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immobllized yeast cells extensively produced the diacetyl precursor, a-acetolactate, during alcohol
fermeontation. The activity of acetohydroxy acid synthetase, which Is responsible for the formation of
a-acetolactate from pyruvic acid, was high in cell-free extracts of Immaobilized yeast cells compared
with that of free yeast cells. It was suggested that the expression of AHA synthase of immobilized
yeast cells was increased during growth in the carrier as compared with free yeast cells. When the
initial immobilizing yeast cell concentration was changed from 1.0 x 10° cells/ml to 1.0 x 10° cells/mi|,
production of a-acetolactate was reduced from 0.94 mg/l to 0.30 mg/l. Furthermore, during continuous
fermentation for 10 d, the concentration of a-acetolactate In beer was 0.30 mg/l.
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INTRODUCTION

The immobilization technique for yeast cells has been sug-
gested as a new tool to improve the brewing process. Immobi-
lization of yeast cells achieves higher cell densities and cell
loadings in the carrier, hence reaction rates and productivities
are enhanced, while allowing for shorter residence times
and smaller reactor sizes. Beer was rapidly and efficiently
produced, but the flavor did not compare well with that of
a similar beer made by conventional fermentation®. Above
all, the resultant beer was hizgh in a-acetolactate and low in
higher alcohols and esters'>-2, We previously reported that
control of the formation of acetate esters was attempted with
wort treated with glucoamylase!®, Furthermore, we pre-
viously reported that the metabolic activity of isoleucine to
succinic acid was greatly increased in immobilized yeast cells
as compared to free yeast cells!®.

On the other hand, the chemical oxidative decarboxylation
rate of a-acetolactate into diacetyl is very slow under brewery
conditions and, consequently, constitutes the rate limiting
step in the maturation process. Curin er al.! found higher
levels of a-acetolactate, a diacetyl precursor, in the immobil-
ized system, but they were able to reduce the final diacetyl
levels in beer by controlling certain parameters. Godtfredsen
et al.3 reported that the reason for the extensive production
of a-acetolactate was not interpreted to be an alteration
of metabolism in the immobilized yeast cells but rather a
consequence of the shortened fermentation time due to the
increased quantity of yeast present in the reactor,

On the other hand, Inoue® reported that during wort fer-
mentation with immobilized yeast cells, amino acid consump-
tion was reduced because of oxygen deficiency, and acetohyd-
roxy acids are continuously produced. This paper describes
relative-differences in acetohydroxy acid synthase activity
under immobilizing conditions in alginate gel.

MATERIALS AND METHODS

Yeast strain. Saccharomyces cerevisiae
BSRI YB3-8 (bottom-fermenting brewers’ yeast) was used
in all the experiments. :

Medium

YEPD (2% bacto-peptone, 1% yeast extract and 2% glu-
cose in distilled water; pH 6.8) was used for the seed culture
medium. A brewers’ wort (11% extract) was used for the
brewery fermentations.

Immobilization

Immobilized yeast cells were prepared under aseptic con-
ditions using sodium alginate. The yeast cells suspended in
sodium alginate solution were slowly dropped into calcium
chloride solution at rcom temperature through a tube with
a 2.0 mm internal diameter tip. These beads were incubated
in wort at 25°C for 48 h. The initial cell concentration in the
beads was 1.0 X 10° cells/ml beads. After incubation, the
final cell concentration reached 1.0 x 10° cells/ml beads*®,

Fermentation

The seed cultures were prepared by inoculating a loopful
of cells grown on a YEPD agar piate into 300 ml conical
flasks containing 50 ml of the YEPD medium, followed by
incubation at 28°C for 2 d on a rotary shaker (160 rpm). The
free yeast cell fermentation system was created by inoculating
1.5 X 107 yeast cells into a 1000 ml cylinder containing
900 ml wort, followed by static fermentation at 11°C. One
hundred m! of immobilized yeast cells was added to 1000 mi
conical flasks containing 300 ml wort, and the samples were
then shaken on a rotary shaker (80 rpm) at 11°C.

Continuous Fermentation with Bioreactor

Continuous fermentation with immobilized yeast cells
employed a multi-stage rhomboid bioreactor MBRO51
(Tokyo Rikakikai Co, Ltd., Tokyo, Japan). The immobilized
yeast cells were packed into the bioreactor containing 300 ml
wort. The wort was continuously fed into the lower unit of
the bioreactor and fermented at 11°C, The exhaust gas and
the effluent solution were removed via an outlet located at
the top of the bioreactor?®,

Analysis

a-Acetolactate and a-acetohydroxybutyrate were meas-
ured as diacetyl and 2,3-pentanedione by gas chromato-
graPhlc head space analysis using an electron capture detec-
tor'*, Amino acids in cell-free extract samples were measured
using an amino acid analyzer (Beckman Instruments Inc.,
CA., USA). The extract (% w/w) of wort was measured
with an Anton Paar DMA density meter (Anton Paar Co.,
Graz, Austria).

The viable yeast cell number was determined by a colony
count using the spread and plate technique on a YEPD agar
plate. When this determination had been made in the gel
beads, about 5 of them were dissolved in a test tube contain-
ing 5 ml of 1M K,;HPO, solution by shaking the test tube
at 28°C for 30 min. The cell suspension was appropriately
diluted and 0.1 ml of the diluted suspension was plated on
a YEPD agar plate. The plated cells were then incubated












