
 
Jahrestreffen der ProcessNet-Fachgruppen Agglomerations- und Schüttguttechnik und 

Lebensmittelverfahrenstechnik, 5. - 7. März 2019, Lausanne/CH 
 

Properties of β-lactoglobulin aggregates and gels as affected by ternary 
emulsifier mixtures 

Verena Wiedenmann1,2, Ulrike van der Schaaf², Heike Petra Karbstein², Kathleen Oehlke1 
1Max Rubner-Institut, Federal Research Institute of Nutrition and Food, Department of 

Food Technology and Bioprocess Engineering, Karlsruhe, Germany 

²Karlsruhe Institute of Technology, Institute of Process Engineering in Life Sciences, Food 

Process Engineering, Germany 

The design of carrier-systems for the encapsulation, protection and delivery of bioactive 

compounds in food has been of great interest in recent years. Emulsion based delivery 

systems like solid lipid nanoparticles (SLN) are stabilized by different emulsifiers. Typically, 

a certain proportion of the emulsifiers is not adsorbed onto the particle’s surface but freely 

present in the continuous phase and can thus interact with other food ingredients. 

Therefore, we studied the impact of three emulsifiers typically used to stabilize SLN on the 

properties of a protein-based model food matrix. 

In order to model the influence of sucrose palmitate, Tween 20 and soy lecithin on the 

properties of β-lactoglobulin (BLG) aggregates and gels, an experimental design method 

was used. 5.6% BLG was mixed with the respective amount of emulsifiers according to the 

experimental design. Protein solutions without emulsifiers served as control. The solutions 

were heated at 90 °C for 30 min to induce protein denaturation and aggregation. The 

aggregates were characterized regarding their size, surface charge, water holding capacity 

and the viscosity of the aggregate dispersion. The aggregates were further transformed 

into cold-set protein gels by reducing the pH value through adding δ-glucono-lactone 

(0.6%). The texture and water holding capacity of the gels were determined. 

Tween 20 and sucrose palmitate in ternary mixtures had minor effects on the aggregate 

properties, whereas lecithin had greater impact: With increasing lecithin content, the 

aggregate size increased. This was probably due to reduction of the stabilizing surface 

charge of the protein. The largest aggregates (approximately 100 nm) were about two 

times the control and occurred at the highest lecithin and high Tween 20 contents. The 

viscosity of the aggregate suspension as well as the water holding capacity increased with 

increasing lecithin content.  



The gel properties were influenced by the emulsifier content as follows: With increasing 

emulsifier content, the syneresis increased strongly and the water holding capacities of the 

gels were reduced. By contrast, increasing emulsifier contents only slightly increased the 

gel stiffness. 

This study showed that the choice and composition of emulsifiers influenced the properties 

of BLG aggregates after heat treatment. The altered aggregate structures also affected the 

properties of gel prepared thereof. The impact of free emulsifiers on food structures should 

be carefully considered during designing a new emulsion-based delivery system, 

especially when it will be added to a protein rich food product. 


