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Abstract 
In the coming anthropocenic age, during which the human activity has dominant influence on 
environment mainly plastic, there is high need of industrial application of biodegradable polymer and 
mainly in field of packaging. The United States commanding $135 billion in the worldwide packaging 
industry (Flexible Packaging Association) and the flexible packaging industry is the second largest 
sector of the business. The key packaging materials are glass, metals, paper, plastic and laminates. Such 
huge application of non-biodegradable materials, creating greater environmental impact and 
incineration of plastics may generate toxic air pollution, thereby demand of biodegradable polymer is 
getting higher. Application of Biodegradable plastic in the same field are the one which fulfil all these 
functions without causing any threat to environment. It is classified under three categories: Natural 
(Starch, Proteins etc.), Synthetic (Produced from Petroleum resources (PHA) and Produced from 
microorganism (PBS, PES)), and Semi-synthetic (Starch-PLA Blend, Starch-PCL Blend etc.). The 
belief is that biodegradable polymer material will reduce need of synthetic polymer and reduces 
pollution. Thereby, producing positive affects both economically and ecologically by reducing 
expensive cost of recycling after use and by reducing pollution respectively. 
 
Keywords: Blends, Synthetic Biodegradable Polymer, Polyesters, Packaging, Future Prospects. 
 
Introduction 
Now a day most of items are packed in materials [1]. Packaging- a science, art and technology 
used to protect the product, distribution and storage of product, carry nutritional information 
and present the product to consumer [2]. Consumption of packaging is higher in field of food 
packaging than the non-food and tobacco items according to Indian Brand Equity 
Foundation.  
The current key materials for packaging is glass, paper, synthetic plastic, cardboards, co-
extruded films, and laminates. Major segment of packaging in India and almost all world, is 
flexible packaging and laminates of different synthetic plastic. 
Environmental impact of these persistent synthetic plastic as waste is raising general global 
concerns, Due to limitations of disposal methods and satisfactory landfills, their incineration 
causes generation of toxic air pollution, and expensive recycling methods, fuelling 
international drive to develop biodegradable packaging material which can fulfil all functions 
required for food from packaging material without causing any threat to environment [3]. 
The other primary factors driving development of biodegradable packaging are increase in 
prices of crude oil, consumer demand increases, proliferation of consumer packaging, 
development of new applications of bio-plastic and increased economic viability. 
Biodegradable polymers are classified under three categories: 
1. Natural biopolymer e.g. PCL, PLA, PGA 
2. Synthetically produces biodegradable polymer 
a. Produced from microorganism (PBS, PES) 
b. Produced from crude oil (PHA) 
3. Semi-synthetic biodegradable polymer e.g. Starch blend (Starch+PCL, Starch+PLA) 
This review study is to provide a brief outline of synthetic biodegradable polymer which can 
be used in the area of biodegradable packaging research and development to reduce the 
various harmful effects caused by excessive human involvement in every field. 
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Key Functions of a Packaging Material 
An ideal packaging material has to perform the following 
functions 
 
1. Keeping the product clean: It must keep the product 
clean and provide a barrier against dirt and other 
contaminants. 
 
2. Prevent loss to product: Its design should provide 
protection and convenience in handling, during transport, 
distribution and marketing. In particular, the size, shape and 
weight of the packages must be considered.  
 
3. Physical and chemical protection: It must provide 
protection to product against physical and chemical damage 
(e.g. water and water vapour, oxidation, light) and insects 
and rodents.  
 
4. Provide necessary information so that the product is used 
correctly and have sales appeal [2, 4]. 
 
5. Influence the consumer decision 
5a) Identification: Appearance of package in terms to 
identify brand easily. 
 
5b) Attention: Packages colours and shapes with pictures 
on packages to attract the attention when consumers are less 
familiar with a brand. 
 
5c) Communication: Package appearance can also 
influence the evaluation of the core product. The package 
supporting the view that brand identity and image can be 
enhanced if not created through packages [5].  
 
Current Materials Usage in Packaging Industry 
According to FICCI India, synthetic plastic is one of the 
materials which are used in packaging industry nearly about 
50% as compared to other materials such as Metals, Glass 
and Paper-cardboard. Today the key determinants of 
demand of packaging are: shifting consumer trends, light 
weight, varied sizes, barrier properties, and shelf life of 
packaged products and transportation cost. [IBEF] Synthetic 
Plastic is only one that contains all the above properties but 
not eco-friendly. Yet other ones are eco-friendly or 
recyclable but doesn’t have all the mentioned properties. So, 
let us review the today’s scenario of polymer packaging 
industry. 
 
Packaging Industry at Glance 
The industry is expected to grow at a 10 year CAGR of over 
15 % in India according to report published by FICCI. The 
large growing middle class, liberalisation and organised 
retail sector are the catalysts to growth in packaging 
industry. Earlier the rigid packaging is dominant, currently 
there is a shift of demand and demand is from rigid to 
flexible packaging. There are about 600-700 packaging 
machinery manufacturers, 95 % of them are in the small and 
medium sector located all over India [6]. Multi-layered 
laminated sheets of plastics mainly include PE, PP, PET, 
and PVC. Polyethylene and polypropylene account for ~ 
62% of polymer usage in the flexible packaging industry. 
Flexible packaging is dominated by small & medium sized 
companies with maximum usage in processed foods 
segment. The Indian packaging industry is expected grow at 

15%p.a. with flexible packaging growing at 17% p.a. and 
rigid growing at 14% p.a [7] 
. 

 
 

Fig.3: Consumption of different kinds of plastic in packaging 
 
Flexible Packaging Films a Largely Growing Industry 
In general, flexible films have the following characteristics:  
a) lower in cost  
b) good moisture and gas barrier property 
c) heat sealable 
d) wet and dry strength 
e) easy to handle and convenient for the manufacturer, 
retailer and consumer  
f) add lighter weight  
g) fit closely to the shape of the food, thereby wasting little  
 space during storage and distribution [8]. 
In general, all the flexible films are made up of synthetic 
thermoplastic polymer such as Polyolefin, Polystyrene and 
PVC. Following is the percentage share of different material 
in packaging 
 
Polyolefins Polyolefin is a collective term for polyethylene 
and Polypropylene, the two most widely used plastics in 
food packaging. Polyethylene and polypropylene both 
possess a successful combination of properties, including 
flexibility, strength, lightness, stability, moisture and 
chemical resistance, and easy process ability, and are well 
suited for recycling and reuse [9]. 
 
HDPE is High-density polyethylene is stronger, thicker, less 
flexible and more brittle than low-density polyethylene and 
has lower permeability to gases and moisture. It has higher 
softening temperature (121ºC) and can therefore be heat 
sterilised. Since HDPE is cheaper to buy as raw material and 
process, it is used when clarity is not as great a factor. 
 
LDPE is Low-density polyethylene is heat sealable, inert, 
odour free and shrinks when heated. It is a good moisture 
barrier but has relatively high gas permeability, sensitivity 
to oils and poor odour resistance. It is less expensive than 
most films and is therefore widely used for food storage 
bags [8, 10].  
 
a) Polypropylene is a clear glossy film with a high strength 
and is puncture resistance. It has moderate permeability to 
moisture, gases and odours, which is not affected by 
changes in humidity. It stretches, although less than 
polyethylene. PP is used in rigid containers like baby bottles 
and cups and bowls [10]. 
 

33%

29%

7%

17%

14%
PE

PP

PVC

PET

OTHER



 

~ 888 ~ 

International Journal of Applied Research 
 

b) Polystyrene Polystyrene is a brittle clear sparkling film 
which has high gas permeability [8]. Polystyrene, an addition 
polymer of styrene, is clear, hard, and brittle with a 
relatively low melting point. It can be mono-extruded, co-
extruded with other plastics; injection moulded, or foamed 
to produce a range of products. 
Foaming produces an opaque, rigid, lightweight material 
with impact protection and thermal insulation properties. 
Typical applications include protective packaging such as 
egg cartons, containers, disposable plastic silverware, lids, 
cups, plates, bottles, and food trays.  
In expanded form, polystyrene is used for non-food 
packaging and cushioning, and it can be recycled or 
incinerated [9]. 
 
c) PVC (Polyvinyl chloride) PVC was one of the first 
polymers to be used in food packaging applications, and it 
replaced many traditional materials such as glass (used in 
bottles) and various forms of card and paper. 
PVC packaging for foodstuffs offers several  
 
Advantages over the traditional materials: 
a) lightweight compared with glass, with the added benefit 
of reduced transport emissions due to the reduction in 
weight  
b) shatter resistant, as it would reduce the number of 
accidents with glass from broken bottles at home and 
outside 
c) excellent organoleptic properties: PVC-U imparts no taint 
or taste to foodstuffs 
d) high clarity and to allow high visibility of the product 
e) good barrier properties for the preservation of food 
f) good Cost: Performance ratio 
g) innovative product shapes and complex designs are  
 achievable [11]. 
 
Application of PVCBottles PVC’s toughness combined 
with good clarity and resistance to oils and other substances 
makes it a suitable material for blow-moulded bottles for 
holding a variety of products 
 
Flexible film PVC-P has found wide acceptance for use in 
the preservation of foods, both in the supermarket and the 
domestic kitchen. These materials have “stretch” properties 
and unique “cling,” and hence they are suitable for the hand-
wrapping of fresh produce.  
Such films have high oxygen and water vapour 
transmission, keeping red meat “red” for longer periods on 
supermarket shelves. These materials can also be heat-
sealed [11, 12].  
 
d) PET Its primary packaging uses, however, are in 
metallized packages, such as those for potato chips and 
pretzels, as well as in microwave packaging, brick packs 
and medical packaging (such as sterile wrap and lidding 
material on pull-away packs). 
It also can be found in tobacco wrap, cigarette wrap and 
labels. PET is used in these applications because it has good 
mechanical properties—such as toughness and stiffness—
and good thermal properties, which mean it can withstand 
higher processing temperatures than some other resins [12]. 
 
e) Coextruded films Three layers blown film extrusion 
(also known as blow film co-extrusion) is a process of 

simultaneously extruding in molten stage three polymers 
which adhere to each other through a common die to form 
an integral film of unique strength and barrier properties. 
The selection of layers depends upon end properties 
required as well as items to be packed. Some combinations 
of layers are as under:  
 

Table 1: Some examples of combination of layers and their 
application 

 

S. No. Combination Application
1. LL/LD/LL Heavy-duty bags 

2. LL/HD/LL 
Industrial base food oil, backed 

confectionery, dry vegetables, dry 
unit, hydrogenated oil, lube oil 

3. LD/SCRAP/LD Garbage bags. 

4. HD/LD/LD 
Industrial base food oil, backed 

confectionery, dry vegetables, dry 
unit, hydrogenated oil, lube oil 

5. HD/LL/Primacor Oil packaging

  
Waste Production By Packaging Industry And Need of 
Biodegradable Polymers Around millions of tonnes of 
plastic waste including refuse sacks, carrier bags and 
packaging, are buried in landfill sites every year around the 
world. China generates about 16 million tonnes, India 4.5 
million tones and the UK 1 million tonnes, of which more 
than 800,000 tones is Polyethylene waste. Conventional 
Polyethylene can take longer than a complete century to 
degrade [13]. Globally 3.2 million tonnes of the 26 million 
tonnes of the household waste produced annually is 
packaging. 150 million tonnes of packaging waste come 
from industry and commerce each year. People in the US 
throw away 2.5m plastic bottles every hour and out of which 
less than 3% are recycled. In the UK: of the 15 million 
plastic bottles used every day and much less than 3% gets 
recycled. Less than 1% of the billions of plastic bags used 
each year are recycled and the majority are used only once 
[14]. Increasing resource scarcity means it is more urgent 
than ever to be efficient with packaging and find solutions to 
deal with “Post-consumer” waste. Besides looking at 4 R’s, 
find a permanent solution by expanding the research and 
development of Biodegradable polymers [15]. 

 

 
 

Fig.2: Consumption of different material in packaging 
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Biodegradable Polymers-A Today’s Need 
According to ASTM and ISO standards degradable 
polymers are those which undergo a significant change in 
chemical structure under specific environment conditions. 
The chemical changes occur in loss of physical and 
mechanical properties [16]. Biodegradable polymers were 
first introduced in 1980s. There are many sources of 
biodegradable plastics, from synthetic to natural polymers. 
Natural biopolymers are available in large quantities from 
renewable sources, while synthetic polymers are produced 
from non-renewable petroleum resources. Besides of their 
biodegradability, they have other characteristics such as air 
permeability, low temperature sealability, availability and 
low price. Several biopolymers such as starch, cellulose, 
chitosan, PLA, PCL, PHB etc. are used for packaging 
purposes. The new and current trend is to use blends of 
different biopolymers such as starch-PLA blends; starch-
PCL blends etc. which are semi-synthetic in nature. 
 

 
 
Synthetic Biodegradable Polymer 
Synthetic Biodegradable Polymers are the synthetic ones 
with hydrolytically unstable linkage in backbone. This is 
commonly achieved by use of functional groups such as 
esters, amides, anhydrides and orthoesters. Their application 
in field of packaging is very much suitable. Mainly 
Aliphatic Polyesters are the dominants of this category. 
 
Aliphatic Polyesters 
Aliphatic polyesters are most extensively studied class of 
biodegradable polymers, because of their important 
diversity and its versatility. Mainly two routes i.e. 
Polycondensation and Ring opening polymerization leading 
to the development of synthetic polyesters. 
Polycondensation of bifunctional monomers preferentially 
yields low molecular weight polymers. Ring opening 
polymerization is preferred when high molecular polymers 
are desired. Most biodegradable polyesters are prepared via 
ring opening polymerization of six or seven membered 
lactones. The aliphatic polyesters are biodegradable in 
nature due to their hydrolysable ester bonds and almost all 
aliphatic compounds are the high molecular weight 
biodegradable compounds [17]. 
Aliphatic polyesters can be classified into two types 
according to the bonding of the constituent monomers. 

Polyhydroxyalkanoates 
Synthesized from hydroxyacids, HO-R-COOH  
E.g. Poly(glycolic acid) or Poly(Lactic Acid) 
 
Poly (alkenedicarboxylate) 
Synthesized from Polycondensation of Diols and 
dicarboxylate  
E.g. PBS, PES 
 
Polyhydroxyalkanoates 
Polyhydroxyalkanoates class mainly consist of PGA, PLA, 
and PCL. 
 
Poly (glycolic acid) (PGA) It is the simplest linear aliphatic 
polyester. It is highly crystalline, with a crystallinity of 45-
55% and thus is not soluble in most organic solvents. It has 
a high melting point (Tm) 220-225 °C and a glass transition 
temperature of 35-40 °C. It is prepared by ring opening 
polymerization of a cyclic lactone, glycolide. It has 
excellent mechanical properties due to its high crystallinity 
[17, 18]. PGA has vital advantage of degradability through 
simple hydrolysis of the ester backbone in aqueous 
surroundings. The polymer is known to lose its strength in 
1–2 months when hydrolysed and losses mass within 6–12 
months [18]. 
 

C
H2

C

O

O n

PGA  
 

Fig 6: Structure of Poly glycolic acid (PGA) 
 
Poly (lactic acid) (PLA) Poly (lactic acid) (PLA) also 
known as polylactide is a translucent aliphatic polyester 
made entirely from various natural sources found in great 
abundance like tapioca, corn, sugar beets wheat and etc. It is 
composed of repeating units of lactide, which is 
biorenewable and biodegradable. PLA is a semi-crystalline 
polymer. The degree of crystallinity is about 35-40%. It is a 
recyclable thermoplastic as the structure doesn’t form 
crosslinks [19]. PLA is degraded by simple hydrolysis of the 
ester bond and does not require the presence of enzymes to 
catalyse this hydrolysis [20] but exists microorganisms, in 
environments, can degrade it. 
 
Chemical Structure 
  

O C
H

C

OCH3

n  
 

Fig 7: Structure of Poly (Lactic Acid) (PLA) 
 
Different routes are used to obtain PLA. In general, there are 
three methods which can be used to produce high molecular 
mass PLA of about 1,00,000 Daltons:  
(a) Direct condensation polymerization of D- or L-lacti acid. 
(b) azeotropic dehydrative condensation and  
(c) Polymerization through lactide formation, the ring-
opening polymerization [17, 21]. 
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Currently, direct condensation and ring-opening 
polymerization are the most used production techniques. 
Ring-opening polymerization (ROP) of the lactide needs 
catalyst but results in PLA with controlled molecular weight 
and this route allows also the control of the final properties 
of PLA by adjusting the proportions of the two enantiomers 
[21]. Depending on monomer used and controlling reactions 
conditions, it is possible to control the ratio and sequence of 
D- and L-lactic acid units in the final polymer. PLA, a 
thermoplastic polymer having high-strength, high-modulus 
and a hard polymer whose hardness is similar to acrylic 
plastic, is not soluble in water and it is completely degraded 
under compost conditions; and it can be made from annually 
renewable proper resources to yield articles for use in either 
the industrial packaging field or the biocompatible/ 
bioabsorbable medical device market [18, 20]. It is easily 
processed on standard plastics equipment to yield molded 
parts, film, or fibers. PLA can achieve excellent mechanical 
properties if high molecular weight PLA as comparison to 
Low or medium molecular weight [20]. 
PLA polymers are materials that have high potential for 
packaging applications and create a lot of interest in the 
packaging industry for its properties and earth-friendly 
biodegradability. PLA are 
 resistance to oil-based products,  
 seal ability at lower temperatures, and 
 Can act as flavor or odor barriers for foodstuffs [18, 22]. 
 
The ratio between the two meso forms (L or D) of the lactic 
acid monomer decides the property:  
 
a) 100% L-PLA results in a material with a very high 
melting point and high crystallinity. 
b) If a mixture of D- and L-PLA is used instead of just the 
L-isomer, an amorphous polymer is obtained with a Tg of 
60°C, which will be too low for some packaging purposes.  
E.g. A 90/10% D/L copolymer gives a material which can 
be polymerized in the melt, oriented above its Tg and is easy 
processable showing very high potential of meeting the 
requirements of a food packaging. The temperature of 
processing is between 60 and 125°C depending on the ratio 
of D- to L-lactic acid in the polymer [22]. 
Brittleness and poor thermal stability are the disadvantages 
of PLA. It can be plasticized to improve the chain mobility 
and to favour its crystallization. Plasticization is realized 
with oligomeric acid, citrate ester or low molecular 
polyethylene glycol.Furthermore, PLA may be plasticized 
with its monomer or, alternatively, oligomeric lactic acid 
and the presence of plasticizers lower the Tg. As outlined 
above, PLA offers numerous opportunities to tailor the 
properties of the finished material or package. PLA may be 
formed into blown films, injected molded objects and 
coatings all together explaining why PLA is the first novel 
biobased material produced on a major scale [22]. 
 
Poly(lactide-co-glycolide) (PLGA)  
L-lactide and DL-lactide have been used for 
copolymerization with glycolic acid monomers (G). 
Different ratios of Poly (lactide-co-glycolide) have been 
commercially developed.  
 
A copolymer with a monomer ratio of 
 25L: 75G monomer ratios - Amorphous Polymer 
 80L: 20G monomer ratios - semi-crystalline. 

 
As the ratio of monomer L/G increases, the rate of 
degradation of the copolymer decreases [57]. Miller et al. 
have shown that the 50/50 Poly (lactide-co-glycolide) is 
very hydrolytically unstable and the resistance to hydrolytic 
degradation was found to be more pronounced at either end 
of the co-polymer composition range. The intermediate co-
polymers were found to be much more unstable compared to 
the homopolymers. Thus, 50/50 Poly (DL-lactide-co-
glycolide) degrades in approximately 1–2 months, 75/25 in 
4–5 months and 85/15 in 5–6 months [23]. 
 
Polycaprolactone 
Polycaprolactone (PCL) is synthetic biodegradable polyester 
which is produced from crude oil and biodegradable 
thermoplastic polymer. It has a good resistance to water, oil, 
solvent and chlorine [24, 25]. PCL is a hydrophobic, semi-
crystalline polymer; having a glass transition temperature 
(Tg) of −60 °C [17, 24] and melting point ranging between 59 
and 64 °C, dictated by the crystalline nature of PCL which 
enables easy formability at relatively low temperatures [24]. 
A semi-crystalline linear polymer is obtained from ring-
opening polymerization of ε-caprolactone in presence of tin 
octoate catalyst where the monomer is relatively cheap 
cyclic compound.  
The number average molecular weight of PCL samples may 
generally vary from 3000 to 
90,000 g/mol and can be graded according to the molecular 
weight. PCL crystallinity indirectly depends on the 
molecular weight i.e. increase in molecular weight tends to 
decrease in crystallinity [24]. 
At room temperature, PCL is a semi-rigid material has a 
modulus in the range of low-density polyethylene and high-
density polyethylene, a low tensile strength of 23 MPa and a 
high elongation to break (more than 700. Enzymes and fungi 
easily biodegrade PCL. To improve the degradation rate, 
several copolymers with lactide or glycolide have been 
developed [17]. PCL has a wide range of application area, 
such as packaging, medical implant, and controlled drug 
delivery system, so the crystallization and the morphologic 
properties of PCL are very important. Crystallization is an 
important process because of the final properties of any 
polymer can be determined by the superstructural and micro 
domain morphology, and overall crystallinity. Additives can 
be used to control the crystallization properties of PCL [24]. 
Enzyme and fungi can easily biodegrade PCL. Hence, Due 
to the rapid degradation rate of PCL, several co-polymeric 
systems containing PCL have been investigated to improve 
the properties of the native polymer. Co-polymers of e-
caprolactone with DLlactide have yielded materials having 
high rate of degradation [18]. 
 
Polyhydroxyalkanoate (PHA) 
Polyhydroxyalkanoates are natural, thermoplastic, aliphatic 
biogenic polyesters [44, 45] that can be naturally accumulated 
in microbial cultures and they differ in their properties 
depending on their chemical composition (homo-or 
copolyester, contained hydroxyl fatty acids). 
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Fig 8: Structure of some Polyhydroxyalkonates A) PH3B, B) PHV, 
and C) PHBV 

 
Properties Of Polyhydroxyalkanoates 
 Water insoluble and relatively resistant to hydrolytic 

degradation. 
 Poor Acid and Base resistant but good ultra-violet 

resistance. 
 Soluble in chloroform and other chlorinated 

hydrocarbons. 
 Biocompatible and hence suitable for medical 

applications. 
 Sinks in water, facilitating its anaerobic biodegradation 

in sediments. 
 Nontoxic. 
 Less ‘sticky’ than traditional polymers when melted [26, 

27]. 
 
PHA is a carbon-neutral and valuable polymer [28] that are 
bacterial polymer that could be produced from many 
renewable carbon sources by microorganisms usually under 
unbalanced growth conditions [29], making it a sustainable 
and environmental-friendly material. At present, PHA is not 
cost competitive compared to fossil-derived products. 
Encouraging and intensifying research work on PHA is 
anticipated to enhance its economic viability in the future 
[28]. Due to mechanical properties of PHAs, they are suitable 
for replacements of petro-chemically produced bulk plastics 
(polyethylene, polypropylene etc.), but in contrast to these 
commodity plastics PHA through natural microbiological 
mineralization, are completely degradable to carbon dioxide 
and water [29]. 
 
PHB 
Poly-3-hydroxybutyrate (PHB) is linear polyester of D (-)-3-
hydroxybutyric acid is one of the biodegradable PHA 
(polyhydroxyalkaoates) [26, 30] and is a naturally occurring 
hydroxyacid (a linear polyester) which was first discovered 
in bacteria by Lemoigne in 1925. It is accumulated in 
intracellular granules by a wide variety of Gram-positive 
and Gram-negative organisms under conditions of a nutrient 
limitation other than the carbon source [26] mainly bacteria 
like Alkaigenes eutrophus is used for production in which it 
acts as a storage material [31]. Poly-[(R)-3-hydroxybutyrate] 
(PHB) is a linear, isotactic, semi crystalline and has 
relatively high glass transition and melting temperatures. 
These aren’t good features for packaging applications.  
With the purpose to improve flexibility, PHB is synthesized 
with various co-polymers such as poly-(3-hydroxyvalerate) 
(HV) leading to a decrease of the glass transitions and 
melting temperatures). Current applications of PHB-based 
polymers or composites include the packaging industry, 
medicine, pharmacy, agriculture, food industry [28]. 
The characteristics of biodegradability and biocompatibility 
allow PHAs to be competitive in special market sectors. 
Both PHB homopolymer and PHBV copolyester have been 

receiving commercial interest as a promising candidate for 
the large-scale production of biodegradable and 
biocompatible thermoplastics [19]. 
 
Properties of Poly(hydroxy butyrate) 
a) Eco-friendly, biodegradable 
b) decompose into water and CO2 by microorganisms 
c) They are chain of 14 monomeric units. 
d) Usually molecular weight varies from 2-3×103 kDa. This 
again depends on capacity of microorganism to store the 
produced polymer.  
e) Can be a good substitute for synthetic plastic  
f) Can be produced from non-replenishing sources [30]. 
 
The key for research lies in its properties like biodegradable, 
durable, temperature resistant, non- pollution causing 
polymer. This simple human friendly polymer belongs to a 
huge class of biopolymers by PHA and well known for their 
physico-chemical properties as natural polymers. Their 
properties resemble that of synthetic plastics however the 
most attracting property of them is production and 
degradation which is contradictory to synthetic plastics [28, 

30]. 
 
PHBV 
Among PHA class, the main biodegradable microbial 
polymer studied is a copolymer of hydroxybutyrate and 
hydroxyvalerate (HV). It was first synthesized by ICI in 
1983. It can be produced by adding propionic acid to 
nutrient feedstock supplied to bacteria. Mixed carbon source 
is also used [17]. 
Poly(3-hydroxybutyrate-co-3-hydroxyvalerate) (PHBV) is a 
potential environment-friendly substitute for traditional 
plastics. Many groups have been reported about the 
structure, mechanical properties and biodegradability of 
PHBV as biodegradable plastics [32]. PHBV is a highly 
crystalline polymer with a melting point of 108 °C and glass 
transition temperature in the range -5 °C to 20 °C. The pure 
copolymer is also brittle, less than PHB. Elongation at break 
is lower than 15% and elastic modulus is 1.2 GPa. [17]. 
By changing the hydroxyvalerate unit content, properties of 
copolymer can be modified.  
a) The melting point of the copolymer, as well as the glass 
transition temperature and the crystallinity decrease as the 
hydroxyvalerate unit content increases.  
b) The impact strength increases and the tensile strength 
decreases with an increase of the HV units [17, 33]. 
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Fig 9: Structure of PHBV 
 
Some of the properties of the PHBV range span those of 
polypropylene to polyethylene. But PHBV properties can 
also be enhanced by adding normal polymer additives such 
as natural plasticizers, fillers, colorants, etc. [33]. 

The PHBV's biodegradability, apparent biocompatibility, 
and its manufacture from renewable resources are the main 



 

~ 892 ~ 

International Journal of Applied Research 
 

keys of their wide applications. Primary application areas in 
which these features meet some market needs are  
(i) disposable personal hygiene: PHBV could be used 

as the sole structural material or as part of a 
degradable composite;  

(ii) packaging: PHBV could be used for films, blow-
molded bottles, and as a coating on paper; and  

(iii) Medical: potential in reconstructive surgery and 
controlled release fields due to PHBV's 
biocompatibility coupled with its slow hydrolytic 
degradation [33].  

 
Polybutylene succinate (PBS) 
Polybutylene succinate (PBS), produced from two 
monomers i.e. butanediol and succinic acid, is one of the 
biodegradable thermoplastic polyesters [34]. PBS is a white 
crystalline thermoplastic with density of 1.25g/cc melting 
point (Tm)in the range of 90-120 ˚C and a low glass 
transition temperature (Tg)of about -45 to -10 ˚C. It has 
generally excellent mechanical properties and processability 
[35]. However, low molecular weight and low stiffness and 
high cost restrict its applications [34]. Like other aliphatic 
polyesters, it is thermally stable up to approximately 200 ˚C 
and because of its good biodegradability; it has attracted 
intense attention from industry. It can also substitute for 
PET, PP, and PS and replace Polyolefins [35]. In addition to 
its applications in textile industry and medical fields, PBS is 
a promising candidate to produce disposable packaging [34]. 
PBS is biodegradable aliphatic polyester with properties that 
are comparable to Polypropylene [36]. 
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Fig 10: Structure of Polybutylene succinate 
 
PBS technically produced biodegradable polyester is 
important due to 
- Succinic acid can be a biogenic monomer i.e. monomer 
based on renewable resources. 
- Rate of hydrolysis of polysuccinates is higher than those 
polyesters produced from aliphatic dicarboxylic acid 
- Melting temperature and Heat distortion temperature of 
PBS is highest [35]. 
Polymer blending is often performed in order to improve the 
physical properties. 
a) In the case of copolyester (PBSA), polyester tensile 

strength decreases with the introduction of the 
secondary component (adipate), exhibiting a tendency 
similar to that of the other physical properties. E.g.PBS 
is the polyester with the highest tensile strength, while 
the copolymers PBSA (80/20) and PBSA (60/40) shows 
improved elongation.  

b) In case of PBSU was found to be miscible with 
Poly(vinylidene fluoride), poly(vinylidene chloride-co-
vinyl chloride), poly(ethylene oxide) (PEO) and 
poly(vinyl phenol). On the other hand, PBSU was 
found to show no miscibility with PHB, poly(3- 
hydroxybutyrate-co-hydroxyvalerate) and poly 
(caprolactone) [37]. 

 
PES 
Poly(ethylene succinate), PESu, synthesized by the 
polycondensation of an aliphatic diacid (i.e. succinic acid) 

and an aliphatic diol (i.e. 1,2-ethanediol)is a biodegradable 
aliphatic semi-crystalline polyester. Aliphatic polyesters 
have poor physical and mechanical properties [38] but PESu 
shows very attractive properties including, melt 
processability, chemical resistance and mechanical 
properties similar to that of high density polyethylene and 
polypropylene [39]. Poly(ethylene succinate)- melting point 
103–106 ◦C, respectively, and they present controllable 
biodegradation rate and high processibility [40]. 
PES is prepared either by ring-opening copolymerization of 
succinic anhydride with ethylene oxide or by poly-
condensation of succinic acid and ethylene glycol. It can be 
used for most application in which polyethylene is currently 
used and yield strength of PES is higher than polyethylene 
[41]. 
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Fig 11: Structure of PESu 
 
Dimitrios et al. concluded that the biodegradation rates of 
the polymers decreased following the order 
PPSu>PESu>PBSu where PPSu, PESu, and PBSu is 
Poly(propylene succinate). Poly (ethylene succinate) and 
Poly(butylene succinate) respectively [42]. 
 
Natural-Synthetic Polymer Blend 
This category mainly consists of blends of aliphatic 
polyester with starch. Due to various disadvantages, starch 
is unsuitable for many applications. These include: 
1) brittleness in the absence of suitable plasticizers, 
2) hydrophilic nature of starch and poor water resistance 
3) deterioration of mechanical properties upon exposure 

to environmental conditions like humidity, and 
4) Soft and weak nature of starch in the presence of 

plasticizers. 
 
Most of the synthetic polymers are hydrophobic and 
thermodynamically immiscible with hydrophilic starch, thus 
mixing result in phase incompatibility and poor mechanical 
properties. Ideally, starch and the second polymer should be 
covalently bonded through existing functional groups or by 
introduction of new functional groups [43, 44].  
One means to improve the characteristics of starch films is 
through the preparation of composites or blends with other 
materials such as fibers, nano clays or biodegradable 
polymers. Studies on starch/polyester blends have focused 
on the incorporation of starch in the polyester matrix to 
reduce production costs and maintain the biodegradability 
[43]. 
 
Starch and Poly(vinyl alcohol) Polyvinyl alcohol (PVA) is 
a synthetic polymer, non-toxic, flexible, soluble in water 
and biodegradable. PVA exhibits excellent mechanical and 
barrier properties and good biocompatibility and high 
thermal stability. It is also compatible with starch [45, 46]. The 
physical properties of PVA, such as resistance, water 
solubility, thermal characteristics and gas permeability vary 
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with the degree of crystallinity, which is highly dependent 
on the degree of hydrolysis and average molecular weight of 
the polymer [45]. PVA can be blended with starch. It can be 
completely degraded by a soil bacteria pseudomonas but 
degradation of pure PVA is very slow under the presence of 
plasticizer glycerol. It is the largest synthetic water-soluble 
material produced in the world and biodegradable in nature 
and it is well suited for making blends with starch. Thus, 
starch/PVA blend is the most popular biodegradable 
polymer but it still lacks in mechanical strength and is 
hydrophilic in nature [46, 47]. The blend with 70% PVA and 
30% starch shows the best mechanical strength. On addition 
of Nano-filler the mechanical strength has increased 
significantly in all the samples. Sample with 70% starch 
shows maximum increase in strength compared to the 
unfilled sample [48]. The PVOH content has an important 
impact on the rate of starch degradation increasing the 
amount of PVOH will decrease degradation rate [47]. 
 
Starch and PLA 
Starch is abundant in plants such as maize, wheat, potato, 
rice, and pea, and is thus cheap and readily available. 
Physical treatment of native starch, i.e., disruption of its 
granular structure, produces thermoplastic starch (TPS) 
which unfortunately has poor mechanical properties and is 
unsuitable for use as a polymer matrix. Thus, it is 
predominantly used as cheap filler for biodegradable 
polymers. Alternatively, PLA (produced from the chemical 
treatment of native starch and sugar) is naturally 
biodegradable and compostable. PLA has excellent 
mechanical properties and can be processed using ordinary 
equipment, making it a promising biocompatible 
replacement for several petrol-based plastics [49]. Jozsef 
Gabor Kovacs et al. concluded that high starch content in 
starch-PLA blend leads to fast degradation which further 
leads to shorter shelf life of product [43].  
 
Starch-PCL Blend 
Aliphatic polyesters are usually biodegradable thermoplastic 
polymers with good processability, thermal stability, 
excellent mechanical properties, good water resistance, and 
dimensional stability. To achieve improved properties of 
blends, the compatibility between natural polymers and 
aliphatic polyesters has to be enhanced, and considerable 
progress has been made in this regard [50]. Among all 
biodegradable polymeric materials that are nowadays 
commercially available, blends based on destructurized 
starch and hydrophobic synthetic polymers, such as aliphatic 
polyesters, have received increasing industrial attention for 
using as commodity plastics [47]. Polycaprolactone (PCL) is 
biodegradable synthetic Polymer. For improving further the 
processing and mechanical properties, PCL is usually 
modified by blending with resins or the type of starch used 
in the polymer blend significantly contributes to the blend’s 
resulting properties [51]. 
 
Starch-PHB blend and Starch-PHBV Blend 
It was shown that poly(hydroxyalkanoate)s can form 
miscible blends with polymers which contain an appropriate 
functional group i.e. capable of hydrogen bonding or donor-
acceptor interactions. The properties of blend films with 
various proportions of starch are identical. A single glass 
transition temperature is obtained for all the samples, which 
are semi-crystalline. The tensile strength was optimum for a 

PHB/starch ratio of 70/30 (% wt/wt). In this particular case, 
an advantageous cost reduction and an improvement of 
mechanical properties compared to pure PHB are obtained. 
 
Economical & Ecological Aspect Of Biodegradable 
Packaging 
From the industry, the advantage of using biodegradable 
polymers derived from renewable feed stocks due to their 
low cost. At a first glance, biodegradable polymers lead to 
be a win-win opportunity for the economy and the 
environment. However, it is the situation with 
environmental issues; a sharp look at the cost-performance 
ratio of biodegradable polymer must be taken in order to 
make reasonable economic decisions [52]. According to 
Leaversuch. cost is always at higher side for synthetically 
derived biodegradable plastic materials when they are 
directly compared with their conventional counterparts. As 
the case with any new material, manufacturers and 
Businessman must expect a minimum of two years of losses 
before a profit is returned [53]. Salmoral reported a number of 
major chemical companies and innovators are gaining 
interest in developing biopolymer technologies used to 
manufacture products from renewable resources [54]. 
Tharanathan reported that synthetic plastics will never be 
totally replaced by biodegradable materials. However, he 
believes that in niche markets where the development is 
possible, there exists an opportunity for manufacturers to 
find a large profit [55]. 
All manufactured products, including their packaging, have 
impacts on the environment that includes: 
a) Consumption of non-renewable resources (e.g. materials 
and energy); 
b) Generation of air emissions in production, transport and 
use that contribute to air pollution, Including ozone layer 
depletion and global warming; 
c) Generation of waterborne emissions that contribute to 
pollution of waterways; and 
d) Production of solid waste requiring disposal in landfill. 
  
Some primary packaging products have relatively high 
recycling rates: 
 Aluminium Cans - 68% 
 Glass Containers - 42% 
 Steel Cans - 40% 
 HDPE Milk Bottles - 51% 
 PET Containers - 30% 
 Packaging Paper - 77%.  

 
Governments are also taking interest in the environmental 
aspects of packaging, seeking to reduce waste and increase 
recovery and recycling rates. Yet, governments are also 
increasingly interested in the communication aspects of 
packaging, either because of the perceived lack of 
appropriate information (e.g. front-of-pack nutrient labelling 
on food products) or because of the perceived power of on-
pack communication and branding to promote goods where 
they might wish to see sales restricted (e.g. on cigarettes) 
[55]. 
 
Future Aspect of Biodegradable Packaging 
Biodegradable polymers are a part of the larger overall 
plastics market. Typically, bio- plastics are either bio-based 
or biodegradable, although some materials are both. The 
biodegradable polymers market is still young and very 
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small, but the numbers are off the charts in terms of 
expected demand growth and potential for these materials in 
the coming years. Food packaging, dishes and cutlery 
constitute a major market for the product because these 
materials can be composted with the food waste without 
sorting, which is a huge benefit to the waste management 
effort and to reducing food waste and packaging disposal in 
landfills. Increasing legislation and consumer pressures are 
also encouraging retailers and manufacturers to seek out 
these biodegradable products and materials. Packaging 
industry has nearly 66% shares in bio-based biodegradable 
plastic market which is more than above other ones. 
 

 
 

Fig 12: Bio-Based Biodegradable Plastics Market (By 
Applications, 2016) 

 
It is expected that the growth of bio-based plastic is high in 
2020 in almost complete world with the highest growth in 
Europe followed by USA then South America and then 
Asia. 
.  

 
Fig 13: Bio-based plastic-2020 

 
The rapid urbanization and the expected dramatic growth of 
Indian middle class from 50 million to 583 million by 2025 
will increase the overall consumption of packed products 
enormously. The Indian retail market is already the fifth 
largest retail destination globally and has been ranked the 
second most attractive emerging market for investments. 
Moreover, foreign direct investment in Multi Brand Retail 
will fuel the packaging industry in the coming years [FICCI, 
IBF, [14]. 

Conclusion 
Man life style at the dawn of 21st century is so much 
dependent on the use of plastics mainly in the packaging 
sector. Every day consumers make decisions about what to 
buy, and how to buy it, based on a number of factors—
value, quality and convenience. An increasing number of 
consumers are also trying to evaluate the environmental 
consequences of purchasing certain products and the 
packages in which they are contained. As per the future 
perspective, the concept of biodegradable packaging 
becomes an extremely important global objective. Hence, 
the above review describes the different biodegradable 
materials which can play role directly or indirectly in 
development of biodegradable packaging.  
 
References 
1. Pawar PA, Aachal Purwar H. Biodegradable polymers 

in food packaging. American Journal of Engineering 
Research. 2013; 2(5):151-164. 

2. Ojha, Ankur et al. Food packaging–materials and 
sustainability-A review. Agricultural Reviews 2015; 
36(3):241-245. 

3. Mitrus M, Wojtowicz A, Moscicki L. Biodegradable 
Polymers and Their Practical Utility, in Thermoplastic 
Starch: A Green Material for Various Industries (eds L. 
P. B. M. Janssen and L. Moscicki), Wiley-VCH Verlag 
gmbh & Co. Kgaa, Weinheim, Germany. 
Doi: 10.1002/9783527628216.ch1, 2009. 

4. Packaging material for food, Practical Action Technical 
Brief. 

5. Underwood, Robert L, Julie L. Ozanne. "Is your 
package an effective communicator? A normative 
framework for increasing the communicative 
competence of packaging." Journal of Marketing 
Communications, 1998; 4(4):207-220. 

6. Pack Plus. Packaging: In the route of advanced 
Technology. Accessed online at 
http://www.packplus.in/Industry.htm and on June 26, 
2015; 2016. 

7. Garlotta, Donald. A literature review of poly (lactic 
acid). Journal of Polymers and the Environment, 2001; 
9.2:63-84. 

8. Swetman, Tony. Canning Food. 2008. 
9. Marsh, Kenneth, Betty Bugusu. Food packaging—roles, 

materials, and environmental issues. Journal of food 
science 2007; 72(3):R39-R55. 

10. Chin Alexander W. Polymers for innovative food 
packaging. Worcester Polytechnic Institute. 
Massachusetts. 2010. 

11. Leadbitter J. Packaging Materials. 1st ed., Brussel, 
ILSI, 2003. 

12. Understanding Plastic films: Its Uses, Benefits and 
Waste Management Options. American Plastics 
Council, 1996. 

13. Kumar A, Ashwin K, Karthick, Arumugam KP. 
Properties of biodegradable polymers and degradation 
for sustainable development." International Journal of 
Chemical Engineering and Applications, 2011: 
2(3):164. 

14. Market Facts. 
Http://www.packtechindia.com/cipp/md_ww2/custom/p
ub/content,oid,30224/lang,2/ticket,g_u_e_s_t/~/Market
_facts.html accessed June 2016. 

66%
6%

4%

8%

4%
12%

Packaging

Agriculture

Electronics

Textiles

Medical

Others

26%

24%18%

12%

19%

EUROPE

USA

SOUTH
AMERICA

ASIA PACIFIC

OTHERS



 

~ 895 ~ 

International Journal of Applied Research 
 

15. Unilever. Waste and Paxkaging. 
Https://www.unilever.com/sustainable-living/the-
sustainable-living-plan/reducing-environmental-
impact/waste-and-packaging (accessed 2016), 2016. 

16. Kolybaba M, Tabil LG, Panigrahi S, Crerar WJ, Powell 
T, and Wang B. October. Biodegradable polymers: past, 
present, and future. In An ASAE Meeting Presentation, 
2003. 

17. Vroman, Isabelle, and Lan Tighzert. Biodegradable 
polymers. Materials, 2009; 2(2):307-344. 

18. Daniela G, Ovidiu T. Biopolymers used in Food 
Packaging A review. Acta Universitatis Cibiniensis 
Series E: Food Technology 2012. 

19. Yang Shengzhe. Novel bio-based and biodegradable 
polymer." Graduate Theses and Dissertations 2014. 

20. Singh G, Bhunia H, Choudhary VG. Studies on 
degradable polymeric blends based on poly (lactic acid) 
(Doctoral dissertation), 2011. 

21. Lopes Milena S, André L Jardini. Synthesis and 
characterizations of poly (lactic acid) by ring-opening 
polymerization for biomedical applications. Chemical 
Engineering Transactions 2014. 

22. Weber CJ et al. Production and applications of biobased 
packaging materials for the food industry." Food 
additives & contaminants. 2002; 19(S1):172-177. 

23. Nair Lakshmi S, Cato T. Laurencin. Biodegradable 
polymers as biomaterials." Progress in polymer science 
2007; 32.8:762-798. 

24. Alp B, Cesur S, Balkose D. Crystallization control of 
polycaprolactone (PCL) with inorganic and organic 
additives. Conference materials: 18th International 
Symposium on Industrial Crystallization, Zurich. 2011. 

25. Jabeen, Nafisa, Ishrat Majid, Gulzar Ahmad Nayik. 
"Bioplastics and food packaging: A review. Cogent 
Food & Agriculture, 2015; 1(1):1117749. 

26. Bugnicourt Elodie et al. Polyhydroxyalkanoate (PHA): 
Review of synthesis, characteristics, processing and 
potential applications in packaging. 2014. 

27. VIROV, PLASTIKE IZ OBNOVLJIVIH. 
Polyhydroxyalkanoates: biodegradable polymers and 
plastics from renewable resources." Materiali in 
Tehnologije 2010; 44(1):23. 

28. Tan, Giin-Yu Amy et al. Start a research on biopolymer 
polyhydroxyalkanoate (PHA): a review." Polymers 
2014; 6(3):706-754. 

29. Bonartsev AP et al. Biosynthesis, biodegradation, and 
application of poly (3-hydroxybutyrate) and its 
copolymers-natural polyesters produced by 
diazotrophic bacteria. Communicating Current 
Research and Educational Topics and Trends in 
Applied Microbiology 2007; 1:295-307. 

30. Bharti SNG, Swetha. Need for Bioplastics and Role of 
Biopolymer PHB: A Short Review." Journal of 
Petroleum & Environmental Biotechnology, 2016; 7:1-
3. 

31. Ayyasamy P, Sasikumar PM. Design and 
Characterization of Poly-Hydroxy Butyric Acid (PHB) 
Based Polymeric Nanoparticles for Controlled Release 
of Doxorubicin for Cancer Treatment." International 
Journal of current microbiology and applied sciences, 
2015; 4:311-317. 

32. Wang, Shufang et al. Characteristics and 
biodegradation properties of poly (3-hydroxybutyrate-
co-3-hydroxyvalerate)/organophilic montmorillonite 

(PHBV/OMMT) nanocomposite." Polymer Degradation 
and Stability, 2005; 87(1):69-76. 

33. Luzier, William D. Materials derived from 
biomass/biodegradable materials. Proceedings of the 
National Academy of Sciences, 1992; 89(3):839-842. 

34. Al-Duhaidahwi, Hassan Raheem Hammood, and Emad 
A. Jaffar Al-Mulla. "Enhancement of properties and 
biodegradability of polybutylene succinate by 
epoxidized palm oil." Építöanyag (Online) 2016; 1:2. 

35. Adamopoulou Eirini. “Poly (butylene succinate): a 
promising biopolymer”. MS thesis. 2013. 

36. Liu, Lifang, et al. "Biodegradability of poly (butylene 
succinate) (PBS) composite reinforced with jute fibre." 
Polymer Degradation and Stability, 2009; 94(1):90-94.  

37. Qiu, and Zhaobin, et al. "Nonisothermal crystallization 
kinetics of poly (butylene succinate) and poly (ethylene 
succinate)." POLYMER JOURNAL-TOKYO- 2004; 
36(8):642-646. 

38. Kinetics, catalysis. Reaction Engineering; and Material 
Science." Brazilian Journal of Chemical Engineering 25 
2008. 

39. Papageorgiou, George Z et al. "Poly (ethylene 
succinate)/graphene oxide nanocomposites-preparation 
and characterization. 2013. 

40. Chrissafis K, Paraskevopoulos KM, Bikiaris DN. 
Thermal degradation mechanism of poly (ethylene 
succinate) and poly (butylene succinate): comparative 
study." Thermochimica acta, 2005; 435(2):142-150. 

41. Hoang Kim-Chi, Min Tseng, Wei-Jye Shu. 
"Degradation of polyethylene succinate (PES) by a new 
thermophilic Microbispora strain. Biodegradation, 
2007; 18(3):333-342. 

42. Bikiaris Dimitrios N, George Z. Papageorgiou, and 
Dimitris S. Achilias. "Synthesis and comparative 
biodegradability studies of three poly (alkylene 
succinate) s." Polymer degradation and stability, 2006; 
91(1):31-43. 

43. Kovacs JG, Tabi T. Biodegradable polymers based on 
starch and poly (lactic acid)." SPE Plastics 
researchonline, 10.2417/spepro. 003613. 2011. 

44. Kalambur, Sathya, and Syed SH Rizvi. An overview of 
starch-based plastic blends from reactive extrusion." 
Journal of Plastic Film & Sheeting. 2006; 22(1):39-58. 

45. Râpă, Maria, et al. Journal of Environmental Research 
and Protection Polyvinyl alcohol and starch blends: 
properties and biodegradation behavior." Journal of 
Environmental Research and Protection 2014; 11(1):34. 

46. Punya Chopra, Sangeeta Garg, Jana AK. Study on the 
Performance of Starch/PVA Blend Films Modified 
With SiO2 Nanoparticles." International Journal of 
Research in Mechanical Engineering & Technology, 
2013; 3:36-40. 

47. Di Franco CR, et al. Degradation of 
polycaprolactone/starch blends and composites with 
sisal fibre. Polymer Degradation and Stability, 2004; 
86(1):95-103. 

48. Sadhu, Susmita Dey et al. Preparation of starch-poly 
vinyl alcohol (PVA) blend using potato and study of its 
mechanical properties." Int J Pharm Sci Invent, 2014; 
3(3):33-37. 

49. Müller Carmen MO, Alfredo TN Pires, Fabio 
Yamashita. "Characterization of thermoplastic 
starch/poly (lactic acid) blends obtained by extrusion 



 

~ 896 ~ 

International Journal of Applied Research 
 

and thermopressing." Journal of the Brazilian Chemical 
Society 2012; 23(3):426-434. 

50. Zeng, Jian-Bing et al. Bio-based blends of starch and 
poly (butylene succinate) with improved miscibility, 
mechanical properties, and reduced water absorption. 
Carbohydrate Polymers, 2011; 83(2):762-768. 

51. Hubackova Jitka et al. Influence of various starch types 
on PCL/starch blends anaerobic biodegradation." 
Polymer Testing 2013; 32(6):1011-1019. 

52. De Wilde B, Boelens J. Prerequisites for biodegradable 
plastic materials for acceptance in real-life composting 
plants and technical aspects. Polymer Degradation and 
Stability. 1998; 59.1-3:7-12. 

53. Lucas M. Packaging, Shopper Marketing and the Retail 
Experience, Packaging for Retail Success Conference, 
10 November 2011, Park Plaza Hotel, London 
http://static.packagingnews.co.uk/uploads/2011-
10/pragma-monica-lucas.pdf (2011) 

54. Noble Printing Press “Report on Packaging Industry in 
India”. 

55. Tharanathan RN. Biodegradable films and composite 
coatings: past, present and future. Trends in Food 
Science & Technology, 2003; 14(3):71-78. 


