whose values ranged from 142.30 to 55.73 and 155.34 to 55.88 mg GA eq./100 g FW, respectively. These results indicate that the different concentrations and stages of fruit development at which the brassinosteroids BRs are applied significantly affect the retention of total phenolic content in mango fruits during storage. The most effective treatment was the application of 1.0 ppm BRs at marble stage + 15 days after marble stage. A higher phenolic content is associated with increased antioxidant activity and health benefits, enhancing the nutritionally value added to the fruit.
Titratable acidity (%)
The data presented in Table 4 and Fig. 4 demonstrate a significant effect of pre-harvest brassinolide spray at different concentrations on the titratable acidity of stored mango cv. Langra. The results indicate an inverse relationship between storage period and titratable acidity, with acidity gradually decreasing as storage time increased.  Throughout the storage period, the control treatment (T1) consistently exhibited the highest titratable acidity. On days 1, 4, and 7, T1 recorded maximum values of 1.05%, 0.92%, and 0.85%, respectively. This was followed by treatments T2 (0.5 ppm BRs at marble stage), T3 (1.0 ppm BRs at marble stage), T8 (0.5 ppm BRs at 15 days after marble stage), and T10 (1.5 ppm BRs at 15 days after marble stage), with values ranging from 0.82% to 0.77% on day 7.  The lowest titratable acidity value was recorded in T6, with a concentration of 1.0 ppm BRs at marble stage + 15 days after marble stage, with the values of 0.73%, 0.71%, and 0.61% on the first, fourth, and seventh days, respectively. On days 10 and 13, while the highest titratable acidity was observed in the control treatment (T1) with values of 0.75% and 0.51%, respectively. It was trailed by T3 and T2. The lowest titratable acidity values were recorded in the following order; T6 (0.51% and 0.32%) closely followed by T5 and T7.  After 16 days, the control treatment, T1 had the highest titratable acidity at 0.33%. While the lowest was found in T6 at 0.15%. Intermediately ranked treatments comprised of T2, T3, T8, and T10 at 0.27%, 0.25%, 0.27% and 0.24 respectively. These results indicate that when application of brassinolide at 1.0 ppm is specifically made at marble stage+15 days after marble stage, titratable acidity in stored mangoes is less than that in non-treated fruits. As the storage period lengthens, the differences become much prominent, and hence the hormone might be involved in modulation of fruit ripening and other parameters. Lower acidity is about a more balanced flavor profile, always preferred by consumers. It simply means that the fruit ripened better and stayed in good quality as long as it was stored.

Ascorbic acid (mg/100 g pulp)
Results showed depicted in Table 5 and Fig 5, that ascorbic acid content in mango fruit declined steadily within all treatments over the 16-day storage period. Mean comparisons based on the consolidated data showed significant treatment differences in respect to ascorbic acid content. Variations of ascorbic acid content over the storage period are shown in Table. On day 1, the highest ascorbic acid content (75.60 mg/100 g pulp) was observed in fruits treated with T6 (1.0 ppm BRs at marble stage + 15 days after marble stage) which was followed by T5 (74.83 mg/100 g pulp), T4 (73.78 mg/100 g pulp), T7 (71.34 mg/100 g pulp), and T9 (71.23 mg/100 g pulp). The ascorbic acid contents were reported lowest in control, followed by T1 (66.76 mg/100 g pulp), and then T2 (65.00 mg/100 g pulp), whereas T3 was recorded to contain 71.36 mg/100 g pulp. This trend was observed for the storage period with similar occurrences on days 4, 7, 10, 13, and 16. On day 16, T6 had the highest ascorbic acid content at 75.60 mg/100 g pulp which was closely followed by T5 (74.83 mg/100 g pulp). The lowest ascorbic acid content was recorded in T1followed by T2. Under this experiment the results of higher ascorbic acid levels maintained in stored mango fruit by brassinolide treatments, especially T6 and T5, in comparison to the control and lower concentration treatments. The conclusion of this result was the required adjustment of the timing and concentration of the application of brassinolide for the preservation of ascorbic acid in stored mangoes. Higher ascorbic acid values indicate a better retention of vitamin C; therefore, the fruit's ultimate nutritional and antioxidant value.
Antioxidant capacity (μmolTrolox equivalent/g FW)
The results show a sharp declining trend of antioxidant capacity for all treatment over the entire 16 days storage duration for mango fruit as presented in Table 6 and Figure 6. In this investigation, statistical analysis showed significant differences between treatments with respect to antioxidant capacity. On day 1, the highest antioxidant capacity (5.67 µmolTrolox equivalent/g FW) was recorded for fruits treated with T6 (1.0 ppm BRs at marble stage + 15 days after marble stage).This was followed by T5 (5.20 μmolTrolox equivalent/g FW), T7 (5.18 μmolTrolox equivalent/g FW), T4 (5.15 μmolTrolox equivalent/g FW), and T9 (5.00 μmolTrolox equivalent/g FW) while lowest antioxidant capacity (4.32 μmolTrolox equivalent/g FW) was found in the control group (T1), followed by T2 (4.39 μmolTrolox equivalent/g FW) and T3 (4.76 μmolTrolox equivalent/g FW).  This trend was also preserved on all days of storage, and the same occurred on days 4, 7, 10, and 13. On day 16, a slow trend accompanied by the decrease in antioxidant capacity was found in all treatments. T6 had the highest antioxidant capacity at 3.48 μmolTrolox equivalent/g FW, T5 (3.24 μmolTrolox equivalent/g FW), and T7 (3.11 μmolTrolox equivalent/g FW) while the control (T1) exhibited the lowest antioxidant capacity of 1.24 μmolTrolox equivalent/g FW respectively.  Thus these results suggest that brassinosteroid treatments, particularly T6 and T5, maintained higher antioxidant capacity of mango fruits during storage compared to the control and lower concentration treatments. The results indicate that the effect of brassinosteroid application time and concentration may be essential in maintaining antioxidant ability in mango fruit during post-harvest storage. Better antioxidant ability may better protect against oxidative stress and potential health benefits for the consumer.
Total Carotenoids (mg/100g FW)
The result formulated in Table 7 and Figure 7 showed the effects of various treatments of brassinosteroids (BR) on the carotenoids content in the mango fruit during a 16 days storage period. Statistical analysis of data revealed that all the treatments varied significantly. The highest content of carotenoids in fruits treated with T6 was recorded on day 1 at 2.86 mg/100 g FW followed by T5 and T7 at 2.37mg/100 g FW and 2.36 mg/100 g FW, respectively. The lowest content of carotenoids was found in control T1 at 1.94 mg/100 g FW. This trend continued up to day 15. On day 4, T6 was still the highest in carotenoid content at 3.78 mg/100 g FW with no statistical difference between T5 (3.72 mg/100 g FW) and T7 (3.67 mg/100 g FW), while the control remained the lowest throughout. An increasing trend of carotenoid content for all treatments prevailed until day 13 after which a drop was noticed on day 16. The highest carotenoid content after storage period was recorded by T6 at the end, with 3.89 mg/100 g FW, while other highest treatments were T5 and T7, with contents of 3.40 mg and 3.39 mg/100 g FW, respectively. Carotenoids at the lowest concentration were recorded in control with 2.76 mg/100 g FW. These findings have shown that the treatments of BR, particularly T6 and T5, had been successful in promoting and maintaining higher carotenoids in mango fruit during storage compared to the control and lower concentration levels. Accordingly, these findings show that the timing and concentration of BR application are important factors for the preservation of carotenoid content in mango fruit post-harvest. Such results can be concluded with the saying that at 16 days T6 showed a high carotenoid content of 3.89 mg/100 g FW, highly compared to the control. Higher carotenoid content enhances the color and nutritional value of the fruit along with its antioxidant properties.


Discussion
The application of brassinolide (BRs) significantly enhanced the fruit quality parameters in mangoes and proved to be an effective pre-harvest treatment. In general, the physio-chemical parameters of all the treated trees showed overall increase, particularly at marble stage and 15 days after 1.0 ppm treatment of brassinolide, which may be due to better mobilization of assimilates from source to sink (Khatoon et al., 2021). It may be that brassinolide enhances the contents of soluble protein, nucleic acid, RNA, and DNA in the leaf and plant tissues (Jeyakumar et al., 2010), which in turn enhances physiological growth and photosynthetic assimilation.
Furthermore, a certain amount of brassinolide is required to improve photosynthesis, nutrient absorption, cell enlargement, cell division rates, and decrease evapotranspiration, resulting in improved physiological growth of various crops was noticed and evaluated and thus brassinolide application can overall improve the development and yield (Kang and Guo, 2011; Asghari and Zahediour, 2016; Khatoon et al. 2021).
In relation to physiological weight loss during storage, the experiments indicated that pre-harvest brassinolide sprays were effectively successful in reducing weight loss in mango fruits. Treatment T6 had always the lowest weight loss during the storage period with a weight loss of 19.21% after the 16th day compared to the control, which had a loss of 27.92%. This would mean that double application strategy at 1.0 ppm of brassinolide is more useful in retarding the deterioration of fruit quality during storage than single applications.  Positive effects in reducing physiological loss in weight in mangoes was observed when brassinolide treatment was given as compared to control. All treated fruit showed increase in shelf life and decrease in physiological loss in weight. Overall 3 days increase in shelf life was noticed in all treated fruit when compared to control but in T6- 1.0 ppm BRs at marble stage + 15 days after marble stage a period of 6 days extension of shelf life was found. For instance, CHOURASIA and B. K. M. H (2021) reported the resulted in minimum (11.1%) physiological loss in weight in mango by foliar application of PGR and nitrogen.
Application of brassinolide significantly influences the marketability percentage of mango cv. Langra during storage period. All treatments from T2 to T10, which all initiated with a 100% marketability percentage, suggest that brassinolide enhanced the initial quality and shelf life of mangoes. Decline of marketability percentage gradually over time represents the physiological loss in weight and quality degradation that takes place during the storage. The consistent performance of T6- 1.0 ppm BRs at marble stage + 15 days after marble stage indicates that brassinolide has an important role to play in moderating physiological stress and retarding the processes of ripening, which are critical in maintaining marketability. In contrast, the lowest marketability percentages of T1- control indicates that non treated brassinolide is causing quicker deterioration. This implies the role played by brassinolide in enhancing the post-harvest quality of mangoes. The insights provided by Patel et al. (2021) complement the understanding of how brassinolide enhances the quality and marketability of mangoes and supports the conclusion that its application is a sine qua non to ensure the maintenance of fruit quality during storage and would improve overall economic returns for growers.
The significant increase in Total Soluble Solids (TSS) content in brassinolide treated fruits, with the highest TSS recorded in treatment T6, suggests improved sugar accumulation. This enhancement may be linked to brassinolide's role in regulating all vital physiological and biochemical processes. Decreases in acidity aligns with findings by Meng et al. (2008) in table grapes, indicating a consistent effect of brassinolide across different fruit species. They stated that the growth-regulating drug brassinolide treatment increased the concentrations of DNA, RNA, and protein while also improving all forms of carbohydrates and lowering sugar. According to Gomes et al. (2006), applying brassinosteroid analogue B16 in which to passion fruit ultimately after three weeks after it reaches the full bloom stage at a concentration of 0.10 mg/l greatly increased the fruit's total soluble solids. Meanwhile, an inverse model of fruit acidity was obtained. This increase at TSS by the use of brassinolide might be due to the metabolite mobilization from the leaves (source) to fruit (sink) as the rapid conversion of acid and starch to sugars. (Barkule et al. 2018).
Chemicals had a significant effect on fruits ascorbic acid content. The highest ascorbic acid content (75.60 mg/100 g pulp) was found in T6-1.0 ppm BRs at the marble stage + 15 days later, while the lowest (65.15 mg/100 g pulp) was found in T1-control. The continuous synthesis of glucose-6-phosphate during fruit growth and development, which is believed to be a precursor of vitamin C, may be the cause of the increase in ascorbic acid content. According to Nawaz et al., (2017) nutrients can inhibit the activity of oxidative enzymes, and an increase in ascorbic acid content is probably caused by the catalytic influence of growth substances. As a result of these chemicals, fruit's ascorbic acid content may have increased due to the leaves' and fruits' increased photosynthetic activity. Attia et al. (2023) in mango, Mazorra et al. (2014), Meena et al. (2024) on stored fruits was found similar ascorbic acid results.
Brassinolide application also positively influenced the synthesis of secondary metabolites, including phenolic compounds, which are crucial for plant defense mechanisms (Barkule et al., 2020).  Brassinolide has been shown to enhance the activity of enzymes involved in the phenylpropanoid pathway, such as phenylalanine ammonia-lyase (PAL), which is crucial for phenolic biosynthesis. In contrast, Zhu et al. (2010) and Aghdam et al. (2012) observed that exogenous brassinolide enhances the activity of phenylalanine ammonia lyase (PAL) it is an enzyme that triggers the initiation of synthesis of free phenolic compounds, leading to the increase in total phenol levels in fruits treated with brassinolide. According to Manghwar et al. (2022) an application of brassinolide resulted in increased PAL activity and the subsequent heightened phenolic content in mangoes. This means that BL stimulates growth but at the same time strengthens production potential of these compounds in fruits.
Titratable acidity (TA) is another quality parameter which can be crucial for fruits as it affects flavor and taste. The brassinolide treatment has been reported to affect metabolism of organic acid in mango. For instance, Meena et al. (2023) revealed that titratable acidity of the BL treated and control mango trees was different. The experiment showed that brassinolide application lowered acidity, possibly attributed to increased fruit maturity and the accumulation of sugars. The general quality of flavor is supposed to be improved by lesser titratable acidity hence making it more edible. Antioxidant capacity is contributed mostly by the phenolic compounds of the mango and other antioxidants that are consequently implicated, hence giving it positive health effects. Brassinolide incites antioxidant activity within the mango fruit. Meena et al. (2023) also reported Total antioxidant capacity in mango was increased significantly following BL treatment. The increase in total antioxidant capacity might be as a result of enhanced synthesis of phenolic compounds and ascorbic acid. Such enhancement of antioxidant capacity would not only improve the nutritional quality of mango but also its shelf life by retarding oxidative degradation. 
Antioxidant capacity was found significant with the chemicals used. The highest antioxidant content (5.67 µmolTrolox equivalent/g pulp) was found in T6-1.0 ppm BRs at the marble stage + 15 days after marble stage while lowest (4.32 µmolTrolox equivalent/g pulp) in T1- control. The decreased in antioxidant activity was associated with a lower content of dehydroascorbic acid. This finding corroborates the report of Meena et al (2023) in mango.
Brassinolide have significant enhancement in carotenoid content, maximum carotenoid content was found in T6- 1.0 ppm BRs at marble stage + 15 days after marble stage and minimum was found in T1- control. Brassinolide treatments were found to stimulate the biosynthesis of carotenoids by modulating the expression of specific genes involved in the carotenoid pathway, such as phytoene synthase (PSY) and lycopene β-cyclase (LCYb) (Apiradee et al. 2021). Brassinolide also reduces the degradation of carotenoids by down regulating carotenoid cleavage dioxygenase (CCD) activity, thus maintaining a higher carotenoid concentration during fruit development and post-harvest storage (Zhang et al. 2010)
The findings of this experiment highlighted the potential of brassinolide as a pre-harvest treatment to enhance mango fruit quality and extended shelf life. The optimal application strategy appears to be 1.0 ppm applied both at the marble stage and 15 days after, which consistently yielded the best results across various quality parameters. Future research could focus on fine-tuning the application timing and concentration to maximize the benefits of brassinolide treatment in mango cultivation and post-harvest management.
In addition, other quality parameters, namely carotenoid, ascorbic acid, phenol content and antioxidant capacity of mango, also increased significantly in all the treatments having brassinolide application, especially at marble stage + 15 days marble stage with concentration of 1.0 ppm. Brassinolide degrades rapidly (Symons et al. 2006; Janeczko et al. 2010) and repetition ensures a long-lasting effect. Therefore, BRs application at all stages significantly increased all these fruit quality parameters (Khatoon et al. 2021). Additionally, Ripe fruits undergo a biosynthetic pathway that produces anthocyanins, which is regulated by enzymes like F3H, DFR, leucoanthocyanidin dioxygenase (LDOX) (UFGT), chalcone synthase (CHS) and chalconeisomerase (CHI). Brassinolide plays an important role in promoting the activity of all these enzymes in their biosynthetic pathways. In addition, it stimulates the expression of genes involved in anthocyanin synthesis, resulting in a rapid rise in anthocyanin content in various fruit plants. (Luan et al. 2013; Xi et al. 2013; Champa et al. 2015). In contrast, Zhu et al. (2010) and Aghdam et al. (2012) observed that exogenous brassinolide enhances the activity of phenylalanine ammonia lyase (PAL) it is an enzyme that triggers the initiation of synthesis of free phenolic compounds, leading to the increase in total phenol levels in fruits treated with brassinolide. It also has a significant impact on how various crops produce and activate antioxidants and carbohydrates, confirming the results of previous studies by Serna et al. (2013) and Xi et al. (2013).

Conclusion
The overall results indicated that brassinolide (BRs) treatment has improved significantly the quality parameters of mango fruits and shelf life. Among various treatments, treatment T6 combining the application of 1.0 ppm BRs at marble stage and repeating the same after 15 days result best. It was at par with T5 (0.5 ppm BRs at marble stage + 15 days after marble stage) in most of the parameters. Thus it may be concluded that T5 (0.5ppm BRs) was the found the best treatment in terms of quality parameters and economically also.
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Table 1: Effect of brassinolide on physiological loss in weight of mango cv. Langra during storage
	S. No.
	Treatment
	PLW%

	
	
	Storage period (days)

	
	
	1st
	4th
	7th
	10th
	13th
	16th

	1
	T1
	0
	9.73a
	16.04a
	18.58a
	23.54a
	27.92a

	2
	T2
	0
	8.61b
	12.78b
	15.93b
	19.45b
	21.74b

	3
	T3
	0
	8.21c
	10.66d
	13.62c
	18.55bc
	21.65b

	4
	T4
	0
	7.37d
	9.77de
	12.66d
	17.44de
	20.58de

	5
	T5
	0
	5.54g
	8.45f
	11.14f
	17.18d
	20.26de

	6
	T6
	0
	4.95i
	7.36g
	10.33g
	17.05e
	19.21f

	7
	T7
	0
	5.59f
	8.99ef
	11.15e
	17.25d
	20.38de

	8
	T8
	0
	5.73g
	10.60d
	12.86d
	18.36bcd
	21.33bc

	9
	T9
	0
	6.29e
	11.99c
	13.91c
	17.56cd
	20.79cd

	10
	T10
	0
	9.62a
	10.06d
	12.44cd
	17.67cd
	21.03bcd


Value indicates mean of three replicates. Different letters in the same column indicate significant differences at P≤0.05 (DMRT)

(T1- Control ; T2- 0.5 ppm BR at marble stage; T3- 1.0 ppm BR at marble stage; T4- 1.5 ppm BR at marble stage; T5- 0.5 ppm BR at marble stage + 15 days after marble stage; T6- 1.0 ppm BR at marble stage + 15 days after marble stage; T7- 1.5 ppm BR at marble stage + 15 days after marble stage; T8- 0.5 ppm BR at 15 days after marble stage; T9- 1.0 ppm BR at 15 days after marble stage; T10- 1.5 ppm BR at 15 days after marble stage)

Table 1a: Effect of pre-harvest spray of brassinolide on Shelf life during storage of mango cv. Langra
	S. No.
	Treatment
	Shelf life of fruits
	Enhancement in shelf life of fruits over control (days)

	1
	T1
	10
	0

	2
	T2
	13
	3

	3
	T3
	13
	3

	4
	T4
	13
	3

	5
	T5
	13
	3

	6
	T6
	16
	6

	7
	T7
	13
	3

	8
	T8
	13
	3

	9
	T9
	13
	3

	10
	T10
	13
	3

	
	
	
	


(T1- Control ; T2- 0.5 ppm BR at marble stage; T3- 1.0 ppm BR at marble stage; T4- 1.5 ppm BR at marble stage; T5- 0.5 ppm BR at marble stage + 15 days after marble stage; T6- 1.0 ppm BR at marble stage + 15 days after marble stage; T7- 1.5 ppm BR at marble stage + 15 days after marble stage; T8- 0.5 ppm BR at 15 days after marble stage; T9- 1.0 ppm BR at 15 days after marble stage; T10- 1.5 ppm BR at 15 days after marble stage)

Fig. 1: Effect of brassinolide on physiological loss in weight of mango cv. Langra during storage

Table 1b: Effect of brassinolide Marketability percentage of mango cv. Langra 
	S. No.
	Treatment
	Marketability percentage

	
	
	Storage period (days)

	
	
	1st
	4th
	7th
	10th
	13th
	16th

	1
	T1
	100a
	100a
	92.42d
	84.76e
	0.0
	0.0

	2
	T2
	100a
	100a
	92.73cd
	85.51de
	77.34e
	0.0

	3
	T3
	100a
	100a
	92.93cd
	86.51cde
	78.59de
	8.56g

	4
	T4
	100a
	100a
	94.11b
	89.78ab
	81.99bcd
	29.40d

	5
	T5
	100a
	100a
	94.29ab
	90.07ab
	83.37ab
	38.26b

	6
	T6
	100a
	100a
	95.22a
	91.33a
	87.32a
	80.15a

	7
	T7
	100a
	100a
	94.19b
	89.98ab
	82.95abc
	35.69c

	8
	T8
	100a
	100a
	93.36bcd
	88.06bcd
	78.71cd
	11.24e

	9
	T9
	100a
	100a
	93.69bc
	89.24abc
	80.32bcd
	10.25f

	10
	T10
	100a
	100a
	93.36bcd
	88.44abcd
	79.99cd
	10.20f


(T1- Control ; T2- 0.5 ppm BR at marble stage; T3- 1.0 ppm BR at marble stage; T4- 1.5 ppm BR at marble stage; T5- 0.5 ppm BR at marble stage + 15 days after marble stage; T6- 1.0 ppm BR at marble stage + 15 days after marble stage; T7- 1.5 ppm BR at marble stage + 15 days after marble stage; T8- 0.5 ppm BR at 15 days after marble stage; T9- 1.0 ppm BR at 15 days after marble stage; T10- 1.5 ppm BR at 15 days after marble stage)



Table 2: Effect of pre-harvest spray of brassinolide on TSS (°B) during storage of mango cv. Langra
	S. No.
	Treatment
	TSS (°B)

	
	
	Storage period (days)

	
	
	1st
	4th
	7th
	10th
	13th
	16th

	1
	T1
	8.16cd
	13.33a
	17.62a
	21.9a
	18.27h
	17.78e

	2
	T2
	8.86d
	13.16ab
	16.77b
	19.80ab
	20.65g
	18.35d

	3
	T3
	8.40cd
	12.00bc
	15.96cd
	18.12f
	20.44f
	19.00bc

	4
	T4
	9.83bcd
	12.83ab
	16.27bc
	19.12c
	21.43cd
	18.50d

	5
	T5
	10.23ab
	11.33c
	15.83cd
	19.78ab
	22.08b
	19.70ab

	6
	T6
	10.83a
	11.00d
	15.44e
	18.10g
	22.63a
	21.36a

	7
	T7
	10.00ab
	13.16ab
	15.93cd
	19.49b
	21.64bc
	19.10bc

	8
	T8
	9.00bcd
	11.93bc
	16.32bc
	18.25e
	20.67ef
	18.32c

	9
	T9
	9.73abc
	12.75ab
	16.22bc
	18.87d
	21.27cd
	19.22bc

	10
	T10
	9.23bcd
	12.66b
	15.55d
	18.57d
	21.08de
	18.38c


Value indicates mean of three replicates. Different letters in the same column indicate significant differences at P≤0.05 (DMRT)
(T1- Control ; T2- 0.5 ppm BR at marble stage; T3- 1.0 ppm BR at marble stage; T4- 1.5 ppm BR at marble stage; T5- 0.5 ppm BR at marble stage + 15 days after marble stage; T6- 1.0 ppm BR at marble stage + 15 days after marble stage; T7- 1.5 ppm BR at marble stage + 15 days after marble stage; T8- 0.5 ppm BR at 15 days after marble stage; T9- 1.0 ppm BR at 15 days after marble stage; T10- 1.5 ppm BR at 15 days after marble stage)


Fig. 2: Effect of pre-harvest spray of brassinolide on TSS (°B) during storage of mango cv. Langra





Table 3: Effect of pre-harvest spray of brassinolide on Total Phenol content (mg GA eq./g FW) during storage of mango cv. Langra
	S. No.
	Treatment
	Total Phenol content (mg GA eq./g FW)

	
	
	Storage period (days)

	
	
	1st
	4th
	7th
	10th
	13th
	16th

	1
	T1
	131.67f
	119.92d
	101.81f
	76.61g
	66.03g
	50.33e

	2
	T2
	142.30e
	122.57cd
	102.03ef
	80.85f
	68.47fg
	55.73de

	3
	T3
	155.34d
	124.83cd
	104.69de
	85.29e
	70.55efg
	55.88de

	4
	T4
	158.56c
	128.00bc
	110.00bc
	92.73bc
	77.11bcd
	64.61bc

	5
	T5
	169.36a
	133.17ab
	112.11ab
	96.47b
	81.29ab
	68.47ab

	6
	T6
	171.35a
	134.23a
	114.70a
	103.18a
	84.04a
	71.99a

	7
	T7
	163.86b
	128.06bc
	110.37bc
	95.55b
	78.18bc
	64.81bc

	8
	T8
	155.63cd
	126.03c
	105.18d
	87.66de
	72.47def
	59.05cd

	9
	T9
	156.67cd
	127.91bc
	109.14c
	91.11cd
	74.72cde
	64.11bc

	10
	T10
	156.52cd
	127.26c
	108.49c
	89.26cde
	73.66cde
	61.66bcd


Value indicates mean of three replicates. Different letters in the same column indicate significant differences at P≤0.05 (DMRT)
(T1- Control ; T2- 0.5 ppm BR at marble stage; T3- 1.0 ppm BR at marble stage; T4- 1.5 ppm BR at marble stage; T5- 0.5 ppm BR at marble stage + 15 days after marble stage; T6- 1.0 ppm BR at marble stage + 15 days after marble stage; T7- 1.5 ppm BR at marble stage + 15 days after marble stage; T8- 0.5 ppm BR at 15 days after marble stage; T9- 1.0 ppm BR at 15 days after marble stage; T10- 1.5 ppm BR at 15 days after marble stage)
Fig. 3: Effect of pre-harvest spray of brassinolide on Total Phenol content (mg GA eq./g FW) during storage of mango cv. Langra



Table 4: Effect of pre-harvest spray of brassinolide on Titratable acidity (%) during storage of mango cv. Langra
	S. No.
	Treatment
	Titratable acidity (%)

	
	
	Storage period (days)

	
	
	1st
	4th
	7th
	10th
	13th
	16th

	1
	T1
	1.05a
	0.92a
	0.85a
	0.75a
	0.51a
	0.33a

	2
	T2
	0.82ab
	0.80ab
	0.83a
	0.66bc
	0.41bc
	0.27ab

	3
	T3
	0.81ab
	0.80ab
	0.80ab
	0.71ab
	0.42b
	0.25bc

	4
	T4
	0.76bcd
	0.75bcd
	0.69bcd
	0.54e
	0.34bcd
	0.24bc

	5
	T5
	0.75bcd
	0.74cd
	0.63d
	0.53e
	0.32cd
	0.19cd

	6
	T6
	0.73d
	0.71d
	0.61d
	0.51e
	0.32d
	0.15d

	7
	T7
	0.76bcd
	0.74bcd
	0.67cd
	0.54e
	0.33cd
	0.21bcd

	8
	T8
	0.81bc
	0.80b
	0.79ab
	0.65cd
	0.38bcd
	0.25bc

	9
	T9
	0.80abc
	0.78abc
	0.77abc
	0.62d
	0.37bcd
	0.24bc

	10
	T10
	0.80abc
	0.79ab
	0.77abc
	0.63cd
	0.37bcd
	0.24bc


Value indicates mean of three replicates. Different letters in the same column indicate significant differences at P≤0.05 (DMRT)
(T1- Control ; T2- 0.5 ppm BR at marble stage; T3- 1.0 ppm BR at marble stage; T4- 1.5 ppm BR at marble stage; T5- 0.5 ppm BR at marble stage + 15 days after marble stage; T6- 1.0 ppm BR at marble stage + 15 days after marble stage; T7- 1.5 ppm BR at marble stage + 15 days after marble stage; T8- 0.5 ppm BR at 15 days after marble stage; T9- 1.0 ppm BR at 15 days after marble stage; T10- 1.5 ppm BR at 15 days after marble stage)
Fig. 4 : Effect of pre-harvest spray of brassinolide on Titratable acidity (%) during storage of mango cv. Langra


Table 5: Effect of pre-harvest spray of brassinolide on Ascorbic acid (mg/100gm pulp) during storage of mango cv. Langra
	S. No.
	Treatment
	Ascorbic acid (mg/100 g pulp)

	
	
	Storage period (days)

	
	
	1st
	4th
	7th
	10th
	13th
	16th

	1
	T1
	64.76c
	54.39f
	42.07d
	40.01e
	38.14i
	29.57f

	2
	T2
	65.00b
	61.56e
	58.00c
	56.10d
	46.26h
	29.62f

	3
	T3
	71.36b
	63.73de
	61.16bc
	56.40cd
	47.62g
	30.67d

	4
	T4
	73.78ab
	69.78abc
	63.76ab
	62.66ab
	56.93c
	34.40b

	5
	T5
	74.83ab
	71.46ab
	64.20ab
	63.04a
	59.30ab
	34.15b

	6
	T6
	75.60a
	72.66a
	65.48a
	64.21a
	61.96a
	37.24a

	7
	T7
	71.34b
	70.50ab
	63.93ab
	62.69ab
	58.68b
	32.66bc

	8
	T8
	73.80ab
	66.53cd
	62.33bc
	57.33cd
	48.96f
	30.42d

	9
	T9
	71.23ab
	69.40abc
	63.16ab
	61.73ab
	54.35d
	29.96e

	10
	T10
	72.33ab
	68.33bc
	62.13bc
	59.50bc
	52.30e
	31.45c


Value indicates mean of three replicates. Different letters in the same column indicate significant differences at P≤0.05 (DMRT)
(T1- Control ; T2- 0.5 ppm BR at marble stage; T3- 1.0 ppm BR at marble stage; T4- 1.5 ppm BR at marble stage; T5- 0.5 ppm BR at marble stage + 15 days after marble stage; T6- 1.0 ppm BR at marble stage + 15 days after marble stage; T7- 1.5 ppm BR at marble stage + 15 days after marble stage; T8- 0.5 ppm BR at 15 days after marble stage; T9- 1.0 ppm BR at 15 days after marble stage; T10- 1.5 ppm BR at 15 days after marble stage)

Fig. 5: Effect of pre-harvest spray of brassinolide on Ascorbic acid (mg/100 g pulp) during storage of mango cv. Langra



Table 6: Effect of pre-harvest spray of brassinolide on Antioxidant capacity (μmol Trolox equivalent/g FW) during storage of   mango cv. Langra

	S. No.
	Treatment
	Antioxidant capacity (μmol Trolox equivalent/g FW)

	
	
	Storage period (days)

	
	
	1st
	4th
	7th
	10th
	13th
	16th

	1
	T1
	4.32f
	3.43d
	3.36d
	3.13e
	2.33f
	1.24h

	2
	T2
	4.39f
	3.54d
	3.73cd
	3.26de
	2.69ef
	1.37gh

	3
	T3
	4.76e
	3.54d
	3.76bcd
	3.28de
	2.70def
	1.58g

	4
	T4
	5.15bc
	4.25b
	4.10abc
	3.88b
	3.40bc
	2.81cd

	5
	T5
	5.20b
	4.53ab
	4.17ab
	4.10a
	4.04a
	3.24ab

	6
	T6
	5.67a
	4.68a
	4.27a
	4.16a
	4.14a
	3.48a

	7
	T7
	5.18bc
	4.50ab
	4.16ab
	3.52c
	3.65ab
	3.11bc

	8
	T8
	4.86de
	3.63cd
	3.65abc
	3.37cd
	3.06cde
	2.34f

	9
	T9
	5.00bcd
	3.93c
	3.91abc
	3.75b
	3.33bc
	2.69de

	10
	T10
	4.97cd
	3.64cd
	3.64abc
	3.39cd
	3.20bcd
	2.44ef


Value indicates mean of three replicates. Different letters in the same column indicate significant differences at P≤0.05 (DMRT)
(T1- Control ; T2- 0.5 ppm BR at marble stage; T3- 1.0 ppm BR at marble stage; T4- 1.5 ppm BR at marble stage; T5- 0.5 ppm BR at marble stage + 15 days after marble stage; T6- 1.0 ppm BR at marble stage + 15 days after marble stage; T7- 1.5 ppm BR at marble stage + 15 days after marble stage; T8- 0.5 ppm BR at 15 days after marble stage; T9- 1.0 ppm BR at 15 days after marble stage; T10- 1.5 ppm BR at 15 days after marble stage)

Fig. 6: Effect of pre-harvest spray of brassinolide on Antioxidant capacity (μmol Trolox equivalent/g FW) during storage of mango cv. Langra


Table 7: Effect of pre-harvest spray of brassinolide on Total Carotenoids (mg/ 100 g FW) during storage of mango cv. Langra
	S. No.
	Treatment
	Total Carotenoids (mg/ 100 g FW)

	
	
	Storage period (days)

	
	
	1st
	4th
	7th
	10th
	13th
	16th

	1
	T1
	1.94d
	2.76d
	3.44e
	3.55e
	3.14d
	2.26c

	2
	T2
	2.02cd
	2.92cd
	3.51de
	3.66e
	4.41cd
	2.32c

	3
	T3
	2.06bcd
	2.96cd
	3.64cde
	3.68e
	4.42cd
	2.39c

	4
	T4
	2.2bd
	3.56b
	4.16b
	4.26bc
	5.31b
	3.37ab

	5
	T5
	2.37b
	3.72a
	4.27ab
	4.57ab
	5.45a
	3.40ab

	6
	T6
	2.86a
	3.78a
	4.30a
	4.78a
	5.57a
	3.89a

	7
	T7
	2.36b
	3.67a
	4.18ab
	4.52ab
	5.26b
	3.39ab

	8
	T8
	2.15bcd
	3.12bcd
	3.65cde
	3.79de
	4.48bcd
	2.57c

	9
	T9
	2.21bcd
	3.50ab
	3.87c
	4.22bc
	4.83c
	3.30b

	10
	T10
	2.18bcd
	3.31abc
	3.73cd
	4.12cd
	4.5bc
	3.18b



Value indicates mean of three replicates. Different letters in the same column indicate significant differences at P≤0.05 (DMRT)
(T1- Control; T2- 0.5 ppm BR at marble stage; T3- 1.0 ppm BR at marble stage; T4- 1.5 ppm BR at marble stage; T5- 0.5 ppm BR at marble stage + 15 days after marble stage; T6- 1.0 ppm BR at marble stage + 15 days after marble stage; T7- 1.5 ppm BR at marble stage + 15 days after marble stage; T8- 0.5 ppm BR at 15 days after marble stage; T9- 1.0 ppm BR at 15 days after marble stage; T10- 1.5 ppm BR at 15 days after marble stage)






Fig. 7: Effect of pre-harvest spray of brassinolide on Total Carotenoids (mg/ 100 g FW) during storage of mango cv. Langr






T1	1st	4th	7th	10th	13th	16th	131.66999999999999	119.92	101.81	76.61	66.03	50.33	T2	1st	4th	7th	10th	13th	16th	142.30000000000001	122.57	102.03	80.849999999999994	68.47	55.73	T3	1st	4th	7th	10th	13th	16th	155.34	124.83	104.69	85.29	70.55	55.88	T4	1st	4th	7th	10th	13th	16th	158.56	128	110	92.73	77.11	64.61	T5	1st	4th	7th	10th	13th	16th	169.36	133.16999999999999	112.11	96.47	81.290000000000006	68.47	T6	1st	4th	7th	10th	13th	16th	171.35	134.22999999999999	114.7	103.18	84.04	71.989999999999995	T7	1st	4th	7th	10th	13th	16th	163.86	128.06	110.37	95.55	78.180000000000007	64.81	T8	1st	4th	7th	10th	13th	16th	155.63	126.03	105.18	87.66	72.47	59.05	T9	1st	4th	7th	10th	13th	16th	156.66999999999999	127.91	109.14	91.11	74.72	64.11	T10	1st	4th	7th	10th	13th	16th	156.52000000000001	127.26	108.49	89.26	73.66	61.66	Storage days


Total Phenol content




T1	1st	4th	7th	10th	13th	16th	1.05	0.92	0.85	0.75	0.51	0.33	T2	1st	4th	7th	10th	13th	16th	0.82	0.8	0.83	0.66	0.41	0.27	T3	1st	4th	7th	10th	13th	16th	0.81	0.8	0.8	0.71	0.42	0.25	T4	1st	4th	7th	10th	13th	16th	0.76	0.75	0.69	0.54	0.34	0.24	T5	1st	4th	7th	10th	13th	16th	0.75	0.74	0.63	0.53	0.32	0.19	T6	1st	4th	7th	10th	13th	16th	0.73	0.71	0.61	0.51	0.32	0.15	T7	1st	4th	7th	10th	13th	16th	0.76	0.74	0.67	0.54	0.33	0.21	T8	1st	4th	7th	10th	13th	16th	0.81	0.8	0.79	0.65	0.38	0.25	T9	1st	4th	7th	10th	13th	16th	0.8	0.78	0.77	0.62	0.37	0.24	T10	1st	4th	7th	10th	13th	16th	0.8	0.79	0.77	0.63	0.37	0.24	Storage period (days) 


Titratable acidity (%) 




T1	1st	4th	7th	10th	13th	16th	64.760000000000005	54.39	42.07	40.01	38.14	T2	1st	4th	7th	10th	13th	16th	65	61.56	58	56.1	46.26	T3	1st	4th	7th	10th	13th	16th	71.36	63.73	61.16	56.4	47.62	T4	1st	4th	7th	10th	13th	16th	73.78	69.78	63.76	62.66	56.93	T5	1st	4th	7th	10th	13th	16th	74.83	71.459999999999994	64.2	63.04	59.3	T6	1st	4th	7th	10th	13th	16th	75.599999999999994	72.66	65.48	64.209999999999994	61.96	T7	1st	4th	7th	10th	13th	16th	71.34	70.5	63.93	62.69	58.68	T8	1st	4th	7th	10th	13th	16th	73.8	66.53	62.33	57.33	48.96	T9	1st	4th	7th	10th	13th	16th	71.23	69.400000000000006	63.16	61.73	54.35	T10	1st	4th	7th	10th	13th	16th	72.33	68.33	62.13	59.5	52.3	Storage days


Ascorbic acid




T1	1st	4th	7th	10th	13th	16th	4.32	3.43	3.36	3.13	2.33	1.24	T2	1st	4th	7th	10th	13th	16th	4.3899999999999997	3.54	3.73	3.26	2.69	1.37	T3	1st	4th	7th	10th	13th	16th	4.76	3.54	3.76	3.28	2.7	1.58	T4	1st	4th	7th	10th	13th	16th	5.15	4.25	4.0999999999999996	3.88	3.4	2.81	T5	1st	4th	7th	10th	13th	16th	5.2	4.53	4.17	4.0999999999999996	4.04	3.24	T6	1st	4th	7th	10th	13th	16th	5.67	4.68	4.2699999999999996	4.16	4.1399999999999997	3.48	T7	1st	4th	7th	10th	13th	16th	5.18	4.5	4.16	3.52	3.65	3.11	T8	1st	4th	7th	10th	13th	16th	4.8600000000000003	3.63	3.65	3.56	3.06	2.34	T9	1st	4th	7th	10th	13th	16th	5	3.93	3.91	3.75	3.33	2.69	T10	1st	4th	7th	10th	13th	16th	4.97	3.64	3.64	3.39	3.2	2.44	Storage period


Antioxidant capacity




T1	1st	4th	7th	10th	13th	16th	1.94	2.76	3.44	3.55	4.1399999999999997	2.2599999999999998	T2	1st	4th	7th	10th	13th	16th	2.02	2.92	3.51	3.66	4.41	2.3199999999999998	T3	1st	4th	7th	10th	13th	16th	2.06	2.96	3.64	3.68	4.42	2.39	T4	1st	4th	7th	10th	13th	16th	2.2000000000000002	3.56	4.16	4.26	5.31	3.37	T5	1st	4th	7th	10th	13th	16th	2.37	3.72	4.2699999999999996	4.57	5.45	3.4	T6	1st	4th	7th	10th	13th	16th	2.86	3.78	4.3	4.78	5.57	3.89	T7	1st	4th	7th	10th	13th	16th	2.36	3.67	4.18	4.5199999999999996	5.26	3.39	T8	1st	4th	7th	10th	13th	16th	2.15	3.12	3.65	3.79	4.4800000000000004	2.57	T9	1st	4th	7th	10th	13th	16th	2.21	3.5	3.87	4.22	4.83	3.3	T10	1st	4th	7th	10th	13th	16th	2.1800000000000002	3.31	3.73	4.12	4.5	3.18	Storage period 


Total Carotenoids




T1	1st	4th	7th	10th	13th	16th	0	9.73	16.04	18.579999999999998	23.54	27.92	T2	1st	4th	7th	10th	13th	16th	0	8.61	12.78	15.93	19.45	21.74	T3	1st	4th	7th	10th	13th	16th	0	8.2100000000000009	10.66	13.62	18.55	21.65	T4	1st	4th	7th	10th	13th	16th	0	7.37	9.77	12.66	17.440000000000001	20.58	T5	1st	4th	7th	10th	13th	16th	0	5.54	8.4499999999999993	11.14	17.18	20.260000000000002	T6	1st	4th	7th	10th	13th	16th	0	4.95	7.36	10.33	17.05	19.21	T7	1st	4th	7th	10th	13th	16th	0	5.59	8.99	11.15	17.25	20.38	T8	1st	4th	7th	10th	13th	16th	0	5.73	10.6	12.86	18.36	21.33	T9	1st	4th	7th	10th	13th	16th	0	6.29	11.99	13.91	17.559999999999999	20.79	T10	1st	4th	7th	10th	13th	16th	0	9.6199999999999992	10.06	12.44	17.670000000000002	21.03	Storage Days


PLW (%)




T1	1st	4th	7th	10th	13th	16th	8.16	13.33	17.62	21.9	18.27	17.78	T2	1st	4th	7th	10th	13th	16th	8.86	13.16	16.77	19.8	20.65	18.350000000000001	T3	1st	4th	7th	10th	13th	16th	8.4	12	15.96	18.12	20.440000000000001	19	T4	1st	4th	7th	10th	13th	16th	9.83	12.83	16.27	19.12	21.43	18.5	T5	1st	4th	7th	10th	13th	16th	10.23	11.33	15.83	19.78	22.08	19.7	T6	1st	4th	7th	10th	13th	16th	10.83	11	15.44	18.100000000000001	22.63	21.36	T7	1st	4th	7th	10th	13th	16th	10	13.16	15.93	19.489999999999998	21.64	19.100000000000001	T8	1st	4th	7th	10th	13th	16th	9	11.93	16.32	18.25	20.67	18.32	T9	1st	4th	7th	10th	13th	16th	9.73	12.75	16.22	18.87	21.27	19.22	T10	1st	4th	7th	10th	13th	16th	9.23	12.66	15.55	18.57	21.08	18.38	Storage days


TSS (°B) 




