Analytical centrifugation: A fast and simple tool for testing the mechanical stability of hydrocolloid microspheres and microcapsules
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Microcapsules are increasingly used in food industry, pharmacy, agriculture, cosmetics, construction, textile industry and printing. Encapsulation is particularly advantageous to protect immobilized substance against harsh conditions or to mask bad taste, as well as to enable and control the release of substances e.g. active pharmaceutical ingredients. Due to these manifold applications different microspheres types varying in structure are developed, for example microcapsules with a semipermeable polymer membrane and a liquid core, core/shell microspheres, microspheres consisting of a gel network (microbeads) or microcapsules with multilayers.

Mechanical properties are one of the important characteristics due to mechanical stress during manufacture, transportation and application. Simple and high through put measurement techniques are desirable to tune mechanical properties in the design process as well as in the quality assessment of microsphere-based products.
In academia, single-capsule experiments are often employed. They have a very profound physical background but are experimentally challenging, time consuming and featured often by poor statistics. Bulk methods are based on determination of maximal shear forces to destroy the capsules or beads, or on characterization of their rheological behaviour. Approaches are typically single sample experiments.1
This paper focuses on the experimental determination of hydrocolloid microsphere deformation/stiffness in terms of bulk compression behaviour by using a multisample analytical centrifuge (www.lumisizer.com) similar to the characterization of porous bead cellulose2. Samples (2 ml) are filled into disposable cells and inserted into the rotor. Up to 12 samples are gradually compressed by the programmed increase of the centrifugal force and time course of compression is optically visualized for each individual sample during centrifugation with micrometer-scale resolution. Compression – force relationships are displayed by instrument software SEPView. A series of differently processed alginate microbeads were probed. Type of chelating cations and their concentration gradually influences mechanical strength. It was revealed that the mechanical stability of alginate microbeads may be best tuned by alginate type. Microbeads made of high G-alginate are the most stable ones. The study successfully proved that multisample analytical photocentrifugation can be well utilised to efficiently determine mechanical stiffness of microbeads and microcapsules. High reproducibility allows comparing easily different samples and detecting minor differences in compression behaviour.
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