
´ ´

˜ ´

˜

α

–

journal homepage: www.elsevier.com/locate/ijbiomac 

mailto:belen.montero@udc.es
www.sciencedirect.com/science/journal/01418130
https://www.elsevier.com/locate/ijbiomac
https://doi.org/10.1016/j.ijbiomac.2022.01.032
https://doi.org/10.1016/j.ijbiomac.2022.01.032
https://doi.org/10.1016/j.ijbiomac.2022.01.032
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijbiomac.2022.01.032&domain=pdf
http://creativecommons.org/licenses/by/4.0/


´

◦ ⋅ −

⋅ −

◦

μ

μ

= ◦ = ◦

= ◦

′
′

◦

™ 

λ 

α = ϴ = ◦ ◦
◦

™ 

−

−



− − −

× ×
′ δ

− ◦ ◦
◦ ⋅ −

◦ ± ◦

× ×
◦



◦ ± ◦

Moisture absorption (%) = Mt −M0

M0

× 100

ˆ

× ×

Remaining weight (%) = Mt

M0

× 100

ϴ = ◦
◦ ◦ ◦

ϴ = ◦



ϴ = ◦ ◦

ϴ = ◦ ◦

−

––

−

– − – – – – 

–
− –

– −

−

– −

– – –
−

−

– – –

−

– −

−



– −

– −

− −
−

−

−

− −

′ ′
◦

◦

δ 

δ 

◦ ◦
′ ◦

− ±
− ±
− ±
− ±
− ±
− ±

δ 





´

´

˜

–

–

¨ –

¨ ¨ ¨

¨

–

´

–

´

–

https://doi.org/10.1126/science.1260352
http://refhub.elsevier.com/S0141-8130(22)00039-3/rf0010
http://refhub.elsevier.com/S0141-8130(22)00039-3/rf0010
http://refhub.elsevier.com/S0141-8130(22)00039-3/rf0010
https://doi.org/10.1002/star.201200201
https://doi.org/10.1002/star.201200201
https://doi.org/10.1039/C7GC01821E
https://doi.org/10.1016/j.carbpol.2018.11.055
https://doi.org/10.1016/j.carbpol.2018.11.055
https://doi.org/10.1016/j.ijbiomac.2020.08.075


International Journal of Biological Macromolecules 202 (2022) 345–353

353

[7] D. Battegazzore, S. Bocchini, G. Nicola, E. Martini, A. Frache, Isosorbide, a green 
plasticizer for thermoplastic starch that does not retrogradate, Carbohydr. Polym. 
119 (2015) 78–84, https://doi.org/10.1016/j.carbpol.2014.11.030. 

[8] S. Punia, W.S. Whiteside, Nano-cellulose reinforced starch bio composite films-a 
review on green composites, Int. J. Biol. Macromol. 185 (2021) 849–860, https:// 
doi.org/10.1016/j.ijbiomac.2021.07.017. 

[9] T.J. Gutiérrez, V.A. Alvarez, Cellulosic materials as natural fillers in starch- 
containing matrix-based films: a review, Polym. Bull. 74 (2016) 2401–2430, 
https://doi.org/10.1007/s00289-016-1814-0. 

[10] M. Bootklad, K. Kaewtatip, Biodegradation of thermoplastic starch/eggshell 
powder composites, Carbohydr. Polym. 97 (2013) 315–320, https://doi.org/ 
10.1016/j.carbpol.2013.05.030. 

[11] B. Jiang, S. Li, Y. Wu, J. Song, S. Chen, X. Li, H. Sun, Preparation and 
characterization of natural corn starch-based composite films reinforced by 
eggshell powder, CyTA–J. Food. 16 (2018) 1045–1054, https://doi.org/10.1080/ 
19476337.2018.1527783. 

[12] F. Xie, E. Pollet, P.J. Halley, L. Avérous, Starch-based nano-biocomposites, Prog. 
Polym. Sci. 38 (2013) 1590–1628, https://doi.org/10.1016/j. 
progpolymsci.2013.05.002. 

[13] A.L. Rivera-Briso, A. Serrano-Aroca, Poly(3-hydroxybutyrate-co-3- 
hydroxyvalerate): enhancement strategies for advanced applications, Polymers. 10 
(2018) 732, https://doi.org/10.3390/polym10070732. 

[14] Y. Wang, R. Chen, J. Cai, Z. Liu, Y. Zheng, H. Wang, Q. Li, N. He, Biosynthesis and 
thermal properties of PHBV produced from levulinic acid by Ralstonia eutropha, 
PLoS One 8 (2013), e60318, https://doi.org/10.1371/journal.pone.0060318. 

[15] Y. Farrag, B. Montero, M. Rico, L. Barral, R. Bouza, Preparation and 
characterization of nano and micro particles of poly(3-hydroxybutyrate-co-3- 
hydroxyvalerate) (PHBV) via emulsification/solvent evaporation and 
nanoprecipitation techniques, J. Nanopart. Res. 20 (2018) 71, https://doi.org/ 
10.1007/s11051-018-4177-7. 

[16] S. Malmir, B. Montero, M. Rico, L. Barral, R. Bouza, Y. Farrag, Novel self-reinforced 
films based on poly(3-hydroxybutyrate-co-3-hydroxyvalerate)(PHBV) and PHBV 
microparticles, Polym. Eng. Sci. 59 (2018) E120–E128, https://doi.org/10.1002/ 
pen.24882. 

[17] S. Malmir, B. Montero, M. Rico, L. Barral, R. Bouza, Y. Farrag, Effects of poly(3- 
hydroxybutyrate-co-hydroxyvalerate) microparticles on morphological, 
mechanical, thermal and barrier properties in thermoplastic potato starch films, 
Carbohydr. Polym. 194 (2018) 357–364, https://doi.org/10.1016/j. 
carbpol.2018.04.056. 

[18] N. Pettinelli, S. Rodríguez-Llamazares, Y. Farrag, R. Bouza, L. Barral, S. Feijoo- 
Bandín, F. Lago, Poly(hydroxybutyrate-co-hydroxyvalerate) microparticles 
embedded in κ-carrageenan/locust bean gum hydrogel as a dual drug delivery 
carrier, Int. J. Biol. Macromol. 146 (2020) 110–118, https://doi.org/10.1016/j. 
ijbiomac.2019.12.193. 

[19] K. Frost, D. Kaminsky, G. Kirwan, E. Lascaris, R. Shanks, Crystallinity and structure 
of starch using wide angle X-ray scattering, Carbohydr. Polym. 78 (2009) 543–548, 
https://doi.org/10.1016/j.carbpol.2009.05.018. 
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