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Purpose of Packaging
Packaging can be defined as materials used to (temporarily) contain,
handle protect or transport articles
They are generally discarded as waste after usage

Primary or sales packaging: the packaging in shops that is
aimed at the consumer and comes in contact with the product
Secondary or grouped packaging: packaging which contains a
number of packaged products and is used for distribution and
in-store displays.
Tertiary or transport packaging: packaging for larger quantities
of products that is specifically intended for transportation.

Functions of packaging
Protection from oxygen

Protection from microorganisms

Protection from light

Means of communication

Rexam, 2011

Petroleum Based plastics
Production of plastics in 2015 it reached the value of more than
300 Mt.

In Europe, packaging applications are the largest application sector
for the plastics industry, representing approximately 40 % of the
total plastics demand

Abolibda T., 2015

Molenveld K., 2015

On 28 May 2018, the European Commission presented a proposal
for a Directive on the reduction of the impact of certain
single-use plastic (SUP) products on the environment
What is biobased?
Biobased materials are made of raw materials that are of direct or indirect natural
origin.
What is biodegradable?
Biodegradable materials are materials that can be broken down by
microorganisms (bacteria or fungi) into water and carbon dioxide (CO2).
Biodegradability depends strongly on the ambient conditions: temperature,
presence of microorganisms, presence of oxygen and water.

Molenveld K., 2015

Life Cycle Assessment
is a quantitative application for evaluating the life cycle
environmental performance of a product
o A ‘cradle-to-gate’ LCA starts with the extraction of raw materials and ends
when the finished product leaves the factory gate
o A ‘cradle-to-grave’ LCA ranges from the extraction of the raw materials used
for manufacturing of products through the disposal of the product in landfill,
incineration of recycling
o A ‘cradle-to-cradle’ LCA starts with the extraction of natural resources to
final disposal of the product, including any material recycling, energy recovery,
or reuse that may occur prior to ultimate disposition
comparison of the cradle-to-grave Green House Gases (GHG) emissions associated with
conventional and bio-based chemicals, based on a total of 44 LCA studies covering
approximately 60 individual bio-based materials and 350 different life cycle scenarios,
suggests that bio-based materials emit less GHG compared to fossil-based materials

Production of bio plastics

COMPOSITION
Bioplastics can be made from many different
sources and materials:
o Plant Oil
o Cellulose
o Corn Starch
o Potato Starch
o Sugarcane
o Hemp etc.

Bioplastics
material
Biodegradable
materials
 In general 4 materials commercially available
• Starch-based polymers

• Polylactic acid
• Polyhydroxyalkanoates
• Cellulose derivates

Chitosan?
 Polymer blends and
composites

Bioplastics material
Starch and starch derivatives

140 and 160ºC under pressure and stirring

25% -75% required energy 20-80% less
emissions when compared to polyethylene
www.novamont.com

Starch-based
polymers
Bioplastics
material
Mater-Bi®
• Maize and/or potatoe starch in blend with polycaprolactones
and other biodegradable esters
• Europeas most common bioplastic

www.novamont.com

Starch-based
polymers
Bioplastics
material
Others
 Plantic®
Starch from maize and hydroxypropyl, Plantic
Technologies (AUS)
 Solanyl®
Starch from potatoes, Rodenburg Biopolymers
(NL)
 Bioplast®
Starch blend, Biotec (DE)

 Biopar®
Starch from potatoes and blends, Biop AG (D)
Similar to PE (converting)

Limited applications!

Bioplastics material
Polylactic acid- PLA
Mechanical properties
and transparency
similar to polysteryne
and PET

Product

Application
Danone in uses PLA (IngeoTM) cup for Activia yoghrt
Cooperative in uses PLA (IngeoTM) milk bottle

Milk and dairy

Stonyfield Farm, replaced all of its petroleum-based multipack yogurt cups with
cups made from plant-based Ingeo™
Sandros Inc. uses PLA-foam thermobox (BioFoam®) for ice cream

Noble juice in the uses PLA (IngeoTM) bottles
Fruit juice

Polenghi in uses PLA (IngeoTM) bottles
Citrus Products uses PLA (IngeoTM) bottles

AlbertHeijn (Dutch super market chain) uses PLA films for organic fruit and vegetables
Fruits and

Walmart uses Ingeo™ natural packaging for the fresh organic salads,

vegetables

salsas, and bagged spinach.
Compostable fruit net made from BIO-FLEX®F1130 and F2110

Water

Sant’Anna in uses PLA (IngeoTM) bottle for mineral water
BASF’s creates coffee capsules made from compostable bioplastic

Coffee-Tea

Beanarella packages coffee in compostable PLA-based cups (Ecovio®)
Ahlstrom produces a lightweight filament web based PLA to be used as a tea bag

Bioplastics material
Poly (hydroxyalkanoates) (PHAs)
PHAs, of which poly (hydroxybutyrate) (PHB) is the most
common, are accumulated by a large number of bacteria as
energy and carbon reserves.

The properties of PHAs are dependent on their monomer
composition, and it is, therefore, of great interest that recent
research has revealed that, in addition to PHB, a large variety
of PHAs can be synthesized by microbial fermentation.
A very interesting property of PHAs with respect to food
packaging applications is their low water vapour permeability
which is close to that of LDPE and the propertiess can be
further improved when mixed with PLA

Barrier properties

Gas barrier properties
Many foods require specific atmospheric conditions to sustain their freshness and
overall quality during storage. Hence, increasing amounts of our foods are being
packed in protective atmosphere with a specific mixture of gases ensuring
optimum quality and safety of the food product in question.

Water vapor permeability
Sample preparation

Cutting of round films

Container with 53% RH

Sample weighting

WVTR 

P * D * Ln[( P  p 2) /( P  p1)]
R * T * z

Permeability 

WVTR * thickness
P 2  P3

P: Ολική πίεση
D: Διαχυτικότητα υδρατμών

Determination of water vapor
permeability

Τ: Θερμοκρασία
R: Σταθερά αερίων

p1: Μερική τάση υδρατμών στην κάτω επιφάνεια της
μεμβράνης
p2: Μερική τάση υδρατμών στην άνω επιφάνεια της
μεμβράνης
p3 : Πίεση στην εξωτερική επιφάνεια της μεμβράνης μέσα
στο θάλαμο

Δz
McHugh et al. (1993) Journal of Food Science, 58, 899

Barrier properties
A major challenge for the material manufacturer is the by nature hydrophilic
behaviour of many biobased polymers as a lot of food applications demand
materials that are resistant to moist conditions. However, if a high water vapour
barrier material is required, very few biobased materials apply. Notably,
developments are currently focusing on this problem and future biobased
materials must also be able to mimic the water vapour barriers of the
conventional materials known today

Material

Thickness
(μm)

Measuring
conditions
(Temp., RH
gradient)

WVP
(gs-1m-1Pa-1)Χ1010

Reference

Polysaccharide Based-films
Sago starch: sodium alginate: glycerol (4:1:0)

65

30°C, 52%/0% RH

5.15

Maizura et al. (2007)

Starch: pullulan: sorbitol (4.5:4.5:1)

100

25°C, 100%/53% RH

3.18

Biliaderis et al. (1999)

Chitosan: glycerol (1:0.25)

35

25°C, 50%/100% RH

3.37

Chen & Zhao (2012)

Alginate: CaCO3 (1:0.03)

35

25°C, 75%/100% RH

31.0

Benavides et al. (2012)

κ-carrageenan: glycerol (1:0.3)

50

20°C, 0%/100% RH

0.548

Martins et al. (2012)

Locust Bean Gum: glycerol (1:0.3)

60

20°C, 0%/100% RH

0.548

Martins et al. (2012)

Corn zein: oleic acid (1:1)

35

25°C, 97%/0% RH

0.179

Rakotonirainy & Padua
(2001)

Squid mantle muscle: glycerol (1:0.1)

-

25°C, 97%/0% RH

0.474

Leerahawong et al. (2011)

Wheat gluten: glycerol

50

30°C, 100%/0% RH

0.282

Gontard et al. (1993)

Sodium caseinate

80

25°C, 100%/53% RH

10.00

Kristo et al. (2008)

Whey Protein Isolate: sorbitol (1:0.8)

-

23°C, 50%/100% RH

18.63

Anker et al. (2000)

Beeswax

40-50

25°C, 100%/0%RH

0.006

Greener (1992)

Candelilla wax

90-110

25°C, 100%/0%RH

0.002

Greener (1992)

Stearic acid

-

23°C, 12%/56% RH

0.065

Koelsch & Labuza (1992)

Palmitic acid

-

23°C, 12%/56% RH

0.022

Koelsch & Labuza (1992)

Low-density Polyethylene

-

38°C, 90/0% RH

0.0097

Smith (1986)

High-density Polyethylene

-

38°C, 90/0% RH

0.0024

Smith (1986)

Protein Based-films

Lipid Based-films

Synthetic Packaging films

Thermomechanical properties
Next to the barrier properties of the final packaging, the thermal and
mechanical properties of the materials are both important for processing and
also during the use of the products derived from these materials. Most
biobased polymer materials perform in a similar fashion to conventional
polymers.
Sample

- Mark III, DMTA analyzer, Polymer Labs
- Bending mode (heating rate 2 oC /min;
frequency 3 Hz)
- Film dimensions 0.5 x 0.7 x 0.15 cm3
- Strain x 1 (maximum displacement 16 μm);
single cantilever

Moisture
content

Fixed part
Moving part
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Thermomechanical properties
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Mechanical properties of WPI films studied by tensile tests

Mechanical properties of WPI films studied by tensile tests
Elastic modulus (Ε)
Maximum stress (σmax)
Maximum elongation (% EB)

Stress (MPa)

Maximum stress

Breaking point

Flexible film

Maximum
elongation
Strain %

Mechanical properties of WPI films studied by tensile tests
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Edible packaging
When a packaging material such as a film, a thin layer or a
coating, is a food’s integral part and may be eaten with the

food, it is considered as ‘edible’ packaging.
Edible films

Edible coatings

• self-supporting structures
used for wrapping food
products

• applied to or formed
directly on foods

• used to produce pouches,
capsules, bags, wraps or
casings

• a specific form of films
applied directly onto the
surface of foods

• adjust the thickness

• mostly thinner
(Ramos et al., 2012)

Edible films and coatings

Commercial Name

Component

Applications

Source

FreshSeal®

Sucrose esters

Extending shelf life of different fruits www.basf.com
and vegetables such as tomatoes
mangoes and melons

Semperfresh™

Sucrose esters

Controlling
weight
loss
and www.paceint.com
respiration, retaining moisture and
preserving natural color of cherries
and pears

Pac-Rite® SP

Carnauba wax

NatureSeal®

Providing weight loss control for sweet www.paceint.com
potatoes
Polysaccharides Maintaining the taste, texture and www.natureseal.com
color of sliced apples and pears

Crystalac®

Shellac

Glazing hard and soft sugar candy

Cozeen™ 303 N

Zein protein

Providing a shiny coating to nuts and www.zeinproducts.com
candies and preventing candies from
sticking

Fry Shield TM

Calcium
pectinate

Reducing oil uptake during frying of www.kerry.com
fish, potatoes and other vegetables

Myvacet TM

Acetylated
Preventing water loss in muscle foods www.kerry.com
monoglycerides

www.mantrose.com

Edible packaging
OOHO!!!!

Incorporation modes of additives

Incorporation in
the core

Antimicrobial agent

Dipping or
spraying

Fast
diffusion

Incorporation into
the film

Reduced
diffusion
rate
Coma (2008), Meat science, 78, 90-103

Organic acids and their salts.
Biopolymer

Antimicrobial

Microorganisms

Sodium
caseinate

Potassium sorbate
Sodium lactate

Listeria
monocytogenes
Listeria
monocytogenes
E. coli O157:H7
Salmonella
typhimurium
Escherichia coli
Staphylococcus
aureus
Yarrowia lipolytica

Malic acid

Whey proteins

Lactic acid
Propionic acid
Lactic acid
Malic acid
Citric acid

Soy proteins

Citric acid
Lactic acid
Malic acid
Tartaric Acid

Corn zein
proteins

Lauric acid

Listeria
monocytogenes

Listeria
monocytogenes,
Escherichia coli
O157:H7 Salmonella
gaminara
Listeria
monocytogenes
Salmonella
Enteritidis

Application

Reference

Agar media

Kristo et al.
(2008)

frankfurters

Gadang et al.
(2008)

Agar media

Ramos et al.
(2012b)

Agar media

Pintado et al.
(2009)

Agar media

Eswaranandam
et al. (2004)

Broth

Hoffman et al.
(2001)

Organic acids and their salts
Biopolymer
Sweet potato
starch
Alginate
κ-carragenan
Pectin
Starch
Xanthan gum
Alginate
κ-carragenan
Pectin
Starch
Gelatin
Tapioca starch

Chitosan

Antimicrobial

Microorganisms

Application

Reference

Potassium sorbate

Escherichia coli
Staphylococcus
aureus

Solid and semi
solid media

Shen et al.
(2010)

Sodium lactate
Sodium diacetate
Potassium sorbate

Listeria
monocytogenes

deli products

Juck et al.
(2010)

Sodium lactate
Sodium diacetate

Listeria
monocytogenes

Cold-smoked
salmon

Neetoo et al.
(2010)

Agar media

Flores et al.
(2007)

Cold-smoked
salmon

Jiang et al.
(2011)

Potassium sorbate Zygosaccharomyces
bailii
Sodium lactate
Listeria
Sodium diacetate
monocytogenes
Potassium sorbate
Lactic Acid Bacteria
Enterobacteriaceae
Acetic acid
Lactobacillus sakei
Propionic acid
Serratia
liquefaciens

Cooked ham
Pastrami

Ouattara et al.
(2000)

Essential oils

Films with living cells
Spraying of L. sakei suspension
onto SCN preformed films

Solution Casting of
SCN / L. sakei cells
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Antimicrobial activity (L. monocytogenes ) of SCN films
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Films with living cells
The use of inorganic nanoparticles as antimicrobial agents has
also gained popularity recently due to their ability to withstand
harsh process conditions that may appear during the packaging
fabrication process. Silver nanoparticles have received special
attention because of their remarkable and broad spectrum of
antimicrobial activity against bacteria, yeasts, fungi, and viruses
while being nontoxic to human cells.
Disk diffusion tests for different
sized silver nanoparticles against
the E. coli MTCC 443 strain

Agnihotri, 2014
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