
J. Inst. Brew., November-December, 1995, Vol. \0l,pp. 453-458

YEAST VITALITY DURING CIDER FERMENTATION: TWO APPROACHES TO THE MEASUREMENT

OF MEMBRANE POTENTIAL
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Simulated cider fermentations were carried out using a monoculture of a cider strain of Saccharo-
myces cerevisiae in a sterile apple juice-based medium. The membrane potential of the yeast was
assessed in two different ways: firstly by using the fluorescent dyes oxonol and rhodamine 123 and
visualising the yeast with flow cytometry and fluorescent microscopy, and secondly by using the
acidification power test.

These techniques were used on yeast at various stages of a simulated cider fermentation and also
on freshly grown yeast (3 days after inoculation) after the addition of an alcohol mixture similar to
that accumulating in mature cider (10% ethanol, 200 ppm propan-1-ol, 32 ppm butan-1-ol, 70 ppm
butan-2-ol, 190 ppm amyl alcohol, 17 ppm hexan-1-ol and 260 ppm 2-phenyl ethanol).
Little change was observed to the plasma membrane transmembrane potential as indicated by

oxonol exclusion over a 4 week fermentation period, but rhodamine 123 staining which indicates
mitochondrial membrane potential showed a drastic decline during the first 3 days. The total
acidification power index remained almost constant with fermentation age, but the individual
components of the index showed considerable changes.
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Introduction

During traditional cider making, the yeast faces an increas

ingly hostile environment. Cider in this country is produced

more like an apple wine by fermentation to about 10% (v/v)

alcohol. A concentrated inoculum is used (about 106 yeasts

ml"1) and growth is virtually completed (at 107 yeasts ml'1), on
the third day of the process. During fermentation the medium

rapidly becomes anaerobic and is increasingly laden with

ethanol and other potentially inhibitory metabolites13. The aim

of this study was to establish techniques to give a measure of

the vitality and viability of the yeast throughout the cider

fermentation.

Retention of the functional integrity of the cell plasma

membrane by maintenance of a transmembrane electro

chemical potential is of paramount importance. Measurable

transmembrane electrochemical potentials are known to

characterise living cells, and the magnitude of those potentials

is a measure of the "health" of the organisms. In this work

two contrasting techniques to study membrane potentials of

the yeast were assessed at different stages during the cider

fermentation: proton efflux using the acidification power test;

and voltage-sensitive dye distributions by flow cytometry.

The acidification power test20, is used in the brewing in

dustry to assess the "vitality" of yeast by measuring two

separate pH changes. The first of these is the change that

occurs to the pH of the Analar distilled water in which yeast is

supended.' The second is the pH change resulting from the

addition of a known concentration of glucose to the sus

pension. The sum of these two values gives a value for the

"acidification power" of the yeast19. This acidification power
test, giving as it does a measure of proton movement across

the plasma membrane, is therefore an indicator of the plasma

membrane trans-membrane potential.

Flow cytometry is a technique whereby a stream of cells pass

in single file in front of a light source; both the resultant

fluorescent and the scattered light from these cells are collected

and analysed17. Using yeast incubated with appropriate
fluorescent dyes, flow cytometry can give measurements of

membrane potential and thus distinguish between living and

dead cells, and also possibly between healthy and unhealthy

ones. Oxonol dyes are excluded from healthy cells possessing

a plasma membrane trans-membrane potential2. Dead cells,

however, lacking this potential allow the oxonol into the cells.

Rhodamine 123, on the other hand, is electrophoretically

transported across the plasma membrane and the inner mitro-

chondrial membrane of living cells15. Rhodamine 123 uptake

has been found to reflect quantitatively the energetic activity of

mitochondria7.

Much work has been carried out on the effect of ethanol and

higher alcohols on yeast during fermentation4-612. However,

whether cider fermentation is halted by the presence of ethanol

and higher alcohols, by other metabolites, or by other factors

such as nutrient depletion, has yet to be established.

In this report an oxonol dye and rhodamine 123 were used in

flow cytometric studies and also acidification power measure

ments were carried out on yeast from various stages of simu

lated cider fermentation. Experiments were also carried out to

determine whether the membrane potential as measured by

these techniques could be altered by challenging fresh yeast

with the concentrations of ethanol and higher alcohols that are

found in mature cider.

Methods and Materials

Fermentations

All fermentations were carried out in a standard ferment

ation medium containing apple juice and added sugars. The

medium was allowed to stand for 24 hours (to allow binding

of the SO2) and then sterilised by filtration through 0.2 um

porosity membrane. The fermentations were carried out in

stationary 250 ml conical flasks at 22"C in a water bath. The
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flasks contained 250 ml or the medium, thus allowing little

head space, and each flask was sealed with a rubber bung and

a fermentation lock. The fermentation lock contained 1 M

K:S:O5 solution. The fermentations were inoculated with I ml

of yeast culture grown for 2 days at 30°C on a simple apple

juice liquid medium (10 ml of the medium inoculated with I

loopful of culture, i.e. approximately 106 cells ml'1.)

Yeast

The yeast used was a wine yeast strain of Saccharomyces

cerevisiae (AWY 650) obtained from H. P. Bulmer Ltd.

Growth Curves

The ethanol concentration of each sample was measured

using a gas chromatograph (Unicam 610 series). The standards

used were 1%. 5% and 10% (v/v) ethanol, and the standards

and the samples were diluted before assaying with an equal

volume of isopropanol as an internal standard. The specific

gravity of each sample was measured using a Paar
densitometer.

Acidification Power Test

This was an adaptation of the method devised by
Opekarova and Sigler0 and modified by Kara16. The yeast

from each fermentation was harvested quickly by centri-

fugation for 2 mins at 2000 g. The yeast was then washed three

times with Analar distilled water. After washing 1 g of yeast

was resuspended and continuously stirred from time zero in 10

ml of Analar distilled water at 20°C. The pH was measured
(Hanna combination pH electrode) at I minute intervals. After

10 min, 0.5 ml glucose (20.2% w/v, 1.12 M) was added and the

pH measurements continued for another 15 min.

The acidification power was calculated as shown in Fig. 1 by

subtracting the final (i.e. after 25 minutes) pH value attained in

the test from 6.3. Two other values were calculated: ApH,0 (or
the spontaneous pH change), i.e. the pH value after 10 minutes

subtracted from 6.3; and ApH2J (the glucose-driven pH

change), the pH value at 25 minutes subtracted from the pH

value at 10 minutes (Fig. 1).

So that the results could be compared to those Operkarova

and Sigler20 and others16 a pH value of 6.3 for the distilled
water was assumed.

Fluorescent Microscopy

Epifluorescent images were obtained using an Olympus

BH-2 microscope. The dyes employed were DiBaC4(3), (Bis-

[1,3-dibutylbarbituric acid] trimethine oxonol) O.lug/ml.

Molecular Probes Inc., PO Box 22010 4849 Pitchford Avenue,

Eugene, Or, 97402, USA. Rhodamine 123, (2-[6-amino-3-

imino-3H-xanthen-9-yl] benzoic acid methyl ester) 5 ug/ml.

Sigma Chemicals, Fancy Road, Poole, Dorset BHI7 7NH,

UK.

Flow Cytometry

A Skatron flow cytometer was used. The machine was

focused prior to use with 2.2 um FITC labelled latex particles.

The same dyes as above were used.

Alcohol Mixture

A mixture of ethanol and other alcohols was used to chal

lenge healthy yeast cells. The mixture was taken from the

higher values quoted by Jarvis11 as concentrations of these

substances typically present in mature cider. The mixture used

contained:

Ethanol

propan-1-ol

butan-1-ol

butan-2-ol

amyl alcohol

hexan-1-ol

2-phenyl ethanol

10% (2.2 M)

200 ppm (3.3 mM)

32 ppm (0.43 mM)

70 ppm (0.95 mM)

190 ppm (2.2 mM)

17 ppm (0.17 mM)

260 ppm (2.1 mM)

Results

Acidification Power

The endogenous pH value of the 3 day yeast in water was

near to neutrality, so the endogenous pH change was small.

The final pH value after addition of the glucose was low, so

the glucose-driven pH change was large. For the 11 day yeast,

the endogenous pH change was larger and the glucose-driven

pH change smaller (Fig. I).

Figure 2 shows the endogenous pH change, the glucose-

driven pH change and the acidification power values as a

function of age of the yeast. It can be seen that although

the acidification power remained steady, both its components

showed considerable changes especially over the first few days.

Thus the endogenous pH change rose and the glucose-driven

pH change declined rapidly with culture age.

Short term exposure of "young" yeast cells to the mixture of

alcohols severely affected proton efflux capacity. Three hours

after the addition of the mixture of alcohols to 3 day old

yeast cells, the endogenous pH change was increased and the

glucose-driven pH change was diminished (Table I).
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Fig. 1. Acidification power, spontaneous pH changes and glucose-

driven pH change for two different age yeast samples. Fig. 2. Acidification power variation with fermentation age.










