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Understanding surface characteristics/rheology relationships of cellulose-rich fibers such as citrus peel fibers is one of the main concerns of academic and industrial scientists. This can allow guaranteeing the texturizing performances of commercial citrus fibers to customers and consumers, exploiting fully their texturizing potential, improving existing processing operations and/or identifying novel routes for rational formulations. As a consequence, numerous studies have been carried out on the polyelectrolyte character of these composite biomaterials by considering them as a single system, while they contain various non-cellulosic biopolymers which can contribute to the electrokinetic behavior of the fibers under the right dissociation conditions. This can affect the bulk fiber properties such as swelling and water holding capacity1, and will also influence the post-reconstitution properties of the suspensions. Another aspect to keep in mind is the microstructure of the hydrated fiber system. To be industrially relevant, cellulose-rich fibers are often dried, which can lead to irreversible losses in functionality2. Studies have demonstrated that these losses are coming from re-aggregation phenomena during drying leading to a reduction in the pore volume or pore structure of the fibers.3 Various researchers demonstrated that virtually all the pores smaller than 1 m are closed4,5 upon drying. However, during rehydration water penetrates into the cell wall matrix and reconstitutes the porous network.6 The rate of this process and the degree of reversibility will drive the extent of recovery of the never-dried properties. The environmental conditions as well as the amount of surface charges have to be considered as well as they will both influence the balance of forces within the pores (i.e. electrostatic, osmotic).7 Reconstitution of such complex composite biomaterials is therefore a dynamic phenomenon that has to be studied at various length scales.

In this study, a multiscale approach was taken to better understand the polyelectrolyte character of citrus peel fibers and its relevance on rheological properties after reconstitution in aqueous media. Specifically, the rheological behaviors of the fibers as a function of the environmental conditions were studied. The amount of charges as function of pH on the surface of the material was evaluated. Both potentiometry and cationic polyelectrolyte adsorption were used in order to determine their origin. The impact of ionic strength was also considered. In order to quantify the amount of charges more accurately, a critical review of the methods for determining the surface charges by cationic adsorption was performed.8
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