
Abstract

Chitosan and sodium alginate are important natural
polymers that are abundant in marine sources.
Chitosan is generated from chitin by chemical N-
deacetylation and is made up of poly-β-(1--->4)-2-
amino-deoxy-D-glucopyranose. It is found in the
shells of crustaceans, insects, fungi, and also in the
scales of fishes. Sodium alginate is a derivative of
alginic acid found mostly in marine brown algae,
made up of 1,4-β-d-mannuronic (M) and α-l-
guluronic (G) acids. Chitosan and sodium alginate
are natural, non-toxic, biocompatible and biode-
gradable polysaccharides. Thus, they have a wide
range of uses in food packaging, biomedical
applications, and are used to make biodegradable
films in various compositions. This review covers
chitosan and sodium alginate-based films with
various combinations of polysaccharides, protein,
essential oil, plant extract and synthetic materials.
The incorporation of these materials has improved
the physical, mechanical, barrier, antioxidant and
antimicrobial properties of the films.
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Introduction

Food packaging refers to the protection of all forms
of food and raw materials against oxidative and
microbiological degradation, as well as increasing

the storage-life properties. The increased utilization
of synthetic packaging materials like polystyrene,
polypropylene, polyethylene, and polyethylene
terephthalate, has caused serious environmental
problems. Being non-biodegradable, these materials
can take hundreds of years to decompose leading
to environmental pollution (Tharanathan, 2003).
Biodegradable materials can be degraded by bacte-
ria, fungi, or by other biological means. Consumers
are now demanding natural, environmentally
friendly and biodegradable packaging material for
food preservation (Tan, Lim, Tay, Lee, & Thian,
2015). The source of the polymer, its chemical
composition, and environmental conditions all
influence biodegradability (Vroman & Tighzert,
2009). Food packaging industries are increasingly
using biodegradable films and coating to extend the
storage life and quality of food by avoiding changes
in flavor, odour, and texture. Biodegradable pack-
aging has another benefit of acting as a soil
conditioner when decomposed (Tharanathan, 2003).

Chitosan is a natural polymer that is chemically
prepared by N-deacetylation of chitin. Chitin is the
second most abundant naturally occurring polysac-
charide, found in the shells of crab, krill, shrimps,
insects, and also in fungi. Chitosan can be widely
obtained from the by-products of marine resources
like shells, crabs and fish scales (Aboudamia et al.,
2020). Chitosan is a polymer made up of repeating
units of β-(1--->4)-2-amino-2-deoxy-D-glucopyranose.
It is non-toxic, biodegradable and biocompatible.
Chitosan can form viscous solution in various
organic acids and these solutions can be used to
make functional films (Bhuvaneshwari, Sruthi,
Sivasubramanian, Kalyani, & Sugunabai, 2011).
Chitosan has the capability to form good films and
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membranes, and it is employed for packaging,
particularly as an edible packaging. Chitosan films
have excellent oxygen and carbon dioxide barrier
properties and antimicrobial properties (Bangyekan,
Aht-Ong, & Srikulkit, 2006).

Sodium alginate is mainly found in the cell walls
of marine brown algae, where it constitutes 30-60%
of alginic acid. It is a linear polysaccharide that can
be dissolved in water, and is harmless, biodegrad-
able and biocompatible in nature. It is an alginic acid
derivative containing 1,4-β-d-mannuronic (M) and
α-l-guluronic (G) acids (Ahmad et al., 2021).
Sargassum is a rich source of sodium alginate and
others include Ascophyllum nodosum, Laminaria digitata
etc. Sodium alginate has widespread use in the food
and pharmaceutical industries (Sachan, Pushkar,
Jha, & Bhattcharya, 2009).

Chitosan and sodium alginate are abundant in
marine sources and are widely used to make
biodegradable films. In this review chitosan and
sodium alginate-based films combined with various
polysaccharides, protein, essential oil, and plant
extract are discussed along with its properties

Chitosan film

Neat chitosan film is made without the addition of
any other polymers, and the packaging applications
of these films were studied by some researchers.
However, for the formation of the film several
ingredients such as emulsifiers, plasticizers, and
diluted acid are added. Chitosan films can be used
to preserve fish, meat, fruits, and vegetables. It is
also found that chitosan film can prevent microbial
growth, oxidation and increase the shelf life (Ali,
Zahid, Manickam, Siddiqui, & Alderson, 2014). Pure
chitosan films are suitable for food and active
packaging due to their mechanical and barrier
properties. With the addition of plasticizers, other
proteins, lipids, and polysaccharides, the properties
of the chitosan film are enhanced. It is useful in
increasing food shelf life by maintaining the quality
and being biodegradable (Cazón & Vázquez, 2019).
Table 1 shows the major findings of various
chitosan-based films, while Fig 1 illustrates the
various applications of chitosan based packaging
films.

Chitosan and polysaccharide-based packaging films

Chitosan based films are made with various
polysaccharides such as starch, cellulose, pectin etc.

Starch is an important polysaccharide obtained from
plant which is low in cost, abundant and biodegrad-
able in nature. Starch blended with chitosan is
regarded as an excellent material for preparing
active packaging films for food. Various researchers
have studied the properties of the chitosan films
with starch obtained from different sources. In a
study chitosan/corn starch-based films found to
have excellent mechanical property. In addition to
that, the increasing concentration of chitosan have
increased the water vapour permeability, moisture
and solubility. The obtained films can act as an
active packaging material for food and pharmaceu-
tical packaging (Ren, Yan, Zhou, Tong, & Su, 2017).
In chitosan-brown rice starch-based films, it was
noted that the increasing concentration of extra
virgin olive oil (2.0% w/w) increased the tensile
strength and thermal stability of the film but
decreased the film’s water uptake. The balanced
ratio of starch and chitosan showed good water
resistance and the lowest water absorption among
all the films (Hasan et al., 2020). The chitosan-based
films made with rice starch have excellent water
barrier and mechanical property. The properties of
the film varied with different ratio of chitosan and
starch. The incorporation of chitosan improved the
tensile strength and water vapour permeability but
reduced solubility and elongation at break of the
film (Bourtoom & Chinnan, 2008). Purple yam
starch-chitosan film has a homogenous surface and
the amount of chitosan determines the thickness of
the film. The film improved shelf life of apples for
about 4 weeks at room temperature (27 ± 1°C) (Da
Costa, Miki, Ramos, & Costa, 2020).

Cellulose is another polysaccharide obtained from
plants. Chitosan-cellulose blend film exhibited good
mechanical properties and some antibacterial prop-
erties (Xiao, Xu, Liu, Hu, & Huang, 2013). Chitosan-
carboxymethyl cellulose film enhanced storage life
of cut wheat bread and cheese (Youssef, El-Sayed,
El-Sayed, Salama, & Dufresne, 2016; Noshirvani,
Ghanbarzadeh, Mokarram, & Hashemi, 2017).
Microfibrillated cellulose, hydroxypropyl methyl-
cellulose, methylcellulose and quaternized hemicel-
lulose are mixed with chitosan to obtain composite
films (Gol, Patel, & Rao, 2013; Chen et al., 2016).
Methylcellulose, chitosan and sodium benzoate or
potassium sorbate (4%) films remarkably exhibited
antimycotic activity against Rhodotorula rubra and
Penicillium notatum. The inclusion of preservatives
had no effect on the mechanical qualities of
methylcellulose-chitosan films (Chen, Yeh, & Chiang,
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1996). Chitosan hydroxypropyl methylcellulose films
exhibited improved mechanical properties while
increasing film barrier properties (De Moura, Avena
Bustillos, McHugh, Krochta, & Mattoso, 2008).

Alginates are linear anionic polysaccharides that are
naturally produced from algae. Chitosan-alginate
films are highly effective for food packaging due to
their excellent gas exchange capabilities (Liu et al.,
2013; De Silva, Iamanaka, Taniwaki, & Kieckbusch,
2013; Poverenov et al., 2014). Pectin is an anionic
polysaccharide found in plants. Chitosan-pectin film
can be used to make environment friendly bioplastic
film having better mechanical and permeability
properties, and can replace petroleum-based pack-
aging material (Porta, Mariniello, Di Pierro,
Sorrentino, & Giosafatto, 2011). Other polysaccha-
rides such as xylan, cyclodextrin, glucose, kefiran
etc. were also combined with chitosan (Gao, Zhu,
& Zhang, 2013; Sun et al., 2014; Kamdem, Shen,
Nabinejad, & Shu, 2019; Salmanian et al., 2019).

Chitosan and protein-based packaging film

Chitosan films can be developed with different
proteins extracted from plants, animals or microor-
ganisms. Proteins obtained from animals have good
ability to form films. They have high nutrient value
and are biocompatible. Caseinate is a good thermo-
plastic protein which have the ability to form films.
Chitosan-caseinate films obtained by the exchange
of ions showed improved water vapour barrier
properties (Khwaldia, Basta, Aloui, & El-Saied,
2014). Collagen is a major protein used as a
substitute for synthetic polymer. Chitosan-collagen
films exhibited good thermal stability, adhesion and
compatibility (Ahmad, Nirmal, Danish, Chuprom, &
Jafarzedeh, 2016). Chitosan-acid soluble collagen
(extracted from jumbo squid, Dosidicus gigas) films
are transparent and brittle, have high elongation at
break and low tensile strength than chitosan film
(Uriarte-Montoya et al., 2010). Eggs coated with
lysozyme-chitosan film improved shell strength,
increased freshness and maintained the internal
quality during long term storage (Yuceer & Caner,
2014). Gelatin-chitosan film modified with high
molecular weight or degree of deacetylation showed
excellent mechanical properties and high thermal
stability (Liu et al., 2012).

Chitosan films incorporated with plant and animal
proteins acts as natural extracts or antimicrobial
agents. Films made from kidney bean protein isolate
and chitosan, generated at an acidic pH were less

rigid and elastic. By the addition of chitosan, the
film’s surface hydrophobicity improved, and are
utilised as antimicrobial food packaging (Ma, Tang,
Yang, & Yin, 2013). Chitosan-whey protein films
with a high protein content at an acidic pH revealed
that the polymer’s miscibility and solubility in the
film were affected by the polymer’s concentration
and pH. Even though the functionality of the film
may be reduced due to the incompatibility between
the polysaccharide and protein components in the
matrix, the blended films with moderate amount of
protein can be beneficial for food systems where the
edible films need to dissolve during cooking or
mastication process. The films have shown good
antimicrobial properties as it contains chitosan
(Ferreira, Nunes, Delgadillo, & Lopes-da-Silva,
2009). Edible chitosan-whey protein films were
prepared with different concentrations of protein
with or without microbial transglutaminase. The
addition of enzyme into the film lowered the
solubility at different pH and the degree of swelling.
Films with transglutaminase improved the mechani-
cal resistance and reduced their deformability (Da
Pierro et al., 2006). Protein isolated from microor-
ganisms play a good role in packaging films. Nisin
is a protein obtained from Lactococcus lactis. Chitosan-
nisin film can help to keep packaged foods to stay
fresh for a longer duration (Imran, Klouj, Junelles,
& Desobry, 2014).

Chitosan and synthetic polymer-based packaging
films

Film with improved properties and characteristics
can be developed from chitosan and synthetic
polymer blends. Poly vinyl alcohol (PVA) is a
harmless synthetic polymer that can be dissolved in
water with excellent mechanical properties. Chitosan-
PVA blend films exhibited homogenous and com-
patible structures. Incorporation of PVA in blend
increased the intermolecular interactions and me-
chanical properties, but decreased the antioxidant
activity and antibacterial activity against various
gram-positive and gram-negative bacteria (Hajji et
al., 2016). In chitosan-PVA film, concentration of
chitosan reduced crystallinity and stretchability of
film, but improved the resistance to fracture and
rigidity of the film (Bonilla, Fortunati, Atarés,
Chiralt, & Kenny, 2014). Chitosan-PVA films have
gained wide spread interest because of its feasible
film-forming capacity, but they have poor mechani-
cal property. The films are developed with SiO

2 
to

increase the mechanical properties. The developed
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film increased the tensile strength by 45%, reduced
oxygen and moisture permeability, and extended the
preservation time (Yu, Li, Chu, & Zhang, 2018). In
a study, chitosan-PVA-fish gelatin-based film was
made to develop a new material with excellent
physiochemical property and these films were apt
for food packaging purposes (Ghaderi, Hosseini,
Keyvani, & Gómez-Guillén, 2019).

Antimicrobial chitosan film was prepared with low
density polyethylene (LDPE) and different percent-
ages of chitosan. The obtained films have inhibited
85-100% of Escherichia coli. In chilled storage, tilapia
(Oreochromis mossambicus) wrapped with these films
have antibacterial activity, and improved the shelf
life of tilapia than virgin LDPE film (Reesha, Panda,
Bindu, & Varghese, 2015). Chitosan-polyethylene
terephthalate/polypropylene (PET/PP) films were
prepared with different preservatives. Antimicrobial
activity was found in the films against foodborne
microorganisms such as E. coli and Bacillus subtilis.
The inhibition against B. subtilis and E. coli was
almost 100%, while Staphylococcus aureus was lower
than 85% (Lei et al., 2014).

Chitosan and nano-particle based packaging films

Silver nanoparticles exhibited antimicrobial activity
against various harmful microorganisms. When
silver nanoparticles are incorporated into the chitosan
film, they act as active food packaging (Lopez-
Carballo, Higueras, Gavara, & Hernaìndez-MunÞoz,
2013). Chitosan silver oxide encapsulated nano-
composite film exhibited antibacterial activity against
various harmful bacteria such as B. subtilis, Pseudomo-
nas aeruginosa, and E. coli (Tripathi et al., 2011). In
chitosan film, the addition of zinc oxide nanoparticles
improved the solubility and water contact angle but
reduced the swelling by 80%. It was also noted that
the zinc oxide completely inactivated the multipli-
cation of micro-organisms (Al-Naamani, Dobretsov
& Dutta, 2016). Chitosan films containing zinc oxide
and silver nanoparticles showed antibacterial activ-
ity against various harmful bacteria such as B.
subtilis, Listeria monocytogenes, Staphylococcus aureus,
and B. cereus (Youssef, Abou-Yousef, El-Sayed, &
Kamel, 2015).

Chitosan films with titanium dioxide enhanced the
physiochemical properties of the film, and can be
used as active packaging material.  It is also noted
that the films have excellent antimicrobial activity
against various microorganisms like Salmonella
typhimurium E. coli, P. aeruginosa, S. aureus, Aspergil-

lus and Penicillium (Siripatrawan & Kaewklin, 2018).
Chitosan-nanosized titanium dioxide film delayed
ripening process and increased the life span of
tomato (Kaewklin, Siripatrawan, Suwanagul, & Lee,
2018). Chitosan-graphene oxide composite film was
prepared with aqueous solution of acetic acid as
solvent. The film exhibited high mechanical and
thermal properties in dry and wet state. The film
also showed high storage modulus up to 200oC,
making it suitable for use as biomaterials or
packaging materials (Han, Yan, Chen, & Li, 2011).
Incorporation of graphene oxide to the chitosan film
improved the drug delivery profiles of chitosan
(Justin & Chen, 2014).

Chitosan, essential oils and plant extracts-based
packaging film

Various researches have been conducted with
chitosan film containing different type of essential
oil and plant extract. Chitosan film containing
apricot kernel (Prunus armeniaca) essential oil
exhibited excellent barrier properties against mois-
ture and water. The apricot kernel essential oil
significantly increased mechanical, antioxidant and
antimicrobial properties of the film. The storage life
of bread slices packaged in the film improved by
preventing the growth of fungus (Priyadarshi et al.,
2018). According to Gómez-Estaca, López de Lacey,
Gómez-Guillén, López-Caballero, and Montero (2009)
the incorporation of clove essential oil to chitosan
film inhibited pathogenic and spoilage bacteria, and
increased the storage life of fish during chilled
storage. Ojagh, Rezaei, Razavi, & Hosseini, (2010)
found that the addition of cinnamon essential oil
decreased the film’s solubility, moisture content,
elongation at break, and water vapour permeability.

Active films for food preservation are made with
chitosan and rosemary essential oil (Abdollahi,
Rezaei, & Farzi, 2012). Chitosan film with Eucalyptus
globulus essential oil can also act as active packaging
film with better antimicrobial and antioxidant
activity. However, the addition of essential oil
reduced moisture content and water solubility
(Hafsa et al., 2016). Antimicrobial active packaging
films were developed with chitosan and different
amount of ginger (Zingiber officinale) essential oil.
Inclusion of ginger essential oil up to 0.3% to the
film enhanced antimicrobial properties without
affecting mechanical properties, and was effective
against gram-positive bacteria. Fish steak packed
with the film was sensorily acceptable till the 20th
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days of storage and 12 days for unwrapped fish
steak (control). The active films help in increasing
the storage life of food while packaging (Remya et
al., 2016). The chitosan (CH) and tea tree essential
oil (TTO) composite film prepared at 1:2 ratio,
showed antibacterial properties and completely
inhibited microbial growth. TTO:CH ratios higher
than 1 exhibited limited antibacterial activity against
Penicillium and reduced after 3 days of storage
(Sánchez-González, Martínez, Chiralt, & Cháfer,
2010). Chitosan films are prepared with different
amounts of citronella essential oil and cedarwood
oil. The incorporation of essential oil at the lowest
concentration (10% w/w) had no effect on the film’s
properties. An improvement is observed for highest
concentration (30% w/w) of both essential oils
particularly in citronella essential oil which resulted
in better barrier properties in chitosan film than in
control (Shen & Kamdem, 2015).

Health hazards related with the use of plastic led
to the development of active films from nontoxic
and antioxidant rich bio-sources. Mango leaf extract-
chitosan composite films were thicker, denser and
hydrophobic in nature. The incorporation of mango
leaf extract to the film enhanced antioxidant and
tensile strength properties. The obtained film
showed better performance than commercial plastic
film for cashew nut preservation (Rambabu, Bharath,
Banat, Show, & Cocoletzi, 2019). In chitosan film the
incorporation of purple-fleshed sweet potato extract
(PSPE) improved the thickness, water solubility,
UV–vis light barrier performance and thermal
stability, but reduced elongation at break, moisture
and crystallinity of the film. PSPE integration had
an effect on the physical, structural, antioxidant, and
pH-sensing properties of the film (Yong et al., 2019).

Chitosan films were incorporated with extracts from
jujube leaves, peanut shells, and pine nut shells. The
shells were dried and cleaned to a constant weight,
then ground into a powder to prepare the extracts.
These extracts were added to the films to enhance
their gas permeability and antioxidant properties.
Incorporation of plant extracts decreased the homo-
geneity and caused porous structure in the films.
Among all the films, chitosan-peanut shell film
exhibited highest thermal stability (Zhang, Lian, Shi,
Meng, & Peng, 2020). In another study, banana peel
extract was added to the chitosan films. The extract
was prepared using the peels of ripe bananas. The
peels were washed, dried, and pulverized to obtain
a powder for the ethanolic extraction of banana
peels. The addition of extract to films affected their
physical, mechanical and structural properties. The
film with 4% extract exhibited better performance.
Chitosan-banana peels extract composite film exhib-
ited good antioxidant activity in different food
simulants (Zhang, Li, & Jiang, 2020). Chitosan-pine
needle (Cedrus deodara) extract films were greenish
in colour. Addition of pine needle extract to the film
improved antioxidant property, reduced transpar-
ency, improved water vapour and oxygen perme-
ability, and also used as active packaging for
oxygen-sensitive food (Kadam, Singh, & Gaikwad,
2021).

Sodium alginate films

Sodium alginate obtained from seaweeds were
originally used as coatings for whole or sliced
vegetables and fruits. It can be used on wide variety
of foods, mainly in the meat industry as it prevents
mass loss, colour and texture deterioration
(Gheorghita, Gutt & Amariei, 2020). The incorpora-
tion of various components (Table 2) can increase the
physical, antioxidant, mechanical and antimicrobial
properties of the sodium alginate film. Different
properties and application of sodium alginate based
films are shown in Fig. 2.

Sodium alginate and polysaccharide-based packag-
ing films

Sodium alginate films are incorporated with various
polysaccharides such as carboxymethyl cellulose,
cellulose, chitosan, carageen etc. to make composite
films with different properties. In a study, sodium
alginate/carboxymethyl cellulose/chitosan compos-
ite films prevented the growth and multiplication of
various micro-organisms such as S. aureus and E.Fig 1. Different applications of chitosan based packaging

films
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coli. It is found that the composite films  have
excellent mechanical properties and can be used as
antibacterial packaging material (Lan et al., 2018).
Layer by layer films are made in combination with
chitosan and sodium alginate films, which have
excellent mechanical and hydrophobic characteris-
tics. The structural results indicated that the film
interacted with non-covalent bonds rather than
covalent bonds (Li, Zhu, Guan, & Wu, 2019). In other
study, a bio-composite film was made with sodium
alginate/carboxymethyl cellulose and scrap paper
(reinforcement). These films have excellent mechani-
cal properties, can replace currently used non-
biodegradable and costly biodegradable packaging
materials (Kale, Maurya, & Potdar, 2018).  Sodium
alginate/ carboxymethyl cellulose films were also
made from chitosan biguanidine hydrochloride, a
biodegradable multifunctional polymer with out-
standing antibacterial and water-soluble character-
istics. The film prevented spoilage of tomatoes
during the storage period and reduced the mass loss
of tomatoes (Salama, Aziz, & Alsehli, 2019).  Sodium
alginate-methyl cellulose film improved the shelf
life of peaches and maintained the quality by
decreasing transpiration and respiration. The coated
samples were acceptable up to 21-24 days of storage
at 15oC (Maftoonazad, Ramaswamy, & Marcotte,
2008).

Sodium alginate/starch films were prepared by
solution casting. From Differential Scanning Calo-
rimetry (DSC) analysis, single glass transition
temperature up to 30% starch content indicated the
compatibility and interaction between sodium algi-
nate and starch molecules. Thermogravimetric analy-
sis revealed that when the starch level increased, the
thermal stability reduced. From Scanning Electron

Microscopy (SEM) analysis, the film showed ho-
mogenous distribution of starch with rough cavities
(Siddaramaiah, Swamy, Ramaraj, & Lee, 2008).
Cationic starch/sodium alginate polyelectrolyte films
exhibited excellent thermal stability, surface proper-
ties and antimicrobial activity (Sen, Uzunsoy,
Bastürk, & Kahraman, 2017).

Pectin and sodium alginate are great materials for
making edible films. These are continuous, transpar-
ent and homogenous films. The increasing amount
of pectin will disturb the internal structure of films.
The mechanical and barrier properties of the film are
dependent on the compound and its compatibility
(Galus & Lenart, 2013). Composite film from
sodium alginate and high methoxyl pectin are made
from natural resources, and used as biodegradable
packaging material. The film showed low water
vapour transmission rate (WVTR) in extreme con-
dition at 38 oC and 90% relative humidity. The film
has excellent water vapour barrier properties and
degrades completely in soil, which made the film
a better material for food and pharmaceutical
packaging applications (Solak & Dyankova, 2014).

Sodium alginate films are also made with i-
carrageenan and gum kondagogu, which have
improved mechanical properties and can be used as
excellent material for food packaging/coating
(Hambleton, Voilley, & Debeaufort, 2011;
Ramakrishnan, Waclawek, Cerník, & Padil, 2021).

Sodium alginate and protein-based packaging film

Sodium alginate-collagen films were prepared with
various amounts of sodium alginate and their
physical, mechanical, and barrier properties were
studied. DSC analysis showed that the thermal
stability of film has increased, owing to the incor-
poration of sodium alginate. The incorporation of
sodium alginate enhanced tensile strength but
reduced WVTR and film elongation (Wang, Hu, &
Wang, 2017).

Sodium alginate-gelatin film was prepared by
adding graphene oxide. The addition of 0.5% of
graphene oxide improved strength and ductility of
the film. The film can be utilised as packing material
due to its high strength and ductility (Yang et al.,
2020). Active sodium alginate- gelatin film prepared
with tea polyphenols improved antioxidant capac-
ity, denseness, and mechanical properties. The films
had a smooth and continuous surface and may be
utilised as edible packaging film (Dou, Li, Zhang,

Fig. 2. Properties and application sodium alginate-based
packaging film
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Chu, & Hou, 2018). Sodium alginate-gelatin blend
films with 4% by weight of sodium alginate and 5%
by weight of aqueous gelatin solution and dried at
room temperature for 2 days to obtain transparent
films. The incorporation of sodium alginate de-
creased crystallinity but increased thermal stability,
mechanical properties and solubility of the films
(Xiao, Liu, Lu, & Zhang, 2001). Incorporation of
freeze-dried powder of Pseuderanthemum
palatiferum (Nees) Radlk to sodium alginate-gelatin
film improved total phenolic, solubility, antioxidant
and mechanical properties but decreased the film’s
water vapour permeability (Ho et al., 2020).

Feather keratin is a protein obtained from waste
feathers and are biodegradable and renewable
protein resource having capability in the field of
materials such as keratin sponges, films and
microcapsules. Sodium alginate/feather keratin film
with different ratios were prepared. The film had
compactible and homogenous structure. Incorporat-
ing sodium alginate into feather keratin improved
the film’s water vapor permeability while also
increasing its strength but the water vapor perme-
ability of the film decreased when the concentration
of sodium alginate reached 30%. The films contain-
ing 30% sodium alginate showed a high level of
transparency. It is also noted that increasing the
concentration of sodium alginate to 50% enhanced
the mechanical properties and moisture content of
the film (He, Zhang, Dou, Yin, & Cui, 2017).

Sodium alginate and synthetic polymer-based pack-
aging films

Sodium alginate-PVA blend films are used in
agriculture as films for the solarization of the soils
(Russo, Malinconico, Petti, & Romano, 2005). Bilayer
films were prepared with PVA, chitosan film as
outer layer and sodium alginate film as inner layer.
The bilayer film improved mechanical and water
barrier properties (Zhuang et al., 2018). Sodium
alginate-poly sodium 4-styrenesulfonate (PSS) film
have uniform and flat surfaces. The film was
hydrophobic in nature and increasing concentration
of PSS slightly varied hydrophobicity of film. The
obtained film is a promising material and can be
further studied for drug delivery behaviour (Sarwar,
Ghaffar, & Huang, 2021). Addition of poly (ethylene
glycol) monomethyl ether to sodium alginate film
improved the hydrophobicity. Increasing amount of
poly (ethylene glycol) monomethyl ether decreased
roughness of the film. The obtained films can be

utilised for drug delivery applications (Sarwar et al.,
2020).

Sodium alginate and nano-particle based packaging
films

Cellulose nanofibrils were obtained from sisal fibre.
The increasing content of cellulose nanofibrils from
0-10% in sodium alginate film improved the tensile
modulus value. The obtained film exhibited im-
proved water resistance, mechanical properties and
was found to have a longer biodegradation time
than pure alginate films. Sodium alginate/cellulose
nanofibrils film are a new biomaterial for packing
and preserving foods (Deepa et al., 2016). Sodium
alginate/cellulose nanofibrils nanocomposite films
formed heterogeneous, porous, rough films, and are
vulnerable to heat. But the addition of cellulose
nanocrystals formed smooth, uniform and homog-
enous film (Deepa et al., 2020).

Silver nanoparticles were obtained from fruit
industrial wastes such as persimmon seed, peel and
calyx. The addition of silver nanoparticles to the
sodium alginate film improved transparency of the
film, showed good antioxidant activity and can be
used as biodegradable packaging food
(Ramachandraiah, Gnoc, & Chin, 2017). The addi-
tion of nano silicon dioxide to sodium alginate film
improved mechanical properties as well as their
resistance to water, UV light, and thermal stability
(Hou et al., 2019). Composite sodium alginate-
carboxymethyl cellulose film incorporated with zinc
oxide exhibited antibacterial activity against E. coli
and S. aureus, and it improved the tensile properties
and water vapour resistance of the film (Wang et al.,
2019). Sodium alginate/bismuth (III) oxide (Bi

2
O

3
)

composite film have great extent of stretching before
breaking than high-density polyethylene, poly vinyl
chloride etc. These composite films are nontoxic and
can be used as soft and biodegradable radiation
shields (Prabhu, Bubbly, & Gudennavar, 2021).

Sodium alginate, essential oils and plant extracts-
based packaging film

Sodium alginate films made by incorporating
various essential oils and plant extract are discussed
in this section. Sodium alginate film with 1.5% of
Origanum majorana essential oil prevent growth of
various bacteria like B. cereus, E. coli, L. monocytogenes,
and S. aureus, as well as improved storage life of
food products. Dracocephalum moldavica L. essential
oil enhanced the mechanical qualities, thickness,
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Table 1. Different chitosan-based packaging films and their major findings

Type of material Material used Major Findings Reference

Polysaccharides Corn starch Films can act as an active packaging Ren et al., 2017
material for food and pharmaceutical
packaging

Brown rice starch Balanced ratio of starch and chitosan Hasan et al., 2020
showed good water resistance

Purple yam starch The film improved shelf life of apples Da Costa et al., 2020
for about 4 weeks

Carboxymethyl Enhanced storage life of cut wheat bread Youssef et al., 2016
cellulose

Pectin Environment friendly bioplastic film Porta et al., 2011
having better mechanical and permeability
properties

Proteins Caseinate Exhibited excellent water barrier properies Khwaldia et al., 2014

Acid soluble collagen Films are transparent and brittle, have high Uriarte-Montoya et al., 2010
elongation at break

Gelatin Excellent mechanical properties and high Liu et al., 2012
thermal stability

Nisin The food stayed fresh for longer time Imran et al., 2014

Synthetic polymer Poly (vinyl alcohol) Film increased the tensile strength by 45%, Yu et al., 2018
reduced oxygen and moisture permeability,
and extended the preservation time

Low density Improved the shelf life of tilapia, inhibited Reesha et al., 2015
polyethylene (LDPE) 85-100% of Escherichia coli

Nano-particle Silver nanoparticles Showed antibacterial activity against Youssef et al., 2015
various harmful bacteria such as B. subtilis,

L. monocyte, S. aureus, and B. cereus

Titanium dioxide Delayed ripening process and increased Kaewklin et al., 2018
the life span of tomato

Essential oils Apricot kernel The storage life of bread slices packed in Priyadarshi et al., 2018
(Prunus armeniaca) the film improved by preventing the
essential oil growth of fungus

Eucalyptus globulus Act as active packaging film with better Hafsa et al., 2016
essential oil antimicrobial and antioxidant activity

Ginger The active films help in increasing the Remya et al., 2016
(Zingiber officinale) storage life of food while packaging
essential oil

Extract Mango leaf extract Film showed better performance than Rambabu et al., 2019
commercial plastic film for cashew nut
preservation

Banana peel extract Film exhibited good antioxidant activity Zhang, Li et al., 2020
oxygen-sensitive food

Pine needle Can be used as active packaging for Kadam et al., 2021
(Cedrus deodara) extract
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water vapour barrier properties, and whiteness
index of sodium alginate-hydroxypropyl methylcel-
lulose films. The film also has antioxidant proper-
ties, making it suitable for use as an active food
package (Amjadi, Nouri, Yorghanlou, &
Roufegarinejad, 2020). The addition of essential oils

from different sources has different effect on
properties of the film. In a study, the addition of
essential oils obtained from medicinal plants (O.
basilicum,  R.officinalis, A. herba-alba, and M. pulegium)
to sodium alginate film exhibited antioxidant and
antimicrobial activity against various harmful

Table 2. Different Sodium-based packaging films and their major findings

Type of material Used material Major Findings Reference

Polysaccharides Carboxymethyl Can be used as antibacterial packaging Lan et al., 2018
cellulose/chitosan material

Methyl cellulose Improved the shelf life of peaches and Maftoonazad et al., 2008
maintained the quality by decreasing
transpiration and respiration

Starch Film showed homogenous distribution Siddaramaiah et al., 2008
of starch with rough cavities

Pectin Increasing amount of pectin will disturb Galus & Lenart, 2013
the internal structure of films

High methoxyl Film showed low WVTR in extreme Solak & Dyankova, 2014
pectin condition at 38o C and 90% relative

humidity

Proteins Collagen Enhanced tensile strength but reduced Wang et al., 2017
WVTR

Gelatin Films had a smooth and continuous surface Dou et al., 2018
and may be utilised as edible packaging film

Feather keratin Improved water vapour permeability He et al., 2017).

Synthetic polymer Poly (vinyl alcohol) Improved the mechanical and barrier Zhuang et al., 2018
properties

Poly (sodium Increasing concentration of PSS slightly Sarwar et al., 2021
4-styrenesulfonate) varied hydrophobicity of film

Nano-particle Silver nanoparticles Have excellent antioxidant property Ramachandraiah et al.,
2017

Zinc oxide Exhibited antibacterial activity against Wang et al., 2019
Escherichia coli and Staphylococcus aureus

Essential oils Origanum majorana Improved storage life of food products Amjadi et al., 2020
essential oil

O. basilicum, Exhibited antioxidant and antimicrobial Mahcene et al., 2020
L R.officinalis L, activity against various harmful foodborne
A. herba alba Asso, bacteria
and M.pulegium
L essential oil

Extract Purple onion peel Phenolic content of purple onion peel Santos et al., 2021
extract (Allium cepa) improved the antioxidant capacity and

reduced water solubility

Guava leaf extract Improved the antioxidant, tensile strength, Luo et al., 2019
antibacterial and water-resistant properties.

Gallnut extract Bioactive packaging material which will Aloui et al., 2021
prevent fat oxidation and spoilage caused
by microbes
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foodborne bacteria. The obtained films have strong
ability to absorb DPPH radicals and increased
peroxide value (Mahcene et al., 2020). Sodium
alginate films were encapsulated with chamomile
blue, tea tree, cinnamon, peppermint, lemongrass,
elicriso italico, lavender, lemon and eucalyptus
essential oil. The films are stable at different humid
environments, prevented the multiplication of bac-
teria and fungi based on the concentration and type
of essential oils. These films can be utilized as a
novel antibacterial wound dressing and food pack-
aging material, according to the findings (Liakos et
al., 2014).

The addition of cinnamon essential oil to sodium
alginate-carboxymethyl cellulose films improved
the thickness, water vapour permeability, oxygen
permeability, elongation at break but reduced tensile
strength and moisture content. Antibacterial action
was found in the films against E. coli and S. aureus.
The obtained film slows down rotting of bananas
(Han, Yu, & Wang, 2018). A study conducted by
Hashemi et al. (2019) found that the inclusion of
Zataria multiflora essential oil and resveratrol in
sodium alginate film improved antioxidant proper-
ties and declined oxidative reactions. So, the
inclusion of Z. multiflora essential oil and resveratrol
is a suitable way to delay the oxidative reactions.
Chen et al. (2021) found that sodium alginate films
containing thymol improved antibacterial, antioxi-
dant and mechanical properties of the film. These
films also increased the storage life of fresh cut
apples.

Active sodium alginate films are made with extracts
from purple onion (Allium cepa) peels. The peels
used for extraction are dried, washed, and ground
into a powder to produce the extract. The addition
of the extract decreased the solubility of the films.
The phenolic content of purple onion peels en-
hanced the antioxidant capacity and reduced water
solubility. As a result, the films reduce oxidation and
extend the storage life of food products (Santos,
Silva, Gomes, & Martins, 2021). Composite corn
starch–sodium alginate-rosemary extract film exhib-
ited anti-Escherichia coli effect, reduced mechanical
properties and improved water vapour permeabil-
ity. The films surface was rough and improved shelf
life of food materials (Yan, Zhang, Dong, Hou, &
Guo, 2013). Sodium alginate/gelatin films contain-
ing rosemary extract showed good antioxidant
activity and also provided excellent ultraviolet
barrier for the film (Li et al., 2021). Sodium alginate/

carvacrol film showed antimicrobial activity against
Trichoderma sp. and improved the storage life of
white mushrooms. The incorporation of carvacrol to
the sodium alginate film improved light barrier and
mechanical properties (Cheng et al., 2019). In a
study, sausages covered with sodium alginate/
cherry tomato powder film decreased the lipid
oxidation and prevented microbial growth but
increased the water holding capacity. During the
storage, the film extended the storage life of low-
fat meat products (Qiu & Chin, 2020).

Sodium alginate/guava leaf extract films were made
with ethanolic or water extracts of guava leaf in
various combinations. Comparing the composite
films to a plain sodium alginate film, the guava leaf
extracts considerably improved the antioxidant,
tensile strength, antibacterial and water-resistant
properties. Results from Fourier Transform Infrared
(FTIR) Spectroscopy and SEM showed good inter-
molecular hydrogen bonding between sodium algi-
nate and guava leaf extract (Luo, Liu, Yang, Zeng
& Wu, 2019). Sodium alginate/carboxymethyl cellu-
lose films was made with shallot onion waste
extract, which is prepared from the peels and stalks
of the onions. The peels and stalks were cleaned in
running water to remove soil and unwanted
materials. They were then dried and powdered to
produce the extract. The films containing this extract
exhibit excellent physical, optical, barrier, mechani-
cal, and antioxidant properties, along with high
phenolic content. The films made with shallot peel
extract demonstrate better properties than those
made with stalk extract. At 4°C storage, the films
prevent browning and maintain the quality of fresh-
cut potatoes and apples. From the study, it is found
that the composite films can be used to pack fresh
cut fruits and vegetables (Thivya, Bhosale,
Anandakumar, Hema, & Sinija, 2021).

Sodium alginate/maltodextrin films are made by
adding various amounts of phenolic extract of Azolla
pinnata leaves. Wrinkles appeared on the film when
the concentration of the extract was higher (1.6%).
The quantity of extract has decreased the film’s
mechanical properties and changed film’s thickness
from 0.124 to 0.181 mm. Additionally, it decreased
the films solubility, degree of swelling, and WVP
(Eltabakh, Kassab, Badawy, Abdin, & Abdelhady,
2022). Sodium alginate films prepared with various
ratios of gallnut extract have increased the mechani-
cal and light barrier properties, but decreased WVP.
The film has good antioxidant properties as the

Natural Biopolymers in Biodegradable Packaging Material 25



extract have high phenolic content. Films also
exhibited excellent antibacterial property against
various gram-positive and gram-negative bacteria.
Developed film act as bioactive packaging material
which will prevent fat oxidation and spoilage
caused by microbes to preserve and to increase
storage life of food (Aloui, Deshmukh, Khomlaem,
& Kim, 2021).

Conclusion

The increased use of synthetic or petroleum-based
material for packaging has led to serious environ-
mental issues, which lead to the shift towards the
use of biodegradable materials that break down into
simple compounds once they reach the soil, thus
reducing environmental problems. Among various
biodegradable materials, chitosan has gained atten-
tion as a promising green polymer for food
packaging due to its unique, versatile, and excellent
characteristics, making it an ideal material for
creating biodegradable and eco-friendly packaging.
Chitosan-based films can protect food products
from lipid oxidation, as well as undesirable flavours,
odours, and the adverse effects associated with
synthetic polymers. Sodium alginate films are also
excellent film-forming materials; however, they
have low mechanical strength, antioxidant, and
antimicrobial properties. These properties can be
improved or modified by adding various natural or
synthetic materials to the films. Sodium alginate
films have numerous applications in the food,
medicine, and pharmaceutical industries. Further-
more, sodium alginate-based films with different
additives help prevent water evaporation, colour
loss, gas transfer, and microbial contamination.
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