Rheological behaviour of low fat cocoa creams based on cellulose ether emulsions
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Cellulose ether emulsions confer semisolid consistency to liquid oils and are considered alternative fat sources with lower saturated fatty acid content, lower fat content, and lower in vitro fat digestibility than traditional solid fats. 
Low fat cocoa filling creams were prepared using o/w cellulose ether emulsions as fat source and their thermorheological properties were studied. The emulsions were composed of 47% sunflower oil, 51% water and the cellulose ether. Two types of methylcellulose (MC) and two types of hydroxypropyl methylcellulose (HPMC) with different chemical substitution degrees were employed. The cocoa creams were composed of starch (2.25%), cocoa powder (2.5%), skimmed milk powder (5%), sugar (10%), water (30.25%) and the emulsion (50%). 
Rheological measurements were carried out with a controlled stress rheometer (AR-G2, TA Instruments) equipped with a Peltier system. Viscoelastic properties were studied by small amplitude oscillatory shear (SAOS). Temperature sweeps from 20 to 80ºC at 1 Hz and a strain inside the LVR (0.15%) were recorded. Frequency dependence was studied at 20ºC (fresh samples) and after heating until 45ºC and 70ºC from 10 to 0.01 Hz at a stress in the LVR (0.5-1Pa). Flow behaviour was studied by stepped flow curves in the range of 1 to 1000 Pa at 20ºC, 45ºC and 70ºC.
All the creams showed shear thinning behaviour with a constant plateau at very low shear rates, which was well adjusted to simplified Carreau model. The cream prepared with MC type MX (highest methoxyl and molecular weight) showed a stronger shear thinning behaviour and a zero shear viscosity one order of magnitude higher than the other creams. At spreadable velocities (higher shear rates) the differences between the two types of MC disappeared. The frequency dependence of G’ and G’’ were fitted to power law equations. The MX cream was the firmer and showed the stronger elastic character. All the cellulose ether creams increased their viscoelastic properties during heating, associated to the thermal gelation ability of cellulose ethers. At 45ºC gelation has already taken placed in both MC creams and their rheological behaviour was very similar. At 70ºC all the creams had analogous flow and viscoelastic behaviour.
Application of cellulose ether emulsions as fat source in a cream formulation should consider their thermorheological behaviour. Cream rheological properties depend on cellulose chemical substitution and on temperature. A wide variety of rheological profiles can be obtained; the appropriate emulsion selection will be dependent on the specific cream application and requirements.
