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A NOVEL AND PRACTICAL YEAST VITALITY METHOD BASED ON MAGNESIUM ION RELEASE
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Using a commercial lager brewing yeast, the immediate release of magnesium, potassium and phos-
phate ions by cells when inoculated into wort was evaluated to he directly relatad to its subsequent
fermentation performance. Yeast which released appreciable amounts of these ions immediately after
inoculation mediated improved fermentations as evidenced by better growth, higher ethanol
concentrations and lower diacetyl levels at the end of fermentation. Conversely, yeast that absorbed
these ions or released them at very low concentrations performed poorly throughout fermentation
producing beers with lower ethanol concentrations and higher diacetyl levels. These chservations led
to the identification and development of a rapid, practical and highly sensitive method to measure
Mg** released or absorbed by yeast as an indicator of its vitality and a predictor of its subsequent
fermentative performance. Full method details of the Magnesium Release Test (MRT) are given.
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INTRODUCTION

The consistency and quality of fermentations can be influenced
to a large extent by the physiological state or vitality of the
yeast’?, Vitality can be defined as the ability of a yeast to
endure stress and still perform®. Various techniques that predict
the physiological and fermentation capacity of a yeast or its
vitality can be based on measures of yeast components related
to fermentative performance. These may be intracellular
adenosine triphosphate'?, ergosterol''%!?, unsaturated fatty
acids®®, and glycogen®®*-6, On the other hand, measurements
of yeast activity which include oxygen uptake rate®, acidi-
fication power test'', measurement of intracellular pH values
(ICP test)!3, CO; evolution®®, and menadione-catalysed H-O;
production®, may also be used to predict yeast fermentation
capacity prior to pitching. The applicability of these measure-
ments varies both with the particular yeast strain and
fermentation conditions employed 72'-38,

Axcell and O'Connor-Cox* observed that the stress tolerance
of yeast was related to fermentation performance. The Stress
Test that was developed evaluated the entire yeast system—not
just one component or activity which made their test system a
more reliable predictor of subsequent fermentation perform-
ance of a yeast slurry. The merits of the analyis however, are
negated by the fact that as the test stands, it takes too long
(approximately 3 hours) for practical application in a brewery
laboratory.

The immediate release of low molecular weight compounds
by yeast inoculated into a glucose-containing medium has been
reported?>3-3, It was observed that the process was a normal
physiological response which could be clearly distinguished
from autolysis'!. The release of these compounds, which
included magnesium, potassium and phosphate ions, is
reportedly due to a change in the permeability of the yeast cell
membrane in preparation for sugar uptake and utilisation®.
Not only are magnesium, potassium and phosphate ions
released together, their transport mechanisms and cellular
distributions are also similar®!%2531.32 Rothstein and co-
workers®” noted that magnesium and manganese, together with
phosphate, were absorbed by yeast only if glucose was available,
The cation absorption was stimulated by low concentrations of
potassium'®, and it has been reported that the accumulation of
divalent cations such as magnesium was accompanied by an
efflux of potassium ions®. The magnesium ion is important in
yeast metabolism impacting on both the rate of ethanol
formation and the final yield'3-**0, The ion is also involved in

the structure of ribosomes and the neutralisation of electro-
static forces present in polyphosphates, DNA, RNA and
proteins'®.

During studies of metal ion uptake and distribution patterns
in a brewing strain®®, we observed that yeast slurries that
mediated good fermentations (as evidenced by shorter lag
phases, higher yeast counts, higher end ethanol concentrations
and lower diacetyl levels) released Mg**, K*, and phosphate
ions immediately after inoculation and later reabsorbed these
ions. Conversely, yeast slurries that fermented poorly (opposite
of the above observations) absorbed these ions immediately
upon inoculation®.

The use of a currently available magnesium test kit enabled
quantitative colourimetric measurement of magnesium in wort
before and immediately afler yeast inoculation. This test kit
forms the basis of a rapid and reliable yeast vitality test which
could be practically used in the brewery. We have named this
vitality test the Magnesium Release Test (MRT). It is demon-
strated that there was a direct correlation between immediate
magnesium extrusion by a yeast and the subsequent ferment-
ation performance of that yeast in high gravity (16'P) lager
fermentations conducted at either laboratory or plant scale.

MATERIALS AND METHODS

Yeast Strain

Saccaromyces cerevisine var. uvarum strain AJL (Alfred
Jorgensen Laboratories, Copenhagen, Denmark) 2036 was
used. Samples of yeast slurries were obtained from yeast pitch-
ing vessels from a commercial brewery and transferred on ice to
the laboratory for analysis.

Magnesium Release Test ( MRT)

Approximately 2 grams yeast slurry were centrifuged at
2,000x g for S minutes in a refrigerated (4°'C) Beckman Model
TJ-6 centrifuge (Beckman Instruments, Fullerton, CA, US.A).
The resulting pellet was washed once in 8 ml ice cold sterile de-
ionized water. Then 0.1 g of the washed cells were evenly
resuspended in 10 ml fresh brewery wort (16'P , 65% malt and
35% maltose-syrup adjunct on a percent extract basis), vor-
texed for 1 minute and then filtered through a 0.45 um nylon
filter (Separations, Johannesburg, S.A.) using a 10 ml sterile
disposable syringe (Sterilab Services, S.A.). One milliliter of the
Magnesium Base Reagent (Sigma Chemical Co., St. Louis, Mo,
U.S.A, Catalog No. 595-4) was mixed with one milliliter of the
Magnesium Colour Reagent (Sigma, Catalog No. 595-6). Then,
10 pl of slurry filtrate (prepared as described above) were added
to 1 ml of the magnesium assay mixture in a polystyrene
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10 mmx2.9 ml cuvette (Weil Organization, S.A.), mixed
thoroughly and read at 520 nm in a Beckman DU640 spectro-
photometer. In the case of wort magnesium determinations,
10 ml of uninoculated wort were filtered through a 0.45 pm
nylon filter and 10 pl of this filtrate were added to the mag-
nesium assay mixture as described above. The magnesium ion
concentrations were calculated according to the equation:

Magnesium (mEq/l)=
Absorbance sample/Absorbance standard x2.0

where the Absorbance standard was the absorbance of 10 pl of
Magnesium Standard Solution (Sigma, Catalog No. 595-2)
mixed with the magnesium assay mixture prepared as described
above. The magnesium ion concentration released/absorbed
was determined as the magnesium ion concentration of wort
post-inoculation minus the magnesium ion concentration in the
wort pre-inoculation. The result (Mg** concentration in mEq/1)
was multiplied by 0.5 in order to convert the units to mmol/l.

Fermentations and Analyses

The protease activity of the slurries as per method of
Mochaba et al.?” was also measured to determine the extent of
yeast autolysis. The reagents were purchased from Boehringer
Mannheim (Randburg, South Africa). Yeast slurries that were
tested for magnesium release and protease activity were used to
inoculate 500 ml fresh wort at the rate of 14 g of slurry per liter
of wort corrected for viability as measured by the methylene
blue staining method'®. This resulted in an initial viable cell
count of 25 million cells per m! of wort. The fermentations
proceeded for 7 days at 11°C. The initial and final gravities and
ethanol concentrations were measured using the Anton-Paar
DMA 55 density meter (Anton Paar, Graz, Austria). Yeast
slurries used to inoculate 3000 hl fermentation vessels in a
commercial brewery were also subjected to the Magnesium
Release Test (MRT) and their protease activities were
measured. The fermentations were inoculated at the same rate
and allowed to proceed from an initial temperature of 10°C
rising gradually to 15°C 3 days later. The fermentations then
proceeded at this temperature until the diacetyl levels,
measured according to Axcell er al.3, fell below 45 pg/l. The
fermentation temperature was then gradually lowered to 4°C
(chill back) within 4048 hours. The extent of fermentation was
measured as the difference between the final gravity reached at
chill back and the limit of attenuation, i.e. Present Extract—
Limiting Extract, determined by the American Society of
Brewing Chemists®> and European Brewery Convention!?
methods. This is a measure of non-fermented fermentable sugar
and in the case of these brands, if the value of Present Extract
(PE) minus Limiting Extract (LE) is higher than 0.4°P, this
indicates incomplete fermentation. The final beer gravity and
ethanol concentrations were measured using the Anton Paar
DMA 55 density meter.

RESULTS AND DiscussioN

The magnesium test kit is marketed by Sigma Chemical
Company for the in vitro diagnostic measurement of mag-
nesium in serum or plasma. The adaptation of this method for
application in a brewery necessitated some development, which
included optimising the inoculum size and volume of wort in
the assay. Insufficient or surplus inoculum led to spurious
results and the optimum inoculum was established at 0.1 g wet
weight washed yeast collected by centrifugation at 2,000xg.
This centrifugation speed was selected since most of our
brewery laboratories have centrifuges capable of Ruy.x 2,000%g.
The optimum volume of wort was established at 10 ml and the
contact time of yeast and wort was standardised at 60 seconds.
Attempts were made to collect the yeast-free wort by centri-
fugation (7,000xg for S minutes) as this would be more
economical than filtering through a disposable 0.45 um filter.
However, a comparison of the two procedures showed that
during centrifugation the yeast cells reabsorbed the Mg**.
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F1G. 1. Mg** released versus final ethanol concentrations (day 10) in

laboratory scale fermentations (500 ml).The broken lines on both
sides of the solid line represent the 95% confidence intervals.
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F1G. 2. Mg** released versus protease activity (AAszsnm) of the slurries
used to inoculate laboratory scale fermentations (500 ml). The
broken lines on both sides of the solid line represent the 95%
confidence intervals.

Membrane filtration after 60 seconds mixing gave more con-
sistent and reliable results. This confirmed observations
previously made in both two litre European Brewery Con-
vention tube and 401 pilot-scale fermentations where the
release and reabsorption of Mg**, K* and phosphate ions were
very rapid processes®. In this research, we also noted that the
release and reabsorption of the Mg** only occurred with
sturries which mediated good fermentations as indicated by
their higher cell counts and higher ethanol concentrations?®.
Yeast slurries which did not release Mg** ions immediately
after pitching mediated fermentations that were slower with
lower cell counts throughout?®. These observations prompted
further investigation of Mg** release as a possible vitality test
first at laboratory scale after which, the investigations were
carried out at plant scale.

Figure | shows that there was a good correlation between the
levels of magnesium ion released immediately upon inoculation
and the final ethanol concentrations in the laboratory scale
fermentations. The highest ethanol concentrations were pro-
duced by slurries which released appreciable amounts of the ion
upon inoculation. Figure 2 shows the protease activity, which is
a measure of autolysis, versus the Mg** released and indicates
that to some extent the higher the protease activity, the lower
the concentration of the Mg** ion released. However, some of
the slurries which demonstrated low protease activity did not
release any Mg** but instead absorbed the ion as evidenced by
values below zero. This observation indicated that slurries that
are viable are not necessarily vital and the Magnesium Release
Test (MRT) measures vitality.

Figure 3 depicts the final ethanol concentrations of ferment-
ations at plant scale (3000 hi) versus the amount of magnesium









