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Abstract This research collected starch films with
varying Microcrystalline Cellulose (MCC) contents,
ranging from 0% to 20% by weight. Subsequently, and
these starch-MCC composite films were assessed for their
film-forming ability, solution properties, water absorption
capacity, solubility, biodegradability, and surface
morphology. The film with the best characteristics was
selected for further testing in preserving ripe tomatoes. The
results showed that adding 4% MCC to the film reduced
water absorption and enhanced biodegradability and
solubility to an optimal level while improving adhesion
during production compared to the initial film. Electron
microscopy observations revealed no significant impact on
the surface morphology of the composite film when 4%
MCC was added. Applying this starch film in preserving
ripe tomatoes demonstrated its ability to maintain the
freshness, shine, and color of the fruit for up to 12 days.
The research reveals that using the St-4% MCC composite
film effectively maintains the freshness and quality of ripe
tomatoes. Compared to untreated fruits, this coating
notably slows down decay, retains color, and mitigates
firmness loss. Moreover, the film reduces weight loss and
preserves total soluble solids, total acidity, and ascorbic

acid content, indicating its potential as a promising
preservation technique for maintaining fruit quality and
nutritional value during prolonged storage.

Keywords Microcrystalline Cellulose (MCC), Starch,
Composite Film, Preservation, Ripe Tomato

1. Introduction

Tomatoes (Lycopersicum esculentum) are a crucial
vegetable in the human diet, and they are cultivated
extensively worldwide [1-6]. In 2021, tomato production in
the US reached 95.90 tons per hectare, Spain reached 84.73
tons/ha, and China reached 59.21 tons/ha [7]. However, the
distribution of tomatoes varies across regions, necessitating
transportation and storage. Tomatoes have relatively thin
skins and high-water content, posing challenges for
transportation and preservation, particularly when dealing
with ripe tomatoes. This results in significant yearly post-
harvest tomato loss, causing economic losses [2].
Therefore, it is essential to investigate methods for
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preserving ripe tomatoes after harvest to ensure its
freshness and nutritional value are retained.

Packaging is crucial to maintaining the quality of fruits
and facilitating their transportation and preservation [2,8].
Plastic packaging is a common choice in the food
packaging and preservation industry. However, it relies on
petroleum-based materials, which are non-renewable and
increasingly scarce. Given the current situation, petroleum
resources are depleting rapidly, creating numerous
challenges related to their scarcity. Furthermore, plastic
packaging is a material that either does not biodegrade or
does so with difficulty [5,9-10]. This can have a significant
impact on the environment due to the rapid increase in
plastic waste. Consequently, there is a growing trend
toward using natural and highly biodegradable materials as
alternatives to synthetic ones in food packaging and
preservation [5,9,11].

Usually, bio-packaging is crafted using various natural
polymers, including glycerin, polyvinyl alcohol (PVA),
chitin, chitosan, and starch [3]. Among these options,
starch stands out as the most environmentally friendly,
abundantly available, cost-effective, renewable, and
accessible biopolymer [9,11]. It represents an ideal and
promising source of raw materials for biopackaging
production. Numerous studies have concentrated on the
film-forming properties of starch and its applications in
various fields such as food packaging, pharmaceutical
packaging, biomedical materials, and more. However,
starch-based films exhibit the drawback of being relatively
hydrophilic and possessing unstable mechanical properties
[9,11-12]. Therefore, it is necessary to incorporate a
reinforcing agent into the starch matrix to enhance both
mechanical properties and water resistance [9,11].
Lignocellulose, derived from lignocellulose sources, ranks
among the primary ingredients added to starch to address
the aforementioned shortcomings. Lignocellulose is a
naturally occurring, abundant, low-cost, and renewable raw
material characterized by high mechanical strength [11,13-
17]. Studies have shown that adding lignocellulose to
starch films significantly improves their mechanical
properties [14-15,18-19]. Consequently, lignocellulose can
be considered an ideal reinforcing material for overcoming
the drawbacks associated with starch films.

Microcrystalline cellulose (MCC), a derivative of
cellulose found in lignocellulose, serves as a safe and cost-
effective material commonly employed in food
applications [9,11]. It has low density and high mechanical
strength, making it ideal for reinforcing biopolymers in
film formation [20-21]. In comparison to conventional
cellulose fibers, MCC possesses a greater specific surface
area and smaller fiber size, allowing it to establish more
uniform chemical cross-links within the starch network
[11,13,15-17,22-23]. Thai Lan scientists utilized MCC
derived from rice embryos to enhance the mechanical
properties and biodegradability of composite biofilms [9].
Similarly, MCC obtained from soybean hulls was
incorporated into starch, resulting in enhanced flexibility in

the composite film [11]. While extensive research has been
conducted on the physical and mechanical properties of
MCC-reinforced starch films, studies pertaining to their
application in fruit preservation remain limited.

This research aims to collect samples of starch films with
different levels of MCC contents and evaluate properties
such as film-forming ability, solution characteristics, water
absorption capacity, viscosity, color, thickness, solubility,
biodegradability, and surface morphology. The composite
film samples exhibiting the best characteristics will be
selected for preservation experiments on ripe tomatoes.

2. Materials and Methods

2.1. Materials

The composite film was composed of two primary
components: corn starch and microcrystalline cellulose
(MCC). The corn starch was procured from Tan Nhat
Huong Trading Co., Ltd (Ho Chi Minh, Vietnam).
Commercial MCC, a fine and opaque white powder with a
purity of 99%, was acquired from Shandong Zunhong
Biotechnology Co., Ltd. (China). Glycerol with a purity of
99% from Xilong Co. Ltd. (China) was employed as a
plasticizer to facilitate the film formation.

2.2. Methods

2.2.1. Preparation of the Composite Films Based on
Starch and MCC (St-MCC)

Composite biofilms (St-MCC) were prepared using a
modified method by Jie Chen et al. [24]. Corn starch was
added to distilled water at 1/40 g/ml, and 40 wt% glycerol
was added to the mixture. The mixture was then stirred and
heated at 70€ for 10 minutes. Subsequently, the
temperature was raised to 95, and continuous stirring for
30 minutes was carried out to facilitate the gelatinization
process.

For the preparation of the MCC solution, MCC content
of 4, 8, 12, 16, and 20 wt% was added to 20 ml of distilled
water and stirred for 10 minutes. The resulting mixture was
then sonicated for 30 minutes to achieve a homogeneous
suspension.

The two prepared solutions were combined and
continuously stirred for 30 minutes at 95€. The mixture
was gradually cooled to 45<€ using cold water while being
continuously stirred. Finally, 100ml of the film-forming
solution was poured into an 11 cm diameter mold and
agitated thoroughly to ensure even distribution of the film-
forming solution on the mold surface. Afterward, the films
were collected for characterization studies following
drying at 60<€ in a vacuum oven.

2.2.2. Viscosity

Film-forming solutions were prepared and cooled to a
temperature of 2533 <C. The viscosity of the film-forming
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solutions was measured using a DVIMLVTJO viscometer
(Brookfield, USA) at 25<C with the set speed of 100 rpm.
The results were measured three times and the average
value was calculated.

2.2.3. Color

The color of the sample was measured using the
handheld colorimeter LC100 (Lovibond, China). White
color was chosen as the standard color before performing
the color measurement. Color comparisons were randomly
performed at three different positions of the sample and the
average value was determined [25].

2.2.4. Thickness

To determine the thickness of the film, 30g of the film-
forming solution for each formula was prepared and poured
into molds with an 11 cm diameter. The molds were then
dried at 60 until reaching a consistent weight.
Subsequently, the thickness of the dried film was assessed
at five random points using an electronic micrometer 293-
240-30 (Mitutoyo, Japan) [26]. The resulting
measurements were averaged, with the resolution 0.001
mm.

2.2.5. Water Absorption Capacity

The water absorption capacity of the composite films
produced was determined according to the method of
ASTM D570-98 [27]. Composite film samples measuring
2x2 cm were prepared and initially weighed (ms). These
prepared samples were then placed in a beaker containing
100 ml of room temperature water. After 5, 10, 20, 30, 40,
50, 60, and 90 minutes, the samples were retrieved from the
beaker, and any excess water was removed by blotting with
dry paper. Subsequently, the samples were dried until they
reached a constant weight at 60<€. The final weights of the
samples were recorded (my) [10-11]. The water absorption
capacity of the film was calculated at each time point
according to Eq. (1):

="M 509 (1)
ml
where, m;: the initial mass of samples, g; m,: the mass of
samples after absorption, g; H: the water absorption
capacity of the films, %.

2.2.6. Solubility

Samples measuring 2x2 cm were prepared and weighed
as m;. Each sample was then immersed in a beaker
containing 100 ml of water for a duration of 24 hours at
room temperature (2235€). Subsequently, the samples
were taken out of the beaker and dried until a constant
weight was achieved at 60<€ for 12 hours (my) [11,27]. The
solubility of samples was determined using Eqg. (2):

5= 100 P

m,

where, m;: the initial mass of samples, g; m,: the mass of
samples after immersion, g; S: The solubility of samples, %.

2.2.7. Biodegradability

The landfill method carried out the biodegradability of
the samples [27]. The biofilms were measured in the initial
size and mass (m4). The soil used in the study was collected
from the same location and at the same sampling time. Bury
the samples to a depth of about 5 cm in the prepared soil
pots. After 2, 5, 10 and 15 days, the samples were removed
from the soil, washed, dried, and weighed (m,) after drying
to constant weight at a temperature not exceeding 50<€.
The biodegradability of samples was calculated by the Eq.
3):

B=" "M 450 @3)
ml

where, my: the initial mass of sample before landfill, g; m.:
the mass of sample after landfill, g; B: the
biodegradability, %.

2.2.8. The Surface Morphology

The surface morphology of the studied samples was
examined using an electron microscope Optika B-820
(Italy) to assess the dispersion of MCC molecules on the
starch background. Magnification of up to x200 was
achieved. Film samples were obtained as described in
Section 2.2.1 and were prepared with dimensions of 5x5
cm.

2.2.9. Application of the Composite Film St-M for
Preservation of Ripe Tomatoes

The tomatoes used in this study were bright red tomatoes
of uniform ripeness and size, surface without signs of
spoilage or mildew. These tomatoes were of the VT10
variety and were meticulously handpicked from local
farmers' plots in Hanoi, Vietnam. Upon harvesting, the
fruits underwent a thorough washing with water and were
subsequently air-dried on filter paper in the laboratory.
Tomatoes were divided into an unpreserved group (control
group) and a group preserved with composite film St-M
(coating group). The experimental setup was replicated
thrice, with each iteration comprising five tomatoes per
group. The film-forming solution was prepared and cooled
to room temperature. The film-forming solution was
brushed three layers onto the surface of the tomatoes of the
coating group with a brush, dried and stored under normal
conditions, maintaining a temperature range of 25-28<C
and a relative humidity of 75%, for a period of 12 days.
Throughout the storage duration, assessments were
conducted on the morphology, color, spoilage status,
weight loss, soluble solid content, vitamin C concentration,
and total acid content of the tomatoes on days 0, 3, 6, 9, and
12 of storage.
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2.2.10. The Decay Rate

The fruit samples were divided into two groups: the
control group and the coated group. Fruits were visually
inspected to identify signs of decay on the surface,
including changes in color, indications of bacterial or
fungal damage, softening, browning spots, or areas of
injury, throughout the 12-day storage period. The two
groups of fruits were stored separately in sealed boxes
under normal temperature conditions (2543<€). Each group
comprised 10 fruits of consistent size and color. Observed
signs were recorded, and the decay rate was calculated by
determining the ratio of damaged fruits to the total number
of fruits used in the experiment [25,28].

2.2.11. Firmness

The firmness of the fruit was assessed and measured
using the TX700 fruit hardness tester (Lamy-Rheology,
France). Firmness was quantified as the maximum force
(cp) needed to depress the probe to a depth of 2 mm. Three
fruits were tested within each group, with firmness
readings taken at five random points on each fruit. The
result was determined as the average of all measurements
within each fruit group [28].

2.2.12. The Weight Loss

To determine the level of weight loss, three fruits from
each sample group were tagged and weighed.The weight
loss percentage (WLP) was calculated by the Eq. (4) [28]:

wLp = ™2 100 4
ml

where, my: the initial mass of tomatoes, g; m,: the mass of
tomatoes after storage, g; WLP: the lose weight of fruit, %.

2.2.13. The Vitamin C Content of the Fruit

The vitamin C content of the fruit was determined by the
iodometric titration method [29]. 10 ml of fruit juice was
added to a 250 ml erlenmeyer flask. This was followed by
the addition of 5ml of sulfuric acid solution and a few drops
of starch indicator. The solution was then gently shaken.
The mixture was titrated with a 0.01N I, solution until a
blue color persisted for 15 seconds. The amount of I, used
was recorded. The vitamin C content was calculated
according to Eq. (5):

VTMC = n.0.8§/.1000 ©)

where, VTMC: the vitamin C content in the fruit, mg/I; n:
the volume of the 0.01N I, solution used for titration, ml;
V: the volume of the test fruit solution, ml.

2.2.14. The Total Soluble Substances Content (TSS)

TSS of fruit was determined by a hand-held
refractometer Atago ATC-1E (Atago - Japan) [30].

2.2.15. Total Acid Content

The total acid content was determined by the titration
method [31]. 5 ml of fruit juice was added to a 250 ml
erlenmeyer flask, followed by the addition of 5 drops of
1% phenolphthalein. The mixture was titrated with a 0.1N
NaOH solution until a faint pink color appeared for 15
seconds. The amount of 0.IN NaOH consumed was
recorded. The total acid content was calculated according
to Eq. (6):

n. 1000
A =—-
Vv
where, Aq: the total acid content, mEg/l; n: the volume of

the 0.IN NaOH solution used for titration, ml; V — the
volume of the test fruit solution, ml.

(6)

3. Results and Discussion

3.1. The Formation of the Composite Film St-MCC

The films were created using the die-casting method,
with varying amounts of MCC ranging from 0% to 20%.
Figure 1 displays a visual representation of the results,
showing that adding MCC resulted in opaque white
composite films, with turbidity increasing proportionately
to the amount of MCC added. In contrast, films made solely
from starch were transparent white, as seen in Figure la.
The MCC-containing films were also thicker than the
starch films despite having the same film formation mass.
When attempting to remove the film from the mold, the
films without MCC proved challenging to separate,
resulting in the St-0% MCC film becoming torn and no
longer intact. However, the composite films containing
MCC were much easier to separate from the plate, and the
film acquisition process resulted in significantly less loss
than pure films. These results demonstrate that adding
MCC to starch produces much more efficient film
fabrication than creating starch films.
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(a) St— 0% MCC

(d) St— 12% MCC

(e) St— 16% MCC

119

(c) St — 8% MCC

() St—20% MCC

Figure 1. Visual images of the St-MCC composite film

In this experiment, the properties of the film-forming
solution were also studied. The results showed that the
solution without MCC had high viscosity and exhibited
strong adhesion and consistency when viewed with the
naked eye. On the other hand, the solution containing MCC
had slightly lower viscosity, adhesion, and flexibility but
still showed considerable improvement compared to the
solution without MCC (Fig. 2). This property of the
composite solution, known as St-M, has reduced
production losses and improved economic efficiency.

130
110

90

Viscosity cP

70

50

St—0%
MCC

St—4%
MCC

St—8% St—12% St—16% St—20%
McCC MCC MCC McCC

Figure 2. Viscosity of the composite film St-MCC

Starch and MCC have molecular formulas that include
free hydroxyl groups. These groups can create bonds
between starch, glycerol, and MCC, resulting in a
sustainable three-dimensional network of links. As a result,

the starch molecules were almost entirely connected to the
MCC molecules, and the viscosity of the mixtures, referred
to as St-M, changed significantly.

3.2. Color

When applying films for packaging or preserving food,
the color of the film will significantly affect the sensory
properties of the product, thereby influencing the level of
consumer preference for the product. Therefore, evaluating
the color of the film will contribute to correctly determining
the selection of product targets to apply appropriately for
the composite film, especially in food packaging. The color
difference of films supplemented with MCC compared to
films without MCC (St-0% MCC) has been evaluated and
recorded (Fig. 3). It is noted that the film containing only
starch is fairly transparent and colorless, while films
containing MCC are more opaque. As the MCC content
increases, the color difference AE increases and fluctuates
from 7.95 (St-4%MCC) to 25.08 (St-20%MCC). It has
been pointed out that when AE is greater than 3.5, it means
that the human eye can perceive color differences between
samples. The AE values of films containing MCC are all
greater than 3.5, indicating significant color changes
compared to the base film. The color comparison results are
consistent with the visual images observed (Figure 1).
Similar results were also observed when supplementing
MCC into synthesized starch films [32].
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St-4%MCC  St-8%MCC  S8t-12%MCC  St-18%MCC  8t-20%MCC

Figure 3. The color difference of films St-MCC compared to films St
without MCC

3.3. Thickness

The thickness of the film affects its permeability and
durability. Additionally, the thickness of the coating layer
also affects the color intensity and visual aesthetics of the
fruit. Therefore, it is necessary to investigate the thickness
of the film with different levels of MCC supplementation.
The results of the average thickness of the research films
are presented in Figure 4. When comparing the thickness
of the films with different levels of added MCC, it is
observed that the addition of MCC does not affect
significantly the thickness of the obtained dried films. In
this experiment, the films had an average thickness ranging
from 0.030 to 0.035 mm. The measurement error at
different positions of the same film sample is relatively
small. This indicates that the thickness of the film at
different positions is relatively uniform. Uniform film
thickness during casting will facilitate the preservation
process with the film, avoiding local irregularities in
thickness. Therefore, with this finding, it can be seen that
the starch film supplemented with MCC is suitable for
preservation applications.
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Figure 4. The thickness of the biofilms

3.4. Water Absorption Capacity

Maintaining a humid environment is crucial in film
applications for preserving fresh fruit, so the water
absorption capacity plays a significant role in achieving
this [33]. Figure 5 presents the water absorption capacity of
the composite films studied. The findings indicate that the
composite films' water absorption was lower than starch
films. Furthermore, as the MCC content ratio increased, the
water absorption decreased. However, when the MCC
content ratio reached 20%, the film's water absorption
capacity increased compared to other composite films.
Adding MCC to a starch solution strengthened the bond
between MCC, starch, and glycerol, forming a dense
network between the ingredients [24]. This network
reduced the water absorption of the St-M composite films.
It increased the MCC content to 20 wt.% and saturated the
bonds between the components, making the MCC
molecules single. MCC, being hydrophilic, could absorb
more water, making the St-20% MCC film more
hydrophilic than composite films with 12 wt.% and
16 wt.% MCC content. These results demonstrated that
adding MCC to the starch film improved the water
absorption properties of blank film.

40 50 60 920
Time, min
St-4%MCC B St-8%MCC

| St -20% MCC

Figure 5. Water absorption capacity of the studied composite films
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3.5. Solubility

Many food products, mainly fresh fruits, have high water
content. This makes it challenging to use films with high
solubility for food preservation. As a result, it is essential
to study the solubility properties of these films. Figure 6
displays the solubility of the films that were analyzed. The
findings indicate that composite films have higher
solubility than films without MCC. Increasing the MCC
content ratio results in a higher solubility for composite
films. However, adding MCC at 4% and 8% content
resulted in a solubility that was not significantly different
from the St-0% MCC film. When MCC content increased
to 12 wt.%, the solubility of the composite film increased
significantly. With such a high level of solubility of the
MCC-supplemented film, it can be seen to provide
favorable conditions for the preservation of fresh fruits.
Fruit preservation films with high solubility will dissolve
during storage due to the fruit's respiration, which
generates moisture. However, if the film is not soluble, it
will inconvenience the usage process. This means that after
preservation, consumers can easily remove the film by
rinsing it in water.

40

Solubility, %
2 w
= =)

—_
=]

St-8%  St-12%  St-16%  St-20%
MCC MCC MCC MCC

Jm

St-0% St-4%
MCC MCC

Figure 6. The solubility of the studied composite films

3.6. Biodegradability

The results of the biodegradation of the studied films
through the landfill method are displayed in Figure 7. After
two days of burial, all films showed similar levels of
biodegradability, ranging from 18% to 27%. However,
after five days of burial, all samples started to crack and
tear, losing their initial integrity. The film without MCC

121

and composite films exhibited a self-decomposition ability
of 29.58% to 45.45%. Figure 4 shows that adding MCC
reduced the biodegradability of the composite films not
much further compared to the starch films. After ten days
of burial, almost 80% of all films were decomposed into
tiny pieces and mixed with the soil. The films were almost
completely decomposed after 20 days of burial, with no
small fragments detected in the ground. This demonstrated
that the composite films St-M had good biodegradability,
similar to the blank starch films. With the rapid degradation
of the research films, it will facilitate the post-use disposal
process. Burial is a simple and easily implementable
method. Additionally, the research films' ability to
completely degrade within 20 days will help minimize the
accumulation of large volumes of non-biodegradable
plastic waste as seen today.

60

I @ After 2 days BAfter 5 days
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(=1

[
o
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St-16%
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St-20%
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Figure 7. The biodegradability of the studied films

3.7. Morphological Analysis

Figure 8 displays the surface morphology of composite
films created using different ratios of starch and MCC. The
film without MCC had a relatively smooth surface (Figure
8a), which can be attributed to the solubility of starch in
water and the formation of cross-links between starch,
water, and glycerol molecules [24]. However, adding MCC
to the starch films altered the surface morphology of the
resulting films, as shown in Figures 5b-f. The MCC
molecules were evenly distributed on the St-M films, even
when the MCC content was up to 20 wt.%. But when the
MCC content increased to 16 and 20 wt.%, MCC self-
aggregation occurred, leading to large particle clusters and
reduced surface smoothness (Figures 8g, f).
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(a) St — 0% MCC

(f) St—20% MCC

(d) St—12% MCC

(b) St— 4% MCC

(e) St — 16% MCC

(c) St — 8% MCC

Figure 8. Surface morphology of the studied films

According to the survey, composite films with 4% and
8% MCC content are better than those with higher MCC
content. In particular, the film St-4% MCC has the highest
biodegradability; its solubility is comparable to that of the
blank starch film and higher than those with a higher
content of MCC. Besides, the water absorption capacity of
the film St-4% MCC is improved than that of the film
St-0% MCC. Therefore, the St-4% MCC film is the best
choice for preserving fresh fruit.

3.8. Preservation of Ripe Tomatoes with a Composite
Film

Biofilm has a preservative effect that helps fruits
maintain freshness and moisture [26,34-35]. Ripe tomatoes
were chosen as the subjects to study the preservation
application using St-4% MCC film. The purchased fruits
were washed, drained, and not subjected to any sterilization

process. The study included two groups of fruits: the
control group, which did not use any composite films or
preservation measures, and the coating group, which had
three layers of film applied to the fruit's skin (Figure 9). As
observed in Figure 6, the group of fruits not preserved with
film still maintained their colour; however, the gloss of the
fruit decreased significantly from day 3, and by day 6, the
fruit surface appeared damaged, the hardness on day 9
began to decline sharply, and on the day 12, fungal growth
appeared on the fruit surface (Figure 9a). Meanwhile, for
the coating tomato group, the colour and gloss of the fruit
were maintained until day 12. The fruit began to soften on
day 9, and on day 12, the fruit surface started to show signs
of surface damage (Figure 9b). Thus, it can be seen that the
film St-4% MCC helped preserve the freshness of the fruit,
prolonging the shelf life of the fruit compared to the control
group. Similar results were also observed when preserving
tomatoes with a chitosan coating combined with MCC [36].
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Day 0

Day 1

123

(b) Uncoated (control)

Figure 9. Tomatoes ripen with and without film coating

Fruit decay rate. The fruit samples were visually
assessed for external condition through indicators such as
color changes observed by the naked eye, the presence of
signs of damage, brown spots, or soft mushy areas on the
fruit surface. These indicators were recorded to evaluate the
decay rate of the two research fruit groups (Figure 10A).
The data obtained shows that the group of fruits not
preserved with the film had a significantly rapid increase in
decay rate from the 9" day of preservation, while the decay
rate of the group preserved with the film was much lower.
The outer coating layer of the fruit creates a barrier that
separates the fruit from deteriorating agents such as fungi
or microorganisms in the ambient air. Therefore, the
process of fruit decay is limited more effectively in the
coated group compared to the non-coated group.

Color. One of the factors affecting the quality of
preserved fruits is their color. Therefore, monitoring and
studying the color of fruits throughout the preservation
process is necessary. The results of fruit color over the
preservation period are illustrated in Figure 10B. Typically,
a AE value ranging from 0 to | indicates a color difference
that is imperceptible to the naked eye, or in other words, a
negligible color difference. AE values ranging from 1 to 3
indicate a color difference that can be observed by the
naked eye. When AE exceeds 3.5, the color difference
becomes distinctly noticeable [2]. For ripe tomatoes, the
color usually transitions from bright red to dark red. The
change in color during fruit storage is primarily due to the
pigments present in the fruit, specifically the degradation
of these pigments and enzymatic reactions causing the
transition from bright red to dark red. Therefore, the less
the color of the fruit changes, the longer the fruit's shelf life.
From the data obtained, it is observed that after 12 days of
preservation, the color change in the control group is
significantly higher compared to the coated sample.
Additionally, it is noted that when using the film, tomatoes
tend to change color more slowly compared to the control
sample. This indicates that the degradation of pigments and
enzymes is limited. This may be attributed to the enzymes'

ability to act on and influence the coating layer.

Firmness. Firmness is also one of the key parameters for
evaluating fruit quality. Figure 10C depicts the extent of
hardness reduction in fruit groups over the storage period.
The results indicate that as the storage time increases, the
degree of hardness reduction in the fruit also increases.
Compared to the control fruit sample without preservation,
fruits coated with the research film exhibit lower levels of
hardness reduction, implying that fruits preserved with the
film have higher hardness compared to the control group.
In the initial 9 days of storage, there is a slight decrease in
hardness, but after 9 days, the hardness of the fruit tends to
decrease rapidly. This result can be explained by aging
processes, cell degradation, and pectin hydrolysis, leading
to softening of the fruit [37-38]. For fruits coated with a
supplementary starch film containing MCC, this film limits
fruit exposure to external air, thereby restraining fruit
respiration processes and slowing down biochemical
reactions. Consequently, fewer products of these processes
are generated, meaning that the fruits remain fresh for a
longer period, or in other words, the fruits maintain their
freshness for a longer duration.

The weight loss percentage (WLP). The primary cause
of fruit weight loss is dehydration. During post-harvest
handling and storage, fruits are prone to water loss due to
respiration and transpiration processes [34,39]. Higher
respiration rates and CO, diffusion within the fruit peel lead
to more pronounced water loss [40]. Fruit weight loss
results in the outer skin becoming shriveled and less
appealing in appearance. Therefore, fruits with less weight
loss remain fresher for longer and have an extended shelf
life. Figure 10D shows that the weight loss of the control
group increased rapidly from day 6, while the weight loss
of the coating group increased more slowly. At the same
time, the value WLP of the coating group on day 12 was
also lower than that of the control group. This proves that
the studied film St-4% MCC has the effect of helping to
reduce the weight loss of the fruit. This may be attributed
to the water-absorbing properties of the starch film
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supplemented with MCC. During storage, the research film
can absorb water from the fruit, retaining it on the film
surface, thus limiting water loss to the surrounding
environment. In other words, the coating film acts as a
barrier preventing water loss and maintaining moisture
around the fruit. Consequently, fruits experience less
dehydration, leading to prolonged freshness.

The total soluble solids percentages (TSS). The soluble
solids in fruits mainly include components such as sugars,
acids, soluble proteins, minerals, vitamins, and pigments.
During fruit growth and aging, soluble solids tend to
increase as a result of the hydrolysis of insoluble
polysaccharides into soluble monosaccharides [2].
Therefore, if the total soluble solids (TSS) of fresh fruits
are maintained or similar to those of the original product, it
means that the fruits have a longer shelf life [2]. In this
experiment, the control sample significantly increased TSS
after six days. Meanwhile, the coating sample maintained
TSS comparable to baseline until day 12. For the uncoated
sample, TSS increased significantly, whereas in the first 9
days of storage, the coated samples showed a tendency to
increase in TSS, but the rate of increase was much lower
compared to the control sample (Fig.10E). After 12 days of
storage, the control sample showed a TSS increase of up to
28.86% compared to the initial level, while the samples
coated with starch-MCC film only increased by 14.29%
compared to the initial level. This indicates that the starch-
MCC film effectively inhibited the respiration process and
thus slowed down the hydrolysis of polysaccharides into
simple sugars. This finding is consistent with the results of
Ali et al., who reported that preserving sweet cherry fruits
with a gum guar and ginseng coating also increased the
TSS content during storage [41].

The total acidity (TA). The acid content in the fruit is
primarily composed of organic acids. Typically, during
post-harvest storage of fruits, these organic acids are

(A)

—3¥— Coating group 2
9 --+--Uncoated group e

Decay ratio, %
(=)}

Storage time, day

utilized as substrates for respiration processes or converted
into sugars [41], resulting in a gradual decrease in acid
content in the fruit. The maintenance of these acid levels
indicates a slower respiration process and limited
conversion into sugars. Data in Figure 10F shows that the
TA of both fruit samples decreased with storage time. The
data shows that for the uncoated fruit group, the TA loss
rate occurred relatively quickly; from day 9, the TA loss
reached 62.03%. Meanwhile, for the coating group, the TA
loss occurred significantly slower; specifically, the TA loss
was only 36.73% (day 9) and 42.94% (day 12). Thus, it can
be seen that the coating group maintains the TA content in
the fruit longer; this means that the respiration process of
the coated by film St-4% MCC fruit group is limited. This
can be attributed to the starch coating combined with MCC
forming a semi-permeable membrane on the fruit surface,
altering the surrounding air composition, specifically
increasing CO; levels and decreasing O, levels. This
altered air composition effectively slows down ripening
and biochemical processes in the fruit [42].

The ascorbic acid loss (AA). Fruits contain quite a large
amount of ascorbic acid (vitamin C). However, when the
storage time is increased, the fruit loses this vitamin content
relatively much. Figure 10G shows that, for fruit not
preserved by film, the loss of AA increased rapidly from
day 9, reaching 50.89% (day 9) and 63.17% (day 12).
Meanwhile, AA loss increased significantly for the coating
fruit group from day 12, only 20.20% (day 9) and 36.62%
(day 12). Thus, it can be shown that fruit preserved with
research film will help maintain vitamin C content in the
fruit better. Vitamin C is a relatively sensitive component,
especially to air exposure. The more the fruit comes into
contact with air, the easier it is for vitamin C to degrade. In
the results of this experiment, the research membrane acted
to create a barrier between the fruit and the air, thereby
limiting the degradation of vitamin C present in the fruit.
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Figure 10.

(A) Decay rate, (B) the change of color (C) Firmness, (D) The weight loss percentage, (E) The total soluble solids percentages, (F) The

reduction in total acidity, (G) The ascorbic acid (AA) loss of fruit in the storage time

4. Conclusions

In this study, composite films based on starch and MCC
with the support of glycerol as a plasticizer were obtained,
and some of their properties were studied. Films containing
MCC have more turbidity, higher solution viscosity, and
reduced adhesion properties than blank starch films.
Composite films containing MCC have reduced water
absorption and increased solubility compared to films
without MCC. The biodegradability of film St-4% MCC
was the highest, reaching 45.45% after five days of burial
in the soil. The surface of the films with MCC was rougher
when adding 20 wt% MCC. Application of film St-4%
MCC for post-harvest ripe tomato preservation shows
potential results. The study demonstrates that the St-4%
MCC composite film effectively preserves the freshness

and quality of ripe tomatoes. The coating significantly
delays decay, maintains color, and reduces firmness loss
compared to untreated fruits. Additionally, the film
minimizes weight loss, total soluble solids, total acidity,
and ascorbic acid content, showcasing its potential as a
promising preservation method for maintaining fruit
quality and nutritional value over an extended storage
period.
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