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Assessment of physiochemical and antioxidant characteristics of bell pepper
(Capsicum annuum L..) using principal component analysis by guar, xanthan
gum, and carboxymethyl cellulose as edible coatings
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ABSTRACT- Extending the shelf life of vegetables can be achieved using edible,
environmentally friendly coatings. In this study, bell peppers were coated with guar (GU) gum,
xanthan (XAN) gum, or carboxymethyl cellulose (CMC) at concentrations of 0.5, 1, and 1.5
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Edible film walk-in storage conditions (8-10 °C, 85% relative humidity, and darkness). Results showed
Shelf life that as storage time increased, signs of disease infection and water loss in the bell pepper fruits
Storage time also increased. Additionally, levels of organic acids, vitamins, phenols, and antioxidants
Weight loss declined during storage. Overall, the coatings improved key marketability traits, including fruit

firmness, total soluble solids (TSS), and organic acid content, all of which contribute to flavor
and taste. The extent of fruit skin shrinkage varied depending on the coating type. According
to a biplot analysis, carotenoid content, firmness, and TSS were substantially improved by
XAN gum at 1% and CMC at 0.5 and 1 %. In contrast, starch, chlorophyll, phenol, and vitamin
C contents increased by XAN gum at 0.5 % and GU gum at 0.5 and 1 %. In conclusion, the
GU gum coating at 1 % was the most effective treatment for enhancing postharvest quality and
maintaining the shelf life of bell peppers. Toxicological assessment remains essential for the
continued development of edible coatings based on natural gums with suitable physical
properties.
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and transpire, leading to moisture and metabolite loss.
Their high surface area-to-weight ratio makes them
particularly prone to water loss, resulting in shriveling

INTRODUCTION

Pepper (Capsicum annuum L.) is among the ten most
extensively cultivated vegetables worldwide (Wei et al.,
2019). Large quantities of greenhouse-grown peppers are
exported globally to meet the growing demand for fresh
products, driven by their appealing aroma and notable
health benefits (Mahalik and Nambiar, 2010). Bell
peppers, in particular, are valued for their high levels of
carotenoids and vitamin C, both powerful antioxidants
(Villa-Rivera and Ochoa-Alejo, 2020). Despite these
advantages, bell peppers have a relatively short shelf life
of seven to ten days, which is strongly influenced by
handling practices, pre-harvest conditions, and
transportation (Maalekuu et al., 2003). Several factors
contribute to this limited shelf life, including physical
damage, dehydration, rapid biochemical degradation
(Bayoumi, 2008), water loss (Diaz-Pérez, 2007), freezing
injury, and diseases caused by pathogens (Fallik et al.,
2009). Chilling injury, for instance, occurs when peppers
are stored below 7 °C and is characterized by pitting,
weight loss, calyx darkening, and increased decay (Lim
et al., 2007). After harvest, peppers continue to respire

and reduced marketability. Additionally, freshly
harvested peppers are vulnerable to fungal infections
such as Botrytis cinerea and Alternaria alternata (Edusei
et al., 2012), contributing to substantial postharvest
losses and economic challenges for producers. Edible
coatings have been widely studied as a strategy to extend
the shelf life and maintain the quality of fresh products.
According to Sharif et al. (2018), certain coating
materials effectively reduce decay development and
preserve overall freshness even during extended storage.
Edible coatings also enhance the appearance of fruits and
vegetables by forming a protective barrier that limits
oxidation and moisture loss (Ncama et al., 2018). By
modifying internal gas composition, often resulting in
reduced oxygen levels, they can influence beneficial
attributes such as antioxidant activity, microbial growth,
color, sensory quality, firmness, ethylene production, and
volatile profiles. Extensive research has focused on
applying edible coatings to maintain pepper quality
during storage and distribution. Studies have
demonstrated that materials such as gum tragacanth,
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chitosan, and methylcellulose can significantly enhance
the shelf life and quality of coated pepper fruits (Chaple
etal., 2017; Kehilaetal., 2021; Zare-Bavani et al., 2024).

Xanthan gum (XAN) is a polysaccharide produced by
XANthomonas campestris and is widely used in the food
industry. Its strong resistance to enzymatic degradation
makes XAN gum based coatings particularly effective in
preserving the quality of fresh-cut and whole fruits (Wani
et al., 2021). Kumar and Saini (2021) evaluated XAN
gum edible coatings for maintaining the quality of stored
tomatoes and reported that the XAN gum treatments
performed best overall. Their effectiveness was
attributed to their ability to inhibit respiration and reduce
the conversion of starch into sugars, processes commonly
associated with postharvest quality loss in tomatoes.
Guar (GU) gum, obtained from the endosperm of the GU
bean (Cyamopsis tetragonoloba), also represents a
promising material for edible coating applications. Its
high molecular weight, long polymeric chains, wide
availability, and excellent water solubility make it well-
suited for forming protective coatings (Rastegar and
Atrash, 2021). The use of GU gum in tomato coatings has
been well documented in previous research (Maurizzi et
al., 2023). Carboxymethyl cellulose (CMC), a versatile
derivative of cellulose, is another strong candidate for
edible coatings. This anionic, linear, long-chain, water-
soluble polymer is known for its strength and structural
stability, which make it suitable for coating various
vegetables (Panahirad et al., 2021; Perez-Vazquez et al.,
2023). The presence of both hydroxyl and carboxylic
groups in its chemical structure gives CMC excellent
water-binding and moisture-sorption properties. These
characteristics enable CMC -based coatings to improve
barriers against moisture, oxygen, carbon dioxide, aroma
loss, and oil absorption in coated products (Panahirad et
al., 2021; Perez-Vazquez et al., 2023). Additionally,
CMC enhances adhesion between the coating material
and the surface of the product, increasing its protective
capacity. Its anti-senescence effects have been shown to
extend the shelf life of climacteric fruits by slowing their
ripening processes (Panahirad et al., 2021; Perez-
Vazquez et al., 2023). The versatility of CMC is further
underscored by its successful use in preserving okra
quality, as demonstrated by Gonzales et al. (2023).

Although many studies examined the application of
edible coatings to preserve quality and extend the shelf
life of fresh products, including bell peppers, further
research is needed to determine the optimal coating
formulation and concentration specifically for bell
peppers. The distinct physiological traits and storage
requirements of bell peppers justify a focused
investigation to identify the most suitable edible coating
approach. Building on existing knowledge, this study
evaluates the performance of XAN gum, GU gum, and
CMC coatings to generate practical insights for
improving the postharvest management of bell peppers,
an important export commodity.

MATERIALS AND METHODS

Experimental design
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This study was conducted using a completely
randomized design with eight replications, each
consisting of 20 fruits, resulting in 160 fruits per
treatment. The experimental treatments included edible
coatings made from XAN gum, GU gum, and CMC, each
applied at three concentrations: 0.5, 1, and 1.5 %.
Accordingly, the 0.5 % treatments were designated as
CMC 1, GU1, and XANL1; the 1 % treatments as CMC2,
GU2, and XAN2; and the 1.5 % treatments as CMC3,
GU3, and XAN3. An untreated group served as the
control. The primary objective of the study was to
identify the optimal coating material and concentration
for enhancing the postharvest shelf life of bell peppers
(Capsicum annuum var. ‘Orobella’).

Preparation of the coating solutions

Separate coating emulsions were prepared using XAN,
CMC, and GU. A preliminary experiment was conducted
to determine suitable formulations and concentrations for
coating Capsicum annuum var. ‘Orobella’ fruits.
Following the method of Maftoonazad et al. (2007), nine
coating concentrations were initially evaluated. The
criteria for selecting the best treatments included the
absence of adverse effects such as decay and excessive
weight loss. Based on the results of this pre-test, three
concentrations, 0.5, 1, and 1.5 %, were selected for the
main experiment. These were designated as CMC1, GU1,
and XANL1 (0.5 %); CMC2, GU2, and XAN2 (1 %); and
CMC3, GU3, and XAN3 (1.5 %). Untreated bell peppers
served as the control. For GU gum solutions, GU powder
was rehydrated in 100 mL of distilled water for 4 hours
at 60 °C. Then, 0.3 mL of glycerol was added as a
plasticizer and thoroughly mixed. As noted, the final
coating concentrations were chosen based on the
preliminary test involving nine levels of each substance
(0, 0.25, 0.5, 0.75, 1, 1.25, 1.5, 1.75, and 2 %). The
mixtures were homogenized for 10 minutes to obtain
uniformly dispersed emulsions and subsequently cooled.
The same procedures and concentrations were applied to
prepare XAN gum and CMC solutions.

Fruit sample preparation

Mature fruits of bell pepper (Capsicum annuum var.
‘Orobella’) were harvested from a commercial plastic
greenhouse in Ziar, Isfahan. Cultivation was carried out
in a soil-based substrate, with seedlings transplanted at
the four-leaf stage. Plants were spaced 50 cm apart within
rows and 50 cm between rows to ensure adequate air
circulation and light penetration. Standard cultural
practices for bell pepper production in the region, regular
irrigation, integrated pest management, and appropriate
nutrient application, were followed. ‘Orobella’ is a bulky
F1 hybrid that transitions from green to yellow at
maturity. Fully mature, firm green fruits are typically
harvested 60-70 days after planting, with additional
harvests occurring at intervals of 5-7 days. Immediately
after harvest, fruits were transported to the postharvest
laboratory at Isfahan University of Technology. Healthy
fruits of uniform shape and size (200-250 g), free from
mechanical injury and external defects, were selected for
the experiment. The selected fruits were cleaned and
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disinfected using 0.5% sodium hypochlorite prior to
coating.

Fruit fungal inoculation

The selected fruits were divided into two groups (n = 80).
Half of the fruits were coated and transferred to storage,
while the remaining half were inoculated with 50 mL of
an Alternaria alternata spore suspension. The fungal
inoculum was prepared from infected bell pepper fruits.
Spores were obtained by flooding 2-week-old mycelial
cultures with 2 mL of distilled water and gently scraping
the myecelial surface with a sterile glass rod to dislodge
the spores. The resulting suspension was collected using
a micropipette, transferred to a 1.5 mL microcentrifuge
tube, and adjusted to a concentration of 5 x 10°
conidia/mL using a hemocytometer. Bell pepper fruits
were first coated as previously described and then
inoculated by spraying 50 mL of the A. alternata
suspension (10° spores/mL). Control fruits were not
coated but were inoculated with A. alternata, following a
method by Soliman et al. (2023). Fungal contamination
was assessed using standard techniques, including colony
counts on selective culture media and microscopic
observation of mycelial growth, allowing for a
comprehensive evaluation of infection levels.

Coating and storage conditions

Coatings were applied on the same day the bell peppers
were harvested. Fruits were immersed in their respective
coating solutions for 60 seconds, air-dried at room
temperature, and then placed in perforated plastic trays.
All fruits (coated, inoculated, and control) were stored at
8-10 °C and 85% relative humidity. Analyses were
conducted at 7-day intervals over a 28-day storage
period.

Quality traits

Baseline quality indices were recorded immediately after
harvest. Subsequent measurements were taken every 7
days for one month (days 0, 7, 14, and 21). Quality
parameters assessed included marketability, disease
incidence and decay, appearance, firmness, total soluble
solids (TSS), organic acids, vitamin C, fruit pigments,
phenolic content, antioxidant activity, and starch content.
Weight loss, marketability, and disease decay were
evaluated at the end of the experiment. All fruits within
each replication were used for measurements, resulting in
160 fruits analyzed per parameter.

Weight loss of fruit

Fruit weight loss was calculated as percentage of weight
loss compared to the initial fruit weight according to the
following formula every 4 days from day 0 to 35 (Amiri
et al., 2021).

Weight loss (%) = [(W1-W2)/W1] x 100

where, W1 = weight as zero-day, and W2 = weight at
sampling times.

Marketable features (MF) of fruit
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Color change (%), symptoms of infectious diseases
decay, and shiny skin determined the MF. These were
evaluated by five professional producers using a scale of
5 (the worst) to O (the best) (LeRoux et al., 2010).

Infectious diseases decay (IDD) of fruit

Decay was calculated as a percentage of the total number
of infected fruits. The fruit was considered decayed when
visible infection was observed on the fruit surface every
4 days from day 0 to 35 (Nasrin et al., 2018).

Fruit firmness

The firmness of the bell pepper fruits was measured from
the equatorial zone of the bell pepper fruit using the
Penetrometer (model Dual Mass DCP, OSK-I-10576,
Northville, USA) in Newton units (Jantra et al., 2018).

TSS of fruit

TSS was determined in all fruits using a hand
refractometer, and the results were expressed as °Brix
units (Cosmo, K-0032, Kyoto, Japan) calibrated against
sucrose (Bernardo et al., 2008).

Organic acids of fruit

Titratable acidity was determined by treating five grams
of pericarp with 0.1 N NaOH and 1% phenolphthalein
(AOAC, 1995). The results were expressed as a
percentage of citric acid.

Vitamin C of fruit

The determination of vitamin C content was carried out
according to Tillman’s method (AOAC, 1995). Fruit
samples (10 mL), 10% KI (5 mL), and 0.3 M H2SO4 (1
mL) mixed in a flask. Then, 0.01 M KIOs (10 mL) was
also added to the flask. The solution was titrated against
Na2S,03 (0.01 M) solution. The vitamin C content was
presented as mg/g of fresh weight using a standard curve
of vitamin C (Perez-Grajales et al., 2019).

Determination of fruit pigments

Chlorophyll and carotenoid contents were determined
following a standard method (Arnon, 1967). Fruits were
extracted with 80% acetone and centrifuged at 14,000 x
g /5 min at -10 °C. The supernatant absorption was read
at 663 nm, 645, and 470 nm by a spectrophotometer
(UV160A-Shimadzu Crop., Kyoto-Japan) in mg/100 g
FW units.

Chlorophyll = (19.3 x A663 - 0.86 x A645) V/100W +
(19.3 x A645 - 3.6 x A663) V/100W

Carotenoids = 100(A470) - 3.27(mg Chl. a) - 104 (mg
Chl. b)/227

Phenol determination of fruit

Total phenolic content was measured using the Folin-
Ciocalteau reagent. The fruit extract (20 pL) was mixed with
Folin-Ciocalteau reagent and sodium bicarbonate solution
(7.5%) and incubated at room temperature for 15 min. The
reading was set at 730 nm and compared with gallic acid
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equivalents (GAE) calibration curve and expressed as
mg/100 g FW (Shotorbani et al., 2013).

Antioxidant activity of fruit (DPPH)

Chopped fruits were mixed with methanol (5 mL) and 2,2-
diphenyl-1-picrylhydrazyl (0.6 mL) (Yu et al., 2002). Then,
0.2 mM DPPH solution in methanol was used as a reference.
At 515 nm, the absorbance was measured after 30 minutes.
Results were reported in % units.

Starch of fruit

The fruit sample was homogenized in ethanol (80%). Starch
was measured by a standard method (Hedge and Hofreiter,
1962). The absorbance was measured at 630 nm, and
glucose was used as a standard solution. Results were
reported in mg/100 g FW units

Statistical analysis

Analysis of variance (ANOVA) was carried out by Statistix
8 (Tallahassee, USA). Means were compared using the least
significant difference (P < 0.05). Principal component
analysis (PCA) was carried out using Statgraphics
Centurion Version XVI. The spider graphs were created
using Microsoft Excel 2013. The circular, correlation and
Sankey diagrams between traits were created in
https://Aww.chiplot.online/.

RESULTS AND DISCUSSION

Antioxidant activity, phenol, vitamin C, and organic acids of
fruit

Based on the circular plot illustrating the effects of coating
treatments on antioxidant properties, phenol, vitamin C, and
organic acids, the treatments were categorized into two
clusters. This separation into clusters suggests that the
treatments had distinctly different effects on the measured
traits, likely due to the variations in their composition and
mechanisms of action. Treatments C, CMC3, CMC2,
XAN3, and CMC1 formed one cluster, while the other
treatments (GU1, gu3, GU2, XAN2, XAN1) were grouped
in a separate cluster. Specifically, the highest antioxidant
activity was observed in the CMC2 treatment compared to
other treatments. This finding highlights the effectiveness of
CMC2 in enhancing antioxidant properties. Additionally,
the highest amount of phenol was observed in the XAN1
treatment compared to other treatments, indicating that
XANL1 may be particularly effective in promoting phenolic
compounds. These results further support the clustering
observed in the heat map, as they reflect the unique profiles
of each treatment and their corresponding effects on the
quality traits measured (Fig. 1A). The treatments had the
least effect on vitamin C, while phenol showed the greatest
sensitivity. Antioxidants and organic acids displayed
relatively uniform changes across the various treatments.
The best treatments are those that exhibited minimal
changes in antioxidant properties, organic acids, and
vitamin C, specifically GU1, GU2, XAN2, and XANL.
These four treatments were grouped together and showed
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the least variation in organic acids and antioxidants;
however, phenol levels were comparatively lower, and
vitamin C behaved similarly to other treatments (Fig. 1B).

According to the correlation chart, among antioxidant
properties, phenol, vitamin C, and organic acids, the most
significant changes were observed in vitamin C and
phenol, based on Mantel’s plot. As vitamin C decreased,
phenol levels increased, indicating a negative correlation
between these two traits. In contrast, antioxidants and
organic acids showed the least sensitivity. Additionally,
vitamin C and phenol showed a positive correlation,
meaning that as one increases, the other also tends to
increase (Fig. 2).

The antioxidant activity of peppers is influenced by
multiple factors, such as genetic variation, environmental
conditions, production and management practices, and
postharvest handling, similar to other plant species (Zaki
et al., 2013). Numerous studies have reported that
antioxidant and vitamin C levels may increase, decrease,
or remain constant during storage depending on
genotype, storage conditions, and temperature. For
example, vitamin C and antioxidant contents decreased
in pepper (cv. ‘Cherry’) stored at 10 °C for 10 days and
in pepper (cv. ‘Zafiro’) stored at 10 °C for 12 days,
although antioxidant levels remained unchanged in the
latter case (Vicente et al., 2005; Avalos Llano et al.,
2009). In contrast, peppers stored for 21 days at 7.5 °C
showed a slight increase in ascorbic acid concentration
(Raffo et al., 2007). Overall phenolic content typically
declines during storage, a reduction attributed to
increasing polyphenol oxidase activity that accelerates
phenolic oxidation. The use of edible coatings may limit
oxygen penetration into the fruit, delaying phenol
oxidation and thereby reducing the breakdown or
transformation of secondary metabolites. As metabolites
are continuously consumed during postharvest
respiration, a reduced respiration rate can slow their
depletion and enhance their retention in coated fruits
(Behera et al., 2004). Several studies support the role of
edible coatings in enhancing antioxidant properties in
peppers and other fruits. For instance, gum arabic has
been reported to increase phenolic compounds and
pigment  content  (lycopene, carotenoids, and
anthocyanins) in strawberry (Tahir et al., 2018). GU gum
has been shown to improve antioxidant activity in
cucumbers and tomatoes (Saha et al., 2016; Naeem et al.,
2018), while XAN gum enhances antioxidant effects in
fresh-cut cantaloupe melon (Chikhala et al., 2024).
Vitamin C content is a key indicator of fruit nutritional
quality and storage performance (Hu et al., 2011).
However, it is unstable and can degrade as a result of
factors such as pH, water activity, and enzymatic
reactions (Zhang et al., 2013). Chen et al. (2022)
observed that vitamin C levels in green bell peppers
decreased during storage, but applying a XAN gum
coating helped preserve these levels by reducing oxygen
diffusion and respiration rates, a finding consistent with
Chikhala et al. (2024). The results of the present study
align with those reported by Deepa et al. (2006) and
Ghasemnezhad et al. (2011) for bell peppers.
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Fig. 1. The circular plots of edible coatings treatments on antioxidant, phenol, vitamin C, and organic acids in bell pepper. C:
Control, XAN1: Xanthan 0.5 %, XAN2: Xanthan 1 %, XAN3: Xanthan 1.5 %, CMC1: CMC0.5 %, CMC2: CMC1 %, CMC3:
CMCL1.5 %, GUL1: guar 0.5 %, GU2: guar 1 %, GU3: guar 1.5 %.

Chlorophyll and carotenoid contents

Based on the spider chart, the total chlorophyll content
decreased over time, with the lowest concentration
observed on day 21. The highest levels of chlorophyll
were found in the GU1 and GU3 treatments on all days
after harvest, while the control treatment consistently

12

showed the lowest chlorophyll levels (Fig. 3A).
Similarly, carotenoid concentrations also decreased over
the postharvest period. The highest carotenoid levels
were recorded on days 0 and 7 in the CMC1 and GU3
treatments, with GU3 maintaining higher carotenoid
levels compared to other treatments on days 14 and 21
after harvest (Fig. 3B).
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Fig. 3. The spider plots of edible coatings treatments on total chlorophyll (A) and carotenoid (B) in bell pepper. C: Control, XAN1:
Xanthan 0.5 %, XAN2: Xanthan 1 %, XAN3: Xanthan 1.5 %, CMC1: CMCO0.5 %, CMC2: CMC1 %, CMC3: CMC1.5 %, GU1:

guar 0.5 %, GU2: guar 1 %, GU3: guar 1.5 %.

Fruit color is a key quality parameter and the main
sensory attribute influencing consumer acceptability (Barret
et al., 2010). It is governed by pigments that are highly
sensitive to storage conditions, such as temperature,
packaging, and duration, which can accelerate pigment
degradation and alter visual appearance (Gil et al., 2006).
Naeem et al. (2018) reported that chlorophyll content in
tomatoes declined during storage; however, applying a GU
gum coating helped retain higher chlorophyll levels and
reduced lycopene accumulation during the first month,
thereby delaying ripening. This ripening delay is mainly
attributed to the modified atmosphere created around coated
fruits, characterized by reduced oxygen and elevated carbon

13

dioxide concentrations, which in turn decreases respiration
and ethylene production in climacteric fruits (Daraghmah
and Qubbaj, 2021). In addition, Minh et al. (2019) observed
that a 5% GU gum coating increased carotenoid content in
chili peppers, while Chikhala et al. (2024) found that XAN
coatings helped maintain carotenoid levels in cut cantaloupe
during storage.

TSS, starch, firmness, and marketable features

According to the circular diagram, the effects of the coating
treatments on TSS, starch, firmness, and marketable features
of bell peppers show that the treatments GU3, XANL1, and
GU?2 cluster together, exhibiting the highest levels of starch,
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TSS, firmness, and marketability. Although there was no
significant difference observed between marketable features
and firmness across the various treatments, starch was
notably more influenced by the treatments than the other
three traits. This is highlighted in a separate grouping
marked in red, indicating its changes during the postharvest
stage due to the treatments (Fig. 4).

In addition, the correlation diagram shows that fruit
firmness and TSS had a positive relationship with each other
and showed the highest correlation with other traits (Fig. 5).
Total and reducing sugars followed close linearity with the

TS5

g

s
g
i
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TSS content in the bell pepper with an initial increase by
coating and decrease by storage time. Along with the
conversion of complex polysaccharides and pectic
compounds into sugars, the first increase in sugars of the
coated fruits was likely caused by water loss from the fruits
(i.e., monosaccharides and disaccharides). As opposed to
that, a subsequent fall during the later stage of storage can
be linked to metabolic breakdown and fruit senescence
because of dehydration and decreased fruit firmness. Prior
to this, reported comparable observations (Bhardwaj and
Sen, 2003; Ochoa-Reyes et al., 2021).

Fig. 4. The circular plots of edible coatings treatments on total soluble solid (TSS), starch, firmness, and marketable features in
bell pepper. C: Control, XAN1: Xanthan 0.5 %, XAN2: Xanthan 1 %, XAN3: Xanthan 1.5 %, CMC1: CMC0.5 %, CMC2: CMC1
%, CMC3: CMC1.5 %, GU1: guar 0.5 %, GU2: guar 1 %, GU3: guar 1.5 %.

4’)-‘
.’06
- %
% “2, %
2, 2 &3 2
g 5 % %0
1 1
Pearson's {
~ Starch 0.8
0.6
0.4
0.2
| ~TSS 0
g -0.2
-0.29
Correlation
Mantel's p D ~ Firmness

@ <=0.001

() 0.001<x<=0.01
) 0.01<x<=0.05
>0.05

Mrketable feature

Fig. 5. Correlation between total soluble solid (TSS), starch, firmness, and marketable features of bell pepper.



M. Haghighi & F. Parniani

GU -coated fruits exhibited a greater initial decline in
TSS, possibly due to the coating’s limited ability to
prevent metabolic breakdown. In contrast, CMC and
Xanthan treatments appeared to moderate these changes
more effectively. Since TSS levels in some treatments
were similar to the control, it seems that GU and XAN
coatings may regulate the breakdown of complex
polysaccharides and pectic substances into sugars and
other metabolic products. Thus, while the physiological
effects of CMC and XAN on TSS are comparable, they
differ from those of GU. Since fresh fruit flavor is largely
determined by TSS balance, such variations ultimately
influence overall consumer preference (Satish and
Thakur, 2017). Water exchange between internal fruit
tissues and the surrounding atmosphere is a major cause
of weight loss and decay during cold storage, leading to
reduced marketability (EI-Gioushy et al., 2022). Studies
have shown that GU gum coatings improve the
marketable quality of tomatoes (Qubbaj and Daraghmah,
2023) and cucumbers (Saha et al., 2016) by forming a
protective barrier that reduces respiration, maintains
protective enzyme activity, and preserves cell membrane
integrity (Ruelas-Chacon et al., 2017). This coating also
enhances fruit resistance to microbial attack (Saha et al.,
2016). EI-Gioushy et al. (2022) further reported that fruit
marketability is positively correlated with firmness,
acidity, vitamin C content, and total chlorophyll, while
negatively correlated with weight loss, decay, TSS, the
TSS/acid ratio, total sugars, antioxidant activity, and rot.
These physicochemical changes can reduce consumer
acceptance and therefore lower marketability. Firmness
is a major determinant of consumer acceptability and is
influenced by storage duration, treatment type, and their
interaction (Kumar and Saini, 2021). It reflects the
activity of cell wall-modifying enzymes such as
polygalacturonase and pectin methylesterase, which
contribute to pectin degradation and softening (Changwal
et al., 2021). Hydrolase and pectinase activities can
weaken the cell wall matrix, resulting in firmness loss
(Saekow et al., 2019). Edible coatings help maintain
firmness by lowering respiration and transpiration rates,
delaying ripening and senescence, and inhibiting cell
wall degradation (Kumar and Saini, 2021). XAN gum has
been shown to enhance firmness in tomatoes (Kumar and
Saini, 2021) and pumpkins (Survase et al., 2021), while
GU gum improves firmness in tomatoes (Maurizzi et al.,
2023) and chili peppers (Minh et al., 2019). By regulating
gas exchange, edible coatings reduce oxygen uptake and
retain carbon dioxide (Yaman and Bayowdul, 2002),
illustrating the strong relationship between respiration
rate, weight loss, and fruit firmness (Klangmuang and
Sothornvit, 2018).

Weight loss of fruit and infectious diseases decay

According to the heat map illustrating the effects of edible
coating treatments on weight loss in bell pepper fruits across
different storage times, substantial weight loss occurred on
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days 28 and 35. In contrast, days 7, 14, and 21 showed no
significant differences from one another. Thus, the greatest
weight loss was observed after 28 days, indicating that
prolonged storage is economically impractical due to the
increased post-harvest weight reduction. In terms of
treatment performance, the control and CMC3 treatments
clustered together, whereas all other coatings formed a
separate cluster. This grouping suggests that treatments such
as GU1, XAN1, CMC2, CMC1, GU3, XAN3, XAN2, and
GU2 were generally effective in limiting excessive post-
harvest weight loss. However, GU3 and XAN3 were less
effective, as reflected by their darker color on the heat map.
The first- and second-level treatments provided
comparatively better protection against weight loss (Fig. 6).

The circular diagram illustrating the impact of edible
coating treatments on post-harvest infectious disease
decay across different time points shows that XAN1 and
XANS3 clustered together, displaying the lowest levels of
decay among all treatments. In contrast, the control and
GUL treatments exhibited the highest levels of infectious
disease decay, particularly on days 28 and 35. From a
temporal perspective, days 28 and 35 formed a cluster,
indicating similarly high levels of decay. Days 14 and 21
also grouped together, reflecting comparable levels of
infectious disease decay. The lowest decay was observed
on days 0 and 7, indicating the absence of contamination
up to day 7, with infectious disease decay beginning to
appear from day 14 onward (Fig. 7).

Storage duration had a greater influence on pepper
fruit firmness than on weight loss. Although XAN and
GU coatings contributed to reducing weight loss, the
effect of storage time on weight reduction was less
pronounced than its impact on firmness. Similar
observations have been reported for tomato coatings,
which helped preserve firmness and reduce weight loss
(Ali et al., 2013). Arabic gum coatings also prevented
changes in overall acidity in cherry tomatoes (Li et al.,
2017). Compared with uncoated fruit, gum coatings
maintained firmness, reduced weight loss, and slowed
respiration during cold storage. These benefits are
attributed to the modifications in the fruit’s internal
environment and disruptions in ethylene production,
which collectively reduce respiration rates and delay
ripening and senescence (del C Robles-Flores et al.,
2018). Furthermore, the polysaccharide gum layer acts as
a barrier that limits gas exchange and water vapor loss.
Formations of hydrogen bonds between polysaccharides
and phenolic compounds may also increase skin
thickness (Pinzon etal., 2018). Since bell pepper is a non-
climacteric fruit, respiration contributes only minimally
to water loss; therefore, external factors, such as storage
temperature, relative humidity, and coating type, play a
significant role in deterioration. Applying appropriate
postharvest treatments can therefore reduce losses
associated with rot, respiration, and transpiration
(Saltveit, 1977). Overall, XAN appeared more effective
than GU and CMC in preventing the spread of infection
(Fig. 8A and Fig. 8B).
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Fig. 6. The heat map of edible coatings treatments on weight loss in bell pepper. C: Control, XAN1: Xanthan 0.5 %, XAN2:
Xanthan 1 %, XAN3: Xanthan 1.5 %, CMC1: CMCO0.5 %, CMC2: CMCL1 %, CMC3: CMC1.5 %, GU1: guar 0.5 %, GU2: guar 1

%, GU3: guar 1.5 %.
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Fig. 7. The circular plots of edible coatings treatments on infectious disease decay in bell pepper. C: Control, XAN1: Xanthan 0.5
9%, XAN2: Xanthan 1 %, XAN3: Xanthan 1.5 %, CMC1: CMCO0.5 %, CMC2: CMC1 %, CMC3: CMC1.5 %, GU1: guar 0.5 %,

GU2: guar 1 %, GU3: guar 1.5 %.
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Fig. 8. The interactive effect of different covers over different storage times on infectious diseases decay and weight loss. C:
Control, XAN1: Xanthan 0.5 %, XAN2: Xanthan 1 %, XAN3: Xanthan 1.5 %, CMC1: CMC0.5 %, CMC2: CMC1 %, CMC3:
CMCL1.5 %, GU1: guar 0.5 %, GU2: guar 1 %, GU3: guar 1.5 %.

The most notable qualitative characteristics of the bell
pepper fruits included reduced levels of infection and
disease, along with lower concentrations of phenols, starch,
antioxidants, organic acids, and carotenoids across all
coating treatments (Fig. 9A). Among the treatments, GU1
and GU2 were the most effective in maintaining the
qualitative attributes of bell peppers during shelf life,
followed by XAN2, XAN3, CMC2, and GU1 (Fig. 9B).
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Texture is a key indicator used by both consumers and the
food industry to evaluate the freshness of fruits and
vegetables. Microbial contamination of fruits, primarily
caused by bacteria, molds, and yeasts, can occur during
production, packaging, processing,  transportation,
distribution, and storage (Ma et al., 2017). Edible gum
coatings offer antibacterial properties in addition to serving
as mechanical barriers, thereby helping preserve product
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quality and extend postharvest shelf life (Raffo et al., 2007;  coatings. Although the precise mechanism underlying the

Tahir et al., 2018). antibacterial activity of gum-based edible coatings is not
o ) fully understood, several studies indicate that gums serve as
Principal component analysis rich sources of bioactive compounds, including polyphenols

) . . (Al Alawi et al., 2018) and bioactive polysaccharides such
Biplot analysis revealed that during storage, the XAN2,  4¢ those found in peach gum (Yao et al., 2013). In the

CMC1, and CMC2 treatments enhanced key consumer-  present study, all coating treatments successfully reduced
related attributes of bell pepper fruits, including carotenoid  symptoms of disease infection.

content, firmness, and TSS. In contrast, XAN1, GU1, and

GU2 were associated with higher nutritional value,  Sankey plot

particularly with respect to starch, chlorophyll, phenol, and

vitamin C levels. Overall, all coating treatments, except the  Based on the Sankey diagram illustrating the interactions
control, CMC3, and GU3, were effective in maintaining bell  between edible coatings and post-harvest storage time on the
pepper fruit quality (Fig. 10). Firmness appeared to  physiological traits of bell peppers, the traits most
influence the MF, as it showed a stronger positive influenced over time, with the greatest to the least impact,
correlation with firmness than with weight loss. The coating  were organic acids, starch, antioxidants, phenols, and
treatments did not affect visible fruit shriveling (Fig. 11).  carotenoids. In contrast, TSS, firmness, weight loss, vitamin
Loss of firmness is primarily attributed to the pectin  C, and correlation were affected to a lesser degree. These
degradation mediated by pectin-methylesterase and  findings indicate that treatments capable of stabilizing
polygalacturonase (Barbagallo et al., 2012). Related organic acids and carotenoids, as well as antioxidants and
research has shown that phenolic hydroxyl groups in plant  phenols, are particularly beneficial for extending the post-
polyphenols can interact with the carboxyl groups of  harvest shelf life of bell peppers. Among the most effective
polysaccharides (Gao et al., 2013). Such interactions may treatments in this regard were CMC2, XANL1, and GU2 (Fig.
enhance the antibacterial properties of coatings by slowing  12).

the release of bioactive components from edible films and
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Fig. 9. Rader chart over multiple qualitative changes of pepper by different coatings during storage. (A) Rader chart of the effectiveness
of different coatings on some qualitative characteristics of pepper. (B) Star: Starch, VitC: Vitamin C, Cart: Carotenoid, Mrket: Marketable
feature, WL: Weight loss, Chl: Chlorophyll, Firm: Firmness, Inf-D: Infectious diseases decay, OC: Organic acids, Phen: Phenol, Ant:
Antioxidant, C: Control, XAN1: Xanthan 0.5 %, XAN2: Xanthan 1 %, XAN3: Xanthan 1.5 %, CMC1: CMC0.5 %, CMC2: CMC1
%, CMC3: CMC1
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Fig. 10. The biplot analysis of different coatings on some characteristics of bell pepper after storage. Star: Starch, VitC: Vitamin
C, Cart: Carotenoid, Mrket: Marketable feature, WL: Weight loss, Chl: Chlorophyll, Firm: Firmness, Inf-D: Infectious diseases
decay, OC: Organic acids, Phen: Phenol, Ant: Antioxidant. 1: control, 2: Xanthan 0.5 %, 3: Xanthan 1 %, 4: Xanthan 1.5 %, 1-1:
control, 5: CMC 0.5 %, 6: CMC 1 %, 7: CMC 1.5 %, 1-2: control, 8: guar 0.5 %, 9: guar 1 %, and 10: guar 1.5 %.
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14

Fig. 11. Fruit appearance covered by guar (GU), Xanthan (xa), and carboxymethyl cellulose (CMC) with different coating
concentrations after one month storage. GU1: guar 0.5 %, GU2: guar 1 %, GU3: guar 1.5 %, CMC1: CMC 0.5 %, CMC2:
CMC 1 %, CMC3: CMC 1.5 %, XAN1: Xanthan 0.5 %, XAN2: Xanthan 1 %, XAN3: Xanthan 1.5 %.
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Fig. 12. The sankey plot of different coatings on some characteristics of bell pepper after storage. C: control, XAN1: Xanthan
0.5 %, XANZ2: Xanthan 1 %, XAN3: Xanthan 1.5 %, CMC1: CMC 0.5 %, CMC2: CMC 1 %, CMC3: CMC 1.5 %, GU1: guar

0.5 %, GU2: guar 1 %, GU3: guar 1.5 %.
CONCLUSION

This study demonstrated that the nutritional value and
marketability of bell peppers declined substantially during
storage, largely due to the degradation of key components
such as vitamin C, phenols, and antioxidants. The
application of edible coatings effectively delayed
senescence and helped preserve the postharvest quality of
the fruit. Among the treatments evaluated, the GU gum
coating at a concentration of 1 % was the most effective
in maintaining overall quality. This treatment minimized
changes in organic acids and antioxidants, significantly
improved firmness, and reduced weight loss, thereby
enhancing  marketability.  Although all  coatings
contributed positively to quality preservation, the GU gum
treatment provided superior protection against microbial
decay while maintaining essential nutritional attributes.
These findings suggest that GU gum is a promising edible
coating for extending bell pepper shelf life and retaining
both nutritional value and consumer appeal. Future
research should include toxicological assessment and
optimization of coating formulations to further improve
their safety and effectiveness for commercial application.
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