PLA multilayer film functionalized with cellulose nanocrystals and chitosan: physicochemical characterization and safety assessment
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Nowadays, there has been a marked increase in the use of biopolymer-based active packaging, which can improve the shelf life of food. Poly (lactic acid) (PLA) is a non-toxic, compostable bio-based material with high mechanical strength and plasticity. It is accepted as GRAS (Generally Recognized as Safe) by the Food and Drug Administration (FDA) and is suitable for use in food and beverage packaging. However, its use has been limited because of the poor barrier properties, high brittleness, low toughness, slow crystallization rate and low thermal stability. One of the strategies to improve barrier properties is the application of coatings. Nevertheless, the impact of these additives on consumer ‘health is critical when considering its potential migration from packaging into foodstuff. The general principles applicable to food contact materials are set out in Regulation (EC) No 1935/2004 stating that materials in contact with food shall only be authorised if it is demonstrated that they do not represent a risk to human health1.

In the present study, alternating layers of cellulose nanocrystals (CNC) and chitosan were applied on PLA films as coatings aiming to enhance the barrier properties and antimicrobial activity, respectively. Physicochemical characterization of the multilayer film was carried out by combining various techniques, such as Fourier transform infrared spectroscopy, X-ray diffraction, and Scanning Electron Microscopy. The migration of CNC from packaging was carried out according to European Normative [EC 13130-1:2004]. Specific migration of CNC from PLA films has been tested by immersion of the coated side of the film in three food simulants (EtOH 10% (v/v), acetic acid 3% (v/v) and isooctane) at 40 °C during 10 days. The quantification of CNC was carried out by Calcofluor white fluorescence staining or by a colorimetric method for the determination of sugars. Results showed a migration of CNC ranging from 0.03 mg/L in the case of isooctane to 1 mg/L in the case of 3% acetic acid (v/v). In order to evaluate the safety of CNC in food applications, cytotoxicity and genotoxicity tests were performed using human intestinal cell lines. Caco-2 cells were exposed to different CNC concentrations for 24 h, and then cell viability and DNA damage were assessed by resazurin conversion assay and alkaline comet assay, respectively.
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