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ABSTRACT
Growth, sporulation and lysis of Bacillus thuringiensis (B.t.) cells, grown in a 121
fermentor, were monitored continuously by a microcalorimeter (bioactivity monitor LKB
2299). Process Development was carried out in this benchtop fermentor using analytical
grade substrates at low cell concentrations (108 cells/ml) to avoid oxygen limitation in the
bioactivity monitor cell. The data gathered was used to calculate heat output and
corresponding oxygen demand. This information was used to perform an energy balance
for B.t. production. This was compared with pilot plant data using industrial grade
substrates at high cell concentrations (109/ml).
Growth and sporulation kinetics, oxygen demand, and energy balances were
calculated and compared wilh the microcalorimetric data. The results showed that the
bioactivitythermograms provided accurate information about the fermentation process
which may be applied to industrial scale fermentations. The bioactivity monitor has
potential use as a tool for preliminary medium optimization, and for defining mass and
energy balances. Adaptation of this technique for scale-up can save much of the research
and development costs of industrial processes.
Further development of this monitoring technique could lead to its use for
optimization of real- time control in industrial processes.
INTRODUCTION
The bioactivity monitor is an instrument which continuously monitors very small heat fluctuations
associated wilh biological events in living organisms. Its real time monitoring is both direct and
nondestructive. It has been used to monitor the growth and metabolism of microorganisms (Forrest,
1969; Nichols et al., 1979), tissue cells (Monti, 1980), and invertebrates (Gnaiger, 1983). It has
been used to observe viral infection of cells (Voitsekhovsky, 1972) and to observe ecological
phenomena.
It is well known that microbial growth processes generate heat. This heat effect may be
measured directly, or as a function of oxygen uptake (Wang et al., 1979), or by monitoring changes
in ATP levels (Alkinson and Mavituna, 1983). The removal of this heat is a well known problem
associated with large scale fermentations. Calorimetric measurement of that heat evolution is an
important parameter for describing the metabolic activity of the specific process. Measuring heat
fluctuation in a continuous flow system may supply real time information on the growth process
which can be used for optimization studies, or control of the studied process. Thermogram data
yield estimates of the specific and total heat outputs (Nichols et al., 1979).
This study was initiated in order to assess te usefulness and reliability of the flow
microcalorimeter (bioactivity monitor) as a tool for scale-up of fermentation processes and for
defining engineering parameters. It was connected to a fermentor in continuous flow mode as
described below.

