
Citation: Bigi, F.; Maurizzi, E.; Siesler,

H.W.; Pulvirenti, A.; Haghighi, H.

Characterization of Active Chitosan/

Hydroxypropyl Methylcellulose/

Orange Cellulose Nanocrystals Films

Enriched with Ethyl Lauroyl

Arginate for Food Packaging

Applications. Biol. Life Sci. Forum

2021, 6, 121. https://doi.org/

10.3390/Foods2021-10933

Academic Editor: Efstathios

Giaouris

Published: 14 October 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

Abstract

Characterization of Active Chitosan/Hydroxypropyl
Methylcellulose/Orange Cellulose Nanocrystals Films Enriched
with Ethyl Lauroyl Arginate for Food Packaging Applications †

Francesco Bigi 1,* , Enrico Maurizzi 1 , Heinz Wilhelm Siesler 2 , Andrea Pulvirenti 1,3

and Hossein Haghighi 1

1 Department of Life Sciences, University of Modena and Reggio Emilia, 41125 Modena, Italy;
190846@studenti.unimore.it (E.M.); andrea.pulvirenti@unimore.it (A.P.); hossein.haghighi@unimore.it (H.H.)

2 Department of Physical Chemistry, University of Duisburg Essen, 45127 Essen, Germany;
hw.siesler@uni-due.de

3 Interdepartmental Research Centre for the Improvement of Agro-Food Biological
Resources (BIOGEST-SITEIA), University of Modena and Reggio Emilia, 42124 Reggio Emilia, Italy

* Correspondence: francesco.bigi@unimore.it
† Presented at the 2nd International Electronic Conference on Foods—Future Foods and Food Technologies for

a Sustainable World, 15–30 October 2021; Available online: https://foods2021.sciforum.net/.

Abstract: Cellulose nanocrystals (CNCs) are extracted from orange peels using an alkaline/H2O2

bleaching pre-treatment followed by sulfuric acid hydrolysis. Extracted CNCs were added as a
reinforcing agent into films based on chitosan/hydroxypropyl methylcellulose blend (CS/HPMC)
enriched with lauroyl arginate ethyl (LAE) to produce a bionanocomposite active film. The size and
morphology of CNCs were characterized by transmission electron microscopy. In addition, the effect
of CNCs (10% w/w of biopolymer) and LAE (5% w/w of biopolymer) on microstructural, optical,
mechanical, water barrier, and antimicrobial properties of the CS/HPMC films were analyzed. CNCs
displayed a needle-like morphology with an average length of 500 nm and an average width of
40 nm. Scanning electron microscopy illustrated the structural integrity and compatibility between
CS/HPMC/CNCs and the incorporated LAE. The successful incorporation of CNCs and LAE was
confirmed by Fourier transform infrared spectroscopy, mainly due to the formation of hydrogen
linkages between the film matrix and incorporated CNCs and LAE. This nanocomposite active
film showed improvement in UV-Vis light barrier properties (p < 0.05). The addition of CNCs to
CS/HPMC caused a reduction in water vapor permeability, while tensile strength was improved due
to the homogeneous distribution of the nanoparticles within the polymer matrix. On the contrary,
LAE’s incorporation into CS/HPMC improved the elasticity and also caused antimicrobial activity
against Salmonella enterica serovar Typhimurium and Listeria monocytogenes. Overall, nanocomposite
films based on CS/HPMC/CNCs enriched with LAE could represent a suitable green approach for a
partial replacement of synthetic plastics for packaging foods sensitive to microbiological decay and
the spread of foodborne pathogens.
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