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Increasing food shelf life duration thanks to packaging is an international concern to 

limit food waste. This is why global demand for barrier flexible packaging continuously 

increases, especially in Europe. It is the largest market for these packaging grades. It 

exceeds that of the US and Canada combined. However, it currently relies on oil-based 

multi-material packages which will face in coming years both fossil energy depletion and 

growing concerns for sustainability. The packaging industry will have no choice than find an 

alternative as soon as possible. 

Moreover, consumers demand for bio-based, recyclable and/or biodegradable 

products is increasing strongly, especially when packaging is concerned. This is why even if 

bio-based polyolefins are being developed; waste management and end of life will still be 

selective parameters. Indeed the idea is to limit packaging waste either by developing more 

effective packaging or by facilitating their end of life (e.g. home compost).   

Thus the ambition of the European FlexPakRenew project is to develop a paper-

based innovative eco-efficient low-substrate flexible packaging from renewable resources. 

The idea is to develop a sustainable packaging and thus reduce the industry’s reliance on 

barrier films derived from petroleum. The choice of a paper substrate was motivated both by 

communication (printable media) and environmental concerns. Indeed, it has been calculated 

that the production of plastic materials generates approximately 1.6teqC/ton whereas paper 

and board production generates only 0.50 teqC/ton.  

In the framework of the project, a multi-layer strategy was implemented and several 

biopolymers were considered. Our task, based on an innovative idea, consisted in adding 

new bio-nanofillers within a bio-based matrix to improve its mechanical and barrier 

properties. Two matrices were selected: xylan and starch. Xylan is a relatively new 

biopolymer extracted from hemicellulose in bio-refineries. As such, it is potentially widely 

available. Starch, on the other hand, is currently widely available all over the world as it is 

produced by a wide variety of plant’s roots and seed; and extracted for commercial use by 

several companies. Its industry is mature as such and explains why it is a relatively cheap 

material in comparison to other bio-based polymers. 

Most interesting properties of starch lay in its semi-crystallinity and its ability to 

gelatinize. The latter is exploited to produce plasticized starch that can be used to make bio-

based films (e.g. such as developed for biodegradable garbage or shopping bags). The 

semi-crystallinity of starch is much less exploited whereas that of cellulose, another abundant 

semi-crystalline polysaccharide, has been under investigation for several decades. It has led 
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to the development and use of bio-based crystalline rod-shaped nano-fillers called 

nanocrystalline cellulose or cellulose whiskers. Applications are too numerous to be detailed 

here but have contributed to the recent development of a production plant in Canada. It led 

us to wonder “why not do the same with starch nanocrystals, a much more recently 

developed product (2000’s)?”.  

Indeed Starch NanoCrystals (SNCs) have first been investigated as an extension of 

the work on cellulose nanocrystals. They are prepared by the acid hydrolysis of the 

amorphous parts of the polymer. However, cellulose occurs as fibers made of an assembly 

of micro-fibrillated cellulose (MFC), and MFC are themselves nanofibers made of rod-shaped 

amorphous and crystalline cellulose. Starch, on the other hand, presents a semi-crystalline 

onion-like granular structure made of alternating amorphous and crystalline growth rings. So 

the accessibility of their nanocrystals is totally different and thus SNCs morphology differs 

greatly from cellulose nanocrystals. Contrary to the rod-shaped cellulose crystals, SNCs 

present platelet morphology.  

As such, they have recently been considered as a potential substitute for clay-based 

platelet nano-fillers and for this reason have been proposed as an alternative in our flexible 

packaging project. Indeed, as part of this EU project, our intent was to investigate the 

potential of SNC as bio-nano-fillers for mechanical and barrier reinforcement of starch-based 

coating.  

However and as suggested, such a material (SNC) has been discovered very recently 

and before the beginning of the project (2007), only 13 papers had been published on the 

topic.  
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