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A B S T R A C T   

The recent sharp increase of sensitivity towards environmental issues arising from plastic packaging has boosted 
interest towards alternative sustainable packaging materials. This new trend promotes the industrial exploitation 
of knowledge on chitosan-based films. Chitosan has been extensively investigated and used due to its unique 
biological and functional properties. However, inherent drawbacks including low mechanical properties and 
high sensitivity to humidity represent major limitations to its industrial applications, including food packaging. 
In the present study, the scientific literature of the last five years has been extensively reviewed (source: Web of 
Science) addressing chitosan-based films for their potential application in the food packaging industry. The 
contribution summarizes the various strategies adopted to overcome inherent drawbacks and improve the 
properties of chitosan-based films, with special regards for blending with natural and synthetic biopolymers.   

1. Introduction 

Annually, more than 350 million tons of plastics are produced in the 
world (Ritchie & Roser, 2018). It is expected that plastics will account 
for 20 % of total oil consumption by 2050 (Newell, Qian, & Raimi, 
2016; Cui, Borgemenke, Qin, Liu, & Li, 2019). Packaging, particularly 
food packaging, is one of the largest application fields for plastics (Cui, 
Surendhiran, Li, & Lin, 2020). Food packaging is represented as a co
ordinated system for processing, transporting, distributing, retailing, 
protecting and preserving food to satisfy the industry demands and 
consumer desires, to retain food safety and to protect food from ex
ternal contamination with optimal cost (Marsh & Bugusu, 2007; Shin & 
Selke, 2014; Yam & Lee, 2012). However, accumulation of huge 
amounts of plastic waste in the environment, and also rapid depletion 
of fossil reserves and increases in the cost of petroleum, are pushing the 
food packaging industry toward the development and application of 
eco-friendly materials, such as bioplastics (Arikan & Ozsoy, 2015; Philp, 
Bartsev, Ritchie, Baucher, & Guy, 2013). 

Bioplastics can be referred to as plastics obtained from renewable 
resources (biobased), plastics that are biodegradable and/or compo
stable, or materials that feature both properties (Kumar & Thakur, 
2017). Hence, not all biobased materials are biodegradable and not all 

biodegradable materials are produced from renewable resources 
(Rujnić-Sokele & Pilipović, 2017). A schematic classification of biode
gradable polymers according to their source is presented in Fig. 1. 

The term “biobased” refers to the derivation of material from bio
mass (Soroudi & Jakubowicz, 2013). The term “biodegradable” in
dicates materials that can disintegrate or break down naturally into 
CO2, CH4, H2O, and inorganic compounds, or biomass in which the 
prevalent process is the enzymatic function of microorganisms 
(Peelman et al., 2013), that can be measured by standardized tests 
(ASTM Standard D-5488-94d). Some of these polymers can also be 
compostable, which means disintegration occurs in a compost site at a 
rate consistent with known compostable materials and without re
leasing toxic substances (Siracusa, Rocculi, Romani, & Dalla Rosa, 
2008). 

As stated by the European Bioplastic Organization, bioplastics 
constitute approximately 1 % of the total global plastics production 
annually (Rujnić-Sokele & Pilipović, 2017). Packaging, as one of the 
largest application fields for bioplastics, shares almost 65 % of the total 
bioplastics market. This number is predicted to rise continuously in the 
upcoming years mainly due to the increasing consumer requirements 
for sustainable products and growing awareness over environmental 
issues (van den Oever, Molenveld, van der Zee, & Bos, 2017). 
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Bioplastics, whether biobased, biodegradable, or both, have unique 
advantages over conventional plastics to reduce reliance on fossil re
sources and to mitigate carbon footprint and greenhouse gas emissions. 
Besides, they promote resource efficiency and offer extra waste man
agement options such as organic recovery (Arikan & Ozsoy, 2015;  
Kumar & Thakur, 2017). 

Recently, biodegradable polymers derived from renewable re
sources have been proposed as the future generation of packaging 
materials (Lei et al., 2014). The basic material employed to form bio
based films are polysaccharides, proteins, lipids, and their derivatives 
(De Leo et al., 2018; Ramos, Valdés, Beltrán, & Garrigós, 2016). Pro
teins and polysaccharides have acceptable mechanical and gas barrier 
properties, but they show high moisture sensitivity (Rhim & Ng, 2007). 
On the contrary, lipid films exhibit acceptable water vapor barrier 
property and high oxygen permeability, but they have poor mechanical 
properties (Vodnar, Pop, Dulf, & Socaciu, 2015). Among poly
saccharides, chitosan has received considerable attention from aca
demics and industry for food packaging applications due to its parti
cular physicochemical features, biodegradability, non-toxicity, 
biocompatibility, good film-forming properties, chemical stability, high 
reactivity (Dutta, Tripathi, & Dutta, 2012; Lago et al., 2014; Mujtaba 
et al., 2019). General values for the parameters of interest for food 
packaging applications are reported in Table 1. The reader should 
consider these values as merely representative since they could dar
amatically change upon addition of additives such as plasticizers or 
crosslinker. Chitoasan has also intrinsic antioxidant and antimicrobial 
activities against fungi, molds, yeasts, and bacteria (Aider, 2010;  
Leceta, Guerrero, & de la Caba, 2013). However, inherent drawbacks of 
chitosan including low mechanical and thermal stability and high 
sensitivity to humidity are causing a major restriction for its industrial 
applications (Elsabee & Abdou, 2013). One strategy to overcome these 
drawbacks is blending chitosan with other biopolymers to combine 
their advantages as well as minimize their disadvantages. Therefore, 
the objective of the present paper is to provide a comprehensive lit
erature review of the last five years addressing chitosan-based films and 
strategies adopted for the improvement of their performances for po
tential food packaging applications. To get an idea of the complexity of 
the theme and of the work that has been done in the last years, an 

interrogation of the Web of Science database was performed searching 
“chitosan, film, blend, food packaging” within title, abstract and key
words in the timeframe 2015–2020. Nevertheless, among the very large 
number of papers available dealing with a wide range of characteristics 
and functionalities, only the most significant studies and achievements 
will be analyzed and discussed. 

2. History, features, and potential of chitosan 

Chitosan is a unique natural biopolymer, commercially originated 
from the deacetylation (to varying degrees) of chitin (Verlee, Mincke, & 
Stevens, 2017). It is the second most abundant natural polysaccharide 
behind cellulose (Salari, Sowti Khiabani, Rezaei Mokarram, 
Ghanbarzadeh, & Samadi Kafil, 2018) and the most abundant biopo
lymer of animal origin (Priyadarshi & Rhim, 2020). Chitin can be ob
tained from terrestrial arthropods (e.g., spiders, scorpions, beetles, 
cockroaches, and brachiopods), marine crustaceans (e.g., crab, lobster, 
prawn, and krill), Mollusca (e.g., squid) and microorganisms (e.g., fungi 
cell walls) (Zargar, Asghari, & Dashti, 2015). The waste of marine food 
production (particularly exoskeleton of crabs, lobsters, and shrimps) is 
currently the main industrial source of biomass for chitin production 
(Gutiérrez, 2017). 

The first report on chitin traces back to 1811 by French Professor of 
natural history Henri Braconnot. He found out the alkaline-insoluble 
fraction from mushrooms and named it “fungine”. In 1823, Antoine 
Odier extracted this alkaline-insoluble fraction from the cuticle of in
sects and named it “chitine”, originated from the Greek word “khiton” 
meaning “tunic” or “envelope”. Twenty years later, Jean Louis 
Lassaigne proved the presence of nitrogen in chitin. In 1859, Prof. C. 
Rouget discovered the deacylated form of chitin. He treated chitin with 
concentrated potassium hydroxide solution and heat to become soluble 
in dilute organic acids and named it “modified chitin” (Rouget, 1859). 
In 1878, Ledderhose identified that chitin was made of glucosamine and 
acetic acid. In 1894, Hoppe-Seyler treated the shells of crabs, scorpions, 
and spiders with potassium hydroxide solution at 180 °C and dissolved 
the product in dilute acid solution and named it “chitosan”. In 1894, 
Gilson proved the presence of glucosamine in chitin. In 1930, Ram
melberg found more chitin sources apart from insects and fungi. He 

Fig. 1. Schematic classification of biodegradable polymers.  
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hydrolyzed chitin in several ways and extracted chitosan from marine 
arthropods (e.g., crab, shrimp, and lobster). In the 1940s, both chitin 
and chitosan attracted considerable attention as evidenced by about 50 
patents. In 1950, the structure of chitosan was discovered using X-ray 
(Darmon & Rudall, 1950). The first book about chitosan was published 
by Albert Glenn Richards in 1951 (Richards, 1951). 

Nowadays, chitin and chitosan are simply described as copolymers 
of N-acetyl-D-glucosamine and D-glucosamine units linked with β-(1–4)- 
glycosidic bonds (Hosseinnejad & Jafari, 2016). They attract consider
able attention and are employed worldwide for a broad range of ap
plications. In the food industry, they are applied as antimicrobial agents 
(bactericidal and fungicidal), edible films and coating (e.g., post-har
vest deterioration control in fruits), additives (e.g., natural flavor ex
tender, emulsifying agents, thickeners, stabilizing agents, and color 
stabilizers), integrators (e.g., dietary fiber), enzyme immobilization, 
encapsulation of nutraceuticals, and purification of water (e.g. removal 
of dyes) (Ahmed & Ikram, 2017; Dutta, Tripathi, Mehrotra, & Dutta, 
2009; López-Caballero, Gómez-Guillén, Pérez-Mateos, & Montero, 
2005; Zargar et al., 2015; Zhang, Li, & Liu, 2011). 

Chitosan exhibits antioxidant (Ngo & Kim, 2014; Ojagh, Rezaei, 
Razavi, & Hosseini, 2010) and antimicrobial activity against a broad 
range of pathogenic and spoilage microorganisms, including fungi 
(yeasts and molds), Gram-positive and Gram-negative bacteria 
(Friedman & Juneja, 2010; Kong, Chen, Xing, & Park, 2010; van den 
Broek, Knoop, Kappen, & Boeriu, 2015). The antimicrobial activity of 
chitosan has drawn attention as a potential natural food preservative 
(Del Nobile et al., 2009; No, Meyers, Prinyawiwatkul, & Xu, 2007). 
Several hypotheses have been suggested to elucidate the mechanism of 
antimicrobial activity of chitosan: the most reasonable hypothesis is 
electro statistic interaction between protonated amino groups (NH3

+) 
of glucosamine in the chitosan backbone and microbial negative cell 
membrane constituents such as phosphoryl groups of the phospholipid 
components, proteins, amino acids, and various lipopolysaccharides 
(Elsabee & Abdou, 2013; Mousavi Khaneghah, Hashemi, & Limbo, 
2018). This interaction affects the membrane integrity and perme
ability, interfering with energy metabolism, nutrient transport, pro
voking the permeation of proteinaceous and other intracellular com
ponents, and causing disruptions that lead to cell death of 
microorganisms (Goy, de Britto, & Assis, 2009). Another possible me
chanism is the interaction of chitosan with cellular DNA of micro
organisms, thus preventing DNA transcription, RNA translation, and 
protein synthesis (Raafat & Sahl, 2009; Sharif et al., 2018; Verlee et al., 
2017). Moreover, chitosan acts as a chelating agent that selectively 
binds essential trace metals, spores, prevents the production of toxins 
and microbial growth (Hosseinnejad & Jafari, 2016; Vodnar et al., 
2015). Several researchers also suggested that microbial growth in
hibition occurs by blocking the supply of essential nutrients into the cell 
(No et al., 2007; Raafat & Sahl, 2009). 

3. Strategies for the improvement of properties of chitosan-based 
films 

Inherent drawbacks of chitosan such as high sensitivity to water, 
low mechanical and thermal stability lead to a shorter food shelf life 
compared to the conventional food packaging material and conse
quently limited its applications in food packaging (Al-Tayyar, Youssef, 
& Al-hindi, 2020; Elsabee & Abdou, 2013). Therefore, different strate
gies have been proposed to tackle these issues and to improve the 
properties of chitosan-based materials, such as cross-linking (Jahan, 
Mathad, & Farheen, 2016; Khouri, Penlidis, & Moresoli, 2019; Liang, 
Wang, & Chen, 2019; Yeamsuksawat & Liang, 2019), enzyme treatment 
(Águila-Almanza, Salgado-Delgado, Vargas-Galarza, García-Hernández, 
& Hernández-Cocoletzi, 2019), graft copolymerization (Argüelles- 
Monal, Lizardi-Mendoza, Fernández-Quiroz, Recillas-Mota, & Montiel- 
Herrera, 2018; Wang, Yu et al., 2016; Wang et al., 2019), complexation 
(Wang, Wang, & Heuzey, 2016), surface coating (Khwaldia, Basta, Ta
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Aloui, & El-Saied, 2014), fillers incorporation (Abdelrazek, Elashmawi, 
& Labeeb, 2010), high-energy irradiation (Shahbazi, Rajabzadeh, & 
Ahmadi, 2017) and blending with other biopolymers (Muxika, 
Etxabide, Uranga, Guerrero, & de la Caba, 2017; Wang, Qian, & Ding, 
2018). Blending chitosan with other polymers to form a composite film 
could combine the advantages of the base polymers into a film with 
higher performances compared with those of each constituent. A series 
of natural and synthetic polymers have been reported to blend with 
chitosan, such as pectin (Baron, Pérez, Salcedo, Córdoba, & do A. 
Sobral, 2017; Younis & Zhao, 2019), cellulose and its derivatives 
(Noshirvani et al., 2017; Valizadeh, Naseri, Babaei, Hosseini, & Imani, 
2019), starch (Ren, Yan, Zhou, Tong, & Su, 2017; Suriyatem, Auras, & 
Rachtanapun, 2018), gelatin (Bonilla, Poloni, Lourenço, & Sobral, 
2018; Guo et al., 2019), soy protein isolate (Li et al., 2017), polyvinyl 
alcohol (Do Yoon, Kim, Kim, & Je, 2017), polylactic acid (Liu, Wang, 
Zhang, Lan, & Qin, 2017), etc. 

4. Chitosan blends 

A polymer blend is a compatible or phase-separated mixture of at 
least two polymers or copolymers, that is produced to enhance the 
physical properties of each component (Cazón & Vázquez, 2020; Khan, 
Mansha, & Mazumder, 2018). The objective of polymer blending is to 
develop composite materials in a simple and cost-effective route which 
would combine the features of components, possibly enhancing their 
useful attributes, and minimizing their drawbacks (Parameswaranpillai, 
Thomas, & Grohens, 2015; Unger, Sedlmair, Siesler, & Hirschmugl, 
2014). 

The success of polymer blending as a strategy to improve packaging 
materials relies on the wide range of resulting physical, thermal, me
chanical, barrier, and optical properties. Therefore, studying these 
properties plays a key factor in the suitable formulation of blends ad
dressed to specific applications. 

The growing interest towards chitosan for packaging applications 
has resulted in many published studies focusing on the production and 
investigation of properties of films obtained from chitosan blended with 
other natural and synthetic polymers (Kumar, Mukherjee, & Dutta, 
2020). In this study, chitosan blends have been classified into two main 
groups, respectively chitosan-natural biopolymers blends and chitosan- 
synthetic polymers blends. A synopsis of the literature published in the 
last five years is presented in each subsection considering: type of 
polymer and its concentration, active compounds, and other additives 
incorporated in the blend and the main properties of the blend films 
addressed for food packaging applications. 

4.1. Chitosan-natural biopolymer blends 

The functional properties of chitosan-based films can be improved 
by blending with other natural biopolymers such as polysaccharides, 
proteins, and their derivatives (Aider, 2010; Cazón & Vázquez, 2020;  
Elsabee & Abdou, 2013). Compatibility between chitosan and these 
polymers depends on the ability to associate through electrostatic in
teraction due to chitosan cationic character at appropriate pH condi
tions and the availability of high-polarity groups, such as NH/NH2, OH, 
C]O, C−O−Cee, in its backbone to form intermolecular hydrogen 
bonds or dipole association with the corresponding functional groups of 
other biopolymers (Bonilla et al., 2018). It has been reported that 
polysaccharides such as pectin, starch (from rice, corn, potato, cassava, 
etc.), alginate, carrageenan, xanthan gum, xylan, glucose, kefiran, cel
lulose, and its derivatives can be blended with chitosan (Wang et al., 
2018). A synopsis of recent advances in chitosan-polysaccharide blend 
films for packaging applications is presented in Table 2. 

Protein-based films from animal sources (gelatin, collagen, casein, 
whey protein, etc.) and plant source (soy protein isolate, corn zein, 
kidney bean protein isolate, quinoa protein, wheat gluten, etc.) have 
been studied for the development of biodegradable films due to their Ta
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high abundance, acceptable mechanical properties, excellent gas bar
rier properties to non-condensable gases (oxygen, carbon dioxide, and 
nitrogen) and aromas (Arfat, Ahmed, Hiremath, Auras, & Joseph, 
2017). The chitosan-protein blend film could render better functional 
properties than single proteins and chitosan film, thus promoting their 
application in food packaging (Basta, Khwaldia, Aloui, & El-Saied, 
2015; Ma et al., 2012; Wang et al., 2018). A synopsis of recent advances 
in chitosan-protein blend films for packaging applications is presented 
in Table 3. 

4.2. Chitosan-synthetic polymers blends 

Blending chitosan with synthetic polymers (polyvinyl alcohol - PVA, 
polyvinyl pyrrolidone - PVP, polylactic acid - PLA, etc.) has been ex
tensively studied for the positive effects on the physical, mechanical, 
and biological features of composite films. The success of synthetic 
polymers as biodegradable materials depends on their diverse range of 
mechanical properties, chemical resistance, and low production costs 
compared to natural polymers (Bourakadi et al., 2019). Chitosan is 
potentially miscible with some synthetic polymers mainly due to the 
formation of intermolecular hydrogen bonds between hydroxyl groups 
of synthetic polymer and hydroxyl and amine groups of chitosan 
(Bonilla, Fortunati, Atarés, Chiralt, & Kenny, 2014). Depending on the 
interactions between polymer components, blending chitosan with 
synthetic biopolymers can enhance the mechanical and water barrier 
properties of films in some cases. A synopsis of recent advances in 
chitosan-synthetic polymer blend films for packaging applications is 
presented in Table 4. 

5. Conclusions and future perspectives 

Packaging is an essential item responsible for the protection of the 
product and provides food safety assurance during marketing. 
Conventional plastic packaging material due to non-biodegradability 
and insufficient waste management system has labeled the food in
dustry as a source of pollution and social concerns. Therefore, bio- 
based, and biodegradable materials have received considerable atten
tion to address these issues in recent years. The adoption of chitosan as 
packaging material could contribute to mitigating the environmental 
concern, despite some drawbacks in terms of thermal stability, barrier 
and mechanical properties, and production costs. Blending chitosan 
with other natural and synthetic polymers is an effective way to over
come these limitations, making the films suitable for specific uses. This 
approach appears to have a bright future for innovative food packaging 
design since it will allow the partial replacement of the existing syn
thetic plastic packaging materials presently available in the market. 
Potential applications of chitosan blend-based films are for fresh pro
ducts (vegetable, meat and fish) and foods with short to medium shelf 
life. Such films may represent an interesting alternative to conventional 
plastic films especially when recycling is not possible or is compromised 
due to presence of food residues: in these cases, the feature of biode
gradability/compostability offers a valid end-of-life alternative. 
Nanotechnologies certainly represent a promising complementary tool 
for further improvement of mechanical and barrier properties of chit
osan-based films and for the addition of other functionalities (anti
microbial and antioxidant capacity), but their development and appli
cation faces resistance due to toxicological issues. In particular, 
nanocomposite materials based on the incorporation of biobased na
nomaterials such as nano-cellulose, emerge for their potential to pro
vide a barrier and mechanical strength maintaining the full biode
gradability of the material. Finally, despite contributions retrieved in 
literature in the considered timeframe, the aspect of biodegradability 
remains mostly disregarded. This omission has two reasons: the first is 
linked to the difficulty of applying a real holistic and multidisciplinary 
approach, necessary for the development of food packaging; the second 
arises from the consideration that making a new material from Ta
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biodegradable components would result in a new biodegradable ma
terial. This should not be taken for granted and requires verification 
especially in the case of film incorporation of antimicrobial compounds. 
Indeed, compounds which inhibit microbial food spoilage might also 
cause negative effects in the composting process. Hence, future research 
on chitosan-based films and sustainable materials, in general, should 
include biodegradability among the targeted parameters. 

Declaration of Competing Interest 

The authors report no declarations of interest. 

References 

Abdelrazek, E. M., Elashmawi, I. S., & Labeeb, S. (2010). Chitosan filler effects on the 
experimental characterization, spectroscopic investigation and thermal studies of 
PVA / PVP blend films. Physica B: Physics of Condensed Matter, 405(8), 2021–2027. 
https://doi.org/10.1016/j.physb.2010.01.095. 

Águila-Almanza, E., Salgado-Delgado, R., Vargas-Galarza, Z., García-Hernández, E., & 
Hernández-Cocoletzi, H. (2019). Enzymatic depolymerization of chitosan for the 
preparation of functional membranes. Journal of Chemistry, 2019, 1–8. https://doi. 
org/10.1155/2019/5416297. 

Ahmed, S., & Ikram, S. (2016). Chitosan and gelatin based biodegradable packaging films 
with UV-light protection. Journal of Photochemistry and Photobiology B, Biology, 163, 
115–124. https://doi.org/10.1016/j.jphotobiol.2016.08.023. 

Ahmed, S., & Ikram, S. (2017). Chitin and chitosan: History, composition and properties. 
In S. Ahmed, & S. Ikram (Eds.). Chitosan: Derivatives, composites and applications (pp. 
1–24). Scrivener Publishing LLC. 

Aider, M. (2010). Chitosan application for active bio-based films production and potential 
in the food industry: Review. LWT - Food Science and Technology, 43(6), 837–842. 
https://doi.org/10.1016/j.lwt.2010.01.021. 

Al-Tayyar, N. A., Youssef, A. M., & Al-hindi, R. (2020). Antimicrobial food packaging 
based on sustainable bio-based materials for reducing foodborne pathogens: A re
view. Food Chemistry, 310, Article 125915. https://doi.org/10.1016/j.foodchem. 
2019.125915. 

Arfat, Y. A., Ahmed, J., Hiremath, N., Auras, R., & Joseph, A. (2017). Thermo-mechanical, 
rheological, structural and antimicrobial properties of bionanocomposite films based 
on fish skin gelatin and silver-copper nanoparticles. Food Hydrocolloids, 62, 191–202. 
https://doi.org/10.1016/j.foodhyd.2016.08.009. 

Argüelles-Monal, W. M., Lizardi-Mendoza, J., Fernández-Quiroz, D., Recillas-Mota, M. T., 
& Montiel-Herrera, M. (2018). Chitosan derivatives: Introducing new functionalities 
with a controlled molecular architecture for innovative materials. Polymers, 10(3), 
342. https://doi.org/10.3390/polym10030342. 

Arikan, E. B., & Ozsoy, H. D. (2015). A review: Investigation of bioplastics. Journal of Civil 
Engineering and Architecture, 9(2), 188–192. https://doi.org/10.17265/1934-7359/ 
2015.02.007. 

Badawy, M. E. I., Rabea, E. I., & El-Nouby, M. A. M. (2016). Preparation, physicochemical 
characterizations, and the antioxidant activity of the biopolymer films based on 
modified chitosan with starch, gelatin, and plasticizers. Journal of Polymer Materials, 
33(1), 17–32. https://doi.org/10.1007/s10924-013-0621-z. 

Baron, R. D., Pérez, L. L., Salcedo, J. M., Córdoba, L. P., & do A. Sobral, P. J. (2017). 
Production and characterization of films based on blends of chitosan from blue crab 
(Callinectes sapidus) waste and pectin from Orange (Citrus sinensis Osbeck) peel. 
International Journal of Biological Macromolecules, 98, 676–683. https://doi.org/10. 
1016/j.ijbiomac.2017.02.004. 

Basta, A. H., Khwaldia, K., Aloui, H., & El-Saied, H. (2015). Enhancing the performance of 
carboxymethyl cellulose by chitosan in producing barrier coated paper sheets. Nordic 
Pulp and Paper Research Journal, 30(4), 617–625. https://doi.org/10.3183/npprj- 
2015-30-04-p617-625. 

Batista, J. T. S., Araújo, C. S., Peixoto Joele, M. R. S., Silva Júnior, J. O. C., & Lourenço, L. 
F. H. (2019). Study of the effect of the chitosan use on the properties of biodegradable 
films of myofibrillar proteins of fish residues using response surface methodology. 
Food Packaging and Shelf Life, 20, Article 100306. https://doi.org/10.1016/j.fpsl. 
2019.100306. 

Bhuimbar, M. V., Bhagwat, P. K., & Dandge, P. B. (2019). Extraction and characterization 
of acid soluble collagen from fish waste: Development of collagen-chitosan blend as 
food packaging film. Journal of Environmental Chemical Engineering, 7(2), Article 
102983. https://doi.org/10.1016/j.jece.2019.102983. 

Bonilla, J., & Sobral, P. J. A. (2016). Investigation of the physicochemical, antimicrobial 
and antioxidant properties of gelatin-chitosan edible film mixed with plant ethanolic 
extracts. Food Bioscience, 16, 17–25. https://doi.org/10.1016/j.fbio.2016.07.003. 

Bonilla, J., Poloni, T., Lourenço, R. V., & Sobral, P. J. A. (2018). Antioxidant potential of 
eugenol and ginger essential oils with gelatin/chitosan films. Food Bioscience, 23, 
107–114. https://doi.org/10.1016/j.fbio.2018.03.007. 

Bonilla, J., Fortunati, E., Atarés, L., Chiralt, A., & Kenny, J. M. (2014). Physical, structural 
and antimicrobial properties of poly vinyl alcohol-chitosan biodegradable films. Food 
Hydrocolloids, 35, 463–470. https://doi.org/10.1016/j.foodhyd.2013.07.002. 

El Bourakadi, K., Merghoub, N., Fardioui, M., Mekhzoum, M. E. M., Kadmiri, I. M., 
Essassi, E. M., et al. (2019). Chitosan/polyvinyl alcohol/thiabendazoluim-montmor
illonite bio-nanocomposite films: Mechanical, morphological and antimicrobial 
properties. Composites Part B Engineering, 172, 103–110. https://doi.org/10.1016/j. 

Ta
bl

e 
4 

(c
on

tin
ue

d)
   

   
   

 

Bi
op

ol
ym

er
 

A
dd

iti
ve

s 
Ke

y 
fin

di
ng

s 
M

 
W

B 
G

B 
A

O
 

A
M

 
Re

fe
re

nc
e 

  

• P
VA

  

• C
hi

to
sa

n 
(1

 %
 w

/v
)  

• P
ot

as
si

um
 n

itr
at

e 
 

• (0
.1

, 0
.2

, 0
.3

, 0
.4

, a
nd

 0
.5

 %
 w

/w
)  

• A
dd

iti
on

 o
f p

ot
as

si
um

 n
itr

at
e 

in
to

 t
he

 b
io

po
ly

m
er

s 
bl

en
d 

ca
us

ed
 a

n 
im

pr
ov

em
en

t i
n 

te
ns

ile
 s

tr
en

gt
h 

an
d 

el
as

tic
ity

 d
ue

 to
 it

s 
cr

os
sl

in
ki

ng
 e

ffe
ct

.  

• T
he

 d
eg

ra
da

tio
n 

be
ha

vi
or

 c
an

 b
e 

im
pr

ov
ed

 w
ith

 a
dd

iti
on

 o
f p

ot
as

si
um

 
ni

tr
at

e.
 

✓
   

  
Ja

ha
n 

et
 a

l. 
(2

01
6)

  

• P
LA

 (
1 

%
 w

/v
)  

• C
hi

to
sa

n 
(1

 %
 w

/v
)  

• M
et

hy
ld

ip
he

ny
l d

iis
oc

ya
na

te
 (0

.2
,1

, 2
, a

nd
 3

 %
 w

/ 
w

 o
f t

he
 fi

na
l P

LA
/c

hi
to

sa
n 

so
lu

tio
n)

  
• In

cr
ea

si
ng

 c
on

ce
nt

ra
tio

n 
of

 m
et

hy
ld

ip
he

ny
l d

iis
oc

ya
na

te
 in

 b
io

po
ly

m
er

s 
bl

en
d 

im
pr

ov
ed

 t
en

si
le

 s
tr

en
gt

h 
an

d 
co

nt
ac

t 
an

gl
e 

va
lu

es
. 

✓
   

  
G

ar
tn

er
, L

i, 
an

d 
A

lm
en

ar
 (

20
15

)  

H. Haghighi, et al.   Food Packaging and Shelf Life 26 (2020) 100551

13

https://doi.org/10.1016/j.physb.2010.01.095
https://doi.org/10.1155/2019/5416297
https://doi.org/10.1155/2019/5416297
https://doi.org/10.1016/j.jphotobiol.2016.08.023
http://refhub.elsevier.com/S2214-2894(20)30569-X/sbref0020
http://refhub.elsevier.com/S2214-2894(20)30569-X/sbref0020
http://refhub.elsevier.com/S2214-2894(20)30569-X/sbref0020
https://doi.org/10.1016/j.lwt.2010.01.021
https://doi.org/10.1016/j.foodchem.2019.125915
https://doi.org/10.1016/j.foodchem.2019.125915
https://doi.org/10.1016/j.foodhyd.2016.08.009
https://doi.org/10.3390/polym10030342
https://doi.org/10.17265/1934-7359/2015.02.007
https://doi.org/10.17265/1934-7359/2015.02.007
https://doi.org/10.1007/s10924-013-0621-z
https://doi.org/10.1016/j.ijbiomac.2017.02.004
https://doi.org/10.1016/j.ijbiomac.2017.02.004
https://doi.org/10.3183/npprj-2015-30-04-p617-625
https://doi.org/10.3183/npprj-2015-30-04-p617-625
https://doi.org/10.1016/j.fpsl.2019.100306
https://doi.org/10.1016/j.fpsl.2019.100306
https://doi.org/10.1016/j.jece.2019.102983
https://doi.org/10.1016/j.fbio.2016.07.003
https://doi.org/10.1016/j.fbio.2018.03.007
https://doi.org/10.1016/j.foodhyd.2013.07.002
https://doi.org/10.1016/j.compositesb.2019.05.042


compositesb.2019.05.042. 
Cao, T. L., Yang, S. Y., & Song, K. B. (2018). Development of burdock root inulin/chitosan 

blend films containing oregano and thyme essential oils. International Journal of 
Molecular Sciences, 19(1), 1–12. https://doi.org/10.3390/ijms19010131. 

Caro, N., Medina, E., Díaz-Dosque, M., López, L., Abugoch, L., & Tapia, C. (2016). Novel 
active packaging based on films of chitosan and chitosan/quinoa protein printed with 
chitosan-tripolyphosphate-thymol nanoparticles via thermal ink-jet printing. Food 
Hydrocolloids, 52, 520–532. https://doi.org/10.1016/j.foodhyd.2015.07.028. 

Cazón, P., & Vázquez, M. (2020). Mechanical and barrier properties of chitosan combined 
with other components as food packaging film. Environmental Chemistry Letters, 18, 
257–267. https://doi.org/10.1007/s10311-019-00936-3. 

Cazón, P., Vázquez, M., & Velazquez, G. (2018). Composite films of regenerate cellulose 
with chitosan and polyvinyl alcohol: Evaluation of water adsorption, mechanical and 
optical properties. International Journal of Biological Macromolecules, 117, 235–246. 
https://doi.org/10.1016/j.ijbiomac.2018.05.148. 

Cui, H., Surendhiran, D., Li, C., & Lin, L. (2020). Biodegradable zein active film containing 
chitosan nanoparticle encapsulated with pomegranate peel extract for food packa
ging. Food Packaging and Shelf Life, 24, Article 100511. https://doi.org/10.1016/j. 
fpsl.2020.100511. 

Cui, S., Borgemenke, J., Qin, Y., Liu, Z., & Li, Y. (2019). Bio-based polycarbonates from 
renewable feedstocks and carbon dioxide. In Y. Li, & X. Ge (Eds.). Advances in bioe
nergy (pp. 183–208). Elsevier Inc.. https://doi.org/10.1016/bs.aibe.2019.04.001. 

Darmon, S. E., & Rudall, K. M. (1950). Infra-red and X-ray studies on chitin. Discussions of 
the Faraday Society, 9, 251–260. 

De Leo, R., Quartieri, A., Haghighi, H., Gigliano, S., Bedin, E., & Pulvirenti, A. (2018). 
Application of pectin-alginate and pectin-alginate-laurolyl arginate ethyl coatings to 
eliminate Salmonella enteritidis cross contamination in egg shells. Journal of Food 
Safety, 38(6), Article e12567. https://doi.org/10.1111/jfs.12567. 

de Morais Lima, M., Carneiro, L. C., Bianchini, D., Dias, A. R. G., da R. Zavareze, E., 
Prentice, C., et al. (2017). Structural, thermal, physical, mechanical, and barrier 
properties of chitosan films with the addition of xanthan gum. Journal of Food Science, 
82(3), 698–705. https://doi.org/10.1111/1750-3841.13653. 

Del Nobile, M. A., Di Benedetto, N., Suriano, N., Conte, A., Corbo, M. R., & Sinigaglia, M. 
(2009). Combined effects of chitosan and MAP to improve the microbial quality of 
amaranth homemade fresh pasta. Food Microbiology, 26(6), 587–591. https://doi.org/ 
10.1016/j.fm.2009.03.012. 

Do Yoon, S., Kim, Y. M., Kim, B. I. L., & Je, J. Y. (2017). Preparation and antibacterial 
activities of chitosan-gallic acid/polyvinyl alcohol blend film by LED-UV irradiation. 
Journal of Photochemistry and Photobiology B, Biology, 176, 145–149. https://doi.org/ 
10.1016/j.jphotobiol.2017.09.024. 

Dutta, J., Tripathi, S., & Dutta, P. K. (2012). Progress in antimicrobial activities of chitin, 
chitosan and its oligosaccharides: A systematic study needs for food applications. 
Food Science and Technology International, 18(1), 3–34. https://doi.org/10.1177/ 
1082013211399195. 

Dutta, P. K., Tripathi, S., Mehrotra, G. K., & Dutta, J. (2009). Perspectives for chitosan 
based antimicrobial films in food applications. Food Chemistry, 114(4), 1173–1182. 
https://doi.org/10.1016/j.foodchem.2008.11.047. 

Elsabee, M. Z., & Abdou, E. S. (2013). Chitosan based edible films and coatings: A review. 
Materials Science and Engineering C, 33(4), 1819–1841. https://doi.org/10.1016/j. 
msec.2013.01.010. 

Friedman, M., & Juneja, V. K. (2010). Review of antimicrobial and antioxidative activities 
of chitosans in food. Journal of Food Protection, 73(9), 1737–1761. https://doi.org/ 
10.4315/0362-028X-73.9.1737. 

Gartner, H., Li, Y., & Almenar, E. (2015). Improved wettability and adhesion of polylactic 
acid/chitosan coating for bio-based multilayer film development. Applied Surface 
Science, 332, 488–493. https://doi.org/10.1016/j.apsusc.2015.01.157. 

Ghaderi, J., Hosseini, S. F., Keyvani, N., & Gómez-Guillén, M. C. (2019). Polymer 
blending effects on the physicochemical and structural features of the chitosan/poly 
(vinyl alcohol)/fish gelatin ternary biodegradable films. Food Hydrocolloids, 95, 
122–132. https://doi.org/10.1016/j.foodhyd.2019.04.021. 

Giannakas, A., Vlacha, M., Salmas, C., Leontiou, A., Katapodis, P., Stamatis, H., et al. 
(2016). Preparation, characterization, mechanical, barrier and antimicrobial prop
erties of chitosan/PVOH/clay nanocomposites. Carbohydrate Polymers, 140, 408–415. 
https://doi.org/10.1016/j.carbpol.2015.12.072. 

Goy, R. C., de Britto, D., & Assis, O. B. G. (2009). A review of the antimicrobial activity of 
chitosan. Polimeros: Ciência e Tecnologia, 19(3), 241–247. https://doi.org/10.1590/ 
S0104-14282009000300013. 

Guo, Y., Chen, X., Yang, F., Wang, T., Ni, M., Chen, Y., et al. (2019). Preparation and 
characterization of chitosan-based ternary blend edible films with efficient anti
microbial activities for food packaging applications. Journal of Food Science, 84(6), 
1411–1419. https://doi.org/10.1111/1750-3841.14650. 

Gutiérrez, T. J. (2017). Chitosan applications for the food industry. In S. Ahmed, & S. 
Ikram (Eds.). Chitosan: Derivatives, composites and applications (pp. 183–232). 
Scrivener Publishing LLC, Wiley. https://doi.org/10.1002/9781119364849 ch8. 

Haghighi, H., Leugoue, S. K., Pfeifer, F., Siesler, H. W., Licciardello, F., Fava, P., et al. 
(2020). Development of antimicrobial films based on chitosan-polyvinyl alcohol 
blend enriched with ethyl lauroyl arginate (LAE) for food packaging applications. 
Food Hydrocolloids, 100, Article 105419. https://doi.org/10.1016/j.foodhyd.2019. 
105419. 

Haghighi, H., Biard, S., Bigi, F., De Leo, R., Bedin, E., Pfeifer, F., et al. (2019). 
Comprehensive characterization of active chitosan-gelatin blend films enriched with 
different essential oils. Food Hydrocolloids, 95, 33–42. https://doi.org/10.1016/j. 
foodhyd.2019.04.019. 

Haghighi, H., De Leo, R., Bedin, E., Pfeifer, F., Siesler, H. W., & Pulvirenti, A. (2019). 
Comparative analysis of blend and bilayer films based on chitosan and gelatin en
riched with LAE (lauroyl arginate ethyl) with antimicrobial activity for food 

packaging applications. Food Packaging and Shelf Life, 19, 31–39. https://doi.org/10. 
1016/j.fpsl.2018.11.015. 

Hajji, S., Chaker, A., Jridi, M., Maalej, H., Jellouli, K., Boufi, S., et al. (2016). Structural 
analysis, and antioxidant and antibacterial properties of chitosan-poly (vinyl alcohol) 
biodegradable films. Environmental Science and Pollution Research, 23(15), 
15310–15320. https://doi.org/10.1007/s11356-016-6699-9. 

Hari, N., Francis, S., Rajendran Nair, A. G., & Nair, A. J. (2018). Synthesis, character
ization and biological evaluation of chitosan film incorporated with β-Carotene 
loaded starch nanocrystals. Food Packaging and Shelf Life, 16, 69–76. https://doi.org/ 
10.1016/j.fpsl.2018.02.003. 

Hasanpour Ardekani-Zadeh, A., & Hosseini, S. F. (2019). Electrospun essential oil-doped 
chitosan/poly(ε-caprolactone) hybrid nanofibrous mats for antimicrobial food bio
packaging exploits. Carbohydrate Polymers, 223, Article 115108. https://doi.org/10. 
1016/j.carbpol.2019.115108. 

Hosseinnejad, M., & Jafari, S. M. (2016). Evaluation of different factors affecting anti
microbial properties of chitosan. International Journal of Biological Macromolecules, 
85, 467–475. https://doi.org/10.1016/j.ijbiomac.2016.01.022. 

Hou, C., Gao, L., Wang, Z., Rao, W., Du, M., & Zhang, D. (2020). Mechanical properties, 
thermal stability, and solubility of sheep bone collagen–chitosan films. Journal of 
Food Process Engineering, 43(1), Article e13086. https://doi.org/10.1111/jfpe.13086. 

Hu, D., Wang, H., & Wang, L. (2016). Physical properties and antibacterial activity of 
quaternized chitosan/carboxymethyl cellulose blend films. LWT - Food Science and 
Technology, 65, 398–405. https://doi.org/10.1016/j.lwt.2015.08.033. 

Jahan, F., Mathad, R. D., & Farheen, S. (2016). Effect of mechanical strength on chitosan- 
PVA blend through ionic crosslinking for food packaging application. Materials Today 
Proceedings, 3(10), 3689–3696. https://doi.org/10.1016/j.matpr.2016.11.014. 

Kakaei, S., & Shahbazi, Y. (2016). Effect of chitosan-gelatin film incorporated with 
ethanolic red grape seed extract and Ziziphora clinopodioides essential oil on survival 
of Listeria monocytogenes and chemical, microbial and sensory properties of minced 
trout fillet. LWT - Food Science and Technology, 72, 432–438. https://doi.org/10. 
1016/j.lwt.2016.05.021. 

Kamdem, D. P., Shen, Z., Nabinejad, O., & Shu, Z. (2019). Development of biodegradable 
composite chitosan-based films incorporated with xylan and carvacrol for food 
packaging application. Food Packaging and Shelf Life, 21, Article 100344. https://doi. 
org/10.1016/j.fpsl.2019.100344. 

Kan, J., Liu, J., Yong, H., Liu, Y., Qin, Y., & Liu, J. (2019). Development of active 
packaging based on chitosan-gelatin blend films functionalized with Chinese haw
thorn (Crataegus pinnatifida) fruit extract. International Journal of Biological 
Macromolecules, 140, 384–392. https://doi.org/10.1016/j.ijbiomac.2019.08.155. 

Khan, I., Mansha, M., & Mazumder, M. A. J. (2018). Polymer blends. In M. J. Mazumder, 
H. Sheardown, & A. Al-Ahmed (Eds.). Polymers and polymeric composite: A reference 
series (pp. 1–38). Cham, Switzerland: Springer. https://doi.org/10.1007/978-3-319- 
92067-2_16-1. 

Khouri, J., Penlidis, A., & Moresoli, C. (2019). Viscoelastic properties of crosslinked 
chitosan Films. Processes, 7(3), 157. https://doi.org/10.3390/pr7030157. 

Khwaldia, K., Basta, A. H., Aloui, H., & El-Saied, H. (2014). Chitosan-caseinate bilayer 
coatings for paper packaging materials. Carbohydrate Polymers, 99, 508–516. https:// 
doi.org/10.1016/j.carbpol.2013.08.086. 

Kong, M., Chen, X. G., Xing, K., & Park, H. J. (2010). Antimicrobial properties of chitosan 
and mode of action: A state of the art review. International Journal of Food 
Microbiology, 144(1), 51–63. https://doi.org/10.1016/j.ijfoodmicro.2010.09.012. 

Kumar, S., & Thakur, K. (2017). Bioplastics - classification, production and their potential 
food applications. Journal of Hill Agriculture, 8(2), 118. https://doi.org/10.5958/ 
2230-7338.2017.00024.6. 

Kumar, S., Mukherjee, A., & Dutta, J. (2020). Chitosan based nanocomposite films and 
coatings: Emerging antimicrobial food packaging alternatives. Trends in Food Science 
& Technology, 97, 196–209. https://doi.org/10.1016/j.tifs.2020.01.002. 

Kumar, S., Shukla, A., Baul, P. P., Mitra, A., & Halder, D. (2018). Biodegradable hybrid 
nanocomposites of chitosan/gelatin and silver nanoparticles for active food packa
ging applications. Food Packaging and Shelf Life, 16, 178–184. https://doi.org/10. 
1016/j.fpsl.2018.03.008. 

Lago, M. A., Sendón, R., de Quirós, A. R. B., Sanches-Silva, A., Costa, H. S., Sánchez- 
Machado, D. I., et al. (2014). Preparation and characterization of antimicrobial films 
based on chitosan for active food packaging applications. Food and Bioprocess 
Technology, 7(10), 2932–2941. https://doi.org/10.1007/s11947-014-1276-z. 

Leceta, I., Guerrero, P., & de la Caba, K. (2013). Functional properties of chitosan-based 
films. Carbohydrate Polymers, 93(1), 339–346. https://doi.org/10.1016/j.carbpol. 
2012.04.031. 

Lee, J.-H., Lee, J.-H., Yang, H.-J., & Song, K. (2015). Preparation and characterization of 
brewer’s spent grain protein-chitosan composite films. Journal of Food Science and 
Technology, 52(11), 7549–7555. https://doi.org/10.1007/s13197-015-1941-x. 

Lei, J., Yang, L., Zhan, Y., Wang, Y., Ye, T., Li, Y., et al. (2014). Plasma treated poly
ethylene terephthalate/polypropylene films assembled with chitosan and various 
preservatives for antimicrobial food packaging. Colloids and Surfaces B: Biointerfaces, 
114, 60–66. https://doi.org/10.1016/j.colsurfb.2013.09.052. 

Li, K., Jin, S., Liu, X., Chen, H., He, J., & Li, J. (2017). Preparation and characterization of 
chitosan/soy protein isolate nanocomposite film reinforced by Cu nanoclusters. 
Polymers, 9(7), 247. https://doi.org/10.3390/polym9070247. 

Li, S., Yan, Y., Guan, X., & Huang, K. (2020). Preparation of a hordein-quercetin-chitosan 
antioxidant electrospun nanofibre film for food packaging and improvement of the 
film hydrophobic properties by heat treatment. Food Packaging and Shelf Life, 23, 
Article 100466. https://doi.org/10.1016/j.fpsl.2020.100466. 

Li, W., Zheng, K., Chen, H., Feng, S., Wang, W., & Qin, C. (2019). Influence of nano 
titanium dioxide and clove oil on chitosan–starch film characteristics. Polymers, 
11(9), 1418. https://doi.org/10.3390/polym11091418. 

Liang, J., Wang, R., & Chen, R. (2019). The impact of cross-linking mode on the physical 

H. Haghighi, et al.   Food Packaging and Shelf Life 26 (2020) 100551

14

https://doi.org/10.1016/j.compositesb.2019.05.042
https://doi.org/10.3390/ijms19010131
https://doi.org/10.1016/j.foodhyd.2015.07.028
https://doi.org/10.1007/s10311-019-00936-3
https://doi.org/10.1016/j.ijbiomac.2018.05.148
https://doi.org/10.1016/j.fpsl.2020.100511
https://doi.org/10.1016/j.fpsl.2020.100511
https://doi.org/10.1016/bs.aibe.2019.04.001
http://refhub.elsevier.com/S2214-2894(20)30569-X/sbref0125
http://refhub.elsevier.com/S2214-2894(20)30569-X/sbref0125
https://doi.org/10.1111/jfs.12567
https://doi.org/10.1111/1750-3841.13653
https://doi.org/10.1016/j.fm.2009.03.012
https://doi.org/10.1016/j.fm.2009.03.012
https://doi.org/10.1016/j.jphotobiol.2017.09.024
https://doi.org/10.1016/j.jphotobiol.2017.09.024
https://doi.org/10.1177/1082013211399195
https://doi.org/10.1177/1082013211399195
https://doi.org/10.1016/j.foodchem.2008.11.047
https://doi.org/10.1016/j.msec.2013.01.010
https://doi.org/10.1016/j.msec.2013.01.010
https://doi.org/10.4315/0362-028X-73.9.1737
https://doi.org/10.4315/0362-028X-73.9.1737
https://doi.org/10.1016/j.apsusc.2015.01.157
https://doi.org/10.1016/j.foodhyd.2019.04.021
https://doi.org/10.1016/j.carbpol.2015.12.072
https://doi.org/10.1590/S0104-14282009000300013
https://doi.org/10.1590/S0104-14282009000300013
https://doi.org/10.1111/1750-3841.14650
https://doi.org/10.1002/9781119364849
https://doi.org/10.1016/j.foodhyd.2019.105419
https://doi.org/10.1016/j.foodhyd.2019.105419
https://doi.org/10.1016/j.foodhyd.2019.04.019
https://doi.org/10.1016/j.foodhyd.2019.04.019
https://doi.org/10.1016/j.fpsl.2018.11.015
https://doi.org/10.1016/j.fpsl.2018.11.015
https://doi.org/10.1007/s11356-016-6699-9
https://doi.org/10.1016/j.fpsl.2018.02.003
https://doi.org/10.1016/j.fpsl.2018.02.003
https://doi.org/10.1016/j.carbpol.2019.115108
https://doi.org/10.1016/j.carbpol.2019.115108
https://doi.org/10.1016/j.ijbiomac.2016.01.022
https://doi.org/10.1111/jfpe.13086
https://doi.org/10.1016/j.lwt.2015.08.033
https://doi.org/10.1016/j.matpr.2016.11.014
https://doi.org/10.1016/j.lwt.2016.05.021
https://doi.org/10.1016/j.lwt.2016.05.021
https://doi.org/10.1016/j.fpsl.2019.100344
https://doi.org/10.1016/j.fpsl.2019.100344
https://doi.org/10.1016/j.ijbiomac.2019.08.155
https://doi.org/10.1007/978-3-319-92067-2_16-1
https://doi.org/10.1007/978-3-319-92067-2_16-1
https://doi.org/10.3390/pr7030157
https://doi.org/10.1016/j.carbpol.2013.08.086
https://doi.org/10.1016/j.carbpol.2013.08.086
https://doi.org/10.1016/j.ijfoodmicro.2010.09.012
https://doi.org/10.5958/2230-7338.2017.00024.6
https://doi.org/10.5958/2230-7338.2017.00024.6
https://doi.org/10.1016/j.tifs.2020.01.002
https://doi.org/10.1016/j.fpsl.2018.03.008
https://doi.org/10.1016/j.fpsl.2018.03.008
https://doi.org/10.1007/s11947-014-1276-z
https://doi.org/10.1016/j.carbpol.2012.04.031
https://doi.org/10.1016/j.carbpol.2012.04.031
https://doi.org/10.1007/s13197-015-1941-x
https://doi.org/10.1016/j.colsurfb.2013.09.052
https://doi.org/10.3390/polym9070247
https://doi.org/10.1016/j.fpsl.2020.100466
https://doi.org/10.3390/polym11091418


and antimicrobial properties of a chitosan/bacterial cellulose composite. Polymers, 
11(3), 491. https://doi.org/10.3390/polym11030491. 

Liu, Y., Wang, S., & Lan, W. (2018). Fabrication of antibacterial chitosan-PVA blended 
film using electrospray technique for food packaging applications. International 
Journal of Biological Macromolecules, 107(PartA), 848–854. https://doi.org/10.1016/ 
j.ijbiomac.2017.09.044. 

Liu, Y., Wang, S., Zhang, R., Lan, W., & Qin, W. (2017). Development of poly(lactic acid)/ 
chitosan fibers loaded with essential oil for antimicrobial applications. Nanomaterials, 
7(7), 194. https://doi.org/10.3390/nano7070194. 

López-Caballero, M. E., Gómez-Guillén, M. C., Pérez-Mateos, M., & Montero, P. (2005). A 
chitosan-gelatin blend as a coating for fish patties. Food Hydrocolloids, 19(2), 
303–311. https://doi.org/10.1016/j.foodhyd.2004.06.006. 

Lozano-Navarro, J. I., Díaz-Zavala, N. P., Velasco-Santos, C., Martínez-Hernández, A. L., 
Tijerina-Ramos, B. I., García-Hernández, M., et al. (2017). Antimicrobial, optical and 
mechanical properties of chitosan–starch films with natural extracts. International 
Journal of Molecular Sciences, 18(5), 1–18. https://doi.org/10.3390/ijms18050997. 

Luchese, C. L., Pavoni, J. M. F., dos Santos, N. Z., Quines, L. K., Pollo, L. D., Spada, J. C., 
et al. (2018). Effect of chitosan addition on the properties of films prepared with corn 
and cassava starches. Journal of Food Science and Technology, 55(8), 2963–2973. 
https://doi.org/10.1007/s13197-018-3214-y. 

Luzi, F., Fortunati, E., Giovanale, G., Mazzaglia, A., Torre, L., & Balestra, G. M. (2017). 
Cellulose nanocrystals from Actinidia deliciosa pruning residues combined with 
carvacrol in PVA_CH films with antioxidant/antimicrobial properties for packaging 
applications. International Journal of Biological Macromolecules, 104, 43–55. https:// 
doi.org/10.1016/j.ijbiomac.2017.05.176. 

Ma, W., Tang, C. H., Yin, S. W., Yang, X. Q., Wang, Q., Liu, F., et al. (2012). 
Characterization of gelatin-based edible films incorporated with olive oil. Food 
Research International, 49(1), 572–579. https://doi.org/10.1016/j.foodres.2012.07. 
037. 

Marsh, K., & Bugusu, B. (2007). Food packaging - Roles, materials, and environmental 
issues: Scientific status summary. Journal of Food Science, 72(3), https://doi.org/10. 
1111/j.1750-3841.2007.00301.x. 

Martins da Costa, J. C., Lima Miki, K. S., da Silva Ramos, A., & Teixeira-Costa, B. E. 
(2020). Development of biodegradable films based on purple yam starch/chitosan for 
food application. Heliyon, 6(4), Article e03718. https://doi.org/10.1016/j.heliyon. 
2020.e03718. 

Mohammadi, R., Amin, M., Rouhi, M., Kariminejad, M., Mohammad, A., & Sadeghi, E. 
(2018). Physico-mechanical and structural properties of eggshell membrane gelatin- 
chitosan blend edible films. International Journal of Biological Macromolecules, 107, 
406–412. https://doi.org/10.1016/j.ijbiomac.2017.09.003. 

Mousavi Khaneghah, A., Hashemi, S. M. B., & Limbo, S. (2018). Antimicrobial agents and 
packaging systems in antimicrobial active food packaging : An overview of ap
proaches and interactions. Food and Bioproducts Processing, 111, 1–19. https://doi. 
org/10.1016/j.fbp.2018.05.001. 

Mujtaba, M., Morsi, R. E., Kerch, G., Elsabee, M. Z., Kaya, M., Labidi, J., et al. (2019). 
Current advancements in chitosan-based film production for food technology; A re
view. International Journal of Biological Macromolecules, 121, 889–904. https://doi. 
org/10.1016/j.ijbiomac.2018.10.109. 

Muxika, A., Etxabide, A., Uranga, J., Guerrero, P., & de la Caba, K. (2017). Chitosan as a 
bioactive polymer: Processing, properties and applications. International Journal of 
Biological Macromolecules, 105, 1358–1368. https://doi.org/10.1016/j.ijbiomac. 
2017.07.087. 

Narasagoudr, S. S., Hegde, V. G., Vanjeri, V. N., Chougale, R. B., & Masti, S. P. (2020). 
Ethyl vanillin incorporated chitosan/poly(vinyl alcohol) active films for food 
packaging applications. Carbohydrate Polymers, 236, Article 116049. https://doi.org/ 
10.1016/j.carbpol.2020.116049. 

Newell, R., Qian, Y., & Raimi, D. (2016). Global energy outlook 2015. Cambridge, MA: 
National Bureau of Economic Researchhttps://doi.org/10.3386/w22075 Working 
Paper No. 22075. 

Ngo, D. H., & Kim, S. K. (2014). Antioxidant effects of chitin, chitosan, and their deri
vatives. Advances in Food and Nutrition Research, 73, 15–31. https://doi.org/10.1016/ 
B978-0-12-800268-1.00002-0. 

Ngo, T. M. P., Nguyen, T. H., Dang, T. M. Q., Tran, T. X., & Rachtanapun, P. (2020). 
Characteristics and antimicrobial properties of active edible films based on pectin and 
nanochitosan. International Journal of Molecular Sciences, 21(6), 2224. https://doi. 
org/10.3390/ijms21062224. 

No, H. K., Meyers, S. P., Prinyawiwatkul, W., & Xu, Z. (2007). Applications of chitosan for 
improvement of quality and shelf life of foods: A review. Journal of Food Science, 
72(5), 87–100. https://doi.org/10.1111/j.1750-3841.2007.00383.x. 

Noshirvani, N., Ghanbarzadeh, B., Gardrat, C., Rezaei, M. R., Hashemi, M., Le Coz, C., 
et al. (2017). Cinnamon and ginger essential oils to improve antifungal, physical and 
mechanical properties of chitosan-carboxymethyl cellulose films. Food Hydrocolloids, 
70, 36–45. https://doi.org/10.1016/j.foodhyd.2017.03.015. 

Ojagh, S. M., Rezaei, M., Razavi, S. H., & Hosseini, S. M. H. (2010). Effect of chitosan 
coatings enriched with cinnamon oil on the quality of refrigerated rainbow trout. 
Food Chemistry, 120(1), 193–198. https://doi.org/10.1016/j.foodchem.2009.10.006. 

Parameswaranpillai, J., Thomas, S., & Grohens, Y. (2015). Polymer blends: State of the 
art, new challenges, and opportunities. In S. Thomas, Y. Grohens, & P. Jyotishkumar 
(Eds.). Characterization of polymer blends: Miscibility, morphology and interfaces (pp. 1– 
6). Wiley-VCH Verlag GmbH & Co. KGaA. https://doi.org/10.1002/9783527645602 
ch01. 

Peelman, N., Ragaert, P., De Meulenaer, B., Adons, D., Peeters, R., Cardon, L., et al. 
(2013). Application of bioplastics for food packaging. Trends in Food Science & 
Technology, 32(2), 128–141. https://doi.org/10.1016/j.tifs.2013.06.003. 

Perumal, A. B., Sellamuthu, P. S., Nambiar, R. B., & Sadiku, E. R. (2018). Development of 
polyvinyl alcohol/chitosan bio-nanocomposite films reinforced with cellulose 

nanocrystals isolated from rice straw. Applied Surface Science, 449, 591–602. https:// 
doi.org/10.1016/j.apsusc.2018.01.022. 

Philp, J. C., Bartsev, A., Ritchie, R. J., Baucher, M. A., & Guy, K. (2013). Bioplastics 
science from a policy vantage point. New Biotechnology, 30(6), 635–646. https://doi. 
org/10.1016/j.nbt.2012.11.021. 

Priyadarshi, R., & Rhim, J.-W. (2020). Chitosan-based biodegradable functional films for 
food packaging applications. Innovative Food Science & Emerging Technologies, 62, 
Article 102346. https://doi.org/10.1016/j.ifset.2020.102346. 

Qu, L., Chen, G., Dong, S., Huo, Y., Yin, Z., Li, S., et al. (2019). Improved mechanical and 
antimicrobial properties of zein/chitosan films by adding highly dispersed nano-TiO2. 
Industrial Crops and Products, 130, 450–458. https://doi.org/10.1016/j.indcrop.2018. 
12.093. 

Raafat, D., & Sahl, H. G. (2009). Chitosan and its antimicrobial potential - A critical 
literature survey. Microbial Biotechnology, 2(2), 186–201. https://doi.org/10.1111/j. 
1751-7915.2008.00080.x. 

Ramos, M., Valdés, A., Beltrán, A., & Garrigós, M. (2016). Gelatin-based films and coat
ings for food packaging applications. Coatings, 6(4), 41. https://doi.org/10.3390/ 
coatings6040041. 

Ramziia, S., Ma, H., Yao, Y., Wei, K., & Huang, Y. (2018). Enhanced antioxidant activity 
of fish gelatin–chitosan edible films incorporated with procyanidin. Journal of Applied 
Polymer Science, 135(10), 1–10. https://doi.org/10.1002/app.45781. 

Ren, L., Yan, X., Zhou, J., Tong, J., & Su, X. (2017). Influence of chitosan concentration on 
mechanical and barrier properties of corn starch/chitosan films. International Journal 
of Biological Macromolecules, 105, 1636–1643. https://doi.org/10.1016/j.ijbiomac. 
2017.02.008. 

Rezaee, M., Askari, G., EmamDjomeh, Z., & Salami, M. (2018). Effect of organic additives 
on physiochemical properties and anti-oxidant release from chitosan-gelatin com
posite films to fatty food simulant. International Journal of Biological Macromolecules, 
114, 844–850. https://doi.org/10.1016/j.ijbiomac.2018.03.122. 

Rhim, J.-W., & Ng, P. K. W. (2007). Natural biopolymer-based nanocomposite films for 
packaging applications. Critical Reviews in Food Science and Nutrition, 47(4), 411–433. 
https://doi.org/10.1080/10408390600846366. 

Richards, A. G. (1951). The integument of arthropods: The chemical components and their 
properties, the anatomy and development, and the permeability. Minneapolis: University 
of Minnesota Press. 

Ritchie, H., & Roser, M. (2018). Plastic pollution. Our world in data. https:// 
ourworldindata.org/plastic-pollution. 

Rouget, C. (1859). Des substances amylacees dans Ie tissue des animaux, specialement les 
Atricules (Chitine). Comptes rendus hebdomadaires des seances de l’Academie des sci
ences, 48, 792–795. 

Rujnić-Sokele, M., & Pilipović, A. (2017). Challenges and opportunities of biodegradable 
plastics: A mini review. Waste Management Research, 35(2), 132–140. https://doi. 
org/10.1177/0734242X16683272. 

Sadeghi, K., & Shahedi, M. (2016). Physical, mechanical, and antimicrobial properties of 
ethylene vinyl alcohol copolymer/chitosan/nano-ZnO (ECNZn) nanocomposite films 
incorporating glycerol plasticizer. Journal of Food Measurement & Characterization, 
10(1), 137–147. https://doi.org/10.1007/s11694-015-9287-7. 

Salari, M., Sowti Khiabani, M., Rezaei Mokarram, R., Ghanbarzadeh, B., & Samadi Kafil, 
H. (2018). Development and evaluation of chitosan based active nanocomposite films 
containing bacterial cellulose nanocrystals and silver nanoparticles. Food 
Hydrocolloids, 84, 414–423. https://doi.org/10.1016/j.foodhyd.2018.05.037. 

Samsalee, N., & Sothornvit, R. (2019). Development and characterization of porcine 
plasma protein-chitosan blended films. Food Packaging and Shelf Life, 22, Article 
100406. https://doi.org/10.1016/j.fpsl.2019.100406. 

Shahbazi, M., Rajabzadeh, G., & Ahmadi, S. J. (2017). Characterization of nanocomposite 
film based on chitosan intercalated in clay platelets by electron beam irradiation. 
Carbohydrate Polymers, 157, 226–235. https://doi.org/10.1016/j.carbpol.2016.09. 
018. 

Shapi’i, R. A., & Othman, S. H. (2016). Effect of concentration of chitosan on the me
chanical, morphological and optical properties of tapioca starch film. International 
Food Research Journal, 23, S187–S193. http://www.ifrj.upm.edu.my/23%20(06)% 
202016%20supplementary/(27)%20IFRJ-16271%20Othman.pdf. 

Sharif, R., Mujtaba, M., Rahman, M. U., Shalmani, A., Ahmad, H., Anwar, T., et al. (2018). 
The multifunctional role of chitosan in horticultural crops; a review. Molecules, 23(4), 
1–20. https://doi.org/10.3390/molecules23040872. 

Shin, J., & Selke, S. E. M. (2014). Food packaging. In S. Clark, S. Jung, & B. Lamsal (Eds.). 
Food processing: Principles and applications (pp. 249–273). Chichester, UK: John Wiley 
& Sons, Ltd. https://doi.org/10.1002/9781118846315.ch11. 

Shojaee Kang Sofla, M., Mortazavi, S., & Seyfi, J. (2020). Preparation and characterization 
of polyvinyl alcohol/chitosan blends plasticized and compatibilized by glycerol/ 
polyethylene glycol. Carbohydrate Polymers, 232, Article 115784. https://doi.org/10. 
1016/j.carbpol.2019.115784. 

Siracusa, V., Rocculi, P., Romani, S., & Dalla Rosa, M. (2008). Biodegradable polymers for 
food packaging: A review. Trends in Food Science & Technology, 19(12), 634–643. 
https://doi.org/10.1016/j.tifs.2008.07.003. 

Sirisha Nallan Chakravartula, S., Lourenço, R. V., Balestra, F., Quinta Barbosa Bittante, A. 
M., do A. Sobral, P. J., & Dalla Rosa, M. (2020). Influence of pitanga (Eugenia uniflora 
L.) leaf extract and/or natamycin on properties of cassava starch/chitosan active 
films. Food Packaging and Shelf Life, 24, Article 100498. https://doi.org/10.1016/j. 
fpsl.2020.100498. 

Soni, B., Mahmoud, B., Chang, S., El-Giar, E. M., & Hassan, E. B. (2018). Physicochemical, 
antimicrobial and antioxidant properties of chitosan/TEMPO biocomposite packa
ging films. Food Packaging and Shelf Life, 17, 73–79. https://doi.org/10.1016/j.fpsl. 
2018.06.001. 

Soroudi, A., & Jakubowicz, I. (2013). Recycling of bioplastics, their blends and bio
composites: A review. European Polymer Journal, 49(10), 2839–2858. https://doi.org/ 

H. Haghighi, et al.   Food Packaging and Shelf Life 26 (2020) 100551

15

https://doi.org/10.3390/polym11030491
https://doi.org/10.1016/j.ijbiomac.2017.09.044
https://doi.org/10.1016/j.ijbiomac.2017.09.044
https://doi.org/10.3390/nano7070194
https://doi.org/10.1016/j.foodhyd.2004.06.006
https://doi.org/10.3390/ijms18050997
https://doi.org/10.1007/s13197-018-3214-y
https://doi.org/10.1016/j.ijbiomac.2017.05.176
https://doi.org/10.1016/j.ijbiomac.2017.05.176
https://doi.org/10.1016/j.foodres.2012.07.037
https://doi.org/10.1016/j.foodres.2012.07.037
https://doi.org/10.1111/j.1750-3841.2007.00301.x
https://doi.org/10.1111/j.1750-3841.2007.00301.x
https://doi.org/10.1016/j.heliyon.2020.e03718
https://doi.org/10.1016/j.heliyon.2020.e03718
https://doi.org/10.1016/j.ijbiomac.2017.09.003
https://doi.org/10.1016/j.fbp.2018.05.001
https://doi.org/10.1016/j.fbp.2018.05.001
https://doi.org/10.1016/j.ijbiomac.2018.10.109
https://doi.org/10.1016/j.ijbiomac.2018.10.109
https://doi.org/10.1016/j.ijbiomac.2017.07.087
https://doi.org/10.1016/j.ijbiomac.2017.07.087
https://doi.org/10.1016/j.carbpol.2020.116049
https://doi.org/10.1016/j.carbpol.2020.116049
https://doi.org/10.3386/w22075
https://doi.org/10.1016/B978-0-12-800268-1.00002-0
https://doi.org/10.1016/B978-0-12-800268-1.00002-0
https://doi.org/10.3390/ijms21062224
https://doi.org/10.3390/ijms21062224
https://doi.org/10.1111/j.1750-3841.2007.00383.x
https://doi.org/10.1016/j.foodhyd.2017.03.015
https://doi.org/10.1016/j.foodchem.2009.10.006
https://doi.org/10.1002/9783527645602
https://doi.org/10.1016/j.tifs.2013.06.003
https://doi.org/10.1016/j.apsusc.2018.01.022
https://doi.org/10.1016/j.apsusc.2018.01.022
https://doi.org/10.1016/j.nbt.2012.11.021
https://doi.org/10.1016/j.nbt.2012.11.021
https://doi.org/10.1016/j.ifset.2020.102346
https://doi.org/10.1016/j.indcrop.2018.12.093
https://doi.org/10.1016/j.indcrop.2018.12.093
https://doi.org/10.1111/j.1751-7915.2008.00080.x
https://doi.org/10.1111/j.1751-7915.2008.00080.x
https://doi.org/10.3390/coatings6040041
https://doi.org/10.3390/coatings6040041
https://doi.org/10.1002/app.45781
https://doi.org/10.1016/j.ijbiomac.2017.02.008
https://doi.org/10.1016/j.ijbiomac.2017.02.008
https://doi.org/10.1016/j.ijbiomac.2018.03.122
https://doi.org/10.1080/10408390600846366
http://refhub.elsevier.com/S2214-2894(20)30569-X/sbref0500
http://refhub.elsevier.com/S2214-2894(20)30569-X/sbref0500
http://refhub.elsevier.com/S2214-2894(20)30569-X/sbref0500
https://ourworldindata.org/plastic-pollution
https://ourworldindata.org/plastic-pollution
http://refhub.elsevier.com/S2214-2894(20)30569-X/sbref0510
http://refhub.elsevier.com/S2214-2894(20)30569-X/sbref0510
http://refhub.elsevier.com/S2214-2894(20)30569-X/sbref0510
https://doi.org/10.1177/0734242X16683272
https://doi.org/10.1177/0734242X16683272
https://doi.org/10.1007/s11694-015-9287-7
https://doi.org/10.1016/j.foodhyd.2018.05.037
https://doi.org/10.1016/j.fpsl.2019.100406
https://doi.org/10.1016/j.carbpol.2016.09.018
https://doi.org/10.1016/j.carbpol.2016.09.018
http://www.ifrj.upm.edu.my/23%20(06)%202016%20supplementary/(27)%20IFRJ-16271%20Othman.pdf
http://www.ifrj.upm.edu.my/23%20(06)%202016%20supplementary/(27)%20IFRJ-16271%20Othman.pdf
https://doi.org/10.3390/molecules23040872
https://doi.org/10.1002/9781118846315.ch11
https://doi.org/10.1016/j.carbpol.2019.115784
https://doi.org/10.1016/j.carbpol.2019.115784
https://doi.org/10.1016/j.tifs.2008.07.003
https://doi.org/10.1016/j.fpsl.2020.100498
https://doi.org/10.1016/j.fpsl.2020.100498
https://doi.org/10.1016/j.fpsl.2018.06.001
https://doi.org/10.1016/j.fpsl.2018.06.001
https://doi.org/10.1016/j.eurpolymj.2013.07.025


10.1016/j.eurpolymj.2013.07.025. 
Suriyatem, R., Auras, R. A., & Rachtanapun, P. (2018). Improvement of mechanical 

properties and thermal stability of biodegradable rice starch–based films blended 
with carboxymethyl chitosan. Industrial Crops and Products, 122, 37–48. https://doi. 
org/10.1016/j.indcrop.2018.05.047. 

Unger, M., Sedlmair, J., Siesler, H. W., & Hirschmugl, C. (2014). 3D FT-IR imaging 
spectroscopy of phase-separation in a poly(3-hydroxybutyrate)/poly(L-lactic acid) 
blend. Vibrational Spectroscopy, 75, 169–172. https://doi.org/10.1016/j.vibspec. 
2014.07.007. 

Uranga, J., Puertas, A. I., Etxabide, A., Dueñas, M. T., Guerrero, P., & de la Caba, K. 
(2019). Citric acid-incorporated fish gelatin/chitosan composite films. Food 
Hydrocolloids, 86, 95–103. https://doi.org/10.1016/j.foodhyd.2018.02.018. 

Vadivel, M., Sankarganesh, M., Raja, J. D., Rajesh, J., Mohanasundaram, D., & Alagar, M. 
(2019). Bioactive constituents and bio-waste derived chitosan / xylan based biode
gradable hybrid nanocomposite for sensitive detection of fish freshness. Food 
Packaging and Shelf Life, 22, Article 100384. https://doi.org/10.1016/j.fpsl.2019. 
100384. 

Valizadeh, S., Naseri, M., Babaei, S., Hosseini, S. M. H., & Imani, A. (2019). Development 
of bioactive composite films from chitosan and carboxymethyl cellulose using glu
taraldehyde, cinnamon essential oil and oleic acid. International Journal of Biological 
Macromolecules, 134, 604–612. https://doi.org/10.1016/j.ijbiomac.2019.05.071. 

van den Broek, L. A. M., Knoop, R. J. I., Kappen, F. H. J., & Boeriu, C. G. (2015). Chitosan 
films and blends for packaging material. Carbohydrate Polymers, 116, 237–242. 
https://doi.org/10.1016/j.carbpol.2014.07.039. 

van den Oever, M., Molenveld, K., van der Zee, M., & Bos, H. (2017). Bio-based and 
biodegradable plastics - facts and figures: Focus on food packaging in the Netherlands. 
(Wageningen Food & Biobased Research; No. 1722). Wageningen: Wageningen Food & 
Biobased Researchhttps://doi.org/10.18174/408350. 

Verlee, A., Mincke, S., & Stevens, C. V. (2017). Recent developments in antibacterial and 
antifungal chitosan and its derivatives. Carbohydrate Polymers, 164, 268–283. https:// 
doi.org/10.1016/j.carbpol.2017.02.001. 

Vodnar, D. C., Pop, O. L., Dulf, F. V., & Socaciu, C. (2015). Antimicrobial efficiency of 
edible films in food industry. Notulae Botanicae Horti Agrobotanici Cluj-Napoca, 43(2), 
302–312. https://doi.org/10.15835/nbha43210048. 

Wang, H., Qian, J., & Ding, F. (2018). Emerging chitosan-based films for food packaging 
applications. Journal of Agricultural and Food Chemistry, 66, 395–413. https://doi.org/ 
10.1021/acs.jafc.7b04528. 

Wang, Y., Du, H., Xie, M., Ma, G., Yang, W., Hu, Q., et al. (2019). Characterization of the 
physical properties and biological activity of chitosan films grafted with gallic acid 
and caffeic acid: A comparison study. Food Packaging and Shelf Life, 22, Article 
100401. https://doi.org/10.1016/j.fpsl.2019.100401. 

Wang, X. Y., Wang, C. S., & Heuzey, M. C. (2016). Complexation of chitosan and gelatin: 
From soluble complexes to colloidal gel. International Journal of Polymeric Materials 
and Polymeric Biomaterials, 65(2), 96–104. https://doi.org/10.1080/00914037.2015. 
1074908. 

Wang, J., Wang, L., Yu, H., Zain-ul-Abdin, Chen, Y., Chen, Q., et al. (2016). Recent 
progress on synthesis, property and application of modified chitosan: An overview. 
International Journal of Biological Macromolecules, 88, 333–344. https://doi.org/10. 
1016/j.ijbiomac.2016.04.002. 

Wu, H., Lei, Y., Lu, J., Zhu, R., Xiao, D., Jiao, C., et al. (2019). Effect of citric acid induced 
crosslinking on the structure and properties of potato starch/chitosan composite 
films. Food Hydrocolloids, 97, Article 105208. https://doi.org/10.1016/j.foodhyd. 
2019.105208. 

Wu, Y., Ying, Y., Liu, Y., Zhang, H., & Huang, J. (2018). Preparation of chitosan/poly 
vinyl alcohol films and their inhibition of biofilm formation against Pseudomonas 
aeruginosa PAO1. International Journal of Biological Macromolecules, 118, 2131–2137. 
https://doi.org/10.1016/j.ijbiomac.2018.07.061. 

Xing, F., Zhang, S., Li, J., Li, L., & Shi, J. (2018). Crosslinked chitosan-based biocomposite 
films modified with soy protein isolate. Polymer Composites, 39(3), 942–949. https:// 
doi.org/10.1002/pc.24024. 

Xu, T., Gao, C., Feng, X., Huang, M., Yang, Y., Shen, X., et al. (2019). Cinnamon and clove 
essential oils to improve physical, thermal and antimicrobial properties of chitosan- 

gum arabic polyelectrolyte complexed films. Carbohydrate Polymers, 217, 116–125. 
https://doi.org/10.1016/j.carbpol.2019.03.084. 

Xu, T., Gao, C. C., Feng, X., Yang, Y., Shen, X., & Tang, X. (2019). Structure, physical and 
antioxidant properties of chitosan-gum arabic edible films incorporated with cin
namon essential oil. International Journal of Biological Macromolecules, 134, 230–236. 
https://doi.org/10.1016/j.ijbiomac.2019.04.189. 

Xu, J., Xia, R., Zheng, L., Yuan, T., & Sun, R. (2019). Plasticized hemicelluloses/chitosan- 
based edible films reinforced by cellulose nanofiber with enhanced mechanical 
properties. Carbohydrate Polymers, 224, Article 115164. https://doi.org/10.1016/j. 
carbpol.2019.115164. 

Yam, K. L., & Lee, D. S. (2012). Emerging food packaging technologies: An overview. In K. 
Yam, & D. S. Lee (Eds.). Emerging food packaging technologies principle and practice (pp. 
1–9). Woodhead Publishing Limited. https://doi.org/10.1533/9780857095664.1. 

Yeamsuksawat, T., & Liang, J. (2019). Characterization and release kinetic of crosslinked 
chitosan film incorporated with α-tocopherol. Food Packaging and Shelf Life, 22, 
Article 100415. https://doi.org/10.1016/j.fpsl.2019.100415. 

Younis, H. G. R., & Zhao, G. (2019). Physicochemical properties of the edible films from 
the blends of high methoxyl apple pectin and chitosan. International Journal of 
Biological Macromolecules, 131, 1057–1066. https://doi.org/10.1016/j.ijbiomac. 
2019.03.096. 

Youssef, A. M., El-Sayed, S. M., El-Sayed, H. S., Salama, H. H., & Dufresne, A. (2016). 
Enhancement of Egyptian soft white cheese shelf life using a novel chitosan/car
boxymethyl cellulose/zinc oxide bionanocomposite film. Carbohydrate Polymers, 151, 
9–19. https://doi.org/10.1016/j.carbpol.2016.05.023. 

Yu, Z., Li, B., Chu, J., & Zhang, P. (2018). Silica in situ enhanced PVA/chitosan biode
gradable films for food packages. Carbohydrate Polymers, 184, 214–220. https://doi. 
org/10.1016/j.carbpol.2017.12.043. 

Yun, Y. H., Lee, C. M., Kim, Y. S., & Do Yoon, S. (2017). Preparation of chitosan/polyvinyl 
alcohol blended films containing sulfosuccinic acid as the crosslinking agent using UV 
curing process. Food Research International, 100(part 1), 377–386. https://doi.org/10. 
1016/j.foodres.2017.07.030. 

Zargar, V., Asghari, M., & Dashti, A. (2015). A review on chitin and chitosan polymers: 
Structure, chemistry, solubility, derivatives, and applications. ChemBioEng Reviews, 
2(3), 204–226. https://doi.org/10.1002/cben.201400025. 

Zhang, H., Li, R., & Liu, W. (2011). Effects of chitin and its derivative chitosan on post
harvest decay of fruits: A review. International Journal of Molecular Sciences, 12(2), 
917–934. https://doi.org/10.3390/ijms12020917. 

Zhang, L., Wang, H., Jin, C., Zhang, R., Li, L., Li, X., et al. (2017). Sodium lactate loaded 
chitosan-polyvinyl alcohol/montmorillonite composite film towards active food 
packaging. Innovative Food Science and Emerging Technologies, 42, 101–108. https:// 
doi.org/10.1016/j.ifset.2017.06.007. 

Zhang, L., Liu, Z., Sun, Y., Wang, X., & Li, L. (2020). Combined antioxidant and sensory 
effects of active chitosan/zein film containing α-tocopherol on Agaricus bisporus. Food 
Packaging and Shelf Life, 24, Article 100470. https://doi.org/10.1016/j.fpsl.2020. 
100470. 

Zhang, J., Xu, W.-R., Zhang, Y.-C., Han, X.-D., Chen, C., & Chen, A. (2020). In situ gen
erated silica reinforced polyvinyl alcohol/liquefied chitin biodegradable films for 
food packaging. Carbohydrate Polymers, 238, Article 116182. https://doi.org/10. 
1016/j.carbpol.2020.116182. 

Zhao, Y., Teixeira, J. S., Gänzle, M. M., & Saldaña, M. D. A. (2018). Development of 
antimicrobial films based on cassava starch, chitosan and gallic acid using subcritical 
water technology. The Journal of Supercritical Fluids, 137, 101–110. https://doi.org/ 
10.1016/j.supflu.2018.03.010. 

Zheng, K., Li, W., Fu, B., Fu, M., Ren, Q., Yang, F., et al. (2018). Physical, antibacterial 
and antioxidant properties of chitosan films containing hardleaf oatchestnut starch 
and Litsea cubeba oil. International Journal of Biological Macromolecules, 118, 707–715. 
https://doi.org/10.1016/j.ijbiomac.2018.06.126. 

Zimet, P., Mombrú, Á., Mombrú, D., Castro, A., Villanueva, J., Pardo, H., et al. (2019). 
Physico-chemical and antilisterial properties of nisin-incorporated chitosan/carbox
ymethyl chitosan films. Carbohydrate Polymers, 219, 334–343. https://doi.org/10. 
1016/j.carbpol.2019.05.013.  

H. Haghighi, et al.   Food Packaging and Shelf Life 26 (2020) 100551

16

https://doi.org/10.1016/j.eurpolymj.2013.07.025
https://doi.org/10.1016/j.indcrop.2018.05.047
https://doi.org/10.1016/j.indcrop.2018.05.047
https://doi.org/10.1016/j.vibspec.2014.07.007
https://doi.org/10.1016/j.vibspec.2014.07.007
https://doi.org/10.1016/j.foodhyd.2018.02.018
https://doi.org/10.1016/j.fpsl.2019.100384
https://doi.org/10.1016/j.fpsl.2019.100384
https://doi.org/10.1016/j.ijbiomac.2019.05.071
https://doi.org/10.1016/j.carbpol.2014.07.039
https://doi.org/10.18174/408350
https://doi.org/10.1016/j.carbpol.2017.02.001
https://doi.org/10.1016/j.carbpol.2017.02.001
https://doi.org/10.15835/nbha43210048
https://doi.org/10.1021/acs.jafc.7b04528
https://doi.org/10.1021/acs.jafc.7b04528
https://doi.org/10.1016/j.fpsl.2019.100401
https://doi.org/10.1080/00914037.2015.1074908
https://doi.org/10.1080/00914037.2015.1074908
https://doi.org/10.1016/j.ijbiomac.2016.04.002
https://doi.org/10.1016/j.ijbiomac.2016.04.002
https://doi.org/10.1016/j.foodhyd.2019.105208
https://doi.org/10.1016/j.foodhyd.2019.105208
https://doi.org/10.1016/j.ijbiomac.2018.07.061
https://doi.org/10.1002/pc.24024
https://doi.org/10.1002/pc.24024
https://doi.org/10.1016/j.carbpol.2019.03.084
https://doi.org/10.1016/j.ijbiomac.2019.04.189
https://doi.org/10.1016/j.carbpol.2019.115164
https://doi.org/10.1016/j.carbpol.2019.115164
https://doi.org/10.1533/9780857095664.1
https://doi.org/10.1016/j.fpsl.2019.100415
https://doi.org/10.1016/j.ijbiomac.2019.03.096
https://doi.org/10.1016/j.ijbiomac.2019.03.096
https://doi.org/10.1016/j.carbpol.2016.05.023
https://doi.org/10.1016/j.carbpol.2017.12.043
https://doi.org/10.1016/j.carbpol.2017.12.043
https://doi.org/10.1016/j.foodres.2017.07.030
https://doi.org/10.1016/j.foodres.2017.07.030
https://doi.org/10.1002/cben.201400025
https://doi.org/10.3390/ijms12020917
https://doi.org/10.1016/j.ifset.2017.06.007
https://doi.org/10.1016/j.ifset.2017.06.007
https://doi.org/10.1016/j.fpsl.2020.100470
https://doi.org/10.1016/j.fpsl.2020.100470
https://doi.org/10.1016/j.carbpol.2020.116182
https://doi.org/10.1016/j.carbpol.2020.116182
https://doi.org/10.1016/j.supflu.2018.03.010
https://doi.org/10.1016/j.supflu.2018.03.010
https://doi.org/10.1016/j.ijbiomac.2018.06.126
https://doi.org/10.1016/j.carbpol.2019.05.013
https://doi.org/10.1016/j.carbpol.2019.05.013

	Recent advances on chitosan-based films for sustainable food packaging applications
	1 Introduction
	2 History, features, and potential of chitosan
	3 Strategies for the improvement of properties of chitosan-based films
	4 Chitosan blends
	4.1 Chitosan-natural biopolymer blends
	4.2 Chitosan-synthetic polymers blends

	5 Conclusions and future perspectives
	Declaration of Competing Interest
	References




