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ABSTRACT

The effect of the trace metals Cu, K, Na, and Ca, separately or in
mixture, on fermentation time, ethanol production rate, and cell
growth in the fermentation of synthetic media containing sucrose is
discussed. The results are related to the range of contents found in
raw materials, molasses and raisins, in order to determine their opti-
mum concentrations for alcohol production.
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INTRODUCTION

Raw materials used in alcohol production contain trace metals such
as K, Na, Ca, and Cu, often in large amounts. Many investigators have
focused their interest on the effect of Ca on alcohol fermentation. Spe-
cifically phosphates in the fermentation media decrease the uptake of Ca
(1), which protects yeast cells from the toxic effect of Cd (2). The uptake
of mono and divalent cations by Saccharomyces cerevisiae cells has been cor-
related to the rejection by the cells of calcium ions (3). It was found that
calcium chloride activates the enzyme pyruvic decarboxylase (4). Rela-
tively high concentrations of Ca?* result in an uptake by yeast cells that
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has a harmful effect (2,5), reducing cell growth (6). Recently it was reported
that the fermentability of raisins is correlated with traces of Cu (7); rela-
tively high Cu concentrations reduces the fermentation rate from batch to
batch in the cell recycle process (8). Although a number of publications
have appeared discussing the effect of Ca and some other elements on
ethanol fermentation, a systematic study concerning the ethanol produc-
tion rates obtained in the presence of the metals Cu, Ca, K, and Na con-
tained in various high concentrations in raw materials, is not found in the
literature. Due to relative high concentrations in raw materials of the metals
K, Na, and Ca and the inhibitory effect caused by the trace element Cu
(8), an optimization study of ethanol fermentation for Cu and K, Na, and
Ca contents is also necessary. The latter is the subject of the present work.

METHODS

Growth of Culture and Fermentations

Using baker’s yeast, a mono cell culture was isolated and it was grown
on complete medium containing yeast extract agar (9). This was inocu-
lated in a liquid minimal medium. All batch fermentations were carried
out at 30°C, using sucrose solutions with a density of 7°Be and yeast wet
wt cell concentration of 20 g/L obtained as described earlier. Before the
addition of cells and sucrose, solutions of copper sulfate, calcium chloride,
potassium chloride, and sodium chloride were added separately or in
mixture at the required concentrations. In order to obtain for each of the
metals the concentration at which the fermentation time becomes lower,
batches containing various concentrations of each were performed. Like-
wise, batch fermentations were made in the presence of Cu, K, Na, and
Ca in mixture at their optimum concentration, found by the curves of
fermentation time vs concentration of each of the metals. The kinetics of
fermentation was followed by measuring the °Be density at various time
intervals.

Biomass Estimation

The biomass was determined by measuring the optical density at 700
nm. Standard curves of optical density vs wet wt cells (g/L) were prepared
for the estimation of the biomass concentration in the sample.

Determination of K, Na, Ca, and Cu
in Raisin and Molasses

The determination of K and Na were made by flame photometry using
a flame photometer (Turner, model 510). Ca and Cu were determined by
atomic absorption spectrometry with a Perkin Elmer instrument model

Applied Biochemistry and Biotechnology Vol. 30, 1991



Optimization of Fermentation for K, Na, Ca, Cu 3

560, air acetylene flame, and hollow cathode lamp. The treatment of sam-
ples was carried out according to a previous study (7). In the case of Ca to
avoid interference of phosphates, sulfates, aluminum, and silicon, a solu-
tion of lanthanum oxide treated with hydrochloric acid was used (10).
This solution was added to the solution of samples in a percentage pro-
portion 0.1-1%. For the preparation of the lanthanum oxide solution,
58.64 g lanthanum oxide were added to 50 mL distilled water and treated
with 250 mL hydrochloric acid. This solution was diluted to 1:1.

RESULTS

The raw materials, beet molasses and raisins, used in ethanol produc-
tion are rich in metals such as K, Na, and Ca and contain the trace element
Cu at various concentrations (Table 1). The metal concentrations used in
synthetic sucrose media in this work are within the range of the concen-
trations found in molasses and raisins.

Figure 1 shows that the fermentation time decreases as the concentra-
tion of metal increases from 0 to 5 ppm Cu, 1000 ppm Ca, 500 mg K>O/100
g, and 500 mg Na;O/100 g. At higher concentrations the fermentation time
increases. These concentrations of Cu, Ca, K, and Na are optimum for the
alcoholic fermentations of sucrose solutions. The improvement of the
ethanol production rate in the presence of each of the metals separately at
their optimum concentrations, as compared in the absence of metals, is
clearly shown in Fig. 2B. Potassium, used alone, has the major effect and
copper the lowest. When all of these metals were mixed at their optimum
concentration, a drastic drop of the fermentation time was obtained, as
compared with the absence of metals (Fig. 2A). In this case the fermenta-
tion time achieved is about equal to that obtained by Ca and Na separately
and clearly lower than that of Cu.

Figure 3A indicates the increase of cell growth in the solution of the
metals containing their optimum concentrations as compared to those ob-
tained by the absence of it. This increase of cell growth is estimated to be
135%. The highest augmentation of cell growth is achieved by potassium
(Fig. 3B), yielding to a greater final cell concentration than that obtained
by the mixture of the metals at their optimum concentrations (Fig. 3A).
The other metals used alone gave a lower increase in cell growth as shown
in Fig. 3B.

DISCUSSION

From the results, it is shown that potassium increases the fermenta-
tion of sucrose-containing media, than the other metals used in this study.
Sodium and calcium have a moderate effect and copper the lowest. The
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Fig. 1. Fermentation time vs concentration of K, Na, Ca, and Cu obtained
in the alcoholic fermentation of synthetic media containing sucrose and each of
the metals separately.
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Fig. 2. Fermentation kinetics observed in the presence of the metal mix-
ture K, Na, Ca, and Cu (A) as well as of each of the metals separately and (B) at
their optimum concentrations, as compared with the kinetics of fermentation in
the absence of metals.
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Fig. 3. Cell growth vs time during fermentation in the presence of the
metal mixture K, Na, Ca, and Cu (A) as well as of each of the metals separately

and (B) at their optimum concentrations, as compared with cell growth of fer-
mentation in the absence of metals.

smallest reduction of the fermentation time was observed with the trace
element copper as compared to those achieved by the other metals. This
may be attributed to a decrease in the rate of glucose uptake, caused by
the uptake of copper by cells (8). In all cases the decrease of the fermenta-
tion time obtained in the presence of K, Na, Ca, and Cu separately or in
mixture, parallels the respective increase of cell growth. However, to our
knowledge, this increase of cell growth can only in part explain the drastic
drop of the fermentation time. The results obtained in the present study
may support the notion that the differences in ethanol production rates
observed in industrial scale fermentations, in the case of molasses and
other raw materials, are mainly caused by different contents of the metals
described. Furthermore, the presence of Cu, K, Na, and Ca in suitable
concentrations in raisins (e.g., Trechumena) is one of the reasons for the
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better vitality of S. cerevisiae (7) and Z. mobilis cells grown in raisin extract
and for their higher fermentation rates observed as compared to those of
synthetic media (11). Finally, the results of the present study may be
employed for the preparation of solid supported biocatalysts, prepared
by the immobilization of S. cerevisiae on a solid, having to their surface K,
Na, Ca, and Cu at the appropriate concentrations.
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