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Consuming fresh food is undoubtedly the best way to enjoy various flavors and nutrients, but their preservation
helps to enjoy all these even out of season. Bio-coating technologies hold great promise for the future of food
preservation, offering a more sustainable and healthy way to keep fruits and vegetables fresh for more extended
periods. The choice of a coating method may depend on the type of fresh fruits and vegetables, the coating
material, and the desired coating thickness. The application method should be carried out under hygienic
conditions to prevent contamination and ensure the effectiveness of the coating. It is also essential to apply the
coating evenly and that it adheres properly to the surface of the produce, maximizing its effectiveness. The coating
material can be applied in its pure form or mixed with other ingredients such as antioxidants, preservatives, or

antimicrobial agents, thus enhancing its effectiveness.

food safety bio-coatings

| 1. Introduction

Consuming fresh food is undoubtedly the best way to enjoy various flavors and nutrients, but their preservation
helps to enjoy all these even out of season W, Food production and supply are not always in balance with the
needs of the population. In the case of surplus production of fresh fruits or vegetables, which are perishable or
semi-perishable, it is important to store and preserve them to ensure a continuous food supply. Some fruits and
vegetables cannot be grown in every type of soil and climate, so preserving food will aid importing them abroad.
After harvest, the ripening and aging process can be delayed by different preservation methods [&, maintaining the
taste and quality, and extending the sale/consumption ratio of food out of season. Preservation makes the product
available on the market in a wide variety, and when there is no discrepancy between supply and demand,
stabilization of food prices can also be observed. In broad terms, the preservation of fresh fruits and vegetables
consists of handling and treating them to stop or slow down their decay or spoilage (contamination by
microorganisms, loss of nutritive value, loss of flavor, change in texture, microbial and enzymatic decompaosition)
while ensuring a longer shelf life for the food. Fruits are susceptible to a variety of post-harvest diseases caused by
bacteria and fungi. These diseases can lead to visible decay and a loss of quality &l. The loss of fruit quality during
ripening and post-harvest is also influenced by several physiological changes. These changes can be categorized
under factors such as maturity, respiration, ethylene production, and enzymatic reactions @& The stage of
maturity at which fruits are harvested affects their quality and shelf life. When fruits are harvested too soon or too

late, they may not have the flavor or texture that they should, and their shelf life may be shortened (8. The process
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by which the fruit's stored organic elements are transformed into energy is called respiration. After the fruit is
harvested, this process continues, causing it to lose weight and nutritional content. In general, juicy fruits respire
more quickly, and as respiration continues, the quality of the fruit weakens . Some fruits, such as apples and
bananas, produce much more ethylene as they mature. Fruits naturally release ethylene, a plant hormone that
encourages ripening. Increased ethylene production frequently results in increased respiration rates, which might
accelerate fruit ripening and lower fruit quality 8l. The conversion of starches to sugars, the softening of the fruit
due to the breakdown of pectin, and the growth of flavor and aroma compounds are just a few of the enzymatic
events that take place throughout the ripening process. While these responses are essential for the fruit to reach its
maturity peak, if they continue too far, they can cause over-ripening and a loss of fruit quality 2. After harvesting,
fruits continue to lose water through their skin, which can lead to shriveling and weight loss, impacting the fruit's
appearance and texture 19, Additionally, damage caused by handling can cause bruising and create openings for

disease organisms, further accelerating deterioration and quality loss.

Post-harvest management strategies aim to minimize these physiological changes and maintain fruit quality for as
long as possible. These strategies might include appropriate temperature management, humidity control, careful
handling to avoid physical damage, and the application of post-harvest treatments to slow respiration, reduce

ethylene production, or control disease 111,

Bio-coating technologies hold great promise for the future of food preservation, offering a more sustainable and
healthy way to keep fruits and vegetables fresh for more extended periods 12, Additionally, bio-coatings offer an
attractive option as they reduce the need for plastic-based packaging materials, thereby minimizing waste and
environmental impact. When implementing bio-coatings for commercial applications, it is important to consider

factors such as scalability, cost-effectiveness, and regulatory considerations 13,

There is an important demand for natural preservatives instead of synthetic ones to avoid health problems caused
by their use. Promising preservatives are natural antimicrobials extracted from plants, animals or microorganisms
that suppress bacteria and fungi growth 14, There are food preservatives of chemical origin that do not represent
any risk to health (e.g., CaCl, and sorbates). In fact, many bio-based coatings contain these ingredients. However,
people must consider, for example, the use of synthetic chemical fungicides and sodium hypochlorite as potential
hazards 1511261 Synthetic fungicides are widely used in agriculture to control fungal diseases. Chronic exposure to
synthetic fungicides has been linked to various health issues in humans, including skin and eye irritation,
neurological effects (such as headaches and dizziness), and more severe conditions such as cancer, endocrine
disruption, and damage to the liver and kidneys. The risks depend on the specific fungicide and level of exposure.
If not properly managed, fungicide residues can remain on food crops, potentially posing a consumer risk 2.
Sodium hypochlorite is a common bleaching agent and disinfectant often used to sanitize fruits and vegetables and
other food products to eliminate bacteria, viruses, and other pathogens that could cause illness. While this process
helps ensure the food supply’s safety, there are potential risks if residues of sodium hypochlorite remain on the
food and are ingested (18], The residue could be directly consumed if fruits and vegetables have been improperly
washed or rinsed after being treated with sodium hypochlorite. While the concentrations used for food sanitation

are typically low, ingesting higher concentrations can be harmful 22, Sodium hypochlorite can react with certain
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organic compounds on fruits and vegetables to form disinfection byproducts (DBPs) such as trihalomethanes and
haloacetic acids. Some of these byproducts have been associated with potential health risks, including an
increased risk of certain types of cancer (2%, Additionally, some individuals may have or develop an allergy or

sensitivity to sodium hypochlorite. In such cases, consuming treated produce could lead to an allergic reaction 12,

In both cases, these substances should be used responsibly and following safety guidelines to minimize risks.
Alternatives, including biological control methods for fungal diseases and non-chemical disinfection methods, are

also being increasingly explored as safer and more sustainable options.

2. Bio-Coatings Methods for Fruits and Vegetables
Preservation

The choice of a coating method may depend on the type of fresh fruits and vegetables, the coating material, and
the desired coating thickness. The application method should be carried out under hygienic conditions to prevent
contamination and ensure the effectiveness of the coating. It is also essential to apply the coating evenly and that it
adheres properly to the surface of the produce, maximizing its effectiveness. The coating material can be applied in
its pure form or mixed with other ingredients such as antioxidants, preservatives, or antimicrobial agents, thus

enhancing its effectiveness 24,

2.1. Methods to Prepare the Bio-Coatings

2.1.1. Nanoencapsulation

As mentioned before, for the food industry, as an alternative to synthetic preservatives, researchers have paid
attention to the use of natural preservatives such as EO [22]123] However, there are also some limitations, such as
its volatility or its rapid oxidation. In this regard, for bio-efficacy in terms of antifungal, antimycotoxigenic and
antioxidant capacity, new studies have applied nanotechnology for incorporating the EOs into the polymer matrix.
By nanoencapsulation, the polymer matrix will capture the EO and act as a carrier matrix improving thus the
efficacy of the EO [24],

Nanoemulsions can be used as edible coatings, creating a barrier on the surface of fruits and vegetables, reducing
water loss, controlling respiration rate, and inhibiting microbial growth. Additionally, the small droplet size of the
nanoemulsion allows for a more complete coverage of the surface, including small crevices and pores, and
enhances the adhesion of the coating [22l. The composition of the nanoemulsion can be optimized to include
bioactive compounds such as antioxidants, antimicrobials, or enzymes, which can enhance the preservation of
fruits and vegetables. For example, nanoemulsions containing plant extracts, essential oils, or CHI have effectively
inhibited the growth of pathogens and spoilage microorganisms, and delay senescence and ripening of fresh
produce 28127 Nanoemulsions as edible coatings can be applied through various methods, such as spray coating
or dip coating. The choice of the method will depend on factors such as the type of fruit or vegetable being coated,

the desired shelf life, and the properties of the nanoemulsion 2. Nanoemulsions represent a promising strategy
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for the preservation of fresh fruits and vegetables, and they have the potential to reduce food waste, enhance food
quality, and provide added nutritional value. However, further research is needed to optimize the composition and

application of nanoemulsions as edible coatings, and to evaluate their safety and consumer acceptance.

In general terms, this nanotechnology offers protection over a long period, ensuring maintenance of firmness and
nutritional and organoleptic characteristics. In 2015, M. Sessa et al. [28 concluded in their research that the
modified CHI with nanoencapsulated LEO prolong the shelf life of rucola leaf with no significant effect of the

organoleptic characteristics of the vegetable in comparison to CHI coating or EO alone.

In-Hah Kim et al., in 2013 [22 developed highly stable nanoemulsions—solutions based on Carnauba wax and
LEO for coating plums. The results revealed their ability to inhibit Salmonella typhimurium (S. typhimurium) and
Escherichia coli (E. coli) O157:H7 contamination, maintaining the firmness of coated fruits and reducing respiration

rates during storage.

2.1.2. Microemulsion Formulation

Formulation of the microemulsion involves mixing the coating materials in a suitable solvent system to form a
microemulsion. This typically involves using an emulsifier (a surfactant or co-surfactant) to ensure stability of the
microemulsion. The properties of the microemulsion and the final coating will depend on the emulsifier used and
the proportion of the oil-to-water phase. To ensure the stability of the microemulsion, an emulsifier (a surfactant or
co-surfactant) is often used B%. Microemulsion is applied to the surface of the fresh fruits or vegetables. Several
techniques, such as dipping, spraying, or brushing, can be used to accomplish this. Following application, the fruit

or vegetable is typically let too dry at a specified temperature and relative humidity B,

2.1.3. Microspinning (Electrospinning)

Is a flexible method for producing ultra-thin fibers from a variety of materials. Electrospinning is used to create
nanofibers, which are then used to coat fruit through dipping, spraying, painting, etc. Electrospun nanofibers have a
very high surface area-to-volume ratio, making them perfect for thinly and uniformly coating fruits and legumes 221,
Because the fibers are so fine, they can go inside the fruit or legume’s surface pores and provide a more thorough
coating than other techniques. One benefit of electrospinning is that depending on the number of layers used,
coatings can be made with various thicknesses, from a few nanometres to several microns [B3l34 This method
requires specialized equipment, making it more expensive and difficult to scale up for commercial production.
Although electrospinning has significant potential for use in food applications, it also comes with several difficulties.
Electrospun mats are sensitive and may not fully respond to unusual shapes, making applying them directly on
fruits or vegetables difficult. Some edible polymers might also need particular electrospinning settings or solvents

that are not always food-grade or may present other difficulties (21,
Less common but still used are the following briefly mentioned methods:

2.1.4. Melt Extrusion
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In this method, the biopolymer is heated until it melts and then extruded or pressed into a thin film. This method is

often used with lipid-based coatings, such as waxes or resins [2€l,

2.1.5. Coacervation

This method is often used to encapsulate active ingredients within a bio-polymer coating. In coacervation, the
polymer is dissolved in a liquid, and then a second, immiscible liquid is added. The polymer separates from the

solution and forms tiny droplets, which can be collected and dried to form a coating 2.

2.1.6. Phase Inversion Method

The phase Inversion method is used to produce porous coatings. The biopolymer is first dissolved in a solvent, and

then a non-solvent is added. This causes the polymer to precipitate out of the solution and form a porous structure
[38]

2.2. Methods of Coating Application in Fresh Fruits and Vegetables

Some standard methods for applying bio-coatings (Figure 1) to fresh fruits and vegetables are presented below:
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Figure 1. Examples of some bio-coating methods for fresh fruits and vegetables (the graphical representation was

made using the BioRender program by the Toronto-based BioRender Corporation).

2.2.1. Dipping (Dip Coating) Method

https://encyclopedia.pub/entry/48118 5/12



Bio-Coatings Methods for Fruits and Vegetables Preservation | Encyclopedia.pub

In the Dipping (Dip coating) method the fruit and/or vegetable is immersed in a solution of the coating material for a
predetermined amount of time, then removed and allowed to dry. The fruit or legume is then removed from the
solution and excess solution drains off. Dip coating is commonly used for fruits and vegetables that have a
relatively smooth surface 2. It may not be suitable for fruits or legumes with delicate skins or membranes, as they
may be damaged during immersion. Dip coating it is a simple and inexpensive method that can be easily scaled up
for commercial production 2%, Adding antimicrobial and/or antioxidants extract to the biopolymer solution can help

extend the shelf life of the coated fruit and/or vegetable 211,

2.2.2. Spraying Method

The bio-coating material it can also be applied to the surface of the fruits and/or vegetables using a spray nozzle by
Spraying method 2. Spraying (using spray nozzles) is the standard method used by the industry in packing lines
to coat fruit in many different types of fruit (citrus, apples, tomatoes, pears, etc.). The biopolymer is dissolved into a
suitable solvent to create a solution. The solution is then atomized into a fine mist using a spray nozzle, which is
directed onto the surface of the fruit or vegetable 3], One of the advantages of spraying is that it is a fast and
efficient method that can be easily scaled up for commercial production. Adding antimicrobial agents or
antioxidants to the biopolymer solution can help extend the coated produce’s shelf life. However, spraying method

also has some limitations 44],

2.2.3. Spreading Method

Another method for applying bio-coatings is the Spreading method. This method is used for producing with a small
surface area, such as mushrooms or grapes 2. The coating material is applied to the surface of the fruits and/or

vegetables using a brush.

2.2.4. Vacuum Infusion

Vacuum infusion is used for the fresh fruits and vegetables with a porous structure, such as melons or cucumbers
(48] The biopolymer solution is introduced into the vacuum chamber, where it is absorbed into the pores of the fruits
and vegetables ¥ but applying this method to food such as carrots or eggplants, could improve the organoleptic
characteristics and nutritional values, increasing the storage time and preserving their tissue hardness. This can be
particularly useful for preserving fruits and legumes with thick skins or membranes that require a deeper coating
(48] The vacuum infusion is not suitable for fruits or vegetables with delicate structures, as they may be damaged

during the vacuum process 42!,

2.2.5. Solution Casting Process

Solution casting for applying bio-coatings involves dissolving the biopolymer in a suitable solvent and then casting
it onto the surface of the fruit or vegetable BY. Solution casting is used to obtain stand-alone films in a Petri dish or
similar. Dipping and spraying are the most common application methods in fruits, and the solvent (mostly water)

evaporates as the fruit dries. Care should be taken when choosing the solvent to dissolve the biopolymer since it
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must be compatible with both the biopolymer and the fruit or vegetable that will be coated. The solvent evaporates
once the solution is thrown over the fruit or legume’s surface, leaving behind a thin layer. By varying the biopolymer
solution’s concentration or the number of coating layers used, the coating’s thickness can be managed 4359
Solution casting has the benefit of being an easy, inexpensive process that is simple to scale up for commercial
production B, Additionally, depending on the application technique, the coating’s thickness and uniformity could
vary, which may impact the coating’s effectiveness 2. In conclusion, solution casting is a promising method for
obtaining bio-coatings for the preservation of fruits and vegetables, and it has the potential to improve food quality

and reduce food waste 231,

2.2.6. Multilayer Coating (Layer by Layer)

Another process for applying bio-coatings is Multilayer coating (Layer by layer) method. The procedure consists of
applying a thin layer of edible bio-based coating to the fruits’ and vegetables’ surfaces B4, The fruits and
vegetables are coated with multiple layers of coating using the multilayer coating method. Each layer has a specific
purpose, such as preventing infectious agents from penetrating the fruit and vegetables or limiting the amount of
oxygen that reaches 22l The coatings are typically made from natural materials, such as CHI, cellulose, and pectin
that are safe for human consumption. The multilayer coating method has been shown to be effective in extending
the shelf life of a variety of fresh fruits and vegetables, including apples, strawberries, tomatoes, and cucumbers.
The method is also environmentally friendly, as it reduces the need for chemical preservatives and packaging

materials (28],

2.2.7. Cross-Linked Coating Method

Cross-linking is a process in which polymer chains are linked together via chemical bonds, creating a three-
dimensional network of interconnected chains. This technique is used in the formulation of coatings to improve
their performance, as the cross-linked structure typically provides improved mechanical strength, water resistance,
and stability B2, In the context of preservation of fresh fruits and vegetables, the Cross-linked coating method can
offer several advantages. Cross-linked coatings have tighter polymer networks which can reduce the permeability
of gases (such as oxygen and carbon dioxide) and water vapor, slowing down the ripening process and moisture
loss in fruits and vegetables. These coatings typically have greater mechanical strength and resistance to abrasion
or damage, ensuring that the protective layer remains intact during handling and transportation. Cross-linked
coatings are less likely to dissolve or degrade, making them more stable and durable for longer storage periods.
Cross-linked coatings can also be used as a matrix for encapsulating and releasing active agents, such as
antimicrobial and antioxidant compounds. The cross-linked structure can provide controlled release of these
compounds, enhancing the shelf life and safety of the produce. For instance, chitosan, a naturally derived

biopolymer commonly used in edible coatings, can be cross-linked using agents such as genipin 581,

However, it's important to note that the safety of the cross-linking agents and the potential migration of substances
from the coating to the food should be thoroughly assessed to ensure food safety. The coatings should always

comply with relevant food safety regulations and standards.
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2.2.8. D Food Printing Method

3D food printing is a burgeoning technology that has the potential to revolutionize the food industry. It involves the
use of a 3D printer to deposit materials layer by layer to create a food product with a specific structure, texture, and
potentially, nutritional profile 2. 3D printing technology could be used to create precise, uniform edible coatings on
fruits and vegetables, enhancing their shelf life and quality. 3D food printing allows for the incorporation of various
ingredients into the food structure. This could potentially be leveraged to include natural preservatives or
antimicrobials in the printed food, helping to extend the shelf life of fresh produce. 3D printing can help in reducing
food waste by allowing for the creation of food products from produce that would otherwise be discarded due to
aesthetic imperfections. This does not preserve fresh produce per se, but it can help in maximizing the utility of
harvested fruits and vegetables. While still a relatively new concept, there is potential for 3D printing to create
biodegradable packaging for fruits and vegetables. This could be designed to provide protection and potentially

incorporate preservation techniques (e.g., modified atmosphere packaging) 9.
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