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Partitioning of Lactobacillus helveticus Cells and Lactic Acid in Aqueous PEI/HEC Two-Phase
Systems. An, Han Kun and Yun Joong Kwon*. Department of Foods and Biotechnology,
Kyonggi University, Suwon 442-760, Korea -For an ideal extractive bioconversion in aqueous two-
phase systems, the product has to be preferentially partitioned into the phase opposite to the one in
which the biocatalyst is located. Partitioning behaviors of Lactobacillus helveticus IAM 11090 and lactic
acid in aqueous two-phase systems composed a polycation, poly(ethylenimine) (PEI), and an uncharged
polymer (hydroxyethyl)cellulose (HEC) were investigated. L. helveticus cells were preferentially par-
titioned to the HEC-rich top phase while about 85% of lactic acid was partitioned to the PEl-rich bot-
tom phase. These results indicate that extraction of charged, low molecular weight products in an aque-
ous two-phase systems can be promoted by using an oppositely charged polymer as one of the phase-
forming polymer. By the ideal partitioning of the cells and lactic acid, an aqueous PEI/HEC two-phase
system can be used as a potential system for the extractive lactic acid fermentation of cheese whey.
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Fig. 1. Principle of extractive bioconversion in aqueous PEI/
HEC two-phase systems.
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Fig. 2. Effect of phosphate concentration on the phase
volume ratio (V/V,, O) and percentage of the cells found
in bottom phase (C,, W) in 5% PEV/1% HEC two-phase
system (pH 6.0).
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Fig. 3. Effect of sulfate concentration on the phase volume
ratio (V/V,, O) and percentage of the cells found in bot-
tom phase (C,, B) in 5% PEI/1% HEC two-phase system

(pH 6.0).
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Fig. 4. Effect of pH on the phase volume ratio (V/V,, O)
and percentage of the cells found in bottom phase (C,, i)
in 5% PEI/1% HEC two-phase system.
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Fig. 5. Effect of medium concentration on the phase volume
ratio (V/V,, O) and percentage of the cells found in bot-
tom phase (C,, M) in 5% PEI/1% HEC two-phase system.
Different concentrations of the medium used have been given in
relation to basal medium concentration, which is taken as 1.0.
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Table 1. Partitioning behavior of L. helveticus cells in fresh
5% PEI/1% HEC two-phase medium (pH 6.0)

Culture time Volume ratio Celis in bottom
(b (V/Vy) phase
12° 0.40 4.30
12 0.43 6.90
40° 0.49 7.20

*Culture was incubated in basal medium.
°Culture was incubated in 5% PEI/1 % HEC two-phase medium.
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Fig. 6. Effect of phosphate concentration on the phase volume
ratio (V,/V,, @), partition coefficient (K, M) of lactic acid,
and L, (&) in 5% PEL/1% HEC two-phase system.

L, is the relative proprotion of total lactic acid in bottom phase.
The concentration of lactic acid used for partitioning was 1% (w/v).

w2t L. helveticus BF R Fol| 2= F1 oyt
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Fig. 7. Effect of medium concentration on the phase volume
ratio (V/V,, @), partition coefficient (K, W) of lactic acid,
and L, (&) in 5% PEI/1% HEC two-phase system.

L, is the relative proportion of total lactic acid in bottom phase.
The concentration of lactic acid used for partitioning was 1% (w/
v). Different concentrations of the medium used have been given
in relation to basal medium concentration, which is taken as 1.0.
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