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Abstract
This chapter aims to provide the reader with some information about the possibility of starch as a suitable substitute for
synthetic polymers in biodegradable food packaging. This is due to the starch has good characteristics which are great
biodegradability, low cost and also easy to gain from natural resources. However, some of technical challenges are also
introduced before starch-based polymers can be used in more applications. These technical challenges involved
preparation methods and incorporation of additives and these are being summarized in this topic. Hence, the enhancement
of starch can be done in order to prepare innovative starch-based biodegradable materials. © 2023 Walter de Gruyter
GmbH, Berlin/Boston 2023 Universiti Teknologi Malaysia Unassigned.

References
The Global Market for Plastic Products Will Be Worth $1.2 Trillion by 2020, 
[Online], [Accessed 8 Aug 2022]

Gadhave, R.V., Das, A., Mahanwar, P.A., Gadekar, P.T.
(2018) Starch Based Bio-plastics: The Future of Sustainable Packaging, 
Wuhan, China: Scientific Research Publishing

Marichelvam, M.K., Jawaid, M., Asim, M.
Corn and rice starch-based bio-plastics as alternative packaging materials
(2019) Fibers, 7, p. 32. 

Appelqvist, I.A.M., Debet, M.R.M.
Starch-biopolymer interactions - A review
(2009) Food Rev Int, 13, pp. 163-224. 

Pokhrel, S.
A review on introduction and applications of starch and its biodegradable polymers
(2015) Int J Environ, 4, pp. 114-125. 

Guohua, Z., Ya, L., Cuilan, F., Min, Z., Caiqiong, Z., Zongdao, C.
Water resistance, mechanical properties and biodegradability of methylated-
cornstarch/poly (vinyl alcohol) blend film
(2006) Polym Degrad Stabil, 91, pp. 703-711. 

Tang, S., Zou, P., Xiong, H., Tang, H.
Effect of nano-SiO2 on the performance of starch/polyvinyl alcohol blend films
(2008) Carbohydr Polym, 72, pp. 521-526. 

Yu, L., Dean, K., Li, L.
Polymer blends and composites from renewable resources
(2006) Prog Polym Sci, 31, pp. 576-602. 



2/9/24, 4:15 PM Scopus - Print Document

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1744372008&eid=2-s2.0-85150637545&sort=&clicked… 2/8

Ramesh, M., Mitchell, J.R., Jumel, K., Harding, S.E.
Amylose content of rice starch
(1999) Starch/Staerke, 51, pp. 311-313. 

Malathi, A.N., Santhosh, K.S., Nidoni, U.
(2014) Recent Trends of Biodegradable Polymer: Biodegradable Films for Food Packaging
and Application of Nanotechnology in Biodegradable Food Packaging, Bhopal, India:
Revista Info Solutions, 

Avella, M., De Vlieger, J.J., Errico, M.E., Fischer, S., Vacca, P., Volpe, M.G.
Biodegradable starch/clay nanocomposite films for food packaging applications
(2005) Food Chem, 93, pp. 467-474. 

Sorrentino, A., Gorrasi, G., Vittoria, V.
Potential perspectives of bio-nanocomposites for food packaging applications
(2007) Trends Food Sci Technol, 18, pp. 84-95. 

Chen, D.R., Bei, J.Z., Wang, S.G.
Polycaprolactone microparticles and their biodegradation
(2000) Polym Degrad Stabil, 67, pp. 455-459. 

Müller, R.J., Kleeberg, I., Deckwer, W.D.
Biodegradation of polyesters containing aromatic constituents
(2001) J Biotechnol, 86, pp. 87-95. 

Shafqat, A., Al-Zaqri, N., Tahir, A., Alsalme, A.
Synthesis and characterization of starch based bioplatics using varying plant-based
ingredients, plasticizers and natural fillers
(2021) Saudi J Biol Sci, 28, pp. 1739-1749. 

Yurong, G., Dapeng, L.
Preparation and characterization of corn starch/PVA/glycerol composite films
incorporated with ϵ-polylysine as a novel antimicrobial packaging material
(2020) E-Polymers, 20, pp. 154-161. 

Begum, M.H.A., Hossain, M.M., Gafur, M.A., Kabir, A., Tanvir, N.I., Molla, M.R.
Preparation and characterization of polyvinyl alcohol-starch composites reinforced
with pulp
(2019) SN Appl Sci, 1. 
1091

Hu, H., Xu, A., Zhang, D., Zhou, W., Peng, S., Zhao, X.
High-toughness poly(lactic acid)/starch blends prepared through reactive blending
plasticization and compatibilization
(2020) Molecules, 25. 
5951

Mohan, T.P., Kanny, K.
Thermoforming studies of corn starch-derived biopolymer film filled with nanoclays
(2016) J Plastic Film Sheeting, 32, pp. 163-188. 

McGlashan, S.A., Halley, P.J.
Preparation and characterisation of biodegradable starch-based nanocomposite
materials
(2003) Polym Int, 52, pp. 1767-1773. 

Cheng, H., Chen, L., McClements, D.J., Yang, T., Zhang, Z., Ren, F.
Starch-based biodegradable packaging materials: A review of their preparation,
characterization and diverse applications in the food industry
(2021) Trends Food Sci Technol, 114, pp. 70-82. 



2/9/24, 4:15 PM Scopus - Print Document

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1744372008&eid=2-s2.0-85150637545&sort=&clicked… 3/8

Shafqat, A., Al-Zaqri, N., Tahir, A., Alsalme, A.
Synthesis and characterization of starch based bioplatics using varying plant-based
ingredients, plasticizers and natural fillers
(2021) Saudi J Biol Sci, 28, pp. 1739-1749. 

Gao, W., Wu, W., Liu, P., Hou, H., Li, X., Cui, B.
Preparation and evaluation of hydrophobic biodegradable films made from
corn/octenyl succinated starch incorporated with different concentrations of
soybean oil
(2020) Int J Biol Macromol, 142, pp. 376-383. 

Junlapong, K., Boonsuk, P., Chaibundit, C., Chantarak, S.
Highly water resistant cassava starch/poly (vinyl alcohol) films
(2019) Int J Biol Macromol, 137, pp. 521-527. 

Liu, P., Wang, R., Kang, X., Cui, B., Yu, B.
Effects of ultrasonic treatment on amylose-lipid complex formation and properties
of sweet potato starch-based films
(2018) Ultrason Sonochem, 44, pp. 215-222. 

Hu, H., Xu, A., Zhang, D., Zhou, W., Peng, S., Zhao, X.
High-toughness poly (lactic acid)/starch blends prepared through reactive blending
plasticization and compatibilization
(2020) Molecules, 25, p. 5951. 

Mohan, T.P., Kanny, K.
Thermoforming studies of corn starch-derived biopolymer film filled with nanoclays
(2015) J Plastic Film Sheeting, 32, pp. 163-188. 

Zeng, G.S., Hu, C., Zou, S., Zhang, L., Sun, G.
BP neural network model for predicting the mechanical performance of a foamed
wood-fiber reinforced thermoplastic starch composite
(2019) Polym Compos, 40, pp. 3923-4408. 

Chen, W., Ma, S., Wang, Q., McClements, D.J., Liu, X., Ngai, T.
(2021) Fortification of Edible Films with Bioactive Agents: A Review of Their Formation,
Properties, and Application in Food Preservation, 
Accessed 10 Aug 2022

Gao, W., Liu, P., Li, X., Qiu, L., Hou, H., Cui, B.
The co-plasticization effects of glycerol and small molecular sugars on starch-
based nanocomposite films prepared by extrusion blowing
(2019) Int J Biol Macromol, 133, pp. 1175-1181. 

Palai, B., Biswal, M., Mohanty, S., Nayak, S.K.
In situ reactive compatibilization of polylactic acid (PLA) and thermoplastic starch
(TPS) blends; Synthesis and evaluation of extrusion blown films thereof
(2019) Ind Crop Prod, 141, p. 111748. 

McGlashan, S.A., Halley, P.J.
Preparation and characterisation of biodegradable starch-based nanocomposite
materials
(2003) Polym Int, 52, pp. 1767-1773. 

Xu, E., Campanella, O.H., Ye, X., Jin, Z., Liu, D., Bemiller, J.N.
Advances in conversion of natural biopolymers: A reactive extrusion (REX)-enzyme-
combined strategy for starch/protein-based food processing
(2020) Trends Food Sci Technol, 99, pp. 167-180. 

Fonseca-Florido, H.A., Soriano-Corral, F., Yañez-Macías, R., González-Morones, P.,
Hernández-Rodríguez, F., Aguirre-Zurita, J.



2/9/24, 4:15 PM Scopus - Print Document

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1744372008&eid=2-s2.0-85150637545&sort=&clicked… 4/8

Effects of multiphase transitions and reactive extrusion on in situ
thermoplasticization/succination of cassava starch
(2019) Carbohydr Polym, 225, p. 115250. 

Siyamak, S., Laycock, B., Luckman, P.
Synthesis of starch graft-copolymers via reactive extrusion: Process development
and structural analysis
(2020) Carbohydr Polym, 227, p. 115066. 

Herniou-Julien, C., Mendieta, J.R., Gutiérrez, T.J.
Characterization of biodegradable/non-compostable films made from cellulose
acetate/corn starch blends processed under reactive extrusion conditions
(2019) Food Hydrocolloids, 89, pp. 67-79. 

Kouhi, M., Prabhakaran, M.P., Ramakrishna, S.
Edible polymers: An insight into its application in food, biomedicine and cosmetics
(2020) Trends Food Sci Technol, 103, pp. 248-263. 

Liu, G., Gu, Z., Hong, Y., Cheng, L., Li, C.
Electrospun starch nanofibers: Recent advances, challenges, and strategies for
potential pharmaceutical applications
(2017) J Contr Release, 252, pp. 95-107. 

Mondragón, M., López-Villegas, O., Sánchez-Valdés, S., Rodríguez-González, F.J.
Effect of thermoplastic starch and photocrosslinking on the properties and
morphology of electrospun poly (ethylene-co-vinyl alcohol) mats
(2020) Polym Eng Sci, 60, pp. 474-480. 

Liu, J., Sun, L., Xu, W., Wang, Q., Yu, S., Sun, J.
Current advances and future perspectives of 3D printing natural-derived
biopolymers
(2019) Carbohydr Polym, 207, pp. 297-316. 

Kuo, C.C., Liu, L.C., Teng, W.F., Chang, H.Y., Chien, F.M., Liao, S.J.
Preparation of starch/acrylonitrile-butadiene-styrene copolymers (ABS) biomass
alloys and their feasible evaluation for 3D printing applications
(2016) Compos B Eng, 86, pp. 36-39. 

Chuanxing, F., Qi, W., Hui, L., Quancheng, Z., Wang, M.
Effects of pea protein on the properties of potato starch-based 3D printing materials
(2018) Int J Food Eng, 14. 
20170297

Maniglia, B.C., Lima, D.C., Matta Junior, M.D., Le-Bail, P., Le-Bail, A., Augusto, P.E.D.
Hydrogels based on ozonated cassava starch: Effect of ozone processing and
gelatinization conditions on enhancing 3D-printing applications
(2019) Int J Biol Macromol, 138, pp. 1087-1097. 

Sampathkumar, K., Tan, K.X., Loo, S.C.J.
Developing nano-delivery systems for agriculture and food applications with nature-
derived polymers
(2020) IScience, 23, p. 101055. 

Issa, A.T., Schimmel, K.A., Worku, M., Shahbazi, A., Ibrahim, S.A., Tahergorabi, R.
Sweet potato starch-based nanocomposites: Development, characterization, and
biodegradability
(2018) Starch/Staerke, 70, p. 1700273. 

Fourati, Y., Magnin, A., Putaux, J.L., Boufi, S.
One-step processing of plasticized starch/cellulose nanofibrils nanocomposites via



2/9/24, 4:15 PM Scopus - Print Document

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1744372008&eid=2-s2.0-85150637545&sort=&clicked… 5/8

twin-screw extrusion of starch and cellulose fibers
(2020) Carbohydr Polym, 229, p. 115554. 

Merino, D., Mansilla, A.Y., Casalongué, C.A., Alvarez, V.A.
Effect of nanoclay addition on the biodegradability and performance of starch-
based nanocomposites as Mulch films
(2019) J Polym Environ, 27, pp. 1959-1970. 

Zhang, W., Zhang, Y., Cao, J., Jiang, W.
Improving the performance of edible food packaging films by using nanocellulose
as an additive
(2021) Int J Biol Macromol, 166, pp. 288-296. 

Coelho, C., Silva, R.B.S., Carvalho, C.W.P., Rossi, A.L., Teixeira, J.A., Freitas-Silva, O.
Cellulose nanocrystals from grape pomace and their use for the development of
starch-based nanocomposite films
(2020) Int J Biol Macromol, 159, pp. 1048-1061. 

Chen, Q.J., Zhou, L.L., Zou, J.Q., Gao, X.
The preparation and characterization of nanocomposite film reinforced by modified
cellulose nanocrystals
(2019) Int J Biol Macromol, 132, pp. 1155-1162. 

Vianna, T.C., Marinho, C.O., Marangoni Júnior, L., Ibrahim, S.A., Vieira, R.P.
Essential oils as additives in active starch-based food packaging films: A review
(2021) Int J Biol Macromol, 182, pp. 1803-1819. 

Syafiq, R., Sapuan, S.M., Zuhri, M.Y.M., Ilyas, R.A., Nazrin, A., Sherwani, S.F.K.
Antimicrobial activities of starch-based biopolymers and biocomposites
incorporated with plant essential oils: A review
(2020) Polymers, 12, pp. 1-26. 

Cui, C., Ji, N., Wang, Y., Xiong, L., Sun, Q.
Bioactive and intelligent starch-based films: A review
(2021) Trends Food Sci Technol, 116, pp. 854-869. 

Jha, P.
Effect of plasticizer and antimicrobial agents on functional properties of
bionanocomposite films based on corn starch-chitosan for food packaging
applications
(2020) Int J Biol Macromol, 160, pp. 571-582. 

Montilla-Buitrago, C.E., Gómez-López, R.A., Solanilla-Duque, J.F., Serna-Cock, L.,
Villada-Castillo, H.S.
Effect of plasticizers on properties, retrogradation, and processing of extrusion-
obtained thermoplastic starch: A review
(2021) Starch/Staerke, 73. 
2100060

Hazrati, K.Z., Sapuan, S.M., Zuhri, M.Y.M., Jumaidin, R.
Effect of plasticizers on physical, thermal, and tensile properties of thermoplastic
films based on Dioscorea hispida starch
(2021) Int J Biol Macromol, 185, pp. 219-228. 

Gao, W., Zhu, J., Kang, X., Wang, B., Liu, P., Cui, B.
Development and characterization of starch films prepared by extrusion blowing:
The synergistic plasticizing effect of water and glycerol
(2021) LWT (Lebensm-Wiss & Technol), 148, p. 111820. 

Foroughi-Dahr, M., Mostoufi, N., Sotudeh-Gharebagh, R., Chaouki, J.
Particle coating in fluidized beds



2/9/24, 4:15 PM Scopus - Print Document

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1744372008&eid=2-s2.0-85150637545&sort=&clicked… 6/8

(2017) Reference Module in Chemistry, Molecular Sciences and Chemical
Engineering, pp. 1-17. 
Elsevier

Paluch, M., Ostrowska, J., Tynski, P., Sadurski, W., Konkol, M.
Structural and thermal properties of starch plasticized with glycerol/urea
(2022) J Polym Environ, 30, pp. 728-740. 

Farhan, A., Hani, N.M.
Characterization of edible packaging films based on semi-refined kappa-
carrageenan plasticized with glycerol and sorbitol
(2017) Food Hydrocolloids, 64, pp. 48-58. 

Nordin, N., Othman, S.H., Rashid, S.A., Basha, R.K.
Effects of glycerol and thymol on physical, mechanical, and thermal properties of
corn starch films
(2020) Food Hydrocolloids, 106, p. 105884. 

Abera, G., Woldeyes, B., Demash, H.D., Miyake, G.
The effect of plasticizers on thermoplastic starch films developed from the
indigenous Ethiopian tuber crop Anchote (Coccinia abyssinica) starch
(2020) Int J Biol Macromol, 155, pp. 581-587. 

Ballesteros-Mártinez, L., Pérez-Cervera, C., Andrade-Pizarro, R.
Effect of glycerol and sorbitol concentrations on mechanical, optical, and barrier
properties of sweet potato starch film
(2020) NFS J, 20, pp. 1-9. 

Paula Guarás, M., Alvarez, V.A., Ludueña, L.N.
Effect of storage time, plasticizer formulation and extrusion parameters on the
performance of thermoplastic starch films
(2019) Adv Mater Lett, 10, pp. 206-214. 

Tarique, J., Sapuan, S.M., Khalina, A.
Effect of glycerol plasticizer loading on the physical, mechanical, thermal, and
barrier properties of arrowroot (Maranta arundinacea) starch biopolymers
(2021) Sci Rep, 11, pp. 1-17. 

Rojas-Bringas, P.M., De-La-Torre, G.E., Torres, F.G.
Influence of the source of starch and plasticizers on the environmental burden of
starch-Brazil nut fiber biocomposite production: A life cycle assessment approach
(2021) Sci Total Environ, 769, p. 144869. 

Area, M.R., Montero, B., Rico, M., Barral, L., Bouza, R., López, J.
Isosorbide plasticized corn starch filled with poly(3-hydroxybutyrate-co-3-
hydroxyvalerate) microparticles: Properties and behavior under environmental
factors
(2022) Int J Biol Macromol, 202, pp. 345-353. 

Abotbina, W., Sapuan, S.M., Sultan, M.T.H., Alkbir, M.F.M., Ilyas, R.A.
Development and characterization of cornstarch-based bioplastics packaging film
using a combination of different plasticizers
(2021) Polymers, 13, pp. 1-18. 

Detduangchan, N., Sridach, W., Wittaya, T.
Enhancement of the properties of biodegradable rice starch films by using chemical
crosslinking agents
(2014) Int J Food Res Technol, 21, pp. 1225-1235. 

Paiva, D., Pereira, A.M., Pires, A.L., Martins, J., Carvalho, L.H., Magalhães, F.D.
Reinforcement of thermoplastic corn starch with crosslinked starch/chitosan



2/9/24, 4:15 PM Scopus - Print Document

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1744372008&eid=2-s2.0-85150637545&sort=&clicked… 7/8

microparticles
(2018) Polymers, 10, pp. 1-14. 

Reddy, N., Yang, Y.
Citric acid cross-linking of starch films
(2010) Food Chem, 118, pp. 702-711. 

Ghanbarzadeh, B., Almasi, H., Entezami, A.A.
Improving the barrier and mechanical properties of corn starch-based edible films:
Effect of citric acid and carboxymethyl cellulose
(2011) Ind Crop Prod, 33, pp. 229-235. 

Chen, W.C., Mohd Judah, S., Ghazali, S.K., Munthoub, D.I., Alias, H., Mohamad, Z.
The effects of citric acid on thermal and mechanical properties of crosslinked
starch film
(2021) Chem Eng Trans, 83, pp. 199-204. 

Seligra, P.G., Jaramillo, C.M., Famá, L., Goyanes, S.
Biodegradable and non-retrogradable eco-films based on starch - Glycerol with
citric acid as crosslinking agent
(2016) Carbohydr Polym, 138, pp. 66-74. 

Xu, H., Canisag, H., Mu, B., Yang, Y.
Robust and flexible films from 100% starch cross-linked by biobased disaccharide
derivative
(2015) ACS Sustainable Chem Eng, 3, pp. 2631-2639. 

Zhang, R., Wang, X., Cheng, M.
Preparation and characterization of potato starch film with various size of Nano-
SiO2
(2018) Polymers, 10, pp. 9-12. 

Abreu, A.S., Oliveira, M., De Sá, A., Rodrigues, R.M., Cerqueira, M.A., Vicente, A.A.
Antimicrobial nanostructured starch based films for packaging
(2015) Carbohydr Polym, 129, pp. 127-134. 

Anaya-Esparza, L.M., De La Mora, Z.V., Ruvalcaba-Gómez, J.M., Romero-Toledo, R.,
Sandoval-Contreras, T., Aguilera-Aguirre, S.
Use of titanium dioxide (TiO2) nanoparticles as reinforcement agent of
polysaccharide-based materials
(2020) Processes, 8, pp. 1-26. 

Liu, C., Xiong, H., Chen, X., Lin, S., Tu, Y.
Effects of nano-TiO2 on the performance of high-amylosestarch based antibacterial
films
(2015) J Appl Polym Sci, 132. 
42339

Shapi'I, R.A., Othman, S.H., Nordin, N., Kadir Basha, R., Nazli Naim, M.
Antimicrobial properties of starch films incorporated with chitosan nanoparticles: In
vitro and in vivo evaluation
(2020) Carbohydr Polym, 230, p. 115602. 

Romainor, A.N., Chin, S.F., Lihan, S.
Antimicrobial starch-based film for food packaging application
(2022) Starch/Staerke, 74. 
2100207

Souza, A.C., Goto, G.E.O., Mainardi, J.A., Coelho, A.C.V., Tadini, C.C.
Cassava starch composite films incorporated with cinnamon essential oil:



2/9/24, 4:15 PM Scopus - Print Document

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1744372008&eid=2-s2.0-85150637545&sort=&clicked… 8/8

Antimicrobial activity, microstructure, mechanical and barrier properties
(2013) LWT - Food Sci Technol (Lebensmittel-Wissenschaft -Technol), 54, pp. 346-352. 

Song, X., Zuo, G., Chen, F.
Effect of essential oil and surfactant on the physical and antimicrobial properties of
corn and wheat starch films
(2018) Int J Biol Macromol, 107, pp. 1302-1309. 

Singh, P., Saengerlaub, S., Wani, A.A., Langowski, H.C.
Role of plastics additives for food packaging
(2012) Pigment Resin Technol, 41, pp. 368-379. 

Tran, T.N., Athanassiou, A., Basit, A., Bayer, I.S.
Starch-based bio-elastomers functionalized with red beetroot natural antioxidant
(2017) Food Chem, 216, pp. 324-333. 

De Araújo, G.K.P., De Souza, S.J., Da Silva, M.V., Yamashita, F., Gonçalves, O.H.,
Leimann, F.V.
Physical, antimicrobial and antioxidant properties of starch-based film containing
ethanolic propolis extract
(2015) Int J Food Sci Technol, 50, pp. 2080-2087. 

Piñeros-Hernandez, D., Medina-Jaramillo, C., López-Córdoba, A., Goyanes, S.
Edible cassava starch films carrying rosemary antioxidant extracts for potential use
as active food packaging
(2017) Food Hydrocolloids, 63, pp. 488-495. 

Rajapaksha, S.W., Shimizu, N.
Development and characterization of functional starch-based films incorporating
free or microencapsulated spent black tea extract
(2021) Molecules, 26. 
3898

Menzel, C., González-Martínez, C., Vilaplana, F., Diretto, G., Chiralt, A.
Incorporation of natural antioxidants from rice straw into renewable starch films
(2020) Int J Biol Macromol, 146, pp. 976-986. 

Lopes, J., Gonçalves, I., Nunes, C., Teixeira, B., Mendes, R., Ferreira, P.
Potato peel phenolics as additives for developing active starch-based films with
potential to pack smoked fish fillets
(2021) Food Packag Shelf Life, 28. 
100644

Correspondence Address
Jamaluddin J.; Faculty of Chemical & Energy Engineering, Malaysia; email: jamarosliza@utm.my

Publisher: De Gruyter Open Ltd

ISSN: 2365659X
Language of Original Document: English
Abbreviated Source Title: Phys. Sci. Rev.
2-s2.0-85150637545
Document Type: Article
Publication Stage: Article in Press
Source: Scopus

Copyright © 2024 Elsevier B.V. All rights reserved. Scopus® is a registered
trademark of Elsevier B.V.


