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Analysis of sake making procedures accelerating dimethyl trisulfide formation during sake storage

L23*  Nahoko NismBorr!, Satoko YosHbA!, Muneyoshi Kanar, Atsuko Isocar, Osamu YaMaDA!,

1,24, %

Kei Sasakr
Nami Goro-Yamamoro', Tsutomu Fuyt

(!National Research Institute of Brewing, 3-7-1 Kagamiyama, Higashihiroshima 739-0046, 2Graduate School of Biosphere
Science, Hiroshima University, 1-4-4 Kagamiyama, Higashihiroshima 739-8528, *Faculty of Engineering, Hiroshima
Kokusai Gakuin University, 6-20-1 Nakano, Aki-ku, Hiroshima 739-0321, *Faculty of Food and Agricultural Sciences, Fuku-
shima University, I Kanayagawa, Fukushima, 960-1296).

Dimethyl trisulfide (DMTS) is responsible for kineka, an off-flavor in sake that develops during stor-
age. We analyzed sake samples which were donated by sake companies, and extracted and demonstrated 4
sake making factors which could possibly affect DMTS concentration in seke after 7 days of storage at 70
C (DMTS-pp) : differences in yeast strains, differences in shubo (yeast seed mash called kimoto or soku-
jomoto) making methods with or without of the addition of alcohol to moromi, and differences in moroms
pressing methods. Small scale fermentation tests and comparisons of sake commercially made with similar
conditions except for shubo revealed that the differences in yeast strains and the differences in shubo
making scarcely affect DMTS-pp. On the other hand, we found that the addition of alcohol to morom: de-
creased DMTS-pp, probably due to a dilution effect, and that DMTS-pp decreased more than the dilution
ratio. Also, the pressing process of sake mash was found to affect DMTS-pp. Seme (later fraction of sake
obtained under high pressure) has a higher DMTS-pp. compared with arabashiri (free run fraction) and
nakadare (middle fraction). In seme, absorbance at 260 nm was higher than that of arabaskiri and na-
kadare. These results suggest that yeast cell leakage may affect DMTS-pp in seme.

Key words : A F )V 1) A7 4 F (dimethyl trisulfide, DMTS), Z%& (hineka), HBEEETIE (sake mak-
ing procedures), 72—Vl (alcohol addition), _E#E (moromi pressing)
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Table 1 Sake samples used in this study at regions (A) and classification (B)

(A) (B)

No. of No. of No. of Ektka
Area of Japan breweries samples Type of sake® samples  Kimoto®  jikomi
Hokkaido 2 4 Ginjyo 7
Tohoku 5 10 Junmai 31 6
Kanto 6 11 Junmaiginjyo 13 1
Chubu 14 25 Honjyozo 12 2
Kinki 6 13 Futsushu 17 2
Chugoku 4 9 Total 80 9 2
Shikoku 4 6
Kyushu 1 2
Total 42 30

*Classification was based on the standards for the labeling of the fermentation methods and
quality of refined sake defined by the National Tax Agency, Japan.
"Number of samples fermented with kimoto seed mash, a traditional seed mash made with

lactic acid bacteria (kimoto).

‘Number of sake samples fermented with liquefaction mashing (ekika jikomi).

AUHESE, MESELHBEOBVwY VI 5E -
FkB A 3R DMTS B & E AR AR *0
LB EPHELE R0, 72, DMTS ORIEEHE
& LT 1,2-dihydroxy-5- (methylsulfinyl) pentan-3-one
(DMTS-P1) 2REE SN2, —7F, DMTS DLk
OLRT SZIEZDMTSPIOEEWCMZ, B
DMTSPLEETLBER LEE TALBEBEILIC
DMTS DA LA T SHEL B L N0, HilI
FEENDMOPOESVHET S I EPRBEITW
58, Haid, BALHETHEESL-EERE Y H
v, B & ST E L SRIRER, 70T T 7 HHREF
(&% L) L7 0 DMTS g% (DMTS 45
RF V¥ vV :DMTSpp) "% HWEHKE L-ER
JZHT B UF Partial Least Square Regression (PLSR)
AT E TV, BEEROBMBLERORREIC LS
DMTSpp PHERPRBINDHEREH2. T/, B
BORBOLELYBRNL, BEAEZDORBN
DMTSpp % BT 2 Z L xS L2 Y,

FHZE T, BT Y ML L AT LTV
hoiz, BROBESL TNV I—-VEN, LEEEDE
Wi 2ER L BEER L DMTSpp & DOEZE%E
BEMICEBAT L, 7 a—VEinekiz & 5 FR0H
DL EICBRE O DMTSpp # T A%IE N H 5 2
L, FREROFEDES T DMTSpp 235\ 2 & % FEiE
L7zDTHRET 5,
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1. BEMBINICAVEESH
FREHRATICH W 22 FERENCIE, RO CIE L
EEAEE 2 72720, BELHERICREN S -
7270 Y THRA L RE s HEEDB L L DIC,
BT # ¥ [F &%, Smirnoff-Grubbs ® EH R EIZ L ¥
DMTS-pp DSHEWR IS B 1 A% RV 72 42 41 80 OER
# (Table 1) %z, 3 & FEICERAARER
IR B, ETREBROBEL LRSS, #
DHFREE (BWB,ERED), BROHKSE, 4
AHKOTER (FEADPBKD), LHEAERE EOHEM
ZEEILL 7,
2, BEEROSEERERARBRICAVAEEERDOH
H
TRETEMT 2 IR EAT V 7 b+ PASW Statistics 18
(IBM #t) %/ L7z. SMEHENTICT D2 BEIRS
NARBBEEZEZONAHRI0 U EDERAE RSB X
312, BELAEAERECHRBERE 2&/IcE L
®, $£FO DMTS-pp OHRMES LB L7, EHFEE
FED &S LR AEBEA9 B2 07245 I
VHRAT IS AN 720 BT YT DMTSpp ZIEH S L%
WZ R, REKEERAMMERE L2 VWHIZLA
24 o B 8238 L 72 Mann-Whitney @ U#E (U
W) RV, URED p EAVNSL, »o&EEH

B 1% (2022)
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T DMTS-pp DHFRIEDZEHNLLBETK & WREER %,

EHBRBRETOESERE LTHB Lz, 28, 38
EHRROERIETEFEL, WThicdgInsg
WEEHI B R A S B L 7.
ik oBEIBHKELD [REDHERE] W
ICHTE, 20124E8 B CTEERATRICEES
nNTwa GfEx [EEF#EKR], ZhllfoRES
[—#k] WAE Lo
KoOSEIZFEER ESOMB LY, [HA] &
[#oK] G L7z [HEEEK] % EoRZEIZFEK
W lpdnoizizd, BFPHLEN L.
ROSEIFEHEZORKICLY, BEETHLVE
A0S [HBR] GEBhomETb ) refkoi)
L TRamE] B OmET D) SR E)
N DA
HHBRORRKE [PV IER] L [&1)
P9 BRUAL] @ 2 BV SIS EREER
DRFC BV TREHT TR B L Az
HE &2 75R] 0215 [&xHdwv
5% 015 HED2EFMDOARTHY, o [&rHh
W 7ER] T DMTS-pp O FREL 204 ng/L &4
REOFRED 194 ng/L L RKEREBEIR LN LD
72728, HY(EDS 142 pg/L LW [ 29D o 5
BRI IWCEB LI 2B, 2990 98%] 103,
Eryvvog (K9, &2 901%5 (K901),

REAEERE, KA-1, KAA LREBOH o 7-RABEHHL,

FNUNTEREVHRE SN TWAEBE [ 90
WOBERUA KA L. BoT, TERER] ©
RRORHBIEN > A L.
BEEOSAEROERETRESD S bEEEEED
HoikE [MAHY ], Bvkkk: EL2L] L B
¥g, RUBBREROEEFEHE TN ER»
Y ) SO
EREEEL [EBb L] & TE LR o2&
WAL &b, [HEED &) ICITHED & DREH
DHLAEEHE, £D ERIUEORBEOD 2 HEHT
(D ER] CHTELL, BERD L, BEEL B
BALAAR L EBD D 2 FEHE, BITONRP B L
72

M OFETIEBANE, BENUE, {AMLMNR
DOMBEHARETo /2808 [WEHY ] 12, #hll
Mg T2 L] 3L, 2B, KEEOFEBIE

LN H F 2 B

ks LTy, MR LI L 72

TN A= VIERMOBED Z )V — 74T Tid, E@iE,
REgsE, BRBLEROD2HEZ [TV a—-viknd
D1z, Mk HORSELEBOBLZERE (7o
—ViEIE L L7z,

LA RE, TEREHTER] & (H) o24&H
WKCHE L, [ERBBERE] K, Y7o,
NSK ¥ 0 #, & HNTHERE EEE ERaEE%
B, 7ANI T VAFREEEOD 5% A,
Sy, EESME, v s M AEOREO
HHARE (1] a7
3. MEAARER

B DRy, 8K 400 g B O/MERALRERE
fTofze MIBEBIIE®R® LAKICEEZICLL, 1
H1CTohifTwE, REHE15CTL HHERRL
ABE1ALICTOT, 18 B HICELSH (5000
rpm, 5 min, 4C ® % 10000 rpm, 10 min, 4C) T
ALz
4. BRENKEE R IMDASEER

Bk EFE LT/ MEARRB IR T LI L
T2 A ROHAB % T o7z, REOEELXEFAZ 5720,
ek TUARRIKER T A WEAT 106 g BifRIZE L 72 H
IEREL 2, MBI A2A18 HEECIIENRT
WwERERRE L, 18 H BRI 9C CRIE L7z, BERT,
Erirves (K6), xHh»rve0lF (K60l),
Erohn7E K7), &1 »n7015 (K701),
K9, K901, ¥ x ) »W105 (K10), & x 9 »w
1001 & (K1001), & x> H»w 118 (Kil), &9
P 145 (K14), & &) Hv 1401 5 (K1401) %
HL7z
5 ERHEEFEORL D EEOLE

B OSEFEDECC X AREBOMBIT TR, HE
BLE 4 410 & ER OB FEUN OB L EAITIZ
M CEERE % 6 IR L, MITL7z. kLA 6M
i, & x50 001 BEEREE RV 7KK A 60% @
MCKWSEEE 24 (Table 2 A-1, A2), ErHdn9
SRR kA 55% ORIKISES 14 (Table
2B-1), @i 14 (Table 2 C-1), kA 55% @
MIKWSER 14 (Table 2 D-1), #5K44A 50% DOSEE 1
# (Table 2D-2) TH5,

6. HAHADTILI—IVFINHKER
TN A= VIRIMEEEZRBRTIE 1 20/MEAR
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Table2 DMTS—pp and the properties of sake samples with the different shubo-making types

Sake
Shubo-making  DMTS-pp Alc. meter Titratable Amino
types (mg/L) (%) value acidity acidity Abs 260
Al Sokujyoumoto 1.80 184 511 1.65 0.85 N. D.
Kimoto 1.63 18.0 349 1.85 0.95 N.D.
Sokujyoumoto 2.54 18.0 -0.29 1.96 1.32 743
A-2  Kimoto 232 18.8 3.76 2.34 1.39 8.28
Kimoto 5.66 184 2.75 2.13 1.63 9.27
B1 Sokujyoumoto 0.16 171 5.36 181 141 6.98
Kimoto 0.10 17.1 5.36 2.27 1.69 752
c1 Sokugyoumoto 13 20.9 18.12 248 1.65 N.D.
Kimoto 1.1 214 18.56 2.32 1.46 N.D.
D-1 Sokujyoumoto 3.00 174 0 1.70 1.75 7.25
Kimoto 7.60 17.2 05 1.80 2.10 7.61
D=2 Sokujyoumoto 1.90 19.0 25 150 1.40 6.29
Kimoto 495 18.6 1.5 1.50 1.90 7.50

1Sake meter value is a kind of the specific gravity value of the sake.

N. D. ! not determined.

DHAEAEEADIZHT, 1oRkFOTEINE (Tra
— VR &L, fudFhZhicREEERE LR
BINE (K1t %721 100% T 2 — 1164 L) @
05, 10, I5fFBICU-SHKI1t /2D 194, 388,
582 LALED 30 % 7 a—VaERIMNL, HINEE
22 BRI E O X ) A LA, S L7z 4
KONEARDRERE A2,
7. BEBEOFRERE
FEOFRRBR TR ZAVZ S AAHEL22
B O/MEARRER TR KANOEE (L8R
AF VYT N— Gl 19309%) 1HEBEKEMZ T
AWML, DMTSpp % HlsE L7z, HEEHEREKE

100:0, 80:20, 60:40, 40:60, 20:80 DEIEFTEREL,

FRENRFERZE10, 08, 06, 04, 02 & L7

8. LEROFBEOREHNY TV T

L OBBOBIT T, ML THRAAZEX 10
by DOHRAHR 3RO RE V2 BFALAATT NV
I — V5 18% Wifk, MERIEE 69% OAREEET, Y7
& A B ENE YRR CHEYE L BB 2 R I ERAL L
7ro FHEBIAERTH S VES (FEBRERE
B, EF08 kg/cm?), HiAEFENES (LERHE
2 BB, EH 20 kg/em?), KEE2EOES (£
FEBANG 14 BRRIE3REL, £ 60 kg/em?) & L CEAT
L7
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9. REAFRINGER

BEICEALESRZESE A4 3 mg/L FA2E15
mg/L £ 725 k912, B () kx4 +
v 01 mg/ #7212 03 meg/L, 15 mg/Le&%ibd)iz,
bk () KM%k A 4 > 03 mg/L F/2ik 15
mg/L & 725 X3 iU 22%, DMTSpp 2#HlE L
72

10. BP9 R OB RS RED 5

EEO DMTSpp O HIE IS & D FEPIfewn,
70C ¢ 1 BH I B © DMTS & & % Stir Bar Sorp-
tive Extraction ¥ Tl & L 7z. 260 nm & I 6 &
(Abs260) k556 EEET (Nanodrop 41 ND-1000) %,
VD =Rl i = S A== v - AV Ay g e 5 S
AL3 (BEWFERER) 2 HWC, BHNELZ. BRO X
FLY TN —Rai DARBRTRO b 545 % AV
THEEL . HBEOT7 I/ BREEIEEL VRS
FVBTHRSY VN7 B L2, £B8T7 I BN
%8 (JLC-500/V, JEOL, Tokyo, Japan) % H\»Cill
EL7ze ENLSO—RRS S LEER ST TR
GHE Pzt o 7o,

B R

1. DMTS-pp ICERD S 3 FEHEREA DL
KRR 217 L LR OB ORKER, FHRE
DFROEN R CTEFREEEDOBEVICBWT, HBL

BB (2022)
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Table3 DMTS-pp among groups of donated sake samples using the Mann-Whitney U-test

DMTS—pp
median P value
Factors Groups Frequency (ug/L)
. . Suitable rice 39 2.29
Rice for main mash General rice 33 177 0.258
Hard water 13 1.85
Water used Soft water 61 g04 0%
. Tsukihaze 22 2.22
Degree of Koji growth Souhaze 47 918 0.154
R . K9 family 15 142 %
Kyokai yeast family Other than K9 family 48 908 0037
Presence of Takaawa formation no forma}tlon 38 187 0470
formation 24 155
R Sokujomoto 56 157 *
Shubo making method Kimoto 9 390 0.035
With 24 234
Presence of Yodan Without 56 177 0419
.. . With 36 1.69
Alcohol addition to moromi Without 14 912 0.096
. . Traditional filtration press 11 1.46
Moromi pressing method Automatic filtration press 68 2.19 0179

* p<0.05

REFETEESIRDON, FRENCELKE,
ERUE
BHEOBEWIZDOWTR, AEEEHEOLNRVLO
D, ERFZZFNFN 0096, 0.179 & HBHME  Fi
fEDZE D LB AE o7 (Table 3)o 22T, Th
54 DDERDOFEIOWT, ERMICKR 2470
— TR OREIR L B DA # T3 S R o Al
DEZLERHKE Do 2B EREBENZNFN 0258,
0419 L K& » o7z (Table 3)o MOBWEETHY ES
TIRAERE 0154 L RREVWEETH o724, £H
BoORREOETIZLALRONE P o7z, F72KD
S, BERORREEOAEIIETAMOPRECED
HERAZL, PoRBRELIREVERE LS
(Table 3)o 22T, THhH5ODEBEERIFEE
DMTSpp KHE*RIZLTVWATREMIZE N EE 2,
FEHRBEE TR o7,

2. FRABRORFBEOEVIC & 5 HEHB

REH 2 E 2 ) PVER 11 #k% FHiz/MERAAR
BETo7 BXINVITRTIZKIDOBBEED
DMTSpp i 56 pg/L & & TORDFEH D 70 ug/L
&Aoo 72A, K901 Tk 78 ng/L EFHEI YV E
{7 (Table 4), 22o00FBT—H LEedh o7 £

ENTHE g2 E

2, 19V IERDODMTSpp DFEHMEIL 67
g/L T, Fx9h0nIFRUANOFHMHET]L pg/L &
WL TREREEIRON 2P o7z ZHITIEESTK
OWMBPMED tRETL p=0572 L4, HEEIZ
DO oMotz —H, FRLUNOBEREFHW/I-IE
B TIiX K1401 5942 ug/L L & & <, K64%103 p
gL ERmMBB ol AF VYT —FEE Abs
260, b AAHHITFNFN DMTSpp & OB BRI
120392, 0342, 0331 LFHFVIEDHED A S N7z,
TV — ViR E DMTS-pp DA EEIE-0.210 & 48
iz A, &£7 3/ 8iEE L DMTSpp 34
B4R %0558 LB WIEDMHBER ALz, B ED k)
CIHEEBER 1L 2 Bvi/MEARREB T, BEHE
HROZFEDE N L S DMTSpp ~DO AR ZBITF
HHNEDo T,
3. ERENEEODBRWIC K3 HERIR
NEL-BEOEL S 6 MOEED DMTSpp % it
Bl ZOMFR6MP 2HTIIAD L RBEREH
RBBEOFFEBREREBEVWABEL Y 280
DMTSpp &< o 7288, FERICZO2MTITED
EROFH, TI)BENEDo2 (Table 2 D1,
D2 —H, T3I/EBEIENLVIMATIE DMTS-
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Table 4 DMTS-pp, ratio of cells stained with methylene blue in sake mash (MB{(%)), Abs260, moromi days,
Alcohol concentration and Total amino acid concentration in small scale brewing with various yeast
strains (n=4).

(A) Analytical values and correlation coefficients between DMTS-pp and other analyses.
DMTS-pp

Total amino acid

. o . 1 o
Yeast strains (ug/L) MB (%) Abs260 Moromi days Alcohol (%) (mg/L)
K9 56 £ 11 178 = 35 10.19 £ 0.07 175 = 06 196 £ 1.2 2592 = 56.7
K901 78 £ 0.8 292 £ 15 9.84 £ 0.06 185 £ 0.6 177 £ 0.1 2477 = 376
ool M9 G715 23566  1002£020 180 %08 187 % 1.3 2535 + 763
K6 103 £ 1.0 274 + 34 10.78 £ 0.50 218 £ 1.0 175 £ 01 2677 = 114.1
K601 77 £09 245 £ 14 952 = 019 185 £ 0.6 174 £ 0.1 2475 = 429
K7 51 £ 08 174 = 23 10.09 = 027 213+ 05 174 £ 0.2 2475 = 575
K701 8912 220 £ 12 1074 £ 010 215 £ 17 174 £ 0.2 2501 = 67.3
K10 7111 201 £ 21 10.00 £ 0.18 20.5 = 0.6 178 £ 0.2 2442 + 525
K1001 6510 216 £ 12 1000 = 0.14 185 £ 0.6 181 £ 05 2281 + 491
K11 78 £ 06 184 £ 1.1 1045 £ 0.13 215+ 1.0 181 £ 06 2431 = 539
Ki4 6.1 + 0.8 261 £ 27 10.99 £ 0.14 213 %10 177 £ 0.1 2414 = 249
K1401 42 =07 215 £ 20 966 * 0.11 185 £ 0.6 179 £ 02 2208 + 654
Average of other
than the K9 family 71 £ 20 221 £ 37 10.25 + 0.54 204 £ 16 177 £ 04 2434 + 1388
Average 70+ 19 224 * 43 10.21 £ 0.50 19917 179 = 0.7 2452 = 134.8
Correlation
coefficient with 1.000 0.392 0.342 0.331 -0.210 0.558
DMTS-pp
Moromi days is number of days from tomezoe to moromi pressing.
(B) Strains showing significant difference by Tukey-Kramer tests (»<0.05).
Yeast strains D(Mug/sl:l; P MB (%) Abs260 Moromi days' Alcohol (%) Total(;x;rﬁc; acid
K901, K6, K601,
K901, K8, K6, K601, K701, K6, K7, K701, K10, K7, K701, K10, K10, K1001, K11, K14,
K9 K6, K701 K601, K14 K14, K1401 K11, K14 K1001, K11, K14, K140
K1401
K9, K7, K701, K6, K701, K11 K6, K7, K701, K10
K901 K1401 K10, K1001, - K701 K11, - K7, K701, K10, K9 K6, K1001, K1401
P K14 K11, K14
K9, K7, K10, K9, K7, K701, K9, K901, K7, K901, K601, K7, K701,
K6 K1001, K14, K10, K1001, K10, K1001, K, KoL KoL, X9 K10, K1001, K11, K14,
K1401 K11, K1401 K1401 g K1d01
K9, K6, K7, K6, K7, K701, K11,
K601 K1401 K9, K7, K11 K R o K9 K6, K1001, K1401
K901, K6, K6, K601, K701, K9, K901, K601,
K7 X6, K701 K601, K14 K14 K1001, K1401 K9 K6, K1001, K1401
K8, K901, K601,
K701 K9, K7, K1401 K901, K6 K7, K10, K1001, Kz%zgo%wk% . K9 K6, K1001, K1401
K1401 ,
K10 K6, K1401 K901, K6, K14 K6, K701, K14 K9 K9 K9, K6, K101, K1401
K6, K7, K701, K11, K9, K901, K6, K60l, K7,
K1001 K6 K901, K6 K6, K701, K14 Ki4 K9 K701, K10, K11
K901, K6, K901, K601, K14, K9, K901, K601,
Ki1 K1401 K601, K14 K1401 K1001, K1401 K9 K9, K6, K1001, K1401
K9, K901, K601,
K14 K6 K9, K7, K10, K7, K10, K1001, &9, K901, K601, K9 K9, K6, K1401
K1 (lia s K1001, K1401
K901, K6,
¥4 , | K10, K11,

pp bFABETH o7z (Table 2 A-1, B-1, C-1)o ¥  EDODMTSpp &%o7 (Table 2)o YLD XS,

A2 BVTIADLR2ED) B, BERLE  T7IVEBRENEEEOMIIBWTIX, DMTSpp D%
BLTTI/ BEOSV] A2/ E0 DMTSpp HEEAELRD o7 (Table 2) T, EEERLAD
Elolzd, TI/VBELENZVD D 1 HETRER LROXRTENEDOD L7 L LTHRY, Hi50d
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8 1 12

o 1 10
26
)
= 18
g9 o
< 3
34 16 %
=3 e
= 14
“g

| 12

0 0

control 194 388 582
Amount of 30% ethanol addition (L/t of rice)
Fig. 1 Effects of the addition of 30% ethanol to mo0-

romi on DMTS-pp and Abs260.
HW: DMTS-pp : [1: Abs260
Dilution ratio (sake/ (sake +30% ethanol)) of 194L/t
of rice, 388L/t of rice and 194L/t of rice are 0.918,
0.848 and 0.788 respectively.
*: Showed significant difference by Tukey-Kramer
tests (p<0.05)

LHFE—=FD) INT A M) v 7ETH S Wilcoxon
DI ZNEREER T o2 25, HEEREED L
FRTiEp=0499 L AEZIRDON Dol BB,
Wilcoxon DMEDH A-2 DFfED LiddEd & 288
HETHLDE L TH- 72,
4. 7ILA—IVRMOFEOZEOENR

TV 3 — VIRIIE 2 2 2 2 F—D/MEAR b A A
DRI DWW T DMTSpp & Abs260 il L 726
DMTS-pp & 7 )V 2 — ViR AR 1912384 L 72 (Fig.
Do F72, Abs260 b 7V I — VIRHIE AL I S
{7 b, Abs260 DFAEEIET VI —VIRIMI L 5
FIRENEEIZIZR L TH o720 —7J5, DMTS-pp Dk
VOHEIHEMOEELVHEETH 70 BB, T0D
SEUTRT NV I—IVIRMEDEVIZLEAFL YTV
— Y FRD#EITIT & A LR Ao 72 (data not shown) o
WIS, Hil xR EKTHML, DMTSpp % Hll5%E
L7ze KTHML 72O DMTSpp ik 4 L 72
(Fig. 2 FE) #%, 7N I — VRO & R, 5

BT HE F 25

120

10.0 ¢

29
o
T

DMTS-pp (ng/L)
e (o)}
(=] (=)

g
=
T

0.0 1 1
0.0 0.5 1.0

Dilution ratio

Fig. 2 Relationship between DMTS-pp and dilution
ratios diluted by water

Solid line shows measured DMTS-pp. Broken line
shows theoretical dilution ratios.

Dilution ratio = sake/ (sake + water) (v/v).

Showed significant differences in all dilution ratio
combinations by Tukey-Kramer tests (p<<0.05).
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Fig.3 DMTS-pp and Abs260 of moromi pressing
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Hl: DMTS-pp ; []: Abs260
*: Showed significant difference by Tukey-Kramer
tests (»p<<0.05)
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Table 5 Effects of metal ion addition on
DMTS-pp of sake samples.

Added
metal ions  Concentration  DMTS-pp
control 313 £ 031
7n 3 mg/L 307 = 025
15 mg/L 2.85 £ 0.10
0.1 mg/L 290 = 0.17
Cu 0.3 mg/L 145 * 021 *
1.5 mg/L 0.65 * 025
0.3 mg/L 2.80 £ 0.25

He 15mg/L. 275 + 038

* 1 Showed significant difference with con-
trols by Tukey-Kramer tests (p<<0.05).
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