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Estimation of Ethanol Production from the Growth History
of Yeast Cells during Alcoholic Fermentation

Masaharu Nagatani

National Research Institute of Brewing, Takinogawa, Kita-ku, Tokyo

The rate of ethanol production during alcoholic fermentation was formulated as a function

of the specific growth rate, g, of yeast cells by using the correlation from Luede-king and
Piret as:

% =apX+vm e P X

The a value could be designated as the ratio of Yy, (yield coefficient of ethanol to
glucose) to Y, (maximum growth yield on glucose) and the numerical value could be
assessed at around 3.5 (dimensionless).

The expression of the second term of above equation, which corresponds to the rate of
ethanol production by the maintenance metabolism of the cells, was introduced by assuming
the metabolism to be under the inhibition of accumulated ethanol as observed in the later
period of saké fermentation. The value of vm, was assumed to be equivalent to the

Quo. value of the resting yeast cells.

Above equation was used for the prediction of ethanol production in batch fermentation
the growth history of whose yeast cells was known. First, the growth curve of the cells
was simulated by a function of time, ¢. Second, this function (X=£(2)) was differentiated
with respect to time, thus leading to dX/dz (=¢X)=£(t). And third, these two functions
of time were substitued into the equation and solved numerically. A digital computer was
used for this series of calculations.

The results of the calculation followed the change in ethanol concentration observed in

- three examples of various batch fermentations.
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Fig. 1. Calculaton of ethanol production in a batch
fermention. The calculated value of ethanol(~--)
was obtained by Eq. (8), in which the cell mass
was stimulated(——) from the observed value(O).
Points in open triangle are the observed ethanol
concentrations. The value of @ was chosen
arbitrarily as 3.5 and wme as 0.5 hr*. The
experimental data were taken from the litera-
ture.s? The data points shown in filled circle
and filled triangle were assumed values for the
calculations.
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Fig. 2. Calculation of ethanol producion as compared
with the experimental result of a batch fermen-
tation in enviched mediun.®® For details cf.
Fig. 1.

Fig. 3. Prediction of ethanol production in a shdchf
mash fermentation. The medium was saccha-
rified shocht koji (Aspergillus kawachii grown
on steamed rice), the pH value of the medium
was 3.1, and the temperature was set at 25°C.
For further explanation, ¢f. Fig. 1.
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curve and the initial ethanol concentration in
Fig. 2 were employed in this calculation. The
data (p values) in the figure were also trans-
cribed from Fig. 2 for reference.

Fig. 4-b. Effect of the fluctuation of the vmo value
on the ethanol production. The a value was
chosen as 3.5 (—) and the vmo was varied.
The other conditions are the same as in Fig. 4-a.
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Nomenclature

k2 : empirical constant, I/g

? : ethanol concentration, g/l

¢t : time, hr
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100 [ | - 4‘5/,(_ » X cell mass concentration, g/, cell number con-
. [Fig-43] mo=025] 1\ Ac—an 1% centration, 1/g

Yy (=4X/48;) maximum growth yield, g/g
;JE Yp/s: yield coefficient of ethanol, g/g
o o B Yz/s: yield coefficient of cell mass, g/g
10 Vg “ a constant (= Yyps/Yy), (dimensionless)
ny' B A
i i 10 4S¢ :  total amount of glucose assimilated, g/!
A i";;:'é £ 4Sy :  amount of glucose used for energy production
éf?’l [ ,{ for growth, g/
1L L : _’/,’”/ 4Spm :  amount of glucose used for energy supply of
& .
t(hr) I [Figzp ' maintenance, g/!
5 10 “hr)’s 20 % r specific growth rate, 1/hr
. . v specific rate of ethanol production, 1/hr
Fig. 4-a. Effect of the fluctuation of the a value . £ ethanol broduct; ¢ .
on the ethanol producion. The wvme value was vm specihic rate of ethanol production of resting
arbitrarily fixed at 0.25hr"! and the a value veast cells, 1/hr
y
was changed as shown in the figure. The growth Ymo : vm at p=0, 1/hr
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