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Abstract- Plastic packaging, used extensively nowadays, poses huge threats to environment. Plastics, especially non-biodegradable
polymers accumulate in the environment and adversely affect wildlife, wildlife habitat, or humans. To overcome this problem we
can replace traditional non-environment friendly plastics with biopolymers, in particular polysaccharides or macromolecules
having film-forming properties. These biodegradable materials, which find applications mostly in food packaging, can largely
contribute to the reduction of environmental pollution. This review summarizes some of the widely used biodegradable packaging

materials.

Index terms: Biopolymers; non-biodegradable polymers; packaging; polysaccharides

l. INTRODUCTION

Food packaging is essential for products containment,
protection, preservation, convenience, to provide information
about the product, brand communication, among others.
Plastic packaging represents almost 40% of the European
plastics market and is essential for processing, storing,
transporting, protecting and preserving food. In fact, over
50% of all European goods are packaged in plastics, and this
commercial success is due to a combination of properties
such as flexibility, strength, lightness, stability,
impermeability and ease of sterilization. However, the
crucial problem of using plastics for packaging is the post-
consumer waste, once packaging is by far the largest
contributor (63%) of plastic waste. In addition, some
materials are difficult to reuse and it is estimated that less
than 14% of plastic packaging materials are recyclable [1].
So, to avoid all these problems biodegradable plastics with
functionalities comparable to traditional petrochemical-based
plastics have been developed for packaging applications.
Biodegradable polymers (BDPs) or biodegradable
plastics refer to polymeric materials that are ‘capable of
undergoing decomposition into carbon dioxide, methane,
water, inorganic compounds, or biomass in which the
predominant mechanism is the enzymatic action of
microorganisms, that can be measured by standardized tests,
in a specified period of time, reflecting available disposal
condition’. Typically, these are made from renewable raw
materials such as starch or cellulose. Interest in
biodegradable plastic packaging arises primarily from their
use of renewable raw materials (crops instead of crude oil)
and end-of-life waste management by composting or
anaerobic digestion to reduce landfilling [2].

The development of biodegradable packaging alternatives
has been the subject of much research and development in
recent times, particularly with regard to renewable

alternatives to traditional oil-derived plastics. There are two
major groups of biodegradable plastics currently entering the
marketplace or positioned to enter it in the near future:
polylactic acid (PLA) and starch based polymers. These new
polymers are truly degradable but full degradability will
occur only when products made from these polymers are
disposed of properly in a composting site.

Different polysaccharides used for manufacture of
biodegradable packaging

Lactic acid

The efforts of biotechnology and agricultural industries to
replace conventional plastics with plant derived alternatives
have seen recently the following three approaches:
converting plant sugars into plastic, producing plastic inside
microorganisms and growing plastic in corn and other crops.
Cargill-Dow®! (2000) has scaled-up the process of turning
sugar into lactic acid and subsequently polymerises it into the
polymer polylactic acid, NatureWorks™ PLA. Lactic acid
can be produced synthetically from hydrogen cyanide and
acetaldehyde or naturally from fermentation of sugars, by
Lactobacillus. Fermentation offers the best route to the
optically pure isomers desired for polymerisation.
Condensation polymerisation of lactic acid itself generally
results in low molecular weight polymers. Higher molecular
weights are obtained by condensation polymerisation of
lactide, the intermediate monomer. When racemic lactides
are used, the result is an amorphous polymer, with a glass
transition temperature of about 60°C, which is not suitable for
packaging.

Polylactic acid
Polylactic acid (PLA) is a polymer of lactic acid. It behaves
quite similarly to polyolefins. PLA, a fermentation product of
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low cost polysaccharides, is a product which is produced
from a combination of biotechnology and chemical
technology, and can be converted into plastic products by
standard processing methods such as injection moulding and
extrusion. It has potential for use in the packaging industry as
well as hygiene applications. The current global market for
lactic acid demand is 100,000 tons per annum, of which more
than 75% is used in the food industry. Perhaps the biggest
opportunities for PLA lie in fibres and films. An important
market niche for PLA can be found in the agricultural
industry such as crop covers and compostable bags.
Biodegradations of PLA have been a subject of interest and
so far proteinase K (EC 3.4.21.64) is the only reported
enzyme that will degrade PLA amorphous regions of low
MW [4]. Microbial degradation studies of PLA have been
inclusive [5]. Although most microorganisms studied can
utilise lactic acid and its dimer, microbial degradation of
oligomers and polymers of PLA have not yet been observed
at appreciable rates. A microbial degradation study on
PLAJ/CL only showed the degradation of the PCL segments
[6]. Compost, field and environmental degradations of PLA
are primarily due to hydrolysis [7].

Native starch

Starch is nature’s primary means of storing energy and is
found in granule form in seeds, roots and tubers as well as in
stems, leaves and fruits of plants. Starch is totally
biodegradable in a wide variety of environments and allows
the development of totally degradable products for specific
market needs. The two main components of starch are
polymers of glucose: amylose (MW 10°-10°), an essentially
linear molecule and amylopectin (MW 10°-10°%), a highly
branched molecule. Amylopectin is the major component of
starch and may be considered as one of the largest naturally
occurring macromolecules. Starch granules are semi-
crystalline, with crystallinity varying from 15 to 45%
depending on the source. The term ‘native starch’ is mostly
used for industrially extracted starch. It is an inexpensive (<
0.5 Euro/kg) and abundant product, available from potato,
maize, wheat and tapioca.

Thermoplastic starch

Thermoplastic starch (TPS) or destructurised starch (DS) is a
homogeneous thermoplastic substance made from native
starch by swelling in a solvent (plasticiser) and a consecutive
‘extrusion’ treatment consisting of a combined kneading and
heating process. Due to the destructurisation treatment, the
starch undergoes a thermo-mechanical transformation from
the semi-crystalline starch granules into a homogeneous
amorphous polymeric material. Water and glycerol are
mainly used as plasticisers, with glycerol having a less
plasticising effect in TPS compared to water, which plays a

dominant role with respect to the properties of thermoplastic
starch.

Chitin and chitosan

Chitin is the second most abundant naturally occurring
biopolymer (after cellulose) and is found in the exoskeleton
of crustaceans, in fungal cell walls and other biological
materials [8]. It is mainly poly (B-(1-4)-2-acetamide-D-
glucose), which is structurally identical to cellulose. Chitosan
is derived from chitin by deacetylation in the presence of
alkali. Chitosan can form semi-permeable coatings, which
can modify the internal atmosphere, thereby delaying
ripening and decreasing transpiration rates in fruits and
vegetables. Films from aqueous chitosan are clear, tough,
flexible and good oxygen barriers [9,10]. Carbon dioxide
permeability could be improved by methylation of polymers.
Films from chitosan are rather stable and their mechanical
and barrier properties change only slightly during storage
[11]. Chitosan coatings are usually used on fruit and
vegetable products such as strawberries, cucumbers, bell
peppers as antimicrobial coating [12,13], and on apples,
pears, peaches and plums as gas barrier [14,15].

Cellulose

Cellulose is the most abundant occurring natural polymer on
earth, being the predominant constituent in cell walls of all
plants. Cellulose is composed of a unique monomer: glucose
under its B-d-glucopyranose form [16]. Due to its regular
structure and array of hydroxyl groups, it tends to form
strong hydrogen bonded crystalline microfibrils and fibers
and is most familiar in the form of paper, paperboard and
corrugated paperboard in the packaging context [17,18].

Shellac resins

Shellac is aresin secreted by the female lac bug (Laccifer
lacca), on trees in the forests of India and Thailand. It is
processed and sold as dry flakes and dissolved in ethanol to
make liquid shellac, which is used as a brush-on colorant,
food glaze and wood finish. Shellac functions as a tough
natural primer, sanding sealant, tannin-blocker, odour-
blocker, stain, and high-gloss varnish. Shellac is a
natural bio-adhesive polymer and is chemically similar to
synthetic polymers, and thus can be considered a natural
form of plastic. It can be turned into a moulding compound
when mixed with wood flour and moulded under heat and
pressure methods, so it can also be classified
as thermoplastic. This resin is soluble in alcohols and in
alkaline solutions. Shellac is not a GRAS substance; it is only
permitted as an indirect food additive in food coatings and
adhesives. It is mostly wused in coatings for the
pharmaceutical industry [19]. Shellac is also used as a
coating on citrus fruits as it has good gas barrier properties.
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Shellac- and wood resin-based coatings also tend to increase
prevalence of post-harvest pitting [20,21].

Polyhydroxyalkanoates or (PHA’s)

These are linear polyesters produced in nature
by bacterial fermentation of sugar or lipids. They are
produced by the bacteria and store carbon and energy. PHAs
are produced from a wide variety of substrates such as
renewable sources (sucrose, starch, cellulose,
triacylglycerols), fossil resources (methane,mineral oil,
lignite, hard coal), byproducts (molasses, whey, glycerol),
chemicals (propionic acid, 4-hydroxybutyric acid) and carbon
dioxide. More than 150 different monomers can be combined
within this family to give materials with extremely different
properties. They can be
either thermoplastic or elastomeric materials,  with melting
points ranging from 40 to 180 °C.

Polycaprolactone (PCL)

PCL a biodegradable polyester with a low melting point of
around 60 °C and aglass transition temperature of about
—60 °C. The most common use of polycaprolactone is in the
manufacture of speciality polyurethanes. Polycaprolactone
(PCL), a bioresorbable and biocompatible polymer, has been
widely used in long-term implants and controlled drug
release applications [22]. Polycaprolactones impart good
water, oil, solvent and chlorine resistance to
the polyurethane produced. This polymer is often used as an
additive for resins to improve their processing characteristics
and their end use properties (e.g., impact resistance). Being
compatible with a range of other materials, PCL is usually
mixed with starchto lower its cost and increase
biodegradability. PCL is added as a
polymeric plasticizer to polyvinyl chloride (PVC).

1. CONCLUSION

Biodegradable polymers will play a greater role in the
packaging sector in the future. Post-use biodegradable
plastics and other biowastes like paper, food and garden
waste are generally unsuitable for landfill due to their
potential to release methane under anaerobic conditions and
their disposal by this method is inconsistent with policies like
the EU Landfill Directive. Biodegradable bioplastics are
most suitable for biological waste treatment through
industrial and/or domestic composting and, subject to further
demonstration, potentially in anaerobic digestion systems.
Intensive academic and industry research is being carried out
to find new and improved polymers, production methods,
sources and properties, to obtain biopolymers (in particular,
polysaccharides) that may replace the conventional synthetic
and non-biodegradable ones as packaging materials.
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