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Isolation of sake-yeast strains accumulating large amounts of iscamyl acetate.

Isoamyl acetate is one of the most important component of aroma and flavour of
sake. To increase the content of isoamyl acetate in fresh sake, we have selected mutants
having low activity of the esterase which hydrolyzes isoamyl acetate, by diazo staining
of colonies. One of the mutants, K-9Ha-3, had weak color by the diazo staining due to
low esterase activity; it had low isoamyl acetate hydrolysis activity and accumulated
a high content of iscamyl acetate in the mash. Thus, accumulation of isoamyl acetate
depends on the ratio of alcohol acetyl transferase activity/isoamyl acetate hydrolysis
activity.

We constructed diploids by hybridization between K-9Ha-3 and haploid clones
isolated from an authentic brewing yeast, strain Kyokai no. 10. The ability of fer-
mentation of the diploids in sake moromi was superior to that of K-9Ha-3 and amino acid
production by the diploids in sake moromi was lower than in the parental haploid yeasts.

The mashes brewed by these diploids contain large amounts of isoamyl acetate.
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IMEABEEBR  HABEAE%E Tablel TR L7

KEHAHICBOTR, TORSEAICELK. +

Table 1. Feeding ratio of the mash for sake brewing.
Addition
Total
st 2nd 3rd
Total rice* (g) 30 56 84 170
Steamed rice (g) 22 47 67 136
Koj7 (as rice) (g) 8 9 17 34
Water (ml) 45 66 98 209
Mash temperature (°C) 12 9 7

* The rice grains used were polished to reduce their weight to

709%.
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Table 2. Diazo staining of colonies and esterase activity of
various yeast strains.
Esterase *
Strain #-NPA hydrolysis Colony color**
(#1M/mg protein)
K-7 4.6 +++
K-9 4.0 +
K-10 1.9 =+
K-11 7.9 +
K-12 5.8 + 4+ +
K-13 4.8 +
Saccharomyces wvarum 5.3 ++ 4+
Hansenula anomala 20.2 +4+4+ 4+

* Esterase activity was measured using cell extracts.
** Color intensities are as follows: ++++ 4 (Intense dark red)
>++++>+++>++>+> 1 (Weak red)
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Table 3. Diazo staining of colonies and flavor components in fresh sake brewed using
isolated haploid yeast strains.

Strain Colony iBuOH*  iBuOAc* iAmOH* iAmOAc* EtOCapr*

color (ppm) (ppm) (ppm) (ppm) (ppm)
K-9 + 190 0.41 216 5. 60 0.97
K-9Ha- 2 ++ 145 0.07 113 1.82 0.81
K-9Ha- 3 + 268 1.69 282 14. 82 0. 62
K-9Ha- 4 ++ 85 0.05 106 0.62 0.32
K-9Ha- 8 + 207 0.15 279 4.18 0.91
K-9Ha-10 + 177 0.19 288 3.81 0.83
K-9Ha-13 ++ 174 0.17 256 4,75 0.61
K-9Ha-15 + 175 0.07 243 4.73 1.37
K-9Ha-20 ++ 119 0.05 95 0.55 0.38
K-9Ha-21 ++ 150 0.07 102 0.65 0. 46

K-9Ha-2~21 were haploid strains isolated from K-9.

Symbols for colony color are the same as in Table 2.

* Abbreviations: iBuOH, isobutyl alcohol; iBuOAc, isobutyl acetate; iAmOH, isoamyl
alcohol; iIAmOAc, isoamyl acetate; and EtOCapr, ethyl caproate.

Table 4. Enzyme activities of various yeast strains and isoamyl acetate content
in the fresh sake.

Esterase AATFase/

Strain B . AATFase i AmOAc iAmOAc
‘?I;I\/IP/A hydrol)fsus iAmOAc hydrolysm (ppm/mg protein) hydrolysis (ppm)
uM/mg protein) (ppm/mg protein)
K-7 4.6 0. 644 1.357 2.107 3.16
K-9 4.0 0.622 2.363 3.799 3.41
K-10 1.9 0. 496 2.315 4. 667 3.03
K-11 7.9 0.752 4,162 5,533 1.96
K-12 5.8 0. 882 3.857 4,373 3.96
K-13 4,8 0. 616 2.946 4.782 3.55
K-701 4.9 0.774 5. 458 7.052 5.62
K-901 5.0 0. 969 4. 883 5.039 5.06
Mu7-3Bu 3.0 0.633 3. 897 6. 156 7. 44
K-9Ha-3 2.2 0. 362 3.226 8.912 11.75
Mu7-3Bu is a mutant of K-7. Enzyme activities were measured using cell extracts.
Table 5. Correlation analysis for various factors in isoamyl acetate accumulation.
(n=10)
hiirolosis hodnoles AATFase  T/H  iAmOAc

2-NPA hydrolysis 0. 696 0.373 —0. 256 —0.555

iAmOAc hydrolysis * 0.582 —0.311 —0. 436

AATFase 0. 565 0.218

T/H 0. 799

iAmOAc *k

** significant at 195 level; *, significant at 5% level.
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Fig. 1. Changes in AATFase and isoamyl acetate

hydrolysis activities of yeast cells in sake brewing.
(--), AATFase; (—), Isoamyl acetate hydro-
lysis activity; (O), K-7; (@), K-9; (&), K-
9Ha-3.

10 L

Isoamyl acetate ( ppm )

Fermentation time ( days )

Fig. 2. Changes in isoamyl acetate content in sake
moromi and activity ratio of AATFase/hydrolysis
activity (T/H) of yeast cells.

(—), Isoamyl acetate; (--), T/H; (O), K-7; (@),
K-9; (»), K-9Ha-3.
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Z K7, K9 EH# L7, BIEEERITVD, W
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S 70, EERIREIC RS EEAERR DRSS B VD SN
9, K-9Ha-3 DEeEEA v 7 I VB BRI BEER
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THEICEHMBAGHR BEREREI AKX
H3VIIERERE DL {, FIBERE D ZEEKD
135 DSEFERE P REFREICEEN, Tod — VD RN
EFHEING. COY, BRRELFEET HEHERE
BEBOT, BFEBROBEREZZFIC(NWTED, 7
NI - VBEDOEL IS BRI TO, BROFRIC
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n3. £C7T, B4 V7 I vBEEREK K9Ha-3 %
BT, TEICXDEEEA VT I vOBERENSL,
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Table 6. General components and content of isoamyl acetate in fresh sake
brewed using parental haploid strains and their diploid hybrids.

Strain Sake meter Acidity Formol N iAmOAc
(ml) (ml) (ppm)
K-9 +14.5 2.6 1.8 8.91
K-9Ha-3 +4.5 2.5 2.3 19.8
ME-H-4 UV* +12.5 2.1 2.1 10. 46
ME-H-4 E1** +13.0 2.3 2.1 9.3
ME-H-4 E2** +13.0 2.1 1.9 8.07
K-9Ha-3X ME-H-4 UV ,
KZ-03-1 +4.0 2.6 2.05 15.79
KZ-03-2 +5.0 2.65 2.1 13.8
K-9Ha-3xX ME-H-4 El1
KZ-03-3 +10.5 2.55 1.95 14. 44
KZ-03-4 +8.0 2.6 2.0 14,28
KZ-03-5 +8.0 2.6 2.05 13.69
KZ-03-6 0.0 2.6 2.2 24.51
K-9Ha-3xXME-H-4 E2
KZ-03-7 +9.5 2.5 2.0 22.32

* ME-H-4 UV is a mutant induced by UV irradiation.
** ME-H-4 El1 and ME-H-4 E2 are mutants induced by ethyl methane sulfonate.
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BEoDlnEkbEINS. B4 VT ILVAEBIEE
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