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Abstract

This research sought to assess the impact of edible coatings on the quality characteristics and shelf life
of plum fruits. In the current study, different food additives, such as sodium alginate (SA) and chitosan
(CH), were used to coat plums, and qualitative parameters were analysed alongside uncoated fruits.
Their effects on the plum fruits dipped for 5 minutes in different concentration solutions were assessed,
and these fruits were stored at 4 °C. The findings of the research indicated that edible coating,
particularly chitosan (1.5%), had a positive influence on plum quality during storage. Moreover, the
use of edible coatings improved plum quality and extended shelf life. Consequently, it can be
concluded that post-harvest edible coating treatment has the potential to control decay rates, prolong
shelf life, maintain valuable plum traits, and provide reliable benefits to both consumers and the fruit
industry due to the effect of chitosan (1.5%).
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1. Introduction

The climacteric fruit known as the plum (Prunus domestica L.), which belongs to the
Rosaceae family, is prized for both its nutritional content and its flavour. However, because
its quality deteriorates quickly after harvest, it has a limited postharvest life and is highly
perishable. After harvest, plums frequently experience unfavourable changes such as
softening, weight loss, rotting, and flavour loss. These changes, along with extended
marketing and transportation, make it impossible for consumers to receive fruits in their best
possible condition. Although their delicate nature restricts their marketability, plums are
well-known for being a rich source of antioxidants. Several postharvest solutions have been
investigated to improve quality and prolong storage life to address these issues. These
include low-temperature storage, modified environment packing, edible coatings, and
chemical preservatives. Their respective goals are to delay ripening, minimise mechanical
damage, reduce physicochemical changes, and extend shelf life (Chen and Zhu et al., 2011,
Sharma and Sharma et al., 2016) © 22, Edible coatings have become one of the most
promising approaches among these (Kumar et al., 2017) [4. Coatings serve as
semipermeable barriers that aid in preserving freshness and are often made of
polysaccharides, proteins or lipids (Dhall et al., 2012) 7] Coatings based on polysaccharides,
such as chitosan (a biopolymer made from crab shells) and alginate (produced from brown
algae, which makes up about 40% of dry weight), are being researched extensively.
Particularly, chitosan has garnered interest because of its compatibility, non-toxicity, and
biodegradability, which enable it to prolong the shelf life of fruits like guava, apricots, and
strawberries (Jayakumar et al., 2005; Gol et al., 2013; Algarni et al., 2022; Nair et al., 2018)
[13, 10, 1, 201 However, little research has been done on its use on low-temperature-stored
plums. The current study aims to investigate the potential of chitosan coating to maintain
plum quality and extend postharvest life during refrigerated storage.

2. Materials and Methods

2.1 Fruit source: The fresh plums (Prunus domestica L.) belong to the Rosaceae family and
were purchased from the local market in Tharad, Gujarat, India. The plums were selected for
uniformity in size, shape, and colour, ensuring they were free from infection and damage.
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2.2 Chemicals: Alginate (AL) was obtained from Himedia
(Mumbai, India), while high molecular weight CH
(deacetylation degree of 82.7%) was procured from Sigma-
Aldrich (MO, USA). All other solvents and chemicals were
sourced from Himedia (Mumbai, India).

2.3 Preparation of coating solutions: CH (1% and 1.5%,
w/v) was made by dissolving 2 g and 3 g of CH in 200 ml of
distilled water with 0.5 ml (v/v) of glacial acid as a
dissolving medium. The solution was heated on a magnetic
stirrer at room temperature continuously for 24 hours. The
pH was adjusted to 5.6 with NaOH (1 N), and 0.1 ml of
Tween-80 was included as an emulsifier (Ali et al., 2011)
2, An AL (1% and 1.5%, w/v) solution was prepared by
mixing 2 g and 3 g of powder in 200 ml of distilled water
while stirring. A 2% (w/v) calcium chloride solution was
added (Maftoonazad et al., 2008) 171,

2.4 Coating application: The plum fruit was surface
disinfected with 2% sodium hypochlorite (2 min), then
washed and air-dried (30 min). The fruits were randomly
divided into five groups, each containing 30 fruits (three
replicates). Coating applied: CH 1.5% (T1), CH 1% (T2), AL
1.5% (T3), and AL 1% (T4), and control uncoated fruit (Ts).
The plum fruit was dried before being dipped in the coating
solutions for 5 minutes. The fruit was then air-dried at room
temperature for 1 hour and stored in plastic boxes at 27 + 4
°C. The experiment was conducted over a duration of 30
days, with assessments at 0, 6, 12, 18, 24, and 30 days, after
which decomposition began.

2.5 Weight loss percentage: Plum samples (30 fruits per
replication) were weighed at the beginning of the
experiment (0 days) and at the end of each storage interval.
The weight loss percentage was calculated by measuring the
difference between the initial weight and the final weight of
the fruit, which was then divided by the initial weight, with
results expressed as a percentage loss according to the
standard method of AOAC (1994) [,

2.6 Decay percentage: The decay (%) of fruits was
determined through visual observations. The number of
decayed fruits due to fungal and microbial infection was
recorded at 6-day intervals and calculated as a percentage.
The decay (%) of both coated and uncoated fruits was
determined by dividing the number of decayed fruits by the
initial number of all fruits and multiplying by 100 (EIAnany
et al., 2009) [,

2.7 pH and titratable acidity (TA): The pH level of the
fruit samples was measured using a digital pH meter,
following the procedure outlined in AOAC (1994) Bl To
determine the titratable acidity (expressed as citric acid%), 2
ml of fruit juice was titrated with 0.1 N NaOH, using
phenolphthalein as an indicator, as per the method described
by Mazumdar and Majumder (2003) 18],

2.8 Total sugars (TS): Fruit sample (2 g) was extracted
with 10 ml of hot 80% ethanol, evaporated at room
temperature, and redissolved in 10 ml of distilled water.
After adjusting the aliquots to 3 ml, they were reacted with
3 ml of dinitrosalicylic acid (DNS) reagent, heated in a
boiling water bath, treated with 40% SPT, and their
absorbance measured at 510 nm using a spectrophotometer
(Miller, 1972) 1, For non-reducing sugar (NRS), 1 ml
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extract was hydrolysed with 1 ml of 1N H,SO4 at 50 °C for
30 min, neutralised with IN NaOH using methyl red as
indicator, and then estimated by the DNS method
(Thimmaiah, 1999) 231, The formula for total sugars (TS)
was RS + NRS.

2.9 Total phenols: The Method followed was given by
Bray & Thorpe (1954) 4. Total phenols were tested using
the Folin-Ciocalteu reagent, and absorbance at 650 nm was
compared to a standard curve for catechol (100 pg ml?).

2.10 Pigment: The carotenoids were determined by
homogenising 2 g of fruit pulp tissue with 10 ml of acetone
and n-hexane (4:6). The upper organic layer was transferred
to a capped tube kept on ice. In the remaining aqueous layer,
5 ml of the same solvent was used for re-extraction. The
supernatant was taken from the total volume of the organic
extract, and the optical density of the solution was measured
at 450 nm on a spectrophotometer (Wang et al., 2005) 24,

2.11. Total anthocyanins: The content of total anthocyanin
was measured by following the Lees & Francis (1972) 23
method. Briefly, 1 g of fruit pulp was blended with 20 ml of
the extraction solvent [95% ethanol: 1.5 N HCI, (85:15)]
and allowed to stand overnight at 4 °C. Samples were
filtered into a volumetric flask covered with aluminium foil.
The residue was washed with the extraction solvent to
remove 80% of the pigments. The total volume was adjusted
to 100 ml with the same solvent, and absorbance was
measured at 535 nm to quantify the anthocyanin content.

3. Results and Discussion

3.1 Weight loss percentage: A significant increase in
weight loss during extended storage periods, with the
highest losses occurring in the uncoated samples (Table
1A). The use of edible coatings led to a considerable
reduction in weight loss, particularly with sodium alginate,
and there was a significantly (p < 0.05) greater reduction
compared with CH (1.5%). Chitosan coating reduced weight
loss in coated plums by 60% compared to non-coated
plums, demonstrating its effectiveness in minimising weight
loss. The reduced weight loss reported in the plum fruit
coated with CH indicates that chitosan coatings have better
barrier qualities that reduce moisture loss and keep the fruit
from becoming dehydrated, which effectively reduces
weight loss (Gull et al., 2021) 2, Previous studies have
also shown that using chitosan on bananas effectively delays
weight loss (Gol and Rao et al., 2011) 4,

3.2 Decay percentage: It was observed that the decay
percentage increased with the storage period for all
treatments. However, the coatings significantly (p < 0.05)
reduced the decay percentage of plums throughout the entire
storage period compared to the uncoated control (Table 1B).
Chitosan (CH) was more effective than alginate (AL) in
reducing decay. CH (1.5%) and AL (1.5%) both were more
effective than AL (1%). The initial decay percentage of
uncoated plums was 10.67% and after 24 days of storage,
92.57% of the uncoated plums had spoiled. In contrast, the
decay percentage for the coated fruit ranged from 25.93% to
62.71% after 24 days of storage. The chitosan treatment
significantly decreased the decay percentage. Chatkitanan et
al. (2021) B! noted that the antibacterial properties of the
coating layers efficiently delayed the deterioration by
inhibiting microbial growth on the contact surface.
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Table 1: Effect of different edible coatings and their concentrations on weight loss percentage (A) and decay percentage (B) of plum
(Prunus domestica L.) fruit during the storage period

Treatments | 4 days | 8 days | 12 days | 24 days | 30 days
(A)Weight loss percentage
CH 1.5% 2.23 +0.70% 3.84 +0.98¢ 6.13 + 1.35° 8.82 + 2.96% 9.03 £ 5.36°
CH 1% 2.82 £0.72° 489 +1.74° 8.26 + 3.02° 11.52 + 3.33¢ 10.28 + 6.02°
AL 1.5% 2.56 + 1.25b° 4.44 +1.56° 7.59 + 2.474 11.80 + 5.46° 10.32 + 6.46°
AL 1% 3.46 +1.04° 5.78 +1.43b 10.28 + 2.75° 15.08 + 3.59° 13.42 £7.962
Control 4.89 +1.22° 7.42 £2.19% 11.78 £4.128 20.62 +6.032 ND
(B) Decay percentage
CH 1.5% 0+0° 0+0d 10.27 +0.26¢ 25.93£0.41°¢ 46.78 +0.70¢
CH 1% 0+0° 0+0d 10.84 +0.27¢9 30.99 + 0.86¢ 56.29 £ 1.47°¢
AL 1.5% 0+0QP 5.18 £ 0.16° 20.8 £0.30° 46.78 £ 0.70° 67.80 £ 0.72°
AL 1% 0+0QP 10.67 £ 0.28° 31.19 +£0.33° 62.71 +0.62° 77.31+1.492
Control 10.67 £ 0.282 25.77 £ 0.68a 75.22 + 1.66° 92.57 £1.932 ND

Means with the same letters within columns are not
significantly different at p < 0.05 using LSD. Each value is
the mean for three (N = 3) replicates. The values represented
(a-e) in the results indicate the range from higher to lower
rank, CH-chitosan; AL-Sodium Alginate; ND-Not Detected.

3.3 Changes in pH: It was noted that the pH of plum fruit
increased during the storage period. CH was more effective
than AL coating in maintaining lower pH levels. Fruit
coated with CH 1.5% exhibited a lower pH than those with
CH 1% (Figure 1A). A flaxseed polysaccharide-based
coating applied to apples preserved pH levels (Rashid et al.
2024) 21,

3.4 Changes in TA: The results indicate that both coated
and uncoated samples experienced a decline in TA
throughout the storage period (Figure 1). However, the
coated fruits showed a slower rate of acidity reduction
compared to the uncoated ones. The application of CH
(1.5%) significantly (p < 0.05) delayed the rate of TA
decline, thereby slowing down the overall senescence
process. According to the applied study on apples preserved
pH levels, as reported in a similar study to Farhat et al.
(2023) 1, the respiration rate reduces and the utilisation of
organic acids is delayed when coated products with edible
coatings retain their acidity.
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Fig 1: Effect of edible coatings on (A) pH and (B) titratable acidity (TA) of Plum fruit during storage at 27 + 4 °C (vertical bars represent
means = SD of means for three replicates). Significantly different (p < 0.05). CH-Chitosan and AL-Sodium alginate
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3.5 Total sugars: The study's findings revealed that sugar
levels, specifically reducing sugars (RS), non-reducing
sugars (NRS), and total sugars (TS), were at their lowest at
the time of harvest (0 days). As the ripening process
progressed over time, these levels increased significantly
across all treatments (Figure 2A, B, and C). Among the
various sets, the CH 1.5% (Chitosan) coated fruits
consistently maintained the lowest overall sugar levels
compared to other treated and untreated fruits. While the
coated fruits (both CH and AL) showed a steady increase in
sugar content up to the 24-day mark, a sharp decline was

https://www.hortijournal.com

observed thereafter. In contrast, the uncoated (control) fruits
reached their peak sugar levels much earlier and
experienced a more rapid decrease. The superior
performance of the CH 1.5% coating can be attributed to its
ability to form a relatively thick and effective physical
barrier on the fruit's surface. The eventual decline in sugar
levels after 24 days in coated fruits (and much earlier in the
control) is likely due to senescence, a stage where the fruit
begins to consume its own stored sugars as an energy source
for cellular respiration. Thus, the 1.5% Chitosan coating
successfully extended the shelf life.
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Fig 2: Effect of edible coatings on (A) reducing sugars (RS), (B) non-reducing sugars (NRS), and (C) total sugars (TS) of Plum fruit during storage
at 27 + 4 °C (vertical bars represent means + SD of means for three replicates), Significantly (p < 0.05). CH-chitosan and AL-Sodium alginate
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3.6 Carotenoid content: The fruits coated with CH, AL, maximum carotenoid content. After another 24 days, the
and untreated plums exhibited an increase in carotenoids fruit became brown due to easier ripening. Fruits coated
during storage (Figure 3). In 8 days, the untreated samples with AL 1% showed the highest carotenoid concentration
had the highest level of carotenoid content, whereas the after 12 days of storage, while those coated with CH 1.5%
plum coated with 1.5% CH had the lowest level, similar and AL 1.5% exhibited the slowest accumulation of
results were recorded in apricot (Algarni et al. (2022) &1, carotenoids among all coatings.

After 12 days of storage, the control plum fruit exhibited the
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Fig 3: Effect of edible coatings on Total carotenoids of Plum fruit during storage at 27 + 4 °C (vertical bars represent means + SD of means
for three replicates), significantly (p < 0.05). CH-chitosan and AL-Sodium alginate
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Fig 4: Effect of edible coatings on (A) Total phenols and (B) Total Anthocyanins of Plum fruit during storage at 27 + 4 °C (vertical bars
represent means + SD of means for three replicates), Significantly (p < 0.05). CH-chitosan and AL-Sodium alginate
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3.7 Total phenols: Total phenol content of plums gradually
decreased after an initial rise (Figure 4A). In the control
group (uncoated), Total phenol reached its peak on day 4,
followed by a sharp and significant decline, reaching the
lowest levels by day 30. Fruits coated with CH and AL
exhibited a much slower rate of phenolic degradation
compared to the control. CH 1.5% and AL 1.5% were more
effective in retaining phenols. Notably, AL 1.5% and CH
1.5% exhibited a sustained presence of high phenolic levels
even at day 30, whereas lower concentrations (1%) began to
decline after day 12 or 24. Phenolic compounds are vital
secondary metabolites that contribute to the antioxidant
capacity of fruits. The higher retention in 1.5% treatments
suggests that a thicker or more uniform coating layer
provides a better modified atmosphere, delaying the aging
process and preserving the nutritional quality of the fruit for
a longer duration. Similar results regarding total phenolics
in chitosan-coated plums were previously reported by
Kumar et al. (2017) (141,

3.8 Total anthocyanins: The anthocyanin content (Figure
4B) in the plums increased steadily during storage.
However, coating the fruit enhanced anthocyanin levels,
with the highest concentrations observed at the end of
storage. A higher concentration of anthocyanins was found
in the control fruits among all. The increase in anthocyanin
concentration during storage may be due to ripening, which
causes a deepening of colour. The anthocyanin levels in
both coated and control samples rose significantly during
storage, our findings are in consistent consistent with
findings by Kumar et al. (2017) 4. The rate of anthocyanin
synthesis was especially delayed in plums coated with
chitosan. According to Liu et al. (2014) %1, plums coated
with chitosan and ascorbic acid had a significantly reduced
anthocyanin level than uncoated fruits.

4. Conclusion

The study demonstrated that coatings containing chitosan
and alginate significantly improved the quality and
prolonged the shelf life of plums (Prunus domestica L.).
Particularly effective were the 1.5% chitosan and 1.5%
alginate coatings. The most effective method for
maintaining plum fruit quality significantly delays weight
loss, decay percentage, pH, TA, sugar accumulation and
pigment degradation, while positively affecting total
phenolic and anthocyanin content. Overall, applying these
coatings presents a promising strategy for enhancing plum
quality, benefiting consumers and the fruit industry by
providing extended shelf life and improved nutritional
qualities.
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