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Purpose: Highly perishable tomatoes face rapid deterioration at
postharvest. This study investigated the effect of methylcellulose
(MC) edible coating and citrus essential oil (EO) on disease control
and postharvest quality preservation of tomatoes. Research
Method: The experimental factors included MC at three levels (O,
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and evaluated for disease severity and other fruit quality attributes
during storage. Findings: The results showed that both MC and EO
treatments effectively controlled tomato fruit disease and
maintained its marketability throughout the experiment, with the
combination of these treatments yielding better results. The applied
treatments, especially 1% MC, reduced weight loss compared to
control. The results indicated increase in coloring of samples during
the experiment. The firmness of the fruit tissue decreased over
time, and the EO treatment proved to be more effective than MC in
preserving fruit firmness. Applying MC and EO treatments, either
alone or in combination, preserved total soluble solids compared to
the control samples. Research limitations: No limitations were
encountered. Originality/Value: Based on the results of this
experiment, incorporating EO into MC edible coating showed
promise in extending the shelf life of tomatoes by controlling weight
loss, rate of metabolism, and disease severity. This approach offers
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a sustainable and effective alternative to traditional chemical
treatments while providing consumers with a healthier and more
flavorful product.



mailto:arezaei@shahed.ac.ir
http://creativecommons.org/licenses/by/4.0/

Sheikh Yousefi et al./J. HORTIC. POSTHARVEST RES., 8(3), SEPTEMBER 2025

INTRODUCTION

Tomato (Lycopersicon esculentum Mill.) is a climacteric fruit with a short shelf life after
ripening (Park et al., 2018). Storing some tomato production for off seasons becomes
necessary since they cannot all be sold during the production season. However, tomato fruits
are prone to severe weight loss, quality deterioration, and fungal contamination after harvest.
Therefore, there is a need for treatments that can control weight and quality loss while also
having antimicrobial properties (Thole et al., 2020). Postharvest diseases of fresh produce can
occur during harvesting, sorting, packaging, storage, and transportation to markets. These
diseases can develop at normal room temperatures or even in refrigeration. If the produce is
stored in refrigeration, the diseases continue to expand until the product is consumed (Elik et
al., 2019). In most cases, postharvest diseases are caused by fungi of the genera Botrytis,
Aspergillus, and Penicillium. Even in areas with advanced warehouses using high technology,
these fungi can still damage fruits, sometimes causing up to 50% damage (Alegbeleye et al.,
2022).

The use of natural preservatives as an alternative to chemical preservatives has grown due
to consumers wanting to use natural and safer products (Mesias et al., 2021; Moradinezhad &
Firdous, 2025). Among the natural substances that can be used as preservatives in food are
essential oils (EOs) and plant extracts. EOs, produced by plants as part of their secondary
metabolism, possess many biological effects, including the potential to kill bacteria, fungi,
and yeasts (Angane et al., 2022). In the natural world, EOs defend against biotic stresses
while attracting pollinating insects, contributing to plant survival and evolution (Raguso,
2020). The active ingredient in plant EOs, is less than 1% of the dry weight of the plant (Ni et
al., 2021). Plant EOs are mixtures of compounds produced by living organisms and are
obtained through physical means such as distillation from the whole plant or parts of the
plant. These fragrant, oily, and easily evaporated plant compounds are produced and stored in
specialized secretory structures within various plant parts, such as leaves, flowers, fruits,
buds, and stems. They are not always chemically uniform and often involve terpenes
(Butnariu, 2021). Citrus EO is considered one of the most important raw materials for
flavoring foods and beverages. A total of 21 compounds have been identified in citrus EO,
with limonene (94.3%), myrcene (1.5%), linalool (0.9%), decanal (0.5%), alpha-pinene
(0.4%), and octanol (0.3%) being the most prominent (Gonzalez-Mas et al., 2019). Research
shows that citrus EO may inhibit pathogen growth in postharvest diseases (Simas et al.,
2017). Recently, limonene, a natural citrus compound, has gained attraction due to its
versatile applications in food flavoring, green chemistry, pharmaceuticals, and sustainable
pathogen and pest control. It's a biodegradable and non-toxic alternative to traditional
chemicals, offering eco-friendly solutions (Satari & Karimi, 2018).

Proper packaging is key to reducing waste and preserving the quality and shelf life of
horticultural crops during postharvest handling (Rahman et al., 2024). Covering fruits and
vegetables with various films and edible coatings is important for packaging. Edible coatings
form thin, protective layers that control food's moisture, oxygen, and solute transfer.
Likewise, reducing moisture, oxidation, and respiration helps maintain quality and extend the
shelf life of fresh products (Ifiiguez-Moreno et al., 2024). Methylcellulose (MC) is a natural,
colorless, odorless, and non-toxic polysaccharide coating (Kocira et al., 2021). MC edible
coating has been applied to peaches, nectarines, apricots, peppers, avocados, citrus fruits,
berries, and green beans (Suhag et al., 2020a). Edible coatings have emerged as a promising
alternative to traditional chemical preservatives, offering a natural and environmentally
friendly approach to extending shelf life and maintaining quality (Perez-Vazquez et al., 2023).
Some studies have revealed that coatings, either alone or with natural compounds, extended
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the shelf life and maintained the quality of postharvest the particularly perishable foods
including, tomatoes (Barbosa et al., 2021; Suhag et al., 2020b; Zhang et al., 2019). To our
knowledge, no research has examined the effects of citrus EO-infused MC coating on
postharvest tomato quality during storage. This study aims to investigate the effectiveness of
the coating in prolonging shelf life and provide fundamental understanding for tomato
preservation.

MATERIALS AND METHODS

Preparing samples, coating formulation and application

The experiment was carried out in the postharvest physiology and technology laboratory at
Shahed University in 2022. Tomatoes (variety; SV8320TD, Seminis Company) at mature
green stage were harvested and washed with tap water. Healthy and uniform fruits were
selected for the experiment (Fig. 1). The fruit quality traits at harvest are presented in Table 1.
The treatments applied included MC edible coating at three levels (zero as a control, 0.5%,
and 1%) and EO at three levels (distilled water as a control, orange (Thomson Navel variety)
and sour orange peel EOs, each one at a concentration of 1 g/L), as well as their combination.
The required amount of MC powder was weighed and completely dissolved in one liter of
70% methanol while heating to prepare the edible coating. After cooling, the EO was
dissolved in the edible coating solution and used for treatment. The EOs from fresh citrus
peels (40 g) were prepared by hydrodistillation using a Clevenger-type apparatus (Aria EXir,
Iran), for 3 hours. To remove any remaining moisture, the obtained EOs underwent
dehydration with the aid of sodium sulfate and was subsequently stored at a temperature of
4°C (Chanthaphon et al., 2018). The EOs extracted from citrus peel exhibited a distinct
yellow color, and the yield of the extracted EOs was determined to be 1.2% (w/w).

The fruits were immersed in the solutions prepared from the edible coating of MC and
EOs for 10 minutes. They were then transferred to a dry room at 10°C with a relative
humidity above 80%. At 7, 14, and 21 days, 21 fruits from each treatment were taken out of
storage as three replicates and examined for disease percentage and quality indicators.

Evaluation of characters

The disease of tomato fruits was visually graded based on the severity of each fruit's disease,
ranging from one (indicating the lowest amount of disease) to four (indicating the highest
amount of disease). Similarly, the marketability of tomatoes was visually graded based on the
appearance of each fruit, with scores ranging from one (indicating the lowest degree of
marketability) to four (indicating the highest degree of marketability) (Jiang et al., 2010) (1):

Marketability index = )’ [(degree of marketability) X (number of fruits in each degree of marketability)] / (4 x
total number of fruits in the treatment) €Y

Table 1. Traits of tomato fruit at the initial time before treatments.

Traits L* Hue angle Firmness (kg/cm?) TSS (Brix®) TA (%)
value 59 128 6.6 6.2 0.81

TSS: total soluble solids, TA: titratable acidity.
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Fig. 1. Tomato fruit sample used in this experiment.

To measure the percentage of weight loss, a digital scale with an accuracy of 0.01 g was
used to measure and record the initial weight of tomatoes on the day of the treatment. On the
day of the investigation, each tomato was weighed again using the same digital scale, and the
secondary weight was recorded. Then, the weight loss percentage was calculated using the
following equation (2):

Weight loss percentage = (initial weight - secondary weight) / initial weight x 100  (2)

A colorimeter (model 135 TES, Taiwan) was used to measure the color indices L*, a*,
and b*. Random points on each tomato were measured using the colorimeter, and hue angle
was calculated by the following equation (3) (Khademi et al., 2013):

Hue* = tan! (b*/a*) (3)

The texture firmness of each tomato was measured using a handheld firmness tester (GY -
3 model) with a 4 mm diameter. The average texture firmness of the tomatoes was recorded
and expressed as Kg/cm.

A refractometer (model VBR80, Taiwan) was used to measure the TSS. A drop of tomato
juice was placed on the prism of the refractometer, the amount of TSS was recorded and
expressed in Brix°.

To measure the TA, 10 ml of filtered fruit extract was mixed with 90 ml of distilled water,
bringing it to a final volume of 100 ml. The solution was then titrated with 0.1 N sodium
hydroxide until it reached a pH of 8.2. The TA was calculated based on the predominance of
citric acid using the relevant formula and expressed as percentage (Barzegar et al., 2018).

Data analysis

The experiment was conducted as a three-factor factorial in a completely randomized design
with three replications. The experimental factors included edible coating treatment at three
levels, EO treatment at three levels, and studying time (ST), at three levels. After checking the
data for normality using SAS software (version 3.9), the data was analyzed, and the difference
between the means was compared using the Least Significant Difference (LSD, P=0.05) test.
Additionally, the standard deviation of the means was calculated.
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RESULTS AND DISCUSSION

Disease

Based on the results of the analysis of variance (Table 2), the main effects of ST, edible
coating, and EO, as well as the interaction effects between ST and EO, the interaction
between edible coating and EO, and the triple interaction between the factors, on the
percentage of disease were significant. However, the interaction effect between ST and edible
coating on the disease percentage was insignificant.

The results showed that almost no disease was observed in most treatments on day 7 of
the study. However, on day 14, the disease spread under the effect of most treatments,
significantly increasing with the increase of storage time to 21 days. Samples without edible
coating and EO treatment (control) had the highest disease percentage. On the other hand,
applying EO and edible coating treatments reduced the disease percentage of tomato fruit.
The lowest rate of disease was observed on tomatoes treated with 1% MC coating in
combination with orange and sour orange EOs. In general, orange EO was more effective than
sour orange EO in controlling tomato disease in this experiment (Fig. 2-A, Fig. 3).

Tomatoes can suffer from microbial decay due to fungal and bacterial rots, compromising
quality and food safety. Edible coatings and the inclusion of antimicrobial compounds, such
as plant extracts and EOs, have proven effective in minimizing this decay. For example,
applying a chitosan-based coating with Ruta graveolens EO to ‘Chonto’ tomatoes preserved
their quality by preventing mold growth, minimizing weight loss, and lowering the decay
index during 14 days of storage compared to control (Peralta-Ruiz et al., 2020). A chitosan-
grape seed extract coating effectively reduced disease by inhibiting Salmonella and total
mesophilic aerobes and expanded the shelf life of cherry tomatoes (Won et al., 2018).
According to Robledo et al. (2018) thymol incorporated into an edible film of quinoa
protein/chitosan effectively inhibited the growth of Botrytis cinerea on tomatoes. It was also
shown that Aloe vera gel alone or combined with sage EO decreased tomato fruit decay
symptoms with more pronounced effects on low EO concentration (i.e., 0.1%) after 14 days
of storage (Tzortzakis et al., 2019). In addition, the application of the Aloe vera gel with
Zataria multiflora essential oil as a new edible coating on the apple fruit surface resulted in a
delay in the severity and occurrence of diseases caused by Botrytis cinerea and Penicillium
expansum (Oraee et al., 2025).

Table 2. Analysis of variance of the effect of MC coating and citrus EO on disease control and preserving tomato
fruit quality during storage.

Mean of squares

Source of variations df Disease  Marketability L* Hue }/(;I:Sight firmness TSS TA
Studying time (ST) 2 21777 0417 26005 18216.4™ 7894  3.4™ 1.07" 043"
Methylcellulose (MC) 2 2088.6™ 0.21™ 28.3™ 1324.3™ 2758 14 1.76™  0.06"
Essential oil (EO) 2 19444 0.16™ 53.2" 529.1" 418.1" 7.6™ 1.52*  0.002"
MCxST 4 677.7"™ 0.021" 123.1" 1576.3" 141.9" 45" 172" 011"
EOxST 4 10444 0.057" 43.9" 913.7" 126.5™ 0.4 0.35" 0.013™
EOxMC 4 16444 0.073" 35.3" 312.7 251.1" 7.5™ 2.16™ 0.068™
EOXMCxST 8 8944  0.06™ 35.2* 199.5" 79.5 1.6 1.28"  0.030°
Error 54 288.8 0.008 8.2 20.4 20.1 0.4 0.089 0.013

ns, *, and ** indicate non-significant, significant at 5% and 1% probability levels, respectively.
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EOs are concentrated hydrophobic liquids that may inhibit microbes' growth by attaching
to the phospholipid bilayer of their cell membrane through hydrophobic interactions, causing
structural damage that ultimately leads to the death of cells. In addition, limonene, a principal
constituent of citrus EO, possesses antimicrobial properties that should not be overlooked. Its
lipophilic nature allows it to disrupt proteins and lipid layers, altering cell wall function and
properties and causing the leakage of intracellular components, ultimately leading to cell
death (Tzortzakis et al., 2019).
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Fig. 2. The effect of MC edible coating and citrus EO on disease percentage (2-A) and marketability (2-B) of
tomato fruit during storage at 10 °C with relative humidity > 80%. Error bars represent the standard error of the
mean of three replicates.
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Marketability

The analysis of variance showed that the effects of ST, edible coating, and EO, as well as the
effects of double and triple interactions between these factors on the marketability index of
tomato fruit, were significant. The results of the means comparison also showed that the
marketability of the fruits decreased over time in most of the treatments. The lowest degree of
marketability among the samples was observed in fruits without MC edible coating and EO
treatment (control). The application of MC edible coating treatments or EO, alone or in
combination with each other resulted in proper preservation of the marketability of tomato
fruit during this experiment. The highest degree of marketability was also observed in the MC
1% edible coating samples combined with orange EO (Fig. 2-B, Fig. 3).

1000 '

Without coating and EO Sour orange EO

L

MC 0.5% MC 0.5% and sour orangeEO MC 0.5% and orange EO

MC 1% MC 1% and sourorange EO MC 1%and orange EO

Fig. 3. The effect of MC edible coating and citrus EO in controlling the disease and maintaining tomato
marketability for 14 days.
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Using MC as a coating for strawberry fruit reduced the growth of microorganisms and
subsequently significantly increased the fruit's shelf life during the storage period (Gol et al.,
2013; Vu et al., 2011). Adding lemon EO to chitosan edible coating effectively improved the
fresh-keeping performance of the film (Demircan & Ozdestan-Ocak, 2021). In addition,
Tragacanth gum coating has been shown to improve the quality of tomato fruits, including
firmness and appearance. This can have a significant impact on the marketability and product
sales of tomatoes (Jahanshahi et al., 2023). Moreover, pectin coating containing orange EO
increased the shelf life of orange slices without any adverse effect on sensory characteristics
(Radi et al., 2018).

Due to the presence of antimicrobial and polyphenol compounds in citrus EO, such as
limonene, beta-pinene, gamma-terpinene, and linalool, it is expected that the use of citrus EO
will reduce the number of microorganisms and infections induced by them (Lota et al., 2002),
which showed in this experiment alone or combined with MC coating. The hydrophobic
nature of EOs will cause them to penetrate the lipids of the cell membrane, release ions, and
vital compounds, and eventually cause cell death. Toxic effects on membrane structure and
function justify the antimicrobial action of plant EOs and their monoterpene compounds
(Jugreet et al., 2020).

Fruit color

Based on the results of the analysis of variance (Table 2), the effect of ST (P < 0.01) and the
effect of EO (P < 0.05) on the L* color index was significant. However, the effect of edible
coating on the L* color index was insignificant. The double and triple interaction effects
between the factors also significantly impacted the L* color index. The results showed that
the highest L* index was observed in all treatments on day 7. As time passed, this index
significantly decreased in all samples. On days 7 and 14, no significant difference between the
treatments could be observed. Only on day 21 the 0.5% MC samples without EO (control)
had a lower L* index than the other samples. At the same time, there was no significant
difference between the other treatments regarding the L* color index (Fig. 4).
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L* color index

Fig. 4. The effect of MC edible coating and citrus EO on L* color index of tomato fruit during storage at 10 °C
with relative humidity > 80%. Error bars represent the standard error of the mean of three replicates.
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Table 2 shows significant effects of ST, edible coating (P < 0.01), and EO (P < 0.05) on

the hue angle. Interaction effects between ST and coating, and ST and EO (P < 0.01), were
also significant, while interactions between coating and EO, and the three factors combined,
were insignificant. The highest hue angle occurred on day 7, decreasing significantly by day
14, with no further change by day 21. ST and coating interaction revealed uncoated samples
had lower hue angles than MC-coated ones on day 7, but no difference was observed by day
14. On day 21, samples with 0.5% MC had the lowest hue angle (Fig. 5-A). ST and EO
interaction showed control samples had higher hue angles than orange and sour orange EO
samples on day 7, with no differences between EO types. By days 14 and 21, no differences
were observed among the treatments (Fig. 5-B).
The L* index indicates brightness and ranges from 0 to 100, with zero representing black and
100 representing white. An increase in color intensity in red fruits is associated with a
decrease in the Hue angle. Additionally, a linear relationship between the reduction of
chlorophyll content and the L* color index has been shown in various products (Wrolstad &
Smith, 2017). In this experiment, tomato fruits were harvested at the mature green stage and
then treated. As time passed, the color intensity of the fruits increased, leading to a decrease
in both the Hue angle and the L* index. The results showed that the MC edible coating
samples exhibited better color development than the other treatments, particularly the 0.5%
concentration.

Weight loss

The analysis of variance revealed significant effects of ST, edible coating, EO, and double
and triple interactions among these factors on weight loss (P < 0.01) (Table 2). Mean
comparison results indicated that weight loss increased over time in all treatments, with the
highest percentage observed in samples without edible coating or EO treatment. Applying the
MC edible coating without EO or EO treatment without coating reduced weight loss. The
lowest weight loss percentage was observed in samples treated with 1% MC coating and
orange EO, and significant differences were observed between other treatments (Fig. 6-A).
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Without coating  MC (0.5%) MC (1%) Control Orange EO  Sour O. EO

Fig. 5. The effect of MC edible coating (5-A), and citrus EO (5-B) on hue angle of tomato fruit during storage at
10 °C with relative humidity > 80%. Error bars represent the standard error of the mean of three replicates.
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After harvesting, fruits remain alive and experience weight loss due to respiratory
processes, transpiration, and internal metabolic activities during the postharvest period
(Davarynejad et al., 2015). Evaporation and transpiration occur due to differences in water
vapor pressure between the intercellular spaces of the fruit tissues and the surrounding
atmosphere, as well as increased respiratory conditions (Mostofi et al., 2010). Tomatoes lack
thick cuticles and are particularly susceptible to water loss through transpiration, significantly
reducing their storability (Khan et al., 2014). Water loss leads to significant changes in cell
metabolism, and damage to the cell membrane contributes to weight loss (Mahmoudi et al.,
2022).

Plant EOs indirectly control weight loss by delaying the aging process of the fruit
(Perumal et al., 2022). Bacteria and fungi that grow on the fruit consume nutrients and
accelerate their deterioration, resulting in increased metabolism and weight loss (Yao et al.,
2023). In this experiment, EO treatments and MC coating reduced weight loss. Other studies
have also reported similar results and the benefits of edible coatings for fruits, such as
chitosan (Saleem et al., 2021), gum Arabic xanthan and carrageenan (Wani et al., 2021),
pectin and carboxymethyl cellulose (Panahirad et al., 2021), alginate (Duong et al., 2022), and
Aloe vera gel (Nia et al., 2021). These coatings act as barriers against the diffusion of water
vapor and thus slow down weight loss.
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Fig. 6. The effect of MC edible coating and citrus EO on weight loss (6-A), and firmness value of tomato fruit
(6-B) during storage at 10 °C with relative humidity > 80%. Error bars represent the standard error of the mean
of three replicates.
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Tissue firmness

The results of the analysis of variance revealed that the effect of ST (P < 0.01), the effect of
edible coating (P < 0.05), and the effect of EO (P < 0.01), as well as the interaction effects
between ST and edible coating (P < 0.01), the interaction between edible coating and EO (P <
0.01), and the interaction between ST, edible coating, and EO (P < 0.01) on tissue firmness is
significant. However, the interaction effect between ST and EO was non-significant (Table 2).

Based on the test results, the firmness of the tissue decreased significantly with the
passage of the test time in all treatments, although the intensity of this decrease varied among
the samples. The control samples had the lowest firmness during the study after seven days,
indicating the lowest firmness during this test. In contrast, the highest firmness during the
experiment was observed in EO-treated samples without coating. Therefore, the application of
edible coating treatment (alone or in combination with EO) caused a decrease in firmness
compared to the application of EO treatment alone. However, the samples coated with 0.5%
MC with sour orange EO had higher firmness than the others (Fig. 6-B).

One of the most important characteristics used to determine the quality and storage life of
fruits and vegetables is the degree of decrease in firmness during storage (Huang et al., 2018).
The characteristics of fruit tissue depend on the cell mass, structure, and composition of cell
wall polysaccharides (Moya-Leon et al., 2019). The softening of fruits is caused by the
breakdown of cell wall compounds, especially pectin, by the activity of particular enzymes,
including polygalacturonase (Wang et al., 2018). During storage, the increase in the
production of free radicals, which is caused by the beginning of the aging process, leads to the
destruction of the central vacuole breakdown of proteins, polysaccharides, cell wall structures,
and middle membrane, resulting in the breakdown of wall polysaccharides, increased
intercellular space, and reduced tissue firmness (Ghosh et al., 2021). On the other hand, EOs
inhibited the activity of cell wall-decomposing enzymes to a large extent, reducing the rate of
rotting and the activity of microorganisms (Fincheira et al., 2023). This delays the process of
ripening and aging, preserving the firmness of the fruit during storage.

In this experiment, MC edible coating was also effective in maintaining tomatoes' proper
firmness, but the effect of EO was more evident in this field. The positive impact of edible
coatings of cellulose derivatives on the firmness of tomato tissue has been shown already
(Das et al., 2022). MC coating had positive effects on the shelf life and firmness of the fruit
tissue of avocados. It regulated water vapor, oxygen, and carbon dioxide transfer inside or
outside the product and improved its quality and shelf life (Nadim & Ahmadi, 2016). Rajabi
et al. (2022) showed that a carboxymethyl cellulose coating with walnut and lemon EO
reduced firmness loss in mushrooms, consistent with our findings. Plant gum coatings with
clove EO improved strawberry shelf life (Jodhani & Nataraj, 2019), and alginate with black
cumin extract slowed weight loss and ripening in guavas (Hasan et al., 2022). In addition,
chitosan oligosaccharides treated fruits exhibited significant delays of firmness and weight
loss percentage compared to untreated fruits (Nitu et al., 2025).

Total soluble solids

The results showed that the effects of ST, edible coating, and EO, as well as the double and
triple interactions between these factors on TSS, were significant (P < 0.01) (Table 2). The
experiment results showed that the lowest amount of TSS was observed in the control samples
without edible coating and EO treatment. In these samples, the amount of TSS decreased
significantly over time, reaching about 5.0% at the end of the experiment. However, the
application of edible coating or EO treatments, alone or in combination, maintained the
amount of TSS compared to the control samples throughout the experiment. While
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statistically significant differences in the amount of TSS were observed between the
treatments, all treatments ultimately had higher TSS than the control samples (Fig. 7-A).

The increase in TSS during storage can be attributed to weight loss and decreased water
content in the fruit tissue. As the fruit ripens and the respiration rate increases,
polysaccharides are broken down and converted into simpler sugars, increasing TSS (Li et al.,
2022). The increase in TSS in strawberry fruit during storage observed by (Saeed et al., 2021)
aligns with the findings of this study. According to some studies, coating fruits with Arabic
gum, which is a natural polysaccharide derived from the exudates of Acacia trees, increased
in TSS during storage (Huang et al., 2021; Tiamiyu et al., 2023). Coatings play a crucial role
in enhancing and stabilizing the TSS in fruits during storage by reducing moisture loss,
slowing respiration, delaying ripening, maintaining acidity and ripening index, and
modulating biochemical pathways. These combined effects help preserve the fruit's quality
and ensure stable TSS levels over extended storage periods (Huang et al., 2021; Daraghmah
& Qubbaj, 2021).
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Fig. 7. The effect of MC edible coating and citrus EO on TSS (7-A), and TA percentage (7-B) of tomato fruit
during storage at 10 °C with relative humidity > 80%. Error bars represent the standard error of the mean of
three replicates.
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Titratable acidity

Based on the obtained results, the effect of ST (P < 0.01), the effect of edible coating (P <
0.05), the interaction effect between ST and edible coating (P < 0.01), the interaction between
the edible coating and EO (P < 0.01), and the interaction between ST, edible coating, and EO
(P <0.05) were found to be significant on TA percentage. However, the effect of EO and the
interaction between ST and EO were found to be insignificant (Table 2). The results of mean
comparison showed that the trend of TA changes was different based on the type of treatment,
but in general, TA in most treatments decreased on the 14th day of the study compared to the
7th day and increased again on the 21st day compared to the 14th day. In the treatment
without coating (control, orange, and sour orange EOs) and MC 1% (combined with control
and sour orange EO), the highest amount of TA was measured on the 21st day of the study,
but in MC coating 0.5% (combined with control, orange, and sour orange EOs) and 1% MC
(combined with orange EO) changes in TA were less compared to other treatments (Fig. 7-B).

TA provides valuable information about the taste and flavor of fruits and vegetables. The
perceived acidity is a key factor influencing the overall sensory experience and consumer
acceptance of the product (Xu et al., 2023). Fruits with an appropriate level of acidity often
taste fresher and more flavorful. In general, organic acids act as an energy reserve for fruits
during the ripening and aging process, and their consumption increases with metabolism,
leading to a decrease in acidity (Rashmi & Negi, 2022). Some studies have reported a
relationship between fruit acidity and enzyme activity. The decline in tomato acidity during
storage is attributed to metabolic changes caused by consuming organic acids during cellular
respiration (Zheng et al., 2022). In tomatoes, citric acid is the primary organic acid used in
respiration, and organic acid utilization subsequently decreases TA (Oms-Oliu et al., 2011).

Edible coatings have been found to reduce the respiration rate and delay the reduction
process of organic acids, thus maintaining the acidity in fruits (Ehteshami et al., 2022; Sousa
et al., 2021). It was shown that gum Arabic coating, which has gas and water vapor barrier
properties, resulted in higher TA corresponding with low pH while also maintaining quality,
and extending the shelf life of mangoes compared to the control group (Daisy et al.,
2020). Additionally, an edible coating made from cassava starch and vegetable oil was found
to reduce TA during the storage of tomatoes (Adjouman et al., 2018).

Some research shows that during the ripening of tomato fruit, due to bulky size and the
density of the tissues, a hypoxic state is created, which leads to a decrease in respiration and
an increase in fermentation in the fruit tissues. In this case, the consumption of organic acids
decreases, while some acids are also produced due to fermentation, which may be the reason
for the increase in TA observed in this experiment at the end of the ripening stage. The
greatest increase in acidity was observed in the control fruits and those treated with 1%
methyl cellulose. Perhaps the thicker fruit coating in this case and the greater density of the
control fruit tissue created more suitable conditions for the hypoxic phenomenon, which was
followed by an increase in TA (Xiao et al., 2024).

CONCLUSION

In conclusion, this study demonstrated the significant potential of MC edible coating and
citrus EO in enhancing disease control and preserving the postharvest quality of tomato fruit.
Applying MC proved effective in reducing fruit weight loss, while both edible coating and
EO treatments contributed to maintaining the overall quality of the fruit. Notably, the
combination of these treatments outperformed individual applications. Highly perishable
tomatoes face rapid deterioration postharvest. As a novel strategy, incorporating bioactive
compounds such as EOs into edible coatings shows promise in extending shelf life by
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addressing issues like moisture loss and metabolism and reducing microbial load. In addition,
this research contributes valuable insights into postharvest management in the fresh-eating
and processing industries, offering practical implications for sustainable and effective
preservation methods for tomato fruit. This approach offers a sustainable and effective
alternative to traditional chemical treatments while providing consumers with a healthier and
more flavorful product. Further research and practical applications of these findings can
contribute to developing sustainable and safe postharvest management practices in the tomato
industry.
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