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Abbreviations:   Rj: formation rate of the generic product, g citric acid/(l x hr) (volumetric productivity)
mp:specific citric acid productivity, g citric acid/(g biomass x hr) 
RT: Residence time - hrs  
Rs: glucose consumption rate, g/(l x hr) 

 

The effect of air saturation on citric acid production in 
batch, repeated batch and chemostat cultures has been 
studied. It was shown that, under continuous 
fermentation (chemostat mode), the highest 
concentration of citric acid equal of 98 g/l was produced 
at 20% of air saturation. In contrary to continuous 
fermentation, displaying an optimum at 20%, 80% air 
saturation yielded higher values in repeated batch 
fermentation process. 167 g/l citric acid were produced 
continuously with the fill and drain technique at 4.85 
days, at 80% air saturation, compared with 157.6 g/l 
achieved within 5.4 days at 20%. Under repeated batch 
fermentation, the formation rate of the generic product 
(Rj) as well as the specific citric acid productivity (mp) 
reached a maximum of 1.283 g/(l x hr) at 4.01 days and 
of 0.0375 g/(g x hr) at 4.58 days, respectively. The 
glucose consumption rate (Rx) reached a maximum 
value of 3.33 g/(l x hr) entering stationary phase after 
2.56 days at a glucose concentration of 131.2 g/l. 

Citric acid is an important multifunctional organic acid with 
a broad range of versatile uses in household and industrial 
applications that has been produced industrially since the 
beginning of 20th century. Several hundreds of thousands 
metric tons of citric acid are produced worldwide every 
year almost exclusively by fermentation. Although  
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processes involving yeasts of genera Candida have been 
well described, which can produce large amounts of citric 
acid, industry still employs selected strains of Aspergillus 
niger. However, yeast processes are also sporadically used 
in industry today. 

Formation of citric and isocitric acid by yeasts using 
various C-sources has been the focus of investigations in 
different aspects for the past 35 years. Most reports are 
devoted to various types of citric acid producing yeasts and 
to experimental conditions governing production of citric 
acid, essentially based on shake flasks assays under 
undefined fermentation conditions. Only a few optimisation 
studies have been carried out in stirred fermenters. 
Continuous operation for the production of citric acid by 
yeasts, using glucose or other carbon sources, have 
increasingly received research interest in the last years; 
however the yields achieved were not high enough for a 
competitive economic industrial operation (Enzminger and 
Asenjo, 1986; Kim et al. 1987; Klasson et al. 1989; Kim 
and Roberts, 1991; Bubbico et al. 1996; Arzumanov et al. 
2000; Anastassiadis et al. 2005; Anastassiadis and Rehm, 
2005). 

Yarrowia lipolytica and other Candida species are capable 
of producing citric acid using various carbon sources and  
 
 




























