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USE OF FLOW CYTOMETRY FOR RAPID ESTIMATION OF INTRACELLULAR EVENTS IN

BREWING YEASTS

By Lene Jespersen

Alfred Jorgensen Laboratory Ltd, 30, Frydendalsvej, DK-1809 Frederiksberg C, Copenhagen, Denmark

AND MOGENS JAKOBSEN

Department of Dairy and Food Science, The Royal Veterinary and Agricultural University, 40, Thorvaldsensvej, DK-I871

Frederiksberg C, Copenhagen, Denmark

Received 7 February 1994

A flow cytometric method based on staining with fluorescein diacetate (FDA) for rapid measurement of

the fluorescence intensity (Fl) of individual brewing yeast cells is reported.

Distinct changes in the Fl of yeast populations during the course of both laboratory scale and

brewery fermentations were observed. The changes followed a characteristic pattern defined as the

FI-profile. The Fl-profile was related to the rate of attenuation as well as changes in yeast glycogen

and ergosterol contents.

The results obtained suggest that flow cytometry can be applied for estimation of intracellular events

in brewing yeasts and prediction of their performance.
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Introduction

The physiological condition of brewing yeast is a key para

meter for production of consistent and high quality beer

within a defined period of time. Several methods linked to

various intracellular events have been proposed for predicting

yeast performance.

The methods proposed include quantitative determination

of yeast components like glycogen28-33, sterols2-27 and tre-
halose3J1. Proton extrusion from the yeast cells as an indi
cator of cell membrane functions and endogenous energy

reserves forms the background for the acidification power

test1016-23. Recently, direct measurement of intracellular pH
has been recommended for determination of the physiological

condition of yeasts'3. Methods based on the metabolic activity

such as oxygen uptake rate9-15 and CO2 development20 are

being used as well.

Staining agents like methylene blue and the fluorochrome

l-anilino-8-naphthalene sulphonic acid (Mg-ANS) have wide

spread application for determination of yeast quality11-19-21.

Other staining reagents suggested are rhodamine B and the

fluorescent dyes fluorescein diacctate (FDA) and erythrosin
g8.l2.l7

The development of flow cytometric techniques offers new

possibilities for yeast examinations based on analysis of single

ceils and staining with fluorogenic agents. The high capacity

and speed of flow cytometry with quantitative determination

of fluorescence intensity of more than 500 individual cells per

second give the opportunity for rapid representative analysis

of yeast populations14-30.
The present work deals with flow cytometry for analysis of

brewing yeast stained with fluorescein diacetate (FDA). Apart

from being used as a viability stain for brewing yeasts, FDA

has also been applied for determination of intracellular pH,

structure of the cytoplasm and membrane permeability

properties of yeasts and other eucaryotic cells6-7-25-26-35. It is

envisaged that a flow cytometric technique can be developed

for rapid determination of intracellular events of importance

for yeast performance.

Materials and Methods

Yeast strains and inocula

Pure cultures of lager yeast strains, Saccharomyces

cerevisiae (uvarum), Nos. 2036, 2091, 2120, 2155, 2283 and

2322 from the Collection of Brewing Yeast Cultures, Alfred

Jergensen Laboratory Ltd., Copenhagen, Denmark, (AJL)

were used. The non-brewing yeasts included Candida stellata,

Hansenula anomala and Zygosaccharomyces bailii which were

own isolates identified according to Krcgcr van Rij18.
Before use the brewing yeast cultures were grown in

10.7°Plato brewing wort at IO°C. Other yeast cultures were

grown in malt extract, yeast extract, glucose, peptone broth

(MYGP), containing per litre of distilled water: 3 g malt

extract (EDME Ltd., Essex England), 3 g yeast extract (Difco

No. 0127), 10 g glucose (Merck No. 8342) and 5g Bacto

peptone (Difco No. 0118), pH = 5.5. These cultures were

maintained at 4°C on Wort Agar (WA) slants (5% brewery

wort, 10.8°Plato, 1.5% agar (Difco No. 0140), pH = 5.4)

during the experimental period.

For examinations carried out in a lager brewery, yeast

cultures were propagated and used for up to 6 generations

according to the standard procedures of the brewery.

Populations of brewing yeast damaged by ethanot were

obtained by suspending the yeast in beer with added ethanol

to a final concentration of 10% and incubating at 2 PC until

a methylene blue index below 85% was obtained (approx.

24 h).

Brewing yeast cultures with various glycogen levels were

obtained by storage of the yeast covered by its own beer in

sealed sterile flasks at 10°C until the desired glycogen content

was observed (3-10 days). Yeast glycogen content was

determined as described below.

Fermentations

Laboratory scale fermentations were carried out at 10°C by

pitching 2.0 g centrifuged yeast (2700 G for 5 min at 4°C) into

glass cylinders containing 0.8 litres of 10.7°Plato brewing wort

oxygenated to 10mg/l dissolved oxygen. The pitching rate

was approximately 2x 10' cells per ml of wort.
Fermentations with continuous stirring (50 rpm) were per

formed in a 15 litre fermenter (Applicon, Claus Dam A/S,










