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By W. RicHARD BOweN AND TIMOTHY J. VENTHAM

(Biochemical Engineering Group, Department of Chemical Engineering, University College of Swansea,
University of Wales, Swansea, SA2 8PP, UK)

Received 28 August 1993

The technique of laser diffraction particle sizing has been used to directly measure the size distribution
of the components of wort during fermentation. The work has been carried out for three yeasts, a
bottom cropping ale yeast, a top cropping ale yeast and a lager yeast. Samples for sizing have been
taken from the bottom and middle of the fermentation vessel at various times during the course of
fermentation, with the results being reported as number distributions.

it is found that yeast sedimented to the hottom of the fermentation vessel is present either as single
cells or as small cell aggregates with a characteristic dimension of about thrae times that of the single
cells. This shows that flocculation is not necessary for sedimentation and that the basic units in stable
aggregates are relatively small. The relative proportion of the sedimented cells in aggregated form
increases as fermentation proceeds. The time dependence of the size distribution of materials remaining
dispersed during fermentation is more complex. There is generally a bimodal distribution of single cells
and small aggregates with variable amounts of sub-micron trub which in some cases increases in
importance as fermentation becomes more vigorous.

The electrokinetic properties of the yeast cells and trub have been studied with the resuits reported
as zeta-potentials. It is found that toward the end of fermentation, and especially in the case of ales,
there will be attractive electrostatic interactions between the yeast cells and the trub which would

make a contribution in facilitating flocculation.
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1. INTRODUCTION

In order to produce a beer of high quality it is essential that
the yeast cells are removed from the fermented wort when
they have fulfilled their role. An important stage of this
removal is the spontanecous aggregation of discrete yeast cells
into flocs, autoflocculation. The mechanism of this aggre-
gation is a subject of considerable controversy which has
recently been subject to extensive review'!-13,

There is general agreement that the stability of yeast cell
dispersions is due in large part to the negatively charged
wall groups. Chemical analysis of the cell wall shows that
about 80% of the dry weight is made up of B-glucans and
a-mannan®, The structure of the wall is complex, but the
outer layer is thought to be composed mainly of phosphoman-
nan, which bears a net negative charge due to its phosphate
groups. The remainder of the wall is composed of protein,
chitin and lipid. The wall protein is a source of negatively
charged carboxyl groups and positively charged amino
groups. The chitin is uncharged and the lipid is not thought
to lie at the outer cell surface. The surface charge properties
of three strains of yeast have recently been analysed in
detail®.

Three mechanisms have been mainly invoked to explain
the flocculation of yeast—a model involving bridging of the
mannan in adjacent cell walls by lectin-like protein mol-
ecules’, a model in which Ca®>~ binds together charged
groups on adjacent yeast cells'®, and a description considering
charge neutralisation and DLVO theory'2, These mechan-
isms have been extensively described and documented in the
recent reviews'!'2. None of these descriptions is universally
accepted. Indeed, the complexity and diversity of brewing
yeasts probably results in many different flocculation mech-
anisms depending on the yeast strain and environmental
conditions'?.

Another reason for the diversity of explanations of yeast
flocculation lies in the diversity of methodologies used in
experimental investigations. These have also been extensively
described and documented in a recent review!!, Yeast floccu-

lation has been almost exclusively studied by either direct
or indirect measurement of yeast floc settling rates'. These
rates are very dependent on the conditions used, such as cell
concentration, vessel geometry, solution composition and
stirring. Such measurements also result in a degree of con-
fusion between flocculation, the initial coming together of
yeast cells, and sedimentation, the subsequent settling of the
resulting cell aggregates. They do not give a direct measure-
ment of the size of the resulting aggregates. Also, such
measurements are often carried out external to the fermen-
tation wort and in the presence of substances known to
induce flocculation. They do not provide direct information
on the state of aggregation of yeast cells as they undergo
fermentation.

The present paper provides two types of information rel-
evant to a better understanding of the degree of aggregation
of cells during fermentation and of the reasons for such
aggregation. Firstly, it describes the use of laser diffraction
sizing to provide direct information on the size distribution
of the components of a wort during the course of fermen-
tation. Data is provided for three commercial strains of yeast:
a bottom cropping ale yeast, a top cropping ale yeast and a
lager yeast. Sccondly, through a study of the electrokinetic
properties of the components of the fermenting wort it pro-
vides information indicating a mechanism of flocculation
which has been previously overlooked.

2. MATERIALS AND METHODS

One of the aims of the present work was to carry out
laboratory fermentations in a manner which mimicked as
closely as possible the conditions of commercial fermen-
tation.

Three strains of yeast were used in the present study, a
bottom-cropping ale (BCAY), a top-cropping ale (TCAY)
and a lager (LY1). They were supplied at 2-week intervals
by Whitbread and Company, Research and Development
(Luton, England). The yeasts were delivered on wort slopes
solidified with agar. A similar procedure is used in the distri-
bution of yeast to Whitbread breweries. Two intermediate
growth stages were used. Firstly, the yeast was grown at
21°C for 48 hours in a McCartney bottle containing 10 mL


















