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Studies on Sake yeast (VII)

On the Significance of “Nukumitori”

Teizo Inoue, Yoshio Takaoka and Shozo Hata
(Tatsuuma Honke Sake-brewing Co., Ltd., Niéhinomiya}

In order to elucidate the significance of the “Nukumitori” process, (raising seed
mash temperature artifically at latter period of fermentation), an experiment was per-
formed by utilizing the determination method of alcohol tolerance of yeast which has
been described in our previous report.

We inoculated the weak tolerance yeast in the model seed mash especially prepared,
and after fermentation isolated the yeast from the mash.  Afterwards strains isolated
were examined for their tolerance to alcohol. '

It was found that there was no difference between alcohol tolerance of the inoculum
strain and that of the isolated strain, and that the tolerance would not vary by cultur-
ing in a natural medium such as seed mash.

When two yeast strains, having high or low tolerance to- alcohol, were incubated
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in seed mash, and the “Nukumitori” process was maintained at 30°C for 15 hours, total
counts of yeast in the mash decreased to 67% as compared to the count before Nuku-
mitori. In this case the high tolerance yeast decreased to only 75% in count, whereas
the low tolerance yeast decreased to 45%. We supposed that the operation of Nukumi-
tori was effective in eliminating the lower tolerance yeasts.
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kb, HEME RRER2FERIES CERIDTHIKL, »OBRZEBPL7 V2 — VT UTEIEL, #&
LRBERCHEET S E0S 2 EBNDbR TN AY,

BEROBEBERIICIS O THRERZ BT 5 C &3, BREARCHT 2 EFNEREDOEIIT, & LR ORI
Wi, WEEEIOEE, SROEREDRLLE, BrOBEVBEALLONS. ,

BRCBOTIE, ZBEEOBBHROBRICOVWT, AFL 75 2k 2RORVBEINT A 056, Ml
FROBEINEL LETFL, DWCRZNEHEIET EABE L REN 5 L 5ot EHLRMEOUME
FO 73—~ VIHRITE T A L D, S A E D BERIEICI T A EROAEFRERPEIC OV TRE 2 INA,
ShBTEHRLVEATLONTE, COHECHEOBERTOOTHERLI,

£ B 0 3

mj

I “B<HED” BEICKEEE

PERHTH U BAREO/EFCH LT, BHAARKTIFORE, 73 —VOTHE FIZEWT, REZHIT ST &3,
X S ITHRE S A C LT AL LR, IZDOFEBRMRLVBZCHBRL S B, 20, 9 RlALED”
T3 %GR & IR OBRICOWTER 2 T2,

A, ERITH

1) HEAHE - W E UT/NEBEOERER 2R Uiz, $78b b, $235g, 5 X O R/K690ml (R FPLEE
5.75ml%5tr) 2IA T, TI/KER I, TAUTDH S Ui 0mIc 3 U - OO A %2 A,
2 RIS IEKAT0g 2 INA . HOAREI324°C, 45BN X, SMRIR23~24CitRo, T2RIREE LR,
500mlD L FIC250mIBENTE L, ZNZNFED al A s h” WERSA, 155HZ DREITRO TR,
2 CETHET S, LD SICLTELNIZRERBERIC OOV THIE 2 1T/s D1,

AL AE D" EAEI23.5C, 27.5C, 29°C, 30CH LOB32CHOOFEMETH 5.

BESAEERE © 5 1D 10O TS UT BB RERE S b 208 LTCERED 5 BT, BB L V7 v a —ViiftE il
WSKT72% Nz, '

ST | BERRNL, TOTEASED 0 v = —KOREIC L bk 1z, $ab b, HERRERSRELIIO
5, 2010ml%4gY, BEKCTHEDOEE T CHIRT 5. ZOMRK | mDe>TA b VIIKIEA, RRHC
BEK 24, 28°C, SAMBEL, HFUao =—HEPHE U, BRI | mIO@ETRUIL, TERRT
U5 ~10fD < b ) % N TITRY, ZOEE2 $>Tae =—FE L.

— ML, BREHETHRZ DRI OV TITED1

B, EEER

WD L ALY BIENBO—RPEEEIE Table 1 (T/RY, Th 5 DOOHHHEIL, BB\ TEROW
FEE R LT, MLIENMEZTRTUANE, TR UIl2R LTS, ‘

¥ 7o®ERPEUE Table 2 1 27R9,

T 20b bRLIEFOETFEEEL.3x 10° /mliz, —ROMEROZNL DT, LRENMERRTY, KB
T—HUIEEVBB O EEL NS, ’

F 7 Table 2 JURIN A X 51T, TOBEOHIRICE T 2 FEFEE, SMREFOBVNEDIRE, HFX

NI | -El ectronic Library Service



The Society for Bioscience and Bi oengi neering, Japan

550 L OHT, BE MK B B (I 40 %, 1962 4
Table 1. Component of seed mash before and after “Nukumitori”* stage
Acidity Reducing | Total
“NTiTp"t?)fi” Bé ZA‘LCIO};/Og (g/100ml) Sugar Sugar
S uiumitor VO 70)|(as Tactic acid)| (g/100ml) | (g/100ml)
Before
“Nukumitori” 23° 7.5 10.8 0.570 — —
stage 1
24 7.0 11.3 0.613 11.06 12.80
After 27 6.0 12.0 0.608 9.85 11.50
“Nukumitori” 29 5.75 12.1 0.608 9.61 11.06
stage 30 5.6 12.3 0.613 9.35 10.64
32 5.7 12.2 0.602 i 9.56 10.84

* “Nukumitori” is an operation of raising mash temperature up
to 29°~32°C at latter period of seed mash fermentation.

Table 2. Effect of temperature on counts of yeast cells in “Nukumitori” stage.
“Nukumitori” : for 15hrs.

“N’{'lelz?féé:gri” Counts of colonies Average h;::;?egeﬁg I};;i)o
Nukaoori” 23° | ?gb, 9?63?4’102?’ 100, 100, 9.2 | 1.24x10 100
stage :
, 2% .98, 100, 106, 108, 110 104.4 1.3x10° | 105
Afier X 27 . 94, 97, 99, 100, 100 . 98.0 1.23x10° | 99
“Nukumitori” 29 85, 86, 87, 91, 92 I 88.2 1.1%10° 89
stage 30 73, 77, 80, 82, 82 | 788 0.98 x 10° 79
32 56, 60, 62, 64, 67 | 618 0.77 x 10° 62
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IR LIz, ' o
I %l HED” RIEICLIBBOMRK S 08
L IR O — % VIS TH 505, 2 FELLE ORISR 06l
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] Fig. 1. Relationship between
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PEELIZE X, RO LA E D" FIEOBEROSFEIREED D> and numbers of viable cells.
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SH202%:, SH26RE% B T2 8RE L b 438 U2 BERED 7 v 0 — Viitic o4 5 Bk iz Table 3 1 ORd. C
NoDRERED S, SH202/TW 0 Td, 72 SH6 20T, MEEK WKl » ARBEA8D) &, 2h
5% FOUBEHCIRINE RSB L2 O & DI, 73— it TIIE A EEREBED LW,

$12, BERERNEFVERLD, SEEINICEEO7 Vv a— Vit EE Th oz, SH202ZBRESINER: &
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Table 3. The tolerance of the yeast isolated from model seed mash to alcohol
Medium : containing 119 alcohol Temp. : at 29°C
Growth of yeast in the medium containing alcohol was shown
by optical density (—Log T) with 10mm cell, 660mgu.

SH202 SH26
| Optical density Optical density Optical density Optical density
Colony,  (—Log T) T) | Golony (~Log T) Colony (—Log T) Colony| (—Log T)
No. §5daw’15dmm1 No. }Sdmmslﬁmws No }SdaWIISdaw No Sdaw)Iqum
1 | 0.052] o.046 | 11 | 0.045] 0.040 1| o240| 0.245] 7 | 0.275| 0.265
2 0.029 | 0.026 12 0.050 | 0.047 2 | 0.320| 0.305 8 0.315 | 0.335
3 0.048 | 0.042 13 0.034 | 0.033 3 0.265 | 0.285 9 0.240 | 0.265
4 0.031 | 0.029 14 | 0.025| 0.025 4 0.240 ¢ 0.240 10 0.285| 0.275
5| 0.057| 0.055 | 15 | 0.030 | 0.025 5 | 0.220 | 0.210 |7 T
(7; gg:(; gg;g 16 0.033 | 0.033 6 0.285 | 0.315 12 0.325 | 0.335
8 0.030 | 0.026 17 0.036 0.035 Golony No. l ~No 10 1soiated from seed mash
9 0.035 | 0.030 18 0.026 | 0.025 No. 11, No. 12 : Control (stock culture)
19 0.026 | 0.025
10 0.038 0.035 20 0.030 0.030 Non-Inoculation
e s e S Optical density | Optical density
Colony No.l ~ No.15: isolated from seed mash Colony (—Log T) = |Co ony (—Log T)
No. 16~ No. 20 : Control (stock culture) No. 5days ; 15 days " Sdays lSdays
1| 0.240 0.255]! 6 | 0.210] 0.245
2 0.285 | 0.315 7 0.340 | 0.370
3 0.200 | O. 180 8 0.285 | 0.255
4 0.220 | 0.190 9 0.240 | 0.245
5 0.220 | 0.200 J 10 0.245 | 0.245

2. 7O~ itERRICT AREKOIET A A
LRIOEBRER LY, 7 a— it —DDHEE LT, BRO% L5 D EEL, iYLt
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Isotz, HHARKE28C, 8T CITBAIL, ZDREICTEMCENT, HIAKIGEERITEMA DS, 72
R B OB R, FLERL L T0.484g/100mlTH DT, BNARAKTHRIOBEE LTI, ROAETH AT, %
B (30%) |.2ml%ini, ERE%0.56g/100ml: L7z,

ZDDL, V&P 2%, IO RBIOSERTIR0, BO—8id A s b BIERITR 512
DA 230°CE T Y, UBKEIEE 5] a‘df%OLODB, RO BE 21T/ 072.

PLEERE - KERDBMD "R AL D" BT L 2B OBKRBOMEICH 5 12, (LEdMEHTE, iEo
HVSKT28E &, it DFIVSKTIBR R A TS, MRS & BT30ml% Pl THTEEE 2 17780, 48RS DL
B2, WAEER S OKBICRIMUI., COBROEBRIILAI2HOTHRELIZE 5, SKT2 Hi3EEE
£010.2x10°, SK73Kki38.5x 10° Tz,

YRR 7 v 2 — VY - B OSBRI & AR TH A, NINBBIERIEOME X Y, %k 5 HD~
b~ HOTERGEE R T80, AUTCae = - h) 2REEPEH L, FoBREROBRO S ETH
WIZRPY —[HD 5 5, %x 1S o>%ERICHY (Table 5 12/Rd, OFIZMULIZARNY —) T Lb&x
40D 2 0 = — B EEIGRATHE LI,

SR UTCBRRD 7 oV 3 — Uit RER T A L ABHICHIREE L, 70 3 — VIRINBHNCHERE LI, CDE XD
Tova— VRIEI312% & UI2hS, T OBMICIWTIISK72HuI 08 Uid % 55, SK73RKIBIE LAVS VLD T, i
EPXB UGS b DEEZBA S,

BEE OHHERR I3 LN T, Smm cell, 660mu DY E DWARECR LTz,

B, HEMER

EFVBEEHCET S L AL D" BERL, B LORONZE GIZ Table 4 (T3, Be 2300 3d g
— MR DR & K OREH 2 Tz,

FICBRIERIBR OB FERGEUE Table 5 (L Thh 3 & 518, 67%ICE THIDT A, COEFEERL, H—#EEL
TR ot Table 2 OFERITISI 579%ICLE~h> 72 DN IV, CAUSAIEERCER Uz @ikkDs, IRl givk
LSRR 2R LD THOT, URMEHOEHTERICERDS B L PR INS

WD R, 73— Vit % HEZ e U T4 Table 6 3310 Table 7 @Ry, $2dh

Table 4. Component of seed mash before and after “Nukumitori” stage.

Acidity (g/100ml) | Alcohol| Reducing Sugar| Total sugar
l (as lactic acid) J %) | (g/100ml) | (g/100ml)
Before ‘ l o
“Nukumitori” l 0.568 10.4 — ! —_
stage | | i f
After | ' : i ;
“Nukumitori” | 5.3 ’ 0.590 P 12,5 8.84 | 10.08
stage | L |

" Table 5. Number of yeast cells in seed mash before and after “Nukumitori” stage
Conditions in “Nukumitori” : at 30°C, for 15 hrs.

Counts of colonies | ' Number of Ratio
f _in Petri dish | Average | yeast cells (%)
Before | | B} T
“Nukumitori” | 57, &, 61, 64, 64 | 60.8 1,52 x 103 100
stage ‘ ‘ i
B After ) ’ - S
“Nukumitori” 36, 39, 40, 43, @® ! 40.8 1.02x 10° 67
stage i

O The strains selected from these agar plate were determined
for properties of tolerance to alcohol.
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Table 6. The tolerance properties of the yeasts isolated from seed

mash before and after “Nukumitori”
Temp. of “Nukumitori” : at 30°C, for 15 hrs.
Medium : containing 129; alcohol

Temp. for alcohol tolerance test :

at 27.7°C

stage to alcohol

Growth of yeast : shown by optical density (—Log T) with 5mm cell, 660mu

Before “Nukumitori” stagc After “Nukumitori” stage
Colorny v —Log T Colony —Log T Colony —Log T | Colony —Log T
No. Sdays | 10days No, Sdays | 10days No. 5days | 10days No. | 5days 1 10 days'
1 | 0400 0480 21 | 0.380 | o. 40| 1| 0345 0540 21 § 0.275 | 0.500
2 | 0.420] 0480} 22 | 0.380| 0.475| 2 | 0.120| 0.470 | 22 | 0.315 0.520
3 0.280 | 0.450 23 0.305 | 0.470 3 0.370. 0.515 23 0.470 | 0.640
4 0.310 | 0.450 || 24 0.275| 0.460| 4 0.370 | 0.560 24 0.440 | 0.575
5 0.360 | 0.470 E! 25 0.280 | 0.415 5 0.095 | 0.090 § 25 0.220 | 0.520
6 0.330 | 0.440 ‘ 26 0.320 | 0.450 6 0.340 | 0.550 | 26 0.450 | 0.600
7 0.390 | 0.470 i 27 0.120 | 0.360 7 0.380 | 0.540 27 0.430 | 0.570
8 0.355 | 0.450 i 28 0.045 ' 0.038 8 0.375 | 0.470 28 0.215 | 0.465
9 0.400 | 0.480 | 29 0.080 : 0.075 9 0.385 | 0.570 29 0.420 | 0.590
10 0.210 | 0.400 30 . 0.055 ©0.045 10 0.350 | 0.525 "% 30 0.345 | 0.530
11 0.145' 0.410 - 31 ' 0.095| 0.085 11 0.210 | 0.400 | 31 0.340 | 0.530
12 0.270 } 0.430 © 32 0.032 | 0.038 12 0.295 | 0.460 32 0.06 0.07
13 0.380 | 0.470 ; 33 0.085 | 0.080 13 0.460 | 0.600 33 0.06 0.06
14 0.410 | 0.475| 34 0.038 | 0.033 14 0.450 | 0.600 34 0.06 0.320
15 0.215, 0.425§ 35 0.095 | 0.088 15 0.510 | 0.680 ?g 35 | 0.06 0.320
16 0.235 | 0.400 | 36 0.045 | 0.040 16 0.270 | 0.510 | 36 0.05 0.04
17 0.320 | 0.465 ! 37 | 0.048 1 0.045 17 1 0.285 | 0.510 37 0.05 0.04
18 0.290 | 0.440 © 38 | 0.085| 0.070 18 | 0.510 0.640 38 | 0.09 0.450
19 0.3651 0.470 39 0.158 | 0.330 19 0.530 | 0.660 39 0.06 0.05
20 | 0.135¢ 0.410 { 40 0.058 | 0.070 20 0.370 | 0.560 40 0.05 0.05
Table 7. Distribution of the yeast in the seed mash by diagnosis 5, IRBERIOMYT
of alcohol tolerance befor and after “Nukumitori” stage EHROHHIZ70 : 30T H
Tolerance to alcohol Counts of Ratio 205, BVERFTED1 %
shown in table 6 colonies | (Srong : Weal) 1y, 80+ 202 71 b 3T
«Nukumicori» | Song (over 0.25mg/mi 28 70 : 30 BRI DS L
stage Weak (below 0. OBmg/ml) 12 TNB T ENDS
“Nul?ufrtx?ftori” Strong (over 0 25mg/ml) 32 80 : 20 F I EREEED67% F
stage Weak (below 0.08mg/ml) 8 TR LULTOAT EDD,
! | T DA% Dol
Nemerl | e | Yembeal [ Smb o esovmier
g T S e TR DERFFERIZKTS
“Nukumitori” 1.52x 10° | Strong . l 06 x qu ] 100 . %& 75, BRI
ame o Weak [ 06100 100 s e ko NE
“Nuﬁggmﬂ” 1.02 % 10° | Strong | 0.82x10° } 77.5 JR U SK72 % fu,
stage : Weak 0.20 x 10° 45 F— "l AaEh” &4

" TITzbN BT L b
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BoNIBER%E I -BULTEH, AEBRBRORZ YA ERZRLTNEEERS,
# -3

PlDL ST, HEE, 73— iEERBRAECL ST, EEERPOBMEE LU TRESRL L BBOEE &
OBRIC DN TRE 2 MA T2, b bAABNEREEICHN T, FERICERSRTFD, HITEHEL, 2150
Bd BV, HENZRD, HHEOBLE U THEYONIDIITH S,

WEED Al AL D BEOBERCBEUTIE, H#E (F& UTIHBE) OIFEESEL LHHA SN TSP,
CAUTEE UKL, BEIZPLEE0.77%, 7 v a—110%i2is T, 15°C3 |, 20°C 1 B CIEBEIISER L, T
#20.5% 1T E F3huE, 7ora—n10%, 200C3 HRCHFER UV ERL TV AE, Chick>Th, PEs, 7
wa—i, BEDIFRGICIOT, BEFLRITHT AR LHZT TS L5,

COEBRTERALIZ "Rl ALY OFFIIEEEN0.6%, 7va3—v11.5~12%, REIOCTHA»5, 4
BOFERITH UTIRFET e TH B EEL SN, BENCET 2 ZRIEOMRE, & UABEOEBIKIZNT S
HEcHBEBbDNS. COBERTTROOEERTIE, BEBRERETCOMM, bbb UHER ey
EXiTiE, BRBOTRELPT L, NTINIBOBBELE DT U AN L S IRBUBNET 5 &, »
ADTBEGATEE LRI EBH 5,

FRER I OBECINE, BED A R4, BEOEMACIIOUTHESERGELZ), BRIC
AR E, EERBRREECHOT A ERAOIL. LG LNIIBIEZOE DS, 1017 bICHEE LOMKEK
FUCHUTHEEALLDIRBRTIID 505, —IGBEHOKSE, “RLAHED” FfF L DBI#ICO IRRE2 54
2HDEHES.

EHEAMIZHWOTIE, FTFEZEOVBFALTOAHEICL S, BEO7 v I — Vit Iihs, Bk &V S RO
HyCESER S NT12DIc, W IRELT A0 o0 THRE 2 INA 12, BEGRHITIZERED 7 v a2 — Vi U
WIS BR E 2 2 VBOELRRICED I, Z20MMOBEHRTFIBED LN TNAPYCE XD RT, EELY
SEROLNITEROBESO Y v a— v, M oh T3 WS TER§ ZBA 6N 5.

Ud UAHEROFERIC XU, i oM@ shd, EREEOWELE LT, BRO AV 2 —LD—
DRFALEA T DT, FI2CDE FAEBOMPMEICONTHRE LTcds, NEHEAT, H OB T
HBHITHH ST, BHEOFERICE S BESOEEOMBLEN S INIZZ E 2RDIL.

Sl A& D7 BT X O T B DSHIIRE 5N 3 BIEEHRC OV TR AT 1 A B L h FHILZ
ETATHBY, TFNVEEHESREBAOIIAERICBNTY, BIEROEFBREBES, BIEROBRBITHLT,
TR E R TI3#978%, SEMMED & DI345%DEERE LD, PO NICTHEBEMRKINS L L2RLUTVAS,
120 D& 5 s HBELFM R ToBES, MOBHNCBIEY S N IiEa, YK lag time DIEEMNEA H1,
BORHABZICBNTIE, WEBOSHRRIIISITREBREL A EBHEINS

BRI T 5 HEFEREE, TNTEIT RSB I a0 = —Juc X hHE LAY, ThiRBIL TR
BRIV THRE Lz,

E°S e

BEREOPLER, 7V 3 — VIREEEERICI W T, R OBBEROMED, HLEEBOABRMCE VOBEL KX
BT LB E LN A,

ABECBOTIE, "RLAED” BIFOBRCOWT, &7 VEENC L b4 Ofitt 2 /R BRI 2 U
T, 2o =—FAERC L DR U, 37805 "R ALY BEDRRZZICLTICEDTIEERE L L
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Studies on the Utilization of Fermentation Lactic Acid XVD
Methyl Lactate Formation by the Liquid-vapor Phase Reaction
(4) Pilot Plant Test with Semicontinuous System

Ryuzo Ueda, Masanori Hayashida and Yoshibumi Kuriwaki
(Dept. Ferment., Tech., Facult. Engin., Osaka Univ.)

Osamu Hatakeyama and Toshio Nakamura (Showa Kako Co., Ltd., Osaka)

The formation of methyl lactate using a semicontinuous system on a pilot plant
scale was studied. 200 moles of fermentation lactic acid (mother lactic acid) were
placed in a reaction vessel equiped with agitater (100 r.p.m.) and sparger, and was
reacted with the vapor of methyl alcohol introduced from the sparger. At the desired
time after the reaction started, fermentation lactic acid (the added lactic acid) was
added continuously at constant rate through a flow meter up to 200 moles. The mix-
ture containing ester, water, and methyl alcohol was distilled and collected in a re-
ceiver through a cooler.

The yield of methyl lactate was about 93% under the following experimental con-
ditions: feed rate of methyl alcohol 112g per min., reaction temperature 105-107°C,
concentration of mother lactic acid and the added lactic acid 609, sulfuric acid to 1
mole of lactic acid 5.1 g, feeding of the lactic acid 150 min. after the reaction started,
feed rate of the lactic acid 100g per min., reaction time 10.5 hours, mole ratio of
methyl alcohol to lactic acid 5.4.

The optimum mole ratio of methyl alcohol to lactic acid in the reaction using 200
moles of lactic acid was one third of the run where ! mole of lactic acid was used.
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