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Abstract

Batch, fed-batch and continuous fermentation studies were conducted with
lactose as the substrate, at a constant temperature of 30°C, pH 6.5 and under
anaerobic conditions for propionic acid production using Propionibacterium
acidipropionici (ATCC 4875). In batch fermentations, when the initial

concentration of lactose (S,) was 37, 45, 50, 57 and 73 gl'l, respectively 16, 19,

22., 25.3, 26.3 gl propionic acid was produced. Increase in S, from 37 gl to
57 gl” resulted in increase in propionic acid accumulation but further increase
in S, from 57 gl to 73 gl did not increase the propionic acid concentration in
the fermentation broth. It, however, led to accumulation of by-products
(succinic, acetic and pyruvic acids). Product inhibition studies revealed that
specific growth rate of the culture decreased with the increase in

propionic/ acetic acid concentration.

The average batch kinetic data (So ~ 50 gl”, pH 6.5), was used to develop an
unstructured model for propionic acid fermentation. For optimal estimation
of model parameters, a non-linear regression technique assisted by a
computer program, was used to minimise the deviations between the model
predictions and experimental results. When optimiscd parameters were

used, model simulations were found to be close to experimental results.



Statistical validity of the model was demonstrated with an accuracy of 99%.
The model featured typical growth and product formation characteristics of

Propionibacteria.

Fed-batch fermentations were conducted. Fresh nutrient feeding strategies
for fed-batch fermentations were designed and tested to improve propionic
acid productivity. Significant improvement in propionic acid concentration
was obtained as compared to batch fermentation. Maximum propionic acid

concentration and productivity obtained from fed-batch fermentations were

37 gl and 0.4 gl'h™.

In situ cell retention devices were made using stainless steel filter of 10u and

Su pore size. Continuous fermentations were conducted at dilution rate,

D = 0.05 h” using in situ cell retention devices (spin filter) of 10 1 and 5 p.
Continucus fermentation using spin filter (pore size 5 p) improved the
propionic acid productivity to 0.9 gl*h* (approximately four times higher
than batch fermentation). The in situ cell retention bioreactor was operated
continuousiy for a period of one week without any clogging/ contamination

problems. It was particularly suitable and economical for labscale,

continuous propionic acid production.
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