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Nowadays, there is a concern about the methods used for food preservation. One of the most important is that the food
industry has been using additives to extend the shelf life of products, which at times, does not turn out to be quite safe,
because of the assumption that most of them have health risk associated with cancer, asthma, cardiovascular diseases,
allergies, etc. So, their use is justified for the simple fact of reducing costs because of lack of awareness of the producer. In
addition, the amount of food waste has increased annually, exacerbating the situation and therefore, increasing the concern
of finding the best way to preserve food without changing its physical and nutritional properties at the lowest price.
The use of edible films in the food industry has evolved. Today, the impact they generate, as a means of conservation, is
great, because they are composed of polymers, with specific characteristics, of natural origin. They can be
polysaccharides, animal and vegetable proteins and lipids, which, when added to food reduce the loss of moisture, also
they act as a barrier for CO2 and O2 movement through the food product, and improve they mechanical, physical and
nutritional properties of food. On the other hand, they serve as active vehicles for bacteriocins, probiotics, antioxidants and
nutrients, each of them having specific benefits in the proper functioning of the organism, optimizing the product for
human consumption. Therefore, the present review article has as main objective to highlight the importance of edible films
as packages and their application as vehicles of various bioactive compounds, and discuss whether in the future, they
would be one of the best sustainable alternatives for the conservation and commercialization of processed foods.
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1. Why use edible films?
One of the main concerns of the food industry is to find suitable packages to market the food and to keep it in good
condition for longer. These packaging are intended to be practical and malleable but with sufficient permeability to
prevent food contamination by microorganisms, dust, gases or moisture.
Such packaging is expected to prolong the life of the product on the shelf and at the same time retaining its
organoleptic properties. Due to increasing pollution and deterioration of resources worldwide in recent years, the
industry has opted for organic materials and made from renewable resources to pack their products.
Edible films in the food area function as selective barriers for the transference of gases, moisture and nutrients; Are
used because they greatly help to reduce the deterioration of foodstuffs caused by environmental factors. Likewise, it is
sought to avoid or reduce the oxidation and loss of volatile compounds responsible for specific flavors and properties of
food, therefore, the main objective of this chapter is to discuss if edible films made especially for fresh produce

2. What we know?
Nowadays, most consumers are worried about, not just what they eat and its nutritional characteristics, but also, they are
worried about if the food that they eat contains some type of hazardous materials and even more, they are worried about
its sustainable characteristics.
As consumers, we all want to eat fresh products, but what we don´t know is how far is the food from the place that
has been picked or obtained directly. Now, the time that takes our food to get to our home and to our mouth, could be
from hours to days, and this is how the “problem” begins. As soon as the fruit, vegetable, meat or any animal products
are obtained, its aging starts.
But, how do we know that some products are fresh? the answers is in its flavor, its appearance and its texture.
Therefore, food scientists are focused on generate technologies that maintained product’s “fresh like” characteristics for
large periods of time.
People have been used some of these technologies for ages. Examples involve, increasing temperature to eliminate
pathogens (pasteurization), decrease temperature to prevent bacteria and mold growth (refrigeration and freezing),
adding salt or sugar also to prevent bacterial growth (salting and crystallization), etc. The issue with these technologies
is that all of them affect either way sensorial quality of food products.
So, as an intent to decrease these changes, producer from China in the year 1100, and to maintain Emperor’s food
fresh (especially citrus fruits) they used molten wax to cover them for long journeys [1] . Latter, this practice was
extended through Europe, known as “larding”, in which they also used fats to prevent spoilage, nevertheless, this form
to preserve fruits, altered its taste and texture [2]

Then, Japanese used a coat obtained in the processes of boiling soy milk (named yuba) preserving overall quality of
food [3]. Later, other technologies came along, such as, smoking, cooling (in iceboxes) and the used of heat. However,
coating of products was always a cheap way to maintain their safety and quality.
We could now stablish that an edible film is any primary package (in direct contact with food) used to extend food
product shelf life with its quality and sensory characteristics unchanged, with the unique characteristic that could be
eaten with the food that contain them. The difference between an edible film and an edible coat is that the first is made
to function as a wrap or a bag to cover the product and is usually from 50 to 250 mm thick. On the other hand, edible
coating is formed in the product and it could be applied by a variety of method like, brushing, spraying, or dipping.
Edible films and coatings have several applications: they could serve as a barrier against the movement of molecules
such as water vapour, ethylene, carbon dioxide, odor molecules, among others. They also could be used as carrier of
active compounds like nutrients, antioxidants agents, pigments, antibacterial components to add beneficial effects to the
food. The other important property of the edible films is to enhance of food’s sensory properties [4]
Food’s characteristics determined the type of edible films that can be applied, for instance, polysaccharides and
protein based films are used as to carry nutrients and additives due to their bonding capacity, but they could not be used
to avoid water loss because of their hydrophilic condition. Fat based edible films tend to break easily due to their no
polar solubility but, also because of this, they are very good as water barrier [5]
Protein are a well-known material for films production since they can interact with several components through their
amino acid chains creating a cohesive and stable film or coat [6]
Some of the protein used are: casein, whey, gelatin, soy protein, keratin, egg albumen, wheat protein, corn zein and
depending on the ingredient the preparation could change.
Gennadios et al. [7] observed that gelatin could be used as a barrier to reduce oxygen, moisture and oil transfer when
applied to meat products, but also its applicability is limited because is considered as a hydrophilic material, which
means that it doesn’t work as a good water vapor barrier. In another research made by Guilbert [8], it was probed that
zein has an excellent films formation protein and that it has better water vapor barrier characteristics in comparison with
films produced with other protein, it reduces moisture loss and delay color change when applied in fresh fruit. But at the
same time, the films made with this protein, need to be combined with fatty acids or with cross-linking reagents to
improve its barrier properties.
Gennadios and Weller [9] worked with gluten based films, and they concluded that films made only with gluten,
present low flexibility, thus the need to add plasticizer (glycerin), although, they reduce their water vapor barrier
characteristics, its strength and elasticity.
In another research conducted by Zhang et al. [10] in which they worked with soy protein, they observed that the
films have a high level of stiffness, tensile strength and developed films that are inexpensive and nutritional. On the
other hand, casein films showed good free standing formation characteristics, but poor water vapor properties, they also
transparent and flexible [11]
When films are produce with polysaccharide gums and naturally depending on the material used, they present certain
and specific characteristics, such as plasticity, tensile strength, clarity and solubility due to the hydrogen bonding [12]
Some of the gums used in film forming process are methylcellulose, alginate, carboxymethylcellulose, carrageenan,
gellan, locust bean, agar, among others.
Nieto [12] concluded that films made with agar are clear, strong, insoluble to water and form stable networks that
could be peel off improving its manageability however, they are brittle and with reduce elasticity properties.
Murray [13] showed that films with methylcellulose could be peel off and that they have high levels of tensile
strength but it is a unique material since the process must have such heating controls for the gel phase to hold. Similarly,
Konjac gum is a hydrocolloid obtained from the common Chinese plant known as Amorphophallus spp., according to
Takigami [14], this gum produces strong films, due to its possibility to increase viscosity at low concentration, however,
this property is could be too the downside for used Konjac gum, making solutions too viscous.
Yuen [15] worked with pullulan, a polysaccharide obtained from fungus Aureobasidium pullulans, and observed that
the compounds formed a clear, strong and like synthetic polymers, their used in food products is due to its low
permeability to oxygen and its high solubility in water.
According to Donati et al. [16] alginate associated with calcium form heat stable gels which also form films with
increased tensile strength. Nevertheless, their negative charges, could decreased tensile strength and increased water
solubility. On the other hand, Carrageenan, which is also a polysaccharide extracted from a seaweed, possess three
different conformation; kappa, iota and lambda each with different characteristics: kappa formed the strongest films of
all [17]. Similarly, Gellan gum (obtained from the fermentation process of Sphyngomonas elodea, can be classified in
two; high acyl (with high flexibility, soft, and transparent) and low acyl (hard and non-elastic gels). Gellan gum form
weak films, with low tensile and puncture strength but they are also clear and insoluble in cold water [18].
Pectin has shown to require certain specification to fully hydrate hence, to create gel and films, such as sugar content
(from 20 to 55%), pH (as low as 3.5) and temperature of process (from 50 to 85ªC). Pectin films are weaker than
alginate films [19]. Chitosan, the principal material of the exoskeleton of crustaceans, formed films strong enough to
made plastic wraps for fresh produce, they have high tensile and puncture strength [20].

Fats also are used as ingredient in film production because they are very effective barriers against moisture, meaning,
water cannot enter or get out of the food [21] Some of this components are: waxes, margarine, lacs, shortening, resins,
essential oils, fatty acids, among others.
Although most of the ingredients by themselves could be used to elaborate edible films, there’s some problems or
weak points in each of them (Table 1).
Table 1 Advantages and disadvantages of some of the most used ingredients in edible films.
Material

Advantages

Disadvantages

Good barrier to oxygen
Water insoluble, flavorless, flexible, high
clarity,

Tend to shrink, brittle
Need a process of crosslinking, texture depends
on the aminoacid composition
Water soluble, hence limited used in food
industry

Protein
Casein [22]
Whey [23]
Gelatin [24]

Odorless, cheap, transparent, tasteless

Soy [10]

Good oxygen barrier, good tensile strength and
elongation break
Inexpensive, environmental friendly, nutritional

Zein [25]

Flexible, smooth, cheap, good oxygen barriers

Gluten [3]

Poor water vapor barrier, opaque films,
Poor moisture barrier, brittle and stiff.
water solubility, poor mechanical properties, poor
heat sealability

Polysaccharide
Alginate [26]
Carrageenan [27]
Gellan [28, 29]
Agar [30]

Strong films, low permeable to oxygen,
tasteless, odorless, glossy
Solid films, low permeability, high tensile
strength
Thermal stability, resistant to acid, clear films,
poor solubility in water, clear
Good mechanical properties, transparent,
flexible, clear

Carboximethylcellulose
[31]

Smooth, low water vapor permeability.

Pullulan [32]

High gas barrier, glossy, water soluble, odorless,
tasteless.

High water vapor permeability
Opaque, low values of elongation at break, poor
heat sealability
High water sorption capacity, brittle and hard
Only soluble in hot water, high swelling capacity
Low elongation at break point, low tensile
strength
Could become sticky, easily soluble at high levels
of relative humidity

3. Novel composite films
Now, since any material alone does not have all the properties that consumers want; low water vapor permeability for
fresh produce, high flexibility, high tensile and puncture strength and biodegradability, researcher have been studied the
combination of two or more materials, composite films. The material, concentration and application mode depends
entirely upon the type of food.
Many are the research that have been conducted in composite films; according to Galus and Lenart [33] a composite
film made with alginate and pectin shows higher values of tensile strength and elongation at break rather than the
ingredients individually. Also, they proved to generate clear and homogeneous films that also had lower water vapor
sorption in comparison with alginate only films.
In another work conducted by Otoni et al. [34], they evaluated the properties of a soy protein-oil film and they found
that the water barrier properties increased when oil is added to the soy protein solution, in addition, total pore volume
decrease. Alvarado-Gonzalez et al. [29] work with a blend of Aloe vera and gellan gum to improve their physical and
chemical properties, and they found that the combination shows higher levels of transparency, water sorption capacity
and water vapor permeability were enhanced. In the same way, Eghbal et al. [35] probed that when sodium caseinate
and pectin, tensile strength and elongation at break improved and water sorption decreased.
However, not all blends improve films properties. One example is the research conducted by Jridi et al. [36], they
observed that when combined gelatin and chitosan, the composite films shows no significant different in transparent and
tensile strength than the observe in chitosan films.
Other researches have been investigated the blend of more than two materials; Tong et al. [37], studied the effect of
combine Pullulan, alginate and carboxymethylcellulose in edible films properties. The resultant films had better
mechanical, barrier and water solubility properties. Similar research made by Taqi et al. [38] probed that when apple
pectin, cassava starch, essential oils and oleic acid are combined, its chemical and physical properties were changed;
tensile strength decreased and the elongation at break point increased.
Composite edible films in food industry have been used to maintain fresh fruits microbial, physical and chemical
properties. Some other works are show in the list below (Table 2)

Table 2 Recent research on composite edible films.
Ingredients
Cutin/pectin
Kappa carrageenan/sorbitol/glycerol
Gelatin/curcumin
Aloe vera/plpantain flour
Whey protein/pectin/transaglutaminase
Mesquite seed gum/palm fruit oil
Moringa leaf extract/chitosan/carboxymethylcellulose
Chitosan/gum Arabic
Pomegranate peel pectin/montmorillonite
Shellac/gelatin
Gelatin/defatted soy protein
Water chestnut starch/chitosan/glycerol monolaureate/
nisin/pine needle essential oil
Rice starch/L-carrageenan
Beeswax/hydroxypropyl methylcellulose
Nanoclay/quince seed mucilage

Changes observed
Lower water uptake, lower solibility
Higher tensile strength, higher elongation at break,
increased moisture content, water solubility and water
vapor solubility
Film change color with pH
Smoother, clear, rigid and plastic films
Prevent weigh loss of fresh cut produce, prevent
microbial growth
Decrease water solubility, decreased water vapor
permeability, improve tensile strength
Lower mass loss, lower respiration rate
Lower mass loss, lower respiration rate and ethylene
production
Improve tensile strength, water vapor permeability
decrease
Decrease weight loss, maintain post harvest quality of
banana for more than 30 days
Increase color properties, tensile strength, water
permeability, water solubility
Lower water absorption expansion, tensile strength
elongation and puncture strength
Improve tensile strength and elongation at break,
better solubility enhance water vapor permeability
Reduce oxygen barrier, reduce mechanical resistance,
improve moisture barrier, reduce weight loss
Improve tensile strength, increase elongation, improve
gas barriers
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4. Active films
So far, information about edible films and coating with improve physical and chemical properties have been well
studied, however, recently, researches has taken notice in the importance and application of bioactive compounds added
to edible films. The purpose is to enhance antioxidant, antimicrobial or even nutritional characteristic of the food that
contain them, hence, its name “active films”.
One of the most studied bioactive component is essential oil to prevent microbial growing. Hashemi and Khanaghah
[53] added oregano essential oil to basil seed gum based edible films and observed antibacterial activity with 2-6%
content of oregano essential oil against Escherichia coli, Salmonella Typhimurium, Pseudomona aureginosa,
Staphylococcus aureus and Bacillus cereus. Another research conducted by Kazerani et al. [54] they probed
antibacterial effects against Staphylococcus aureus and Escherichia coli when Zataria multiflora essential oil was
added to cress seed gum based edible films, also, they found that the addition of essential oil caused a change in glass
temperature transition of the film.
Not only antibacterial effect has been studied, also work about antifungal effect of some bioactive component has
been made, Bahram et al., [55] evaluated the effect of cinnamon essential oil against Candida albicans, when applied to
whye concentrate edible films and the concluded that the film exhibited good inhibitory effect against fungi. Also,
Gniewozs et al., [56] showed that with 0.12% of added Caraway essential oil to Pullulan based edible films, Aspergillus
niger was inhibited along with the population of Salmonella enteriditis, Staphylococcus aureus, Saccharomyces
cerevisae in fresh baby carrots.
The impact of probiotics in human health have been extensively studied, due to the increased interest of consumer in
wellness therefore biopolymeric matrices have been added with probiotics as an alternative to enhance food safety and
health. Soukoulis et al. [57] estudied the viability of Lactobacillus rhamnosus incorporated in edible films, and
concluded that two blends; high viscosity alginate/whey protein and k-carrageenan/locust beam gum/whey protein had
the best mechanical and barrier properties. In the same way, pullulan and pullulan /potato starch are the best carriers for
Lactobacillus plantarun, Lactobacillus reuteri and Lactobacillus acidophilus with 80% of viable cells and after 2
months of storage [58], Lopez de Lacey et al., [59] also probed that biopolymers are excellent carriers for probiotics,
they incorporated Lactobacillus acidophilus and Bifidobacterium bifidum in gelatin and observed that probiotic
decreased in less that 2 log cycles.
According to Percival [60] an antioxidant compound is the one that “are capable of stabilizing and deactivating free
radicals before they attack cells. Antioxidants are absolutely critical for maintaining optimal cellular and systemic
health and well-being”. Because of the edible films are good carriers for these compounds, giving a functional property

to the food matrix. Suppakul et al. [61] evaluated the radical scavenging and ferric reducing antioxidant power and
observed that when combined Indian Goosberry extract to a composite Indian Goosberry puree/methylcellulose based
films, it showed the higher antioxidant activity during 90-day storage. Antioxidant compounds are found mainly in
plants, such as sage and laurel, which when incorporate to whey based edible films, contribute to the oxidative stability
of frozen meatballs [62].
Finally, it could be also incorporate other type of nutrients such as vitamins and minerals; this is the case of the
research made by Bilbao-Sainz et al. [63] were they added vitamin D2 to an edible mushroom chitosan based edible
films. Another vitamin that was incorporated to edible films is vitamin E or tocopherol and when added to chitosan
edible films, decreased film’s solubility and increased significantly its drying rate [64].

5. A green option: Edible packages
Other used that has been given, and recently is getting importance from the consumer, is the “green” side of apply them
as a wrapping or as a package that would reduce plastic waste. Plastic take thousands of years to break down,
meanwhile it would become a contamination problem affecting all types of living beings. So, to counteract the problem,
experts proposed two options; to recycle plastic or to gradually change to biodegradable materials. However, recycling
involves transporting and sorting costs leaving biodegradable materials in first place to a cost-effective solution. Still,
biodegradable material should be created from raw ingredients that would be disposable in other product manufacture.
So, the material used should be safe and nutritious for the people not to dispose any wrapping or packaging material
when eating food.
A great example of this is protein based film which have been proven to be biodegradable and compostable source
giving nitrogen to the soil to fertilized it [65] being casein a waste product in dairy process. Semolina loaded with nano
kaolin have been probed to also make a suitable material for biodegradable edible package [66].
Recently, certain companies launched products with edible packages; Saltwater Brewery ®, create from beer byproducts and edible ring used in their beer’s six packs, these rings feed marine animals instead of killing them [67].
In the same way, Rodrigo García González a postgraduate student of the Royal College of Art innovate with egg yolk
a package that could allegedly, replace water bottles. The design consists in a sphere like package containing water
(with the appearance of a jellyfish), that could be thrown away or could be eaten [68]
Is worth mention that not only small producers are interested in this type of packages; for instance, KFC®,
introduced a tortilla based bowl “Rice bowlz” as an Indian product, the good news is that this product was well adopted
by consumers, this was a initiative that begins when the government of Bangalore banned plastic [69]
Wikicells® is another innovative way to package foodstuff, the brand was invented by Dr. David Edwards whose
ideas came from the model of “nature to wrap food”. This type of wrapping involves several plastic-like ingredients
such as cookie dough, cocoa powder and chia to contain from frozen yogurt to gaspachio [70].

6. Conclusions
After all the facts that were mentioned above, we could conclude that edible packages are now the ultimate way to
present processing food. It can be used several ingredients; polysaccharides, proteins and lipids or fats.
Researches have turn around their eyes to this opportunity area of create a new, innovative way to package food,
incorporating ingredients that the food does not have such as antioxidants, probiotics, vitamins flavor among others.
Many times, ingredients by themselves don’t have the properties that the science looking for to contain different types
of food, so, composite films (combinations of two or more components) are the best way, to improve material’s
characteristics such as tensile strength, odor, taste, water sorption, water permeability, flexibility, etc.
Now, small and big companies are seeking out the best, low cost, greener way to sell their products being in recent
years when investigations of this type have pay out.
So, we can say that eventually, and hopefully, edible and functional packaging would be the only way in which food
would be commercialized to; improve health, lower contamination damage (to us and to the environment), increased
product’s shelf life and finally increase cost-benefit ratio of foodstuff.
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