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Influence of manufacturing factors on the material properties,
mechanical performances and functionalities of microcrystalline
cellulose
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Due to its excellent compactibility, microcrystalline cellulose (MCC) is one of the
most preferred filler-binders in direct compression tablet formulations. However,
source and batch variations affect the functionalities of MCC. In modern
pharmaceutical industry, the concepts of crystal engineering and particle design are
popular to manipulate the mechanical performances and functionalities of excipients.
Accordingly, the material properties (molecular structure and the particle properties)
may contribute to the mechanical performances and functionalities of MCC. The
influences of particle properties rather than molecular features on the functionalities
of MCC have been widely discussed in the literature. However, no work has
quantitatively correlated material properties and functionalities of MCC. Meanwhile,
it is desirable to find the key material properties that control the mechanical
performances and functionalities of individual excipients. Only then, can reduction in
source variations be made by the regulation of key material properties. Furthermore,
the correlation constructed between manufacturing factors and overall qualities of
MCC products is useful for manufacturers to optimize its functionalities. At the same
time, the batch variations can be reduced by the control of key manufacturing factors.
However, no work has been detail reported on these matters.

In this study, a statistical experimental design was used to evaluate the effects of
manufacturing factors on the material properties, mechanical performances and
functionalities of MCC products. How the material properties, especially for the
molecular properties, dominate the mechanical performances and functionalities of
MCC products were further explored. Based on the polynomial equations deduced
from the experimental design, two MCC slurries with different material properties and
functionalities can be prepared and co-dried with acetaminophen, which is inherently
uncompressible, to produce direct compression formulations.

The results obtained from the experimental design demonstrate that the material
properties and functionalities of MCC products can be predicted by the manufacturing
factors using proper polynomial equations. Then, the functionalities can be optimized.
Additionally, the key manufacturing factor is temperature. The careful control of
temperature during the manufacture of MCC might minimize inter-batch variation. By
contrast, the use of manufacturing factors to predict the mechanical performances was
poor. Nevertheless, the mechanical performances as well as functionalities can be

quantitatively predicted by material properties. The correlation of the material



properties of MCC products with their mechanical performances and functionalities
might help the formulation designer rationally select proper MCC products.
Meanwhile, the molecular mass, cohesive energy density (CED), degree of
crystallinity, crystallinity index, roundness, and surface roughness may serve as
important material properties for controlling the mechanical performances and
functionalities of MCC. The universal harmonization of MCC products might be
achieved by the regulation of these material properties.

On the other hand, the compactibility and powder flowability of acetaminophen can
be modified by co-drying with 10% w/w MCC to prepare direct compression
formulations. The functionalities of the coprocessed samples were dependent on the
selected MCC. Thus, the functionalities of the direct compression formulation could
be manipulated by selection of MCC.



