Influence of storage on the water binding of pectin: Determination by DSC 
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It has been shown in previous studies that long-term storage of citrus pectins, simulated in a climate chamber at high temperature (60°C) and humidity (80%), changed the molecular parameters and some material properties considerably.1,2 Especially the number of hydrophilic groups, which are crucial for the water binding ability of pectins, increased as a consequence of demethoxylation and depolymerisation. Pectin–water interactions have been tested successfully by DSC in model pectins prepared under laboratory conditions.3 Water can be bound in different forms: (1) closely to hydrophilic groups as non-freezing water (Wnf), (2) in micro-capillaries, mainly as freezing-bound water (Wfb) with melting points below or close to 0°C and (3) to macro-capillaries and inter-particular spaces as free water (Wf) with melting points much higher than 0°C. As a consequence, beside the number of hydrophilic groups also material properties such as powder density or particle size and morphology, resulting from varying processing, have a strong influence on the pectin-water interactions. 
The aim of the present study was to investigate the effect of storage (60 °C, 80 % humidity, 14 days) on water binding properties of pectins. DSC-tests were performed with 6 samples, 3 high-methoxylated (HMP) and 3 low-methoxylated (LMP). Pectins were wetted by adsorbing water from the environment at aw ≈ 1 and by further direct water supplement. The samples were cooled in the DSC to -60°C, followed by heating to 80 °C, and melting temperatures and enthalpies were determined. Most non-stored pectins during wetting absorbed more water from the environment than the corresponding stored. DSC signals of non-stored pectins with added water (Wc > 1.5 g/g) showed clear turning points below or around 0 °C (Wfb) and one single melting peak with a maximum between 1 and 6 °C (Wf). The corresponding stored samples showed an additional peak above 7 °C. Possibly, some of the added water was only loosely bound to the surface of pectin particles and formed larger and later melting ice crystals. The differences of the single types of water prior to and after storage varied in dependence on the total water content Wc. (1) At Wc ≈ 0.8 g/g the Wnf after storage mainly increased because of additional hydrophilic groups. The Wfb mainly decreased, perhaps because of a reduced size or number of micro-capillaries, resulting from swelling of pectin particles during storage and shrinking during drying afterwards. Wf behaved differently because of varying material properties of the pectins. (2) At Wc > 2.7 g/g the differences of all water types between the pectins before storage as well as between non-stored and corresponding stored pectins varied stronger and not systematically. It is assumed that with increasing water content the water uptake and binding of pectins are stronger determined by differences in particle morphology and other material properties.  

References:

1. Einhorn-Stoll, U. and Kunzek, H. (2009). The influence of the storage conditions heat and humidity on conformation, state transition and degradation behaviour of dried pectins. Food Hydrocolloids, 23, 856-866.

2. Einhorn-Stoll, U., Kastner, H. and Drusch, S. (2013). Thermally induced degradation of citrus pectins during storage - Alterations in molecular structure, colour and thermal analysis. Food Hydrocolloids, 28, submitted. 

3. Einhorn-Stoll, U., Hatakeyama, H. and Hatakeyama, T. (2012). Influence of pectin modification on water binding properties. Food Hydrocolloids, 27, 494-502.
