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ABSTRACT

The use of plastic materials as food packaging materials has
caused environmental problems, namely the accumulation of
plastic waste. The presence of innovation in making food
packaging with organic materials in the form of edible films
can minimize plastic waste because organic materials can be
degraded by decomposing microbes in a relatively short time.
This review examines the production and characteristics of
composite edible films based on polysaccharides and proteins.
Several characteristics of the material that this film must meet,
such as resistance to water and evaporation, are the standards
that must be met for edible films. Starch-based materials are
still too brittle to be the base material for making films
because the hydrophilic nature of starch makes it easy to
dissolve in water. The functional properties of starch need to
be improved, including mixing it with other ingredients such
as proteins, plasticizers, and essential oils in formulations.
The mixing of these ingredients can form a formulation that
forms an edible film with characteristics suitable for various
food products.

Key words: Edible film, polysaccharide, starch, whey protein
packaging material.

1. INTRODUCTION

The overflow of food packaging, especially from plastic,
has become an environmental issue that can cause various
problems in the future. Therefore, it is necessary to have
innovation in the selection of organic food packaging
materials so that they will be more biodegradable and
environmentally friendly. Organic food packaging is a
package made of organic materials such as lipids, proteins,
and polysaccharides, which are easier to decompose and are
edible or safe for consumption [1]. This packaging is
generally in the form of a film or a transparent plastic layer
[2].

Edible film packaging made from organic materials must
be able to protect food from environmental contamination
physically, chemically, and biologically. Generally, the
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functions of food packaging are to prolong the shelf life of
food[3]. The edible film has several criteria that must be met,
including the strength of the film to withstand tension (tensile
strength), film elasticity (elongation), thickness, and the
ability to withstand water vapor [4]. In principle, film and
coating are two different things but are often considered the
same. The edible film is a layer formed from organic materials
such as polysaccharides, fat, and protein, which functions to
cover or wrap a food product to protect it from various
contaminants. Meanwhile, the edible coating is a layer that is
directly attached to the entire surface of food products, which
has the same function as edible film, which protects products
from contaminants [5].

Edible films are generally synthesized from
polysaccharides, especially starch-based materials. However,
starch-based films are known to have characteristics that are
less resistant to maintaining food moisture. The lack of
elasticity of the starch-based film also makes the structure
easy to detach so that it is prone to tearing [6]. However, the
use of polysaccharide-based films is known to have good
permeability so that it can reduce gas molecules that enter or
leave [7]. This has led to many studies that formulate starch
with other organic materials to modify the structure of the film
into a composite. One of the ingredients commonly used is
protein. The starch formulation with this protein is synergistic
because protein has characteristics that can form a flexible
film and do not tear easily [8].

The use of protein can rectify the physical characteristics of
the film. The use of proteins such as whey protein can also
enhance the antimicrobial properties of the film. Whey made
from milk products or their derivatives contains the enzyme
lysozyme, which is often found in various animal secretion
products. This lysozyme has an antimicrobial effect given to
the film [9]. Fermentation treatment of whey by proteolytic
microorganisms can also produce bioactive compounds in the
form of lactoferricin, which increases the antimicrobial
properties of the film. These bioactive compounds are the
result of the breakdown of lactoferrin peptides by Candida
tropicalis[10].

Starch and protein-based edible films can continue to be
developed due to the abundance of starch and protein sources
in nature. The use of various types of starch for the synthesis
of edible films has great potential. This is because these
materials available in abundance and environmentally
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friendly [11]. On the other hand, some protein sources, such
as whey protein, are also an abundant source of protein
because it is a waste of the cheese processing industry
resulting from the separation of fat and casein, which also has
good potential. Whey protein, which is considered waste, still
contains at least 55% of nutrients that can still be utilized [12].

The formulation of starch and protein-based edible films is
expected to produce good quality films as biodegradable,
edible films and can be used in the pharmaceutical and food
industries. This review describes the production and
characteristics of composite edible films based on
polysaccharides(especiallystarch) and protein. The good
quality of the edible film will extend the shelf life of food by
inhibiting or preventing the spoilage caused by many factors.

2. POLYSACCHARIDES BASED EDIBLE FILM

Polysaccharide-based films are very good at protecting
foods from O, and CO, as well as from various fats. Some
materials that can be used as polysaccharide-based films
include chitosan, pectin, cellulose, starch, algin extract, and
gum. Starch is one of the ingredients that is often chosen
because of its availability from a variety of materials,
economical, and non-toxic [13]. Polysaccharide-based film
coating is colorless, oil-free, and contains low calories. This
film can also be applied to extend the shelf life of vegetables,
fruits, and meat products or shellfish by reducing the
browning reactions, dehydration, and oxidative rancidity [14].
The characteristics of films on different types of
polysaccharides can be seen in Table 1.

Table 1.Characteristics of films on different types of
polysaccharides.

Refere
nces

Types of plasticizer  Film characteristics
Polysaccharid  / Essential

es Oil

Thickness 93-130
um (thin), moist,
water-soluble,
bright yellow color,
low density, high
WVTR.

Chitosan Glycerol [18]

Pectin methyl  Glycerol 40 um thickness
(thin), good tensile
strength, poor
elastic ~ modulus,
high WVTR, many
fraction film

texture.

[19]

CMC The thickness is 87
pum (thin), TS is
good, elongation is
not good,
transparent, smooth

texture.

Glycerol [20]

Thickness
0.101-0.106

Sodium Essential
alginate Oil

[21]
mm
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(thick), slightly
yellow, less humid,
low WVP, good
elongation, less
good TS.

Cassava
starch

Glycerol  Tensile strength is
not good,
transparent, and the
color is bright, low
density, low WVP,

and less moisture.

[22]

The thickness of
0.033 mm (thin),
less moisture,
bright transparent,
TS is not good, low
WVP.

Ghatti gum Glycerol [23]

TS (tensile strength); WVP (water vapor permeability); WVTR (water vapor
transmission rate).

Some polysaccharides such as chitosan and cellulose are
difficult to dissolve in water, making application difficult. In
order to increase its solubility, it is necessary to modify it
chemically so that the material dissolves in water. Meanwhile,
dissolving alginate and pectin extracts requires the adjunct of
calcium ions to form a gel[15]. Polysaccharides are good
barriers to carbon dioxide and oxygen due to the dense
network construction of polysaccharides, but they are not a
good vapor barrier. In addition, polysaccharide-based films
will lose their ability as a gas barrier when a plasticizer is
added to the formulation. This is another limitation of
polysaccharides. Various ways, such as the addition of
water-resistant inorganic particles, the combination with
polymer cross-linking,lipids, and the fabrication of
multilayered or composite films, can be used to improve water
resistance and barrier characteristics[16], [17].

The most commonly used polysaccharides in making
edible films are starch. Various sources of starch have been
utilized for the production of edible films. Starch is one of the
most promising polysaccharides that form edible films
because it is a renewable, versatile, cheap, and very abundant
material [24]. The use of starch as a material for making films
is because starch has characteristics that are more economical,
odorless, and colorless. However, the characteristics given by
starch to the film due to the hydrophilic properties of starch
make it unable to maintain the moisture of the packaged food
[25]. Therefore it is necessary to make modifications to
improve the function of starch as an ingredient for the
production of edible films. Starch modification can improve
water vapor permeability and physicochemical properties
[26].

3. PROTEIN-BASED FILMS
The use of edible films as food packaging is very effective

in preventing the loss of moisture and taste, reducing the
activity of gas in and out (carbon dioxide, oxygen, and
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ethylene), and packaging can be designed to have bioactive
compounds (for example, antimicrobials, antioxidants, or
nutraceuticals) [27]. In addition, protein-based edible films
are rich in nitrogen, which functions as organic fertilizer for
the soil, so that concerns about environmental damage due to
disposal of edible films to the soil can be avoided [28].

This protein-based film is ideal for use in a product with a
hydrophilic surface that is coated or wrapped with a film and
as a good barrier to O, and CO,. However, this protein-based
film does not withstand water diffusion. With the addition of
plasticizers such as glycerol and hydrophobic materials such
as beeswayx, it can modify the properties of proteins to water
resistance [29], [30]. Some protein sources that can be used as
material for making films of animal origin include whey
protein, casein, gelatin, and egg albumin. Meanwhile,
available protein comes from plants, including protein from
peanuts, soybeans, corn, rice, and wheat [30], [31]. The
characteristics of films on different types of proteins can be
seen in Table 2.

Table 2.Characteristics of films on different types of proteins.

Characteristics of References

film

Plastisizer/
Essential
Oil

Source of
Proteins

Film thickness 9 mm
and (thickness),
Essential yellowish color,
oil high WVTR, low
WVP, can inhibit the
activity of E.coli and
S. aureus bacteria

Whey
protein

Glycerol [34]

The film thickness
of 0.13 mm (thin),
not damp, high
WVP, high WVTR,
swelling  behavior,
good tensile
strength, good
elongation, good
modulus elastic.

Gelatin glycerol [35]

Film thickness 76
pm, yellowish
transparent, fine
texture without
brittle, bad tensile
strength, good
modulus elastic, bad
elongation.

Soybean  glycerol [36]

There are several advantages to using protein as an
ingredient for making edible films, such as the availability of
an abundant source of protein, the capability to form a good
film, and also high in nutrients. The factor that makes protein
widely used as a material for making films is its natural
degradation or degradability. Compared to lipids and
polysaccharides, protein-based films are the most beneficial
due to their excellent gas barrier characteristics [32]. The
oxygen permeability of soy protein-based films was lower
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than that of pectin, starch, polyethylene, methylcellulose,
which were 670, 540, 500, and 260 times lower, respectively.
Besides that, protein-based films also have low density and
generally have better mechanical properties than lipid-based
and polysaccharide-based films [33].

Protein is a polymer formed from amino acids up to 20
monomers, which can provide a wider functional range,
especially high intermolecular binding capabilities.
Protein-based films can create bonds in different positions so
that they can form many bonds, which makes the film
structure more rigid [30]. The addition of auxiliary materials
such as plasticizers can develop the ability of proteins to form
films. The molecular weight, as well as the amount and
position of the hydroxyl groups of the plasticizer, are
variables that can affect the film formation capability of
protein-based polymers [33]. Consequently, the plasticizer
chosen will vary depending on the type of protein used.

4. UTILIZATION OF WHEY PROTEIN AS MATERIAL
FOR FILM PRODUCTION

The availability of waste from the livestock industry is
quite large. The cheese processing industry produces whey
waste, which is often not utilized. It is known that whey waste
has compounds that can pollute the environment. Whey has
substanceBiochemical Oxygen Demand and Chemical
Oxygen Demand that do not meet the permitted safe limits,
namely 50 g/L (BOD) and 80 g/L (COD)[12], [37]. The
choice of whey protein as another polymer material in film
production because protein is known for its good mechanical
characteristics. It is known that protein plays a significant role
as a barrier to oxygen entering food packaging[38]. Other
protein properties are transparent, soft, flexible, odorless,
colorless, and have aroma-retaining properties from coated
food products[39].

Fermented whey protein has high functional properties in
the presence of bioactive peptides resulting from the
degradation of microorganisms. It is known that these
microorganisms hydrolyze protein then produce lysozyme,
lactoferrin, and lactoperoxidase, which have antimicrobial
properties[40]. In fermented whey, the lactoferrin peptides
will be degraded by Candida tropicallis to produce
lactoferricin, which has an antimicrobial effect[10]. In
contrast, lysozyme is found mainly in the secretion of animal
products such as milk, which is useful for naturally preventing
excess microbial contamination. The work of lysozyme is to
make microbial cells into lysis so that with the presence of

lysozyme, the activity of microorganisms can be
suppressed[9].

Various bioactive peptides can be obtained from cheese
whey. Some of them are B-lactotensin,

B-lactorphin,a-lactorphin,serorphin, lactoferricin, and
albutensin A [40]. However, the main bioactive peptides
found in cheese whey acquired from whey protein hydrolysis
are B-lactoglobulin (B-LG) and a-lactoalbumin (a-LA). The
antimicrobial potential of the bioactive peptides acquired
from this protein appears to be much less than that of
lactoferrin.  Whey  protein  cheese also  contains
immunoglobulins,lactoferrin,lactoperoxidase, and bovine
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serum albumin, which also have antioxidant, antimicrobial,
and immunomodulatory activities[41], [42].

5. STARCH AND PROTEIN-BASED COMPOSITE
FILMS

Basically, the manufacture of starch and protein-based
films into composites uses the gelation method. In the
formation of gelation, a stabilizer or emulsifier is needed to
strengthen the bonds between polymers. Based on the
physicochemical properties associated with starch and protein
formulations, both materials have hydrophilic and
hydrophobic properties; therefore, it is necessary to append an
emulsifier to make the solution more stable[43]. Addition of
other components such as Carboxymethylcellulose (CMC)
and Hydroxypropyl methylcellulose (HPMC) is added to
make the starch more hydrophobic and make the starch form
into a gel faster because it is water-soluble[8], [44].

In addition, to improve the physical characteristics of the
film, a plasticizer is needed. Plasticizers are added to the
formulation to increase flexibility and permeability.
Generally, glycerol and sorbitol are materials that are almost
always used because they are not toxic[39]. Glycerol is an
ingredient that is very commonly used in film making
formulations. The choice of glycerol as a plasticizer is
because glycerol has good stability and is very compatible
when reacting with hydrophilic polymers[45]. The
compatibility of glycerol that reacts with starch is indicated by
the easier it is for the starch-based components to dissolve in
glycerol[43]. The use of glycerol aims to increase the
elasticity of the film; however, it is not recommended to use
too much glycerol. The use of glycerol above 50% will have
an impact on the loosening of polymer bonds so that it will
reduce the permeability of the film[34], [46].

Another thing that needs to be known after formulating is
observing the microstructure of the film. Microstructure
observations will represent the state of the surface and the
inside of the film. The choice of basic material will affect the
microstructure characteristics of the film to be made. The
selection of protein as the basic material for making films can
form smooth film characteristics without any folds, holes, or
lumps after being observed with SEM (Scanning Electron
Microscope)[47]. A positive thing is also shown in
research[48], that mixing protein with starch does not change
the microstructure of the film made because of the
cross-linking process between polymers. Although the
plasticizer is one of the important ingredients in film making,
increasing the plasticizer dose up to 50%can cause the film
structure to become coarser[49].

The formation of polysaccharide-based films with the
addition of more protein can also have an effect on color
changes. The addition of more protein will cause the film to be
more yellow in color but with a smooth and soft texture[25].
The color change that occurs is due to a high-temperature
change in the film matrix, which causes the Maillard
reaction[50].
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6. OTHER INGREDIENTS IN FILM FORMULATIONS

6.1 Plasticizer

Plasticizers are defined by the IUPAC as substances or
materials that are incorporated in a material to
improvedistensibility, workability (chemical reactions), and
flexibility[30]. A low amount of plasticizer is required to form
a good film. The addition of plasticizers into polymer
formulations can form a modified three-dimensional structure
so as to degrade intermolecular forces and the movement of
molecular chains and can increase volume[51]. The way the
plasticizer works is by entering between polymer molecular
chains (polysaccharides or proteins), then it will associate
with these polymers through physical and chemical
interactions, which will increase extensibility, flexibility,
elasticity, and distensibility. In addition, the addition of a
plasticizer can cause mechanical properties, cohesion, and
stiffness to decrease[52]. Glycerol is a plasticizer that is often
used because it has high hygroscopicity, which can reduce the
level of the brittleness of the formed film[53].

The effect of adding plasticizers to the formulation depends
on the molecular size of plasticizers, physical
state,polarity,shape, the number of oxygen atoms, and their
distance in the polyol structure[54]. The addition of a
plasticizer can also reduce intermolecular forces and increase
the mobility of the polymer chains, which give more
flexibility tobiomaterials and result in less brittleness and
stiffness. Glycerol generally exerts the most pronounced
impact on the thermal and mechanical properties of the film
but negatively affects the barrier properties. In contrast to
polyethylene glycol and sorbitol, in their role as plasticizers in
films, they generally show better mechanical properties and
lower WVP when compared to the plasticizing effect of
glycerol[55].

6.2Essential oil
Essential oils are generally used in edible films to enhance
antimicrobial properties. The concentration used in the
formulation must be considered; low concentrations of
essential oils do not cause any effect. However, at
concentrations too high, it is feared that essential oils can
cause allergic reactions and toxicological effects because the
film to be made is an edible film[56].The addition of essential
oils to the film formulation provides a good antimicrobial
effect. The antimicrobial property serves to keep foodstuffs
covered by the film from microbiological damage[57]. Many
ingredients can be extracted from their essential oil, especially
in plant species. Frankincense oil can be used as a source of
essential oils, which shows a strong level of antioxidant
activity characterized by the large number of free radicals that
are bound as a result of the presence of terpenes, which also
acts as an antimicrobial. Terpenesare compoundsthat can act
asan electron donor to react with free radicals to produce a
more stable product; therefore,the free radical activity can be

suppressed[58].
Essentialoils have low water solubility; it is difficult to
enter between the existing monomers. This is because the
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particle size of essential oils is relatively large, and essential
oils also cause the film that is formed to be darker in color
compared to films that do not use essential oils in the
formulation[59]. A similar thing was indicated by Akhter et
al.[60], that the level of roughness on the surface of the
composite film when mixing mint leaf essential oil increased.
The essential oil could be encapsulated into oil in a water
emulsion to increase the essential oil dispersion in the
chitosan matrix so thatit increase its compatibility with the
chitosan matrix. Another solution that can be used is to make
essential oil nanoemulsion, which makes the particle size
smaller, uniform, and stable so that darkening of the film color
can also be avoided. Therefore, it is recommended to use
essential oils that have passed nanoemulsification[61].

7. CONCLUSION

The production of edible films with polysaccharide-based
materials has the potential to continue to be developed
because of the availability of cheap raw materials, and its
continuity is maintained, but the resulting edible film has
mechanical properties that must be improved. In another case
with protein, the resulting mechanical properties give fairly
good results, but the color of the film is generally more
yellowish. The addition of a plasticizer to the formulation
needs to be done to improve the mechanical properties of the
film to make it stronger. However, the addition of this
plasticizer needs to be limited in use because it will cause an
unfavorable texture on the formed film. In addition, to
increase the antimicrobial properties of the film, essential oils
can be added, but their use must be limited because essential
oils have a large molecular size, so that it can be difficult to
penetrate the monomer cavities in the edible film.
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