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25C, 10 HRK:#E L 72,
(2) 37C TOAF RBIH

YM AR ISR E R (7+h3Y) 15%
A 72 YM #Haik; b % 37C Co BT B H L &
L7z BiRGEE L7 a s 1 1 HAa e L,
37C, 3MMEAEL 7.
(3) RFIFE LR

Yeast nitrogen base 0.67%, B 05%, ¥
B IER 15% ZMA T, HMBEIZTml $oE L7
R 2 Rk HIRE GBS & Lz, 72, RE
JH 1 glycerol (B HIL4%), melibiose (B L2%),
D-mannitol (B HAL4%), inulin (BIEAL:) ZHw
7o HRGEE L ZCWARZ MR K T 3 kiR, WOR K
I0m/ICBE L-bo%, damicznenl A4
HHEML, 25C, 3HEMEELZ.
(4) Maltose J&H#M: R Ex

Yeast extract 0.45%, Hipolypepton 0.75% %,
Durham % A ) O/NREREC 26 ml $050EMK, 4 —
N7 LU—7REL, BKKE L7 maltose (BIHALE:)
6% VB & FEULTE 2% 2N L 72 & @ % maltose F6 1
PhERR M & U7z, BissaE L 2R 2 BRI 1 A
SHEML, 25C, 2 AMEEL.

BREER
1) The yeasts % 5 WD Saccharomyces J& Key to spe-
cies {2 & % EEHIR OB OMEE

HEZ2 T O 0% Table 4 12733, ElHkD
BERE 96 BRI B3 /R (Vv —T7"1) 2%, ¥ % I Y RINE;
WTHOEFRE+, 3TCITBITL4FRE+, melibi-
ose BEALME -, glycerol &b —, D-mannitol &b
—, inulin &1L -, maltose FEWEME+ L WO T
Y, B (FNV—=T2) H, €I VRAFHTO
HEREEE+, 37CITBIT 2 4EEHRE+, melibiose &
1t ¥ —, glycerol & {1t ¥+, D-mannitol & 1t % —,
inulin &1t —, maltose FEHEME+ L WO BETH -
72. T2 ENS, Key to species DJRIERER 7 IHH
W&o CEREEROBOMEIIRE 22007V —
T, ENDEITRL D 8KRICHIT Bz, Maltose
DFEFEIZ D W TIENRIC 0012 & S23 D 28k 23— C
Ho7eh, FHOENEOFAELHE SN TEBY (i
5, 1998), ThHIRE s I Y RUNFHBTOAETFIE
+THh o722 L Hh 5, maltose F& BE 13 B4 19 12—
(rarely—) & LC, {HEHED NRIC 0012 & [ i
KROBRO 7V —7 112, BERTHK D S23 (&7 v —7
2EDbETEZ TN EIILE. V=71,
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V—7 2%, glycerol EALMEDEWIZ X o TH MM,
1 1 12K O W BE D 4% 44 ¥R 27 ¥R A% glycerol % &AL
L, {@EHROBERO4 19 #ih 13 #kds L OVBERTHI R
DIERED 4 34 M 29 HRDYEAL L e dr o7z, L7235
T, HHHKOBERD glycerol # EALT % DITHT L
T, BB X OBER H R OBERHEEAL L 2w
& o 72. Glycerol ® &b 1%, The yeasts # 5 I
BIF 5 S. cerevisiae @ standard description Tl vari-
able (V) THHDIIHL, €% I vy RUFEMIZBT
BZEFRBIE - LS NTWE L2, EilHER
DOFEFEIZB VT glycerol EILMIZV & THIE, 2
FV—=TixFE LN, S. cerevisiaze LI I VK
MM TOEFRBES+THDH I & T, IhixEER
TOFEMAEE 3 —8 (LY, BB wS) &L
7z.

2) Mo S. cerevisiaze D ) = A DOFkE DLLIK

The yeasts Tl, %  RBHROBHIZHE DO VTS.
cerevisiae ® standard description 2% H 5N TW 5
ZENS, ERNNBEREEL S, cerevisiae D% { DR
@Rz 0N05. 22T, oy /=460
& & S. cerevisiae 23 FRDFER % Table 5 1I/RT.
S. cerevisiae D ¥ J = 543 23 M 9 #£1d The yeasts
HH5MUC BB S, cerevisiae D standard description
E—=FLTw/ La»L, ZhlAo 4#%TH 118
&, B I U RIFHIC BT 2 EFRB - T, 20)
H 37TCIZBIT 2 EE R — 272 Bk, maltose FRENE -
A3 3 Bk, melibiose EAbTE + 258 # T, melibiose &1k
P+ DD 9 B, maltose ZEHEME — 25 2 Bk, D-manni-
tol BALTE+ 232 BRT, Wi d S. cerevisiae ® stan-
dard description & 3® 7 -7z F72, D o 2 ¥R,
ENEEER— R 2 TR 5 b D L FRICE ¥ I RANE:
HMTOEFTRBI+THDLI LRSS, cerevisiae D
standard description & %7 1), 9 % 1 #kiZ melibiose
BALME+ TdH - 7225, NRIC 0055 & NRIC 1382 0 2
BRiE, EEBBHO V-T2 L —F LTl 22
T, ENEEEREREC D MU R ISP R0 S 2RI
melibiose ELED + TH AHEBHFAEL 2L H1Z, [
U S. cerevisiae T B HEEMIFIZEL 2 S NS He%
S. cerevisiae D ¥/ = L O FRIZ1Z standard descrip-
tion E1E—3 L WIHEZ L OMRIFEAET 5 2 &
Sk iroiz, Tk, S cerevisiae H The yeasts &5
SMBBEICZ S oSt S/ 12k, BUET
b [HEH] 2EELTVwEZEICERLTWSHD
tEZoNSL. LeL, RUSETHEA L2 S, cerevi-
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Table 4 Physiological properties of yeast strains derived from kokushu based on the key to species for the genus

Saccharomyces of The yeasts 5th ed.

Growth

Assimilation Fermentation

Strain o
VF 37C

Melibiose  Glycerol D-Mannitol  Inulin

Maltose

Group 1

Yeast derived from sake
31, B2PR, B59P, 49, 55, NRIC
0013, NRIC 0014, NRIC 0016,
NI 7245, NRIC 0024, NI 7459,
NRIC 0023, NI 7476, NRIC
0010

Yeast derived from awamori
S1, S2, S3, S5, S6, S8, S10,
S11, S12, NRIC 0018, NI 7214, + +
Awamori no.l, NRIC 1487

Yeast derived from shochu
S18, S19, S21, S22, S24, S27,
S28, S29, S30, S31, S32, S33,
S35, S36, S39, S41, S42, S43,
S44, S45, S48, S49, NRIC
0019, NRIC 1383, NRIC 1388,

Group 2

Yeast derived from sake
52, B54R, B66PR, B61R, B73P
B76P, B79P, 32, 33, 47, NRIC
0015, IFO 0304, IFO 0309,
IFO 0244, TFO 0249, K1, K2,
K3, K4, K5, K6, K7, K9, K10,
K14, K15

Yeast derived from awamori
S14, S15, S16, OUT 7009, IFO
2110

Yeast derived from shochu
S37, S38, S47, Al12

NRIC 0012 + +

+, positive; —, negative. Vitamin-free medium test was based on Yeast vitamin free base (FORMEDIUM) containing
(NH,),SO, as N source. Carbon source utilization test was based on Wickerham medium. VF, growth without vitamins;

37C, growth at that temperature

siage DY ) = AE 23R 20 BRIZE & X U RINEGHLT
DEF RN — T S. cerevisiae & —3L L TWBDIThF
L, EREHIsROBEREL 96 #kHh 90 #R2S+ T, (3ITAE
WX E A, LT, The yeasts (2B 5 S. cere-
visiae @ standard description % P& 5 B O R ERFE
E LT, EHEEEEAH W 5Tz The yeasts 55 2
JiB L O 3T, ¥4 3 VRN TOAE RER
A% variable (V) THEENTWADICH LT, Bk
ELTHWwWSNZ L 7 - 72 The yeasts 55 4 liih 5 1%
—LRMWENTVD., Ihe5DZ LIL, S cerevisiae
® standard description (ZxF L, [EHEH R OBERE % B

ALz LITEBRLTWAS. $£72, ZOWE% The
yeasts &5 5 W 12 B VT % Saccharomyces J& ® 71 &
standard description (Vaughan-Martini & Martini,
2011) EdIEL CTd, ENNEEEREEE, Saccharomy-
ces BOWTNOFOMWEIZD —F Ld -7z (Table
6).

Dbz bnrs, EREEERRELS. cerevisiae & %D
) = LbkB X OEDMD Saccharomyces & O %l
LR L TORBIME PSR- T 5 2 &8
WEhEhotz, O END, ENEREREO S
B %5 PE 1E, The yeasts 25 5 Bt @ Key to species 2
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Table 4 Continued
Strai Growth Assimilation Fermentation
rain
VF 37C Melibiose  Glycerol D-Mannitol  Inulin Maltose
Yeast derived from sake
NRIC 0009 _ N _ _ _ _ +
Yeast derived from shochu
S20, S25
Yeast derived from awamori
87, - + - + - - +
Yeast derived from shochu
All
Yeast derived from sake
- + + - - - +
NRIC 0011
+, positive; —, negative. Vitamin-free medium test was based on Yeast vitamin free base (FORMEDIUM) containing

(NH,),SO, as N source. Carbon source utilization test was based on Wickerham medium. VF, growth without vitamins;

37C, growth at that temperature

Table 5 Physiological properties of the strains of S. cerevisiae and its synonyms based on the key to species for

the genus Saccharomyces of The yeasts 5th ed.

Strai Growth Assimilation Fermentation
fran VF 37C  Melibiose Glycerol D-Mannitol Inulin  Maltose

IFO 0253, IFO 0614, IFO 1046, — + - + - - +

IFO 1049, IFO 1226, IFO 1950,

IFO 1991, IFO 10055, NRIC 1374
IFO 1998, IFO 0751, NRIC 0032, - + + + - - +

NRIC 1362
IFO 102177, IFO 1837 - - - + - - +
IFO 1994, IFO 1997 - + + + + - +
IFO 1833, IFO 1836 - + + + - - -
IFO 0210 - + - + - - -
NRIC 0055, NRIC 1382 + + - + - - +
NRIC 1400 + + + + - - +
+, positive; —, negative. Vitamin-free medium test was based on Yeast vitamin free base (FORMEDIUM) containing

(NH,),SO, as N source. Carbon source utilization test was based on Wickerham medium. VF, growth without vitamins;

37C, growth at that temperature

fit - T, maltose FEBEME + (rarely— ), melibiose &
1t Y-, glycerol & 1t % V, D-mannitol & 1t 1 —,
inulin @1LME—, €% I VRN TOAETRE +,
JICICBUA2AEBFREB+THL L, EHOTALI LN
T&b&EzoNk LarL, BEIEHROBRD % H
THZO—HIZEEIN D o726k, S cerevisiae
DY = AO % CEINFERERE & W UHEE 2R L7
S. ttalicus NRIC 0055, S. anamensis NRIC 1382 |22
WT, SHRBIETFICEDRMEN 2 EEXHNTE S
MEt T A LEND S L E 2 Oz ENEFERE OFR R
TOERE 57285 I VY RNFEHTOEFTICE LT
&, ShETIERZhoE sy I VEREICOWTHR

FENTWD. S cerevisiae I F VR8N0 M TV
B, 77332, A/ b=NiE BHEOEYI %
FRT LI EHMEI N TS (BES, 1996 &%
K, 196la, b). — K CEIEEERZ, MOBEERTEE X
B, RELTEFF VERENZVE SN (I
M- BE, 1962 5, 1983), HilHEOmME 7
5 & FEERERERE O S288¢ 12 & B LIRS LR S
b, M7 HICOREFF VERGBII» DD B EET
BIO6 DAFFE (Akao et al., 2011) PHE SN TV 5.
COXHITEY I VEREDO RN L OBEEMER, 5
THAEWFRICDEFEIN TS, L7225 T, S cere-
visize & AE S N-EEBROBIE KO Y I >~
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Table 6 Comparison of the physiological properties of the kokushu yeast strains with the Saccharomyces species

. Growth Assimilation Fermentation
Species o — - -
VF 37C Melibiose  Glycerol D-Mannitol  Inulin Maltose
Kokushu yeast + + - v - — +/(-)
S. cerevisiae - + - v _ _ +
S. cariocanus - - - _ + _ _
S. paradoxus - + — v + _ v
S. mikatae - - + - + S
S. kudriavzevii - - - v v + +
S. bayanus + - v + v — +
S. pastorianus - - - v — +
S. arboricola + - + - v - -
+, positive; —, negative; V, variable; S, positive but slow; (=), rarely negative. Vitamin-free medium test was based on

Yeast vitamin free base (FORMEDIUM) containing (NH,),SO, as N source. Carbon source utilization test was based on
Wickerham medium. VF, growth without vitamins; 37C, growth at that temperature.

The data for kokushu yeast are based on the 90 of 96 kokushu strains studied.

The data for Saccharomyces species are cited from Vaughan-Martini & Martini (2011).

EERT B TRIATREN, U4 F > & G Fbll
B iflA D B L% 2 5B,

3) The yeasts % 5 L™ Key to species {2 & % [EiF#
BED F ] 7

S. cerevisiae £ T DY ) Z B L OF DD Sac-
charomyces J& DT LChH, EIEEERERE 2R
L2 L TCWL RO E R o272, &
¥ T The yeasts 4 5 Wl ® Saccharomyces J& Key to
species (2t - 72 [ % # A 72. Key to species ® ik
BRIECHE > T, €% 3 R ToEF R +
T, maltose JEEEMEDS + DRI S. bavanus \ZRIE S
52 &N, ENRHROBER: D4 96 PR 90 #ki%, S.
bavanus \CREINDL Z kb, Lo L, S bava
nus 1L 3TCIZBILAFRBRN-THLZ LD,
AL S, bayanus & DWREICX I Sz, F 72,
Z U O ERE IR OBERE 6 #RICDO W T H FIFE L
7o, ¥, WO NRIC 0009, famkiisko S7, 5
Bk D S20, S25, A1l ®58kIE, ¥ I RImE:
WToOAEFREA -, melibiose EILMEA -, 37CIC
B L EFRBEA+, D-mannitol BLE2 - TdH %
Z L5 S, cerevisiae \Z[HE S N7z, KIS, &K
@® NRIC 0011 1x, ¥ % I YR HCTOAEFREBED
—, melibiose BILEA+ TH 5 Z & » 5 S. mikatae
WCHEE Sz, L L, EEEIZIES mikatae 13 D-
mannitol EILPEAT+ T, 37TCICBIT 5 EFREB -
THAHI LMD, ZOKRIXS. mikatae & b -7z,
IhosnZ ehs, EEBROEERO% < 1d The

yeasts & 5 WL @ Saccharomyces J& Key to species |2
X5 TS. cerevisiae T137% <, R AMICHEINS
EwIyRERERo7. LT, EHHESROBEEED 722
T S. cerevisiae \ZE I NLHRIE, PETHHo72. L
72735 T, The yeasts DIREETIX, EIEEER O E L
MFEICATZ e W LN E T o 7z,

PboZ Ens, RO EEE kORI
9 D H H—REE LR T 5 EREEERERE 90 #4425, The
veasts % 5 i ® Key to species TIZWFNDOFffE & 3
—H ¥, FNIL glycerol DELT2HIZH T b
7o rEELMEFICERNHCR OB, % S RN
PHRAENTWz2Y (FFH - FIE, 1971, 1975),
The yeasts & 4 WL BED> & 1 Saccharomyces J& % [X.
I B0 E LT, ¥ I URINEICBITS
EFRBDEAINZZD b 5T, EiEEHROE
BOFEICHETIZHEDLN TRV EXFHS N E o
72, ZZTABIZETIE, ENEHSROBER O E %
D S. cerevisiae DY ) = AL ED THAEDIREIZ X )
MET L, BENERERES—REZ T T 5 X9 i 4
FLTWwEZ E2WREIZ L7,

ZHC XY, BRSBTS Saccharomyces J&
D72 7> TENEH R OB O KIRN X 253525 5ET
HDHIZENLDTREIN, ENEEREO 5= 5208 7%
FFo—o2shntEz NIz X561, EFEHKRAE
25 EE S NERNEE IS H SN TV AEERRE, ¥ ¥
I VRIMFEHTOAFRRETH 5 2 L3 SN T
WL ZENL (KFS, 2008), RUFFEOMEFIE, Hii
Oz EEL, ERNEEEICE LR BT 57200
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BN TRAFFN A WIEEES e 2w oo,
ENFEREREDS S, cerevisiae L1375 —HE%2 T 5 2
L%, The yeasts ICdH D LIHCTF 7/ a0y —ng
BT 5 BRI 2 BRI IIMESH b D EEZ S
N5, T/, R TIITHEEEZ & ORGF0 2 R
MHRESNTBY, FELLENLEZRBLTWE S
(CR#EFR), MO#ERE TIIVE->TELT, SHO
MM EIRICL T, Sk, ARSIV TIdE
{EF DRI 72 & P THEHBICHRET Lz e £ 2
TW5.
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Taxonomic characterization of kokushu yeast based on the Key to species of The yeasts,
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Kokushu (sake, shochu, and awamori), an alcohol of Japanese origin, is traditionally brewed from rice and other materi-
als. It is brewed by saccharification of koji and alcoholic fermentation of yeast. Since the 19th century, many strains of
yeast have been isolated and studied taxonomically for kokushu brewing. Since the book “The yeasts, a taxonomic
study” was published in 1952, all the original names assigned to these yeast strains are the synonym of Saccharomyces
cerevisiae. Nonetheless, kokushu can be fermented exclusively by specific kokushu yeast strains. To confirm this, 96
yeast strains were collected, taxonomically characterized, and used for comparison with other strains of the genus
Saccharomyces. Then, seven tests were performed as described as “Key to species” of the book “The yeasts, a taxonomic
study (bth ed.)” most of the kokushu yeast strains formed a homogeneous cluster and were separated from other species
of the genus Saccharomyces. Of the 96 kokushu yeast strains that were studied and grown on vitamin-free medium,
growth difference from Saccharomyces cerevisiae was observed in 90 strains. These results showed that kokushu yeast
strains are unique in their phenotypic characteristics; thus, more information can be obtained from these strains for taxo-

nomic studies on genomics and selection of yeast strains possessing specificity for kokushu brewing.



