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Breeding of a low pyruvate-producing ginjo sake yeast and its application
to the fermentation industry

Makoto Sasaki!, Takahiro Oba?, Hikaru Suenaga?, Masaaki Inahashi®, Masae Sato*, Hiromi
Tsuruta*, Genta Kobayashi’, Keisuke Tsuge?, Takeshi Yoshimura*, Kazuyoshi Koganemaru?,
and Hiroshi Kitagaki' (Department of Environmental Sciences, Faculty of Agriculture, Saga
University, Honjo-cho 1, Saga, Saga 840-8502"; Biotechnology and Food Research Institute,
Fukuoka Industrial Technology Center, Aikawa-machi 1465-5, Kurume, Fukuoka 839-0861%
Brewing Society of Japan, Takinogawa 2-6-30, Kita-ku, Tokyol14-0023%; Industrial Technology
Center of Saga Prefecture, Yaemizo 114, Nabeshima-cho, Saga, Saga 849-0932*; Department of
Applied Biochemistry and Food Science, Faculty of Agriculture, Saga University, Honjo-cho I,
Saga, Saga 840-8502%) Seibutsu-kogaku 89: 222-227, 2011.

Since residual pyruvate during sake brewing leads to generation of off-flavours such as acetaldehyde and
diacetyl, many researchers have challenged to develop a method to decrease pyruvate level during sake
brewing. Particularly, during brewing of ginjo sake, the decrease of pyruvate level tends to be slow and a
technology to decrease pyruvate level will be beneficial to improve the quality of flavour and taste of
ginjo sake. In order to breed a sake yeast which produces a low amount of pyruvate during brewing of
ginjo sake, mutants which are resistant to ethyl a-transcyanocinnamate were isolated. From among the
resistant mutants, one strain produced a lower level of pyruvate during sake brewing relative to its parent
strain. Ginjo sake was brewed with this strain on a laboratory scale, and this sake contained an increased
amount of lactate (23.0%), a lower amount of acetate (24.2%), a lower amount of n-propanol (12.0%), a
higher amount of isoamylalcohol (6.5%) and a lower amount of isoamylacetate (1.6%). Furthermore,
ginjo sake was brewed with the strain on a factory scale (total 1 ton rice). It turned out that the levels of
pyruvate and a-acetolactate of sake brewed with the ethyl a-transcyanocinnamate-resistant sake yeast
were significantly lower than those of the parent strain throughout sake brewing, and final ethanol concen-
trations of sake brewed with both strains were not significantly different. These results indicate that the
developed brewery yeast strain is highly practical, and that isolation of a mutant resistant to ethyl
a-transcyanocinnamate is a promising method to breed a low pyruvate-producing brewery yeast.

[Key words: yeast, breeding, mitochondria, pyruvate, ginjo sake]
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Table 1. Proportions of materials used for sake brewing on a factory scale.

Shubo Soe Naka Tome Yodan Total
Total rice (kg) 70 158 300 472 1000
Steamed rice (kg) 46 112 240 392 790
Koji (kg) 24 46 60 80 210
Water (/) 77 160 375 628 10 1250

Rice polished to 65% was used as the raw material.

B (TEERSH) % v

WS EEE DAL AR D & 123k E LU THIK40% D
TIVT 7oKk (FEERH), L L THAKS50% O (f
) M-

AR E FERE 2 A — L D /MEAIZ DT DA AR
B TiTo7z. TIV7 7K 60g, WM 23 g 95%FLER

45 pul, Z&REAK200 ml, FERE2 x 10° cells. FEiid 15°C T
14 HMAT - 72, HAA TAMERIRICH —ILT 572012
WX UTHELA LA — I VofhiAid Table 112779
HAFLA T o 72,

EILECEE SUEEE TS ORAE b AHAR
DOENVE YBOWEIE, FkitEveErig J.K A~
F—FTaFiv) BTz B O A BT IE R A
M T AL D ITo 72 Thbb, Bl o
X T T74— (HINA T2 /78T —=ZXDL-2130%!
KU72H) ZHV, 77 A2 ShodexDH— K4 5
LAKC-LGB LUKC-811 Z2A4#AE L7-d 0 x Hv7-.
W 0.5 ml/min T6 mM O WIEFER EHE MR E L, 75
LEEIZ40°CIZRFEL, RA M T A T0.6 ml/min D
D01l mMTIEFE—NLTIV—, 30 mMY »EE—K
FTF MU LAEERESYE, MHMIEHIAN, T2 /1
V= ADL-2420MUV-VISH i %5 2 H V> T440 nm CT17 >
72, BRI OGHEANY FAR—AF A< b7 5
T4 =" HTEERIOICEE T o 72

o- 72 FELBOBATE o7t MIUEREE IR
o TEBRkrs o< b5 74 =W THIE L7,

ZRERE BARCHEBEEELIENEEE LT
BB SEFlE T S MMELTIA4 v RIZLTERE
NIOFHEL, BEICIEINIZ SR NVIZE DR RS
WD %77 & I3 72 A RIE IO IS & ) MoE L 7-.

KERIER

BEEBFAKIODo-F AT/ HEEBIFIL
RO EE 3, BEHICHE LT, F-4#k% ethyl
methane sulfate TULEE L, ZEREREZFR I 2. £0D
%, EVEVEOI NIy ) 7TAOfEHER L LT
MoNTwba- b I Y AT T RIS VE 1.0 mg/
ml ORETELREICEA L. 2O/RKE, 1 7L —1
B2 K100 EOMHEME TGS S5 LM TER. 20D
I H 10k & fEwivk & L CorilE L LR DT Icft L 72

224

Bohhkoa-b5 VAT T JERBIFLVADIN
P S HICHERT 572002, AR T ORI iR L
7z, TMERRE BERE 0.5 mgml Da-~ 5 Y AL T
B F V% &L YPDARE TR L2 L 25,
BRI ZOFHMIZBWTC2HBTIZEA LI L 2o
2R L (ODgoo A3 1.OLLT), 15 57z 10 #H 71k I T
b5 (ODgpo24.0LLE) &R L 72

a- NS U RLT JEREET F LIk E AW E B
HAsEE KIS, BIMREFMLLLICa- b TV AT
T R T OV VERR AN IR IS B W T E IV E VR
DIRAEFENEZ RS L) DR T RD 72012, T s ok
I CTEBRGT TR TAAR A & 0 i BEAME AR
Aoz ENENFIREEED SMOL L C3EOMA %R IT -
720 TTRRA AWRZHND &, EOMmPERS Fr il i
ETp<0.05 THBEIIIBRE BRI IEDL W
&b 72 (data not shown). &S 14 H HIZBT
HYWE VIREERZIEL-E A, THROPBTF-4TCRI
KRZZUTBIFR L D & ¥ ¥ U ERIREEAMRWEFAYED S
72 (p<0.07) (Fig. 1) ®T, FLWENZ1T- 72

a-MNFUROT /ERBIFILIERERWVTESEL
I-BBEOEILECEERERIT  F-4ATCRIMROEIEEE

600 *

500 t x T

400 -

300

Pyruvate (mg/I)

200 -+

100 -

F4 F4 F4 F4 F4 F4 F4 F4
TCR1 TCR3 TCRS TCR6 TCR7 TCR8 TCR9

Fig. 1. Pyruvate concentrations of sake brewed with F4 and
their ethyl o-transcyanocinnamate-resistant mutants on a
laboratory scale. Sake brewing was performed with the method
described in the Materials and Methods. Pyruvate concentrations
were measured by F-kit pyruvate (J. K. International). The
results are mean values + standard deviations (independent
triplicate brewing experiments from respective starter cultures,
*; p<0.07, unpaired one-tailed Student’s t-test without known
standard deviations).
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Fig. 2. Pyruvate concentrations of sake brewed with F-4 and
its ethyl o-transcyanocinnamate-resistant mutant F-4TCR1 on
a laboratory scale. Sake brewing was performed with the method
described in the Materials and Methods. Pyruvate concentrations
were measured by F-kit pyruvate. The results are mean values +
standard deviations (independent six brewing experiments from
respective starter cultures, *; p<0.01, **; p<0.005, ***; p<0.001,
unpaired one-tailed Student’s ¢-test without known standard
deviations).
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Fig. 3. Organic acid contents of sake brewed with F-4 and its
ethyl o-transcyanocinnamate-resistant mutant F-4TCR1 on a
laboratory scale. Sake brewing was performed with the method
described in the Materials and Methods. Organic acid contents
of sake were measured by HPLC with post-column derivatization
as described in the Materials and Methods. The results are
mean values + standard deviations (independent three brewing
experiments from respective starter cultures, *; p<0.05, unpaired
one-tailed Student’s ¢-test without known standard deviations).

Table 2. Flavour profiles of sake brewed with F-4 and its ethyl a-transcyanocinnamate-resistant mutant (F-4TCR1).

Ethylacetate n-Propanol**  Isobutanol  Isoamylalcohol* Isoamylacetate*  Ethylcaproate E/A ratio
F-4 29.6 £4.2 104.3 + 1.0 55417 1521 +5.2 1.26 = 0.20 1.03 = 0.06 0.83 £0.10
F-4TCRI1 29.0=14 91.8 £ 1.6 57.9 0.6 162.0 +2.9 1.24 = 0.05 0.89 £ 0.04 0.77 £ 0.02

Flavour profiles were analyzed by head-space gas chromatography as described in the Materials and Methods. The results are mean
values * standard deviations of triple independent brewing experiments from respective starter cultures (mg//). Bold letters indicate
the results that are significantly different between the strains (*; p<0.05, **; p<0.005 (unpaired one-tailed Student’s ¢-test without

known standard deviations)).
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Fig. 4. Pyruvate concentrations of sake brewed with F-4 and
its ethyl a-transcyanocinnamate-resistant mutant F-4TCR1 on
a factory scale. Sake brewing was performed with rice polished
to 65% as described in Table 1. Pyruvate concentrations of sake
were measured by HPLC with post-column derivatization as
described in the Materials and Methods.
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Table 4. General properties of sake brewed with F-4 and F-4TCRI1.

Table 3. The concentrations of a-acetolactate of sake brewed
with F-4 and its ethyl a-transcyanocinnamate-resistant mutant
(F-4TCR1).

9d 14d
F-4 0.28 0.08
F-4TCR1 0.05 0.02

The concentrations of a-acetolactate were analyzed by HPLC
as described in the Materials and Methods and are expressed as
mg/l.
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Nihonshudo Acidity Amino acidity Ethanol (v/v%)
F-4 +1.2 1.8 1.4 17.70
F-4TCRI1 +1.4 1.8 1.6 17.93

Table 5. Flavour profiles of sake brewed with F-4 and its ethyl a-transcyanocinnamate-resistant mutant (F-4TCR1).

Ethylacetate ~ n-Propanol Isobutanol ~ Isoamylalcohol  Isoamylacetate  Ethylcaproate E/A ratio
F-4 129.2 83.4 55.6 129.4 6.3 2.3 4.9
F-4TCR1 131.5 79.2 62.3 148.1 6.8 2.4 4.6

Flavour profiles were analyzed by head-space gas chromatography as described in the Materials and Methods and are expressed as mg//.
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