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Abstract: Biodegradable packaging minimizes negative environmental impacts of synthetic materials
and maintains product quality. Fresh cut vegetables and fruits such as zucchini were sensitive to
degradation, which could be delayed by edible coatings. Mixtures of gelatin and other biopolymers
were commonly used in novel food packaging preserving quality characteristics of foods. In this study,
for first time, gelatin and a gelatin mixture with rice starch were applied to zucchini slices during
7 days of storage at 5 °C in order to evaluate weight loss, firmness, breaking force and color. Gelatin
coating as a treatment type demonstrated superior ability to preserve the quality of sliced zucchini
fruit and contributed to the maintenance of their texture characteristics similar to values of the control
group. The addition of rice starch to the gelatin coating also maintained firmness and breaking force,
but accelerated the increase of weight loss and decreased lightness compared to control samples. In
conclusion, this study on coatings of gelatin and a gelatin-rice starch mixture enriches the knowledge
within the food industry on biodegradable coatings, and gives useful information for zucchini slice
storage at a low temperature.
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1. Introduction

Zucchini (Curcubita pepo L. cv cylindrical) has high respiration rate and is characterized
as an immature fruit with a very thin cuticle. In previous studies, it was found that different
levels of O, influence biochemical reactions in zucchini micro texture, resulting in the
restriction of off-flavors and chilling injuries in zucchini [1-3].

Storage of vegetables and fruits at low temperatures plays an important role in re-
ducing the rate of metabolism in order to delay decomposition [4]. At temperatures from
1 °C to 10 °C, horticultural crops undergo physiological and biochemical changes. There
are also many factors which affect storage, such as the respiration rate, environmental
factors, species and maturity at harvest. All these factors can be controlled, so food without
treatment is preserved for longer.

Nowadays, the needs of food products with characteristics such as freshness, nutri-
tiousness and convenience in handling have led to the development of alternative storage
techniques. Edible films and coatings technologies are considered a novel approach in order
to maintain quality properties, such as extending commercial shelf-life of coated products
by modifying internal food environments, reducing microbial proliferation delaying weight
loss, oxidation and respiration rate [5-8]. Additionally, gas permeability should be taken
into consideration for films and coatings applied on fruit surfaces in order to maintain
quality properties [9].

The edible coatings and films are made by biopolymers and/or industrial
by-products [9,10]. Important functions of starch coatings applied on horticultural products
include the decrease of oxygen permeability, but relatively high water loss [11,12]. All types
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of starch are abundant in nature, and therefore, they are inexpensive ingredients for many
applications in the food industry. Rice starch, especially, among other botanical sources,
has unique functional characteristics. Important properties of rice starch were bland taste,
spreadability, and smooth texture [13-15]. On the other hand, when rice starch is used as
coating or biofilm, it shows high water permeability and poor mechanical properties. Plas-
ticizers and other food biopolymers are needed to repair these disadvantages. In previous
studies, adding protein to rice starch produces a viscoelastic protein network. According to
other authors, a combination of starch with biopolymers could provide extra functions in
edible films and coatings and extra protection for crop quality characteristics [16-19].

A huge variety of films and coatings based on proteins also created networks with
many and different functional properties [5,8,20]. Gelatin based coatings have many
advantages such as high mechanical resistance and optical characteristics compared to
other biopolymers. Coating from gelatin could also have disadvantages, for example low
melting temperatures [20]. Gelatin is a product of collagen degradation, with unique
functional properties and it is formed by the chemical denaturation of collagen gained
from the skin, bone or tissues of animals [12,21]. Take into consideration that zucchini is
a chilling-sensitive fruit [22], in the current study we investigate the coatings from gelatin
and gelatin-rice starch applied on the surface of fresh cut zucchini slices. Both biopolymers
have important characteristics.

The aim of this study is to enrich the knowledge on fresh cut zucchini slice preservation
at a low temperature using biodegradable coatings of gelatin and a mixture of gelatin with
rice starch. In order to investigate the coating effects, coatings were applied on fresh cut
zucchini slices, and quality characteristics, such as hardness, breaking force, color and
weight loss, were evaluated during storage over seven days and at cold storage.

2. Materials and Methods
2.1. Preparation of Zucchini Slices

Zucchini fruits (Cucurbita pepo L. cv cylindrica) were obtained from a local market in
Volos, Greece, at commercial maturity stage and stored at 5 °C. All samples had uniform
size, shape and color without any physical and microbiological damage. Zucchini fruits
were washed with distilled water, peeled and then carefully dried with absorbent paper.
Then, zucchini were cut into slices. For the experiment, slices with specific dimensions—
height 20 mm and diameter 31 mm—were used [23]. Sample analysis was performed in
triplicate per treatment (3 slices) at each day of storage for each analysis.

2.2. Preparation of Gelatin and Gelatin—Rice Starch Edible Coatings

The gelatin edible coating (Gel) was prepared by 3% w/w gelatin [24,25] (AppliChem
GmbH, Darmstadt, Germany) and 1.5% w/w glycerol (Sigma-Aldrich Co., St. Louis, MO,
USA) [26]. The gelatin—starch (Gel-RS) coating was a mixture of 3% w/w gelatin with
5% w/w rice starch (Duchefa Biochemie B.V., Haarlem, The Netherlands) [27] and 1.5% v/v
glycerol Anhydrous Glycerol was added to the mixture of the biopolymers as plasticizer.
The biopolymers were dissolved by magnetic stirring and heating for 30 min at 85 °C
in a water bath in order to denature the gelatin and complete rice starch gelatinization.
Then, glycerol was added to the samples and the stirring was continued for 15 additional
minutes. Finally, coatings were cooled to room temperature (~20 °C). Zucchini samples
at the time of coating were also at 20 °C and each fruit fresh cut cylinder was subjected to
treatment by dipping in the prepared edible coating, except for the control subjects, which
were left untreated and considered as control (Ctr). Then, the samples were dried at room
temperature for 1h to remove excess coatings from the fruit surface. The samples were
placed in plastic disks and stored at 4 °C and their color and specific physicochemical
properties were evaluated for a total 7-day storage period, and more specifically at day
0,1,2,3,4and 7. All the experiments were conducted in triplicate. Zucchini samples
(slices) at the time of coating were also at 20 °C and each fruit fresh cut cylinder was treated
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by dipping in the edible coating. Except for the control (Ctr) specimens, which were left
untreated (only washed).

2.3. Weight Loss Measurements

The shelf-life study zucchini fruit cylindrical samples was undertaken over a period
of total 7 days. At days 0, 12, 3, 4 and 7, zucchini slices coated with edible biopolymers
and control fresh cut fruit cylinders were weighed using a laboratory scale high precision
digital weighing balance according to the standard method of AOAC [28].

The weight loss was calculated as:

Weight loss (%) = (Wi — Wf)/Wi x 100

where Wi (g) and Wf (g) are the initial and final sample weights, respectively. Results were
expressed as a percentage (%). The measurements were performed in triplicate.

2.4. Texture Analysis

Texture analysis was performed on zucchini samples at 5 °C using an AdMet eXpert
5601 (AdMEt, Inc., Norwood, MA, USA) with a cylinder probe of 3.1 mm in diameter. The
samples were slices—cylinders with dimensions of height 20 mm and diameter 31 mm. The
instrumental measurements were performed at 70% compression of samples’ initial height
and the jog rate was Imm/s. According to the texture attribute, firmness is defined as the
highest force (Fmax) required to attain a given deformation, and breaking force is the force
needed to break the samples [29]. For each treatment three replications were analyzed and
averaged [30,31]. Results were expressed as Newton (N) units and the data were expressed
as means =+ standard errors of triplicate measurements.

2.5. Color Analysis

Color was measured at three points for each sample of the zucchini slices using a Hunter-
Lab colorimeter (MiniScan XE Plus, Reston, VA, USA) in the CIELAB color space. The results
were expressed as L* (luminosity, white-black), a* (green-red) and b* (yellow-blue). Color pa-
rameters were evaluated both on a scale of —60 to +60, in the Hunter scale, with the illumining
D75 and observation angle of 10°, calibrated with a standard white plate.

Chroma (C*), or Chroma saturation index, was calculated by numerical values of L*,
a* and b* parameters and was determined manually by the equation /(a? + b?).

HUE, or Hue angle, was calculated by the equation: arctangent (b*/a*).

Whiteness index (WI) was determined by the equation: (WI) = 100 — [(100 — L*)? +
(@) + (012,

Finally, the total color difference (AE) was calculated according to the Hunter—Scofield
equation: AE = /([(L* — Lo*)? + (@* — ao*)? + (b* — bo*)?]). Lo*, ao* and by*, which in-
dicates the color parameters of freshly cut control zucchini slices [32]. AE range could
measure the difference between two samples in the following range: (a) AE = 0-0.5 trace
level difference, (b) AE = 0.5-1.5 slight difference, (c) AE = 1.5-3.0 noticeable difference,
(d) AE = 3.0-6.0 appreciable difference, (e) AE = 6.0-12.0 large difference and (f) AE > 12.0 ob-
vious difference [33,34]. For all measurements three replications were obtained and averaged.

2.6. Statistical Analysis

All the experiments were repeated three times, each with three replicates (three slices
for one replicate). The data were expressed as means & standard errors of triplicate
determinations. One-way analysis of variance (ANOVA) and Duncan’s multiple range
were carried out to assess the effect of independent variables, treatment and storage period
on different quality parameters of fresh-cut zucchini for each sample on each day of analysis,
using IBM SPSS Statistics 26 software. The significance of level was set at p < 0.05.



Horticulturae 2022, 8, 1031

40f11

3. Results
3.1. Weight Loss

During storage, all crops, regardless of their species, lose weight due to water loss.
The amount of water evaporated depends on the physiological and morphological charac-
teristics of fruits and vegetables and it has great effect on their expected shelf life. In this
research, the weight loss for fresh cut zucchini samples was evaluated under the different
coating treatments, at a temperature of 5 °C (Figure 1) during a storage period of 7 days.
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Figure 1. Daily weight loss (%) of coated fresh cut zucchini samples during a 7-day storage period at
5 °C. Sample analysis was in triplicate.

It was found that control samples (Ctr) showed a weight loss at first day of storage
(8.48 £ 1.95%) and at the second day (10.6 £ 1.42%). After three days of storage the weight
loss increased (18 £ 1.22%) and after four days it was almost doubled. Control samples
after seven days of storage showed weight loss of 42.60 £ 2.68%. For samples of zucchini
coated with gelatin, weight loss was almost stable during the first three days of storage, but
on the fourth days onwards weight loss was increased. Weight loss of fresh cut zucchini
slices coated with gelatin after seven 7 days of storage was 28.5 & 0.36%. In general,
this coating prevent zucchini slice weight loss as values were found to be statistically the
smallest compared to the other treatments (p < 0.05) and less than the values measured for
control samples. The addition of rice starch in the gelatin coating caused a further increase
in water loss during the storage period of 7 days. Weight loss of fresh cut zucchini slices
coated with gelatin—rice starch after 7 days of storage was 55.38 & 2.27%. Zucchini slices
coated with gelatin are protected from weight loss during storage at 5 °C, but the addition
of rice starch accelerates this phenomenon.

3.2. Texture Analysis

The skin of some fruits and vegetable is eaten. The application of edible coatings
affects skin texture and the overall hardness of final product. More clearly, firmness values
of treated samples during seven days storage at 5 °C are presented in Figure 2a. As it is
shown, no differences were noticed for control samples and zucchini slices with different
treatments for each day of storage, because the p value of the statistical analysis was higher
than 0.05 (p > 0.05). The greatest values for all treatments were recorded at day 3 and
they were 214.05 £ 19.92, 220.59 £ 6.08 and 208.35 £ 19.06 N. When force is applied to
plant tissue, it could break across cell walls or between cell walls and the required force is
characterized as breaking force. Samples’ breaking force was also presented in Figure 2b.
The greatest breaking force values recorded for Gel-RS, Gel and control treatments were
155.27 £ 27.23,156.9 £ 24.45 and 129.95 £ 1 4.05 N, respectively. No significant differences
(p > 0.05) were noticed for each day of storage among the control samples and the samples
with the coatings Gel and Gel-RS.
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Figure 2. Firmness (N) (A) and Breaking Force (N) (B) of coated fresh cut zucchini samples during
a 7-day storage period. Lack columns indicate Ctr treatment; white columns indicate Gel treatment
and grey columns indicate Gel-RS treatment. Different letters indicate statistical differences. Different
letters within the columns indicate significant differences (p < 0.05) among the different treatments
on every sampling date. Sample analysis was in triplicate.

3.3. Color Analysis
3.3.1. Color Parameters

Color parameters L*, a*, b*, Chroma* and Hue* angle are presented in Table 1. During
the storage period of 7 days at 5 °C, significant differences were found in L*, a* and b*
parameter values among the untreated samples and the coated ones. L* parameter values
were always found to be greater in control zucchini samples and the lowest values were
observed in Gel-RS coated zucchini samples. The opposite was observed for a* and b*
parameter values, for which the lowest values were observed for untreated samples.

Table 1. Color parameters L*¥, a*, b*, Chroma* and Hue* angle of coated fresh cut zucchini samples
during a 7-day storage period at 5 °C. Sample analysis was in triplicate.

Day Treatment L* a* b* Chroma* Hue*

Ctr 89.98 + 0.02 2 ~1.13+0.03¢ 25.01 + 0.01 ¢ 25.04 4+ 0.02 ¢ 92.59 + 0.07 2

0 Gel 88.92 + 0.05P —0.65+0.01Y 2562 +003P 25.63 + 0.05° 91.45 + 0.03P
Gel-RS 87.30 & 0.06 ¢ —043 +0.012 27.26 + 0.02 2 27.26 +0.03 2 90.90 + 0.01 ¢

Ctr 90.48 + 0.04 2 —0.86 £0.02¢ 24.59 + 0.02 ¢ 24.61 +0.04°¢ 92.00 + 0.06 2

1 Gel 88.33 & 0.07 P —0.66 &+ 0.03P 26.82 £+ 0.03 26.83 &+ 0.05P 91.40 £ 0.09 ®
Gel-RS 85.99 4+ 0.01 ¢ —0.24 +£0.032 32.02 +0.042 32.02 + 0.07 2 90.43 + 0.06 ¢

Ctr 89.55 + 0.01 2 —0.65+0.02¢ 25.44 4 0.02 € 25.45 + 0.03 © 91.47 +0.052

2 Gel 88.02 + 0.08 P —046+0.012  26.85+0.02P 26.85 + 0.04 P 90.98 + 0.02 P
Gel-RS 83.90 +0.11°¢ 0.50 = 0.02° 34.63 +0.022 34.63 £ 0.042 89.17 £ 0.04 ¢

Ctr 89.10 + 0.052 —0.53 +0.02¢ 24.61 + 0.03 ¢ 24.62 +0.05¢ 90.61 + 0.08 2

3 Gel 87.72 +0.002b  —0.43 +0.02P 27.26 + 0.03P 27.26 + 0.05P 88.81 + 0.03P
Gel-RS 83.51 4+ 0.01°¢ 0.23 +£0.032 33.82 +0.032 33.82 +0.052 89.62 + 0.06 €

Ctr 88.15 4 0.08 2 —0.28 £0.03¢ 26.19 + 0.03 ¢ 26.19 + 0.05¢ 90.61 + 0.08 2

4 Gel 87.34 + 0.00 P 0.61 £0.01P 29.44 + 0.03P 29.45 + 0.06 ° 88.81 + 0.03 P
Gel-RS 81.57 4+ 0.04 ¢ 1.49 +0.022 31.31 4+ 0.042 31.34 +0.07 2 87.28 4+ 0.04 ¢

Ctr 87.15 + 0.02 2 0.60 £0.01°¢ 29.44 4+ 0.02 © 29.45 + 0.03 © 88.84 + 0.02 2

7 Gel 85.76 & 0.04 P 1.26 +0.02 P 33.07 £ 0.02° 33.09 & 0.03P 87.82 £+ 0.04°
Gel-RS 75.67 &+ 0.06 2.33 4 0.012 36.44 + 0.02 2 36.51 + 0.032 86.35 &+ 0.02 ¢

Different letters within the columns indicate significant differences (p < 0.05) among the different treatments, on
every sampling date.

Also, L* values were decreased, while a* and b* values were increased during the
storage period for all samples tested. The greatest Chroma* values were observed for
Gel-RS treated samples, and they were significant different (p < 0.05) compared to control
and the other treatment for each day of storage. A gradual increase in Chroma* values
during the storage time was observed for all the treatments. The greatest values were found
on Day 7 and statistically significantly differed (p < 0.05) from the previous days.
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Finally, Hue* angle values decreased during the storage of zucchini slices stored at
a low temperature. For each day of storage, Hue* angle value of zucchini slices coated
by Gel-RS had the lowest values compare to Ctr samples and to samples treated with Gel
(p < 0.05) On the other hand, Ctr samples for each day of storage had the greatest values of
Hue* angle values compared to the treated samples (p < 0.05).

3.3.2. Whiteness Index (WI)

In Figure 3, the Whiteness index of the samples tested is presented. We observed that
WI values of the Gel treated samples (white color column) were higher (p < 0.05) compared
to control samples (black color column) at every day of storage. Also, we found that WI
values of Gel-RS coated samples (grey color column) were higher (p < 0.05%) compared to
Gel treated zucchini slices and to control samples each day of storage (Figure 3).

80
|Ctr 0OGel mGel-RS

g

Whiteness index (%)
15

=4

o

Storage time (Days)

Figure 3. Whiteness Index (WI) of coated fresh cut zucchini samples during a 7-day storage period at
5 °C. Black columns indicate Ctr treatment, white columns indicate Gel treatment and grey columns
indicate Gel-RS treatment. Different letters indicate statistical differences. Different letters within the
columns indicate significant differences (p < 0.05) among the different treatments on every sampling
date. Sample analysis was in triplicate.

3.3.3. Total Color Difference (AE)

Total color difference was determined for all zucchini samples Ctr, Gel and Gel-RS
during the storage period of 7 days at 5 °C. As can be seen in Figure 4, from each treatment,
AE values were the lowest at day 1 and the highest at day 7. Also, during all days of
storage, the lowest values AE were measured for the control samples, followed by Gel
coated zucchini slices and the highest were always for Gel-RS coated samples. AE values of
different treatments were significantly different (p < 0.05) at the same day of storage.

20
BCtr OGel mGel-RS

15

AE

10 "

7

3 4
Storage time (Days)

Figure 4. AE values of coated fresh cut zucchini samples during a 7-day storage period at 5 °C. Black
columns indicate Ctr treatment; white columns indicate Gel treatment and grey columns indicate
Gel-RS treatment. Different letters indicate statistical differences. Different letters within the columns
indicate significant differences (p < 0.05) among the different treatments on every sampling date.
Sample analysis was in triplicate.

More specifically for Ctr samples, only after 3 days of storage were AE values
(1.70 & 0.07) higher than the perception threshold. Fresh cut zucchini slices coated with
gelatin showed a noticeable difference in color on the second day of storage (1.538 + 0.07)
and on the seventh day of storage were 8.31 &+ 0.03 and characterized as showing a large
difference in total color. The addition of rice starch to the gelatin coating resulted in the
acceleration of color difference in coated zucchini slices. Even from the first day of storage,
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the AE value showed an appreciable difference (p < 0.05) (4.94 £ 0.05). AE values for
Gel-RS continued to increase during storage with very obvious differences on the 7th day
(15.07 £ 0.09). Finally, Gel-RS coatings decreased the time of appearance of color change
during storage of the fresh cut zucchini.

4. Discussion

Summarizing, in this study, two types of biodegradable gelatin coatings have been
applied to fresh cut zucchini slices and evaluated for 7 days’ storage at 5 °C. Samples coated
with gelatin protected the fresh cut slices from weight loss, but the addition of rice starch to
the coating accelerated the increase of weight loss values and gelatin lost its protective role.
In addition, no significant differences were found for untreated and treated samples with
gelatin and gelatin-rice starch coatings in the texture parameters of firmness and breaking
force. Additionally, color analysis showed that the specific coatings decrease L* of fresh
cut zucchini slices during all days of storage, and at the same time increase a* and b* color
parameters. The gelatin-rice starch coating also presented significantly higher values of a*
and b* compared to untreated and gelatin-treated samples. In addition, coated samples
exhibited the highest values on the Whiteness Index (WI) and accelerated the total color
change (AE) during the storage of the fresh cut zucchini slices. Our results were based on
the following observations.

Firstly, vegetables and fruits during peeling, slicing and coating had been subjected to
severe physical stress as protective epidermal cells have been removed. Coatings could
provide a protective layer for fresh cut zucchini tissues, as water vapor permeability and
respiration rates had changed [35] and low water loss was often desired [36]. In this study
gelatin coating applied on fresh cut zucchini slices appears to slow down water release,
probably by creating a compact macromolecular network. Mixing gelatin with rice starch
showed opposite properties by increasing weight loss during all the 7 days’ storage at low
temperature (5 °C). It is well known that gelatin builds a macromolecular network with
less permeability to vapors and gases compared to control samples, and this is different to
the functional characteristics of many protein coatings, which are highly effective oxygen
blockers but allow relative humidity [37]. For example, coatings of concentrated solutions
of pea protein had no significant influence on the water loss of Cavendish bananas [38]. On
the other hand, a decrease in water vapor permeability was found for edible films prepared
from cassava starch and soy protein blends, due to the creation of a dense network between
protein and starch with a small free volume, therefore inhibiting diffusion [39]. According
to other studies, rice starch is compatible with glycerol and although the mixture glycerol
with gelatin creates homogeneous, very viscous coatings [40], due to addition of rice
starch, its crystalline region ratio to the amorphous region decreases because of glycerol’s
presence [41]. Consequently, intermolecular spacing increased values of water loss. Also,
rice starch high hydrophilicity could speed up the entire phenomenon. In the coating
mixture of gelatin with rice starch, the presence of gelatin does not have predominant
behavior in water loss characteristics, but gelatin on its own could protect fresh cut zucchini
from water loss.

Secondly, the texture in fruits and vegetables is affected by composition of the cell wall,
biochemical constituents, chemical composition and moisture content. Consumers know
what to expect when they perceive fresh food, as food texture is considered a dominant
characteristic, [42]. It is well known that zucchini fruit has thin cuticle, and the way it
breaks during the mastication process is a characteristic that influences the organoleptic
textural sensation. It is widely known that the application of biodegradable coatings could
influence control over the deformation profile and general textural characteristics. Our
data showed that both treatments of gelatin and gelatin—rice starch coatings maintain the
firmness and breaking force of untreated fresh cut zucchini samples during storage at a low
temperature [43]. The softening of the texture of fruits and vegetables results from the
combination of several factors. The effect of water loss on softening is unclear, making it
difficult to predict the structural consequences of using post-harvest technologies that relate
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firmness to water loss [44]. In general, fruit softening is a feature of ripening, which is closely
related to the change in cell wall structure, components and fruit cell wall degradation
induced by various types of enzymes [45]. In our study, the coatings of gelatin and gelatin—
rice starch maintain physiological parameters, chemical and biochemical constituents and
consequently textural characteristics of fresh cut zucchini slices which were found to be the
same as the control during all days of storage. These data provide new knowledge for the
application of edible coatings on fresh cut fruits slices when the maintenance of textural
characteristics is desirable.

The development of different colors in food texture during storage of fresh and fresh
cut fruits and vegetables results from the accumulation of different compounds. Color in
food is affected not only by the concentration, temperature or pH of specific pigments, but
also by the physical structure and light reflection of the food surface [46]. In our study,
during the storage of fresh cut zucchini slices coated with a gelatin-rice starch mixture,
the zucchini slices became significantly darker as revealed by the L* value drop compared
to untreated fresh cut slices and to slices treated with gelatin. At the same time, the
gelatin—rice starch coating caused an increase in a* and b* values during storage. This could
be explained as starch-based coating formulations are more permeable to O, due to the
presence of a plasticizer, which decreases the intermolecular interactions among adjacent
polymeric chains and facilitates gas mobility and permeability, functions that could cause
changes in color due to oxidation damages [47]. In addition, the main function of the
effective of coatings and edible films is to preserve changes in physicochemical parameters
and biochemical processes such as enzymatic oxidation caused by polyphenol oxidase
(PPO), that is responsible for the browning. This is in contrast with previously published
works indicating the effectiveness of coatings based on gelatin—starch [22,48,49]. Studies
of edible coatings of cassava starch showed that it was beneficial in preventing enzymatic
browning in fresh cut apples for 12 days [50] and cassava starch had similar benefits on
the color characteristics of fresh cut mangos [51]. Interestingly the application of a gelatin
coating in a study demonstrated a superior ability to preserve weight loss of sliced zucchini
fruit during storage at a low temperature, causing a drop in L*. Although it should be
mentioned that in our treatments there was no added antioxidant or antimicrobial factor,
such as fruit juice or chitosan, respectively, which needs to be further investigated.

Another color parameter which studied was whiteness index. Fresh cut zucchini
slices coated with the gelatin-rice starch mixture presented higher WI values compared to
other untreated and gelatin-treated samples during all days of storage. Whiteness Index
changes are connected to moisture sorption characteristics in association to humidity and
temperature storage [52]. This could be due to the functional properties of rice starch such
as high values of whiteness and also higher hydrophilicity compared to gelatin coating [53].
In addition, rice starch influences the relative humidity of coated zucchini samples and
dehydrates them. This dehydration could also be responsible for the high values found
in the total color difference AE of samples coated with the gelatin-rice starch mixture
during all days of storage. When zucchini slices are coated, humidity could migrate in the
tissue of the zucchini and could compete with rice starch for free water. These processes
are responsible for decreased freshness zucchini slice characteristics, possibly due to the
absence of protective tissues of the cuticle peel and exposure of the internal tissues to
the biodegradable coatings [40]. This behavior of the coating with rice starch is also in
agreement with the effect on weight loss during the 7 days of storage.

Taking into account that gelatin protects the texture and prevents water loss, a gelatin
coating could be interesting to use for the development of biodegradable packaging in fresh
cut zucchini slices. The coating of gelatin—rice starch only protected untreated samples’
texture properties, but on the other hand accelerated water loss and caused decreased
L* and higher a* and b* values. After 7 days of storage, zucchini slices coated by the
gelatin—rice starch mixture showed obvious color differences compared to the rest of the
samples. Rice starch is an inexpensive polysaccharide which, due to growing environmental
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awareness, could be, in combination with gelatin, an ideal coating to be used on fresh cut
zucchini slices when preservation is necessary at the same time as dehydration.

5. Conclusions

This study provides novel information on gelatin-based edible coatings and their
effects on quality characteristics of fresh cut zucchini slices stored at 5 °C for 7 days.
A gelatin edible biodegradable coating applied on the surface of sliced zucchini promotes
the adhesion of macromolecule dispersions, increases resistance to weight loss of samples
and contributes to the preservation of zucchini slices” mechanical behavior. On the other
hand, the addition of rice starch to gelatin increases the hydrophilic nature of the edible
coating and maintains zucchini slices’ firmness and breaking force. Additionally, the
application of the gelatin—rice starch mixture on zucchini slices accelerates the increase in
weight loss, total color differences AE and presents a large drop of L* at 5 °C during long
term storage. In conclusion, coatings with gelatin and rice starch could be useful when
both preservation and dehydrating processes at low temperature are desirable for zucchini
slices by preserving texture characteristics. These results could be interesting for research
and development in industry, helping to save thermal energy and enrich knowledge about
gelatin-based coatings.

Author Contributions: A.B.: methodology, conceptualization, investigation, data curation, format
analysis and original draft preparation; P.G.: conceptualization, investigation, validation, data
curation, formal analysis, writing, review editing and supervision. All authors have read and agreed
to the published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Wang, C.Y, Ji, L. Effect of low-oxygen storage on chilling injury and polyamides in zucchini squash. Sci. Horticufturae 1989, 39, 1-7.
[CrossRef]

2. Mencarellj, E.; Lipton, W.J.; Peterson, S.J. Responses of zucchini squash to storage in low-oxygen atmospheres at chilling and
nonchilling temperatures. J. Am. Sot. Hort. Sci. 1983, 108, 884-890. [CrossRef]

3.  Vandeputte, G.E.; Delcour, J.A. From sucrose to starch granule to starch physical behaviour: A focus on rice starch. Carbohydr.
Polym. 2004, 58, 245-266. [CrossRef]

4. Aghdam, M.S.; Bodbodak, S. Physiological and biochemical mechanisms regulating chilling tolerance in fruits and vegetables
under postharvest salicylates and jasmonates treatments. Sci. Hortic. 2013, 156, 73-85. [CrossRef]

5. Benitez, S.; Achaerandio, I.; Pujola, M.; Sepulcre, F. Aloe vera as an alternative to traditional edible coatings used in fresh-cut
fruits: A case of study with kiwifruit slices. LWT-Food Sci. Technol. 2015, 61, 184-193. [CrossRef]

6.  Moreira, M.R,; Cassani, L.; Martin-Belloso, O.; Soliva-Fortuny, R. Effects of polysaccharide-basededible coatings enriched with
dietary fiber on quality attributes of fresh-cut apples. J. Food Sci. Technol. 2015, 12, 7795-7805. [CrossRef]

7. Mohammadi, A.; Hashemi, M.; Hosseini, S.M. Chitosan nanoparticles loaded with Cinnamomum zeylanicum essential oil enhance
the shelf life of cucumber during cold storage. Postharvest Biol. Technol. 2015, 110, 203-213. [CrossRef]

8.  Perdones, A.; Sanchez-Gonzaélez, L.; Chiralt, A.; Vargas, M. Effect of chitosan-lemon essential oil coatings on storage-keeping
quality of strawberry. Postharvest Biol. Technol. 2012, 70, 32—41. [CrossRef]

9.  Campos, C.A.; Gerschenson, L.N.; Flores, S.K. Development of edible films and coatings with antimicrobial activity. Food
Bioprocess Technol. 2011, 4, 849-875. [CrossRef]

10.  Cutter, C.N. Opportunities for bio-based packaging technologies to improve the quality and safety of fresh and further processed
muscle foods. Meat Sci. 2006, 74, 131-142. [CrossRef]

11. Liu, Q. Understanding starches and their role in foods. In Food Carbohydrates: Chemistry, Physical Properties and Applications; Cui,
S.W., Ed.; CRC Press: Boca Raton, FL, USA, 2005; pp. 309-355. [CrossRef]

12. Pagella, C.; Spigno, G.; De Faveri, D.M. Characterization of starch based edible coatings. Food Bioprod. Process. 2002, 80, 193-198.

[CrossRef]


http://doi.org/10.1016/0304-423890031-9
http://doi.org/10.21273/JASHS.108.6.884
http://doi.org/10.1016/j.carbpol.2004.06.003
http://doi.org/10.1016/j.scienta.2013.03.028
http://doi.org/10.1016/j.lwt.2014.11.036
http://doi.org/10.1007/s13197-015-1907-z
http://doi.org/10.1016/j.postharvbio.2015.08.019
http://doi.org/10.1016/j.postharvbio.2012.04.002
http://doi.org/10.1007/s11947-010-0434-1
http://doi.org/10.1016/j.meatsci.2006.04.023
http://doi.org/10.1201/9780203485286
http://doi.org/10.1205/096030802760309214

Horticulturae 2022, 8, 1031 10 of 11

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.
37.

38.

39.

40.

Yao, W.; Xu, T.; Farooq, S.U.; Jin, P.; Zheng, Y. Glycine betaine treatment alleviates chilling injury in zucchini fruit (Cucurbita
pepo L.) by modulating antioxidant enzymes and membrane fatty acid metabolism. Postharvest Biol. Technol. 2018, 144, 20-28.
[CrossRef]

Mitchell, C.R. Rice Starches: Production and Properties. In Starch; Academic Press: Cambridge, MA, USA, 2009; pp. 569-578.
Lawal, O.S. Composition, physicochemical properties and retrogradation characteristics of native, oxidised, acetylated and
acid-thinned new cocoyam (Xanthosoma sagittifolium) starch. Food Chem. 2004, 87, 205-218. [CrossRef]

Garcia, M.; Martino, M.; Zaritzky, N. Composite starch-based coatings applied to strawberries (Fragaria x ananassa). Food/Nahr.
2001, 45, 267-272. [CrossRef]

Ribeiro, C.; Vicente, A.A.; Teixeira, J.A.; Miranda, C. Optimization of edible coating composition to retard strawberry fruit
senescence. Postharvest Biol. Technol. 2007, 44, 63-70. [CrossRef]

Fakhouri, EM.; Martelli, S.M.; Caon, T.; Velasco, ].I; Mei, L.H.I. Edible films and coatings based on starch/gelatin: Film properties
and effect of coatings on quality of refrigerated Red Crimson grapes. Postharvest Biol. Technol. 2015, 109, 57-64. [CrossRef]
Cazon, P,; Velazquez, G.; Ramirez, J.A.; Vazquez, M. Polysaccharide-based films and coatings for food packaging: A review. Food
Hydrocoll. 2017, 68, 136-148. [CrossRef]

Karim, A.A.; Bhat, R. Gelatin alternatives for the food industry: Recent developments, challenges and prospects. Trends Food Sci.
Technol. 2008, 19, 644-656. [CrossRef]

Bourtoom, T. Preparation and properties of rice starch chitosan blend biodegradable film. Food Sci. Technol. 2008, 41, 1633-1641.
[CrossRef]

Mader, A.A; Reid, M.S,; Saltveit, M.E. Plant Science 112 Course Manual; University of California: Davis, CA, USA, 1989; p. 11.
Nascimento, J.I.G.; Stamford, T.C.M.; Melo, N.EC.B.; Nunes, I.D.S.; Lima, M.A.B.; Pintado, M.M.E.; Stamford-Arnaud, T.M.;
Stamford, N.P.; Stamford, T.L.M. Chitosan—citric acid edible coating to control Colletotrichum gloeosporioides and maintain quality
parameters of fresh-cut guava. Int. J. Biol. Macromol. 2020, 163, 1127-1135. [CrossRef]

Sarbon, N.M.; Badii, F.; Howell, N.K. The effect of chicken skin gelatin and whey protein interactions on rheological and thermal
properties. Food Hydrocoll. 2015, 45, 83-92. [CrossRef]

Dhall, RK. Advances in edible coatings for fresh fruits and vegetables: A review. CRC Crit. Rev. Food Sci. 2013, 53, 435-450.
[CrossRef] [PubMed]

Chen, L.; Tian, Y;; Tong, Q.; Zhang, Z.; Jin, Z. Effect of pullulan on the water distribution, microstructure and textural properties
of rice starch gels during cold storage. Food Chem. 2017, 214, 702-709. [CrossRef]

Basiak, E.; Linke, M.; Debeaufort, F.; Lenart, A.; Geyer, M. Dynamic behaviour of starch-based coatings on fruit surfaces.
Postharvest Biol. Technol. 2019, 147, 166-173. [CrossRef]

Keshari, D.; Tripathi, A.D.; Agarwal, A.; Rai, S.; Srivastava, S.K.; Kumar, P. Effect of x-dl tocopherol acetate (antioxidant) enriched
edible coating on the physicochemical, functional properties and shelf life of minimally processed carrots (Daucus carota subsp.
sativus). Future Foods 2022, 5, 100116. [CrossRef]

Schubring, R.; Meyer, C. Quality factors of terrestrial products as affected by the species. . Food Sci. 2002, 67, 3148-3151.
[CrossRef]

De Roeck, A.; Mols, ; Sila, D.N.; Duvetter, T.; Van Loey, A.; Hendrickx, M. Improving the hardness of thermally processed carrots
by selective pretreatments. Food Res. Int. 2010, 43, 1297-1303. [CrossRef]

Chen, B.; Zhang, M.; Wang, Y.; Devahastin, S.; Yu, D. Comparative study of conventional and novel combined modes of
microwave-and infrared-assisted thawing on quality of frozen green pepper, carrot and cantaloupe. LWT 2022, 154, 112842.
[CrossRef]

Rotta, J.; Ozorio, R.A.; Kehrwald, A.M.; de Oliveira Barra, G.M.; de Melo Castanho Amboni, R.D.; Barreto, P.L.M. Parameters of
color, transparency, water solubility, wettability and surface free energy of chitosan/hydroxypropyl/methylcellulose (HPMC)
films plasticized with sorbitol. Mater. Sci. Eng. C 2009, 29, 619-623. [CrossRef]

Cserhalmi, Z.; Sass-Kiss, A.; Téth-Markus, M.; Lechner, N. Study of pulsed electric field treated citrus juices. Innovative Food Sci.
Emerg. Technol. 2006, 7, 49-54. [CrossRef]

Goyeneche, R.; Aguero, M.V,; Roura, S.; Scala, K.D. Application of citric acid and mild heat shock to minimally processed sliced
radish: Color evaluation. Postharvest Biol. Technol. 2014, 93, 106-113. [CrossRef]

Avena-Bustillos, R.J.; Cisneros-Zevallos, L.A.; Krochta, ] M.; Saltveit Jr, M.E. Application of casein-lipid edible film emulsions to
reduce white blush on minimally processed carrots. Postharvest Biol. Technol. 1994, 4, 319-329. [CrossRef]

Bourtoom, T. Edible films and coatings: Characteristics and properties. Int. Food Res. ]. 2008, 15, 237-248.

Hassan, B.; Chatha, S.A.S.; Hussain, A.L; Zia, KM.; Akhtar, N. Recent advances on polysaccharides, lipids and protein based
edible films and coatings: A review. Int. ]. Biol. Macromol. 2018, 109, 1095-1107. [CrossRef] [PubMed]

Chong, K.Y.; Su-Ling Brooks, M. Development of pea protein-based films and coatings with haskap leaf extracts. Appl. Food Res.
2022, 2, 100102. [CrossRef]

Akbari, Z.; Ghomashchi, T.; Moghadam, S. Improvement in food packaging industry with biobased nanocomposites. Int. J. Food
Eng. 2007, 3, 1-26. [CrossRef]

Tiozon, R.J.N.; Bonto, A.P; Sreenivasulu, N. Enhancing the functional properties of rice starch through biopolymer blending for
industrial applications: A review. Int. J. Biol. Macromol. 2021, 192, 100-117. [CrossRef]


http://doi.org/10.1016/j.postharvbio.2018.05.007
http://doi.org/10.1016/j.foodchem.2003.11.013
http://doi.org/10.1002/1521-3803(20010801)45:4&lt;267::AID-FOOD267&gt;3.0.CO;2-3
http://doi.org/10.1016/j.postharvbio.2006.11.015
http://doi.org/10.1016/j.postharvbio.2015.05.015
http://doi.org/10.1016/j.foodhyd.2016.09.009
http://doi.org/10.1016/j.tifs.2008.08.001
http://doi.org/10.1016/j.lwt.2007.10.014
http://doi.org/10.1016/j.ijbiomac.2020.07.067
http://doi.org/10.1016/j.foodhyd.2014.10.008
http://doi.org/10.1080/10408398.2010.541568
http://www.ncbi.nlm.nih.gov/pubmed/23391012
http://doi.org/10.1016/j.foodchem.2016.07.122
http://doi.org/10.1016/j.postharvbio.2018.09.020
http://doi.org/10.1016/j.fufo.2022.100116
http://doi.org/10.1111/j.1365-2621.2002.tb08874.x
http://doi.org/10.1016/j.foodres.2010.03.011
http://doi.org/10.1016/j.lwt.2021.112842
http://doi.org/10.1016/j.msec.2008.10.032
http://doi.org/10.1016/j.ifset.2005.07.001
http://doi.org/10.1016/j.postharvbio.2014.02.011
http://doi.org/10.1016/0925-5214(94)90043-4
http://doi.org/10.1016/j.ijbiomac.2017.11.097
http://www.ncbi.nlm.nih.gov/pubmed/29155200
http://doi.org/10.1016/j.afres.2022.100102
http://doi.org/10.2202/1556-3758.1120
http://doi.org/10.1016/j.ijbiomac.2021.09.194

Horticulturae 2022, 8, 1031 11 of 11

41.

42.

43.

44.

45.

46.

47.
48.

49.

50.

51.

52.

53.

Domene-Lopez, D.; Garcia-Quesada, J.C.; Martin-Gullon, I.; Montalban, M.G. Influence of starch composition and molecular
weight on physicochemical properties of biodegradable films. Polymer 2019, 11, 1084. [CrossRef]

Bourne, M.C. Preserving food after harvest is an integral component of food security. In Global Food Security and Wellness;
Barbosa-Canovas, G.V., Pastore, G.M., Candogan, K., Meza IG, M., da SLannes, S.C., Buckle, K., Yada, R.Y., Rosenthal, A., Eds.;
Springer: New York, NY, USA, 2017; pp. 15-17. [CrossRef]

Nawab, A.; Alam, F,; Hasnain, A. Mango kernel starch as a novel edible coating for enhancing shelf- life of tomato (Solanum
lycopersicum) fruit. Int. J. Biol. Macromol. 2017, 103, 581-586. [CrossRef]

Johnston, ].W.; Hewett, E.W.; Hertog, M.L.A. T.M. Postharvest softening of apple (Malus domestica) fruit: A review. New Zeal. ].
Crop Hort. Sci. 2002, 30, 145-160. [CrossRef]

Pan, Y.; Cheng, ]J.; Sun, D. Inhibition of fruit softening by cold plasma treatments: Affecting factors and applications. Crit. Rev.
Food Sci. Nutr. 2020, 61, 127164. [CrossRef] [PubMed]

Fai, A.E.C.; de Souza, M.R.A; de Barros, S.T.; Bruno, N.V.; Ferreira, M.S.L.; Gongalves, C.B.D.A. Development and evaluation
of biodegradable films and coatings obtained from fruit and vegetable residues applied to fresh-cut carrot (Daucus carota L.).
Postharvest Biol. Technol. 2016, 112, 194-204. [CrossRef]

Sapper, M.; Chiralt, A. Starch-based coatings for preservation of fruits and vegetables. Coatings 2018, 8, 152. [CrossRef]
Susmitha, A.; Sasikumar, K.; Rajan, D.; Padmakumar, M.A.; Nampoothiri, KM. Development and characterization of corn
starch-gelatin based edible films incorporated with mango and pineapple for active packaging. Food Biosci. 2021, 41, 100977.
[CrossRef]

Silva, O.A.; Pella, M.C.G.; Friedrich, ].C.C.; Pella, M.G.; Beneton, A.G.; Faria, M.G.I.; Colauto, G.A.L.; Caetano, J.; Simdes, M.R.;
Dragunski, D.C. Effects of a native cassava starch, chitosan, and gelatin-based edible coating over guavas (Psidium guajava L.).
ACS Food Sci. Technol. 2021, 1, 1247-1253. [CrossRef]

Chiumarelli, M.; Hubinger, M.D. Stability, solubility, mechanical and barrier properties of cassava starch—Carnauba wax edible
coatings to preserve fresh-cut apples. Food Hydrocoll. 2012, 28, 59-67. [CrossRef]

Chiumarelli, M.; Ferrari, C.C.; Sarantopoulos, C.I.G.L.; Hubinger, M.D. Fresh cut “Tommy Atkins’ mango pre-treated with citric
acid and coated with cassava (Manihot esculenta Crantz) starch or sodium alginate. Innov. Food Sci. Emerg. Technol. 2011, 12,
381-387. [CrossRef]

Cisneros-Zevallos, L.; Saltveit, M.; Krochta, J. Hygroscopic coating control surface white discoloration of peeled (minimally
processed) carrots during storage. J. Food Sci. 1997, 62, 363-367. [CrossRef]

Espin, J.C.; Garcia-Conesa, M.T.; Tomas-Barberan, F.A. Nutraceuricals: Facts and fiction. Phytochemistry 2007, 68, 2986-3008.
[CrossRef]


http://doi.org/10.3390/polym11071084
http://doi.org/10.1007/978-1-4939-6496-3
http://doi.org/10.1016/j.ijbiomac.2017.05.057
http://doi.org/10.1080/01140671.2002.9514210
http://doi.org/10.1080/10408398.2020.1776210
http://www.ncbi.nlm.nih.gov/pubmed/32539433
http://doi.org/10.1016/j.postharvbio.2015.09.021
http://doi.org/10.3390/coatings8050152
http://doi.org/10.1016/j.fbio.2021.100977
http://doi.org/10.1021/acsfoodscitech.1c00131
http://doi.org/10.1016/j.foodhyd.2011.12.006
http://doi.org/10.1016/j.ifset.2011.02.006
http://doi.org/10.1111/j.1365-2621.1997.tb04002.x
http://doi.org/10.1016/j.phytochem.2007.09.014

	Introduction 
	Materials and Methods 
	Preparation of Zucchini Slices 
	Preparation of Gelatin and Gelatin–Rice Starch Edible Coatings 
	Weight Loss Measurements 
	Texture Analysis 
	Color Analysis 
	Statistical Analysis 

	Results 
	Weight Loss 
	Texture Analysis 
	Color Analysis 
	Color Parameters 
	Whiteness Index (WI) 
	Total Color Difference (Ε) 


	Discussion 
	Conclusions 
	References

