J. Agric. Sci., Tokyo Univ. Agric., 57 (2), 79-85 (2012)
BB KRFHER, 57 (2), 79-85 (2012)

B X
Articles

aM I B> DIEr S HEEL 1-BERD
FE & BB

ST

B2 - KRR - BB Z - AR

CERE 234E 11 B 17 B4/ P 24 48 4 H 20 H %388

B EFRERBIC I o TN I B 2 OFEH» S 5Bk MK1~3 B Z 472, £ T MK3 BRI, AEHEER
B% & 16SrDNA-D1/D2 #H3g B & OV ITS SISO ILFLHNC IE D\ 7251 RGN O FE R A & Saccharomyces
cerevisiae & [W%E S 1172, T 72 Yeastcidin iM% F 35 FH2 5, MK3 MRS CTH 5 2 L AR I L7,

MK3 #iZ,

HHDAHIBIF LT NI —VEHERED176% TH Y, EHERS 9 5k & AEOFRER) %

R U720 MK3 ¥kZ 72 Bl 3 B AR 50 & A HEIR (A 22 BLK 2 /R U720 4512 MK3 k% v 72 8%
L, VI NZBRRE, Bv) I8/ ans Bl Bu s 7u BT FVIEE, BWA YT INT VI
W/ AV TFNT VA=V ER LIz, 72, MK3 BRIZE@Z BT, TTC BIGHEA Red THD Z & h 5,
TG I FE R R TH > 720 MK3 FRIZ, JEBUN 2 )AL Z TR C & 2 MR L L CHIBREETOR)

MaitE s s,

X—7— KW, B, Ao rBIFV, A/BIE. MA/SA It

1. 3L &®IC

K, KM, KEFEE L, BKISHT KR 135% i
HBCHATIEI D A A, WATHTEE, BRI
IR, KA ) v AR, FLEEMRYEDS X ORI O &
W 7z, MO & TR 2 E SN ORFRE E T
WL TW5b, iHlEEERE, F0 X ) ST ol
BBIUObAATRES L BB 1% 58k % Ho
— OB TH B ST 235 W EIE T1E, i i 0 R
Td B KRBIAEAES B 5 R AL OBERE (2 IR LD 7
Wi BERRNZRE L THEET S LR NI,
FKEREE U 7R 2 I RERLE TR B W CIRINS 5o T
O3B B E TR B 2 B2 2B X - T4
THH, T R ORI O B L EH
D—DTHh b,

BIE, FICHAESHS CHAEESNEArDE 19
PO DSEREEICH SR TWE DY, EEOHRS
DB DEALITEWCIEE DS RLARD b, Thz HEY
(AN PERRIUS & AR OB Rl D 5 A5
DERMDTHES, HRRD S O HRERED 55 8EY H33R
AHNTW5S,

—77, IHWEE SR OIBOM T TH Y,
THEEEINARKEZFHE LT, IRE KD E0 T
RS 21T o T & 720 AWM A — 7 — 2 T 5 X9
7o 72— ERIE, IR E OO XML ol b L

bEZObNL, TITEELIL, HWIBEOHEI>E2 LD
LT AL, BAERTEL Sk Eh o 5 S 7z
HEESE AW ERREEP BN TH L L E 2T £/,
RIS LA THLFTEIL L, WMOPIIINTHE
BhaEPHENL, ZOXIREZOLE, HHDHA
THokitBNERL, Hil-2E&EREEEZET 5BEO5
HEAZHBRE VA A=V LR T WEALED HRAR, EHIHEE
BEIELTEZY, LAl o> 2% 25
L, HEWTHLIZRWORELEHTH 2 IS 0rboT
ZOBNIA F TOIEH S 578 LB 2 B & o 720
AHTIX, HAEWNIZBW TR EEENZ L, T4
FEH DL AHETAEMI A v OEL S, FHid 5 AHEMEH
BB & OFBFRR K 2 TR T 5 BEREASHUSG E 72D T
535,
2. A *

(1) £REEREMOAR

KRB A 65% O— AR E FHVERIICL DR
o8 1kg IR LA 4L Z2MZ, 55T, 15 BiMEL 24T - 72,
B L THONZIEMICKZ I Z brix 18% IZFRTE L 728
% #5720 100m! OIS, THSY 0 FET
P L 7- Yeasteidin Ml % 25mgiiMm L, 121C T 15
SEA— b o L— TR ALME 04ml =¥ ) — Vi
WLz E¥A % 5g M EREEEREE L7,

* HCRUR SRR S R G
RO R SER IS AR R A SR R



80 b - KH - BJE - A

(2) EBOSEE

ERBERENEEM A 100m/ Z/7 7 A T ITHBL, R
Do EEIR & U CREAILERBERL CRIN S N7zt X 7 > ot
LB 72 25C CHEMETEL, SRR I—H
C—RIHEEL 72 BE L2 AT 28 #E O brix 2
FEWIMIZE L, brix 10% LT & 7 o 72 3 THEMIE &
Wt 7)) v 7 LT SRR R & DR K Tl E AR,
TTC PRS0 MEBEDIa—PEF TS L) 128
WLT, 30CT3IHMRERL, ALau=—»o8ET
% Z L THBEREREE 15720

(3) ZEEM, EEMPLUHEHE MaFRE BRFER
5 N7 R 2 B 10%YM AR HLIC R L, 30C
5 H R 2 U SSIetk & BENRtE 2 Bige L7 Higl, JREICH
LCid, ZrBErk% YM ARSI RN Las 281k, SAMmEE
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B B FsREME B & OVRALYE, BEERA ) v A 0BTk E
W MK3 #ix K9tk & RO E 27~ L7 (Table 2),
XHITMK3HRIZ, ¥ I UREHMTOMMMEIED D,
Yeastcidin 2% 0, TTC @EILHIZBWTH Red D&
THEEZ A LTEY, KIMRE RO E 27K L7z (Table 3),
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MK3 ¥ D g OHEE %179 72912, 26SrDNA-D1/D2 4H

Table 1 Froth forming ability of the strains in sake
mash and the components of the filtrate.

WOIRHRELY % I 7200 F RECRT & Tz ETE 2
MK3 #k® 26SrDNA-D1/D2 SO IR (547 Hidk, Ac-
cession number : AB683054) % Fiv T EBSIE IR Y] 7 —
& N—Z1Z%9 B BLAST MFE LT\, B 20 iz hzh
DM L O MK3 B, K9 #ho 3 HELH) % & ClustalX
21 &R & 1R L 72 (Fig. 1o 4 5 N7z R
BWT, MK3 ¥ Saccharomyces JEH S 7 % R BEIC &
IN, EOT—PANT v FHIZ91% THo72Z &b,
MKS3 ¥k & Saccharomyces J& DEERETH 5 L g I L7z,
E 52 MK3 ¥kIZ, S. cerevisiae DILMERRTH 5 NRRL Y-
12632 #kds & OVETEEER: K9 bR & A URBB 2T L T
D (77— FADNT v 7MHI96%), MK3HEAHS. cerevisiae
THHZEHREEINTA, 26SrDNA-D1/D2 HHIH DI I
BeH % B 7250 F RN ClE o HEZ ISR A D 5 72
B, WIZITS HEIROMERERY] % B 7250 T RN % 17
W MK3 BkOH O HEE % A 720 MK3 O ITS ik O3
BTN E 2T o 72k R, 70 WEOERY 2 HETE /2
(Accession number, AB683055) . MK3 %k & Saccharomyces
JERERE 8 s X O 7 Sk (K7 #R) & K98k ITS
WO 2 AW TREB ZER L& 25, MK3#
(3 AEHEMR NRRL Y-12632 ¥k X OV K7 #k, K9tz & E S.
cerevisiae 15 % B R R L, T—FA T v SH
13986% THo7=Z bbb, MK3HIXS. cerevisiae T
5L ni: (Fig 2),

(5) BBORTE

HNETEREDSINIE D S ERIECTH B 2 &, RHEPIHEETH S
2l ERESECHF TSI L, TRRBT K
T52E, fBEEEILLAZVWI &, £ L T26SrDNA-
D1/D2 #IR D IEILBH] % 7250 F RITIRHT OAERH 5,
MK3 ¥kiZ Saccharomyces J& DFEEE7Z L H W S iz, FEIC
B9 LT The Yeast ® Key to species {29 &, MK3 ¥z €
7 I VRBEEHTHELEAD D, <V b= ZADOREE R
Z L, ITS FHIROEREY % H 7250 T R 5 5
OeE L E R D S, arboricolus &7 %, LA LS. arbo-

Table 3 Physiological characteristics of the strains.

Strain Froth Sake Alcohol Acidity Amino acidity
forming  meter (%) (ml) (ml) Growth in Resistance TTC
Strain vitamin free against -
MK1 - +0 18.7 3.9 2.5 medium Yeastcidin staining
MK2 - —1 18.1 3.6 2.5
MK3 - +1 185 35 1.8 MK3 + + Red
K-9 + —24 18.0 3.8 29 K-9 + + Red
Table 2 Fermentation and assimilation tests of the strains.
Fermentation Assimilation
Strain
Glu  Gal Suc  Mal Lac Raf Gal Suc  Mal Lac Raf  Mel oa-MG  KNOj,
MK3 + + + - - + + + + - + — + -
K-9 + + + + - + + + + - + — + -

Glu: glucose, Gal: galactose, Suc: sucrose, Mal: maltose, Lac: lactose, Raf: raffinose, Mel: melezitose, a-MG: a-methyl-D-glucoside
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575 |1 Saccharomyces cariocanus NRRL Y-27337 (AF398478)

Kazachstania zonata NBRC 100504 (AB198187)

o I
Kazachstania lodderae NRRL Y-8280 (U68551)

Kazachstania aquatica CBS 10102 (AY881651)
Kazachstania siamensis CBS10361 (AB617910)
Kazachstania kunashirensis CBS7662 (AJ279064)

Kazachstania unispora CBS398 (AY007913)
o

Kazachstania servazzii NRRL Y-12661 (U68558)

&: Kazachstania africana CBS2517 (U68550)
Kazachstania martiniae NRRL Y-409 (AF398481)

996 |
997

Saccharomyces cerevisiae NRRL Y-12632 (U44806)
Saccharomyces cerevisiae Kyokai No.9 (AB180462)
MKS3 strain
Saccharomyces bayanus NRRL Y-12624 (U94931)
Saccharomyces pastorianus NRRL Y-27171 (AY048172)
Saccharomyces kudriavzevii NRRL Y-27339 (AF398480)
Saccharomyces mikatae NRRL Y-27341 (AF398479)

993

566 Saccharomyces paradoxus NRRL Y-17217 (U68555)

Naumovozyma dairenensis NRRL Y-12639 (U68556)

I: Torulaspora delbrueckii CBS 133 (AJ508558)
998 Torulaspora pretoriensis NRRL Y-17251 (U72157)

Wickerhamomyces anomalus NRRL Y-366 (U74592)

Fig. 1 Neighbor-joining tree based on the comparison of the 547 bps in the D1/D2 region of 26S rDNA. The number
in parentheses is the accession number of the DNA Data Bank.
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Fig. 2 Neighbor-joining tree based on the comparison of
is the accession number of the DNA Data Bank.
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% The Yeast @ Key to species I2fE9 &, ¥ ¥ I V/REH
THENSEH Y, <V b —2ADORBMEH L 05 S
bayanus £ 7% 1), S. cerevisiae EFE SN\, {HilRER:
K-7 #%d K9 MREIREIZ S, bayanus & 72 555, K-7 ¥RIZLLRT
25 S. cerevisiae DFMEIZA YD, DNA OFMERH B S.
cerevisiaze Th D L ELNT W5, F I THF R DR
Eeh 5 MK3 ¥R K9 BRFERRIC K7 ¥R EF U S. cerevisiae
DFRBANATEL, BT — ATy PETENILH
ENTWBZ L, $£728. arboricolus & 1387 5 RAFHNC

Saccharomyces cariocanus NRRL Y-27337 (AY046147)

— ..
Saccharomyces paradoxus NRRL Y-17217 (AY046148)

Saccharomyces cerevisiae NRRL Y-12632 (AY046146)
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| Saccharomyces bayanus NRRL Y-12624 (AY046152)

! Saccharomyces pastorianus NRRL Y-27171 (AY046151)

the 730 bps in the ITS region. The number in parentheses

MELTWA I L, X512 MK3®ASS. arboricolus & 13
OB BN TR ZLZWHEZRT 2 &2 5REMITH
Wi L, MK3#iZS. cerevisiaze TH 5 LFEL 720

R, C—- VR, U4 VERLZCESETHY SR
5 EREL, Yeastcidin iI2xF 3 AT M TRL2BEHZ R T,
D F ) EWEEERED Yeasteidin (T2 AT 020 L,
ZOMDIT E A EDOREERBEEIIREEF S v, Yeast
cidin i FABR O RS H, MK3 HRILIE LR AR 1S Yeastcidin
R LCHiftk 2R L7222 & 205, MK3MRAHEREETH
5T EDPIRBINT,
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(6) EBED/IMEAZHHER

MK3 #k &5t & L 72 K9 #k & F v 72 BB O — i B o
53Hi % Table 4 1278 L7z. E{BTEIKHERERD b A AJEHDO
SHTTIE, HARBEEICKE BV S N78, IMERA
FRBETIX MK3 ¥k & KO MRIZRIZE O HARIEE L 7V a— v
BEER L. 2OZEHSH MK3#RIZ K9 k& HSED5E
BEAHETHIENWSDE ol T 72 MK3FRIZ, BRIE,
TI/MEEDICKIKE Y DIREEZRL 72,

MK3 ¥k & K9 kDB HEEALK % Table 5 (127K L7z, MK3

MEHWZZBEEO 7 = V8, )V TROGARIIF%ET
HoTlzns, ANTE, ABBIT 7Y VBOEHEENKI

ROBBIE & VKD o 7B a7 BEFEIZDOWTIE,
T GRRIE) o —en 7 Bufilis 390~487 ppm™ TH 1,
F7-FHODGHEL MDD S ORI X 5 BN 350
~520ppm™ TH 5 Z L LHE L TH, MK3 W
i (272ppm) Z/RLTHE Y, K/ 7 BREKD MK3 o
P THE I LARL TS, HilirPOAHEIE, VT
B, gy FLERTH 80% 25 5 s, 2ohTY
Y OBITIEBE IR LREBEREMFS- L, ansikiZarsx
542525, 8512, )Y IMREINTBROGEIICX
DY Y IBORLHREROK R T SAEILL, frica
NI BEREICNT A v IEeE=EIL (MA/SA M) Offids
08 LLEDHAIC) ¥ THOBFHMAIIE L SRR TV &t
REENTED, UV IMBL Y ansBoOGERIEER
7217 T3 % { MA/SA LB EETH 5, MK3 o MA/
SARIZ15THY, KIKD 06 IZHRTEWEE R L7,
ZHUE MK3 DY ¥ TMEA IOV TIE K9 B & g
LREZENRWVD, MK3MRO a7 &4 EH K9 Ko
F43% LR HTH B, MOIED S 55 EE S N-FERO
B 08~1.0" L i L CTd, MK3#®D MA/SA K3
Molze TNEDFERDS MK3 OB MIZ, V) >~ T8
DR P HBERDPIELE SN BWEETH S EARBEH
720

B OFLZ DB WT, K9KoAh 7o VgL
FVERESRIEIRAT (02ppm Kiii) THDHDIIHL,
MK3 ¥kt 38ppm TH o 7= 2 L2 5, MK3 #ld K9 ¥k &

Table 4 Comparison of the components of the produced
sake.

DEmVITu BT FIVAERREE A LTz (Table 6),
F7, ZOMOE & 5 »VERO/MEARRBTO S 70
T OV AR (K-7 # 0 1.6 ppm®, K-701 ¥k : 1.7 ppm®”,
K-1001 # : 1.5ppm®’, K-14 # : 1.74 ppm®) L B L TH,
MK3#DH 7 a BT F VAR » - 720 —F T,
& L) PVERICIE, FEBE TRV L = VIER S &
Ny 7u VB FVEKREZ D ONIE T R T IV AR
B K-1601 ¥k, K1701 #k, K1801 kb HFAET 5o S HD
Vo H 7o v sV ERREE, FhFh 55ppm®, 327
ppm®, 67ppm? LMESNTEY, MK3IMkOH 71~
[T F VA RE X, KI1701 BRICUCES % 25, K-1601 #%,
K1801 ¥k & 0 d %A o 720 MK3 M H B Z RS 2 &
HBENVLVZVIEEAE L T SDO0I2DoWT, MK3#
OH T YEEIFVERER% NS ECH BT 5L
b, BiEA V7 I VIOV TIE, KIME MK3 Mo
B TZENRZFN 20ppm, 1.3ppm TH H, MK3 #ho4:
HAEIZ K9ORRE ) B A o 720 MK3 FRIZ, WSREA L ERE
OHTHLHI TR VI FVER S A TOKTH > 72, H20
~22 AEEDSEEO S T a Y BIFIVEREA VT IVE
HROTVYEIZZNZH 20ppm, 16ppm T 5% MK3
BRISTIWOEHEERE & LT, SFHMRIGEEL ) b h 7 a v
BrFVOKBEE*ETHHEEYEECE LB TH-
720 =07, EEOEEFEEFZOSEZHIEO Y Tu v
BT F VO REE Tppm BifATH D, MK3 kRO /ME:
ARABEOWIE I ZN L DKV, LA L, BARAIKE
etiAs %479 FT, K-14 #RTIEHRK 80 g DALIAAR T 1.74
ppm T o 72425k 640kg T 442 ppm™ 12, K-1801
BRTIEHK 200g T67ppm THo AR EIRAKIS v
T72ppm” ICE T ABILWMESINTHBY, ks
% < L7: MK3 %% Hl w72 AE A A RER IS O W TS HBBET O
KHAD 5o

MK3#kIZH 7a vl F VAT TlERL, A VT 3IV
FNI—NEALVTF LTI —LOEREEIZBNT b
WERLT A VTFATLVI—VOEHEELEEDYORS
WCIZEOHE S, AV TINVTLI—VEL Y TFI
TIaA— okt (A/Bl) L&) OESIZIZIEOME

Table 6 Aroma components of the produced sake.

Ethyl Isoamyl Isoamyl Isobutyl A/B
Strain caproate acetate alcohol alcohol rati
. Sake Alcohol Acidity  Amino acidity (ppm) (ppm) (ppm) (ppm) ano
Strain meter (%) (ml) (ml)
° MK3 3.8 13 3558 254 14.0
MK3 +4 17.6 15 12 K-9 trace 2.0 228.6 50.5 4.5
K9 —2 18.0 22 1.8 A/B represent isoamyl alcohol/ isobutyl alcohol.
Table 5 Organic acids of the produced sake.
. Citric acid Malic acid Succinic acid Lactic acid Fumalic acid Acetic acid Total MA/SA
Strain .
(ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) ratio
MK3 125.6 395.2 272.1 336.0 44 36.7 1170 1.5
K-9 134.4 367.7 631.2 447.4 8.7 18.6 1608 0.6

MA/SA represent malic acid/ succinic acid.
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DB, MK3MRDA VT INT L a— I KIkkE D
L#50% %<, 4V TFNTIVa—VIdH 35% P eho
720 ZD72% A/B Hid MK3 ¥k 145 125 L K9 #kid 45
LY, MDIED S5 HES N OBE 31~41" L 1t
BLTH MK3¥D A/BIRDFEFIZEVHE o7z, &
DX I IZ MK HRIIFREFTITB VT, Buwh 7o v
FVERREEZAEL, BABRERIKRTHLZEDHS
Neholz,

BIRL 7238 ) A MK B2 BRREZTo2HETH,
WIS 77U VBRI FILOSEERENE L ERLPICEFD
VY IBRORR P LRBEPIE L SN BT O En/-iHET
B LEHt 2137,

(7) x&H

AREMICBWTIRDAEEEDNS L, FHELDZL
FAT BN I H v ofen s, EHEEELE K9 e SE0%R
Bhaml, BatEREd, TTCEiLH Red TH 5
R\ FE T RE 2 MK3 bk % B L 720 MK3 BRI, K
BYc, LaAbRewansBAERE2RTBEETH - .
MK3 M % v 72 B 1k MA/SA k&R L, ) v I
ORPLDLBBEEPIEKELONDLEE TH o720 TLEFRICD
WTIE, BA/BIRERL, 770 VEELF ) OGEEEHE
QIR P - 720 MK3 FRIZ, THIE B E LT/,
FEROWMMO E N HRAREETH o7z, HAEIZIE, M
ARPADMIZH Y I, 2L, 7K, Bk ik EAER
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Identification and Sake Brewing Characteristics of
Yeast Isolated from Satsuma Mandarin Blossom
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Summary : The MK3 strain was isolated from Satsuma Mandarin blossom by enriched culture method.
On the basis of physiological tests and molecular analyses based on DNA sequences of 26SrDNA-D1/D2
region and ITS region, MK3 was identified as Saccharomyces cerevisiae. Furthermore, it was suggested
that MK3 was sake yeast, since MK3 had a tolerance against Yeastcidin. The alcohol productivity of MK3
in sake mash was 17.6%. The MK3 possessed an equipollent fermentative ability in sake mash with sake
yeast, kyokai No. 9. The sake produced by MK3 revealed distinguishing composition of aroma compounds
and organic acids. In particular, the sake brewed by MK3 showed low succinic acid concentration, high
malic acid/succinic acid ratio, high ethyl caproate concentration and high isoamyl alcohol/isobutyl alcohol
ratio. The MK3 was a useful yeast for seke production, because it did not form teka-awa in sake mash
and it was stained red with TTC. It is expected that the MK3 will be used for sake production as a
useful yeast which is able to form characteristic flavor.
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