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The response of a number of Saccharomyces cerevisiae (ale) and Saccharomyces uvarum (carls-
bergensis) (lager) strains to altered starting levels of magnesium and calcium in 12°P (1048 original
gravity) or 20°P (1080 original gravity) wort were investigated. In general, the same trends were
observed in all 6 straing, however the extent of the response to adjusted levels of magnesium and
calcium were found to be strain dependent. The results indicate that an increased ratio of magnesium
to calcium causes an increase in the initial fermentation rate, the rate and yield of ethanol produced
and an increase in vitality at the end of fermentation, in all strains employed. Upon increasing the
calcilum to magnesium ratio it was found that the initial fermentation rate was decreased, resulting in
an increased attenuation time in the case of the lager strains. It was also noted that increasing the
calcium to magnesium ratio led to a decreased ethanol production, maltotriose uptake, and in the case
of the lager strains, maltose uptake was also adversely affected under these conditions. Altering the

calcilum and magnesium levels had no effect on the viability of the yeast or on glycogen levels.
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INTRODUCTION

High gravity brewing has been progressively introduced into
many breweries, worldwide, due to the economic advantages it
has over the use of normal gravity worts. However there are
certain drawbacks to such a process which include: decreased
material efficiency; reduced foam stability; a problem with
flavour matching and perhaps most importantly, high gravity
brewing can exert a negative effect on yeast performance®. This
last drawback is due to three inter-related factors: an increased
ethanol concentration; increased osmotic stress and finally, the
effect of nutrient limitation.

Investigations into limiting this deleterious aspect of high
gravity brewing have concentrated on exploring the effects of
altering the medium composition. As a result, it has been
shown that a range of compounds can enhance yeast growth.
Such additions include: unsaturated fatty acids and sterols;
vitamins; amino acids; proteins and certain metal ions'*.

Metal ions play an important role in brewing and yeast
performance, and a range of metal ions are normally present in
wort at differing concentrations. The requirement of trace
elements by yeast can be classed into three categories:
macroelements (K*, Mg**, Ca?*, Zn?*, Fe?*-¥*, Mn¥*, CI');
microelements (Co?*, B2*, Cd**, Cr¥*¢*, Cu®*, I, Mo?*, Ni**,
Va®") and inhibitors (Ag*, As**, Hg*, Li*, Ni**, Os**, Pd**,
Sei*, Te''). However, when considering the ionic nutrition of
yeast fermentation, it is the concentrations of K*, Co**, Mg**
and Zn** that are the most critical factors'®,

The role of inorganic ions within the fermentation process is
complicated by: (1) The optimum concentration for any
element may be dependent upon the concentration of other
ionic species present in the wort; (b) Any metal ion may be
present in the wort as several different species (only some of
which are bioavailable), the amount of each species present
being dependent on the pH and chemical properties of the
anions and chelating agents present in the wort; (c) The
bioavailability of the anion is also dependent on the rate of

*Part of these results were presented at the Europecan Brewing
Convention, Brewing Science Group meeting held in Berlin, June 1996.

equilibrium of the ligand-metal ion complex; (d) The inter-
actions that occur between different ions, and (e) The com-
position of wort varying depending on the raw materials used
and the conditions employed to produce the wort®9:13,

Magnesium and calcium are usually present in brewers’ wort
in a ratio varying from 2:1 to 6:1, in favour of magnesium??,
Yeast cells actively take up magnesium via a high affinity,
specific transport system, having a minimum requirement for
magnesium of 42.5 ppm (1.7 mM) with inhibition of growth
occurring above 25000 ppm (1 M) (both values being strain
dependent)’. Magnesium acts mainly intracellularly and is
required by over 300 enzymes, including all synthetases, phos-
phatases and kinases. Magnesium has also been implicated as a
metabolic regulator of pyruvate metabolism and has been
shown to be involved in the membrane stabilisation of nucleic
acids, ribosomes, polysaccharides and lipids. In addition it
plays a central role in the control of celi growth, division and
size?89.21.21

Calcium is also required by yeast cells at a minimum
concentration of 10-20 ppm (0.25-0.5 mM), with inhibition of
growth occurring in excess of 1000 ppm (25 mM) (strain
dependent)®. Yeast cells maintain the low basal level of
4-8 ppm (100-200 nM) by: (a) actively excluding calcium
through the plasma membrane against a concentration
gradient: (b) interaction with calcium binding proteins, e.g.
calmodulin and (c) transporting calcium into the vacuole where
95% of the total calcium associated with the cell is located” 8.

Calcium, being actively excluded from the yeast cell, acts
mainly extracellularly for example, calcium is essential for a-
amylase activity and phosphate precipitation, therefore playing
a role in wort pH control. Its effects within the yeast are almost
totally located at the plasma membrane and cell wall, playing a
role in the protection of the membrane structure and
influencing yeast flocculation® 53!,

In the present study the effect of altering the starting
concentrations of magnesium or calcium on the fermentation
characteristics of ale and lager yeast strains in conventional and
high gravity worts was investigated.

MATERIALS AND METHODS

Yeast strains and maintenance
The yeast strains employed in this study were industrially















