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Characterization of yeasts isolated from a bumblebee and their application in saké-brewing
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Three wild yeasts were isolated from the bumblebee (Bombus ardens) caught at Hibiya Park in To-

kyo in May 2018. One of those strains, Ha-1 was identified as S. cerevisiae by DNA sequence of the ITS

region in the rRNA gene and another, Ha-3, was Wickerhamomyces anomalus. Although Ha-2 shows close

affinity to S. cerevisiae in a 95% identity of its DNA sequence of the ITS, the species of Ha-2 remains un-

clear.

The results obtained in the investigations and of saké brewed by laboratory scale showed that : (1)
all of strains Ha-1, Ha-2 and Ha-3 were able to produce ethanol at more than 150 mL per liter ; (2) the
fermentation speed at 30 C of Ha-1 was almost equal to that of K-901, and that of Ha-2 was 77% of K-901
and that of Ha-3 was 44 % ; (3) the TTC staining of Ha-1 and Ha-2 colonies were respectively red and
that of Ha-3 was white (stainless) : (4) killer activities of Ha-1 and Ha-2 against K-901 and K-701 were

not observed.

According to the results stated above, we decided to use the Ha-1 yeast for practical saké-brewing

and found it possible to produce a saké to be marketed as Junmaiginjo-genshu.

Key words © 2~ )V NG /3F (bumblebee), EFAERA: (wild yeast), [#iEEE% (saké-brewing)
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bbo £ T, BEPHELTWLIEICHEL CHEE
TEHELELT, {EDSAELHNTERIEN LM
STWVANFNFILER L. ZOE, FifELTw2
LIEONFINT EHHEL, ZONFINF 05 3RO
BEis sl e TElz, INHOBBOFO 1
(X S. cerevisiaze LRIESN-DT, D 28kE D2
EERELEFLICINSOBEBOME 2L, S
cerevisiae & [F7E S 72 1 WK% FH W CHERIGEE JEUE
LT AN TELOTHET B,

ES 2% E S Falip-

1. HEM#

FERE DS BEIR T 5 /N F /N F 15 2018 4E 5 H B ETER
FREHXOHEAARAOTEIIIRE L 72a~< L)
NFOMETH Y, ZTNEME L CTLZBIIRREEAD
Ziploc (77 AF—RETIRAF v - Ny 2z)
BEL7%, ZOHO) BICEREEEICHL 7

2. BEABO-ODERLEE

NZY Y ERAMLT M A Y £ 100 U/mL &
A YM ## (1% glucose, 0.5% peptone, 0.3 % yeast
extract, 0.3 % malt extract, pH 6.8) 10 mL (Z3¥
ZANT2 CTT7THMBEL CEFT2MEM %L
Bl 2B, DNENE CEBOATHHTE 20
BAEE HEEREHIISSIZ2gLOn-Tat VB
FrUTAYEMAEER LLET VA - K
A= VI & DGR 21T 72,

3. BOOZ-—D58

FERERIC L > RO NMAEY OR T, BERIC
SALDFELENTRD BTz b D& L CTHllla DR
BEL, 51213 YMERPRIZT30 TTHEL,
BT a0 —DRP OB THE 2 L AL
720 MBI UTHRZ MR L CH—OBR» 52
CHEEESND S DEHE L7

4. HEEH

R - RO E Y IE L TUTOEREY T 72,
B, LEIZS U THBEMEE LTE ) hvEER
9015, KPELHI>HV7015 (LT, #hFn
K-901, K-701 &W&E03 5,) % H: 72,
D) EENLHER HEBEIZ10~15 mL DR YM &

520

ey —7nEx AN, 25 CTHHMEERL, CO,
FEEDHEL R L 72

2) FEEEEE 50 mL O YM B T30 C—B%K% ¥
18 HefH]) #R& S BE2E L 72 Bk % 3,500 rpm, 10 43
DT E o TER L, S SHIZHRBKTHRE - &
L CHLMAEGRE 2N 2N RIEE R 1 <108
cell/mL 1275 &£ 9 10 % 7V I — AKEHICHRE L
T2 mLAEDF 2 — 1 58% (Einhorn FE4) 12
A, A TENEZ72 L, 30 CTREIZ CO, %
AE R Ftll U7z, BHIBRICHEEREZEHIL, BHE1
x10°47-0 » CO, 558 (MEE) ITHIEL, CO,
FELE T & SERERE R & OBARD & BRI O I F R
B (CO, ul/min) %K 7z, %k, BEREHE, &
FEFT b~ OMEREHCEHE L 72 B4 & ODS':
FRXEFORE L THBE, ODRZMEL TRD7-,

5. RFFERVHEBREOER{bM & HEEMORESE

R - BBEOBREYICE L. Thbb, REEO
FEEAE L B ORERIZ, 1.7 % Yeast Nitrogen Base
without Amino Acids & Ammonium Sulfate (Dif-
c0-233510, LA YNB EWEFR$ 5,) L#KFHE LT
05 % (NH,),S0, RUZEhZh2 %oftsmtirFiE%
BUREE R, 25 T, 48K EROET 2R
L. BEEIIOWTE, FOMALLY—F28h0
HAFEOE LB L 720 FWEHEELIEIC DWW
TiE, 17 % YNBIZ2 % 7V a—A & 05% KNO, %
EULEHIZL Y, 25 C, SBHEEROETOLE
ZHERR L 720

6. TTC He&k
(W) BARBEEH R EAT 5 TTCH M L,
#1165 0% 12> T TTC Rtk & l~7z,

7. X5 —HOmES

HUAS L 72BE AL A IR L LT zo, i
BRS* T —RFRELETLIIEPZRAL Y0k
FIHECTHER L7, AR CIRIEEEE 2 EHT S
ZEnH, BAEOELREEENTDH L K701 KO
K-901 {Zxf 9 % ¥ 5 — M2 Hat L7z,

8. BEHKRORE
(1) 7PHEEL72 3MRICOWT, B L7-BERE % FLEkIC
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Table1 Formula of raw materials for pilot scale saké-brewing
Shubo Soe Naka Tome Total
Polished rice g 38 75 150 237 500
Steamed g 25 52 115 192 384
Koji g 15 26 40 52 133
Water mL 71 113 228 418 830
Lactic acid  mL 04"

*The quantity is equivalent to that of 563 mL lactic acid added to 100L water for Shudo.

Y, 0 CUTTHBEANCTLERL R HED

(Z#E U T4 DNA % i L7z, #iiH L7z DNA & ¢,

)RV —=< )V RNA #IxF® ITSI, 58S, KUTITS2 %
#y 800 1A DELF 54T % B8 Macrogen Japan |2 KA
LT, =N ZICBFEIN TV AR DNA
ALyl & o—%F (Identity) 75 Ek% FE L7 2,
(2) BIEEFERICHE L2 DNAKS% 1% 740
—ATNWVIZ L ZERKENCH L, KBy — %
K-901, KOYK-701 & sl 72,

9. EHBOTEE
HPLC i B2k ), ITFOSMC X ) 54 L7z,
$¢ 18 © Hitachi L235, 77 9 & : ODSSP, 71 5 A5

50 X 1N65 To FBEIHE : 0.85% Y VB 1 K (7 : 3v/v),

it 1.0 mL/min, BEDOFEAE 20 uL, Mo
UV 210 nm, peak hight 512X ) E& L7,

10. EXRAPDER

Ay FAR—=Z-GLC # "2 X 572, Shimadzu GC-
2014AF &~y FAXR— 2% > 75 — Turbo Matrix
HS40 2 v, T DOLEMTHIT Lz # 5 4 : DB-
WAX (025 mmo x30 cm* 025 um), #J LiRE:
40 C (3 min), 10 T (1 min), 150 T (5 min), &
A :250 C, ¥ 7HA :He (A7) v M
1:40), MHIFIEFID 2 W CER L7,

1. BEREEL ED—FES

(1) HAWE ST TR BEHEES (5H
A—%—) DA-105BIZ X ViflsE L 720

(2) Tva—ns BEEFEHRERE 7L X 4 b AL2
BN XD HElE L7,

(3) BERUVT I /M

IEEAS AW E T R AT i

(EBETAESHTE) IS & 0, B % e L CleiE 4,

g1 E F 71 8

TRV E-VEEEICIY, TIVEBEERD,

12, /IMEAHRER

FEMBERED B IE & E RS 12§ 2 FEpEE A 15
572012, Table 1 IZRTHARAIZE D, #K 500
g DFRERBEE 21T 2 720 INHRBEOZBAMH AR % AT 12
H1zoT, BONDBEROBELEO L2010, X8
IITE R O R IDK1-60 (33, ks
60%), ZKIIXFEHEOEEM o fbk AA-60 (XK
BE60 %) OFE—Ty bObDEH, H&Eicizd
=0.01 g, max=2200 g ® Sartorius CP2202S % A \»
TO1l g HALE TR LA, $72, EBEICR LTI
20 %, afEKIZDWTIZ 30 % YL DKSHIE (1
K) ZAToFzo IERHI BRI R, BoOEEIIEENE
R HCCRERES 10 CT& L7, RERTH
D _EFEIE, 3500 rpm, 155D ELAEEC X 5 TITW,
BRIE 2 1572,

13. EAMtICE -BERER

HARAE 60 % OFTEFRK (LHS) % Hw
Table 2 (7R3 HAABAIC & D #2K 200 kg OIS EEH:
AR ELT o 72,

IR & N OE 15 kg L, BMOET 31 kg 1k
ENENEILCTHEB L2, ML 200G HET, H
B WM T a-7I - E0MmVBY [ KISk %
75 g (50 g/100 kg EURLK), - @ cizrvay
T EORCEY [HREEE] (W FRbe ey
7H) %186 g (60 g/100 kg JEAK) & L, BE5
i RE - AR T3 43 T, M- B Tiz40 T, 3
BRI V3D 50 Bef % HEEC88 L 7, RN
HERT, BEEFLRR 73 mL (560 mL/ &7k 100 L), B
FHIBITREH 1 L C25 T, 48 BrfpisssE L ¢, v
NHREREIZAM L, 1 EMEOS T 2 BEICEHERL

521



=Pl

AL

i pE

INTINTF 206 57 L 7B B D TEE & I TREE ~ O FI

Table2 Formula of raw materials for brewer’s scale saké brewing

Shubo Soe Naka Tome Total
Polished rice kg 11 35 59 95 200
Steamed kg 7 24 45 78 154
Koji kg 4 11 14 17 46
Water L 13 40 84 143 280
Lactic acid® mL 563~760

*90% Lactic acid mL/100L water for Shudo.

Fig. 1 Appearance of isolated yeast strain, Ha-1, Ha-2, and Ha-3

% o7 Lf:i&%&i%ﬁ)f:%&m
Madden & i, R & BEREAHIFIIAE ORIRIZd
D, BEONHEIEY (FEXSRERERZLE) 12k

7o B, RAEAA 158 T, 98T, 75T, &
EimEE 10 CE L, RERORAREE-20 % BIEIZ

BAEH L7z, EMIZIZY 75 XA L sl
B A 1577

RERMEREEE

. BREUREBRBORE

E%lOD FEEJR & 72 5 7o N FONF R, I ILNFONTF
(Bombus ardens) OWET, LA 5 % B OBERE
DOEES A, YM ER PR TOR#EL 2 [mIIE L
THoNzau=—DbBE F—F 25 AN
YM @ AAsE#C 25 C, 2 HEKE L T CO, »3E,
b b AR T MR L 721, Fig 1I1IIRT L9
12, MEEICE A8 a0 —DRIC L > TR S
N5 3/kEHT, % Hal, Ha2, KU Ha-3
LT 228 LT, BTOERICHL .

BRPOEBEPSHINLZLEB LW ETIEL
<, Sung-Oui & "™ 3H B 5 Candida &= Pich-
ia OB Z L TV b, NFH51E Gangl 5 ¥

SIVYNFORFEFEONF I % 805 Zygosaccha-
romyces rouxii & Candida apicola % %7 % L, Barry
5% 3 Y NF 25 Torulaspora delbrueckii % 55 B
LTwa, LL, "NFREDEBED®S S. cerevisiae

922

> TRBIZIEDE: EHEOFEER IR L, Z0OR
IZIEFERE O MBI OFIESFTICEATH S

WIEFLT & 5 L) R, JEEBGEB £ 5LV (dispersal-
encounter model) ZIEEL T 5, &512, MKSIZ
AXINF BB LR E o T4 v — b
FRALL T2 2%, SHELABRICOV T,
[P RS I SN2 2 L D WE R OERE
EL, BREXLIIEL Twivy, /2, Tauber 5 %
W&, PEEE X U NF (Apis mellifera) Tix, FE» 5
55 HE S B BEEE Wickerhamomyces anomalus (UL,
W. anomalus L WEFLT %.) Thbb, ATV
Ha-3 L AEDBERFA I Y N F OEERE & RV E
BLREDOBETHBE, RUIYNFO/ BEOER

Nosema ceranae & DBIMRIZZE ST D2 L2 S »IC
LTwa,
2. EROREE

Ha-l, Ha2, XU Ha3I2BIT A ES—<)
RNA # =T @ ITS fH38# 800 £ (Ha-3 2B\ T
13600 3E25) OIEEFCHIZ LLEEAT L, #55 % Table
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Table 3 Identification of the strain by ITS region of the rRNA gene

Strain DNA Accession number Identity Gaps Closest related strain”®
ITS1 LC722225

Ha-1 ITS Region 747/752(99%) 4/752(0%) S. cerevisiuze CBS 1171
ITS 2 LC722226
ITS1 LC722227

Ha-2 ITS Region 741/781(95%) 30/781(3%) S. cerevisiae CBS 1171
ITS 2 LC722228
ITS 1

Ha3 | ITS Region LC722229 568/571(99%) 2/571(0%) W. anomalus CBS 5759
ITS 2

*Each sequence is aligned to the closest related strain in the NCBI nucleotide database.

K-901 K-701 Ha-1 Ha-2 Ha-3

HND3
Marker

Fig.2 Electrophoretic DNA patterns of Ha-1, Ha-2,
and Ha-3. K-901 and K-701 are used as refer-

ences.

3CF LD, ITS 1, ITS 2, F1858S rRNA % &5
VbW B ITSH#HE % 7 — % N — A (GenBank :
www.nchinlmnih.gov/) 12X o TH#E L - & |

Ha-l & Ha3 O—3FE T\ d 99% T, Hal2S.

cerevisiae, Ha-3 1% W. anomalus £ FE EN72e —F,

Ha-2 (% S. cerevisiaze & D—FEH95% THY, 7—
FR—ZADHFTHED ~HEFBHbO0, HE Y
DREFEIZB T2 —HEORAME I % & Vw2
k&, WIEIZHR X% Raffinose DEALEED (=) TH
B EEEZAEDETURBEIIRHATH L E LT,

TNENOEER D4 DNA i X 5 0O ES KB/ S ¥
— > % Fig. 212 &30 FOZERIZOWCIaME
LTWwZawys, Hal = Ha2 1k K-901, K-701 & 1158
RBUKE)SNY — v RIR LTz,

ENNsE L1 B

3. RFRERUHEBIEDREM & M

#RA Table 412F LD TRTA, SRS OB Y
L THE YEAST* 14817 5T 2 RS 2 B O
bOTHK L CHBRIZEBITTHE L TEET 2,
Ha-1 I33CHRIC & 2 38BEME, Bt L 112 S, cerevisiae,
KOS, paradoxus L U/8% — > Tdh o720 Ha2 i
Raffinose DFEBEMEZ R\NTBY | S, cerevisiae D (+),
S. paradoxus ® (v) & HES L, BEEOISEE M)
513 S. cerevisiae £ V) b S. paradoxus \ZF\ L 9|2
YRR, WBROLBYBEEZRETLICIEIES S
o 7ze Ha3 3O REEN:, B e 12 CHkic
LB W anomalus |2 & < —F LT 575, REEIEG
fBthiE (=) THY, W (+) L3RR, 20
ARIISBROMETREEE Lzv,

4. REERE OB

EERITE 4, 2) \TRTHET, BRWY 0 5E e
ZROTHIL2AS, FEBZ 3MMED R L CE-H
DT =5 DNVIGE» O RN FFIZ L VRO -7 PE
PROBL % PSRRI & L 72. B W O 5B vk iy
WREVZ L, EFCRIZB T B HEEEY % b1+
LZEENOERELUETHLEZZ TV, HEIZ
Fig. 3I12R$EBD T, BEEIBIBAREIC R 572 30 4
DD 30 Cl2BI 2 EN2NOFEBEHEE (CO,
uL/min/1x10° yeast cell) (¥, Hal #576, Ha2 56,
Ha-31332CHhH, MEDOK-901 L HEd 2L, Hal
IZK-901 @ 73121213 % L <, Ha2 TIX#DHK 77%,
Ha-3 Tid 44% T&H > 720 Ha-l IZFEBERIIATE D © S6EE
MBI B HEEEO ST, K901 LFITE LS
LD HIFHEEENOERNTRLEETH L L E 2T,

523



A AERAL - BRE - SR - S N T NF O 8 L 2B O & RS~ R

Table 4 Fermentation and growth reactions to various carbon sources and nitrate

Fermentation

Gl Ga S M L R
Ha-1 + + + + — +
Ha-2 + + + + -
Ha-3 + + + + - —
S. cerevisiae + \% + + - +
S. paradoxus + + + v - \%
W. anomalus + v + v - v
Growth reactions
Gl Ga S M L A KNO,
Ha-1 + + + + — + —
Ha-2 + + + + - + -
Ha-3 + + + + - + -
S. cerevisiae + v + + - + -
S. paradoxus + + + v - + -
W. anomalus + v + + — + +
Abbreviations : Gl, glucose ; Ga, galactose ; S, sucrose ; M, maltose ; L, lactose ;
R, raffinose : and A, ethanol. Symbols : +, positive : —, negative ; and v, variable.
S. cerevisiae, S. paradoxus, and W. anomalus are showed as a reference?.
@ 700
+ 600 F
n
g
~ 500 |
o
—
X 400
=
—
S 300
gl
8
5 200 F
gel
)
2
~ 100
o
(&)
O L
0 20 40 60 80 100 120

Fermentation period (min)
Fig.3 Comparison of fermentation rate of the yeasts
Abbreviations : @, Ha-1 ; & Ha-2, B, Ha-3, and O, K-901 (control strain).
The fermentation rate at 30 C was 7.6 of Ha-1, 5.6 of Ha-2, 3.2 of Ha-3 and 7.3 of K-901 (control strain),
respectively. They were calculated by the slope of CO,(u L) produced/ min. byl % 10° yeast cell.
The error bar indicates the standard error(n=3).

5. MBAAHHBRERS (L 2 EALKRORE L, FHtomEzieT 22 & v BRYIZ, K901 %
SrHEL 7BERE, MRS Hal ROWEEEEZ S A0 SFERIC Ha2 Bk %2 S INA THK 500 g /AR E 47

524 B i (2023)
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Table 5-A Composition of resulting saké
NS Alcohol (%) Acidity (mL) F-N(mL)
Ha-1 +5.7 £0.08 151 £0.08 3.6 £0.08 22 £0.12
Ha-2 +55 +0.08 150 £0.16 3.9 £0.05 2.2 £0.00
K-901 +58 =0.16 149 £0.16 34 +0.08 24 =0.05

Abbreviations : NS, Nihonshudo, saké meter value ; FN, Formol nitrogen (Amino
acidity). Numerical values are averages of three replicates and * standard deviation.

Table 5-B  Composition of organic acids and flavor substances of resulting saké

Lac Mal Succ EtOAc i-BuOH i~AmOH i~rAmOAc Et-Cap
Ha-1 591 *62 616 48 724 £38 ]1541 +0.00 | 58.27 *£0.03 [170.75 =1.18] 0.71 =0.04 nd
Ha-2 532 =49 636 +56 777 £29 [1355 +0.16 | 55.16 *1.61 [166.30 =£1.97| 0.03 +0.02 nd
K-901 619 =57 572 =76 654 £32 |36.83 £2.55|47.41 +2.76 {13055 +1.04| 3.74 =064 | 1.80 =0.00

The numerical values(mg/L) are averages of three replicates for organic acid, duplicate for flavor substances

and * standard deviation.

Abbreviations : Lac, Lactic acid ; Mal, Malic acid ; Succ, Succinic acid. They are the main components of or-

ganic acid in saké.

EtOAc, ethyl acetate : i-AmOH, isoamyl alcohol. (3-methyl-1-butanol) ; -fAmOAc, isoamyl acetate (3-methyl-

butyl acetate) :

EtOCap, ethylcaproate (ethyl hexanoate) ; nd, not detected (undetectable). They are the main flavor compo-

nents in saké.

2726 W. anomalus T % Ha-3 1%, REREEED» S L
W72, Ha'l, Ha2 & b ICZEHAA DB ZIERIZ5%
Baw, FYOHICEREI Lo, 127, BRES
8 TUTIZT 5 & Ha2 i3 ZEEAEL 72 A AN B -
2o UL, HEED 10 CTRZFOBROBRSIRE
A310 CTOMERICHEA FilF 5 2 L A°TE, Hal &
CHa2 37 va— V5% 15 B EARSE2 2L
BT&E7, F72, Hal, Ha2 & b ICBTEEL K
TAHZEEhDolze LTFIC, #K500 g CTHEER
(EEHEAK 38 g BERE 18 CTSHMOER) %
M7 =BtHAHR OB T, REimE 10 T, 22~28 H
HICEME L 28BIEO— %5 % Table 5-A 12, &
LA & BRI O WTHER % Table 5-B 1R T,

TIVI—=N53150 %x BRI B L2720, BBH
BaENn 1 Hal T26H, Ha2, 28 H, K-901 i&
2HERo70 BRI, EHXOBITORETH
HENENDOFELF Zd Ha-1 53279, Ha-2 %5280,
K-90112278 TH Y, —MmdhmmE {Hiz s
CENTELDDLEZ . ZO/NMAREBTES N
72 E T A RRIR & B SS O AT R Table 5-B (2R
TEBYTHLH, K901 & HE LT, Hal Ha?2

Ll E F 71 B

LB VT, INTEBEPESAERSN, LI
Ha-l TIIZIZFE L, Ha2 TR 2ENI LD h o770

$72, BRI, K901 I2H~_THal, Ha2 &3
WKCERTATVEOERIIA R, BIoh 7o vEr
FVRBEBENGD o0, A VT INVTLI— i
2~3HEBEZVE VBRSNS —F, B
TFIVOERIE Ha-1l, Ha2 & K-901 & T X 738
HONTz RERE CEREEERK) RHELLS O ILE
ERIIZE o TRELEDL I LIZFHOFEELETH S,
HH P, BERERER K-1801 0B - B0
BEWHH L CVWEHRT, 770 BT LR T
VEE, ELAERBEIARIL > TRELEDS
CEERIRLTWS, F72, K1801 21fi-Cd, » 7
ORI FOVA10 mg/L L EER S N2 D 5 —
7,2, 3mg/L LR LAZVWEEL 223 &
CHIDNTWABHETH ), BoONBEEL X040
W&o T, BRESERESOBIZESTHZ L5,

Ha-1 % Ha-2 l2 2\ T OB MR EH RS DM R4
WEIZOWTIE, REEHLOBEEICE T, S5%F

A SNDRERETH L EEZ D,
BRI 7 — & & Table 6 12F L7278, TitE
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Table 6 Senory evaluation of resulting saké

Class Panel Ha-1 : Ha-2 4 K-901 -
number Taste Aroma | Quality Taste Aroma | Quality Taste Aroma | Quality

Whole 17 2.29 2.29 2.35 2.88 2.94 341 2.65 1.94 2.53

0.772 0.849 0.931 0.857 0.827 0.712 1.057 0.966 1.007

Men 1 227 2.45 245 2.64 2.64 318 2.45 1.73 2.18

0.905 0.934 1.128 0.809 0.809 0.751 1.214 1.009 0.982

Wemen 6 2.33 2.00 217 3.33 350 3.83 3.00 2.33 3.17

0.516 0.632 0.408 0.816 0.548 0.408 0.632 0.816 0.753

Student 10 2.60 2.40 2.70 310 310 3.40 2.90 2.10 2.90

(Young) 0.843 0.966 1.059 0.876 0.876 0.843 1.197 1.101 0.994
Staff 7 186 2.14 1.86 2.57 2.71 343 2.29 1.86 200

(Aged) 0.378 0.690 0.378 0.787 0.756 0.535 0.756 0.900 0.816

The sensory evaluation was performed by 17 panels.

Evaluation score means 1, excellent : 2, good ; 3, satisfactory : 4, conditionally passed ; and 5, failed.

The student panels were composed of 6 men and 4 women in their 20s.

Staff panels were 40 to 70 years old. Five of them were the authors, who were expert panelists and the re-

maining two were women.

The numerical values are averages of evaluation scores at the upper line and standard deviation at the lower line.

THlRTE72HEEZ N ESD

PN

E He

T =5 TH Y,  HBRDPol. —F, BROFMIE, K901 bEHnd o

AR HERE T OSSN T VB Z D, Ha-l Tl&, A b »oHERT LI, Vo I8
BOLNT, Thbb, 28RV 17412 L 5T MENZEIZLBEBDND [Foh ] iz h
i, B IEEFERTATFIVEAOERISE W K901 O 72EBbND, K901k [HREW] o3 x> 2sdh
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Fig. 4 Progress of main mash fermentation

Oimizu © water addition to control fermentation.
Symbols are @, temperature : O, baume degree ; 4, alcohol
content ; &, nihonshudo value : <, BMD value ; and 4, acidity.
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Table 7 Components of commercial saké
Junmai Ginjo genshu)

NS Alcoho 1(%) | Acidity (mL) | F-N(mL)
-2.0 15.1 1.64 1.0
Lac Mal Succ
333 325 351

EtOAc FAmOH FAmOAc EtOCap
214 158.8 0.7 nd

Abbreviations are the same as those in Table 5.

o7z, BREWC LiL, BRBIRESE (F4) LER
& (BB : Staff) B CEMICENRONLZZETHS,
BUHEIEK, Y, BEFE (Quality) & 12 Hal X
DKL ZELFFMLTBY, —FTREEFVTR
DOEHL Hal D2 BWEFHHL TWA%, F0%E
S, N YR (RERZE) K&V, FEH
(Staff) 12 bREBRDOMEMAR S, K-901 D&Y, Hal
DRI LT OBHREICEVEHiz 52 T b, Th
SR LT, Ha2 233 % Fliid &% 12K 2 - 720
P FEOBEERIIMAT, T—FI3RE o720,
TTC O Fmikid Ha-1 XU Ha-2 %, Ha-31dHTH
o722 &, Hal, Ha2& $12K-901, K-701 w3 1
LT FT—EERI NI EPFER I N2 &
75, Hal EEOBBLICHWAZ L TEDLH
THD LHRDOIT 720

6. XAMtEE

FEBFHE 10 1R T HET, Hal % Flv 7242k 200
kg OEEEMAR T o 72, BMIE, HB T TORRY
HNERE - BT 55 W, P - AT 52 BT A
D, BEEARZNZEN26 %, 243 % Tho 72
BRI, 3~5 HEE TBAANEZITY, 4HH®
EEAR—A12152, THHORSEEIL22 T, B
iz 2x10mL T, SHEIWZHUT, 4HOHES L
I 2 B> Tl L7z,
BBoaiifEd s F Mo ZElbx Fig 412 Lo T
9o BMD 2 & REIIIEFICHER L £ 2T
WL, KA OREERL 0, 17THHEIZ30L, 19
E20HHIZZENZNI6L, 22HBIZ17LDEKE
To7ze 7B, /MERARRBEOIETS SNh, #k
200 kg DHEAAIZB VT Y, Hal 3B TEEY TR

B8 A F 715

A Loz, 23HBIZ LM AT, Table 7
VRS EBE 25T, MORISERIEIE & L CRELL 72,
BRI, BERRA V7 INVRDOFEY R IIONIEL S
bOD, BEEHE LTEFEINFEDLOTEZD, b L
WA, R TR LR ROFE L L T bT 5
ZENTE

C: 3 )

FORESN OFEHN IR L 72 1 B T < LN FINTF 2
L 3MRDOBEETE, Hal, Ha2 % "Ha3 % 58 L 72,
rRNA BIZFIZ BT 5 ITS $HI OE IR A 5 Ha-1
& S. cerevisiae, Ha-3 1% W. anomalus & [F5E L 72,
Ha-2 13 S. cerevisiae L $EiF OB E B b b8,
BATREETEY, RHEL Lz, WTFhoREkd
15% (v/v) o7 va—VvEEm L. TTC §f
it Ha-1l & Ha2 2%k, Ha-3ldHTH o720 $72,
Ha-l ® 30 TI2B1) % FEREEEE 1 K-901 & 13T %
TdH o 72 Ha2 T X & D 77%, Ha-3 1 Hal*®
K-901 @ 44 % & M > 720 Ha-1 & Ha-2 {3 K-901 &
K701 1239 2% 7 —MbrEd ooz, LED
FERD S, Hal BRIZIEEREENOERLA TR L &
A, Ha2 %% b2 T, K-901 xR & L TR
AHABRITHE L 72 ZOBBIEO K5 & BRERHEA S
Ha-l 3 EHME LTz EHBTLA, Lo T,
Ha-1 % FvCTHEOK 200kg D LA AR % 1TV, KIS EE
JRiEE LT bT A2 LD TE T,

s

AVNMNFNFORBFICE L CEERISRETE
% TIREE o o E N A B HFEhss, B
B rRNA BIZTFOBMTICE L CEEL2IER LD
FEL WA FREREE TR C8E (3, (&
) HABEHRASERE) CECESVEZLET,

F72, 2018 4E~2021 FEI2 b7z ), FEEMIE R L
TERIEDVBEELT - AHLTINAZI9%D
SFEFBICHLCE, UTICRAZE L CHELERT
LRETH Do

HIE B, BILIE, MY E, =8 B RSt
(2018 1), KT, WILMEE BIR % @&
B#ETy (2019 4RHEE) o #TIF=Ealk, IEE A, &3 M
IR R A (2020 £ EE) . K &, KBHIE, WTK
#Jh, EREEA, MOESE, hEUE (2021 £E).
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