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Abstract

Plastics based materials are frequently used in packaging and can be seen universally in
both the developed and developing societies. At present, most of the currently used food
packaging materials are non-degradable and are creating serious environmental problems. New
technologies are being explored and developed to study the complex interaction between the
food packaging materials and food. For example, nanocomposite of cellulose constitute
environmentally friendly packaging, which is easily recycled by combustion and requires low
power consumption in production. There are several such biodegradable materials which are
available at a low price, have good mechanical properties and allow disposal in the soil. This is
advantageous because biological degradation produces only carbon dioxide, water, and
inorganic compounds to name a few. It has also been discovered that biodegradable plastics
made of such materials can be disposed of together with organic waste. The widespread use of
biopolymers in place of standard plastics would help to reduce the weight of waste. Therefore,
biodegradable materials take part in the natural cycle "from nature to nature" and play an
important role for environmental sustainability. So in this article, we briefly summarizes the
different characteristic of biodegradable polymers being used in food packaging applications.
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1. Introduction

Plastic waste, especially classic food packaging, is rapidly imposing a serious environmental
problem around the globe[1]. In 2014, more than 7.5 million tons of plastic wastes were reported
to be recycled[2]. In 2015, the plastics industry in Europe amounted to 49 million tons, of which
39.9% were packaged food products. Recently, there is a greater interest in the use of sustainable
packaging materials as they are often functional and more environmentally friendly[3]. It has
resulted in their share enhancement in the overall volume of plastic packaging. Different concerns
especially environmental have led to an increased demand for use of biorenewable and
biodegradable materials for packaging applications. Among different polymers currently being
explored in this direction are those obtained from biorenewable sources (e.g. alginate, cellulose,
chitosan, collagen carrageenan, corn zein, soy, starch etc)[4, 5]. There is also a cumulative public
interest in the use of biorenewable resources based biodegradable products in the food packaging
sector, so as to reduce the amount of waste. The use of modern functional packaging materials is
becoming increasingly popular as they are more environmentally friendly [6] [7].

Plastics are made of polymers which, in turn, can undergo a specific process of
biodegradability depending upon their constituents[8]. Polymers decompose by biotic factors
and also constitute a source of organic compounds (for example, monosaccharides, basic amino
acids) for microorganisms (bacteria, algae, fungi) [9]. Microorganisms convert the polymers to
the energy they need to live. The polymers during chemical processes get oxidized, leading to
digestion in which the organic matter is converted to compound such as carbon dioxide[10].
The changes taking place during the degradation deteriorate the material for example leading
to fragmentation. These changes are caused by the shortening of the polymer chain. The effects
of shortening the polymer chains include shortening of the material, stretching, and
breaking[11]. Fragmentation is the result of the distribution mechanism. In the next stage of
decomposition, products are subjected to digestion by microorganisms. The degree of
mineralization constitutes the basis for the final stage of biodegradation. The amount of evolved
carbon dioxide as the process of respiration converts inorganic carbon to carbon dioxide. The
closed system should have a suitable environment conductive to the proper functioning of the
micro-organisms (temperature, pH, humidity). There are many microbes that are capable of
polymer biodegradation[12]. One such example, includes the fungus Phanerochaete
chyrsosporium causing white rot of trees, degrading lignin in the presence of the enzyme
catalysing the oxidation. Figure 1(a) summarizes the general properties required for food

packaging materials[13].



2. Polymers Based Packaging Materials

2.1. Plastics

The first polymer based on cellulose appeared in 1856 and then phenol formaldehyde was
discovered in 1907. Since that time, there has been several discoveries that have led to today's
multitude of packaging materials made of synthetic and natural polymers[14—16]. In spite of
the wider availability of synthetic materials, most of the industries including food and
packaging industry are now considering the development of packaging materials from
biorenewable resources as these are biodegradable [17, 18]. Figure 1(b) describes the life
cycle of renewable biomass that includes water and CO; production as well as conservation of
fossil resources|8].

Improving safety and quality of food is the most important for consumers. Moreover, it is
important that the coatings that are generally applied directly to the surface of food should be
edible[19]. These coatings are provided with active compounds including antimicrobial agents
and antioxidants, in order to achieve other desired effects[20]. Such coatings and packaging
have the capability to protect well against microbial spoilage as well as loss of the actual quality
of the product. A thin layer of edible coatings prepared from different edible materials having
capability to act as a barrier to external elements (oil, moisture, steam), protect the goods and
contribute to the shelf life. In order to cover fresh subscription of fruit and vegetables, a variety
of products are used, e.g. wax, candy and nuts coated with shellac, a natural shield cover meat
products and very common gelatin capsules for drugs[21]. Edible coatings offers many
advantages: these can be consumed together with food, may provide additional nutrients and
improve the sensory properties. The interest in edible packaging is increasing due to the
environmental protection[22].

Food packaging uses different materials based films (e.g. Starch/clay nanocomposite films)
by uniformly dispersing the nanoparticles in montmorillonite in a variety of materials based on
starch using polymer processing techniques[23]. Starch (a semi-crystalline polymer) plays an
indispensable role in human and animal diets and is stored in granules as one of the reserve in
plants[24]. Starch is composed of amylase and amylopectin with repeating 1, 4-a-D
glucopyranosyl unit. Amylase is almost linear and the repeated units are bonded, while
amylopectin has a (1-4) linked backbone[25] [26]. The study was carried out to systematically
investigate and verify the interactions of polymer film in samples of vegetables (lettuce and
spinach)[27]. The resulting films were tested and analysed by polarized light microscopy as

well as scanning electron microscopy analysis and the degree of dispersion of the components



in the starch matrix. The polymer nanocomposite films were prepared by uniformly dispersing
functionalized phyllosilicates using the thermoplastic processing techniques consisting of
starch polymer melt. Furthermore, these nanocomposite films were also prepared using other
polymer matrices of pure starch, and potato starch mixture of biodegradable polyester. It is
important to study the interaction between the material food packaging and food. The plastic
materials themselves are not inert, because the direct contact between the plastic container and
packaged products can cause migration of the food product. It has been reported that “the
amount of any component that migrates to food depends on the initial concentration of the
specific component of the polymer, its solubility, and the temperature, mechanical stresses and

contact time”’[27].

2.2. Edible Films and Coatings

Different types of edible films as well as coatings can be manufactured and developed from
a number of materials characterized by moldability[28]. During the production of film, the
materials to be dispersed are generally dissolved in a suitable solvent such as water/ alcohol /a
mixture of both. During this process, antimicrobial agents, colorants or flavouring agents may
be added depending upon the requirement. The solution is then cast into a film and subjected
to drying under suitable temperature and relative humidity conditions. In the solutions using
food, films may be applied by numerous methods for example brushing, drying, dipping, and
spraying. Edible films can be generally divided into three different categories: lipids (fatty
acids, waxes, acyl glycerol), hydrocolloids (proteins, polysaccharides and alginate), and
composites. Polysaccharides family that includes cellulose, chitosan, starch derivatives, pectin
derivatives, seaweed extracts, and microbial fermentation gums is generally used to make edible
coatings[29-31]. Polysaccharide coatings act as the agents delaying moisture loss from the food

products[32].

2.3. Cellulose and its Derivatives

Cellulose is one of the most important biopolymers that consists of repeating units of D-
glucose linked through B-1, 4 glyosidic bonds[4, 33—-36]. It consists of tight packing of the
cellulosic polymer chains along with the crystalline structure that resist dissolution in aqueous
media[37]. The only way to increase the water solubility is the treatment of cellulose with alkali
to swell the structure and react it with methyl chloride, chloroacetic acid, and propylene oxide
to produce carboxymethyl cellulose, methylcellulose, hydroxypropylmethylcellulose and

hydroxypropylcellulose[38—40]. All of these materials make a good film, and generally have
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no taste and aroma while remaining moderately flexible, transparent, and resistant to oils and

fats[41, 42].

2.4. Chitin and Chitosan

Chitin is a naturally occurring biorenewable polymer[43]. It is found in various biological
materials such as the shellfish exoskeleton and fungal cell walls. Structurally, it resembles a
cellulose. The difference is that the acetamide group replaces the secondary hydroxyl group of
the second carbon atom in the hexose repeat unit is[44]. Chitin is deacetylated in the presence
of a base and chitosan is formed. It is a copolymer and is composed of units (p (1-4)-2-
acetamido-D-glucose and (B (1-4)-2-acetamide-D-glucose.) Chitosan is characterized by
antimicrobial activity and is used as a coating on fruit and vegetable products such as

cucumbers, strawberries, peppers to form an antibacterial layer [44].

2.5. Starch

An example of a polymeric hydrocarbon is starch made up of anhydroglucose units. Starch
is primarily composed of two types of glucose polymers: linear amylase and branched
amylopectin[45]. It is used to form biodegradable starch coatings. Such production is
characterized by low cost and good mechanical properties[46]. Corn starch is also a good source
for creating films. It consists of 25% amylase and 75% amylopectin. Starch is a very promising
material that occurs in many plants. It is completely degradable in soil and water. It supports
the process of biodegradation of biodegradable mixed plastics. Starch has been treated in an
extruder by the use of mechanical thermal energy to be converted into the thermoplastic
material[47]. In the manufacturing of thermoplastic starch plasticizers, it reduces the hydrogen
bonds within the molecular level in order to ensure the stability of properties of the product. In
the case of food, due to the hygroscopic nature of the absorbent, starch material may serve as

absorbers for meat exudate[48].

2.6. Lipid compounds

The protective coating of the lipid compounds consists of acetylated monoglycerides,
waxes, and natural surfactants. The paraffin wax and beeswax are most effective. Their function
is primarily blocking the moisture transport due to the low polarity of paraffin distillate fractions
derived from petroleum, which consists of a mixture of hydrocarbons obtained by
polymerization of ethylene[49]. Acetylated monoglycerides coatings have been used in

industries (e.g. poultry and meat) as moisture retardants during storage[50]. Shellac resins

5



secreted by Laccifer Lacca insects consisting of a complex mixture of aliphatic, acyclic hydroxy
acid polymers are also used for packaging applications. This resin is soluble in the alcohols and
in basic alkaline solutions. Shellac resin can be applied as an indirect food additive to coatings.
It is mainly used in the pharmaceutical industry. Typically, the resins are used to coat the citrus
fruit. They are in this case designed to give a high gloss, and create additional gas-permeable
barriers. Since coatings have different permeability and the ability to block the gas through the

holes in the skin affects the exchange of various gases[51].

2.7. Proteins

Proteins mainly occur as fibrous proteins, or protein clusters. Protein fibers are closely
linked by hydrogen bonding[52]. The protein complex is spherical structure linked by a
covalent bond (disulphide), hydrogen, which is both ionic and hydrophobic. Solutions of the
protein in the form of a solvent, which is water, ethanol or a mixture of water and ethanol form
protein films[50]. The protein must be denatured to create complex structures required for film
formation[31]. An example of a protein coating is gelatin[53]. It is used for encapsulation of
food, pharmaceutical and oil phases. This encapsulation protects against oxygen and light, and
also reduces the dose. In the case of zein, i.e. protein maize, it is necessary to add a plasticizer
to increase the flexibility. Similarly, in the case of the wheat gluten, the addition of a plasticizer,
i.e. glycerol, is necessary to increase the flexibility of the film. Gluten strength of the film can

be increased by the addition of glutaraldehyde.

3. Biodegradable Film-forming Materials

In 2011, the global production of plastics was amounted to approximately 280 million tons.
Large use of plastics for food strongly affects the environment. For this reason, the packaging
industry strives to develop biodegradable packaging materials. Most biodegradable polyesters
have a high potential for use in packaging because they have thermoplastic properties, high
modulus and good processing properties [54]. Biodegradable polyesters can be divided into
aliphatic and aromatic groups and the source of each group can be distinguished as renewable
and non-renewable. Polylactic acid is an aliphatic polyester derived from renewable sources:
starch and sugar[55, 56]. High rigidity and transparency of polylactic acid make it a suitable
material for the production of plastic bottles, rigid trays and cups. The main purpose of food
packaging is the protection of foods against oxidation and microbiological spoilage. It creates

active food packaging, which can enhance the protection by adding active substances:



antibacterial and anti-oxidants. The addition of antioxidants in the packaging material provides
advantages over the direct addition of food, reducing the amount of active ingredient introduced
directly into the food product. The activity is primarily concentrated on the surface. The process
is characterized by a controlled release of suitable food substance from a matrix[57]. However,
there is a growing consumer demand for food without the addition of artificial substances. There
has also been an augmented demand for the use of natural antioxidants present in, inter alia,
acerola pulp, oregano, rosemary, and their use in packaging materials[58] [59].

Studies have shown that tocopherol added to the film-forming material for food containers
during production has a low loss. The extruded films at a temperature (216—220 °C) exhibited
a loss of 18%. Ecoflex films with the addition of polylactic acid showed some reduction in
tocopherol content of about 16%, even though the extrusion temperatures were not different
from those used for film Ecoflex extrusion, which were in the range of (138—170 °C) [60]. Other
studies have suggested tocopherol losses by about 15% during extrusion with the addition of
Polylactic acid at a temperature (165—170 °C)[59]. The differences in the content of tocopherol,
may result from a stronger interaction with tocopherol Polylactic acid[60]. The extract from the
leaves of olive oil was used to create film, which was rich in oleuropein (20.8%). After creating
a shell, the content of oleuropein in the film was rated. The best results were obtained using a
double extraction procedure. The data obtained from the chromatogram of the extract showed
two major peaks which have been identified as oleuropein and oleuroside. Both compounds
show a very similar structure which differ only in the shift of the double bond in the exocyclic
side-chain of the ring. The thermal stability of oleuropein was also examined[60]. No
significant loss of substance was observed overnight when an extract of olive leaf was treated
at 100 °C. When it was incubated at 165 °C for 1 hour, the loss was 75%. The in vitro tests
suggest that the high temperature during extrusion may affect the stability of oleuropein.
Moreover, the influence of factors such as the interaction of the monomer with the plastic, the
increase in pressure and the presence of additives may also influence both the stability and
balance of these compounds. Oleuropein and oleuroside have the same catechol moiety and
similar antioxidant capacity[60, 61]. This may suggest that the increase in oleuroside would
prevent the loss of antioxidant capacity derived from the reduction of oleuropein resulting from
film processing. Antioxidant films showed a high content of active radicals 2,2-diphenyl-1-
picrylhydrazyl, which are used to measure the antioxidant capacity of the films [60].

4. Nanocomposite Packaging Materials
Selected, nanoparticles often function as an anti-microbial and reinforcing materials, when

they are added to the polymers[45, 62]. So far in the field of packaging materials, industry has
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focused on layered clays and silicates, due to their availability, low cost and simplicity of
adaptation. The interaction between silicates and polymer chains leads to perfect types of
nanocomposites. Intercalated nanocomposites are the result of diffusion of the polymer chains
in the layers of the clay. This results in a multilayer structure composed alternately of polymer
layers and inorganic layers within a few nanometers. The layers of polymer and clay randomly
dispersed in the matrix are taken up by exfoliated nanocomposites[45]. Exfoliated polymer
nanocomposites include extensive penetration of polymer and clay layer to be randomly
dispersed in the matrix [63]. The interaction between the polymer matrix and clay was found to
shows the best properties of exfoliated nanocomposites [64]. Figure 2 (a-c¢) shows the AFM
scan of the constrained polymer region in. It was concluded from the study that “the constrained
region of semicrystalline polymers will not significantly affect permeability unless the overall
crystallinity is decreased. The main effect of the constrained region is to lower free volume.
That will not be significant in crystalline region” [64].

Clay layer forms a barrier to gas and water resulting in a complicated path within the film.
The incorporation of nanoclay into a bio-polymer structures significantly improved the barrier,
properties overcoming the main limitations of biopolymer films [63]. Clays were also tested in
order to improve the mechanical strength of biopolymers. Adding clay nanocomposites reduces
the permeability of water vapor. The optimum concentration of nanoclay and a plasticizer to
form a film-forming starch gel greatly improves the mechanical properties[63]. Cellulose is a
strong and a natural polymer. Nanofibers of cellulosic material are widely available and
inexpensive. They are environmentally friendly, easily recycled by combustion and require low
power consumption in production[65]. Basically, there are two types of nanoreinforcements,
which can be obtained from cellulose, i.e. microfibrils and whiskers[4]. The basic method of
obtaining cellulose whiskers is acidic hydrolysis, which involves removing amorphous regions
of the filaments, leaving crystalline regions intact. “Microcrystalline cellulose is formed by
particles of hydrolysed cellulose consisting of a very large number of microcrystals of cellulose
amorphous area”[6]. There are studies showing that the surface modification of the fibers
through different chemical treatment results in an improved adhesion between the fibers and
matrix. The cellulose fibers are modified by acylation with a fatty acid to prepare them for the
polyethylene composite. The modification ensures increased mechanical and thermal stability
as well as the reduced uptake of water in the material. The addition of the surfactant can improve
the compatibility between the cellulose and the hydrophobic matrix. The hydrophilic group of
surfactant absorbed on the surface of the cellulose and the hydrophobic tail anchors the matrix,

avoiding the aggregation of cellulose fillers. Improved nanocomposite performance has been
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found to result from the better adhesion and wettability between the phases as well as a uniform
distribution of the reinforcing materials in the matrix[6].

It has also been observed that the silica nanoparticles in a polymer matrix significantly
improve the mechanical properties. Adding silica nanoparticles to the polypropylene improves
the tensile properties of the material for an enhanced elongation. Modulus of elasticity increases
along with the improvement in  the material stiffness and the oxygen barrier. The
nanocomposite of polyvinyl alcohol with silica nanoparticles are also produced by radical
copolymerization of vinyl acetate and vinyl silica nanoparticles. Such nanocomposites were
found to improve the thermal and mechanical properties in comparison to the pure
nanocomposite of polyvinyl alcohol because of the strong interaction between silica
nanoparticles and the matrix polymer by a covalent bond [66, 67]. The use of conventional
chemical synthesis routes for the production of polymers has a main route for their preparation
especially bio-polyesters. Among them, lactic acid has the potential to be used as a renewable
packaging material. Polylactic acid monomers can be easily produced by the carbohydrate
fermentation. The raw carbohydrate materials may include agricultural products such as corn,
wheat, molasses, whey etc. The properties of polylactic acid are slightly different in the two
forms (L or D), of the monomer of lactic acid. Monomer L generally exhibits a high melting
point and high crystallinity. In contrast, a mixture of monomer D and L results in amorphous
polymer with a low glass transition temperature[56]. Polyhydroxybutyrate is collected by a
number of bacteria as a reserve energy and carbon rich source with biodegradability and
biocompatibility that can be used in the industry[68]. Polyhydroxybutyrate is a highly
crystalline thermoplastic polymer material with low permeability to water vapor and is similar
to low density polyethylene (LDPE)[69]. Lactic acid and polyhydroxybutyrate offer numerous
opportunities for the use in food packaging. They can be formed as a foil or used for the
preparation of molded objects. They can be used with dairy products, beverages, fresh meat
products and prepared dishes [56]. The glass transition temperature was found to increase with
the incorporation of clay content and was attributed to the microstructure of the composite.
Layered silicate nanocomposites from lactic acid prepared by simple extrusion of the alloy were
found to cause the improvement of material properties in the solid and melted state, compared
to the matrix without clay[56].

Polycaprolactone is a linear polyester produced by the ring opening polymerization of e-
caprolactone[70]. This is a semi-crystalline polymer with a high degree of crystallinity (about
50%). It shows a high elongation at break and low modulus along with its physical properties

making it a commercially-available very attractive material for commodity applications. It is
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an interesting material for medical and agricultural applications[70]. Due to the low melting
temperature, it must be blended with other types of polymers/ materials to get the desired
properties[55, 71]. Different compositions of polycaprolactone nanocomposites were prepared
and layered silicate caprolactone was modified by melting, mixing or catalyzed ring-opening
polymerization of caprolactone. Micro-composites were prepared by the direct melting and
mixing the pristine polycaprolactone and montmorillonite. Exfoliated polymer nanocomposites
materials were obtained by polymerization of caprolactone (through ring-opening
polymerisation) and modified with layered silicate, using dibutyltin dimethoxide as an initiator
of the catalytic process. It has been found that the water sorption increases with the increasing
content of montmorillonite, in particular for micro-composites containing unmodified
montmorillonite[72]. In exfoliated nanocomposites filled with sheet silicates, characterized by
a high aspect ratio, the mechanical properties such as impact resistance, Young's modulus,
flexural modulus and bending temperature prior to charging tend to be increased. This suggests
that these materials can replace a conventional matrix in applications requiring mechanical
resistance. Bio-packaging should be easily biodegradable after a specified period of time. The
introduction of inorganic particles in a biopolymer matrix is suitable for improving the physical
properties of the original polymer, but also suitable for increasing their rate of biodegradation.
The biodegradability of the nanocomposites generally depends on the nature of pristine layered
silicate and surfactants used to modify layer silicates. It is therefore possible to control the
biodegradation by choosing several biopolymers with organically modified layered silicate.
Consequently, these systems are rapidly emerging as the most promising in the active packaging

for food [72].

5. Biodegradability of Polymers
5.1. The Use of Bioplastics

During the last few decades, mankind has observed a significant increase in the use of
synthetic plastics (e.g. polyvinylchloride, polystyrene, polyethylene terephthalate,
polyethylene, polypropylene, polyamide etc). These synthetic polymers are available at a low
price, have good mechanical properties such as tensile strength, tear strength, good oxygen
barrier and carbon dioxide. However, the rising environmental concerns demand restriction
in their extensive use especially because they are not biodegradable and not fully capable of
being recycled. On the other hand, in the case of biopolymers, compost-ability is an important
attribute, allowing disposal of packaging in the soil. According to the European bioplastics,

biopolymers must be biodegradable, especially in terms of composting so that they can act as
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fertilizers and soil conditioners. However, some bioplastics based on natural monomers may
lose biodegradability through chemical modification of the polymerization. A lot of
bioplastics contain a mixture of ingredients such as synthetic polymers along with the
additives to enhance the functional characteristics of the final products in order to extend the
scope of application. When both the additives and pigments are based on renewable energy
sources, it is possible to obtain a polymer with about 100% by weight of biodegradable
compounds[8]. It is also important to examine the changes that may occur during the

interaction of bioplastics with food.

5.2. Biodegradation of Bioplastics
Generally, the biodegradable polymers are classified based on the source of their origin[73]:
e Polymers made from biomass (polysaccharides, proteins, polypeptides,
polynucleotides).
e Chemically synthesized products from renewable monomers or derived from natural
sources of biomass and oil (lactic acid or bio-polyester).
e Polymers produced by the activity of microorganisms, including genetically modified

bacteria (curdian, xanthan, polyhydroxybutyrate, bacterial cellulose, pullulan).

Although natural polymers are getting greater attention these days, there are several problems
associated with them such as efficiency, processing and costs. In particular, brittleness and high
water vapor and gas permeability, poor resistance to prolonged processing operation causes
limitations in their use. The use of nanotechnology for these polymers may open new
opportunities to improve their properties and characteristics such as cost, performance.
Nanocomposites may exhibit a significant improvement in thermal, mechanical, and physico-
chemical barrier, as compared to the pristine polymers. In particular, clay based nanocomposites
provide excellent barrier properties due to the presence of the clay layer which delays the pathway
molecules making a more complex process. Bioplastics should imitate the life cycle of biomass,
which includes protection of fossil resources, water and carbon dioxide production. The rate of
biodegradation is dependent on temperature, humidity, quantity and type of microorganisms.
When all these conditions are present, the rapid degradation process occurs. In industrial
composting process, most of the bioplastics are converted to biomass, water and carbon dioxide
in approximately 6 to 12 weeks[8].

Polymer products have to biodegrade in a controlled way: natural polymers such as

rubber, humus, lignin, and synthetic polymers (e.g. polyolefins) must follow the mechanism
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of oxo-biodegradation[74]. During the degradation of the oxocarboxylic acid molecules,
aldehydes, ketones and alcohols with low molecular mass are produced by peroxidation
process which is initiated by heat or light, which are the main cause of the loss of mechanical
properties of the carbohydrate polymers. Then, bacteria, fungi, enzymes begin bio-
assimilation increasing biomass and CO., which forms cavities. Generally antioxidants and
stabilizers are added to the synthetic polymers to protect the polymer from oxidation during
the mechanical processing and ensure the required shelf-life. On the one hand, the use of
antioxidants is essential to improve the performance of the materials but on the other hand,
in the event of biodegradability, it is better not to add antioxidants during the processing of
the polymer|[8]. Hydro-biodegradation is a process that yields bio- assimilable products from
cellulose, starch and polyesters. The aliphatic polyester is hydrolysed and bio-assimilated
rapidly in an aqueous medium[75]. Natural products such as cellulose starch are swellable
and wetted with water and therefore biodegradable. They are not useful for packaging food
technology, which is required for water resistance. Between these two extremes, there are
hydro-biodegradable aliphatic polyesters namely polylactic acid as well as poly
(hydroxyacid). The product must be defined as composting biodegradable and it must
disintegrate in a short time. The composting product must be compatible with the composting
process, it means that it should not release toxic substances and not change the quality of the
compost produced[75]. Products that are kept in containers may have poor properties and a
strong acidity. It is therefore necessary to evaluate the effectiveness and suitability of biopolymers
in solutions for storage and food. Absorption and interaction between the chemicals and polymer
may affect the properties (e.g. mechanical) of the polymer being investigated. The flexibility of
the sample is tested by measuring the stress, tensile elongation at break, while chemical resistance
is checked by immersion in strong and weak acids as a function of time, simulating the actual
conditions at ambient temperature (23 °C) at 18 °C, 23 °C and 29 °C. A solution of a weak acid

is produced from acetic acid and the strong acid solution is prepared with hydrochloric acid [76].

5.3. Utilization of Bioplastics

Biodegradable materials are suitable for composting processes or the wastewater system
and open up new opportunities for waste disposal. In general, we distinguish two ways of
biopolymer utilization: terrestrial and aquatic. Among the terrestrial ways, we distinguish the
soil and compost utilization. On the other hand, aquatic ways include: aerobic sewage sludge,
and anaerobic sewage sludge [77]. In the case of anaerobic biodegradation terrestrial, we

distinguish landfill. The scheme is as follows:
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1) Aerobic biodegradation of bioplastics (such as composting):
Polymer + O>— CO2 + H20
2) Anaerobic biodegradation of bioplastics (such as anaerobic digestion and landfill):
Polymer — CO, + CH4 + H2O
The waste from the original plastic packaging constitute a large group and the volume and
the amount of recovered material is low. The topic is still the subject of discussion on
biodegradable packaging. There are several technologies designed for the treatment of plastic
packaging waste:
e Incineration with energy recovery.
e The release of plastic with a high calorific value of household waste for selective
combustion.

e Selective collection of waste plastics, sorting, cleaning and mechanical recycling.

Recently, because of the people’s desire to use biodegradable materials, the industry has
striven to create better bags and products, although the process is more expensive. However,

they are recommended for home system and commercial composting[78].

6. Conclusions

One of the biggest barriers in the recycling of conventional waste plastics is the absence of
a stable and reliable supply of quality sorted materials. It specifies the practical difficulties in
the recycling of spent plastics: difficulties in separating and identifying plastics, limited
recycling technologies, degradation after repeated processing, polymer lower mass density,
high time-consumption and cost. Biodegradable plastics generally decompose into naturally
occurring components such as water, carbon dioxide and biomass, and they are not retained in
the environment for many years. This decomposition undergoes the same processes as organic
matter. Thus, biodegradable plastics can be disposed of together with organic waste. Moreover,
some biodegradable plastics can be a component of renewable energy sources. Through the
widespread use of biodegradable materials, we could reduce the amount of waste, lower the

greenhouse gas emissions and ensure the sustainable use of environmental resources.
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