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Abstract

Mango (Mangifera indica L.) is one of the major tropical fruit crops with immense socioeconomic
importance, faces significant post-harvest losses that undermine its commercial value chain.
Spermidine (Spd), a naturally occurring triamine polyamine, known to regulate cell division, retard
senescence, and modulate ethylene biosynthesis, was evaluated for its effect on physicochemical
properties and postharvest longevity of mango var. Amrapali. The experiment was conducted with five
treatments (1.0 mM, 1.5 mM, 2.0 mM, and 2.5 mM), with fruits assessed over 15 days of ambient
storage. Spd application significantly improved all measured parameters over the untreated control. The
fruits treated with 2.5 mM concentration consistently outperformed others, and was found statistically at
par with fruits treated with 2.0 mM Spd for majority of the traits. The fruits treated with 2.5 mM Spd
recorded higher preserved TSS (21°Brix), better titratable acidity retention (0.16%), elevated ascorbic
acid (24.32 mg/100 g pulp), total phenolics (55.66 mg GAE/100 g), carotenoid content (11.76 mg/100 g),
and antioxidant activity (0.71 pumol Trolox/g) at the end of storage period. The fruit firmness was better
retained (7.66 N), weight loss minimized (24.16%compared to the 48.90% in control), and a substantial
reduction in spoilage percentage was observed in the treated fruits. An extended marketable shelf life by
six additional days over the control was observed, with all differences being statistically significant. The
post-harvest application of the chemical spermidine is thereby, recommended as a novel approach for
enhancing mango postharvest quality and minimizing quality deterioration in commercial production
systems.

1. INTRODUCTION

Mango (Mangifera indica L.), acclaimed as "King of fruits", cultivated across more than 100 countries
(Rajan et al. 2021) and accounted for over 50% of total tropical fruit production worldwide (Hussain
etal.2025). Its origin can be traced back to the Indo-Burma region boasting a rich varietal wealth of over
1,000 varieties (Bini et al. 2024) differing in size, shape, color, and flavour. It is an excellent source of
nutrition, containing various vitamins and minerals including vitamins A and C, carotenoids, and phenolic
components with significant antioxidant potential (Celis et al. 2019). In India, it holds a deeply rooted
place in India’s cultural and religious life, woven into rituals, traditions, and the everyday identity of
millions across the country (Thakur et al. 2017), thereby leading global mango production, contributing
nearly 45% of the world's supply (Salco, 2023) with an annual production of approximately 228.37 lakh
tonnes (Ministry of Agriculture and Farmers Welfare, 2024-25). The Bihar region ranks fourth in national
mango production (National Horticulture Board, 2023-24) with production of 1,619.4 thousand metric
tonnes (Department of Agriculture & Farmers, 2024-25) with Bhagalpur district being a prominent
mango-growing hub. Among the popular cultivars, Amrapali is widely grown across South and Central
Bihar, distinguished by its fiberless, juicy, sweet pulp, vivid orange-yellow skin, and late-maturing nature
that extends the export season. However, the fruit is not known to be storage resistant because of its
vigorous metabolism (Yuanet al. 1979).
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Over the last thirty years, the land devoted to mango farming and the production volume have grown
tremendously, yet when placed side by side with leading mango-producing nations around the world,
India’s yield per hectare still falls noticeably short of its potential (Singh et al. 2009). Despite its high
commercial value, mangoes come under the category of highly perishable fruits, having a brief ripening
period and low temperature sensitivity, thereby resulting in postharvest losses estimated between 25
and 40 percent from harvest to consumption. Furthermore, accelerated respiration, enhanced ethylene
production, and rapid biochemical changes during ripening severely limit its shelf life (Salinas et al.
2024). These vulnerabilities take a serious toll, both on farmers and exporters alike, estimating the post-
harvest losses to be around 25% to 40% of the global harvest every single year (Yeshiwas et al. 2026).

The Amrapali variety is known for its exceptionally rich flavor, vibrant colour, and impressive nutritional
composition. However, it is particularly susceptible to postharvest deterioration owing to its thin skin,
high sugar content, and faster ripening rate, which limits its export potential despite its superior flavor
and nutritional profile (Kramchote, 2025). Since, the variety moves through its ripening stages rapidly as
compared to other export varieties, it leaves a very narrow window for growers, packers and traders to
handle the fruit safely before its quality begins to decline. Extending the shelf life of export mangoes is
therefore critical to enable long-distance transportation, stabilize market prices, and enhance
competitiveness in global markets.

Polyamines are aliphatic amines having low-molecular weight, obtained during the metabolic processes
of living organisms (Razzaq et al. 2014). Among these, putrescine (PUT), spermidine (Spd) and spermine
(SPM) promote higher biological activity, and have been established to play an important role in cell
division, fruit development, ripening, tissue softening and post-ripening senescence (Malik and Singh,
2005; Khan et al. 2007).Spd application is an effective postharvest treatment that preserves the
physicochemical characteristics of mango by maintaining acidity and antioxidant content (Hans et al.
2025), while also exerting anti-ethylene activity that delays senescence and ripening (Sharma et al.
2017). At the biochemical level, it stabilizes cell membrane integrity, therefore reducing electrolyte
leakage and slowing down the breakdown of cellular structures that typically results in fruit aging
(Modesti et al. 2019). This stabilizing effect directly influences firmer fruit texture, reduced weight loss
and a more visually appealing appearance. Also, Spd has been proven to significantly mitigate the
softening of mango pulp by inhibiting the activity of key cell wall degrading enzymes such as
polygalacturonase and pectin methylesterase, (Hong et al. 2017). Despite its multifaceted potential,
research studies on the impact of Spd on the postharvest performance of Amrapali mango remains
limited in India. In view of these beneficial effects in improving fruit quality parameters and reducing
postharvest losses across the supply chain, the present study was conducted to assess the influence of
postharvest application of Spd treatment on the quality and shelf life of mango (Mangifera indica L.) var.
Amrapali.

2. MATERIALS AND METHODS
2.1 Fruit material and Spermidine treatment
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The research study was conducted in the Department of Horticulture (Fruit Science), Bihar Agricultural
University. Fully matured mango var. Amrapali fruits were procured from the university orchard and used
for the experiment. The harvested fruits were carefully graded, maintaining uniformity in maturity, size,
colour, free from disease and pests and devoid of any kind of mechanical damage. Freshly harvested
fruits were dipped immediately after harvest for 5 minutes in solution of 0 mM (control), T mM, 1.5 mM,
2 mM and 2.5 mM. After air drying, the fruits were stored in ambient room conditions at 25 + 2°C and
65-70% relative humidity. Biochemical and post-harvest parameters were investigated following storage
at 3-day intervals for a total of 15-days.

The biochemical analysis comprised of measuring the total soluble solids (TSS), titratable acidity,
ascorbic acid content, total antioxidant activity, total phenolic content, and total carotenoid content.

2.2 Measurement of total soluble solids (TSS), titratable
acidity (TA) and TSS:TA ratio

The TSS was determined with a hand refractometer by applying 2-3 drops of freshly extracted mango
juice directly to the instrument’s prism and the readings were recorded as °Brix. Titratable acidity (TA)
was determined by titrating 10 ml of mango juice with 0.1 N NaOH in the presence of phenolphthalein
indicator until the end point was reached by appearance of a persistent light pink colour. The acidity was
calculated from the observed titre value, and expressed by percentage of citric acid. The TSS:TA ratio
was calculated by dividing the TSS value by the corresponding TA value.

2.3 Measurement of ascorbic acid and total carotenoid
content

The ascorbic acid content was quantified by using 2,6-dichlorophenol indophenol (DCPIP) titrimetric
method. A 5 g of pulp sample was homogenized in 5% metaphosphoric acid, centrifuged, and then
filtered. The clear extract was titrated with 0.1 mM DCPIP solution until a characteristic light pink end
point was reached. The ascorbic acid content was measured using a standard calibration curve and
expressed as mg/100 g pulp.

The total carotenoids were estimated by spectrophotometric analysis after extraction with acetone and
petroleum ether. A 5 g sample of mango pulp was homogenized in 50 ml of chilled acetone, carefully
filtered through Whatman No.1 filter paper, and extracted repeatedly until it turned colourless. The
pooled filtrates were then adjusted to final volume of 50 ml with petroleum ether and the absorbance
was measured at wavelength of 452 nm. The estimated total carotenoid content was expressed as mg/
100g.

2.4 Measurement of total phenolic content and total
antioxidant activity

The total phenolic content was measured from mango pulp extracts using the Folin-Ciocalteu method.
For extraction, 5 g of crushed mango fruit sample was mixed with 80% ethanol, followed by
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centrifugation at the rate of 15,000 per minute for 10 mins at 24 °C. The resulting supernatant was used
for estimation. The reaction mixture was prepared by mixing 0.5 ml aliquot the extract with 2.5 ml of
Folin-Ciocalteu reagent (1:10 diluted with distilled water) and 2 ml of 20% Na,CO,. Following preparation,
the prepared mixture that was allowed to stand at room temperature for 30 mins to ensure colour
development for characteristic blue-black solution. The absorbance was measured at 750 nm and gallic
acid (0-800 mg/I) was used to generate the calibration curve. The data was calculated for 3 samples and
expressed as mg GAE per 100 gm of sample.

The total antioxidant activity was analyzed by the CUPRAC (Cupric Reducing Antioxidant Capacity)
assay. The assay mixture comprised 1 ml ammonium acetate (NH,Ac) buffer (pH 7.0), neocuproine
solution, along with 10-2 M copper (ll) chloride solution, then followed by the addition of 100 pl of mango
extract prepared in 80% ethanol and 1 ml of distilled water to obtain final volume of 4.1 ml. The reaction
mixtures were incubated for one hour at ambient temperature, after which the absorbance value was
recorded at 450 nm. The antioxidant activity was established from the calibration curve and valued as
the product of molar absorptivity and the slope of calibration line.

2.5 Measurement of ripening rate, weight loss, spoilage
and firmness

The ripening rate of mangoes was determined as a percentage to quantify the progression of fruit
maturity over time. The ripening rate was measured using the difference between the current and initial
ripeness index, divided by the total possible ripeness gain, and multiplied by 100.

Weight loss (expressed as percentage) was measured by weighing the percentage reduction from the
initial sample weight at successive three days interval throughout ambient storage conditions, while
spoilage percentage was determined based on visual symptoms such as fungal infection, rotting,
browning, discoloration, and physiological breakdown. Fruits showing more than 50% yellowing of peel
colour were considered ripened.

The storage behaviour of fruits was evaluated by recording fruit firmness, physiological weight loss
percentage, spoilage percentage, and ripening behaviour during storage. Fruit firmness was evaluated
with a penetrometer, using an 8 mm probe, inserted to a depth of 1 cm. Three readings were taken for
each sample, and the average was expressed in Newtons (N).

2.6 Statistical analysis

The recorded data were analysed statistically using analysis of variance (ANOVA) based on Completely
Randomized Design as outlined by Panse and Sukhatme (1967). The significance of differences among
treatment means was assessed using Duncan’s Multiple Range Test (DMRT) at 5% significance level.

3. RESULTS AND DISCUSSION
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3.1 Effect of spermidine treatment on total soluble solids,
titratable acidity and TSS:TA ratio

Total soluble solids (TSS) quantify the concentration of dissolved soluble constituents, chiefly sugars,
including organic acids, minerals, and other soluble components in fruit juice. The determination of TSS
during storage facilitates to assess fruit quality, ripening and predict postharvest behaviour of mango
fruits. The data depicted in (Table 3.1) shows that TSS increased from initial values of 12.0-12.3 °Brix
across all treatments. The control fruits exhibited a sharp increase of 20.8 °Brix by day 6 but deteriorated
thereafter, becoming unmarketable by day 9. In contrast, fruits dipped in 2.0 mM and 2.5 mM
concentration of Spd demonstrated better performance, attaining maximum TSS values of 22.4 °Brix and
22.8 °Brix respectively at day 9, and maintaining acceptable quality levels of 20.8—21.0 °Brix through day
15. The differences in the treatments were statistically significant. Previous investigations have
indicated that Spd treatment inhibits the activity of amylase, which pivots a key role in hydrolysis of
starch (Cheng et al. 2018). The gradual and sustained incline in TSS in treated fruits was observed due to
the controlled starch-to-sugar conversion associated with delayed ripening, consistent with spermidine’s
role in modulating ethylene biosynthesis and maintaining climacteric metabolism (Lekshmi et al. 2025).
(Noori et al. 2024) reported peak increase in total soluble solids content on day 75 in Spd treated grapes
at 2 mM concentration, during 105 days of storage. A similar trend was recorded by (Zahedi et al. 2019),
at 2 mM spermidine concentration during storage of mango cv. Langra.

Table 3.1

Influence of post-harvest treatment of spermidine on total soluble
solids of mango

Total soluble solids (°Brix)

Storage days
Treatment O 3 6 9 12 15
Control 12.20 1810 20.88 20.18 19.20  19.0K
T mM 1210 17.80 17.30  20.40 20.20  19.5K

1.5mM 12.00 1720 17.80 2090 20.58 19.9K
2 mM 12.00 16.50 1810 2248 21.20 20.8(
2.5 mM 1220 16.80 1g9a 2280 21.60  217.0K

Data represent the mean of three independent replicates. Within each column, values followed by
different letters are significantly different (p < 0.05) as determined by Duncan’s Multiple Range Test.

Organic acids are important metabolic intermediates that play a vital role as substrates for enzyme-
catalysed reactions associated with aerobic respiration in plant cells. The reduction in titratable acidity
over the course of ripening, contributes to a sweeter taste in the fruits. A significantly slower decline in
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titratable acidity was recorded throughout the treatments during the storage period (Table 3.2). The
control group demonstrated the most rapid reduction, falling to 0.64% at day 3and 0.24% by day 9, after
which fruits became unmarketable. The Spd treated fruits with 2.0 mM and 2.5 mM conc. exhibited
prolonged retention in acid content, maintaining 0.94-0.97% at day 3 and retaining 0.14-0.16% at day
15, indicating better preservation of biochemical constituents. The effects were statistically significant
from day 3 onwards (CD at 5% = 0.1023-0.2281). The titratable acidity was maintained better at higher
Spd concentrations due to reduced breakdown of organic acids during respiration and also because of
spermidine’s mitigated effect on production of ethylene and respiration rate during storage period
(Zhang et al. 2025). (Akin et al. 2025) observed that application of spermidine resulted in significantly
higher TA levels in raspberry fruits after 10 days of storage compared to control fruits. Similar findings
have been reported in several fruit species, where polyamine treatments such as spermidine effectively
preserved titratable acidity for certain periods in stored fruits (Davarynejad et al. 2013).

Table 3.2
Influence of post-harvest treatment of spermidine on titratable acidity
of mango
Titratable acidity (%)
Storage days
Treatment 0 3 6 9 12 15
Control 1.028 0.648 0.38K 0.24K 0.120 0.07K
1TmM 1.000 0.84K 0.53K 0.321 0.21%  0.70KK

1.5mM 1.018 0.88d 0.62K 0.34l 0.26f 0.12K
2 mM 1.018 0.948 0.67MK  0.46K 0.306  0.14k
2.5mM 1.000 0.978 0.70K 0.44f8  0.310  0.16K

Value indicates mean of three replicates. Different letters in the same column indicate significant
differences at p < 0.05 (Duncan’s Multiple Range Test)

The TSS/TA ratio is a vital maturity index for palatability. The control group showed a steep rise in
TSS/TA ratio, with 271.43 by day 15. In contrast, fruits treated with higher concentration (2 mM and 2.5
mM) had a much more gradual rise (Table 3.3). This difference in the rate of increase suggests that
fruits treated with Spd, had a positive effect in preserving acidity for longer period of time while keeping
sugar accumulation in control, therefore showing delayed ripening and slower senescence.
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Table 3.3
Influence of post-harvest treatment of spermidine on TSS:TA ratio of mango

TSS:TA ratio

Storage days
Treatment O 3 6 9 12 15
Control 11.960 28.280 54.740 83.75H 160.000 271.43K
1T mM 12100 21.190 32.640 63.750 96.19K 195.000

1.5mM 11.880 19.550 28.710 61.4700  78.85K 165.83K
2mM 11.880 17.550 27.010  48.700  70.67K 148.57K
2.5mM 12200 17320 27.000 51.820  69.68M 131.25K

Data represent the mean of three independent replicates. Within each column, values followed by
different letters are significantly different (p < 0.05) as determined by Duncan’s Multiple Range Test.

3.2Effect of spermidine treatment on ascorbic acid content
and total carotenoid content

Ascorbic acid (vitamin C) is a prominent bioactive antioxidant naturally present in fruits, playing a major
role in the maintenance of nutritional aspect and increasing postharvest shelf life. The data in Table 3.4
shows an initial increase in ascorbic content during initial storage days followed by a gradual decline in
all treatments. Initial values were uniform across treatments (22.12-22.28 mg/100 g). The fruits dipped
in 2.0 mM and 2.5 mM conc. demonstrated improvement, reaching peak values of 24.88 and 25.14
mg/100 g respectively at day 9, and maintaining elevated levels of 23.98-24.32 mg/100 g through day
15. The retention in the total ascorbic content in the control peaked at 23.10 mg/100 g at day 6 and
declined thereafter, becoming unmarketable beyond day 9. The positive effect of Spd on ascorbic acid
retention could be associated with reduced ascorbate oxidase activity, that regulates the slow
breakdown of ascorbic acid, resulting in better retention of the acid in ripening fruits (Zhang et al. 2018).
Polyamines act as effective antioxidants, protecting ascorbic acid against oxidative losses during the
postharvest storage. In kiwi, polyamine treatments of spermidine demonstrated higher ascorbic content
in comparison with control (Shokrollah et al. 2015). Spermidine application enhanced the retention of
ascorbic acid in strawberry fruits, with 1.5 mM identified as the most effective treatment (Mortazavi et
al. 2012).
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Table 3.4
Influence of post-harvest treatment of spermidine on ascorbic acid of mango

Ascorbic acid (mg/100 g pulp)

Storage days
Treatment O 3 6 9 12 15
Control 22190  23.06[ 23.100 22.780  22.340  21.92K
1T mM 22190 23.180  23.400 23.5400 23.0700  22.66MH

1.5mM 22180 23.760 23.800  23.90( 23.410 22.98l
2mM 22180 24510 24.620 24.88K 24.42) 23.98l
2.5mM 22190 24740 24.860 25.14l 24.78N 24.32}

Data represent the mean of three independent replicates. Within each column, values followed by
different letters are significantly different (p < 0.05) as determined by Duncan’s Multiple Range Test.

Carotenoids are primary pigments that contribute to the distinctive yellow, orange, and red colours
exhibited by ripening fruits (Gross et al. 1991), thereby improving the visual appeal of mangoes in
addition to functioning as Vitamin A precursors with potent antioxidant properties (Zhou et al. 2020). It
serves as an important indicator of post-harvest quality, making their regulation critical for prolonging
the storage period and maintaining visual appeal. The total carotenoid content recorded a notable
increase during storage from uniform initial values of 2.23-2.25 mg/100 g across all treatments as
shown in Table 6, indicating gradual fruit ripening and colour development. The 2.0 mM and 2.5 mM
spermidine demonstrated superior carotenoid accumulation, reaching 10.76-10.95 mg/100 g at day 9
and continued increase to 11.56-11.76 mg/100 g at day 15. The control peaked at 10.50 mg/100 g at
day 9 but became unmarketable in the following period. Spd has been reported to preserve chlorophyll
by reducing its degradation during postharvest storage (Zheng et al. 2007). Recent studies suggest that
apricots treated with Spd resulted in a smaller increase in carotenoid content than the control and other
treatment groups during cold storage period (elwahab et al. 2025).

Page 9/21



Table 3.5

Influence of post-harvest treatment of spermidine on total carotenoid
content of mango

Total carotenoid content (mg / 100g)

Storage days
Treatment 0 3 6 9 12 15
Control 2230 5770 9.000  10.500  10.558  10.52K
1T mM 2240 5890 8400  9.53K 11.470  11.220

1.5mM 2230 5.98¢ 8.67MK  9.78K 11.490  11.31K
2 mM 2.24¢ 6.80K  9.56l 10760  11.230  11.56MK
2.5mM 2.24K  6.96(  9.58l 10.95K 11.260  11.76K

Data represent the mean of three independent replicates. Within each column, values followed by
different letters are significantly different (p < 0.05) as determined by Duncan’s Multiple Range Test.

3.3. Effect of spermidine treatment on total phenolic content
and total antioxidant activity

Phenolic compounds are biologically active secondary metabolites that contribute significantly to the
antioxidant capacity and health benefits of fruits. Natural phenolic compounds in mango comprises
mangiferin, flavonoids and phenolic acids that augment antioxidant activity (Maldonado-Celis et al.
2023). During storage of mango fruits, the total phenolic content increased substantially in all treatments
from uniform initial levels of approx. 36.13-36.15 mg GAE/100 g (Table 3.6). The fruits dipped in 2.5 mM
conc. recorded the maximum phenolic content of 66.98 mg GAE/100 g at day 9, followed by conc. of 2.0
mM i.e. 54.72-55.66 mg GAE/100 g through day 15. The control showed a peak of 58.75 mg GAE/100 g
at day 6 followed by a rapid decline and spoilage by day 9. The accumulation and retention of phenolic
content in the treated fruits is associated with spermidine's role in stimulating secondary metabolite
biosynthesis, activating the phenylpropanoid pathway, and enhancing antioxidant defence mechanisms
during senescence (Xing et al. 2025). These findings are consisted with previous reports demonstrating
that among the different spermidine concentrations, the 1.5 mM dose reduced phenolic compound
losses compared to the control fruits in sweet cherry (Colak et al.2025). The phenolic compounds of
spermidine treated bananas showed that 0.5 mM concentration of Spd had the lowest content of
phenolic compounds, compared with control fruits, indicating that Spd delays the production of phenolic
compounds in banana tissues (Nilprapruck et al. 2015).
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Table 3.6

Influence of post-harvest treatment of spermidine on total phenolic content
of mango

Total phenolic content (mg GAE/100 g)

Storage days
Treatment 0 3 6 9 12 15
Control 36.150 41.390 58.750 57.650  52.18{  49.35K
1T mM 36.140 45.760 62.220 64.020  56.670  51.84K

1.5mM 36.130 47.160 63.130 64.78K 56.230  52.46
2 mM 36.150 48.650 64.030 65.26l 66.53l  54.720
2.5mM 36.130 48.750 64.140 66.98( 63.450  55.66

Data represent the mean of three independent replicates. Within each column, values followed by
different letters are significantly different (p < 0.05) as determined by Duncan’s Multiple Range Test.

The antioxidant capacity of fruit is primarily attributed to the presence of bioactive compounds including
phenolics, flavonoids, ascorbic acid, anthocyanins, and other phhytochemicals. It serves as an index for
evaluating the overall free-radical scavenging capacity of fruit tissue (Prakash et al. 2011). In the present
study, a progressive incline in the total antioxidant activity was seen from initial uniform values of 0.37-
0.39 pymol Trolox/g across all treatments (Table 3.7). The 2.0 mM and 2.5 mM spermidine demonstrated
the highest antioxidant activity, reaching peak values of 0.83 and 0.86 pmol Trolox/g respectively at day
9, and retaining 0.71-0.72 pmol Trolox/g at day 15. The control peaked at 0.74 pmol Trolox/g at day 6
and declined thereafter. The treatment differences were statistically significant in the treatments.The
enhanced antioxidant activity in the treated fruits is directly correlated with the higher phenolic and
carotenoid contents observed in these treatments, confirming Spd’s role in regulating the antioxidant
defence mechanism and reducing ROS accumulation (Chen et al. 2025). Exogenous application of Spd
improved the antioxidant capacity of sweet cherry fruits during refrigerated storage, thereby suppressing
the ROS accumulation and protectin the cellular membranes from oxidative damage (Ql et al. 2025).
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Table 3.7

Influence of post-harvest treatment of spermidine on total
antioxidant content of mango

Total antioxidant content (umol Trolox/g)

Storage days
Treatment 0 3 6 9 12 15
Control 0.370 0.438 0.748 0.680 0.590  0.48MH
1T mM 0.398 0.470 0.538 0.760 0.700  0.63MH

1.5mM 0.370 0.490 0.56kK 0.780  0.71KK  0.65K
2 mM 0.38¢ 0.51¢ 0.64kK 0.830 0.75K 0.72l
2.5mM 0.39 0.54f 0.67K 0.86f 0.720K  0.71K

Data represent the mean of three independent replicates. Within each column, values followed by
different letters are significantly different (p < 0.05) as determined by Duncan’s Multiple Range Test.

3.4 Effect of spermidine treatment on ripening rate, weight
loss, spoilage and firmness

Froma post-harvest storage point of view, ripening rate determines consumer acceptability by rendering
fruit attractive and palatable through enhanced organoleptic characteristics such as aroma, flavor,
texture, and colour (Nambeesan et al. 2008).In this study, post-harvest spermidine treatment in Amrapali
mango notably delayed the rate of fruit ripening. The control fruits ripened rapidly, reaching 90.67% at
day 6 and 100% by day 9. In contrast, fruits subjected with 2.0 mM and 2.5 mM Spd doses exhibited well-
controlled ripening progression, recording only 40.0-41.16% at day 3 and 66.13-67.33% at day 6,
attaining complete ripening only by day 12. The delay in ripening rate by spermidine is attributed to its
competition with S-adenosylmethionine (SAM) (the precursor for ethylene and polyamine biosynthesis),
thereby reducing ethylene production(Gomez-Jimenez et al. 2010).(Torrigianiet al. 2012) reported in his
studies that peach fruits applied with Spd maintained firmer flesh owing to reduction in ethylene
production.

Pectic substances are primarily responsible for maintaining firmness in fruits, and serve as a critical
quality indicator of freshness and marketability and impacts product acceptability. The enzymatic
system play a crucial role in attenuating the firmness during ripening process, therefore affecting the
quality retention of fruits during storage (Sharma et al. 2017). The control group displayed the most rapid
softening, declining to 6.90 N at day 6 and 4.23 N at day 9, after which fruits became unmarketable. The
fruits dipped in 2.0 mM and 2.5 mM concentrations retained firmness more effectively, maintaining
13.24-13.56 N at day 6 and 7.35-7.66 N at day 15. A progressive decline in firmness of fruits was
observed in all treatments from initial values of 21.70-21.90 N due to cell wall degradation during
ripening. Previous studies have consistently reported improved firmness in fruits followed by polyamine
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treatments. Among the important fruit commodities are apricot (Martinez-Romero et al. 2002), citrus,
peaches (Bregoli et al. 2002) as well as pomegranate (Mirdehghan et al. 2007).The superior firmness
maintenance in the treated fruits is attributed to suppressed expression and activity of cell wall
hydrolytic enzymes, including polygalacturonase and cellulase (Negi et al. 2008), increased lignin and
calcium binding in cell walls resulting in stronger cell structure and reduced ethylene production.
Collectively, these effects reduce the rate of natural ripening and softening in the treated fruits during
storage.

Weight loss is one of the key physiological traits in the postharvest preservation process of fruits. It
occurs primarily through transpiration from fruit surface, respiratory carbon loss and other physiological
processes accompanied by decline in firmness, visual appeal and marketability (Yang et al. 2025).
During this study, there was a progressive increase in the weight throughout storage in all treatments,
reflecting moisture loss and metabolic activity. The control was observed to have the highest weight loss
of 16.87% at day 6 and 34.67% at day 9, after which fruits became unmarketable. It was that 2.0 mM and
2.5 mM Spd doses demonstrated superior moisture retention, recording significantly lower weight loss
of 4.8-5.4% at day 3 and 12-13% at day 6, and maintaining acceptable weight loss levels of 24.1-24.4%
at day 15 (Fig. 3.3). The treatment differences were statistically significant. Moreover, by reducing water
loss from fruit surface, the Spd treated fruits effectively extended shelf life beyond the control group end
point (34.67% at day 9) while the treated fruits remained within an acceptable weight loss range (24.45%
- 24.16% with 2.0 mM and 2.5 mM respectively) even at day 15, which is 6 days longer than the
controlbecame unmarketable. Research findings indicate that application of polyamines like spermidine
contributes to improved membrane stability and fluidity, thereby reducing water loss and minimizing
weight loss in stored fruits (Mirdehghan et al. 2007).(Orman et al. 2023) recorded that application of
increasing doses of Spd effectively mitigated weight loss in nectarine fruits throughout the storage
period. The differences between the treated fruits and the control were statistically significant (p < 0.05).
Strawberries treated with 1.0 and 1.5 mM Spd exhibited a significant reduction in weight loss percentage
compared with the control, during 12 days of storage (Jalali et al. 2023).

Spoilage is a major limiting factor in shelf life duration, arising due to fungal decay and progressive loss
of membrane integrity observed during ripening. During storage, the spermidine treated fruits showed
less spoilage. The control fruits showed early and rapid spoilage progression, recording 24.44% at day 3,
68.89% at day 6, and maximum spoilage of 78.67% by day 9, rendering fruits completely unmarketable
thereafter. In sharp contrast, fruits dipped in 2.0 mM and 2.5 mM concentration showed zero spoilage up
to day 3, only 5.56% and 3.33% at day 6, and maximum spoilage of only 48.89% and 44.44% respectively
at day 15, effectively extending the marketable shelf life by 6 additional days over the control. Previous
research in prunes has established that the significant reduction in spoilage percentage in Spd-treated
fruits is attributed to its multifaceted role in stabilizing cellular membranes, reduction in oxidative stress
(Zhang et al. 2025), increasing antioxidant enzyme activity, and suppressing the expression of ACC
oxidase and ACC synthase, the two key enzymes regulating ethylene biosynthesis (Khan et al. 2024),
thereby slowing ripening and delaying microbial invasion and tissue breakdown during storage.
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4. CONCLUSION

Post-harvest treatments significantly influenced the physic-biochemical quality parameters including the
total soluble solids, titratable acidity, ascorbic acid content, phenolic content, antioxidant capacity assay,
total carotenoid content, ripening rate, weight loss, spoilage and firmness in the stored fruits. The
application of spermidine (Spd) at 2.0 mM and 2.5 mM effectively extended Amrapali mango shelf life by
6 days under ambient storage, by slowing the ripening process, maintaining firmness, minimizing weight
loss, and conserving nutritional quality. Among treatments, 2.5 mM emerged as the most viable and
economically feasible concentration. The quality of treated fruits were maintained throughout the 15-day
storage period as observed across all biochemical and post-harvest quality parameters.
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Fig. 3.1:The effect of storage period and Spd treatment on fruit firmness (N). Error bars represent + SEM.
Bars labelled with the same letter are statistically similar (DMRT, p < 0.05).
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Fig. 3.2: The effect of storage period and Spd treatment on Ripening rate (%). Error bars represent + SEM.
Bars labelled with the same letter are statistically similar (DMRT, p < 0.05).
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Figure 3.3: The effect of storage period and Spd treatment on Weight loss (%). Error bars represent + SEM.
Bars labelled with the same letter are statistically similar (DMRT, p < 0.05).
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Fig. 3.4: The effect of storage period and Spd treatment on Spoilage (%). Error bars represent + SEM. Bars
labelled with the same letter are statistically similar (DMRT, p < 0.05).
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