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1. INTRODUCTION

Tomatoes, categorized as climacteric fruits, present numerous benefits. They are recognized as a
functional food due to their substantial nutritional composition, which encompasses essential vitamins such
as A, B, and C, in addition to minerals like iron and calcium [1], [2]. Nonetheless, tomatoes possess a
significant drawback: they are susceptible to physical damage and rapid spoilage. Inadequate handling
post-harvest can result in a diminution of both nutritional value and flavor of tomatoes [3], [4]. Furthermore,
any deterioration in quality or damage can reduce their market value, potentially leading to financial losses for
vendors. As a climacteric fruit, tomatoes continue ripe even after harvesting. Stating that during ripening phase,
tomatoes undergo an increased respiration rate that stimulates higher ethylene production, leading to several
physiological changes such as weight loss, color alteration due to chlorophyll degradation and browning, elevated
sugar content resulting from starch breakdown, and a rise in total acid levels through acid oxidation [1], [5].
This statement shows the need for proper post-harvest technology to maintain the quality of tomatoes.

Edible coating refers to a thin, consumable layer applied to food products, typically through dipping
or spraying, to minimize moisture loss, preserve sensory quality, and enhance visual appeal by imparting a
glossy surface finish [6]. This coating interacts with the surface microenvironment of fruits and vegetables,
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modifying gas composition and enzymatic activity, thereby maintaining metabolic balance and delaying
deterioration during storage [7]. Functionally, edible coatings act as natural packaging, extending the shelf life of
food products by forming a semi-permeable layer that inhibits respiration and microbial growth. These coatings
are generally composed of a combination of polysaccharides, proteins, and lipids [8]. Recent studies indicate that
incorporating nanoemulsions into polysaccharide-based coatings, such as chitosan, alginate, and starch blends,
can enhance their antimicrobial efficiency, mechanical strength, and film stability, leading to extended shelf life
and improved quality of coated fruits and vegetables [9]. Edible coatings slow respiration and moisture loss by
forming a semi-permeable barrier that limits gas exchange and water vapor transfer, thereby reducing oxygen
intake, carbon dioxide release, and enzymatic activity, which in turn slows ripening and extends shelf life [10].

The utilization of edible coatings has the potential to mitigate post-harvest losses and bolster local
agricultural practices [11]. Edible coatings composed of chitosan, glycerol, and cornstarch typically
incorporate 1.0-2.0% (w/v) chitosan dissolved in 0.5-1% acetic acid, 1.0-3.0% (w/v) pre-gelatinized
cornstarch heated at 70-80 °C, and 0.25-1.5% (v/v) glycerol as a plasticizer. This formulation generally
exhibits a viscosity of 20-80 mPa:s and a slightly acidic pH of 5.0-5.8, attributable to the acetic acid used to
dissolve chitosan. Within this mixture, chitosan serves as the primary film-forming and antimicrobial agent,
cornstarch enhances structural integrity, and glycerol improves flexibility. The resultant coating forms a
smooth, semi-permeable film that diminishes respiration, moisture loss, and microbial proliferation, thereby
effectively prolonging the shelf life of food products [12]. Starch, chitosan, and glycerol are efficacious
components for edible coatings on fruits, as starch comprises amylose and amylopectin linked by hydrogen
bonds that augment the viscosity of the coating solution, chitosan aids in reducing the fruit’s respiration rate
by regulating gas permeability, and glycerol functions as a plasticizer that enhances the mechanical flexibility
and integrity of the coating [13]. In the context of food preservation and sustainable packaging, edible
coatings are increasingly acknowledged as eco-friendly alternatives to synthetic plastics due to their
biodegradability and functional capacity to maintain food quality and extend storage life [14].

Tomatoes are subjected to a dual application of edible coating to achieve enhanced coating efficacy.
Notably, both referenced journals lack observational data during the storage period, thereby presenting a
research gap that this study seeks to address. This investigation aims to examine the impact of edible coatings
on the weight loss, color, sugar content, and total acidity of tomatoes during storage, as well as their potential
to prolong the fruit's shelf life. It is posited that the application of edible coatings may decelerate weight loss,
delay color changes, and inhibit the increase in both sugar content and total acidity throughout the storage
period [15]. Consequently, the objective of this research is to compare the rate of deterioration in tomatoes
coated with an edible film composed of cornstarch, chitosan, and glycerol to that of uncoated tomatoes, based
on the aforementioned parameters.

2. METHOD
2.1. Research design

The study used two treatments: TO, which had uncoated tomatoes, and T1, where tomatoes were
dipped in an edible coating. Each treatment was done three times. The tomatoes were kept for 15 days at
room temperature (25-30 °C), and checked every 5 days. The tomatoes came from Rasamala Market in
Banyumanik, Semarang. The study aimed to find out which quality aspect of tomatoes, like weight loss,
color, sugar, or acidity, changes fastest with the coating. The method involved dipping tomatoes in a
chitosan—starch coating with glycerol, then checking weight loss, firmness, color, pH, and total soluble solids
to see how quality changed after harvest.

2.2. Research procedure
2.2.1. Manufacturing of edible coating

The edible coatings were prepared as described by Yusof et al. [13], with modifications.
The manufacturing process of the edible coating commences with the dissolution of 1.5% (w/v) chitosan in
0.5% (w/v) acetic acid, which is stirred for 24 hours at 350 rpm until the chitosan is fully dissolved.
Subsequently, 2% (w/v) cornstarch is dissolved in 0.25% (w/v) glycerol, with continuous stirring for
30 minutes at 350 rpm, while being heated on a hotplate at 75 °C until complete gelatinization is achieved.
The chitosan-acetic acid solution is then combined with the gelatinized cornstarch-glycerol solution. The
combination of chitosan, cornstarch, and glycerol is considered optimal for edible coating components due to
their natural origin and complementary properties. These materials are cost-effective and widely available in
the market, facilitating their use in the construction of edible coatings. Additionally, they offer ease of
application through dipping, spraying, or brushing methods, which are adaptable to industrial processes. All
ingredients are food-grade and recognized as safe by the FDA; however, large-scale production necessitates
consistent material quality and adherence to food safety and labeling regulations.
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2.2.2. Sortation of tomatoes

Tomatoes are chosen if they have no bruises or peeled skin and are about 70 to 80% ripe, showing a
red color with a bit of greenish-yellow. These tomatoes are then weighed to make sure they are between
90 and 110 grams. After that, the tomatoes are washed well under running water and left to air-dry until they
are completely dry.

2.2.3. Application of edible coating

The process of making the edible coating starts by dipping the tomatoes in the coating solution for
one minute. Then, they are drained and dried for five minutes. This is done twice to make sure the coating is
even. To keep it uniform, the solution is mixed well, and the surfaces are clean and dry. The dipping and
drying are done consistently. After this, the tomatoes are kept in a container to check changes in weight,
color, sugar, and acidity over 0, 5, 10, and 15 days. They are stored at room temperature (25-30 °C) with
normal indoor humidity (about 30-60%) and under LED light.

2.2.4. Parameter testing

The parameter assessment was conducted on tomatoes treated with an edible coating (T1) and a
control group (TO). The evaluation of weight loss was performed using analytical scales; specifically, weight
loss was calculated as the difference between the initial and final weights, divided by the initial weight, and
then multiplied by 100% [16]. The color analysis was conducted using a color analyzer application on iOS
software, ensuring consistent location and lighting conditions for all samples to obtain L*, a*, and b* values.
The sugar content was measured using a Brix refractometer. The total acidity was determined through a base
titration method, employing phenolphthalein as an indicator and NaOH as the titrant [17].

2.3. Data analysis

Analysis of variance (ANOVA) was used to study the data. A two-way ANOVA checked how
treatment and storage time affected the results. It also looked at how these two factors worked together. If there
were important differences (p <0.05), Tukey’s HSD test was used to determine which groups differed. The
analyses were conducted using SPSS (version 29, IBM Corp., Armonk, NY, USA). Microsoft Excel 2019 was
also used to find the equation of the line. This helped us see how fast tomatoes got damaged during storage
based on the treatment. The equation was in the form y = ax + b. Here, the slope (a) shows how fast the
tomatoes got damaged, and the coefficient of determination (R%) shows how much the factors affected the
damage rate during storage.

3. RESULTS AND DISCUSSION
3.1. Weight loss

The two-way ANOVA demonstrated that both the treatment and the duration of storage significantly
influenced weight loss (p <0.05). There was also a notable interaction between treatment and storage time,
suggesting that the impact of treatment on weight loss differed across various storage durations. As illustrated in
Figure 1, weight loss progressively increased during storage for both samples. However, T1 showed a lower
percentage of weight loss compared to TO, especially after 10 and 15 days of storage. Where in the figure,
* indicates a significant difference between treatments at the same time point. The application of an edible
coating based on carboxymethyl cellulose (CMC) on strawberries can also prevent weight loss [18]. A similar
outcome was noted with the beeswax-based edible coating in terms of tomato weight loss during storage.
Tomatoes that are not treated with a beeswax coating experience greater weight loss [19]. The enhancement of
weight loss is affected by several physiological processes, including respiration, which decomposes glucose into
energy while generating water and carbon dioxide; transpiration, which results in water evaporation; and starch
hydrolysis, which transforms complex carbohydrates into simpler molecules such as glucose [20]-[22].

The trendline indicates a relatively high R? value for both treatments, with 0.9662 for tomatoes
coated with an edible coating and 0.9895 for those without coating. The R? value for weight loss surpasses
that of other parameters, suggesting a stronger correlation with the storage period. Specifically, weight loss in
the control treatment (TO) accounts for 98.95% of the variation during storage, whereas the edible coating
treatment (T1) accounts for 96.62%. The control treatment (TO) exhibited a weight loss rate of 2.8755% per
day, which exceeded that of the edible coating treatment (T1) at 2.1539% per day. This finding demonstrates
that the application of an edible coating effectively reduces the rate of weight loss in tomatoes. Cornstarch
and glycerol-based edible coatings are capable of inhibiting transpiration and respiration processes that
generate water and gases, thereby minimizing fruit mass reduction. Moreover, the hydrophilic nature of
glycerol aids in regulating water vapor exchange, further contributing to reduced moisture loss during storage
[23], [24]. Chitosan serves as a coating material that limits the diffusion of oxygen, thereby inhibiting the
respiration process and helping to maintain the weight of tomatoes by preventing excessive shrinkage [25].
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WEIGHT LOSS (%)

SHELF LIFE

Figure 1. Weight loss value of tomato fruit during 15 days of shelf life
*Indicates a significant difference between treatments at the same time point

3.2. Color

The color of tomatoes, as quantified by the L*, a*, and b* values, is intricately linked to their
ripening process. The L* value measures brightness or lightness on a scale ranging from 0 to 100, where
0 corresponds to black and 100 to white. The a* value represents the red-green spectrum, with positive values
signifying redness and negative values indicating greenness. Conversely, the b* value pertains to the
yellow-blue spectrum, with positive values denoting yellowness and negative values indicating blueness [26].

The two-way ANOVA showed that both treatment and storage time affected the L*, a*, and b*
values (p <0.05). There was also an interaction between these factors. Figure 2 shows the change of tomato
fruit’s color during 15 days of shelf life, where * indicates a significant difference between treatments at the
same time point. Figure 2(a) shows that the L* value went down during storage for both treatments, meaning
the product got darker over time. Figure 2(b) shows the a* value went up during storage for both treatments,
meaning the product got redder. At first, T1 samples had higher a* values than the control (TO), meaning the
treatment made them redder at the start. But the control group’s a* value increased faster, ending with higher
values. Figure 2(c) shows the b* value went down during storage for both treatments, meaning the product
became less yellow. At first, T1 samples had higher b* values than the control (T0), meaning the treatment
made them more yellow at the start. However, both treatments showed a steady decrease, with TO decreasing
slightly faster, as shown by its steeper slope. Color changes in tomatoes treated with an edible coating have
also been observed by several other researchers. Lightness tends to decrease due to carotenoid accumulation,
the a* value tends to increase, indicating a shift towards a redder color, and the b* value decreases due to
reduced intensity of yellow coloring in the tomatoes [27], [28]. The application of edible coating with the
addition of mineral oil shows the same trend, namely, a slower rate of color change compared to the control.
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Figure 2. The change of tomato fruit’s color during 15 days of shelf life (a) L* value, (b) a* value, and
(c) b* value
*Indicates a significant difference between treatments at the same time point
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The R? values for these parameters were notably high, indicating robust correlations between color
change and storage duration. Specifically, L* values exhibited R? values of 0.9479 for TO and 0.9051 for T1,
the a* values demonstrated 0.9339 for TO and 0.9558 for T1, and the b* values showed 0.9585 for TO
and 0.9447 for T1. This implies that the L* value of the TO treatment accounted for 94.79% of the variance in
the tomato storage period, while the L* value of T1 accounted for 90.51%. Similarly, the a* value of
TO accounted for 93.39% of the variance compared to 95.58% for T1, and the b* value of TO accounted for
95.85% compared to 94.47% for T1. The constant values for TO in L* and b* were -8.6500 and
-9.2833, respectively, which were lower than those of T1 at -7.8400 and -7.3800. Conversely, the constant
for the a* value was higher in TO (8.6367) than in T1 (4.3567), indicating a more rapid rate of color change
in uncoated tomatoes.

According to the observed trend, the L* value decreased more rapidly at TO, likely due to the
enzymatic browning process involving polyphenol oxidase enzymes, oxygen, and fruit phenolic substrates,
which results in the darkening of tomato color [29]. As illustrated in Figure 3, the trend indicates an increase,
suggesting that the color of tomatoes becomes redder as they ripen. The United States Department of
Agriculture (USDA) classifies the ripeness of fresh tomatoes into six levels, ranging from green to red [30].
The b* value depicted in Figure 4 demonstrates a decreasing trend, as during the ripening process, tomatoes
synthesize lycopene pigment, transitioning the fruit's color from yellowish tones to deep red hues [31].

3.3. Sugar content

The sugar content in tomatoes reflects the concentration of sugars present. During storage, both coated
and uncoated tomatoes exhibit a tendency to increase in sugar content as a result of carbohydrate degradation
into simpler sugars that occurs alongside the natural ripening process [32], [33]. The two-way ANOVA showed
that both treatment and storage time affected the sugar content (°Brix) significantly (p <0.05). There was also an
important interaction between these factors. Figure 3 shows that the °Brix value increased slightly but steadily
during storage for both treatments. Where * indicates a significant difference between treatments at the same
time point. This suggests that soluble solids gradually increased over time. During storage, the control samples
(TO) always had higher °Brix values than the treated samples (T1). This means the treatment might have limited
sugar concentration or slowed the increase in soluble solids. Although the increase in °Brix was small, the
different trends between TO and T1 show that both treatment and storage time affect sugar content. The
interaction effect suggests that the rate of change in °Brix depends on the treatment used. The application of
nanoemulsion coating on tomatoes also showed similar results, namely that the coating was able to prevent the
rate of carbohydrate degradation into sugar [28].
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Figure 3. Sugar content value of tomato fruit during 15 days of shelf life
*Indicates a significant difference between treatments at the same time point

The sugar content values reveal an R? of 0.8963 for the control treatment (TO) and 0.9000 for the
edible coating treatment (T1). This indicates that the variation in sugar content in TO accounts for 89.63% of
the changes associated with the storage period of tomatoes, while in T1, it accounts for 90%. The regression
coefficient (a) for TO is higher, at 0.3667 °Brix/day, compared to 0.2000 °Brix/day for T1. This suggests that
the rate of quality deterioration in uncoated tomatoes is greater than that in coated tomatoes. As the fruit
ripens, the sugar content naturally increases due to the conversion of starch into simple sugars [33]. The
higher a value of TO compared to T1 indicates that the increase in sugar content in TO occurs at a faster rate
than in T1.
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3.4. Total acid

Total acid content serves as a critical indicator of tomato quality in both coated and uncoated
treatments during storage. The two-way ANOVA revealed that both the treatment type and the duration of
storage significantly influenced the total acid content (p <0.05), as depicted in Figure 4. Where * indicates a
significant difference between treatments at the same time point. Additionally, a significant interaction
between these variables was observed. Figure 4 illustrates that the total acid content decreased over the
storage period for both treatments. Initially, up to day 5 of storage, there was no significant difference in total
acid content between the control samples (T0) and the treated samples (T1). However, this trend shifted on
days 10 and 15, with the control samples (T1) exhibiting a higher total acid content. The gradual decrease in
total acid content in both treatments can be attributed to the utilization of organic acids as substrates in the
respiration process for energy production, leading to a reduction in total acid levels over time. A similar
phenomenon was also observed in tomatoes coated with a nanoemulsion coating containing bioactive
compounds of cactus fruit acids.
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Figure 4. Sugar content value of tomato fruit during 15 days of shelf life
*Indicates a significant difference between treatments at the same time point

The R? for the total acid value is 0.9837 for TO and 0.9397 for T1. These relatively high R? values
suggest that the variations in total acid content for TO (98.37%) and T1 (93.97%) are significantly influenced
by the storage duration of the tomatoes. The rate of change in the total acid content, denoted as a value, is
-0.3120%/day for TO and -0.1392%/day for T1. This indicates a more rapid deterioration in TO compared to
T1, as evidenced by a more pronounced decrease in total acid content in TO. Tomatoes treated with an edible
coating maintain higher total acid levels than those without coating, as the respiration rate in uncoated fruits
is higher, resulting in a more rapid depletion of organic acids [34], [35]. According to Shahnawaz et al. [36],
the fruit possesses a reserve of organic acids during its ripening stage. As the duration of storage extends,
these organic acids are transformed into sugars, which are subsequently utilized for metabolic processes,
resulting in a reduction in the acidity of the medium.

4. CONCLUSION

Tomatoes treated with edible coatings demonstrated a reduced rate of weight loss and color changes,
as indicated by L*, a*, and b* values, alongside an increase in sugar content and a decrease in total acidity,
compared to untreated tomatoes. Among the parameters observed, weight loss exhibited the most rapid
deterioration. These findings are consistent with recent studies showing that chitosan—starch composite
coatings significantly mitigated weight loss, delayed color changes, and preserved firmness and acidity in
coated tomatoes relative to controls. It is anticipated that the application of edible coatings could be extended
to a variety of other fruits and vegetables in the future. The application process may involve uniform spraying
followed by drying. Future advancements could include the incorporation of natural antimicrobials or
antioxidants, conducting sensory evaluations to assess product quality, and integrating the coating with active
or biodegradable packaging to enhance preservation and sustainability. This study contributes to postharvest
and food technology by demonstrating that edible coatings represent a practical and sustainable strategy to
extend shelf life and reduce postharvest losses in fresh produce. The approach has strong potential for
broader application in fruits and vegetables, particularly with further development through incorporation of
natural bioactive compounds and integration with active or biodegradable packaging systems.
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