


Influence of Microbial Consortia on Fruit Quality Attributes and Shelf-Life Extension in Mango (Mangifera indica L.) cv. Kesar


Abstract	Comment by Hairul Palal: Keywords are missing from the manuscript. Please include 3–6 appropriate keywords after the abstract, following the journal guidelines. 
The present investigation was carried out during 2022-23 and 2023–24 to evaluate the influence of microbial consortia on fruit quality attributes and shelf-life behaviour of mango (Mangifera indica L.) cv. Kesar. Ten treatments comprising individual and combined applications of Azotobacter, phosphate-solubilizing bacteria (PSB), potassium-solubilizing bacteria (KSB), sulphur-solubilizing bacteria (SSB) and zinc-solubilizing bacteria (ZnSB), along with the recommended package of practices (RPP), were assessed under a Randomized Block Design. Significant improvements in biochemical quality parameters were observed under microbial consortia. The treatment T10 (T2 + Azotobacter + PSB + ZnSB) recorded the highest TSS (7.81 °B), total sugars (14.15%), reducing sugars (5.15%) and ascorbic acid (36.90 mg/100 g), whereas the lowest values were consistently registered under the untreated control (T1). Titratable acidity followed an inverse trend, with T10 showing the minimum pooled acidity (3.19%), reflecting enhanced sweetness and better flavour development.	Comment by Hairul Palal: The abstract should be written as a single paragraph and must clearly include the following elements: background, problem statement, objective(s), scope of the study, key findings, and implications. Please revise the abstract accordingly to ensure it meets the journal’s requirements and accurately reflects the content of the manuscript. 
Shelf-life parameters also improved markedly under microbial treatments. T10 exhibited the lowest physiological loss in weight (4.53%, 11.14%, 18.10% and 38.26% at 4, 8, 12 and 16 days, respectively) and minimum spoilage (21.67%), while T1 recorded maximum deterioration. During storage, T10 maintained higher TSS, greater retention of ascorbic acid and a more gradual decline in acidity compared to the control, indicating delayed senescence and improved postharvest stability.
Overall, the results demonstrate that microbial consortia, particularly the combination in T10, significantly enhance fruit quality and extend the shelf-life of mango cv. Kesar. The findings highlight the potential of integrated microbial inoculation as an effective and sustainable approach for improving postharvest quality and marketability in mango.
Introduction
Mango (Mangifera indica L.) is one of India’s most important commercial fruit crops, valued for its characteristic flavour, attractive colour, rich nutritional profile and wide consumer acceptance. Among the numerous cultivated varieties, Kesar is highly regarded for its distinct aroma, deep saffron pulp and excellent processing quality, making it an important cultivar for both domestic consumption and export markets. Despite its premium demand, the postharvest quality and shelf-life of mangoes remain major constraints to efficient marketing, as the fruits are highly perishable and undergo rapid physiological and biochemical changes after harvest. Factors such as high respiration rate, moisture loss, rapid softening, decline in acidity and degradation of ascorbic acid significantly limit the storage potential of mango, often leading to considerable economic losses.	Comment by Hairul Palal: This statement requires appropriate citation(s) to support its validity. 	Comment by Hairul Palal: This statement requires appropriate citation(s) to support its validity. 
In recent years, the application of beneficial microorganisms has emerged as a promising approach for improving fruit quality and extending shelf-life in horticultural crops. Microbial inoculants such as Azotobacter, phosphate-solubilizing bacteria (PSB), potassium-solubilizing bacteria (KSB), sulphur-solubilizing bacteria (SSB) and zinc-solubilizing bacteria (ZnSB) contribute to improved plant nutrition, enhanced metabolic activity and better overall physiological performance. These microbes influence carbohydrate accumulation, organic acid regulation and antioxidant metabolism, thereby improving internal fruit quality at harvest. Additionally, microbially treated plants often produce fruits with greater firmness, reduced susceptibility to spoilage, and slower deterioration during storage due to strengthened cell wall structure and better nutrient assimilation.	Comment by Hairul Palal: This statement requires appropriate citation(s) to support its validity. 
While several studies have reported the benefits of microbial inoculants on vegetative growth, yield and flowering in mango, information on their role in modulating biochemical fruit quality and postharvest behaviour, particularly in cv. Kesar is limited. Understanding how microbial consortia affect traits such as total soluble solids, sugars, acidity, vitamin C and weight loss during storage is essential for developing sustainable strategies that enhance both nutritional value and marketability.	Comment by Hairul Palal: This statement requires appropriate citation(s) to support its validity. 
Therefore, the present investigation was undertaken to evaluate the influence of different microbial consortia on fruit quality characteristics at harvest and on the shelf-life performance of mango cv. Kesar during storage. The study focuses on key biochemical parameters and storage-related changes to identify the most effective microbial combination for improving postharvest quality and extending the marketable life of the fruits.
Materials and methods
The present investigation was conducted during 2022-23 and 2023-24 at the Fruit Research Station, Himayat Bagh, Aurangabad, located at 19.90° N latitude and 75.35° E longitude, at an elevation of 582 m above mean sea level. The experimental orchard consisted of uniformly grown mango cv. Kesar trees maintained under a semi-arid tropical climate with medium black soils. The study aimed to determine the effect of microbial consortia on fruit biochemical quality and postharvest shelf-life.
The experiment was laid out in a Randomized Block Design with ten treatments replicated thrice. Each treatment consisted of two trees per replication, and all cultural operations were carried out as per recommended practices. The microbial inoculants used included Azotobacter (nitrogen fixer), Bacillus megaterium (phosphate-solubilizing bacteria, PSB), Fraturia aurentia (potassium-solubilizing bacteria, KSB), Thiobacillus thioxidans (sulphur-solubilizing bacteria, SSB) and Pseudomonas striata (zinc-solubilizing bacteria, ZnSB). The treatments were: T1 - Absolute control, T2 -Recommended Package of Practices (RPP), T3- T2 + Azotobacter, T4- T2 + Azotobacter + PSB, T5 - T2 + Azotobacter + KSB, T6 - T2 + Azotobacter + SSB, T7 - T2 + Azotobacter + ZnSB, T8 – T2 + Azotobacter + PSB + KSB, T9 - T2 + Azotobacter + PSB + SSB, T10 – T2 + Azotobacter + PSB + ZnSB. All microbial formulations were applied through soil drenching at 100 ml per tree around the active root zone during the pre-flowering period.	Comment by Hairul Palal: Justify margin for this paragraph 	Comment by Hairul Palal: A citation should be included to demonstrate that the methodology used is valid and has been applied or accepted in previous studies.  
Fully matured, uniform, disease-free fruits were harvested from each treatment for biochemical analysis and shelf-life studies. Fresh fruit samples were assessed for total soluble solids (TSS), titratable acidity, total sugars, reducing sugars and ascorbic acid content using standard analytical procedures. For shelf-life evaluation, fruits were stored under ambient conditions (28-32 °C; 65-75% RH) and observations were recorded at 0, 4, 8, 12 and 16 days of storage. Physiological loss in weight (PLW), spoilage percentage and changes in TSS, acidity and ascorbic acid during storage were determined at each interval. PLW was calculated based on the percentage reduction in fruit weight relative to initial weight, while spoilage was assessed visually based on incidence of decay.	Comment by Hairul Palal: A citation should be included to demonstrate that the methodology used is valid and has been applied or accepted in previous studies. 	Comment by Hairul Palal: A citation should be included to demonstrate that the methodology used is valid and has been applied or accepted in previous studies. 
All recorded data were subjected to statistical analysis using ANOVA appropriate for the Randomized Block Design. Treatment means were compared using the Critical Difference (CD) at the 5% level of significance. Pooled analysis across both years was carried out to obtain consistent treatment effects for quality and shelf-life parameters.	Comment by Hairul Palal: A citation should be included to demonstrate that the methodology used is valid and has been applied or accepted in previous studies. 
Result and discussion 	Comment by Hairul Palal: The Results and Discussion section is well-written but needs to be revised to comply with the correct formatting requirements 
i. Fruit Quality Parameters 
1. Total Soluble Solids
Throughout the first season of assessment, the highest TSS was recorded under T10 (7.74 °B), followed by T9 (7.7 °B) and T8 (7.34 °B), while the lowest was observed in T1 (6.22 °B). In the second year, T10 again showed the maximum (7.87 °B), with T9 (7.83 °B) and T8 (7.47 °B) next, and T1 remaining the least (6.35 °B). The pooled data confirmed T10 as superior (7.81 °B), followed by T9 (7.77 °B) and T8 (7.41 °B). The minimum pooled TSS (6.29 °B) was consistently recorded under T1 (Absolute control).
The higher TSS under T10 (T2 + AZBT + PSB + ZnSB) can be attributed to improved source–sink dynamics and enhanced enzymatic activity in the fruit (Tripathi et al., 2025). The combined microbial consortia stimulate better root development and nutrient translocation, supporting efficient mobilization of photosynthates toward the fruit (Pérez-Moncada et al., 2024; Ashwini et al., 2023; Kumar et al., 2025). As a result, sugar accumulation in the pulp increases, leading to higher TSS values compared to the control (T1), which lacks microbial support. This indicates that integrated biofertilizer applications enhance fruit ripening and sweetness by optimizing carbohydrate partitioning.
Table 1.: Effect of different microbial consortia on TSS (°Brix) 
	TSS (°Brix)

	Treatments
	First year
	Second year
	Pooled data

	T1 (Absolute control)
	6.22
	6.35
	6.29

	T2 (RPP)
	6.37
	6.50
	6.44

	T3 (T2 +AZBT)
	6.51
	6.64
	6.58

	T4 (T2 +AZBT+PSB)
	6.75
	6.88
	6.82

	T5 (T2 +AZBT+KSB)
	6.89
	7.02
	6.96

	T6 (T2 +AZBT+SSB)
	7.06
	7.19
	7.13

	T7 (T2 +AZBT+ZnSB)
	7.18
	7.31
	7.25

	T8 (T2 +AZBT+PSB+KSB)
	7.34
	7.47
	7.41

	T9 (T2 +AZBT+PSB+SSB)
	7.70
	7.83
	7.77

	T10 (T2 +AZBT+PSB+ZnSB)
	7.74
	7.87
	7.81

	C.D. at 5%
	0.035
	0.02
	0.02

	SE(m)±
	0.012
	0.01
	0.01



2. Total Sugars (%)
The highest total sugar content was recorded in T10 (14.13), followed by T9 (13.61) and T8 (13.45), whereas T1 (Absolute control) showed the lowest (12.16). In the second year, T10 again led with 14.16, followed by T9 (13.67) and T8 (13.48), while the minimum (12.18) occurred under T1. The pooled data confirmed T10 as superior (14.15), with T9 (13.64) and T8 (13.46) next in order, and the least total sugar (12.17) consistently under T1.
The superior total sugar content in T10 (T2 + AZBT + PSB + ZnSB) can be attributed to the combined action of multiple biofertilizers enhancing nutrient availability, microbial activity, and metabolic efficiency in the fruit. Azotobacter (AZBT) improves nitrogen fixation, PSB increases phosphorus availability, and ZnSB supplies essential micronutrients, collectively promoting enhanced photosynthesis and carbohydrate synthesis (Tripathi et al., 2025; Aasfar et al., 2021). This leads to greater accumulation of sugars in the fruit compared to the control (T1), which lacks microbial inputs. The consistently higher sugar content in T10 across both years demonstrates that integrated biofertilizer treatments accelerate sugar metabolism and translocation, improving fruit sweetness and overall quality.

Table 2.: Effect of different microbial consortia on Total sugar (%)
	Total Sugar (%)

	Treatments
	First year
	Second year
	Pooled data

	T1 (Absolute control)
	12.16
	12.18
	12.17

	T2 (RPP)
	12.34
	12.39
	12.37

	T3 (T2 +AZBT)
	12.67
	12.70
	12.69

	T4 (T2 +AZBT+PSB)
	12.80
	12.84
	12.82

	T5 (T2 +AZBT+KSB)
	12.77
	12.81
	12.79

	T6 (T2 +AZBT+SSB)
	12.83
	12.87
	12.85

	T7 (T2 +AZBT+ZnSB)
	13.11
	13.16
	13.14

	T8 (T2 +AZBT+PSB+KSB)
	13.45
	13.48
	13.46

	T9 (T2 +AZBT+PSB+SSB)
	13.61
	13.67
	13.64

	T10 (T2 +AZBT+PSB+ZnSB)
	14.13
	14.16
	14.15

	C.D. at 5%
	0.02
	0.06
	0.05

	SE(m)±
	0.01
	0.02
	0.02



3. Reducing Sugar
Reducing sugar was highest under T10 (T2 + AZBT + PSB + ZnSB) across both years (4.87% and 5.42%), followed by T9 and T8, while the lowest was consistently recorded in T1 (3.54% and 4.20%). Pooled data also showed T10 with the maximum (5.15%) and T1 the least (3.87%). The higher reducing sugar content under T10 (T2 + AZBT + PSB + ZnSB) can be attributed to the combined effect of multiple biofertilizers enhancing nutrient availability, microbial activity, and carbohydrate metabolism in the fruit. Azotobacter (AZBT) improves nitrogen fixation, PSB enhances phosphorus mobilization, and ZnSB supplies zinc, collectively stimulating enzymatic processes that convert starch and other carbohydrates into reducing sugars like glucose and fructose (Aasfar et al., 2021; Nath, 2021). In contrast, T1 (Absolute control) lacks these microbial benefits, resulting in slower sugar synthesis. The consistently higher reducing sugar in T10 demonstrates that integrated biofertilizer applications accelerate sugar accumulation, thereby improving fruit sweetness and overall quality.

Table 3.: Effect of different microbial consortia on Reducing Sugar (%)
	Reducing Sugar (%)

	Treatments
	First year
	Second year
	Pooled data

	T1 (Absolute control)
	3.54
	4.20
	3.87

	T2 (RPP)
	3.47
	3.93
	3.70

	T3 (T2 +AZBT)
	3.85
	4.37
	4.11

	T4 (T2 +AZBT+PSB)
	3.92
	4.58
	4.25

	T5 (T2 +AZBT+KSB)
	3.87
	4.45
	4.16

	T6 (T2 +AZBT+SSB)
	3.91
	4.52
	4.22

	T7 (T2 +AZBT+ZnSB)
	4.13
	4.71
	4.42

	T8 (T2 +AZBT+PSB+KSB)
	4.34
	5.03
	4.69

	T9 (T2 +AZBT+PSB+SSB)
	4.40
	4.97
	4.69

	T10 (T2 +AZBT+PSB+ZnSB)
	4.87
	5.42
	5.15

	C.D. at 5%
	0.06
	0.36
	0.18

	SE(m)±
	0.02
	0.12
	0.06




4. Titratable Acidity (%)
Titratable acidity was recorded highest under T3 (T2 + AZBT) during both years with values of 3.31% and 3.32%, respectively, followed closely by T1 (Absolute control) and T2 (RPP). The lowest acidity was consistently observed under T10 (T2 + AZBT + PSB + ZnSB), recording 3.1% in the first year and 2.83% in the second year. The pooled data reaffirmed this pattern, with T3 showing the highest (3.32%) and T10 the lowest (2.88%) acidity. 
The highest titratable acidity under T3 (T2 + AZBT) can be attributed to the presence of azotobacter alone, which enhances nitrogen availability and metabolic activity but does not significantly accelerate acid utilization or degradation (Nida et al., 2024; Aasfar et al., 2021). In contrast, T10 (T2 + AZBT + PSB + ZnSB) combines multiple microbial consortia that not only improve nutrient uptake but also stimulate microbial enzymatic activity, leading to faster metabolism of organic acids and a consequent reduction in titratable acidity (Sharma et al., 2015; Santoyo et al., 2021). The consistently lower acidity in T10 indicates that integrated biofertilizer treatments promote acid breakdown while enhancing sugar accumulation, improving the overall flavour balance of the fruit compared to single or partial biofertilizer applications.

Table 4.: Effect of different microbial consortia on Titratable acidity (%) 
	Titratable Acidity (%) 

	Treatments
	First year
	Second year
	Pooled data

	T1 (Absolute control)
	3.29
	3.28
	3.29

	T2 (RPP)
	3.25
	3.31
	3.28

	T3 (T2 +AZBT)
	3.31
	3.32
	3.32

	T4 (T2 +AZBT+PSB)
	3.23
	3.26
	3.25

	T5 (T2 +AZBT+KSB)
	3.24
	3.30
	3.27

	T6 (T2 +AZBT+SSB)
	3.23
	3.24
	3.24

	T7 (T2 +AZBT+ZnSB)
	3.15
	3.27
	3.21

	T8 (T2 +AZBT+PSB+KSB)
	3.14
	3.25
	3.20

	T9 (T2 +AZBT+PSB+SSB)
	3.10
	3.26
	3.18

	T10 (T2 +AZBT+PSB+ZnSB)
	3.10
	3.28
	3.19

	C.D. at 5%
	0.11
	0.05
	0.06

	SE(m)±
	0.04
	0.02
	0.02



5. Ascorbic Acid (mg/100g)
Among the treatments evaluated, the highest ascorbic acid content during the first year was recorded under T10 (T2 + AZBT + PSB + ZnSB) with 36.89 mg/100g, followed by T9 (36.50 mg/100g) and T8 (35.58 mg/100g), while the lowest (32.45 mg/100g) was noted under T1 (Absolute control). In the second year, T10 again produced the maximum ascorbic acid (37.01 mg/100g), followed by T9 (36.57 mg/100g) and T8 (35.79 mg/100g), with the least (32.47 mg/100g) recorded under T1. The pooled data over both years confirmed this trend, showing the highest ascorbic acid content under T10 (36.90 mg/100g), followed by T9 (36.48 mg/100g) and T8 (35.75 mg/100g), whereas the minimum (32.43 mg/100g) was observed under T1 (Absolute control).
The superior ascorbic acid content observed under T10 (T2 + AZBT + PSB + ZnSB) is attributed to improved plant stress tolerance and enhanced photosynthate allocation to the fruit. The combined microbial consortia promote better root growth and stimulate plant hormone activity, which supports the synthesis of secondary metabolites, including ascorbic acid (Lin et al., 2022; Anandakumar et al., 2024). Compared to the control (T1), which lacks microbial supplementation, T10 facilitates greater accumulation of vitamin C, enhancing the fruit’s antioxidant capacity and overall nutritional quality.

Table 5.: Effect of different microbial consortia on Ascorbic acid (mg/100g) 
	Ascorbic Acid (mg/100g) 

	Treatments
	First year
	Second year
	Pooled data

	T1 (Absolute control)
	32.45
	32.47
	32.43

	T2 (RPP)
	32.91
	32.91
	32.88

	T3 (T2 +AZBT)
	32.66
	32.77
	32.81

	T4 (T2 +AZBT+PSB)
	33.81
	33.70
	33.81

	T5 (T2 +AZBT+KSB)
	35.11
	35.22
	35.13

	T6 (T2 +AZBT+SSB)
	35.34
	35.31
	35.23

	T7 (T2 +AZBT+ZnSB)
	35.65
	35.73
	35.66

	T8 (T2 +AZBT+PSB+KSB)
	35.58
	35.79
	35.75

	T9 (T2 +AZBT+PSB+SSB)
	36.50
	36.57
	36.48

	T10 (T2 +AZBT+PSB+ZnSB)
	36.89
	37.01
	36.90

	C.D. at 5%
	0.71
	0.91
	0.46

	SE(m)±
	0.24
	0.30
	0.15




ii. Shelf-life Parameters
1. Physiological weight loss %
Weight loss was observed to rise steadily with the length of storage in all the treatments. The aggregate data indicated T10 had the lowest PLW at all intervals with 4 days (4.53%), 8 days (11.14%), 12 days (18.10%) and 16 days (38.26%) giving the lowest values. Conversely, the highest value of PLW was found in the untreated control T1, to be 5.90, 12.71, 19.40 and 40.34 percent at the respective intervals. Treatments T9, T8 also did much better than their control but were still worse than T10.

The decreased PLW of T10 can be explained by the increased membrane stability, slow respiration rate and increased moisture retention due to the improved endogenous nutrient balance through improved microbial consortia. Dutta et al. (2016) reported similar decreases of PLW when biofertilizers were used. Such results show that combined microbial inoculation retards senescence and decreases weight loss during storage.
TABLE 6. Effect of microbial consortia on the physiological loss in weight (PLW %) of mango cv. Kesar during storage (Pooled data)
	
	Physiological weight loss (%) at different day intervals

	Treatments
	04 Days
	08 Days
	12 Days
	16 Days

	T1 (Absolute control)
	5.90
	12.71
	19.40
	40.34

	T2 (RPP)
	5.83
	12.53
	19.23
	40.16

	T3 (T2 +AZBT)
	5.74
	12.31
	19.00
	39.90

	T4 (T2 +AZBT+PSB)
	5.61
	12.14
	18.79
	39.73

	T5 (T2 +AZBT+KSB)
	5.26
	11.87
	18.57
	39.53

	T6 (T2 +AZBT+SSB)
	5.19
	11.64
	18.37
	39.29

	T7 (T2 +AZBT+ZnSB)
	5.10
	11.48
	18.22
	39.06

	T8 (T2 +AZBT+PSB+KSB)
	4.92
	11.24
	18.20
	38.96

	T9 (T2 +AZBT+PSB+SSB)
	4.72
	11.16
	18.22
	38.85

	T10 (T2 +AZBT+PSB+ZnSB)
	4.53
	11.14
	18.10
	38.26

	C.D. at 5%
	0.15
	0.05
	0.06
	0.05

	SE(m)±
	0.05
	0.02
	0.02
	0.02



2. Spoilage %
There was a great difference in spoliation percentage among treatments. The maximum pooled spoilage was noted as T1 (71.67%), T2 (68.33%) and T3 (58.33%). The least spoilage was constantly registered in T10 (21.67%), T9 (25.00%) and T8 (31.67).

The heavy decrease of spoilage under T10 could be caused by the increase in the fruit firmness, decreased vulnerability to microbial spoilage, and the developed antioxidant capability, which was assisted by microbial consortia. Enhanced microbial spoilage reduction was also reported in the case of mango and other fruits due to the similar benefits of biofertilizers (Dutta et al., 2016). These findings indicate that inoculation with microbes helps to increase the postharvest life by lowering the occurrence of decay.

TABLE 7. Effect of microbial consortia on spoilage (%) of mango cv. Kesar during storage (Pooled data)
	Spoilage % at 12th day 

	Treatments
	First year
	Second year
	Pooled data

	T1 (Absolute control)
	73.33
	70.00
	71.67

	T2 (RPP)
	70.00
	66.67
	68.33

	T3 (T2 +AZBT)
	56.67
	60.00
	58.33

	T4 (T2 +AZBT+PSB)
	53.33
	56.67
	55.00

	T5 (T2 +AZBT+KSB)
	50.00
	46.67
	48.33

	T6 (T2 +AZBT+SSB)
	46.67
	43.33
	45.00

	T7 (T2 +AZBT+ZnSB)
	36.67
	30.00
	33.33

	T8 (T2 +AZBT+PSB+KSB)
	36.67
	26.67
	31.67

	T9 (T2 +AZBT+PSB+SSB)
	26.67
	23.33
	25.00

	T10 (T2 +AZBT+PSB+ZnSB)
	23.33
	20.00
	21.67

	C.D. at 5%
	9.35
	9.93
	7.78

	SE(m)±
	3.12
	3.32
	2.60



3. TSS (°Brix)
The growth of TSS during storage was independent of treatments. T10 had the greatest TSS at intervals, starting with 7.81 °B on the initial days to 17.46 °B on the 16th days. Control (T1) had the lowest TSS at each point of storage, increasing in TSS of 6.29 °B to 15.08 °B. T9 and T8 also had a much higher TSS as compared to the control. TSS increment in the storage process is linked to the hydrolysis of starch and sugar accumulation. Microbial consortia can amplify this process, increasing the nutrient uptake and enzyme activity, hence, increasing the rate of carbohydrate metabolism (Tripathi et al., 2025; Perez-Moncada et al., 2024). Fruits of T10 had better ripening behaviour and sweetness during storage.

TABLE 8. Effect of microbial consortia on TSS (°Brix) during storage (Pooled data)

	
	TSS (°Brix)

	Treatments
	0 Days
	04 Days
	08 Days
	12 Days
	16 Days

	T1 (Absolute control)
	6.29
	9.58
	12.13
	15.73
	18.71

	T2 (RPP)
	6.44
	9.73
	12.24
	15.90
	18.78

	T3 (T2 +AZBT)
	6.58
	10.35
	13.17
	16.82
	20.07

	T4 (T2 +AZBT+PSB)
	6.82
	10.23
	12.79
	16.40
	19.19

	T5 (T2 +AZBT+KSB)
	6.96
	10.37
	12.92
	16.52
	19.37

	T6 (T2 +AZBT+SSB)
	7.13
	10.97
	13.77
	17.37
	20.58

	T7 (T2 +AZBT+ZnSB)
	7.25
	11.11
	13.96
	17.61
	20.86

	T8 (T2 +AZBT+PSB+KSB)
	7.41
	11.25
	14.10
	17.85
	21.11

	T9 (T2 +AZBT+PSB+SSB)
	7.77
	11.58
	14.45
	18.23
	21.13

	T10 (T2 +AZBT+PSB+ZnSB)
	7.81
	11.65
	14.54
	18.42
	21.49

	C.D. at 5%
	0.02
	0.059
	0.05
	0.07
	0.08

	SE(m)±
	0.01
	0.02
	0.02
	0.02
	0.03



4. Titratable Acidity (%) 
All treatments showed an increasing reduction in titratable acidity with time of storage. T10 (0.21%), T9 (0.23%), and T8 (0.24) had the lowest acidity at 16 days. The greatest acidity was preserved with the control T1 (0.31%). The increased rate of acid reduction in response to microbial treatments could be explained by an increase in the use of the organic acids as a form of respiration. The fruits treated with biofertilizers will also have a uniform ripening process because their physiological activities are better, and this is the reason for the trends in the decline of acidity being observed (Singh et al., 2014). 

TABLE 9. Effect of microbial consortia on Titratable acidity (%) of mango cv. Kesar during storage (Pooled data)
	
	Titratable Acidity (%) 

	Treatments
	0 Days
	04 Days
	08 Days
	12 Days
	16 Days

	T1 (Absolute control)
	3.29
	3.01
	2.21
	1.06
	0.41

	T2 (RPP)
	3.28
	2.96
	2.16
	1.01
	0.36

	T3 (T2 +AZBT)
	3.32
	2.95
	2.15
	1.00
	0.35

	T4 (T2 +AZBT+PSB)
	3.25
	2.92
	2.12
	0.97
	0.32

	T5 (T2 +AZBT+KSB)
	3.27
	2.89
	2.09
	0.94
	0.29

	T6 (T2 +AZBT+SSB)
	3.24
	2.86
	2.06
	0.91
	0.26

	T7 (T2 +AZBT+ZnSB)
	3.21
	2.84
	2.04
	0.89
	0.24

	T8 (T2 +AZBT+PSB+KSB)
	3.20
	2.84
	2.04
	0.89
	0.23

	T9 (T2 +AZBT+PSB+SSB)
	3.18
	2.83
	2.03
	0.88
	0.23

	T10 (T2 +AZBT+PSB+ZnSB)
	3.19
	2.83
	2.03
	0.88
	0.23

	C.D. at 5%
	0.06
	0.02
	0.02
	0.02
	0.02

	SE(m)±
	0.02
	0.01
	0.01
	0.01
	0.01



5. Ascorbic Acid (mg/100g) 
The level of ascorbic acid decreased throughout the storage time, but fruits at T10 always had the highest level of ascorbic acid, and they had the best antioxidant levels at all storage periods. At the last storage point, the T10 fruits had a high vitamin C retention compared to the control, which had the lowest vitamin C retention. This is explained by the fact that microbial consortia enhance the antioxidant activity, which enhances the uptake of vitamin C in T10, enhances its stress endurance, and maintains metabolic balance (Lin et al., 2022; Anandakumar et al., 2024). An increase in vitamin C retention helps in enhancing the quality of nutrition and storage.

TABLE 10. Effect of microbial consortia on ascorbic acid (mg/100 g) during storage (Pooled data)
	
	Ascorbic Acid (mg/100g) at different day intervals

	Treatments
	0 Days
	04 Days
	08 Days
	12 Days
	16 Days

	T1 (Absolute control)
	32.43
	38.22
	36.09
	32.40
	27.61

	T2 (RPP)
	32.88
	38.91
	36.69
	32.92
	28.37

	T3 (T2 +AZBT)
	32.81
	38.92
	36.66
	32.93
	28.46

	T4 (T2 +AZBT+PSB)
	33.81
	40.67
	38.06
	33.76
	29.35

	T5 (T2 +AZBT+KSB)
	35.13
	42.63
	39.36
	35.10
	30.89

	T6 (T2 +AZBT+SSB)
	35.23
	42.62
	39.35
	35.16
	31.17

	T7 (T2 +AZBT+ZnSB)
	35.66
	43.44
	40.18
	35.37
	31.53

	T8 (T2 +AZBT+PSB+KSB)
	35.75
	43.63
	40.32
	35.90
	32.33

	T9 (T2 +AZBT+PSB+SSB)
	36.48
	44.76
	40.98
	36.64
	32.72

	T10 (T2 +AZBT+PSB+ZnSB)
	36.90
	45.41
	41.58
	36.98
	33.24

	C.D. at 5%
	0.46
	0.26
	0.14
	1.14
	0.95

	SE(m)±
	0.15
	0.09
	0.05
	0.38
	0.32



6. Total Sugar (%) 

The total sugar content rose gradually at all treatment conditions, which is a reflection of normal physiology of fruit ripening. The degree of increase between treatments was however very variable. The combination of data clearly indicated that T10 (T2 + AZBT + PSB + ZnSB) was the only sample to record the higher total sugar at each of the storage intervals. T10 fruits had 14.15% total sugars at 0 days which progressively increased with storing as the starch was broken down into soluble sugars. Treatments T9 (13.64) and T8 (13.46) were in close second and third place respectively, and showed improved sugar accumulation as well. On the contrary, the control T1 (12.17%), reached the lowest total sugar content at 0 days, and had a relative slower rate of sugar accumulation in the course of further storage.

The increased level of sugar in T10 treated fruits could be linked to the increased nutrient absorption, especially nitrogen, phosphorus and zinc, which stimulate the photosynthetic ability and carbohydrate metabolism in the growth. Complex carbohydrates are broken down to simple sugars by microbial inoculants, increasing the ripening rate and enhancing sweetness (Tripathi et al., 2025; Aasfar et al., 2021). The overall level of sugar in T10 was always greater during the period of storage, which suggests that microbial consortia enhance biochemical quality and consumer acceptability by facilitating effective mobilization and translocation of photosynthates in the fruit.

TABLE 11. Effect of microbial consortia on Total Sugar (%) during storage (Pooled data)
	
	Total Sugar (%) at different day intervals

	Treatments
	0 Days
	04 Days
	08 Days
	12 Days
	16 Days

	T1 (Absolute control)
	12.17
	9.75
	14.42
	15.89
	13.68

	T2 (RPP)
	12.37
	10.06
	14.79
	16.29
	14.19

	T3 (T2 +AZBT)
	12.69
	10.03
	14.82
	16.30
	14.75

	T4 (T2 +AZBT+PSB)
	12.82
	10.70
	15.57
	17.03
	15.30

	T5 (T2 +AZBT+KSB)
	12.79
	11.37
	16.36
	17.80
	16.42

	T6 (T2 +AZBT+SSB)
	12.85
	11.38
	16.40
	17.79
	16.43

	T7 (T2 +AZBT+ZnSB)
	13.14
	11.73
	16.76
	18.09
	16.94

	T8 (T2 +AZBT+PSB+KSB)
	13.46
	11.82
	16.87
	18.20
	17.08

	T9 (T2 +AZBT+PSB+SSB)
	13.64
	12.22
	17.62
	18.70
	17.77

	T10 (T2 +AZBT+PSB+ZnSB)
	14.15
	12.46
	17.55
	18.70
	18.19

	C.D. at 5%
	0.05
	0.05
	0.08
	0.07
	0.06

	SE(m)±
	0.02
	0.02
	0.03
	0.02
	0.02



7. Reducing Sugar (%)
The same reduction in sugars also depicted a progressive increment throughout the entire storage process in all the treatments that followed starch hydrolysis and ripening development. The mixed information revealed that the T10 fruits had the best reducing sugar levels during the storage period. T10 and T9 had 9.00% and 8.95% reducing sugars respectively at the first stage whereas T8 had 8.78%. It was observed that these values rose with storage as complex carbohydrates were broken down under the influence of enzymes to glucose and fructose. Conversely, the lowest reducing sugar level was constantly observed in T1 which recorded 8.44% at the initial point indicating minimal ripening and inadequate carbohydrate metabolism since no microbes were stimulated.
The increase in reducing sugar in T10 could be due to the increase in the activity of hydrolytic enzymes like amylases and invertases that are positively affected by microbial consortia. These commensals help to increase mineral supply and hormonal levels and result in increased efficiency regarding the conversion of starch to sugars during postharvest ripening (Perez-Moncada et al., 2024; Vishwakarma et al., 2020). Higher reducing sugar level causes a sweeter flavour, better flavour profile, and more preferable organoleptic quality of the fruits stored in microbial treatment, especially at T10.

TABLE 12. Effect of microbial consortia on Reducing Sugar (%) during storage (Pooled data)
	
	Reducing Sugar (%) at different day intervals

	Treatments
	0 Days
	04 Days
	08 Days
	12 Days
	16 Days

	T1 (Absolute control)
	3.87
	5.03
	6.07
	4.78
	2.85

	T2 (RPP)
	3.70
	5.27
	6.24
	4.70
	2.89

	T3 (T2 +AZBT)
	4.11
	5.20
	6.22
	4.60
	2.89

	T4 (T2 +AZBT+PSB)
	4.25
	5.70
	6.62
	4.58
	3.00

	T5 (T2 +AZBT+KSB)
	4.16
	6.02
	6.93
	4.47
	3.11

	T6 (T2 +AZBT+SSB)
	4.22
	6.11
	7.01
	4.47
	3.11

	T7 (T2 +AZBT+ZnSB)
	4.42
	6.31
	7.16
	4.20
	3.16

	T8 (T2 +AZBT+PSB+KSB)
	4.69
	6.28
	7.14
	3.99
	3.17

	T9 (T2 +AZBT+PSB+SSB)
	4.69
	6.55
	7.37
	3.97
	3.24

	T10 (T2 +AZBT+PSB+ZnSB)
	5.15
	6.76
	7.56
	3.87
	3.28

	C.D. at 5%
	0.18
	0.08
	0.05
	0.06
	0.03

	SE(m)±
	0.06
	0.03
	0.02
	0.02
	0.01



Conclusion
The present investigation demonstrated that the application of microbial consortia exerted a significant positive influence on both fruit quality attributes and postharvest shelf-life of mango cv. Kesar. Among the treatments, the consortium T10 (T2 + Azotobacter + PSB + ZnSB) consistently outperformed all others by enhancing total soluble solids, sugars, ascorbic acid content and improving the overall biochemical composition of fresh fruits. During storage, T10-treated fruits exhibited markedly lower physiological loss in weight and spoilage, along with higher retention of TSS, acidity balance and vitamin C compared to the untreated control. The superior performance of T10 throughout the storage period indicates delayed senescence and improved maintenance of fruit quality, ultimately contributing to extended shelf-life and better marketability. Overall, the results suggest that microbial consortia, particularly the combination used in T10, can serve as an effective and eco-friendly strategy to improve fruit quality and prolong the storage life of mango cv. Kesar, offering promising scope for sustainable postharvest management in commercial mango production.
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