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Introduction

The fermentation broth of production for poly ((-glutamic acid) ((-PGA) was highly viscous because (-PGA was secreted to culture broth. The high viscosity of fermentation broth made separation process of (-PGA to be difficult. And that most of cells producing (-PGA had capsule composed of mainly (-PGA so they had negative surface charges near neutral pH. The cell with negative surface charge had high stability in culture broth. The energy requirement for the separation of (-PGA from fermentation broth was very high due to high viscosity of broth and high stability of cell. So we tried to find simple and economical process for the separation process of (-PGA. The cells were efficiently settled down by an acidification of fermentation broth that could induce the reduction of broth viscosity and surface charge.
Materials and methods

Bacterial strain Bacillus licheniformis ATCC 9945A was used throughout the experiments.  The fermentation broth was obtained by batch culture in E medium (Leonard et al, 1958). 

Measurement of viscosity The viscosity of culture broth was measured by DV-I+ viscometer (Brookfiled Engineering Laboratories, Inc., MA, USA) with spindle 1 at 25o C and at shear rate of 1 sec-1

Measurement of zeta potential Cells were washed and then diluted to one thousand times with distilled water to measure zeta potential. The zeta potential of cell was measured by Zeta Plus (Brookheaven Instruments Co., Holtsville)

Measurement of molecular weight of (-PGA The molecular weight of (-PGA was measured at 35 (C using a Autochro-GPC system (Young In Scientific Co., Seoul, Korea) equipped with Waters 410 Refractometer (Milford, MA). Poly (ethylene oxide) from Tosoh (TSK standards) was used to generate a calibration, from which unknown molecular weights of (-PGA were calculated.

Results 

Effect of (-PGA concentration on the viscosity The viscosity of culture broth increased at pH 6 but was changed a little at pH 2 with (-PGA concentration (Fig. 1.) The high viscosity of culture broth decreased easily by lowering pH value of culture broth. The viscosity reduction of culture broth at low pH was mainly due to the reduction of carboxylic group in (-PGA. The acidification of culture broth induced un-ionized form of (-PGA so an interaction between water and (-PGA decreased. Reduction of the interaction between water and (-PGA resulted in reduction of culture viscosity.
Dependence of zeta potential of cell on pH The induction of un-ionized form of (-PGA by an acidification of culture broth could reduce the surface charge of cell because cells were capsulated with (-PGA. The change of zeta potential of cell was shown at various pHs  (Fig.2.). The zeta potential of cell represented positive at pH 1. The cells, which lost surface charge by acidification, were aggregated because of attractive forces of van der Waals. 

Effect of pH on batch settling As described above the acidification of culture broth decreased not only the viscosity of culture broth but zeta potential of cell. Destabilized cells by acidification easily aggregated and settled down by gravitational force. The settling of cells in culture broth was shown at various pHs in Fig. 3. The settling velocity increased with decrease of pH value. But the decrease of molecular weight of (-PGA was severe at pH 1 (Fig. 4). The breakdown of (-PGA was reported under high temperature by Goto and Kunioka (1992) and under altrasonic wave by Pérez-Camero et al. (1998). The settling velocity of pH 2 was comparable to that of pH 1 while the decrease in molecular weight of (-PGA at pH 2 was a little. So batch settling was conducted under pH 2.

Effect of (-PGA concentration on batch settling The concentration of (-PGA in fermentation broth affected the settling velocity of cells below 30 g/L, but the settling velocity above that concentration was almost same (Fig. 5.). The high concentration of (-PGA could make the cells be aggregated more easily than low concentration of (-PGA so the settling velocity in high concentration of (-PGA was rapid compared to that of low concentration of (-PGA. Most of cells in fermentation broth were settled down after 4 hrs by acidification of pH 2 above the concentration of 30 g (-PGA /L. This process requires no external energy input in order to remove cells from fermentation broth and could be scaled-up if there is a big tank for settling. 
Discussions
Batch settling requires no external forces like centrifugal force and no external equipment 
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Fig. 5 . Effect of (-PGA concentration on the settling of cells
except for big vessel. So (-PGA separation by batch settling was very simple and economical. This batch settling took advantage of the acidification of culture broth that resulted in reduction of culture viscosity and surface potential of cell. 
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