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Macromixing in a batch bioreactor has been analysed through an extended version of a two-region 
model proposed earlier. Two internal dilution rates characterise the degree of macromixing. 
Computations for an Escherichia coli culture containing the plasmid pBR Eco gap show that in order to 
maximise the average concentration (or mass fraction) of plasmid-containing cells, the region into 
which the inoculum is introduced should bepoorly (or perfectly) mixed while the other region should be 
perfectly (or poorly) mixed. Time-domain profiles for the two regions suggest that plasmid-containing 
cells become homogeneously distributed faster than plasmid-free cells. Comparison of the regional 
profiles for the cases of the largest average concentration and the laigesgaverage mass fraction of 
plasmid-containing cells reveal differences which indicate that a partially macromixed bioreactor may 
be an optimal choice. 

Recent reviews1" attest the growing recognition of 
the importance of fluid mixing in determining the 
performance of bioreactors. Mixing occurs at two 
levels: (i) micromixing occurs at a local level and 
characterises the movements of fluid molecules 
and cell in a microscopic environment, (ii) macro- 
mixing describes phenomena in the large context 
of the bulk of the fermentation broth, and it is the 
more perceptible phenomenon. Neither complete 
micromixing nor complete macromixing may be 
desirable, and often there are optimum levels for 
both so as to achieve the best performanceM. 

Macromixing normally gains significance as 
fermentation progresses because of heat effects 
and viscosity increases. Its influence increases 
with the size of the fermentation vessel and the 
growth of biomass2s3. Macromixing can alter the 
product the rates of oxygen uptake7, the 
relative growth rates of competing species in a 
batch bioreactors and the occurrence of in vitro 
oscillations9. Moreover, since the relaxation times 
for cellular metabolism may be two to three orders 
of magnitude larger than those for fluid mixing1', 
macromixing is often the more significant factor in 
determining bioreactor performance"9. 

Studies by Ryu and  associate^^^,'^, using an 
Escherichia coli strain harboring the plasmid 

pPLc23QA1, suggest that fluid mixing in a 
bioreactor affects the stability of plasmid- 
containing cells 'and thus the formation of .the 
recombinant enzyme, tryljtophan synthetase. Using 
a dispersion model to characterise macromixing, it 
was shownl"or this system that the mass fiaction 
of plasmid-containing cells increases with the 
Peclet number, Pe, until Pe is between 90 and 110, 
and then decreases. In a related study9, 
macromixing was shown to influence the 
parametric region for the emergence of Hopf 
bifurcations in a continuous bioreactor; its 
importance is realised when we consider that 
macromixing is incomplete in large bioreactors 
and that induced oscillations favour the growth of 
plasmid-harboring cells relative to plasmid-free 
cells14. 

While productivity considerations might favour 
continuous fermentation, batch operation is 
preferred'when the residence time required is 
large, as for penicillin G, and when sterility is a 
stringent consideration, as in- fermentations for 
pharmaceutical and food products. Besides, 
kinetics and mixing characteristics are studied 
more conveniently in batch operation. Therefore 
many  worker^^^"^ have chosen a batch bioreactor 
for fluid mixing studies. 














