Milk proteins and pectins – compatibility and conjugation.
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Several molecular parameters of milk proteins and pectins have a considerable influence on their thermodynamic compatibility, on their conjugate formation and on the emulsifying properties of these conjugates. An influence of the molecular weight (MW) of the pectins was postulated but not yet tested [1,2]. 
Therefore, as a first step the molecular weight of high methoxylated pectin (HMP) was reduced systematically by mechanolysis. The thermodynamic compatibility of the modified pectins with caseinate was determined by the volume ratio method and additionally by microscopy and rheological measurements. Conjugates were prepared by dry heating at 60 °C and 65 % relative humidity for up to 10 d. 

Whey protein was completely compatible with all pectins, and slightly brown coloured conjugates with excellent emulsifying properties were formed with pectins of reduced MW. The limited thermodynamic compatibility of caseinate and pectins increased considerably with decreasing pectin MW, and at MW 12,000 no incompatibility was found any more. This can be explained due to a reduced excluded volume of the smaller and more flexible pectin molecules. After dry heating of caseinate-pectin mixtures, brown coloured products were formed. However, their emulsifying activity decreased by up to 25 % of the original value with decreasing pectin MW and increasing heating time. Obviously, no conjugates were formed and the short chain pectins were not able to stabilise the emulsions by viscosity increase any more. Instead, separate degradation procedures of caseinate and perhaps also pectins caused the brown colour.
For the second step, the molecular weight of the caseinate was reduced by enzymatic partial hydrolysis (degree of hydrolysis up to 10 %) in order to loosen the compact protein structure and force the conjugation process. The thermodynamic compatibility with HMP was really increased again but no completely compatible systems were found. Nearly no conjugates were formed and an increased emulsifying activity after incubation was mainly due to protein polymerisation. All emulsifying properties were rather poor and decreased with increasing protein hydrolysis because of bridging flocculation. 

Whereas the MW of the components seems to be a dominating factor for thermodynamic compatibility, their conjugation might be more strongly influenced by other parameters such as differences in hydrophobicity. Despite increasing compatibility, no conjugates could be formed from low MW pectin and caseinates because of the compact casein structure and high hydrophobicity difference. A decreased hydrophobicity difference after protein partial hydrolysis, however, allowed a very limited formation of conjugates with HMP, even if the emulsifying properties of the reaction products were rather poor. 
Typical compatible and incompatible mixtures were examined additionally by light microscopy and rheology. Indeed, the phase separation and the water-in-water emulsion systems were clearly visible by microscopy. Rheological shear measurements confirmed the differences: All compatible mixtures were nearly Newtonian fluids whereas incompatible mixtures had a significant thixotropy area, increasing at higher pectin content. 
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