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Food packaging plays an important role in ensuring the global quality of the food consumed by people.
Technological progress has been achieved in recent years in the food packaging sector, leading to a
great diversity of food packaging, including bio-based packaging. This review highlights the different
types of biodegradable polymers that are used for food packaging production, their characteristics and
effects on food quality. Three categories of bio-based packaging are classified according to the origin of
the materials: Polymers directly extracted from natural materials, polymers synthesized from bio
derived monomers, and polymers produced by microorganisms. Bio-based food packaging has various
properties and is increasingly used to limit the use of plastic packaging produced with petroleum
resources. Several types of interactions occur between food and bio-based packaging such as
permeation, migration and sorption. Depending on the properties of the material used for production,
bio-based packaging contributes differently to the preservation of packaged food.
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INTRODUCTION

Food packaging plays an important role in food security
by reducing losses, but also to ensure food safety and to
strengthen trade, one of the keys to the development of
various economies (Carocho et al., 2015; Gontard et al.,
2017; Meenu et al.,, 2017; Ribeiro-Santos et al., 2017;
Robertson, 2006). As part of key factors in loss reduction
and ensuring food safety, food packaging presents some
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environmental benefits. Indeed, each ton of food waste
contributes to avoiding 4.2 tons of food emissions carbon
dioxide that would have been associated with the waste
(Quested et al., 2011). The use of food packaging started
a long time ago, and at that time, leaves and skins of
animals were used to hold, transport or preserve food
(Mustafa et al., 2012). This traditional packaging continues
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to be used in Africa and Asia, and occupy an important
place in the food industry (Hounhouigan, 2000; Onzo et
al., 2013). Since the twentieth (20”‘) century, many
advances have been made in the field of food packaging
(Risch, 2000). Thus, the detailed functions of food
packaging including containment, protection and
conservation, marketing, identification, information and
comfort of use are widely reported in literature (Risch,
2000). Advances in this sector have led to the use of
various materials for the manufacture of food packaging
and the production of modern types of packaging such as
intelligent packaging or smart packaging (time-
temperature indicators, gas, microwave cooking
indicators, radio frequency identification and others) and
active packaging (oxygen sensors, moisture absorbers
and antimicrobials) (Brody et al., 2008). These
innovations have further improved food quality, food
safety and shelf life (Han, 2018), and are in particular due
to scientific research which allows understanding the
various reactions which take place within food and the
interactions of food with its packaging. These interactions
are diverse and vary from one packaging material to
another (Yam et al., 2005). Several studies carried out in
recent years have clarified the diverse effects of the
packaging material on environmental and consumer
health, depending on its origin. Non-biodegradable
packaging, especially plastic has become very bulky in
nature, thus posing serious health, environmental and
land degradation problems (Adejumo and Ola, 2008).
Consequently, bio-based packaging is perceived
nowadays as a good alternative to non-biodegradable
packaging. In this area, one approach consists in using
and structuring bio-based materials on a micrometric or
nanometric scale in order to obtain packaging with
specific properties to meet the requirements of food
packaging while respecting environmental constraints
(Davidovic, 2007; Hijazi, 2014; Peelman et al., 2013;
Siracusa et al, 2008). Providing sustainable and
economically viable food packaging while maintaining key
packaging’s characteristics requires continuous
technology development and innovation. There are
several reported studies on packaging produced from
natural and biodegradable resources. The purpose of the
present review was to highlight the new development in
food packaging with a focus on bio-based packaging and
technical advances in the field including interactions
between bio-based packaging and food. Particular
interest was given to future prospects of bio-based food
packaging development in Africa.

FUNCTIONS OF FOOD PACKAGING

Food packaging provides two important functions:
logistical function (container, protection and preservation)
and information function (marketing, convenience,
identification) (Lee and Lye, 2003).

Food container

Packaging is the container used to keep one or more
products until complete use or transfer to another
container. The characteristics of the packaging (structure,
shape, size, material, etc.) depend on the type of product
for which it is intended. Depending on the product nature
(liquid, solid, hot, cold, large, small, etc.), the packaging
will be different. This container function integrates derived
sub-functions such as transport, storage, warehousing
and handling (Rocher, 2008). Considering the product
distribution channel, packaging ensures its delivery from
the production places to the point of sale without
damage. In addition, as a container, it should not become
harmful after use of the product but can also be useful in
ensuring storage possibilities for the consumer (Lee and
Lye, 2003).

Protection and preservation

Another function of packaging is to protect and preserve
the product, to maintain its highest level of quality as long
as possible. Packaging provides physical, chemical and
biological protection for the product (Robertson, 2006). At
the physical level, it protects food from mechanical
damage including shock and vibration during distribution.
Chemically, it minimizes changes in both nutritional
(preserving nutrients) and organoleptic (color, texture,
taste) composition caused by environmental influences
such as exposure to gas (oxygen), humidity (loss or
gain), or light (visible, infrared or ultraviolet). Biologically,
packaging provides a barrier against both pathogenic and
spoilage microorganisms, insects, rodents and other
animals, thereby preventing contamination and spoilage
of the food (Marsh and Bugusu, 2007). Protective
function that packaging provides implies properties such
as:

i) Mechanical resistance: Solidity of the packaging to
ensure physical and biological protection;

i) Impermeability: Ensuring chemical protection and
avoiding the exchange of microorganisms and matter
between the product and the outside environment;

iii) Opacity: Protecting the product against the effects of
light

iv) Integrity: Remaining unharmed so as not to
compromise the quality of the product it contains.

Marketing

Before discovering the product, the component the
consumer first comes in contact with is the packaging. It
is a real means of communication between the producer
and the consumer. It should inform consumers and
appeal to them. Packaging attraction is based on different
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Bio-based

Examples:

Examples:

Bio-based Polyethylene Terephthalate (Bio-
PET), Biopolyethylene (Bio-PE), Bio-

propylene (Bio-PP), Bio-polyamide (Bio-PA)

Not biodegradable

Conventional plastics
Examples:

Polyethylene (PE), Polypropylene (PP), Polystyrene
(PS), Polvethylene Terephthalate (PET)

Polylactic acid (PLA),
Polyhydroxyalcanoate (PHA), Polybutylene
succinate (PBS), Lignin, Hemicellulose,

Cellulose, Starch, Chitosan

Biodegradable

Examples:
Polycaprolactone (PCL), Polybutylene
adipate terephthalate (PBAT)

Petrochemical-based

Figure 1. Types of packaging materials used in food packaging. Source: Hijazi (2014), Lackner (2015),

and Rameshkumar et al. (2020).

elements (color, shape, graphics and material)
(Draskovic, 2007). The ability of consumers to instantly
recognize products through a distinctive brand and
labeling makes it easy for supermarkets to sell (Ampuer
and Vila, 2006; Robertson, 2006). This marketing
function includes a set of elements (Ampuer and Vila,
2006; Robertson, 2006):

i) Visual impact (or alert function): It is important for
packaging to be spotted easily.

i) Recognition: When looking at the packaging,
consumers who already know the brand recognize it
easily, without even having to read its name.

iif) Expression of positioning: The packaging must, by its
shape or decoration, evoke the salient and distinctive
features that the producer has decided to confer on the
brand.

iv) The impulse to buy: A package must arouse or
reinforce the desire to buy.

Identification and information

Packaging provides consumers all the information they
may need: type of product, composition, quantity,
manufacture date, expiration date for consumption,
nutritional value, manufacturers, indications for optimal
use, precautions for use, storage handling, etc.
(Robertson, 2006). It gives information about the specific
characteristics of the product, so as to avoid misuse
(Draskovic, 2007).

User convenience

Food packaging is an integral part of the product. It
should allow consumers to access the food with some
convenience and allow easy use of the food (Robertson,
2006). For certain technologies, the packaging used
confers organoleptic characteristics to food and leads
consumers to prefer one packaging over another (Onzo
et al., 2015). The packaging, intimately linked to the food
product which it contains, contributes to the quality of this
food by facilitating its use and its conservation by the
consumer.

DIVERSITY OF BIO-BASED FOOD PACKAGING
MATERIALS

The term “bio-based” designates polymers whose raw
materials are wholly or partially derived from the plant,
animal or microbial biomass (Hijazi, 2014). They may or
may not have a biodegradable character (Figure 1). The
term biodegradable is used to show the ability of a
material to be decomposed under the action of enzymes
produced by microorganisms (Hijazi, 2014; Jiang et al.,
2006).

Depending on the origin of bio-based and
biodegradable materials, they are classified into three
main categories: polymers directly extracted from natural
materials, polymers classically synthesized from bio-
derived monomers and polymers produced by
microorganisms (Figure 2).
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Biopolymers

Polymers directly extracted
from natural materials

Polymers synthesized from
bioderived monomers

Polymers produced by
microorganisms

— Polysaccharides

Poly(lactic acid)

Polyhydroxyalkanoate

Starch and Starch derivatives
(Cassava, corn, rice, ...)

Other polyesters

Bacterial cellulose

Cellulose/Cellulose
derivatives (Cotton, wood, ...)

H Chitosan

L{ Pectins

L1 Protein

Animal proteins

Plant proteins

Figure 2. Categories of bio-based materials.
Source: Guzman et al. (2011) and Robertson (2008).

Polymers directly extracted from natural materials

Natural polymers are those obtained from animal,
agricultural and marine resources, which include
polysaccharides (starch, cellulose, chitosan, gums, etc.)
(Robertson, 2008). There are also vegetable proteins
(zein, gluten, soy, etc.), animal proteins (casein, collagen,
gelatin, etc.) and lipids. They can be used alone or mixed
with a biodegradable synthetic polymer such as
polycaprolactone (PCL) or other biodegradable
polyesters such as polylactic acid (PLA) (Guzman et al.,
2011; Rameshkumar et al., 2020). These materials used
in the production of food packaging have good gas
barrier properties (Avérous and Pollet, 2012). However,
due to their hydrophilic and crystalline character, they
present some limits during the heat treatments which are
carried out on packaged foods (Avérous and Pollet,
2012).

Starch is a less expensive and renewable plant
material (Sadeghizadeh-Yazdi et al., 2019). It is obtained
from various sources such as cassava, potato, corn,
wheat, rice, sweet potato (Whistler and BeMiller, 2007). It
is composed of amylose and amylopectin which ratios
vary with the source of the starch (Guzman et al., 2011).
Several studies have shown that starch is a thermoplastic
material (TPS) and can be used to replace polystyrene
(PS) which is a non-biodegradable compound. Thanks to

the restructuring, starch can be converted into
thermoplastic material by means of treatment at high
temperature (Avérous and Pollet, 2012; Guzman et al.,
2011). In this process, water and glycerol are generally
used and play the role of plasticizers (Guzman et al.,
2011; Wertz, 2011). However, its affinity for humidity
limits its ability to be used alone for the production of food
packaging suitable for foods with a high water content
(Guzman et al., 2011; Peelman et al, 2013;
Sadeghizadeh-Yazdi et al., 2019). In order to improve the
characteristics of biodegradable starch-based packaging,
it is mixed with synthetic biopolymers with the desired
properties (Rutot and Dubois, 2004; Yadav et al., 2018).
These technologies for improving the properties of bio-
based packaging are developed by some researchers. As
an example, corn starch enriched with chitin nano-
whiskers has been used to produce food packaging with
antimicrobial properties against Listeria monocytogenes
(Qin et al., 2016).

Cellulose-based bioplastics are also used as food
packaging with a significant market share worldwide
(Peelman et al., 2013). Cellulose derivatives can be
produced by derivatization of the cellulose from the
solved state, via esterification or etherification of the
hydroxyl group. These cellulose-derived forms are used
to produce biodegradable packaging (Majid et al., 2018;
Rutot and Dubois, 2004). In order to increase its moisture



barrier properties, the incorporation of hydrophobic
compounds such as fatty acids is carried out in the
cellulose ether matrix to develop a composite film
(Morillon et al., 2002).

Like starch and cellulose, chitosan or chitin is used for
the production of biodegradable packaging. It is a semi-
crystalline polymer of the polysaccharide type obtained
by deacetylation of chitin. The second most common
polysaccharide in the world after cellulose (Rinaudo,
2006), chitin is one of the constituents of the exoskeleton
of arthropods, the cuticle of insects or the cell wall of
fungi and yeasts (Majeti and Ravi, 2000). Chitosan has
excellent mechanical and antimicrobial properties which
reduce the oxidation process and are beneficial in
increasing the shelf life and quality of food products
(Gemili et al.,, 2009). It is mainly used as an edible
coating to extend the shelf life of fresh fruits and
vegetables (Clarinval and Halleux, 2005).

Proteins are also wused in the production of
biodegradable food packaging. They are complex
structures made up of amino acids and are obtained from
plant (gluten, zein, soy protein, etc.) and animal (casein,
whey, gelatin, etc.) sources (Dean and Yu, 2005).
Although they are biodegradable, renewable, and with
better gas barrier properties, they have limitations due to
their hydrophilic nature. Like starch-based polymers,
proteins must be mixed with other polymers or must be
chemically or microbiologically modified (Majid et al.,
2018). Applications of proteins in the packaging field are
in particular in the form of edible films (Mohareb and
Mittal, 2007). Protein materials are widely studied as food
packaging materials with recent improvements in
properties, but a breakthrough leading to
commercialization has yet to be assessed (Guilbert et al.,
1997). One reason is the high cost of protein materials
(Bhattacharya et al., 2005).

Polymers classically synthesized from bio-derived
monomers

Synthetic polymers are polymers resulting from chemical
reactions from renewable materials. Obtained by the
fermentation route, they are called synthetic or chemo-
synthetic polymers because of their method of
manufacture (Meena et al., 2017). This method consists
of a polycondensation (heating) of natural monomers.
Synthetic polymers are produced by conventional
chemical synthesis of bio-based monomers. These
synthetic polymers are obtained from renewable
resources such as corn, sugar beets and potato starch
(Koutinas et al., 2007). There are several types of these
polymers and the most used is polylactic acid (PLA).
Polylactic acid (PLA) is one of the most available and
exploited bioplastics (Montes et al., 2018). It has become
a good alternative to conventional plastics due to its
biodegradable nature. It has also been shown that PLA,
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in many circumstances, performed better than that of
synthetic plastics (Auras et al., 2005). It is produced by
conversion of the raw material (carbohydrate source) into
dextrose followed by fermentation into lactic acid.
Following this conversion, PLA pellets are obtained by
direct polycondensation of lactic acid monomers or by
ring-opening polymerization (Sédergard and Stolt, 2002).
Several types of treatment can be carried out with this
material to produce biodegradable food packaging (Rasal
et al., 2010; Xiao et al., 2012).

Polymers produced by microorganisms or bacteria

This polymer category includes polymers synthesized
from the microbial fermentation of polysaccharides
(Sudesh and Doi, 2005). It includes polymers, such as
polyhydroxyalkanoates (PHA) and microbial
polysaccharides such as pullulan, bacterial cellulose,
curdlan, xanthan etc. (Bielecki et al.,, 2003). Among
polymers produced by microorganisms, the most
common are polyhydroxyalkanoates (PHA) (Bielecki et
al., 2003). PHA are linear biopolyesters produced
biologically by microorganisms from carbon substrates, in
unbalanced living conditions, in a proportion which can
sometimes reach 80% of their dry mass (Avella et al.,
2005; Matsumoto et al., 2001). The chemical structure of
these polymers varies according to the bacterial sources,
the metabolism and the substrates used, which influence
the molecular mass and the properties of the polymer.
With the development of biotechnology, it has become
possible to synthesize a wide variety of PHAs (Noda et
al., 2004; Steinbuchel, 1995). However, PHA polymers
are very expensive (5 to 10 times more expensive than
for petro-based polymers) because of being obtained
from microorganisms and the purification is still in very
restrictive steps (Suriyamongkol et al., 2007), which
explains the high cost of PHA polymers. PHAs are
biodegradable, thermoplastic,  biocompatible  and
thermostable with a melting temperature of around 180°C
(Hijazi, 2014). PHAs are bio-based materials which have
high biodegradation kinetics under natural conditions.
They are optically active and have good gas barrier
properties to flavors and odors (Castilho et al., 2009;
Narancic et al., 2020). They are also resistant to grease
and oil, temperature stability and are easy to dye, which
improves its applications in the food industry (Tripathi et
al., 2014).

INTERACTIONS BETWEEN BIO-BASED PACKAGING
AND FOOD PRODUCTS

By nature, food bio-based packaging materials are not
inert; they can have consequences on physical, chemical,
microbiological and organoleptic characteristics of the
food. Furthermore, the contact between bio-based
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Figure 3. Interactions between packaging-food products.
Source: Bach (2012) and Severin et al. (2011).

packaging and food can also influence the mechanical
properties of the packaging (Ebrahimzadeh Mousavi,
1998; Lezervant, 2007). There are three types of
interactions between the environment, packaging and
food: permeation, sorption and migration (Figure 3).

Permeation

Permeation is characterized by the transfer of volatile
molecules between external environment and food
through packaging. Oxygen (O,) passes from the
surrounding environment to the packaged product; while
CO, and other volatile compounds (water vapors, aroma
compounds) are transferred from the product to the
outside of the packaging, or in some cases, from the
environment to the product (Perazzo et al., 2014; Severin
et al., 2011). Permeation could lead to oxidation
reactions, microbiological contamination, loss of aroma,
change in color, texture, etc. As a result, the quality of the
food may decrease (Severin et al., 2011). As in the case
of migration and sorption, permeation is greater in
amorphous materials and rubbery materials than in
crystalline or glassy materials (Zaki, 2008). In general,
permeability depends on the materials used for the
production of the packaging, the thickness of the
packaging, the type of product packaged and the storage
conditions.

Sorption
Sorption is the assimilation of the food constituents by the

packaging followed by their penetration in the packaging
(Bach, 2012; Severin et al., 2011). It can cause physical

ageing of the packaging which results in a slow and
irreversible deterioration of its properties. Furthermore,
the structural modifications caused by these phenomena
can lead to the production of newly formed substances.
These uncontrolled substances can in turn migrate to
food, constituting a danger for the consumer. Thus, on
the one hand, these phenomena can lead to the
deterioration of the packaging, and on the other hand,
they can affect the quality of the food (Severin et al.,
2011). In addition, the increase in temperature promotes
the sorption of aroma compounds in packaging materials.
By passing for example from 4 to 40°C, the total sorption
of the aroma compounds, after 28 days of storage, was
multiplied by 13 in a polyethylene terephthalate (PET)
bottle (Coulier et al., 2007). The sorption of the aroma
compounds increases the permeability of the packaging
to oxygen which is detrimental to the quality of the
content (Coulier et al., 2007; Van Willige et al., 2001).

Migration

Migration corresponds to the transfer of components from
packaging to food (Berlinet, 2006). In general, this
transfer of material can occur during production,
transport, storage, cooking or even during consumption
of food. Different factors are involved in the migration
process: the nature of the material, the elements
concerned, but above all, the physical and chemical
characteristics of the packaged food. Depending on
whether the food is more or less pasty, solid or liquid, the
migration process varies (Simoneau, 2008). In addition,
factors such as the temperature and the lipophilic nature
of food remain the main factors of compound migration
(Ebrahimzadeh Mousavi, 1998; Simoneau, 2008).



BIO-BASED PACKAGING MATERIAL EFFECTS ON
FOOD QUALITY

Food packaging produced with biological and renewable
resources has properties that are directly linked to the
nature of the biopolymer that constitutes them (Auras et
al., 2005). The main properties of bio-based packaging
are barrier to water vapor, oxygen, and fats and
antimicrobial function. All biopolymers do not have the
same properties and for the same property, the level of
performance differs from one biopolymer material to
another. Recent studies have developed bio-based
packaging with incorporation of active biological
substances in order to give antimicrobial and antioxidant
activities to packaging (Table 1).

Effects of bio-based packaging on the physico-
chemical characteristics of food

The effects of bio-based packaging on the physico-
chemical characteristics of food vary according to the
type of food and the packaging material. Packaged food
products contain various types of substances and their
interaction with bio-based materials can affect the
mechanical properties of the packaging and also the
overall quality of the food (Auras et al., 2005). In the food
industry, the performance of bio-based packaging in
terms of barrier to oxygen, air, light, water, water vapor,
grease and oil is very important (Lavoine et al.,, 2012;
Leminen et al., 2013). Several studies have evaluated the
effects of bio-based packaging on the quality of food. The
research of Kantola and Helen (2001) on ability of bio-
based packaging (polylactic acid, PHA and
polyhydroxybutyrate, PHB) to preserve fresh tomatoes
has shown that, although bio-based materials offer the
same protection against quality change as -based plastic
packaging, tomatoes have lost more weight in bio-based
packaging than in conventional plastic packaging. The
evaluation of the effect of yam starch films on the
conservation and quality of strawberries, carried out by
Mali and Grossmann (2003), showed that these films
made it possible to considerably reduce fruit rot
compared to the control. But compared to yam starch
films, PVC exhibited the best behavior in maintaining fruit
weight and firmness. Other studies have shown that the
water vapor transmission of a PLA film used to package
mushrooms is about four times higher than that of
conventional plastic film (Holm and Mortensen, 2004).
The water vapor barrier is also shown to be a factor in
shelf life and is limited when using bio-based materials
for cheese packaging (Holm et al.,, 2006b). In PLA
packaged cheese, moisture loss was the predominant
process due to higher internal relative humidity,
generated by the high water activity of the cheese (Holm
et al.,, 2006a). The evaluation of the performance of bio-
based packaging against lipid oxidation has been
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investigated by certain authors. The work carried out on
cheese packaged in a modified atmosphere bio-based
packaging (PLA) and conventional plastic packaging
(PET) has shown that there is no significant difference
between the proportion of lipid oxidized in each type
(Holm et al., 2006b). The study of the effect of PLA on
the oxidation of vitamins in food revealed a good
protection of ascorbic acid in orange juice (Haugaard et
al., 2002) and of a-tocopherol in vinaigrette (Haugaard et
al., 2003) compared to polystyrene packaging and other
types of conventional plastic packaging. PLA packaging
generally had weaker light transmission than the
reference packaging (petro-based plastic), which may
explain the protection against loss of vitamins (Haugaard
et al., 2003). Likewise, more pronounced degradation of
riboflavin  was observed in yogurt packaged in
polystyrene packaging than in PLA. This observation has
been attributed to differences in light transmission
(Kristensen et al., 2000). Although bio-based packaging
has properties necessary for food packaging, it has been
proven that these properties are sometimes weak and do
not always favor food storage over a long period (Gan
and Chow, 2018; Qin et al., 2016; Silva-Pereira et al.,
2015). Several studies have therefore been carried out
with the aim of improving the properties of bio-based
packaging and making it able to preserve food for
relatively long period. Various types of packaging from
composite bio-based materials with additives have been
developed (Table 1). Kanatt and Makwana (2019) have
produced food packaging from cellulose incorporated
with citric acid and Aloe vera. These authors have found
that the packaging produced has antioxidant activity and
good mechanical properties. Bio-based food packaging
with antioxidant activity has also been developed by
Schreiber et al. (2013) from chitosan enriched with gallic
acid, which type of packaging significantly reduces
peroxidation and rancid reactions during the conservation
of ground peanuts. Other technologies have made it
possible to develop intelligent bio-based packaging, pH
indicator, using natural additives such as red cabbage
extract and mulberry extract (Ma et al.,, 2018; Silva-
Pereira et al., 2015) and blueberry powder (Luchese et
al.,, 2017). These studies have shown that bio-based
materials can be used in combination with other natural
compounds (essential oils, polyphenols, etc.) to produce
bio-based packaging with beneficial effects on
physicochemical characteristics of foods (Woranuch et
al.,, 2015) and on their conservation (Ma et al., 2018;
Schreiber et al., 2013; Silva-Pereira et al., 2015).

Effect of bio-based packaging on the microbiological
characteristics of food

Packaging materials play an important role in protecting
food from microbial contamination (Faseyi, 1996). Their
ability to act as a barrier to microorganisms differs,
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Table 1. Synthesis of recent studies performed on effects of bio-based food packaging on food quality.

Blo-bas_ed . Effect of developed bio-based packaging on food
packaging Constituents - . Reference
; characteristics and quality
materials
Effect on peanut powder preservation by reducing
Chitosan Grafting of gallic acid on chitosan the levels of thiobarbituric acid-reactive substances, Schreiber et al. (2013)
peroxide, and conjugated trienes.
Chitosan-starch films containing red Visual colorimetric indicators of edible films which Silva-Pereira et al.
Starch and . 2015) and
chitosan cabbage extract and mulberry change color when the pH accompanying ( ) an
extract for fresh fish conservation deterioration changes. Ma et al. (2018)
Decreased moisture content, water sorption
capacity, and mechanical properties but improved Aljawish et al. (2016)
Chitosan Chitosan film modified by ferulic acid  oxygen barrier property and antioxidant activity, as and Woranuch et al.

PLA (Polylactic
acid), lignin and
cellulose

Starch and
chitosan

PLA

PLA and cellulose

PLA and Cellulose

Starch

PLA and chitosan

PLA and Cellulose

Cellulose

Chitosan and
arabic gum

PLA and cellulose

PLA based films containing lignin
nanoparticle (LNP) and/or cellulose
nanocrystal (CNC)

Maize starch-based films enriched
with chitin nano-whiskers

PLA packaging reinforced with
cellulose nanocrystals and lignin
nanoparticles

Addition of acetylated or crystalline
nanocellulose as a filler material for
PLA films

PLA films with Zataria multiflora
Bioss essential oil, propolis ethanolic
extract and cellulose nanofiber

Film produced with corn starch,
glycerol and blueberry powder (with
or without prior fruit bleaching)

Polylactic acid with chitosan
nanoparticles using polyvinyl alcohol
as a plasticizer and polyethylene
glycol as crosslinking agent

Cellulose nanocrystal containing
PLA films

Carboxymethyl cellulose-poly vinyl
alcohol (CMC-PVA) incorporated
with citric acid 4% and Aloe vera 1%

Chitosan-arabic gum films enriched
with cinnamon and clove essential
oils

PLA films containing propolis
ethanolic extract, cellulose
nanocrystal and Tanacetum
balsamite L. essential oil.

well as decreased water vapor barrier property and
extensibility

Synergistic effect of the LNPs and CNC which
improve antibacterial activity against Xanthomonas
axonopodis pv. vesicatoria and X. arboricola pv.
pruni bacteria (bacteria negatively affecting tomato
and pepper crops)

Antimicrobial activity against Listeria monocytogenes

Showed an antibacterial activity against P. syringae
pv. tomato

Improve the barrier properties. reduces oxygen
transmission rate (OTR) better than water vapor
transmission rate (WVTR). Cellulose nanofillers
(reinforcements) act as obstacles to the passage of
gases through composite PLA films independently of
the shape and source of cellulose nanofillers.

Antibacterial effect in composite PLA films compared
to pure PLA films

Blueberry powder has a potential to be used as pH
indicator for intelligent food packaging or even for
sensing food deterioration

Increase tensile strength and antimicrobial activity
against aerobic microorganisms

Antimicrobial effect against Aspergillus niger

Antioxidant and antimicrobial activities against both
Gram-positive organisms (S. aureus, B. cereus) and
Gram-negative organisms (E. coli, S. oslo, S.
weltevreden, S. dysentery, P. fluroscenes, Y. en-
terocolitica). Which activities induce shelf life
extension during meat conservation.

Improve moisture resistance and antimicrobial
activity against Escherichia coli and Staphylococcus
aureus compared to pure film of chitosan and the
incorporation of these essential oils separately.

Higher antimicrobial effect on vacuum-packed
cooked sausages inoculated with Gram-positive
bacteria (Bacillus cereus) compared to samples
inoculated with Gram-negative bacteria
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depending on the material (Almenar et al., 2008). Koide
and Shi (2007) reported the effects of a PLA film
compared to a conventional plastic film on the microbial
quality of green peppers. These authors observed a low
coliform load for the samples of green peppers packed in
PLA compared to the samples packed in plastic
packaging. However, another study reported that
vegetables packaged in PLA showed higher fungal
development than those packaged in a Polyethylene
Terephthalate (PET) (Almenar et al., 2008). Some
authors have reported that chitosan-based food
packaging materials have good antimicrobial activity. As
a result, the shelf life of a food packaged in a chitosan-
based package could be extended compared to petro-
sourced package. The use of chitosan was examined
during storage of mangoes packed in cellulose-based
packaging with an upper surface covered with a film of
chitosan for some and of conventional plastic for others
(Srinivasa et al., 2002). The results showed an extended
shelf life of up to 18 days with no microbial growth and no
change in flavor. Thus, these authors concluded that
chitosan films are a useful alternative to synthetic films
for the storage of certain fruits. Furthermore, the addition
of starch to conventional plastic films has not increased
the growth of bacteria in meat products or on the surface
of packaging materials (Bennett and Leitch, 2005; Kim
and Pometto, 1994; Strantz and Zottola, 1992). In order
to give better antimicrobial activity to bio-based
packaging, several recent studies were carried out on the
incorporation of antimicrobial agents in bio-based
packaging (Table 1). These studies identified migratory
and non-migratory systems as the two main types of
packaging systems with incorporation of antimicrobial
agent (Brody et al., 2001). Migratory system is a system
that contains an antimicrobial agent capable of migrating
within the package, while non-migratory system contains
an antimicrobial agent immobilized on the bio-based
packaging. In the case of bio-based packaging with
immobilized antimicrobial agent, microbial growth is
inhibited when food and packaging material are in direct
contact (Appendini and Hotchkiss, 2002; Brody et al.,
2001). It has been proven that antimicrobial agents are
effectively integrated into bio-based packaging mainly if it
derived from polymers such as starch-based and protein-
based polysaccharides (Hotchkiss, 1997; Vermeiren et
al., 2002). The forms of biodegradable packaging
systems with antimicrobial agent are primarily designed
to extend the shelf life of food by greatly reducing
spoilage  reactions and the multiplication of
microorganisms (Fathima et al., 2018; Rutot and Dubois,
2004; Xu et al., 2019).

Effect of bio-based packaging on the organoleptic
characteristics of food

The ability of bio-based packaging to preserve the
organoleptic characteristics of packaged food is an

Romaric et al. 139

important element and depends on several parameters
such as the transmission of gases, odors and light
through the packaging (Robertson, 2006). These material
transfers induce changes in the sensory profile (color,
taste, aroma, texture) of packaged food. The monomers
of the bio-based material or the additives incorporated
into the polymers can migrate into the food, with
organoleptic consequences (Severin et al.,, 2011). This
migration phenomenon is closely linked to the
composition of the packaged product (nature, volatility,
concentration of molecules). The sorption of certain
molecules from food by polymer materials can cause loss
of aroma and aromatic imbalance (Zaki, 2008). The
capacity of PLA to protect orange juice (Haugaard et al.,
2002, 2003), and yogurt (Frederiksen et al., 2003)
against discoloration was evaluated in comparison with
samples conditioned in polystyrene. It was found that
PLA gave better protection against color changes than
the references (polystyrene). These results are due to the
low light transmission of bio-based packaging
(Lennersten and Lingnert, 2000). Bio-based packaging
offers protection against changes in the organoleptic
characteristics of food comparable to conventional
plastics, sometimes even better than plastics (Haugaard
et al., 2003; Lennersten and Lingnert, 2000).

ADVANTAGES, LIMITATIONS AND PERSPECTIVES
OF BIO-BASED PACKAGING

The responsible use of petroleum resources as well as
the reduction of greenhouse gas emissions are essential.
This is why it is important to analyze the advantages and
disadvantages of bio-based packaging and to use it as
much as possible. Packaging made from renewable
organic raw materials reduces waste production and
protects environment (Naveena and Sharma, 2020).
Indeed, bio-based and biodegradable packaging has
advantage of being consumed by microorganisms and
helping life cycle to continue because they are made of
natural materials. When they decompose, they do not
release harmful chemicals or gases into the atmosphere,
which reduces the carbon footprint. Likewise, they quickly
disappear or are recycled for re-use (Asgher et al., 2020,
Naveena and Sharma, 2020). However, the mechanical
and barrier properties of biodegradable films are low
compared to the properties of most petroleum-based food
packaging. The properties of these films are improved by
the addition of several other biopolymers in the form of
composites (Asgher et al., 2020). At the present stage of
science, there is very little scientific data on the
disadvantages of biodegradable packaging. But it is
important to point out that currently, in many countries in
the world, food packaging, even if it is biodegradable,
does not often go into suitable composting systems, but
rather in landfills, without adequate conditions for its
decomposition. This phenomenon could also lead, in the
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future, to health risks. Furthermore, it is very difficult for
consumers to distinguish biobased packaging from those
which are not biobased. Thus, for the good development
of biobased packaging in all countries of the world, it is
necessary to implement good management and recycling
systems for food packaging. Likewise, industrial
production of biobased food packaging must increasingly
focus on agricultural waste and non-food plant resources
in order to avoid a negative impact on food availability
and food prices.

The great diversity of bio-based materials and the
search for an efficient packaging solution with several
functions have led scientists to make great progress in
the field of bio-based food packaging. Various types of
modern packaging have therefore been developed,
including active packaging (Oxygen Scavengers,
Antimicrobiol) and Modified Atmopheric Packaging
(Intelligent packaging, Smart packaging) (Avella et al.,
2005; Hijazi, 2014). Active packaging is the incorporation
of certain additives/agents into packaging systems with
the aim of maintaining or extending the quality and shelf
life of the product. Intelligent packaging is a packaging
system capable of performing intelligent functions such
as detection, tracing, recording and communication
(Brody et al., 2008). These functions facilitate decision-
making to extend shelf life, improve quality, enhance
security, provide information and give warnings about
potential problems. Smart packaging is a recent type of
food packaging resulting from nanotechnology. It has the
capabilities of both intelligent and active packaging.
Smart packaging in fact, monitors changes (intelligent
function) in the product or the environment and acts on
these changes (active function) (Schaefer and Cheung,
2018).

Nanotechnology is one of the recent techniques used
for the production of modern packaging such as smart
packaging and active packaging. It is a technique that
use small particles (materials) of the order of a
nanometer (Avella et al., 2005). These nanoparticles
present in certain types of modern packaging are
sometimes released into food environment and play
protective functions for the food. Thus, it is important for
science to pay more attention to toxicological effects and
the migration of nanoscale reinforcing agents from bio-
based packaging materials to food. Likewise, it is
necessary for each country to establish regulatory
frameworks for the manufacture and marketing of this
new generation of packaging solutions.

FUTURE OF BIO-BASED PACKAGING IN AFRICAN
CONTEXT

Analysis of the future of bio-based packaging used in
food industry in Africa takes into account factors that
favor their success and the provisions necessary for their
development.

Factors favorable to the success of bio-based food
packaging in Africa

Bio-based food packaging offers great opportunities for
African countries, especially in the context where food
demand continues to increase each year. An appropriate
use can promote  sustainable  socio-economic
development in African countries and bring environmental
benefits. The prospects for growth in the use of
biodegradable packaging in African countries are
excellent for the coming years. Several factors favor the
success of biodegradable food packaging in Africa.

Legislation: In the aim to reduce plastic pollution,
several African countries have put in place regulatory
provisions to reduce the use of plastic packaging. Out of
54 African countries, 34 have already passed laws
banning plastics. The rest of the continent is making
significant efforts to reduce the use. These regulatory
provisions implemented in Africa constitute a favorable
factor for a successful use of biodegradable packaging in
this continent.

Biodiversity and availability of under-exploited
biodegradable resources: The whole of Africa and its
island had a very rich biodiversity for many decades. It
consists of various habitats extended over a vast territory
(FAO, 2019). It is therefore possible to produce and use
non-food biomass for the manufacture of bio-based
packaging. In addition, in many African countries there
are traditionally used leaf packaging and under-exploited
plant resources such as water hyacinth, cashew apple,
post-harvest losses and pineapple residues. These plant
resources, which are still under-exploited, can be used in
the production of biodegradable food packaging.

The availability of cultivable space for the production
of agromaterials: Africa has significant land potential
which is still unused (NEPAD, 2013). In 2014, estimates
of unexploited arable land were 200 million hectares in
sub-Saharan Africa (FAO, 2019). According to the FAO
(2019), Africa is the continent with the largest area of
uncultivated arable land. The cultivable land (excluding
forest areas) in Africa is three times the size of the land
cultivated (NEPAD, 2013). These available Iland
resources constitute exploitable factors for the production
of agromaterials used in the manufacturing processes of
biodegradable food packaging.

A workforce seeking employment: The World
Economic Forum's Human Capital Index (2017) finds that
Sub-Saharan Africa currently only captures 55% of its
human capital potential, compared to a global average of
65%. With more than 60% of its population under the age
of 25 years, Sub-Saharan Africa is the world’s youngest
region. By 2030, the continent's working-age population
is set to increase by two-thirds, from 370 million adults in



2010 to over 600 million in 2030 (World Economic Forum,
2017). Therefore, Africa has the workforce that can be
trained and educated to participate in the development of
the continent. In the context where the employment rate
is estimated around 40% among young people on the
continent (World Economic Forum, 2017), the
biodegradable packaging production chain constitutes
then an opportunity to create employment for youth.

Growing consumer food market: Most African people
eat a diet generally made of traditional foods, produced
by processors and small farmers across the continent
(NEPAD, 2013). According to Bricas et al. (2016), the
local food market in African countries is not just urban.
The rural market is now far from negligible and accounts
for almost half of the food market in African countries.
This trend is still growing with demography and offers a
large market for food products. Thus, this is a factor that
could contribute to promoting the use of bio-based food
packaging in Africa.

Provisions necessary for the development of bio-
based packaging in Africa

The successful development of bio-based materials
applicable to food packaging in Africa will offer the
opportunity to start a new sector of bio-based packaging
and to replace existing conventional packaging. This will
contribute to food security in an environmentally friendly
way. However, to achieve this successfully on a large
scale, an enabling environment is necessary and
everyone in the community must play a role. As is
already the case in 34 countries in Africa, the decision
makers (executive and legislative) of the remaining
African countries (20 countries) must apply laws aimed at
limiting or stopping the use of packaging made from non-
biodegradable resources such as plastic bags. Also, the
public authorities of African countries must ensure the
proper dissemination and application of the laws that are
passed. African states must promote innovation in this
field by encouraging the development of companies for
bio-based food packaging production. They should also
finance research on biodegradable packaging in our
different universities. For example, taxes may be created
on imported non-biodegradable packaging to support
research on biodegradable packaging. Moreover, there
must be good collaboration between research and
innovation institutions in the field of biodegradable
packaging in African countries. The continental initiative
called "African Packaging Organization (APO)" could be
supported by Non-Governmental Organizations (NGOSs)
in each country on the continent. These organizations
should have representatives in each country and work for
the promotion of biodegradable food packaging.
Researchers should focus on innovative research by
using locally available renewable resources to produce
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bio-based packaging. Consumers should also be aware
of the negative impacts of imported non-biodegradable
packaging and should increasingly use biodegradable
food packaging.

CONCLUSION

Bio-based packaging is increasingly studied by scientists
and there is a large variety of biological materials to be
used for the production of food packaging. Among the
materials that are available for the production of bio-
based food packaging, chitosan and PLA are the most
used and have better properties in comparison with other
bio-based materials. Depending on the biological
materials, these packages interact with the food and can
contribute to physicochemical, microbiological and
organoleptic changes. At present, the studies that have
been carried out on the effects of bio-based packaging on
food quality have focused mainly on some types of food
(fruits, vegetables, drinks, dairy products, seafood and
meat products). Thus, the effects of bio-based packaging
on foods such as dough of corn, cassava or cereal,
legume and oil mixes need to be documented. The
effects of bio-based packaging on these types of food
which are widely consumed in Africa must be studied.
This could allow the promotion of bio-based food
packaging which may not have a negative impact on
human health and the environment. Furthermore, the
adoption of these types of packaging for food requires
appropriate studies mainly on the interaction between
food components and biopolymers during and after the
treatments that are applied to food.
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