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Introduction

Poly ((-glutamic acid) ((-PGA) produced by microorganism is completely biodegradable, water-soluble, non-toxic to human body. Therefore (-PGA can be used as water-soluble and biodegradable polymer in various applications including thickeners, humectants (Goto et al., 1992). Secretion of (-PGA into culture broth during fermentation made volumetric oxygen transfer coefficient KLa low, and this might induce oxygen limitation that could reduce the productivity of (-PGA. The dependence of KLa on various factors such as position, size and number of impeller was studied. Locating two impellers on the upper part of air sparger and at two third of the total liquid height from the vessel bottom was most effective for oxygen transfer in 5 L fermenter. 
Materials and methods

Bacterial strain Bacillus licheniformis ATCC 9945A was used throughout the experiments. 

Culture media The composition of E-medium is as follows per L ; L-glutamate, 20.0g ; citrate, 12.0g ; glycerol, 80.0g ; NH4Cl, 7.0g ; K2HPO4, 0.5g ; MgSO4·7H2O, 0.5g ; FeCl3·6H2O, 0.04g ; CaCl2·2H2O, 0.15g ; MnSO4·H2O, 0.104g (Leonard et al, 1958). 

Measurement of KLa A method of KLa estimation (Chang et al., 1989), using gassing with oxygen-enriched air, was applied both to model solution which contain E-medium and (-PGA, and to fermentation system at 5 L jar fermenter with 3 L of working volume at 37 (C.

Dissolved oxygen polarographic sensor is connected to Dmate2000 (Lokas automation co., Korea) which makes possible the recording of data in a personal computer. The type of impeller used was disk turbine (Rushton). The aeration was maintained at 1 vvm.

Results 

Model system

Effect of impeller position on KLa In the E-medium the dependence of KLa on the location and the speed of impeller was represented at Figure 1. The value KLa of large difference in the high rpm was mainly due to the efficient bubble break up at the low position of impeller. As the air sparger was located at the bottom of fermenter bubble brake up was most efficient by the impeller positioned on it. Low position of impeller was to be advantageous for bubble break up but the mixing of fermenter might be imperfect if the height of working volume is to be high at low rpm or the viscosity of fermentation broth to be high. 

Effect of (-PGA concentration on KLa The value of KLa was severely reduced by the concentration of (-PGA (Figure 2). This was mainly due to the increase of viscosity. The position of impeller on the air sparger especially represented imperfect mixing at low rpm (below 300 rpm). Installing two larger diameter of impeller on the air sparger and at the two third of the height of working volume showed enhanced mixing and higher KLa (Figure 3). So we used this configuration of impeller to measure KLa in fermentation system.

Fermentation System  

The value of KLa was affected by the viscosity of fermentation broth as well as the concentration of (-PGA during fermentation (Figure 4). As the concentration of (-PGA increases the value of KLa was reduced dramatically. In the fermentation system the value of KLa was lower than model system at the same concentration of (-PGA. This was due to cell density of culture broth. The reduction of the culture viscosity after around 18 hr occurred. The reason of this phenomenon might be the reduction of the cell activity and the molecular weight of (-PGA (Cromwick et al., 1996)

Discussions
We could enhance the value of KLa by two impeller located on the air sparger and at the two third of liquid height from bottom. For the correct prediction of KLa we should consider the culture viscosity and the molecular weight of (-PGA as well as the concentration of (-PGA.
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