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Abstract

Enzymes are life-specific biochemical catalysts that provide the metabolic processes (catabolism
and anabolism) at the cellular level, and maintain their catalytic potential after extraction from
the living organism - this feature being exploited for various economic purposes (industry,
medicine, environment, agriculture). Industrial enzymatic processes compete in terms of
efficiency with complex chemical synthesis, resulting in high selectivity and specificity,
producing fewer byproducts, reducing energy consumption and generating less environmental
pollution. However, enzymes still have a limited application due to high isolation, stabilization
costs, high sensitivity to operating conditions, low bioprocess reproducibility, difficult
controllability, and a high substrate specificity. Many of these inconveniences can be removed
by an effective immobilization of the enzymes on suitable supports, and / or by optimizing the
operating conditions and the operating policy of the selected enzymatic reactor. In addition, the
use of multi-enzyme systems offers new optimization possibilities for biosynthesis processes,
providing the alternative of in-situ regeneration of the cofactor, as well as the possibility of
increasing productivity by diminishing the deactivation of the enzyme from the main reaction by
enzymatic inactivation of inhibitory intermediates, etc. In this way, multi-enzymatic reactions
become valuable alternatives for obtaining a wide range of food and pharmaceutical products,
being used equally in various applications such as medical tests or biological sensors. In this
context, the thesis makes a remarkable contribution by developing an analysis methodology
based on the use of mathematical / kinetic models of the enzymatic process and of the usual
enzymatic reactors in order to determine how to optimize the reactors’ operation when
conducting multi-enzymatic complex processes. Examples address two case studies in the sugar
industry, that is: 1) a new process for obtaining fructose of high purity by applying a novel two-
step enzyme process (also known as 'Cetus'),
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and 2) mannitol production by ,enzymatic reduction of fructose with in-situ enzymatic
regeneration of the NAD cofactor”, as below shown.
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The used numerical optimization techniques are of high complexity, by using either nonlinear
optimization in the presence of multiple constraints, or the Pareto front technique when several
objective functions are formulated, some being contrary ones. In this way, the thesis is
characterized by a high degree of originality and novelty, with wide applicability in the
biosynthesis industry.



