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Abstract

Petroleum derived plastics dominate the food packaging industry even today.
These materials have brought a lot of convenience and attraction to agro, food
and packaging industry. These materials also have brought along with them
problems relating to the safe-disposal and renewability of these materials. Due
to the growing concern over environmental problems of these materials, in-
terest has shifted towards the development and promoting the use of
“bio-plastics”. Bio-plastic is a term used for sustainable packaging materials
derived from renewable resources Ze. produced from agro/food sources, ma-
terials such as starch, cellulose, etc. and which are considered safe to be used
in food applications. To enhance the mechanical properties, and water barrier
properties, it can be blended easily with other polymer as well as nano fillers.
The current paper is a review of the progress of research in starch based sus-
tainable packaging materials.
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1. Introduction

Reason for transition from synthetic plastic materials to biobased plastic mate-
rials

Synthetic polymers or petrochemical-based plastics like polyamides (PA), ny-
lon, polystyrene (PS), Teflon, polyethylene terephthalate (PET), polyethylene
(PE) etc. have been widely used for food packaging applications due to their ex-
cellent thermal and rheological properties, lightweight, easy to manipulate, and
install in a diverse range of applications, gas and water barrier properties, es-
thetic qualities, and cost [1]. The oil that is used as a raw material, as well as the

oil required for energy, consumes between six to eight percent of the total world
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oil production. Although this is a small percentage, the amount of petroleum
used to make plastic does contribute to the depletion of fossil fuels. The rate of
consumption influences the overall price of petroleum, contributing to the cur-
rent rise in raw material costs. Plastics derived from petroleum are made from
synthetic polymers [2]. Their utility includes but is definitely not limited to
agriculture, aerospace, automobile, construction, sports, domestic, and house-
holds. Increase in population and industrial growth have resulted in the in-
creased production of synthetic polymers and allied materials [3]. Polyethylene
more often used as carry bag and more is produced annually [4]. Non recyclable
and synthetic polymeric materials are causing a serious concern in environmen-
tal related issues. In particular, the plastic bags which are discarded into the en-
vironment have become a menace [5]. Significant quantities of plastic have ga-
thered in the natural environment and in landfills. Wasted plastic also contami-
nates a wide range of natural terrestrial, freshwater and marine habitats. There
are accounts of inadvertent contamination of soils with small polymer fragments
as a consequence of spreading sewage sludge [6], of fragments of plastic and
glass contaminating compost prepared from municipal solid waste [7] and of
plastic being carried into streams, rivers and ultimately the sea with rain water
and flood events [8]. Most polymers are buoyant in water, and since items of
plastic debris such as cartons and bottles often trap air, substantial quantities of
plastic debris accumulate on the sea surface and may also be washed ashore. As a
consequence, plastics represent a considerable proportion (50% - 80%) of shore-
line debris [9].

Phthalates based plasticizers and BPA can bio-accumulate in organisms, but
there is much variability between species and individuals according to the type
of plasticizer and experimental purpose. However, concentration factors are
generally higher for invertebrates than vertebrates, and can be especially high in
some species of molluscs and crustaceans. Plastics contain phthalates, BPA,
flame retardants, cadmium, lead and organo tins, all of which have been shown
in animal studies to result in obesity [10]. In addition, the monomer used to
manufacture PVC plastic, vinyl chloride, is a known carcinogen and exposure
can cause angiosarcoma of the liver among factory workers [11] [12].

In recent decades, the plastic industry and the academic community have
been together looking for new raw materials to replace the petrochemical poly-
mers, which are produced from nonrenewable resources [13].

Biodegradable plastic made from renewable resources is decreases dependence
on petroleum and reduces the amount of waste material, while still yielding a
product that provides similar benefits of traditional plastics [14]. The major dif-
ference between synthetic polymers and natural polymers is that the presence of
oxygen and nitrogen in the natural polymers. The oxygen and nitrogen in the
polymer structure permit the polymer to biodegrade [15]. Bio-based polymers
have been shown to be a viable alternative to replace these fossil sources while

also having environmental advantages, such as decreasing toxic emissions [16].

DOI: 10.4236/0jpchem.2018.82003

22 Open Journal of Polymer Chemistry


https://doi.org/10.4236/ojpchem.2018.82003

R. V. Gadhave et al.

Most traditional plastics are inert to microbial attack, and the development of
biodegradable packaging, these derived from renewable natural resources, has
gained increasing interest [17]. Target markets for biodegradable polymers in-
clude packaging materials like trash bags, loose-fill foam, food containers, film
wrapping, laminated paper, hygiene products like diaper back sheets and cotton
swabs, consumer goods like fast-food tableware and containers, egg cartons, and
toys, and agricultural tools like mulch films and planters etc. [18].

Cellulose, lignin, and starch are commonly available in nature. Cellulose is
abundant in all plants, although some plants produce more than others. Lignin is
typically found in wood, and starch is common in plants such as corn, potatoes,
and wheat. Plants, wood, corn, potatoes, and wheat are all raw materials that are
renewable, biodegradable and easily available [19]. Packaging materials with
biodegradable plastic is more expensive than traditional petroleum based plastic.
Packaging materials based on these natural materials may be a solution to help
control the environmental pollution and resolve other problems posed by

non-degradable synthetic polymers [20].

2. Biodegradability and Compostability

Bio-based is defined in European standard EN 16575 as “derived from biomass”.
Biodegradable materials are materials that can be broken down by microorgan-
isms like bacteria or fungi into water, naturally occurring gases like carbon dio-
xide (CO,) and methane (CH,) and biomass. Biodegradability depends strongly
on the environmental conditions: temperature, presence of microorganisms, and
availability of oxygen and water [21] [22].

Compostable materials are materials that break down at composting condi-
tions. Industrial composting conditions require elevated temperature (55°C -
60°C) combined with a high relative humidity and the presence of oxygen, and
they are in fact the most optimal when compared against other degradation con-
ditions like in soil, surface water and marine water. Compliance with EN 13432
is considered a good measure for industrial compostability of packaging mate-
rials. According to the EN13432 standard, plastic packaging can only be called
compostable [23].

3. Bioplastic as Packaging Material

Polylactic acid (PLA): Polylactic acid (PLA) is a 100% bio-based plastic that is
currently being used in packaging applications. PLA is very suitable for the
manufacture of compostable packaging products. Specific benefits of PLA in
packaging applications are its transparency, gloss, stiffness, printability, process
ability and excellent aroma barrier. PLA is approved for direct contact with food
and is applied in a range of packaging products. PLA is frequently used in com-
bination with other bio-based and biodegradable polymers to improve stiffness
and strength and to reduce costs.

Cellophane: Cellophane films are highly transparent, and stiff. Cellophane
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films can be colored and are well known as candy wrappings. The biodegradable
films are available in a wide range of grades, and they can be used to pack prod-
ucts ranging from cheese to coffee and chocolate.

Cellulose acetate: When extensively modified, cellulose can become thermop-
lastic. An example is cellulose acetate. This material is rather expensive and
rarely used in packaging applications. The most frequently used biodegradable
polyesters are polybutylene adipate terephthalate (PBAT), Polycaprolactone
(PCL) and Polybutylene succinate (PBS).

Starch: Starch based flexible films containing polyesters to improve processa-

bility, water resistance and tear strength [24].

4. Why Use Starch as Packaging Material?

Starch is used as a starting material for a wide range of green materials. 75% of
all organic material on earth is present in the form of polysaccharides. An im-
portant polysaccharide is starch. Plants synthesize and store starch in their
structure as an energy reserve. Starch is found in seeds and in tubers or roots of
the plants. Most of the starch produced worldwide is derived from corn [25].
Starch is generally extracted from plant resource by wet milling processes.
Starch consists of two types of anhydroglucose polymers amylose and amylopec-
tin. Amylose is essentially a linear polymer in which anhydroglucose units are
predominantly connected through a-D-(1, 4) glucosidic bonds. Amylopectin is a
branched polymer, containing periodic branches linked with the backbones
through a-D-(1, 6) glucosidic bonds. The content of amylose and amylopectine
in starch varies and largely depends on the starch source [26]-[36]. Starch is
found abundantly in corn, wheat, rice, potato, tapioca, pea, and many other bo-

tanical resources [37].

5. Starch: The Future of Sustainable Packaging

1) Starch blends with compostable polymers:

Starch based plastics are complex blends of starch with compostable plastics
such as PLA, PBAT, PBS, PCL and PHAs. Blending of starch with plastics im-
proves water resistance, processing properties and mechanical properties. Starch
based trays are not transparent. Other packaging products Starch based mate-
rials are frequently used in loose fill foams for transport packaging. Another ap-
plication is in service ware like cups, plates and cutlery. Biodegradable films,
with starch as a matrix, were developed and reinforced with wheat and corn
hulls. It was observed that the addition of hulls enhanced the modulus, tensile
strength, and impact strength of the starch matrix at the expense of its elonga-
tion. The water-vapor transmission rate results show that corn starch was more
efficient in reducing the water-vapor permeability than wheat hulls [38].

The challenges for researchers and the packaging industry in terms of pro-
ducing starch-based blends with commercial utility are:

a) Overcoming miscibility problems at high starch contents,
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b) Avoiding mechanical property deterioration at high starch contents, even in
compatibilized blends,

c) Reducing costs, especially for biodegradable starch-polyester blends at low
starch contents (<30 wt.%) [39].

2) Antimicrobial packaging film:

Antimicrobial packaging refers to the integration of an antimicrobial agent
into packaging systems for the purpose of preventing microbial growth on food
products and extending its shelf life [40] [41] [42].

The packaging materials may acquire antimicrobial activity

i) By incorporating antimicrobial components in a polymer matrix,

ii) Surface irradiation of polymer matrix which produces reactive oxidizing
species,

iii) By gas emission/flush through modified atmosphere packaging [43],

iv) By using inherently antimicrobial polymer resins.

The use of antimicrobials in food packaging systems has been motivated with
the increasingly global food-borne outbreaks with relation to health and safety
concerns [44] [45].

Antimicrobial packaging has two main categories, namely migratory and
non-migratory packaging systems.

- Migratory packaging system allows the reversible release of non-volatile or
volatile active components from polymer matrix to food constituents or
packages headspace by diffusion and/or partition at interfaces.

- In the non-migratory system, the active component is irreversibly tethered to
the package’s surface and no diffusivity of the antimicrobial agents occur [46]
[47].

These additives can be deactivated in the food matrix or migrate out of the
food surface towards locations in the food where initial microbial attacks are not
taking place [48] [49]. The natural antimicrobial agents have broad spectrum ac-
tions against most of pathogenic and food spoilage microorganisms. Addition-
ally, nanomaterials from titanium [50], magnesium, copper, silver [51] [52], pla-
tinum, gold and zinc have also received attention in antimicrobial food packag-
ing due to their large surface-volume ratio [53]. Ternary blend films were pre-
pared with different ratios of starch-polyvinyl alcohol with citric acid to obtain
films with better antibacterial, mechanical, and thermal properties [54]. In other
work two essential oils, Zataria multiflora Boiss (ZEO) or Mentha pulegium
(MEOQO) at three levels (1%, 2% and 3% (v/v)), were incorporated into starch
films using a solution casting method to improve the mechanical and water va-
pour permeability (WVP) properties and to impart antimicrobial activity. Plants
contain polyphenolic compounds and a large number of them were used as an-
tioxidant, antibacterial and antifungal properties [55] [56] [57].

3) Starch based nanocomposite films:

Natural materials such as clay nanofillers with starch use to develop biode-

gradable nanocomposite packaging films to address issues of environmental im-
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pact, agriculture sustainability [58]. 7 - 9 parts of nano-Montmorillonite in a
plastic film has shown high strength, and prepared film is also capable of
achieving complete degradation, environment-friendly after being discarded,
capable of being prepared into plastic bags, preservative films and the like for
food packages, and worthy of large-area popularization [59]. In some case addi-
tion of light calcium carbonate and rock powder, not only the qualities of the fi-
nished products were improved, but also the cost was reduced by 45% while en-
suring a good degradation effect [60]. Addition of nanosilica improved the me-
chanical properties of the nanocomposite sheets. Tensile strength increased, ad-
versely affecting the elongation at break. The sheets also displayed improved
water resistance while those without nanosilica disintegrated within two hours of
immersion in distilled water at 25°C. Food packaging was originally used to
protect food against heat, light, moisture, oxygen, microbial attack, insects and
other impurities [61]. In one study, a corn starch-based nanocomposite sheet
was prepared using nanosilica/from rice hull ash to enhance mechanical and
water absorption packaging properties of corn starch [62]. Cellulose nanofillers
could be considered as environmental friendly and renewable nanofillers. Nano-
crystalline cellulose (NCC) from sugar palm fibers and nanocrystals from sugar
palm starch were prospective nano-reinforcement or nano-filler to enhance the
properties of sugar palm starch-based films as high-performance packaging ma-
terial [63]. Nano-clays have been added to various polymeric matrices in very
small quantities to improve film properties.

Nano-fillers had also been introduced to induce higher mechanical strength
and improve barrier against gases and water vapor. These fillers are capable of
improving barrier and mechanical properties by decreasing filler dimensions
and also reducing production cost due to lower material consumption. Moreo-
ver, Nano-filler reinforcement affects polymer crystallinity, reduces transport
and enhanced water absorption. The addition of nanoclay to starch composite
films has been found to improve the mechanical strength and transport proper-
ties. Micro porous, aluminosilicate minerals like Zeolites can also use as fillers in
starch-based films. Studies show that Zeolites leads to the enhancement of
Young’s modulus and reduction of gas and vapor transport and also water solu-
bility.

Nano-cellulose is also added to starch in order to enhance starch film proper-
ties. Based on the results, nano-cellulose leads to the improvement of mechanical
properties up to 70%. NCC was used as a nano-scale additive into the starch
chitosan and gelatin-chitosan nano-composite films. Chitosan was used to en-
hance antibacterial and anti-fungal properties. Many investigations were devel-
oped on the natural fibers potential as reinforcements for composites [64] [65]
[66]. Starch and poly (vinyl alcohol) (PVOH)-based packaging is of great im-
portance and had additional benefits over petroleum-based packaging due to
abundant availability, biodegradability and compatibility. Presence of laponite

RD improved the mechanical barrier properties of starch/PVOH matrix up to
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10% level of laponite RD because of better surface interface interaction between
polymer matrix and layers of laponite RD [67].

Film-forming formulations comprising starch, ethylene acrylic acid copoly-
mer, and optionally polyethylene, can be blown into films upon neutralization of
a portion of the copolymer acid functionality. The resultant biodegradable films
had potential application as agricultural mulch, garbage bags, and various types
of packaging [68] [69]. The elaboration of flexible films from cassava starch for
the manufacture of biodegradable packaging useful in the packing and packag-
ing of dry foods and other products. The novel films were produced by extrusion
of a mixture of cassava starch and plasticizer [70]. A series of corn starch films
with varying concentrations (0% - 20%, W/W) of citric acid (CA) and Carbox-
ymethyl cellulose (CMC) were produced by casting method. As a result of its
multi-carboxylic structure, interaction could take place between the carboxyl
groups of CA and the hydroxyl groups on the starch. Such an interaction would
improve the water resistibility due to reducing available OH groups of starch.
Cellulose-based fibers are widely used as biodegradable filler. When natural fi-
bers were mixed with starch, the mechanical properties of the resulted composite
were obviously improved, because the chemical similarities of starch and plant
fibers provide a good interaction. There are few papers about the CMC/starch
biocomposite properties. The addition of CMC improved the moisture resis-
tance of the composites [71].

4) Heat sealing packaging:

Heat sealing capacity of native and acetylated corn starch based films was
evaluated to develop biodegradable packages, such as bags. Acetylated starch ad-
dition reinforced 80% sealing resistance of starch films. Numerous sealing tech-
niques are available. On the other hand, the glass transition temperature (7;) is
an important parameter that determines both the mechanical and barrier prop-
erties of amorphous polymers and controls the crystallization kinetics of these
materials. Acetylated starch addition in film formulation reinforced the sealing
resistance. Heat sealing tests showed that un-plasticized films exhibited adhesive
failures while those containing glycerol presented a rupture near the zip [72].
Rice flour is a starchy material with low-cost, because it can be produced from
rice that is broken during processing. Films from rice starch and rice flour were
prepared by casting, with glycerol or sorbitol as plasticizer. Rice flour films pre-
pared had similar mechanical properties to those of starch based films. However,
their water vapor permeabilities were two times higher than those of starch
based films. The production of biodegradable and edible films from carbohy-
drates and proteins adds value to low-cost raw materials and can play an impor-
tant role in food preservation [73].

It has been found that with increase in glycerol content in the Potato Starch
films increased the macromolecular mobility, and the potato starch films became
less stiff and more flexible. The transparency was found to decrease [74]. Active

and smart biodegradable films from cassava starch and glycerol with 5 wt.% of
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different natural extracts such as green tea and basil were prepared and tested for
degradation [75]. These films degraded in soil under two weeks and were ther-
mally stable up to 240°C. The incorporation of extracts of green tea and basil
was found to make films with lower water vapor permeability retaining their
flexibility.

5) Starch grafted emulsions for packaging:

Grafting was an important technique for modifying the physical and chemical
properties of polymers. The graft copolymerization of synthetic polymers onto a
starch backbone was one of the best ways of improving the properties of starch.
Starch grafted on vinyl emulsion also undergoes biodegradation and can be used

as sustainable packaging material [76].

6. Conclusion

The implementation of sustainable practices will help minimize our impact on
the environment and conserve resources for future generations. Industrial
progress in packaging technology in future appears to be moving forwards new-
er breed of bio-materials. To that end, there is a need to perpetuate the culture of
environmental stewardship and sustainability that has grown stronger in recent
years. Although some of the starch-based materials and other biopolymers may
not currently be cost-competitive with petroleum plastics, this may change as
petroleum prices continue to increase. Improved the properties of starch-based
plastics by blending starch with other polymers, using starch in composite mate-
rials, and using starch as a biodegradable feedstock to make other biopolymers
have been successful in developing viable replacements for petroleum based
plastics. The prospects for starch in the packaging sector continue to become
brighter as the market for sustainable plastics drives further innovation and de-

velopment.

7. Futuristic Approach

Focused research is needed in bringing more values such as making the packag-
ing material simpler yet smarter, where consumer is able to assess the quality,
safety, shelf-life, and nutritional values of the contents of packet with cost effec-
tiveness. The benefits however should not come at the cost of the cost of curing

environmental issues and should eco-friendly.
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