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Kinetic Studies on the Fermentation of a Binary Sugar Mixture in Yeast

Akira Nanba and Yoshiyuki Matsuo

(Faculty of Engineering, Hiroshima University, Sendamachi, Hiroshima)

Under anaerobic conditions, two fermentable hexoses were added simultaneously to a
yeast suspension. A new kinetic model for the sugar transport through the yeast cell
membrane was suggested, and an equation about the sugar consumption rate in the mixture
was introduced. This equation is based on the assumptions that these sugars are transported
by a carrier facilitating diffusion mechanism, combining these sugars with carrier molecules,
corresponding to each sugar and that these substrate-carrier complexes are affinitive each
other, and the substrate and carrier inside the heterocomplex, so called the allosteric effect.

During the fermentation of a binary sugar mixture in yeast, sugar concentrations in
the medium were determined from time to time. The following results supporting the above

assumptions were obtained;

1. The linear relations existed between the logarithms of the concentrations of the two

sugars at any time.

2. In a glucose-fructose mixture, the experimental results agreed for the most part
with the theoretical curves, obtained from above equations.
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Fig. 1. The proposed transport mechanisms for
binary sugar mixture in yeast suspension.
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Time course of glucose and fructose consumption
(fermentation) in mixture by yeast suspension.
pH 4.8, 28 °C, 2.0% yeast suspension.

O : Bubbled with nitrogen gas.

® : Shaked slowly.
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Fig. 3. Graphic representation for the rate equation (8), (9), (10), (11)
and (13). ;
Left; 3rd term. Right; 4th term.
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Fig. 5. Effect of pH values on the relationship of Fig. 6. The relationship of concentration of sugars
glucose and fructose during the fermenta- in binary mixture during the fermentation
tion of mixture in yeast suspension. by yeast. Concentration of sugar expressed

in mg/100ml.
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V:Ky/ViK: TRESNBIKL, TOATY v 7% Table 1. Kinetic parameters for binary sugar
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Fig. 7. Comparisn of the experimental results with
" the calculated curves, according to eq. (7)
and (8) in glucose-fructose mixture fermen-

tation by yeast.
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Fig. 8. Comparisn of the experimental results with
the calculated curves, according to allosteric
kinetics, eq. (7), (8), and simple competi-
tive interaction,.eq. (13). Uper graph;
time course of fructose in mixture, and
fructose only (a:=0). lower graph; glucose
in mixture (same experiment).
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