International Journal of Horticultural Science and Technology (2026) Vol. 13, No. 1, pp. 33-46

doi.org/10.22059/ijhst.2025.382659.927

International Journal of Horticultural Science and Technology
Journal homepage: https://ijhst.ut.ac.ir

Preserving Postharvest Quality of Mango Fruit: The Potential of
Xanthan Gum Enriched with Spirulina platensis

Mehdi Molaei Mogbeli, Somayeh Rastegar*, Farzin Abdollahi, Leila Jafari

Department of Horticultural Sciences, Faculty of Agriculture and Natural Resources, University of Hormozgan, Bandar Abbas, Iran

ARTICLE INFO

*Corresponding author’s email: rastegarhort@gmail.com, s.rastegar@hormozgan.ac.ir

ABSTRACT

Article history:

Received: 21 September 2024,
Received in revised form: 16 November 2024,
Accepted: 23 November 2024

Article type:

Research paper

Keywords:

Algae
Antioxidant,
Edible coating,
Enzyme,

Shelf life

This study investigated the preservation of storage quality in mango
(Mangifera indica) fruits using an edible coating based on xanthan gum
enriched with Spirulina platensis (SP). After 50 d of storage (12 + 1 °C),
the fruits were evaluated. Specifically, fruits treated with xanthan 0.2%
+ SP exhibited the lowest weight loss (29.7%), while the control
experienced the most significant weight loss (41.7%). Furthermore,
the maximum firmness value (5.7 kg cm-2) was observed in fruits
coated with xanthan 0.1% and 0.2% + SP after 50 d of storage. The
highest ascorbic acid content (127.5 mg 100 g-1 FW) occurred in fruits
treated with xanthan 0.2% + SP 1%, while the control exhibited a lower
content (101 mg 100 g-t FW). Furthermore, the maximum flavonoid
content, observed in the xanthan 0.2% + SP 1% treatment (1.25 mg QE
100 g-1), was significantly higher than that of the control (0.6 mg QE
100 g-1). Polyphenol oxidase (PPO) activity was significantly lower in
xanthan-treated fruits compared to the control. Conversely, peroxidase
(POD) and catalase (CAT) activities were higher in xanthan-treated
fruits, indicating reduced oxidative stress. In conclusion, applying a
xanthan coating (0.2%) enriched with Spirulina platensis (1%) is
recommended for mango fruit storage and maintenance of freshness
and quality in storage conditions.

Introduction

The mango (Mangifera indica L.), a member of the
Anacardiaceae family, is extensively cultivated in
tropical regions globally and is highly regarded
for its exceptional nutritional value (Tuo et al,,
2020). The postharvest quality attributes and
economic value of mangoes are strongly
influenced by the efficacy of postharvest
management strategies (APEDA, 2022). Evidence
from both domestic and international studies
highlights significant postharvest losses in
mangoes, attributed to factors such as accelerated
ripening, microbial spoilage, and mechanical
damage. These losses translate into substantial
economic burdens for producers (Daisy et al.,
2020; Prasad et al,, 2022; Kouamé et al., 2020).
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Edible coating technology has been proposed as a
viable intervention to mitigate postharvestlosses
and maintain the quality of perishable
commodities. These coatings function by creating
a barrier that restricts gas and water exchange,
thereby modifying the internal environment of
the fruit (Pham et al, 2023). As such, edible
coatings represent a practical and sustainable
approach to minimizing food waste and
preserving the economic and nutritional value of
agricultural products (Ezati et al., 2022). Natural
gums, including xanthan gum, have garnered
attention for their utility in formulating edible
coatings due to their favorable properties, such as
biocompatibility, cost-effectiveness, non-toxicity,
and widespread availability (Yun et al.,, 2022).
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Xanthan gum, a microbial polysaccharide widely
utilized in the food industry, is known for its
stabilizing, = emulsifying, and  thickening
functionalities (Elella et al, 2021). Furthermore,
the blue-green microalga Spirulina platensis has
shown promise as a bioactive additive capable of
enhancing crop quality and extending the shelf
life of fresh produce (Byantara and Dianursanti,
2021).

Research supports the efficacy of Spirulina
platensis in improving the postharvest quality of
fruits. For instance, Prayoga et al. (2021)
demonstrated that a 1% Spirulina platensis
coating effectively reduced weight loss,
preserved pH levels, and enhanced the vitamin C
content of strawberries for up to seven days.
Similarly, coatings enriched with Spirulina
platensis were shown to significantly reduce
mass loss in guavas during storage (Elny et al,,
2018). Additionally, an Aloe vera and xanthan
gum-based coating extended the shelf life of
guavas to 14 d at ambient conditions and up to
one month under refrigeration (Abraham and
Banerjee, 2018). The combination of xanthan
gum with 0.2% chitosan nanoparticles has also
been reported to enhance the overall quality and
extend the shelf life of guavas during prolonged
refrigeration (Gad and Zagzog, 2017).For other
fruits, xanthan gum coatings have demonstrated
considerable potential in preserving postharvest
quality. Guroo et al. (2021) reported that such
coatings maintained higher total phenolic content
and antioxidant capacity in fresh kiwifruits, while
Rezakhani etal. (2024) documented that xanthan
gum-based coatings effectively reduced weight
loss and prolonged the shelflife of sapodilla fruits.
The growing emphasis on preserving the
postharvest quality of fruits and vegetables,
coupled with increasing consumer demand for
healthier and more sustainable food products,
has directed attention toward natural edible
coatings as an innovative preservation method.
Recent research efforts have primarily focused on
integrating bioactive and antioxidant compounds
into coating formulations. However,
investigations into xanthan gum-based edible
coatings enriched with Spirulina platensis for
mangoes remain limited. The present study
aimed to evaluate the effects of a xanthan gum-
based edible coating enriched with Spirulina
platensis on the shelf life and quality retention of
mango fruits stored at 12 + 1 °C for a period of
50d.

Material and methods

Mango fruits (Mangifera indica L.) were
harvested from a commercial orchard in Deh
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Khan village, Kahnouj City, Kerman Province,
Iran, during the mature green stage,
characterized by a color transition from dark to
light green. Harvesting was conducted in
accordance with established technical protocols.
Fruits selected for the study were uniform in size,
free from visible damage, and in overall good
condition. Prior to the experiment, the fruits were
sanitized by washing in a 0.05% sodium
hypochlorite solution for 1 min. The experimental
procedures were carried out in 2022 at
Hormozgan University.

Preparation of coatings

The preparation of the xanthan gum-based
coating involved gradually dissolving xanthan
gum in water and stirring the solution for 30 min
at ambient temperature. The resulting solution
was then refrigerated for 24 h to ensure complete
hydration. Coatings were prepared at
concentrations of 0.1% and 0.2% xanthan gum,
which were subsequently combined with
Spirulina platensis (SP) extract. The SP extract
was prepared using a 10% (w/v) ratio of algae
powder in methanol.

The experimental treatments included the
following formulations: 0.1% xanthan gum, 0.2%
xanthan gum, 1% SP, 0.1% xanthan gum + 1% SP,
and 0.2% xanthan gum + 1% SP. To enhance the
coating properties, glycerol (0.5% w/v) was
added as a plasticizer, and Tween 80 was
included as an emulsifier. Both additives were
incorporated into the coating solutions at
ambient temperature.

Mango fruits were coated using the immersion
method, whereby the fruits were submerged in
the prepared coating solutions for five min at
room temperature. After the coating had
completely dried on the fruit surfaces, the
mangoes were transferred to baskets and stored
for 50 d under controlled conditions of 12 + 1 °C
and 80-90% relative humidity (Khaledian and
Momeni, 2021).

Percentage of weight loss
The fruit weight was assessed by a digital scale
and the percentage of weight loss was

determined using the following formula (Dong
and Wang, 2018).

(wl—-w2)x 100
wl

WL (%) =

WL is the weight loss percentage, WI is the
primary weight in grams, W2 is the secondary
weight in grams.
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Firmness

To assess the firmness of the mango tissue, the
peel was first removed, and the firmness of the
fruit flesh was measured using a penetrometer.
The results were reported in units of kg cm-2.

Respiration rate

A fixed quantity of fruit was placed in a plastic
container. The initial COz level (L1) was recorded
at the start, and then after 20 min (L2), using a
STEP Respiratory Sensor. The rate of respiration
was calculated and expressed in mL kg h-!
following the formula below (Xing et al., 2008).

co,
_ (L2 = L1) x 10° X Volume of container

Time X Fruit weight

Ascorbic acid content

The ascorbic acid content was quantified using a
spectrophotometric method as described by
O'Grady et al. (2014). To begin, 100 pL of fruit
juice. was mixed with 10 mL of 1%
metaphosphoric acid and homogenized using a
vortex mixer. Subsequently, 1000 pL of this
mixture was combined with 9 mL of indophenol
solution, vortexed thoroughly, and the
absorbance was recorded at 510 nm using a
microplate reader (Epoch, BioTek Instruments,
VT, USA).

Total flavonoid and antioxidant activities
The total flavonoid content was determined
following the method described by Chang et al.
(2002). To 100 pL of the methanolic extract, 270
uL of 85% methanol, 20 pL of 10% aluminum
chloride, 20 L of potassium acetate, and 560 pL
of distilled water were added. The mixture was
allowed to stand at room temperature for 30 min
before the absorbance was measured at 415 nm
using a spectrophotometer.

The antioxidant activity of the fruit juice was
assessed using the DPPH radical scavenging
method as outlined by Bourtoom (2008). A
mixture consisting of 30 pL of the 85%
methanolic extractand 600 pL ofa 150 mM DPPH
solution was prepared and shaken in the dark for
30 min. The absorbance was then measured at
515 nm using a spectrophotometer.

Ablank — Asample
DPPH% = piank

x 100

Peroxidase (POD), polyphenol oxidase
(PPO), and catalase (CAT) activities
To prepare the extract, 500 pL of mango juice was
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mixed with a potassium buffer (pH 7.4)
containing 1 M EDTA and 1%
polyvinylpyrrolidone (PVP, w/v) at 4 °C. The
mixture was centrifuged at 13,000 rpm for 10 min
at4 °C, and the resulting supernatant was used for
the assessment of peroxidase (POD) and
polyphenol oxidase (PPO) activities.

POD activity was measured using a modified
version of the method described by Maehly and
Chance (2006). In this procedure, 60 pL of the
extract was combined with 1 mL of a peroxidase
solution containing 8 mM guaiacol, 4 mM
hydrogen peroxide, and 50 mM potassium
phosphate buffer in a cuvette. The change in
absorbance at 470 nm was recorded over 2 min,
and POD activity was expressed as units per
milligram of fresh weight (U mg-1 FW).

To determine PPO activity, pyrogallol was
employed as the substrate following the method
of Kar and Mishra (1976). The reaction mixture
consisted of 2.5 mL of potassium buffer (50 mM,
pH 7), 80 uL of 0.02 M pyrogallol, and 70 pL of the
enzyme extract. The absorbance at 420 nm was
measured after 3 min, and PPO activity was
reported in unit mg-! of fresh weight (U mg-1 FW).
Catalase (CAT) activity was determined using the
method outlined by Aebi (1984). A reaction
mixture was prepared comprising 50 mM sodium
phosphate buffer (pH 7), 0.2 mL of the enzyme
extract, and 150 pL of 20 mM hydrogen peroxide.
The decomposition of hydrogen peroxide by
catalase was monitored spectrophotometrically
at 240 nm. CAT activity was expressed as units
per milligram of fresh weight (U mg-1 FW).

Total soluble solids (TSS) and titratable
acidity (TA) assessment

The total soluble solids (TSS) of the samples were
measured using a digital handheld refractometer
(ATAGO PAL-1, Tokyo, Japan) and expressed as %
Brix, following a method described by Barry et al.
(2004). The titratable acidity (TA) was
determined by manually titrating mango juice
with 0.1 N NaOH to a pH endpoint of 8.2, using a
pH meter (HANA, Romania) and phenolphthalein
as an indicator. The results were reported as a
percentage of citric acid equivalents.

Statistical analysis

The experiment was conducted using a factorial
arrangement in a completely randomized design
with three replications. The two factors evaluated
were storage time and treatment. Data normality
was assessed prior to analysis. Analysis of
variance (ANOVA) was performed using the
General Linear Model (GLM) procedure in SAS
software version 4.9, and mean comparisons
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were carried out using the Least Significant
Difference (LSD) test (p<0.05).

Results

Fruit weight loss

The results demonstrated a progressive increase
in fruit weight loss over the storage period.

However, the application of edible coatings
significantly mitigated weight loss in mangoes
compared to the control group. By the end of the
experiment, the treatment with 0.2% xanthan
gum combined with SP exhibited the lowest
weight loss (29.7%), whereas the control group
experienced the highest weightloss (41.7%) (Fig.

1a).
a 45 m Control m Xanthan 0.1 a
m Xanthan 0.2 mSP1% b
40 | mXanthan 0.1 + SP1% mXanthan 0.2 + SP1% ©
d d
35 d N
fe f
—~ 30 o
S i ) h
; .
g 25 " J !
= 1k |
B 20 o i
G
= on 1
15 ¢ op mam 1P
q
10 r rrrrr
5
0
10 20 30 40 50
Storage time (day)
10
be a
9 ab ab _ abab
I ’ cd be ed od be
8 efg
I . ghf figh ghf - khij fhe ef
o jkl Klme 18 jkli
£ ¢ m Im no
[F] mn mn
Z s po
w 8]8]
% q
= 4 r
£
=
2
1
0
10 20 30 40 50
Storage time (day)

Fig. 1. Interaction effect of edible coating of xanthan

gum (control, xanthan gum 0.1%, xanthan gum 0.2%, SP 1%,

xanthan gum 0.1% + SP 1% and xanthan gum 0.2% + SP1%), and storage time (10, 20, 30, 40, and 50 d) on a) fruit
weight loss and b) firmness. Mangoes were stored for 50 d in cold storage at 12 + 1 °C. Error bars represent standard
errors of the mean values. Similar letters are not significantly different from each other at the probability level of

Firmness

Fruit firmness declined progressively throughout
the storage period in all treatments. However,
fruits treated with xanthan (0.1% and 0.2%) + SP
displayed a significantly slower rate of firmness

p<0.05.

reduction compared to the other treatment
groups and the control. After 50 d of storage,
maximum firmness (5.7 kg cm-2) was observed in
fruits treated with the xanthan (0.1% and 0.2%)
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+ SP coating, while the control group showed
minimal firmness (3.04 kg cm-2) (Fig. 1b).

Respiration rate
The results revealed that a continuous decrease
in the respiration rate of mango fruits occurred
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throughout the storage period across all
treatments. After the 50 d storage period, xanthan
0.2% + SP 1% had caused the lowest respiration
rate, while the control group caused the highest
(Fig. 2a).
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Fig. 2. Interaction effect of edible coating of xanthan gum (control, xanthan gum 0.1%, xanthan gum 0.2%, SP 1%,
xanthan gum 0.1% + SP 1% and xanthan gum 0.2% + SP1%) and storage time (10, 20, 30, 40, and 50 d) on a)
respiration rate and b) ascorbic acid of mango fruits stored for 50 d in cold storage at 12 + 1 °C. Error bars indicate
standard errors of the mean values. Similar letters are not significantly different from each other at the probability
level of p<0.05.

Ascorbic acid content

As depicted in Figure 2b, ascorbic acid content
initially exhibited a slight increase across all
treatments, followed by a significant decline after
40 d of storage. By the conclusion of the storage
period, fruits treated with xanthan gum combined
with SP retained significantly higher levels of
ascorbic acid compared to the control and other
treatments. The  highest ascorbic acid
concentration was recorded in fruits treated with
0.2% xanthan gum + 1% SP (127.5 mg 100 g1
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FW), whereas the control group exhibited the
lowest concentration (101 mg 100 g-1 FW).

Total flavonoids and antioxidant capacity

As illustrated in Figure 3a, flavonoid content
declined gradually throughout the storage period
across all treatments. After 50 d of storage, the
highest flavonoid content was recorded in the
0.2% xanthan gum + 1% SP treatment, which
showed a statistically significant difference
compared to the control and other treatments.
Similarly, the antioxidant activity of the samples
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initially exhibited a slight increase but
subsequently declined by the end of the storage
period. After 50 d of storage, the maximum

antioxidant activity was observed in samples
treated with 0.2% xanthan gum + 1% SP (Fig.
3b).
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Fig. 3. Interaction effect of edible coating of xanthan gum (control, xanthan gum 0.1%, xanthan gum 0.2%, SP 1%,
xanthan gum 0.1% + SP 1% and xanthan gum 0.2% + SP1%) and storage time (10, 20, 30, 40, and 50 d) on a)
flavonoid and b) the antioxidant activity of mango fruits stored for 50 d in cold storage at 12 + 1 °C. Error bars

represent the standard error of mean values. Similar letters are not significantly different from each other (p<0.05).

POD, PPO, and CAT activity

The findings revealed that the highest POD
enzyme activity was observed in the 0.2%
xanthan gum + 1% SP treatment, with a value of
43.60 U mg-! FW, whereas the control group
exhibited the lowest activity at 15.28 U mg-1 FW
(Fig. 4a). In contrast, PPO enzyme activity was
lowest in the 0.2% xanthan gum + 1% SP
treatment (34.4 U mg-1 FW) and highest in the
control group (51.61 U mg?! FW) (Fig. 4b).
Moreover, CAT activity showed a significant
increase after 50 d of storage in all treatments.
Notably, the 0.1% xanthan gum (40 U mg-! FW)
and 0.2% xanthan gum + 1% SP (39.6 U mg-1 FW)
treatments exhibited significantly higher CAT
activity compared to the control group, which
recorded 25.3 U mg-! FW(Fig. 4c).

38

Total soluble solids (TSS) and titratable
acidity (TA)

As displayed in Figure 5a, the TSS content
exhibited a gradual increase throughout the
storage period, culminating in a maximum value
of 16.7% after 50 d. Fruits subjected to various
treatments demonstrated lower TSS levels
compared to the control group, with xanthan
0.2% + SP causing the lowest TSS content
(14.25%) (Fig. 5b).

A gradual decline in TA was observed during
storage (Fig. 5c). Notably, fruits treated with
0.2% xanthan gum + 1% SP exhibited
significantly higher TA levels compared to the
control and other treatments (Fig. 5d).
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Fig. 4. Interaction effect of edible coating of xanthan gum (control, xanthan gum 0.1%, xanthan gum 0.2%, SP 1%,
xanthan gum 0.1% + SP 1% and xanthan gum 0.2% + SP1%) and storage time (10, 20, 30, 40, and 50 d) on a)
peroxidase (POD), b) polyphenol oxidase (PPO) and c¢) CAT enzymes activity of mango fruits stored for 50 dat 12 + 1
°C. Error bars represent the standard errors of mean values. Similar letters are not significantly different from each
other (p<0.05).

Discussion

The application of edible coatings on fruits
provides an additional protective layer that seals
surface pores, thereby reducing transpiration and
preventing moisture loss. Mangoes treated with a
0.05% xanthan gum coating exhibited
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significantly reduced weight loss compared to
other treatments. Edible coatings like xanthan
gum are particularly effective in forming a
protective barrier that minimizes dehydration
and moisture loss. This observation aligns with
the findings of Adetunji et al. (2014), who
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reported weight preservation in papaya fruits
treated with xanthan gum.

Similarly, coatings derived from microalgae such
as Chlorella sp., Scenedesmus sp., and Spirulina
platensis have been shown to effectively delay
ripening in ‘Prata Ana’ bananas. Oliveira et al.
(2018) observed that by the sixth day of storage,
bananas coated with Chlorella sp. had a mass loss
of only 5.89%, while untreated bananas exhibited
rapid ripening, significant weight loss, and
softening. Bananas coated with microalgae
retained superior quality for up to eight d.
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Further studies have demonstrated that edible
coatings formulated from Arabic gum, xanthan
gum, and chitosan, combined with pomegranate
peel extract, effectively reduce postharvest
weight loss, control water loss, and lower
respiration rates in fruits such as mangoes,
rambutans, and tomatoes under various storage
conditions (Daisy et al., 2020; Kumar and Saini,
2021). Similar outcomes were reported for
grapes (Golly et al., 2019) and jujube (Naveed et
al, 2024) coated with xanthan gum, consistent
with the present study’s findings.
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Fig. 5. Effect of xanthan gum edible coating (control, xanthan gum 0.1%, xanthan gum 0.2%, SP 1%, xanthan gum 0.1%
+ SP 1% and xanthan gum 0.2% + SP1%) and storage time (10, 20, 30, 40, and 50 d) on a) total soluble solids and b)
TA of mango fruits stored for 50 d in cold storage at 12 + 1 °C. Error bars represent the standard errors of mean
values. Similar letters are not significantly different from each other (p<0.05).

Rahimah et al. (2024) demonstrated that a
carboxymethyl cellulose (CMC) edible coating
enriched with Spirulina platensis significantly
reduced weight loss in tomatoes compared to the
control. Xanthan gum has been shown to regulate
respiration rates, delay ripening, and enhance the
firmness and structural integrity of fruit tissue.
The softening of fruit during ripening is primarily
attributed to the enzymatic activity of
polygalacturonase and pectin methylesterase,
which degrade the middle lamella between
parenchymal cells, weaken the cell wall, and
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reduce turgor pressure (Harker et al,, 2010). The
hemicellulose-cellulose network plays a critical
role in maintaining cell adhesion and preventing
wrinkling (Lahaye et al., 2021). Changes in cell
wall composition reduce structural strength,
leading to cell detachment and diminished
intracellular adhesion, which accelerates fruit
softening (Ren et al, 2020). Xanthan gum
application has been found to preserve
hemicellulose, cellulose, and protopectin within
the cell wall, thereby delaying the breakdown and
polymerization of  polysaccharides.  This
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preservation enhances cell wall strength and
postpones the softening of mango fruits.

By creating a modified atmosphere, edible
coatings reduce enzymatic activity and maintain
the firmness of fruit tissues, as reported in
Washington Navel oranges (Ramezanian et al,
2016). Similarly, Rahimah et al. (2024) observed
that tomatoes coated with CMC enriched with
Spirulina platensis exhibited significantly greater
firmness than uncoated tomatoes. Edible coatings
also influence fruit respiration rates by forming a
semi-permeable barrier that regulates the
exchange of gases, such as oxygen and carbon
dioxide, between the fruit and its surroundings.
This barrier limits oxygen uptake and reduces
carbon dioxide release, slowing down respiration
and delaying ripening and senescence, thereby
extending shelf life and preserving fruit quality
(Anjum et al, 2020). Rezakhani et al. (2024)
reported that Chico fruits coated with xanthan
gum and oleic acid experienced a significant
reduction in respiration rates.

The protective barrier provided by edible
coatings also helps preserve ascorbicacid content
during storage by limiting exposure to oxygen
and moisture, which reduces oxidative
degradation (Qiao et al, 2024; Thakur et al,
2019). Ebrahimi and Rastegar (2020)
demonstrated that guar gum coatings enriched
with Spirulina platensis effectively preserved
ascorbic acid content in mangoes stored at
ambient temperature. Similarly, coatings
containing Spirulina platensis, chitosan, and
gelatin  were found to enhance the
physicochemical, sensory, and nutritional
properties of dried kiwifruit, including ascorbic
acid content (Asadi et al, 2020). In addition,
Byantara and Dianursanti (2021) reported that
strawberries coated with CMC enriched with 1%
Spirulina platensis experienced minimal weight
loss and preserved ascorbic acid content during
storage at 4-7 °C. These findings underscore the
efficacy of edible coatings in enhancing the
postharvest quality and extending the shelf life of
fruits.

As fruits ripen, they become increasingly
susceptible to oxidative stress. To counteract this,
fruits employ non-enzymatic antioxidants such as
phenolics and flavonoids (Shi etal,, 2021; Zhao et
al, 2022). Edible coatings act as a protective
barrier, reducing oxygen absorption and
minimizing oxidative degradation of these
antioxidant compounds (Bonilla et al, 2012). By
delaying senescence and ripening, these coatings
enhance the fruit's natural defense mechanisms
and maintain quality during storage. This is
achieved by controlling gas exchange, reducing
respiration and transpiration rates, inhibiting
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senescence-related enzymes, and suppressing
microbial growth (Khaliq et al., 2016).

Consistent with the findings of this study, Quoc et
al. (2014) reported that xanthan gum coatings
effectively preserved the total phenolic content in
grapes by forming a protective layer around the
fruit. Similarly, Anjam et al. (2020) and Wani etal.
(2021) demonstrated higher phenolic retention
in fruits treated with edible coatings. These
results suggest that coatings effectively delay

fruit aging and preserve total phenolic
compounds. Xanthan gum-coated mangoes
displayed increased levels of phenolics,

flavonoids, and antioxidants, which protect the
fruit from oxidative damage. These compounds
also contribute to antioxidant defense and play
regulatory roles in intracellular signaling
pathways (Shamloo et al,, 2015; Franzoni et al,,
2019).

Studies have further highlighted the role of
xanthan gum combined with essential oils in
preserving fruit quality. For example, Bajaj et al.
(2024) showed that coatings containing xanthan
gum and lemongrass essential oil helped
maintain total flavonoid content and juice quality
in Kinnow tangerines. Phenolic compounds,
closely linked to antioxidant capacity, decrease in
tandem with reductions in antioxidant activity
during storage (Shiri etal,, 2011).

As fruits experience oxidative stress during
ripening, free radical production increases. The
fruit's antioxidant system works to neutralize
these radicals, mitigating their harmful effects
(Asghari and Aghdam, 2010). Treatments that
reduce respiration rates, delay ripening, and
manage environmental stress are effective in
maintaining cellular antioxidants by limiting free
radical generation. A decline in antioxidant
activity during storage can result from the
breakdown of cell structures, which releases
oxidative and antioxidant enzymes (Ullah et al,,
2017; Shiri etal, 2011).

The accumulation of ROS can cause membrane
damage, accelerated ripening, and tissue
softening in mango fruits (Yadav et al, 2022).
Antioxidant enzymes such as POD, CAT, and APX
play crucial roles in neutralizing ROS, thus
preventing excessive softening of fruit tissues (Ali
et al,, 2022). POD, in particular, is integral to the
defense system under stress conditions, while
PPO mitigates ROS effects and reduces cold
damage (Dong and Wang, 2018). The coordinated
activity of these enzymes is essential for
maintaining the quality and integrity of mango
fruits during storage.

The increase in TSS content observed during
storage can be attributed to cell wall degradation,
the accumulation of dry matter, and reduced juice
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volume (Khorram et al, 2017). Edible coatings
help prevent excessive increases in TSS by
reducing respiration rates and altering the
internal atmosphere of the fruit—lowering
oxygen and ethylene levels while increasing
carbon dioxide (Dong and Wang, 2018).

TA content decreased gradually during storage
(Fig. 5c). However, the 0.2% xanthan gum
treatment maintained a significantly higher TA
(1.4%) compared to the control (0.9%) after 50 d
(Fig. 5d). By slowing the ripening process, such
treatments effectively reduce the rate of TA
changes. TA and TSS are key indicators of fruit
maturity and quality. Xanthan gum coatings
minimize moisture loss and decelerate ripening,
leading to a gradual and limited increase in TSS
and the conservation of organic acids (Malmiri et
al,, 2011).

Consistent with the present findings, Baraiya et
al. (2016) demonstrated that xanthan gum
combined with olive o0il reduced TSS
accumulation in grapefruit. In addition, Kumar
and Saini (2021) reported that xanthan gum and
clove oil coatings effectively slowed the reduction
in TA in tomato fruits. These findings emphasize
the efficacy of xanthan gum-based coatings in
preserving quality attributes such as TSS and TA,
thereby extending the shelf life of fruits during
storage.

Conclusions

The findings of this study highlight the efficacy of
xanthan gum-based edible coatings enriched with
Spirulina platensis in preserving the postharvest
quality of mango fruits. These coatings effectively
reduce weight loss, maintain firmness, and slow
respiration rates, thereby extending the shelf life
of mangoes. Furthermore, the treatments
contribute to the retention of vital nutritional
components such as ascorbic acid and flavonoids
while mitigating oxidative stress during storage.
Based on the results, the application of a 0.2%
xanthan gum coating enriched with 1% Spirulina
platensis is recommended for maintaining the
freshness and quality of mangoes during
postharvest storage. This approach offers a
sustainable and eco-friendly strategy to improve
postharvest handling and distribution in the
mango fruit industry. The study underscores the
potential of xanthan gum coatings as a promising
method for enhancing postharvest durability,
with important implications for sustainable
practices in the fruit industry. Future research
should focus on exploring the synergistic effects
of xanthan gum combined with other natural
additives to further enhance preservation
outcomes and extend the shelf life of mangoes.
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