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Abstract: New technologies for food processing and packaging are aimed at creating products for end 

customers with minimal loss of quality. In this regard, in the field of food science, processes are developed that spare 

raw materials and food products, with minimal impact on them and causing minor changes in their initial 

characteristics. They are considered non-traditional and alternative to the treatments used so far in mass food 

production. The effect of them is only now beginning to be studied in more depth. The results obtained so far show 

that they have a future. 

To ensure the safety of minimally processed raw materials and food products, as well as to preserve their 

properties for a longer period, a set of impacts is applied, which are known as technology with the application of 

more obstacles to spoilage reactions. 

The article reviews literature sources that publish information on combined methods of food processing, for 

the packaging of which edible films or coatings are used. Results from the application of various barriers to specific 

food products are indicated. Based on the analysis, conclusions are made about the possibilities for practical 

implementation of the technology with obstacles in the food industry in combination with the use of edible films and 

coatings. 
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INTRODUCTION 

There are many factors that influence the development of food science, technology and 

engineering. The food industry is faced with the task of meeting the growing needs of consumers 

for food that can be preserved for as long as possible, while maintaining the required quality. 

Developing effective scientific and commercial strategies to achieve these goals is not easy (Del 

Nobile and Conte, 2013). Improving food safety by eliminating risks or reducing their effects, 

improving their quality, extending the expiry date, reducing waste and creating conditions for 

sustainable development are the basis for the development of new methods for processing and 

packaging of food products. 

In the processing of raw materials and food production, the initial characteristics are 

transformed in order to achieve appropriate changes, leading to more complete absorption of 

nutrients, improved taste and safety for a certain period. 

Traditional technologies use physical, chemical, biotechnological and other methods for this. 

Thermal exposure methods are the most common for achieving structural changes and ensuring 

food safety. They simultaneously change the taste, improve the absorption of nutrients and ensure 

safety. 

Conventional preservation technologies such as heat treatment ensure the safety and shelf 

life of fruit products, but can lead to a loss of physicochemical and nutritional qualities (Gómez et 

al, 2011). During heat treatment, many of the nutrients contained in the raw materials are lost or 

reduced in quantity, and some are transformed into unwanted ones. This reduces the quality of the 
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food product produced by this method. Researches are focused in finding and developing new 

processing methods that have less impact on these changes. These are known as “minimal 

technologies methods”. A number of methods for minimal food processing are known (Ohlsson, 

1994; Allende et al, 2006). 

Technologies using methods for minimal impact on products are aimed at both the 

processing of raw materials and food processing, as well as their packaging. 

In preparatory operations, such as cleaning, washing and disinfection of raw materials of 

plant origin, less and less traditional methods are prefered that use chemicals. Chlorine is widely 

accepted in disinfectant washing due to its low cost and high efficiency against a wide range of 

microorganisms. The problem is that it can promote the formation of putative carcinogenic 

compounds (De Corato U., 2020). In many countries, the use of chlorine-based detergents and 

disinfectants during the preparation of fruits and vegetables is prohibited. To ensure food safety, 

new methods are applied, alternative to the traditional ones, which reduce the risk of chemical 

contamination and achieve the necessary qualities. 

Product quality and shelf life are often influenced more by storage conditions and barrier 

properties of the packaging material than by the processing itself (Bala et al, 2015). Packaging is 

the main tool for preventing product deterioration and extending its shelf life (Konte et al, 2012). 

 

EXPOSITION 

Food quality and safety 

According to the Food and Agriculture Organization of the United Nations (FAO): Food 

quality is "a complex characteristic of food that determines its value or acceptability to 

consumers." The nutritional value of food contributes to the perception of its qualities, as well as 

its organoleptic and functional properties. 

Safe food is one that does not contain any substances that can endanger human health. 

Food spoilage 

Food spoilage includes any physicochemical changes that make it unacceptable for human 

consumption and may include microbial toxicity, local enzymatic activities in consumed plant and 

animal tissues, non-microbial chemical changes, insect damage, physical injury due to pressure, 

freezing, drying, burning, irradiation, etc. (Beikzadeh et al., 2020). 

Food spoilage directly affects the color, taste, smell and texture or structure of food and can 

be dangerous to consume. Spoiled food is not suitable for humans or its quality of edibleness 

decreases (Mamta and Bala, 2017). The length of time that food remains edible and has nutritional 

value depends on temperature, humidity, and other factors that affect the growth rates of the 

organisms that cause spoilage (Hammond et al., 2015). 

Methods to prevent spoilage 

To prevent microbial spoilage of food people use two main strategies: (1) preventing 

colonization by reducing access to susceptible foods, and (2) inhibiting population growth and 

limiting the population by creating an unfavorable environment (Hammond et al., 2015). Food 

preservation is an action or method designed to maintain food at the desired level of quality 

(Prokopov and Tanchev, 2007). Food preservation is defined as processes or techniques 

undertaken to eliminate internal and external factors that can cause food spoilage. The main 

purpose of food preservation is to increase the shelf life, preserving the original nutritional value, 

color, texture and taste (Amit et al., 2017). 

Conventional or traditional canning methods have proven over the years to be effective in 

achieving food safety with certain quality characteristics. The food safety-quality ratio is a 

significant problem by modern traditional technologies. Due to aggressive technologies the loss of 

nutrients, which are useful to the human body, leads to reduction of food quality in terms of their 

nutritional value. Foods under stress lose vitamins, minerals, trace elements and more. Traditional 

food processing technologies rely on high energy impacts. This makes them energy inefficient. 
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A number of authors consider the principles of preservation with their advantages and 

disadvantages. 

In recent years, methods to combat food spoilage have become increasingly sophisticated 

and are gradually changing, requiring the application of highly interdisciplinary science (Amit et 

al., 2017). 

Alternative methods of food processing 

Heat treatment is a traditional food processing method that can kill microorganisms, but also 

lead to physicochemical and sensory quality damage, especially to temperature-sensitive foods. 

Nowadays, the growing consumer interest in microbial safety products with first-class appearance, 

taste, high nutritional value and extended shelf life encourages the development of emerging 

technologies for non-thermal food processing as an alternative or replacement of traditional 

thermal methods (Zhao et al., 2019). 

As a result of the growing consumer demand for minimally processed fresh food products 

with high sensory and nutritional qualities, there is a growing interest in non-thermal processes for 

food processing and canning (Knorr et al., 2002). Technologies such as high pressure, ultraviolet 

light, pulsed light, ozonation, powerful ultrasonic exposure and cold plasma (advanced oxidation 

processes) show promising results for inactivation of microorganisms (Van Impe, 2018). However, 

they are less agressive compared to traditional heat treatments and it is crucial to ensure complete 

inactivation of the microorganisms present. New processing technologies are increasingly 

attracting the attention of food processors, as they can provide food products with improved quality 

and reduced environmental footprint, while reducing processing costs and improving the added 

value of products (Pereira and Vicente, 2010). 

High Pressure Processing (HPP), Cold Plasma (CP), Ultraviolette (UV), Irradiation (I - 

Irradiation) and Pulsed Electric Field (PEF) were studied for improvement of food quality and 

safety, including food of animal origin (Pexara and Govaris, 2020). 

Non-thermally processed foods have unique quality parameters compared to conventional 

foods treated by heat treatment (Akbarian et al., 2014). 

High hydrostatic pressure 

High Hydrostatic Pressure (HHP) is a non-thermal, unconventional, emerging technology 

originally studied as a food preservation technique. The HHP process is based on the isostatic 

principle and the Le Chatelier principle; where the pressure is applied uniformly in all directions 

of the food, being responsible for the observed reaction. It can be used for liquid, pasty, solid or 

food with particles included in its structure. The process was interrupted (discrete) and carried out 

in the packaging (Augusto et al., 2018). High hydrostatic pressure (HHP) treatment is used to 

improve the microbiological safety and shelf life of ready-to-eat meat products, as a non-thermal 

decontamination technology in the meat industry applied before or after packaging (García-

Gimeno and Izquierdo, 2020). High hydrostatic pressure (HHP) treatment is an effective technique 

for killing microorganisms and inactivating enzymes in order to increase food safety and shelf life. 

Multi-pulse treatment of foods with high hydrostatic pressure (mpHHP), with few exceptions, is 

more effective than conventional or single-pulse HHP (spHHP) treatment for inactivation of 

microorganisms in fruit juices, dairy products, raw eggs, meat products and seafood ( Buzrul, 

2015). 

HHP has several advantages, such as transmitting less energy to food and even applying it 

to all sides of food, contrary to heat treatment (Buzrul and Hami, 2012). As the method does not 

use heat, the sensory and nutritional properties of the product remain practically unaffected. In this 

way, products with better quality are obtained than those processed by traditional methods. HHP 

has the ability to inactivate microorganisms as well as the enzymes responsible for shortening the 

shelf life of the product. In addition to extending the shelf life of food products, HHP can change 

the functional properties of macronutrients, such as proteins, which in turn can lead to the 

development of new products (San Martín et al., 2002). 
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Pulsed (pulsating) light 

Pulsed Light (PL) is a new non-thermal method of food processing that can decontaminate 

food or surfaces that come into contact with food using white light. Exposure to intense light pulses 

(in the infrared, visible, and ultraviolet (UV) regions) causes microbial cell death, making food 

safe at room temperature (Manda et al., 2020). This food technology involves the application of 

pulses with high intensity and short duration (100-400 µs) to continuous broad-spectrum light, in 

which about 40% of the emitted light corresponds to the UV region. These pulses have high peak 

energy, producing a light intensity per unit time approximately 20,000 times bigger than the 

intensity of sunlight at the sea level. The bactericidal effect was found to be due to the 

photochemical and photothermal effects. The technology not only decontaminates the food or the 

package, but also maintains its texture, nutrients and more (Abida et al., 2014). 

The term “pulsed light” has been known since 1980 and was firstly used by the US Food and 

Drug Administration (FDA) for food processing in 1996 (FDA, 1996; Bhavya and Hebbr, 2017). 

Pulsed light treatment is a successful, fast and environmentally friendly decontamination 

technology with many potential applications in the food industry, especially as a promising non-

thermal technology that can be used for food safety purposes. PL treatments have been found to 

be suitable for microbial decontamination in transparent liquids and for surface contaminated 

foods that do not constitute complex microstructures (Mahendran et al., 2019). 

Cold plasma 

Cold plasma (CP) technology has proven to be very effective as an alternative tool for food 

decontamination and shelf life extension (Pankaj al., 2018). The term plasma is used in physics 

and chemistry to denote the state of an ionized gas. In order to produce plasma, it is necessary to 

supply energy to a gas to induce its ionization. Non Thermal Atmospheric Plasma (NTAP) is a 

promising food decontamination technology capable of inactivating bacteria, yeasts, molds, fungal 

and bacterial spores on both abiotic surfaces (eg packaging materials, media and equipment) and 

on foods (Lopez et al., 2019). Plasma treatment can effectively inactivate a wide range of 

microorganisms, including spores and viruses. The effectiveness of microbial inactivation depends 

on the surface type of the treated products, the plasma device, the gas composition and the route 

of exposure (Thirumdas et al., 2015). 

A reduction of more than 5 logs can be obtained for pathogens such as Salmonella, 

Escherichia coli O157: H7, Listeria monocytogenes and Staphylococcus aureus. The effective 

processing time can vary from 120 s to less than 3 s, depending on the food, that’s being processed 

and the processing conditions. 

Ultraviolet light 

UV light has been shown to be effective against most bacterial microorganisms, as well as 

viruses and molds. Ultraviolet light with a wavelength of 254 nm destroys the DNA of all 

microorganisms, so that viruses, bacteria, yeast and fungi are deactivated in seconds. Its 

applications include pasteurization of juices, treatment of meat, treatment of food contact surfaces, 

and extension of the shelf life of fresh products (Koutchma, 2008). 

UV light is divided into three areas: 

• UVA - the longest wavelength from 320 to 400 nanometers (nm); 

• UVB - wavelengths in the range from 280 to 320 nm; 

• UVC - the shortest wavelengths between 100 and 280 nm. 

Irradiation of food products with UV lamps is a completely safe process for sterilization of 

foods that are designed to emit wavelengths in the UVC range. As a method of physical storage, 

UV radiation has a positive image among consumers (Koutchma, 2008). 

UV kills microorganisms by penetrating cell membranes and damaging DNA, making them 

unable to reproduce and therefore killing them (Vasuja and Kumar 2018). 

Pulsed electric field 

The pulsed electric field provides an alternative choice for a variety of foods, especially 

liquid foods, to better preserve and maintain the qualities of foods and keep them similar to fresh. 
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Pulsed electric field technology (PEF) is a non-thermal method of food storage that involves the 

use of short pulses of electricity to inactivate microbes while imposing minimal adverse effects on 

food quality (Syed et al. 2017). 

There is no specific legislation in the European Union on foods processed with PEF. In 

general, the use of this technique is regulated by the Novel Food Regulation (EU) 2015/2283, but 

the introduction of PEF in manifacture does not automatically mean that the food becomes 'new'. 

Pursuant to Article 4 of Regulation (EC) № 258/97, a foodstuff may be considered as “new” if the 

manufacturing process applied causes significant changes in its composition or structure affecting 

the nutritional value, metabolism or level of undesirable substances (Nowosad et al., 2020). 

PEF treatment improves several processes such as canning, softening and aging. PEF 

treatment can be used as a useful strategy to improve the water retention properties of fis products 

as well as to drying fish (Gómez et al., 2019). 

Ozonation 

Ozone is a strong oxidizer and a powerful disinfectant. Its application in the food industry 

attracts attention due to zero residues on the product and no aeration is required to remove the gas 

(Jegadeeshwar et al., 2017). 

Ozone kills microorganisms through the progressive oxidation of vital cellular components 

(Nath et al., 2014). Some researchers suggest that there are probably two main mechanisms of 

inactivation of microorganisms by ozone. The first involves the oxidation of sulfhydryl groups and 

amino acids to enzymes, peptides, and proteins to produce smaller peptides during ozone exposure, 

while the second mechanism involves the oxidation of polyunsaturated fatty acids to acid 

peroxides (Nath et al., 2014; Brodowska et al., 2018). 

Ionizing radiation 

Irradiation has been used successfully to reduce pathogenic bacteria, eliminate parasites, 

reduce post-harvest germination, and extend the shelf life of fresh perishable foods (Andrews et 

al., 1998). 

Ionizing radiation is transmitted by high-energy particles (alpha, protons, electrons and 

neutrons) or electromagnetic waves (X-rays and gamma rays). Only electromagnetic radiation (X-

rays and gamma rays) and electron beam radiation are the two forms of ionizing radiation applied 

to food, among the various existing forms of ionizing radiation (Lima et al., 2018). 

Based on experimental studies and theoretical assessments in 1980, the FAO / IAEA / WHO 

Expert Committee on the Completeness of Irradiated Foods recommended limiting the sources of 

radiation used in food processing to those with energy levels well below those that cause 

radioactivity in treated foods. Food processed by radiation in accordance with the Committee's 

recommendations shall not become radioactive. However, the chemical composition of food can 

be altered by radiation and the authorities responsible for assessing the safety of irradiated food 

must take into account the possibility that some of the chemical compounds formed during food 

irradiation may be harmful (WHO, 1981; WHO, 1988). 

Microorganisms (especially Gram-negative bacteria such as Salmonella) can be killed by 

radiation. However, bacterial spores are killed only by high doses, which mean that the highly 

lethal food-borne disease, botulism, is not necessarily prevented by radiation (WHO, 1988). 

The main source used for irradiation is cobalt-60. The radiation dose may vary depending 

on the purpose or the food type (Horita et al., 2018). 

The high resistance of some enzymes and microorganisms to non-thermal processes, 

especially bacterial spores, limits their application. To expand the use of non-thermal processes in 

the food industry, combinations of these technologies with traditional or innovative food 

preservation techniques are being studied (Raso and Barbosa-Cánovas, 2003). 

Packaging as a method of preventing food spoilage 

Packaging is an essential component of the food system, ensuring the safe handling and 

delivery of fresh and processed food products from the point of production to the end user. The 

technological development of packaging offers new perspectives for reducing losses, maintaining 
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quality, adding value and extending the shelf life of agricultural products and therefore ensuring 

the food system (Opara and Mditshwa, 2013). 

Del Nobile and Conte (2013) address important issues related to the nature of packaging. 

Packaging can play a key role in preserving food. 

The right choice of packaging system is essential for ensuring food safety, preserving their 

qualities and prolonging the shelf life. This includes suitable packaging material with 

characteristics corresponding to the food product, packaging environment and storage conditions. 

From a passive barrier to stopping or significantly slowing down the processes of exchange 

of packaged foods with the environment, packages become active elements of the packaging 

system, as the components added to their structure slow down the processes of spoilage. Natural 

substances are increasingly used as active ingredients. 

Antibacterial active packaging systems are being developed for various food products. The 

active components in them play a vital role in ensuring safety. Antibacterial active packaging 

systems can be passive or active. The passive ones have the property to repel microorganisms, and 

the active ones to kill them (Stefanov and Stefanova, 2017). The use of antimicrobial packaging 

materials in food packaging can minimize microbial contamination of food surfaces during 

storage, transportation, and handling (Sachin and Khan, 2017). 

Although traditional food packaging technologies are still widely used, the future will 

undoubtedly belong to the innovation provided by the 21st century active packaging. The most 

important advantage resulting from their use is the reduction of food loss due to the extension of 

their shelf life (Wyrwa and Barska, 2017). 

Current trends in food packaging researches are aimed at improving the quality and safety 

of food by increasing the use of environmental friendly materials and in the ideal case those that 

can be obtained from biological resources and present biodegradable characteristics. Edible films 

and coatings are the key area in the development of new multifunctional materials by their nature 

and properties to effectively protect food without waste production (Valdés et al., 2015). 

The application of edible coatings on food products creates conditions for a change in the 

modern concept of packaging. By applying this even partial alternative to conventional packaging 

materials, it is possible to simplify the structure of the packages involved in the edible coating 

system. From multi-layered, packaging can become single-layered and even reduce its thickness, 

making it easier to recycle. Edible coatings may include active ingredients, such as antibacterial. 

The development of edible coatings with nanosystems allows the inclusion of antimicrobial and 

antioxidant ingredients (Zambrano-Zaragoza et al., 2018). 

The direct surface application of antimicrobial substances to food is limited due to the rapid 

diffusion from the surface into the food mass. However, the use of packaging films containing 

antimicrobial agents is more effective due to the mechanism of slow migration from the packaging 

material to the food surface (Radusin et al., 2013). 

Packaging in a modified atmosphere 

Changing the environment in the package makes it possible to provide conditions that slow 

down the processes of food spoilage. Packaging in modified atmosphere is considered as an 

innovative technology, which is alternative to traditional packaging systems. Despite decades of 

application, it is constantly improving. The nomenclature of foods packaged in this technology is 

expanding. The developments are aimed at studying the mechanisms of impact of the environment 

in the packaging, the characteristics of packaging materials, storage conditions, the interactions 

between the elements in the packaging system to achieve the best results in terms of safety, quality 

and shelf life. 

The application of minimal impact in the form of non-thermal food processing methods in 

many cases does not create the necessary level of safety. Combining them with appropriate 

packaging methods and tools significantly increases safety and shelf life. Providing appropriate 

conditions during storage, transport and distribution further adds a security element to the food 

system. When preserving food, different approaches are used, which create unfavorable conditions 

for the normal existence of the agents that cause spoilage - the water activity is reduced (drying), 
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the pH is lowered, oxygen is removed, preservatives are added, etc. All these approaches can be 

combined. In practice, the application of a set of measures ensures the highest levels of safety with 

optimal quality indicators and a long period of storage of food products. This approach is known 

as the "obstacle effect" (Leistner, 1994). If the intensity of an obstacle in the food is too small, it 

should be increased, if it is to the detriment of the quality of the food, it should be reduced. Through 

this adjustment, food barriers can be maintained in the optimal range. Obstacle technology aims 

to improve the overall quality of food by applying an intelligent combination of obstacles (Leistner 

and Gorris, 1997); Leistner, 2000). 

Combining food processing and packaging methods 

Existing methods of non-thermal food processing can be combined in order to obtain optimal 

indicators of quality, shelf life and safety. The application of each of them creates an obstacle or a 

complex of such for the development of processes of decay. The use of edible coatings applied 

directly to food further enhances the effect. In many cases, it also manifests itself in the direction 

of improving the quality of edible coatings and films. 

 FIG. 1 shows the effect the combination of different methods of food packaging has on their 

shelf life, in which they maintain safety and high levels of quality indicators. At room temperature, 

the loss of quality will occur after a certain time, which is a function of the properties of the product 

and the packaging system that’s used. As the storage temperature decreases, the shelf life of the 

same measurable properties increases. This is in fact a second obstacle that is created for the causes 

of the ongoing processes of spoilage in food products. Adding a gas-specific atmosphere to the 

package will create a new barrier that will further increase the shelf life. 

 

Quality

Initial level of quality

Ultimate level of quality

Shelf life 1

Shelf life 2

Shelf life 3

Shelf life

Storage at room temperature

Storage in a refrigerated state

Storage in a refrigerated state 
and modified atmosphere

 
Fig. 1 Increase shelf life by adding barriers 

 

In order to obtain maximum quality indicators for a certain shelf life, it is necessary to select 

appropriate barriers that do not create serious changes in the structure and composition of food 

products, manifested in the form of changes in taste, aroma, color, etc. The consistency of 

application of the obstacle methods is essential. When using edible films and coatings, treatment 

with non-thermal methods often changes their characteristics. This change is not always positive. 

There are cases in which the quality of edible packaging deteriorates, as a result of which the final 

effect is negative. 

Edible films and coatings and MAP 

Packaging foods in a modified atmosphere at low temperatures is usually not enough to 

significantly extend the shelf life of most freshly chopped fruits and vegetables. 



59th Annual Scientific Conference - University of Ruse and Union of Scientists, Bulgaria, 2020 

Copyrights© 2020 ISBN 978-954-712-826-2 (Print)            205 

The combined use of edible packaging with modification of environment makes it possible 

to increase the protective function of the package. The combination of edible coatings with 

traditional MAP can reduce overall packaging costs (Turhan, 2010). Achieving a sufficient shelf 

life and ensuring the safety and quality of minimally processed fruits and vegetables requires a 

combination of treatments. An extension of the shelf life of minimally processed fruits and 

vegetables with edible coatings with natural additives and a modified atmosphere has been 

achieved (Ghidelli and Pérez-Gago, 2018). 

The application of enriched edible films and coatings combined with MAP conditions slows 

the growth of microorganisms in hake fillets. The combination of edible whey protein-based 

coatings with oregano and essential oils and an atmosphere in a CO2-rich package can be a good 

alternative for preserving fish and fish products (Carrión-Granda et al., 2018). 

Freshly chopped fruits and vegetables are at the top of the list of ready-to-eat foods and 

stimulate researches in this area (Porta et al., 2013). Packaging in microperforated polypropylene 

film using a passive or active modified atmosphere of sodium and alginate coated fresh and sliced 

carrots prevents dehydration and microbial proliferation, slows respiratory activity and enhances 

the quality of the product stored at 4° C (Mastromatteo et al., 2012). . 

Mushrooms require special care and special packaging in the stages after harvest. Many 

methods have been proposed to increase the shelf life of edible mushrooms. Among the factors 

that contribute to the short life of the mushrooms, the most important are enzyme activity, 

darkening, loss of moisture, microbial attacks and very high respiration rates. The use of nano film 

and nano film plus packaging in a modified atmosphere has positive effects on the preservation of 

the physical, chemical and mechanical qualities of mushrooms during their storage and can also 

extend their shelf life. The use of nanofilm together with MAP is recommended for packaging of 

agricultural products and the food industry, especially for sensitive products such as mushrooms 

(Gholami et al., 2019). 

The modified atmosphere packaging and soy protein coating maintain sensory, chemical and 

microbial quality indicators during storage at 4 ± 1° C of carp fish balls. The results show that the 

best gaseous media are 70% CO2 / 20% N2 / 10% O2. They have a storage period of 27 days, 

followed by a gaseous medium of 50% CO2 / 50% N2 for 24 days. Edible coating without 

packaging in MA maintains quality for up to 18 days of storage (EL Din et al., 2018). 

Edible coatings provide a semi-permeable barrier to gases and water vapor and also improve 

mechanical properties, thus slowing down natural aging, minimizing water loss and preserving the 

structural integrity of the coated product. The edible coating works to modify the internal gas 

composition of individual freshly chopped fruits or vegetables, and also reduces qualitative and 

quantitative changes, thus giving the effect of storage in a modified atmosphere. The quality and 

shelf life of freshly cut papaya cubes treated with alginate-based food coatings containing thyme 

and oregano essential oils in various concentrations (0.5 ml, 1.0 ml and 2.0 ml) as a lipid 

component of the coating, while the alginate concentration (2% w/v) is kept constant. The samples 

were analyzed for physicochemical changes, gas exchange, microbial stability and sensory quality 

for a 12-day storage period at 4° C. Increasing the concentration of essential oil increases the shelf 

life as well as the capacity to retain moisture, but shows negative reactions from the touch panel 

due to the strong odor of essential oils (Tabassum end Khan, 2020). 

Edible packaging and pulsating light 

The use of edible coatings in combination with pulsed light is a new approach to extend the 

shelf life of highly perishable but high value-added products, such as freshly sliced fruits and 

vegetables. By combining these two barriers, effective food storage methods can be developed 

using the different antimicrobial mechanisms of the two technologies and different time scales - 

pulsating light causes an immediate microbial reduction of the food surface, while active edible 

coatings provide inhibition of microbial growth over an extended period of time (Pirozzi et al., 

2020). 



Reports Awarded with "Best Paper" Crystal Prize ‘20 

206            Copyrights© 2020 ISBN 978-954-712-826-2 (Print) 

PL treatments applied to freshly sliced apples coated with gellan-gum can be used to 

decontaminate the cut surface of the fruit without drastically affecting their properties, thus giving 

prebiotic potential and prolonging the shelf life (Moreira et al., 2015). 

PL treatment with 20 pulses of broad-spectrum light (λ = 180 - 1100 nm) with a total energy 

of 8 J·cm-2 is most suitable for controlling the growth of L. Innocua on freshly sliced mango 

(Salinas-Roca et al., 2016 ). 

The effects of edible coatings combined with repeated pulsed light (RPL) treatment on the 

microbiological stability, quality and physicochemical changes of freshly cut melons during 

storage at 4 ± 1° C were studied. Different cover materials were used. Microbiological quality, gas 

composition, physical quality (hardness, liquid and color loss), chemical quality (pH, titratable 

acidity, total soluble solids, total phenolic and ascorbic acid content) and homogeneity and 

adhesion of the coating were evaluated. The combination of treatment with alginate and RPL is 

the most effective treatment condition to extend the shelf life of freshly cut melons by maintaining 

microbiological quality for up to 28 days with significantly reduced fluid loss and increased 

hardness compared to samples treated with RPL alone (Koh et al., 2017). 

The properties of freshly sliced strawberries dipped in AA-CaL and treated with pulsed light 

were studied. This has a positive effect on the overall quality of the sliced strawberries. The effect 

is achieved by reducing and / or inhibiting the development of mould and browning during 

refrigerated storage. No dramatic effects on antioxidant properties were found. Although PL 

treatment at 8 J·cm− 2 retains 90% of the initial vitamin C content, the other studied properties 

remain unaffected (Avalos-Llano et al., 2018). 

The combination of an edible coating based on modified chitosan with PL shows a slight 

antagonistic effect and has a slightly negative effect on color properties (Donsì et al., 2015). 

Edible packaging in combination with high hydrostatic pressure 

Combined treatments including edible packaging and high pressure can be used to preserve 

fish. The combined effect of gelatin coating on fish products and their treatment with high 

hydrostatic pressure during refrigeration was studied. The application of this combination imparts 

stability during storage of chilled fish (López de Lacey et al., 2012). 

Studies have been performed and the effect of combining antimicrobial edible coating with 

other non-thermal treatments, including high hydrostatic pressure (HHP) or pulsed light (PL) has 

been evaluated. The coating is a modified chitosan, which contains a nanoemulsion of tangerine 

essential oil. The results show a significant reduction in L. innocua throughout the storage period, 

due to the development of significant synergism of antimicrobial effects (Donsì et al., 2015). 

The changes occurring in the chemical and microbiological quality of fresh rainbow trout 

fillets at a storage temperature of 4 ± 1° C with applied edible film coating based on chitosan, 

vacuum packaging and high pressure processes have been determined. It has been found that high 

pressure and chitosan-based coating have a protective effect both chemically and 

microbiologically and that the most effective protection is obtained when both methods are used 

together (Günlü et al., 2014). 

Edible packaging in combination with ionizing radiation (irradiation) 

Polyphenol-chitosan coating combined with irradiation can maintain fish quality by 

preventing bacterial growth, oxidation, and color changes and sensory acceptability (Zhang et al., 

2017). 

A combination of lowland and irradiation can be used to extend the shelf life of minimally 

processed fish steaks when refrigerated. At a dose of 2 kGy, the increase in duration is from 7 to 

34 days, and at a dose of 5 kGy – up to 42 days (Kakatkar et al., 2017). 

Combined treatments of gamma irradiation at doses of 2, 4 and 6 kGy and edible coatings 

containing 2% ethanol extract of papaya leaves have been applied to improve the quality and safety 

of minced chicken legs through its effectiveness in eliminating bacteria and prolonging shelf life 

in cold storage. The extension was up to 30, 39 and 54 days for irradiated coated samples, 

respectively, compared to 6 days for uncoated control samples, without any adverse changes in 
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their chemical and sensory properties. The inclusion of ethanol extract of papaya leaves in edible 

roofing materials increases the bacterial inhibitory effect of gamma irradiation and is suitable for 

canning minced chicken (Abdeldaiem, 2014). 

The effect of gamma irradiation of 0.5 and 1.0 kGy in addition to edible coating with paraffin 

oil and glycerol on the shelf life and quality of apples during storage at 0° C, 90-95% RH for 90 

days was evaluated. Irradiation and edible coating during refrigerated storage strongly affect the 

storage quality of apples (Salem et al., 2019). 

The effectiveness of gamma irradiation in low doses, combined with edible coatings for three 

types of products - shrimp, pizza and strawberries. Shelf life periods range from 3 to 10 days for 

shrimp and 7 to 20 days for pizza, compared to uncoated / non-irradiated products. No significant 

(p> 0.05) harmful effect of gamma radiation on sensory characteristics (smell, taste, appearance) 

was observed. In strawberries, coating with irradiated protein solutions leads to a significant 

reduction of mold (Ouattara et al., 2002). 

Gamma irradiation and various edible coatings have been tested on fresh strawberries to 

maintain fruit quality and extend shelf life. The samples were irradiated with Co60. Irradiation of 

edible caseinate-based coatings is more effective than non-irradiated coatings (Vachon et al., 

2003). 

The red tomatoes are coated with gelatin / starch / glycerol in combination with irradiated 

supernatant lactic acid. The results show lower bacterial load, reduced weight loss, higher levels 

of ascorbic acid and more (Ola et al., 2020). 

Mixtures of thin gilms based on different ratios of plasticized polyvinyl alcohol (PVA), 

carboxymethyl cellulose (CMC) and tannin compound are subjected to treatment with different 

doses of gamma rays. The effect of radiation on the thermal and mechanical characteristics of the 

films was studied. Gamma-ray-treated films are used to cover bananas. This has increased the shelf 

life from 9 to 19 days. On the 19th day, the banana maintains a good natural color and ripening 

level, while the control sample is completely damaged. Fruits covered with non-irradiated mixture 

cannot prevent maturation (Senna et al., 2014). 

The combined effect of gamma irradiation and coatings containing 0.5% rosemary essential 

oil (Rosmarinus officinalis) on the chemical, microbiological and sensory properties of carp fish 

fillets (Hypophthalmichthys molitrix) during cold storage (4° C) was studied. The fillets are 

divided into three groups: uncoated (control samples), coated with edible coating (without 

additives) and γ-irradiated (0, 1, 3 and 5 kGy). The coating contains 0.5% rosemary. The increase 

in the bacterial inhibitory effect is caused by rosemary oil and radiation both. In coated samples 

irradiated at 1 kGy, a decrease in the number of Enterobacteriaceae, Staphylococcus aureus and 

Bacillus cereus was observed, as well as elimination of Vibrio spp. and Salmonella spp. Coated 

and irradiated samples at 3 and 5 kGy completely eliminated these bacteria (Abdeldaiem et al., 

2018). 

A study was performed to evaluate the combined effect of low-dose (2.5 kGy) gamma 

irradiation and edible chitosan coating (2%) containing grape seed extract (0.1%) on microbial, 

chemical and sensory qualities of chicken breast meat at storage 4° C. The shelf life is 21 days. 

The application of chitosan coating significantly improved the sensory properties of the samples 

and none of the evaluated sensory attributes was significantly affected by irradiation. Based on the 

results obtained in this study, the application of low-dose gamma irradiation and chitosan coating 

containing grape seed extract is effective in maintaining the quality of fresh chicken meat and is 

recommended for meat products (Hassanzadeh et al., 2017). 

The combined effect of edible coating and gamma irradiation treatment on mold growth and 

storage quality of strawberry was studied. The coating is based on a solution of 

carboxymethylcellulose with a content of 0.5 and 1.0% (w/v). After application, the samples were 

irradiated with 2.0 kGy and cold stored for 21 days. Significant irradiation efficiency was found 

in combination with 1.0% w/v carboxymethylcellulose coating (p ≤ 0.05) to slow down 

strawberries to grow mouldy for up to 18 days, to maintain quality and to slow down spoilage 

during refrigeration. The combined application of irradiation and coating can help for 



Reports Awarded with "Best Paper" Crystal Prize ‘20 

208            Copyrights© 2020 ISBN 978-954-712-826-2 (Print) 

transportation of strawberries in distant markets far from the local market, which is in producers 

and consumers benefit (Hussain et al., 2012). ). 

The combined effect of gamma irradiation with gamma rays and commercial edible coating, 

Sta-Fresh 2505, on the quality after harvest of golden-yellow and purple-red tamarillo was studied. 

Weight loss, pH, hardness, soluble solids content, respiratory rate, pulp appearance, sensory 

hardness, aroma (including unpleasant smell) were analyzed. The self application of the two 

methods and the combination of them both has been studied. The combination of gamma 

irradiation and edible coating has a synergistic effect on the quality of tamarillos after harvest 

(Abad et al., 2017). 

Edible packaging in combination with ionizing radiation (radiation) and modified 

atmosphere 

The effect of applying a combination of edible coatings based on calcium caseinate with 

included trans-cinnamaldehyde, modified atmosphere (60% O2, 30% CO2 and 10% N2) and 

irradiation with 0.25 or 0.5 kGy on the qualities of peeled mini carrots was studied. The samples 

were stored at 4 ± 1° C for 21 days. Results show that the combination of irradiation and storage 

conditions in MA plays an important role in the radiosensibilization of L. innocua. The 

combination of edible coating, MAP and irradiation can be used to maintain the safety of fresh 

minimally processed carrots. Irradiation can suppress food pathogens and subsequently extend the 

shelf life of peeled mini carrots. Complete inhibition of L. innocua is obtained with a combination 

of low doses of radiation (0.5 kGy) and MAP with or without coating. The number of L. innocua 

indicates that the combination of irradiation and MAP plays a role in bacterial radiosensibilization, 

producing a synergistic antimicrobial effect on bacterial growth in peeled mini carrots during 

storage (Caillet et al., 2006). 

Edible coatings with ozone 

The combined effect of edible coatings with added mixture of essential oils and citrus fruit 

extract with ozonation (Oz) or gamma irradiation (GI) on the shelf life of hake fillet stored at 4 ° 

C was studied. The fillets were coated with 1,6% w/v mixtures of essential oils prepared in 2% 

w/v alginate, followed by treatment with ozone (10 ppm for 15 minutes) or gamma rays (1.0 kGy). 

The shelf life of the fillets is 7 days for the control samples (fillets without any treatment), 

increased to 28 days for alginate-coated samples with essential oils included and gamma radiation 

treatment. The shelf life of the fillets is increased to 14 days when they have been treated only 

with an alginate coating with essential oils included and 21 days when they have been treated with 

an alginate coating with essential oils included and treated with ozone. Optimizing the combined 

dose for treatment can increase the shelf life of packaged fish to the desired duration (Shankar, et 

al). 

Edible coatings with UV light 

The effect of UV-C irradiation and edible coatings on longan fruits stored at ambient 

temperature (28 ± 1° C) was evaluated. For the UV-C irradiation is applied UV light with a 

wavelength of 254 nm and a dose of 11.4 kJ/m2. Edible coatings are based on chitosan and 

carrageenan. When UV treatment precedes the coating, the effect is greater in combinations of UV 

plus chitosan coating than in UV plus carrageenan (Lin, et al., 2017). 

UV-C treatment in combination with various edible coatings based on aloe, cinnamon oil 

and chitosan have a significant effect on the shelf life of white pepper stored at 8 ± 1° C with 80-

85% RH. All treatments and combinations with edible coatings extend the shelf life. The 

application of UV-C rays for 5 minutes and 1.5% aloe gel maintains the quality of pepper better 

than the control samples and the term is extended to 24 days (Abbasi et al., 2015). 

 

CONCLUSION 

There are three possible effects of the barrier application in food systems: an additive, 

synergistic or antagonistic effect (Tsironi et al., 2020). 
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The aim purpose when developing the technology and the packaging system is to achieve a 

synergistic effect that will fully meet modern trends - customers to receive safe and high quality 

products, retailers to obtain the necessary shelf life to deal in the products, and manufacturers to 

receive the added value. 

The review analysis of the published results from a study of the food products behavior, 

which are non-thermally treated and coated with edible films shows their orientation to fresh, 

minimally processed fruits and vegetables intended for direct consumption - ready to eat (RTE). 

To some extent, this also applies to ready-to-eat foods, where the challenge is greater due to the 

presence of a wide variety of components with specific qualities. Researchers are focusing on 

products that have high added value. Obviously, the breakdown is most noticeable in terms of 

possible losses for the consumers, traders, distributors and producers. 

More often, researchers turn to combining edible coatings with methods for non-thermal 

treatment based on radiation - ionizing radiation, UV and pulsed light. Despite the possible change 

in organoleptic qualities, most authors report a lack of tangible changes during the studies. They 

most often report a synergistic effect of combining edible coatings with non-thermal treatment 

methods. This is mainly due to the impact of these methods to improve the properties of the 

coatings. 

The use of atmospheric modification packaging systems has found a worthy place in the 

supply chain of fresh fruits and vegetables, including sliced, ready to use at home and also by 

catering companies. The use of additional barrier by applying an edible coating, often with active 

ingredients based on natural materials (eg spices), gives the possibility of an additional or even 

synergistic effect on ensuring a longer shelf life. More often this does not require serious 

investment, and the effect is close to the ones obtained with expensive methods and equipment. 

Parallel studies make it possible to make a comparative analysis of the applied minimum 

treatments and the resulting effect of extending the shelf life. In this way, it is noticed that results 

can be achieved by more easily feasible methods, close to the maximum obtained shelf life through 

significantly more expensive ones. 

Reducing stress on processed raw materials of animal and plant origin and the production of 

minimally processed food products through a set of gentle effects also has an effect on the 

environment. It is related to reducing the energy intensity of the processes necessary to ensure the 

safety and quality of food in demand by consumers, the use of waste resources in edible coatings, 

which create a series of obstacles to the development of decay processes, and ultimately to 

significant reducing food and packaging waste. In this regard, it can be conluded that combining 

non-thermal technologies with edible films and coatings is a sustainable technology and a step 

towards a circular economy. 
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