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Abstract

A sustainable solution to prevent the waste of fruits and vegetables from spoilage is the use of edible coatings or films.
This research project aimed to create a fresh coating recipe that could effectively extend the shelf life of mangoes. The
coating was composed of chitosan, glycerol, and gum Arabic mixed with the extract obtained from the extraction of
Cleistocalyx operculatus plant. The prepared exact has a total polyphenol content of 17% and showed potent free radical
scavenging abilities in a dose-dependent manner. The chitosan/gum Arabic/Glycerol/extract edible coatings were
analyzed using SEM and FTIR spectroscopy, revealing a smooth and uniform coating with a well-integration of com-
ponents. Coating the mangoes with this formulation resulted in significant improvements in their appearance, bright-
ness, weight loss, firmness, titratable acidity, and CO, respiration rate compared to uncoated samples. The optimal
concentration of the extract in the coating was determined to be 0.25% w/w for the best protective performance. After 21-
day storage at room temperature, uncoated mangoes were found to be rotten, while coated mangoes remained fresh.

Keywords: Edible coating, Fruit preservation, Leaf extract, Postharvest mango, Shelf-life extension

1. Introduction therefore, an essential requirement to reduce post-
harvest losses, increase the availability of the fruit,

M ango is a tropical fruit that people worldwide apd improve the incom.e of farmers. Various tech-
enjoy because of its sweet and tangy flavour ~ hiques have been established to Prolong the storage
[1]. However, despite its popularity, mango is a duration qf mangoes, encompassing the aPpllcatlon
highly perishable fruit that is prone to spoilage, of chemical preservatives, refrigeration, and
leading to significant post-harvest losses [2]. The controlled atmosphere stor.age.[3—6]. Neyer-the.less,
short shelf life of mangoes limits their availability in ~ these approaches come with inherent limitations,
the market and makes it challenging for farmers to such as poter}tlal health hazards, elevated expenses,
sell their products. Prolonging mango shelf life js, ~and substantial energy demands. Recently, growing
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interest has been in developing natural and sus-
tainable methods to prolong mango shelf life [7].
Edible coatings and plant extracts are among the
promising solutions that have been studied exten-
sively [8—10]. These natural methods have the po-
tential to reduce post-harvest losses, increase the
availability of mangoes, and improve the sustain-
ability of the mango industry [11].

Using polysaccharides and intricate carbohy-
drates has garnered interest as a promising option
in developing edible coatings for extending the
lifespan of fruits and vegetables [12]. Edible coatings
are thin layers of natural or synthetic substances
applied to the surface of fresh produce to provide a
protective barrier against external factors such as
moisture loss, oxidation, and microbial growth [13].
Polysaccharide edible coatings are considered an
attractive alternative to synthetic coatings due to
their biodegradability, non-toxicity, and low cost.
They can be obtained from various natural sources
such as plants, algae, and microorganisms. Poly-
saccharides, such as chitosan, alginate, and starch,
have been extensively studied for their effectiveness
in preserving the quality and extending the shelf life
of various fruits and vegetables [14,15]. Edible
coatings can be created by combining one, two, or
three types of coating materials and incorporating
antioxidants and antimicrobial additives to improve
their effectiveness [16—18].

Chitosan (CH), a biopolymer derived from chitin,
is a cationic polysaccharide with excellent antimi-
crobial properties [19]. Studies have indicated that
polysaccharides, such as chitosan, possess the
ability to hinder the proliferation of diverse mi-
croorganisms, including bacteria and fungi,
through the disruption of their cell membranes.
Chitosan, in particular, can generate a robust film
on the surface of fruits and vegetables, effectively
safeguarding against moisture loss and external
contaminants [20—24]. Gum arabic, a natural
exudate from the stems and branches of Acacia
senegal trees, is a water-soluble polysaccharide that
has excellent film-forming properties [25]. It can be
used to provide a barrier against moisture loss and
to enhance the texture and appearance of fruits and
vegetables. Gum Arabic (GA) has also been re-
ported to exhibit antioxidant and antimicrobial
properties, making it a potential natural preserva-
tive [26,27]. When used together, chitosan and gum
arabic can form a strong and flexible film on the
surface of fruits, providing a protective barrier
against external factors such as moisture loss,
oxidation, and microbial growth. To enhance the
antimicrobial and mechanical properties of the
coating, the chitosan can be combine with gum

arabic to enable the synergistic effects, [9,10,21].
Studies have shown that the use of chitosan/gum
arabic edible coating can extend the shelf life of
mangoes by reducing weight loss, delaying
ripening, and inhibiting microbial growth. Addi-
tives are frequently incorporated into the formula
of edible coatings to enhance their mechanical
properties. Glycerol (Gly) could be introduce to the
formula of edible coatings to enhance their prop-
erties, such as their ability to adhere to the surface
of fruits and vegetables, and to reduce their water
vapor permeability [28]. This can help extend the
shelf life of produce and maintain its quality during
storage and transportation. Glycerol can also
improve the edible coatings' mechanical strength
and elasticity, making them more resistant to
cracking and breaking.

Cleistocalyx operculatus (CO), a tropical fruit, has
attracted interest as a viable natural resource for
deriving compounds suitable for the development of
edible coatings with the purpose of extending the
storage duration of fruits and vegetables [29,30]. The
fruit and leaves of Cleistocalyx operculatus contain
various bioactive compounds, including phenolics
and flavonoids, that exhibit antioxidant and antimi-
crobial properties, which could be employed for
green synthesis and edible coatings [31]. Studies
have shown that extracts from the CO extract can be
employed as a composition in edible coatings for
fruits and vegetables [10]. Utilizing coatings derived
from CO extract has shown promising results in
enhancing the overall quality and extending the shelf
life of fruits. These coatings effectively mitigate
weight loss, delay ripening, and inhibit the growth of
microorganisms. CO extract-based coatings offer
several advantages over synthetic coatings, including
their natural origin, biodegradability, and low cost.
The CO extracts can be obtained from waste mate-
rials, providing a sustainable solution to reduce
waste and maximize the utilization of resources.

The combination of chitosan, gum arabic, and
glycerol, along with leaf extract, for the edible
coating of mango is a relatively novel approach.
While individual or combined use of chitosan, gum
arabic, glycerol, and leaf extract has been explored
for edible coatings in the past, there is limited
research on their specific combination for preser-
ving mangoes. This study focuses on developing a
new formulation of edible coatings consisting of
chitosan, gum arabic, glycerol, and CO extract to
extend the shelf life of harvested bananas. The study
extensively examines the effects of CO concentra-
tion on the physical and chemical properties of
mangoes. Furthermore, the protective efficacy of the
composite coating is also studied.
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2. Experimental section

2.1. Materials

Mangoes of the same size and harvested from
farms in Son La province, Vietnam, were collected.
Tin Cay Joint Stock and Green Cosmetics compa-
nied provide chitosan and Gum Arabic, respec-
tively. Various chemicals, including glycerol,
ethanol, sodium carbonate, ammoniac solution,
NaClO (99%), and CH3;COOH (99%), were obtained
from Xilong Chemicals (China). The mangoes were
meticulously cleaned before utilization, while the
remaining chemicals were used as received without
the need for additional purification.

Cleistocalyx operculatus (CO) leaves were received
from Ha Tay province (Vietnam) and authenticated.
The CO leaves were completely dried and milled
into a fine powder, then underwent a 48-h ethanol
extraction process. This extraction process was
repeated twice, and the obtained extract was dried
in a vacuum rotary.

2.2. Determination of the CO extract's polyphenols
and flavonoid

The Folin Ciocalteu reagent described by
Singleton and Rossi was employed to determine the
total phenolic content of the ethanolic CE extract,
with gallic acid being used as the standard [32].
Normally, a blend consisting of 5 mL Folin Ciocalteu
reagent, 1 mL CO extract solution and 4 mL Na,CO;
solution (75 g/L) was stirred for 30 min. The total
phenolic content of the mixture was then deter-
mined by measuring the mixture's absorbance at a
wavelength of 765 nm using gallic acid as the
reference. The amount of polyphenols in milligrams
per gram of gallic acid was then calculated.

2.3. Determination of the CO extract's antioxidant
activity

Its antioxidant activity was evaluated based on
the extract's capacity to neutralize free 1,1-
diphenyl-2-picryl hydrazyl (DPPH) radicals. The
extract was combined with a DPPH solution,
resulting in the neutralization of the radicals. This
reaction caused a color transition in the solution,
shifting from purple to yellow. The extent of the
color change served as an indicator of the strength
of the antioxidant activity. Three mL of the extract
was combined with 1 mL of DPPH solution
(0.1 mM in ethanol) at various doses (5—30 pg/mL).
After vigorously shaking the mixture for 30 min at

room temperature, the absorbance was recorded at
517 nm. The experiment was carried out for three
times using ascorbic acid as the reference standard.
The logarithmic dosage inhibition curve was
plotted to ascertain the mixture's ICs, value. The
formula used to calculate the DPPH scavenging
effect was: DPPH scavenging effect (%) = (Ag - A1)/
Ag x 100, where Ag represented the DPPH solution's
initial absorption intensity and A, indicated the
DPPH solution's absorption intensity in the pres-
ence of the extract [33].

2.4. Preparation of edible coatings

The CH/GA/Gly/CO edible coatings were made
in two steps by combining 1% chitosan, 2.5% gum
Arabic, 0.3% glycerol, and different concentrations
of the CO extract in the range of 0.05-0.5%. To
begin, 5 g of gum Arabic was dissolved in 100 mL of
water to create a solution known as solution A. The
mixture was vigorously stirred for 2 h at a temper-
ature of 40 °C. Secondly, 2 g of chitosan were dis-
solved in 100 mL of water and 0.67 g of glycerol and
stirred for 2 h at room temperature to create solu-
tion B. The pH of the solution was adjusted to
approximately 5.5 using either a diluted NaOH or
H,SO, solution. Subsequently, Solution A was
combined with Solution B, and different concen-
trations of CO extract were incorporated into the
mixture. This resulted in the creation of the edible
coatings specifically formulated for the preservation
of mangoes.

2.5. Application of the prepared edible coatings to
mangoes

To getrid of any obvious surface dirt, the mangoes
purchased from the farm were first cleaned with
water. Subsequently, an additional cleaning step
was performed using a 0.01% NaClO solution to
ensure thorough cleanliness of the mangoes. Next,
the mangoes were divided into 7 groups consisting
of 18 mangoes each. These groups were treated with
various coating solutions, including controlled
samples, CH 1%/GA 25%, CH 1%/GA 2.5%/
Gly 0.3%, and CH 1%/GA 2.5%/Gly 0.3%/CO solu-
tions containing different CO extract proportions
ranging from 0.05 to 0.5 w/w%. After coating, the
mangoes were dried and stored under ambient
conditions with controlled room temperature and
relative humidity. At predetermined time intervals,
typically every three days, individual mangoes from
each group were selected and assessed to evaluate
their physicochemical properties.
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2.6. Study of color changing

Initially, the mango peel exhibited a green color,
which later transitioned into a yellow hue. As the
mangoes reached a deteriorated state, the color of
the peel turned brown, indicating spoilage. To
examine the interior of the mangoes, they were cut
in half and observed. The International Commission
on Illumination's standard was used to objectively
measure the mangoes' lightness on the pericarp of
the fruit [34]. The lightness property of mangoes was
determined through the luminosity parameter (L
value) measured with a colorimeter under common
condition of light.

2.7. Determination of mangoes” weight loss

The digital balance was used to weigh the
mangoes in each group every 3 days during the
storage period. The weight loss’ percentage was
calculated based on the difference in weight of each
mango during the storage time. The experiments
were repeated three times to determine the average
value and associated standard deviations.

2.8. Determination of mangoes’ firmness

The Instron Universal Testing Machine was
employed to determine the firmness of the mangoes
by puncturing them using an 8 mm diameter
puncture tip. 20 mm per minute was consistently
maintained during the piercing. The force needed to
pierce the mango was expressed in Newtons (N).
Each mango was punctured three times to obtain an
average value.

2.9. Determination of mangoes’ titratable acidity

To determine the titratable acidity of mangoes, a
titration method was used. The mangoes were
initially peeled and mixed with 40 mL water for the
experiment. The resulting blend underwent filtra-
tion through centrifugation for 15 min at 7000 rpm,
followed by an additional filtration step using filter
paper. The filtered sample was then mixed with 3
drops of a 0.1% phenolphthalein indicator in 5 mL of
water. A dropwise addition of a 0.1 M NaOH solu-
tion was carried out up until a pink color change
showed that the mangoes' base and acids had
reacted, suggesting that the reaction had occurred.
By analyzing the amount of malic acid present in the
mango pulp, the acidity of the mangoes was ascer-
tained. To acquire an average value while account-
ing for the accompanying variances, the experiment
was repeated three times.

2.10. Determination of mangoes’ CO, respiration
rate

The respiratory rate of mango fruit is determined
using the ICA15 Dual CO, gas measuring device.
The respiratory rate is calculated using the following
formula:

 %CO; x (V —w)
771000 x w x t x 100

X

Where, X is the respiratory rate (mL CO,/kg.h), %
CO, is the measured concentration of CO, in the
device (%), V is the volume of the chamber (mL),
w is the weight of the sample used in the experiment
(g), t is the time of respiration (hours), and 1000 is
the conversion factor from grams to kilograms.

2.11. Statistical analysis

The experiments were repeated three times, and
the obtained data was averaged with standard de-
viation. A statistical analysis was conducted using
Student's t-test to ascertain any significant differ-
ences between the samples. A significance level of
p < 0.05 was utilized to determine the presence of
statistical significance.

3. Results and discussion

To assess the suitability of using CO extract as an
additive in mango fruit preservation coating, its
biological properties including total polyphenol
content and antioxidant activity, were examined. As
previously reported, the extract contained high
levels of polyphenols, with flavonoids being the
primary constituents [35]. The study showed that
the extract had a polyphenol content of approxi-
mately 17% of the dry material. The results also
demonstrated that the CE extract had strong free
radical scavenging abilities in a dose-dependent
manner, even at low concentrations. The extract
exhibited over 60% activity in the DPPH assay at a
50 pg/mL concentration.

The effect of CH/GA ratios on the appearance of
mangoes stored at different periods of time was
investigated. The results are shown in Fig. S1.
Through visual evaluation of the condition and color
of the fruit, it can be observed that the control
mangoes, after 15 days of storage under the same
conditions, exhibited external signs of damage such
as black spots, softness, wrinkled skin, and a
generally deteriorated appearance. In contrast, the
mangoes coated with the preservation film
appeared fresher, with fewer black spots. Specif-
ically, after 9 days of observation, the mangoes
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coated with the preservation film retained their
freshness and shine. By the end of the 15-day
observation period, mangoes coated with the CH
0.5%/GA 2.5%, CH 1.5%/GA 2.5%, and CH 2%/GA
2.5% formulations had more black spots, while
mangoes coated with the CH 0.25%/GA 2.5% and
CH 0.75%/GA 2.5% formulations had fewer black
spots. No damage was detected in the mangoes
coated with the CH 1%/GA 25% formulation.
Therefore, the chitosan/gum arabic film-forming
system with CH/GA ratio of 1%/2.5% was chosen as
the optimized CH/GA ratio for the subsequent
experiments.

The effect of glycerol content on the appearance of
mangoes stored at different period of time. The re-
sults are shown in Fig. 52. When plasticizers are
added to the edible coating formula, mangoes ripen
more slowly, which may be due to the film now
having more flexibility, elasticity, and better water
retention properties. Fig. S2 shows mangoes have a
shiny and smooth surface when using the preser-
vation film. After 9 days of observation, mangoes
coated with different formulations still maintain the
freshness of the fruit. However, at the 15-day mark,
the control group of mangoes showed signs of
ripening with black spots, while mangoes coated
with films containing 0.1%, 0.2%, 0.4%, and 0.6%
additives also exhibited black spots, and some of the
fruits began to rot. Mangoes coated with the CH 1%/
GA 25%/Gly 0.3% and CH 1%/GA 2.5%/Gly 0.5%
formulations did not show black spots or significant
color changes after 15 days of observation under
normal conditions. However, mangoes coated with
the CH 1%/GA 25%/Gly 0.5% formulation dis-
played some wrinkling of the fruit's skin due to
water loss, and it was not as effective in terms of
visual appearance. Based on visual observations, it
can be concluded that after 15 days of preservation,
the CH 1%/GA 2.5%/Gly 0.3% formulation was the
most effective for preserving mangoes. The surface
remained glossy, the fruit was firm, and no signs of
spoilage were observed. Therefore, the edible
coating formula of CH 1%/GA 2.5%/Gly 0.3% was
selected for further investigation.

The study primarily focused on the color changes
that occur during the aging of mangoes, which
begin as green and ripen to yellow before ulti-
mately turning brown and rotting. The researchers
investigated the effect of various edible coatings on
the color changes of mangoes after being preserved
for 21 days at 25 °C and 70% relative humidity. The
chlorophyll degradation in the mango skin causes
the mangoes to turn yellow. The enzyme chlor-
ophyllase, which breaks down chlorophyll, starts

the enzymatic breakdown process. Yellow pig-
ments like xanthophyll and carotene are created as
a result. The browning of mangoes occurs as a
result of enzymatic and non-enzymatic reactions.
Enzymatic browning occurs when the enzyme
polyphenol oxidase (PPO) present in the mango
reacts with oxygen in the air, causing the fruit's
flesh to turn brown. Non-enzymatic browning, also
known as Maillard browning, occurs when
reducing sugars in the mango react with amino
acids under high temperatures (the highest rate of
this reaction occurs at the temperature range of
70—100 °C) [36]. At the room temperature, this re-
action still slowly occurs, resulting in the formation
of brown pigments and a change in the texture and
flavor of the fruit [37,38]. Both enzymatic and non-
enzymatic browning contribute to the degradation
of mango quality and reduce the shelf life of the
fruit, in which the enzymatic browning is domi-
nantly responsible for the quality of mango at low
temperatures (<25 °C).

The mangoes depicted in Fig. 1, without any
coating, exhibited a significant transformation,
appearing brown and rotten. On the other hand, the
banana coated with films composed of 1% chitosan
(CH) and 2.5% gum arabic (CA), as well as 1% chi-
tosan (CH), 2.5% gum arabic (CA), and 0.3% glycerol
(Gly), demonstrated signs of decay after 21 days of
storage. Interestingly, adding the CO extract to the
composite formula significantly reduces the
mangoes' color change. Specially, the mangoes
coated with CH 1%/GA 2.5%/0.3% Gly/0.25%CO
composite showed only partial yellowing after 21
days. These findings highlight the significant impact
of the CH 1% + GA 2.5% + 0.3% Gly + 0.25% CO
composite coating in extending the storage life of
mangoes. This coating effectively slows down the
mangoes' respiration rate and reduces chlorophyll's
degradation. The study demonstrates that the
application of this edible coating can successfully
prolong the freshness of mangoes when stored
under ambient conditions for more than 21 days.

The color change was further accessed by the lu-
minosity parameter. The luminosity parameter,
indicated by the L value, is a reliable method to
assess color changes in fruits, according to previous
research [39]. The color changes of mangoes during
the ripening process were evaluated using the L
value as shown in Fig. 2. The findings showed that
after 21 days of storage at room temperature without
the use of an edible covering, the mangoes' L values
drastically dropped from 65 to 3. However, the L
values of the mangoes significantly improved after
applying the CH/GA/Gly/CO composite coating,
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Fig. 1. The color changes of both uncoated mangoes and mangoes coated with various formulations of coatings.

reaching a value of 44 after the testing period. Due
to the glossy appearance of the edible coating on the
mangoes' surface, the initial L value of the coated
mangoes was roughly 67, which was greater than
that of the uncoated samples. These results show
that the mangoes with the edible coating main-
tained their brightness up to 66% under the same
storage conditions, but the mangoes without the
coating lost their brightness after just 21 days at
ambient temperature. The exterior characteristics of
the mangoes, as shown in Fig. 2b—e, provided visual

corroboration of the findings. After 21 days of stor-
age, the treated mangoes' pericarp still showed a
green tint, in contrast to the untreated mangoes'
wholly brown exterior. Assessing the freshness of a
mango involves taking into account its internal
appearance, which is crucial. The image in Fig. 2d's
insert illustrates that after 21 days, an uncoated
mango appears grey and almost spoiled. In contrast,
as seen in the inset in Fig. 2e, the inside of a mango
coated with the CH/GA/Gly/CO composite coating
remained rather fresh, exhibiting a yellowish tint

70
E. . * - -0- Uncoated Mango
e - -®@- Coated Mango
604 . e, )
o L
50 : .. . .
9 40- &
S a
L 30 s
20 - ~Q_.
5
10
0 T T T T
0 5 10 15 20 25
Days

Fig. 2. (a) The brightness parameter was assessed throughout the storage duration of both uncoated mangoes and mangoes coated with the CH/GA/
Gly/CO edible coating. The appearances of the uncoated mangoes (b, d) were compared to those of the coated mangoes (c, e) after 21-day storage.
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Fig. 3. The amount of weight that uncoated mangoes lose compared to
mangoes coated with different coatings formulations.

and showing no symptoms of rotting. It wasn't until
after 30 days of storage that signs of spoilage were
observed in the coated mango.

Mangoes lose moisture and/or carbon atoms
during respiration, which results in a weight loss
during the ripening process [10]. Hence, assessing
the mass loss of mangoes serves as a crucial indi-
cator in determining the efficacy of coatings in
prolonging their shelf life. Fig. 3 illustrates the
weight loss observed in uncoated mangoes
compared to mangoes coated with various formu-
lations and stored under ambient conditions.
Mangoes don't lose as much weight during the
ripening process as other fruits do because of their
thick pericarp. Fig. 3 clearly demonstrates that
applying a film to the mangoes effectively mitigates
weight loss. While the uncoated mangoes experi-
enced a weight decrease of over 6% after 21 days of
storage, this percentage was significantly reduced
when the coating was applied. In the absence of the
CO extract in the edible coating formulation, the
mangoes experienced weight losses of 5% and 4.2%
for the CH/GA and CH/GA/Gly coatings, respec-
tively. It can be obvious from Fig. 3 that the weight
loss of mangoes significantly decreases upon the
addition of the CO extract to the coating composi-
tion. The most effective coating in minimizing
mango mass loss is the one containing 0.25% CO
extract with weight loss of only 2.3% after 21 days.
Adding the CO extract improves mango weight loss
by minimizing carbon atom loss during respiration,
potentially due to CO's antimicrobial properties [40].
Additionally, the concentration of polyphenols in

the CO is notably high (around 12.6%), serving as
effective scavengers of free radicals (these radicals,
when in contact with mango, induce oxidative re-
actions that affect the fruit's metabolism). It was
noted that as the CO content increases, the weight
loss of mago treated with the edible coatings de-
creases, reaching a minimum at a CO content of
0.25%. Any further increase in CO content beyond
0.25% showed a rise in weight loss of coated mango.
Hence, the optimized concentration of CO extract in
the CH/GA/Gly/CO composite coating edible
coating for minimizing banana mass loss can be
considered as 0.25%.

The wall, cell structure, chemical compounds, and
intracellular components of the mango pericarp and
its texture and internal makeup degrade during the
ripening process. This degradation leads to a soft-
ening of the fruit [41]. Applying a coating to the fruit
is a common practice to prevent oxygen and carbon
dioxide from reacting with the enzymes present in
the fruit, as these reactions are primarily respon-
sible for the ripening process [42]. In order to assess
the efficacy of edible coatings, the hardness of
coated and untreated mangoes was assessed during
storage at intervals of three days. The results are
presented in Fig. 4. At the beginning of the experi-
ment, the initial firmness of the mango was
approximately 91 N. The uncoated mango quickly
lost its firmness and became completely soft after
only 15 days of storage. The application of CH/GA
and CH/GA/Gly coatings is evident to slow the
ripening process of mangoes, however, the firmness
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Fig. 4. The firmness of both uncoated mangoes and mangoes coated with
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of the mangoes only retains for 18 days before
completely ripening and soften. Intriguingly, the
application of CH/GA/Gly/CO composite coatings
to the mangoes resulted in a significant improve-
ment in the retention of firmness, which was
maintained for over 21 days of storage time. The
best performance was observed with the mangoes
coated with CH/GA/Gly/0.25% CO, which retained
firmness for up to 21 days with firmness of 82 N. The
coated mango showed complete loss of firmness
after 30 days of storage.

The respiration rate of fruits such as mangoes is a
critical factor in determining their shelf life, and
reducing this rate can help to extend their storage
life. In which, CO; is a by-product of mango respi-
ration, and high levels of CO; can lead to a reduc-
tion in the quality and shelf life of mangoes. In order
to restrict the exchange of gases between the fruit
and its surroundings and, in turn, the fruit's respi-
ration rate, edible coatings can act as a physical
barrier [43]. This work also investigated the effects
of various edible coatings on carbon dioxide (CO5)
production rates in mangoes. The findings, pre-
sented in Fig. 5, demonstrate distinct climacteric
peaks in coated mangoes on the twelfth day,
whereas the climacteric trend is comparatively
suppressed in these fruits. Conversely, control
mangoes rapidly increased CO, production rate,
starting at an initial value of 125 mL CO,/(kg.h) and
peaking at 325 mL CO,/(kg.h) on day 9, before
decreasing to 50 on day 15. In contrast, coated fruits
exhibited a gradual increase in CO, production rate,
starting at 120 mL CO,/(kg.h), reaching 375 mL
CO,/(kg.h) on day 12, and subsequently decreasing
to 224 mL CO,/(kg.h) on day 21. This indicates that
the coating effectively delayed the occurrence of the
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Fig. 5. The CO, production rate of uncoated mangoes and mangoes
coated with CH/GA/Gly/0.25% CO edible coating.

respiratory climacteric peak and suppressed the
climacteric trend. These factors collectively
contribute to an extended shelf life and improve the
mangoes' storage quality.

The edible coatings employed in this study
demonstrated a dual effect by reducing the avail-
ability of oxygen for respiratory activity and
impeding the diffusion of CO, from the tissue. This
caused beneficial secondary physiological adjust-
ments to occur during the ripening phase. The
elevated concentration of CO, within the fruit's
internal atmosphere, facilitated by the coating,
resulted in a decrease in respiration rate and
delayed or prevented responses to ethylene. The
observed inhibitory effect on mitochondrial activity
and enzyme systems is generally attributed to the
elevated CO, concentration; however, the precise
mechanism of action remains unclear [44]. Hence,
the appropriate coating effectively slowed down
the aerobic respiration of mangoes and extended
their storage duration. However, in certain in-
stances, this reduction in aerobic respiration trig-
gered anaerobic respiration, negatively impacting
the sensory qualities and visual appeal of the fruits.
Our findings align with earlier studies in the
literature, which suggest that coatings based on
polysaccharides exhibit lower permeability to res-
piratory gases like O, and CO,, while being
comparatively more permeable to water vapor than
waxes [45].

Malic acid is the predominant organic acid found
in mangoes, which makes it a promising marker for
assessing the effectiveness of coatings employed in
mango preservation. The ripening process of
mangoes is associated with variations in acidity,
which can influence the fruit's color. Fig. 6 illustrates
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Fig. 6. The titratable acidity of uncoated mangoes and mangoes coated

with CH/GA/Gly/0.25% CO edible coating.
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Fig. 7. FTIR spectrum of CH/GA/Gly/0.25% CO edible coating.

the titratable acid (TA) values of both uncoated and
coated mangoes treated with CH/GA/Gly/0.25% CO
coating systems. The results demonstrate a signifi-
cant decrease in TA values over time for uncoated
mangoes, with a recorded value of approximately
0.16% after 21 days of storage, compared to the
initial TA value of 1.2% before storage. However, the
decrease in TA values is considerably slower with
the use of CH/GA/GIly/0.25% CO coating, with
calculated TA values of around 0.6% after 21 days of
storage. The coatings on mangoes hinder the
ripening process by providing a protective barrier,
resulting in elevated titratable acid (TA) levels in
coated mangoes compared to uncoated ones during
storage. Since malic acid consumption is a primary
indicator of fruit respiration, a decrease in acidity
values indicates higher respiratory activity in the
fruit [46].

The characteristics and bonding nature of com-
ponents in the CH/GA/Gly/0.25% CO edible
coating were studied in the Fourier-transform
infrared spectrum. Fig. S3 and Fig. 7 shows the
FTIR spectrum of the CH/GA/Gly and CH/GA/
Gly/0.25% CO edible coating. The composite ma-
terial's FTIR spectrum displayed a noticeable peak
at about 3270 cm ™', caused by OH groups' vibra-
tions. This peak indicates the presence of absorbed
moisture and OH bonding from glycerol, as well as
alcohol and phenol groups from the CO extract

[47,48]. The absorption band observed at approxi-
mately 3270 cm ' in the FTIR spectrum is also in
good agreement with the stretching group of NH in
the chitosan molecule [49]. The FTIR spectrum also
shows other characteristic groups of chitosan
components in the edible coating. These include
the C—H stretching in methylene observed at
2920 cm~?, the C—H stretching in methyl observed
at 2820 cm ', the C—O stretching in amide
observed at 1601 cm ', and the C—O—C stretching
in glucosamine observed at 1023 cm ! [50]. The
C—H stretching bonds of alkynes exhibit a distinct
vibration at 2934 cm ' in the FTIR spectrum of the
edible coating formula. Additionally, the C=0O
stretching group in ketones and aldehydes of the
CO extract can be seen at 1677 cm™'. N—O asym-
metric bonding in nitro compounds and the C—C
bond in the ring of aromatics from the CO extract,
which are seen at 1556 ¢m ' and 1410 c¢cm ',
respectively, are two other noteworthy peaks. The
C—H stretching in alkanes is responsible for the
absorption peak at 1320 cm '. A characteristic of
amines' C—N bending is their presence of vibration
bands at 1100 and 1023 cm ™. Finally, the bending
of C—H in alkyl halides is ascribed to the charac-
teristic FTIR peak at 651 cm '. These results
confirm the successful formation of the CH/GA/
Gly/0.25% CO edible coating for preservation of
mango fruits.
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Fig. 8. SEM images of (a) uncoated mango, (b) mango coated, and (c) cross-section SEM images of the pericarp surface of the mangoes coated with

CH/GA/Gly/0.25% CO edible coating.

Before and after coating, the surface structure of
mango peel was observed using scanning electron
microscopy. Fig. 8 displays the SEM images of the
mango's surface, with and without the CH/GA/
Gly/0.25% CO edible coating. Before coating, the
surface was relatively rough with separated seg-
ments, as seen in Fig. 8a. However, after coating,
the surface became smooth, and no segments were
observed, as shown in Fig. 8b. Additionally, Fig. 8¢
exhibits scanning electron microscopy (SEM) im-
ages of the cross-section of a mango's pericarp
coated with a CH/GA/GIly/0.25% CO edible
coating. The pictures show how the peel exhibits a
tightly packed porous structure with an even
dispersion of the edible film. The Fig. 8c indicates
that the average thickness of the film is approxi-
mately 0.76 pm.

4. Conclusions

In short, Cleistocalyx operculatus leaves were
successfully extracted with total polyphenols con-
tent of 17% of dried material and employed as an
additive in an edible coating made of glycerol, chi-
tosan, gum Arabic, and the CO extract. The result-
ing coating significantly extended the shelf life of
mango, maintaining its appearance and freshness

for up to 21 days at ambient temperatures, while
uncoated mangoes spoiled after only 15 days. The
coated mangoes had a smooth and uniform surface,
without any cracks. The optimal concentration of the
CO extract in the coating was found to be 0.25% w/
w, providing the best protection for the mango fruit.
The coating application also enhanced mangoes'
nutrient content and various physicochemical
properties, including weight loss, brightness, firm-
ness, titratable acidity, and CO, respiration rate.
These findings indicate that the coating has prom-
ising potential as an alternative technology for
prolonging the shelf life of mangoes and other fruits
and vegetables.
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