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The change in the kinematic viscosity of kokuto-shochu by storage length.

Takashi SamMuTa, Takehiro TanryaMA, Souichiro OkKAMURA, Aoi HIROSHI.

(Machida Shuzo Co., Ltd, 3321, Ogachi, Tatsugouchou, Oshimagun, Kagoshima 894-0105, Japan)

The relation between kinematic viscosity and years of storage of kokuto-shochu was investigated. A
positive correlation between kinematic viscosity and years of storage was recognized in the measurement
of kokuto-shochu which were stored 0.5 — 5 years in a stainless steel tank at ordinary temperatures. A
similar tendency was recognized in the measurement of kinematic viscosity of awamori stored 1 — 15
years. When kinematic viscosities of kokuto-shochu or awamori stored 5 — 30 years were measured be-
fore and after distillation, no change in the kinematic viscosity by distillation was recognized. When kine-
matic viscosities of ethanol solution (25.05%v/v) kept 54 years in a glass bottle and immediately after di-
lution of ethanol (99.5%) with distilled water were measured, no difference in kinematic viscosity was
recognized. From the results described above, we assume that the cause of the increase in kinematic vis-
cosity of kokuto-shochu in proportion to years of storage in a stainless steel tank is the change in the com-
position of kokuto-shochu by chemical reaction and not a change in the ethanol-water cluster.
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BRI 2 FOWBOR—REICB T L EETR
LIE*YTH B,

BEE, UARF—, T VI EEFEOERIC
EBBEIZOVTREL DHENDH Y, WaE LY
TN LB E BN LG T TRR I N T
Voo RERERORIFHEL #ELTW2HBICE
WTCIETFESIR AP HET A LEND L5, BES T
HATE&2 &) BB ANEFBRRELIN TV,
EEEZICH L TR OB EN T rE b TR
L7

ik
1. B RIER &

BRIy o — FEME SRR (SRR
06 ~ 30 cSt, SeHEAEH) % Hwv JIS K 22837 12 #
Tl L7z, BpREEHIMERMRIEAERERE (S
25, HARZ ) =2 (#k) #) #HVWTRELAZ. 8
MEEICHREEOFEMS ZEAL, 3000 £ 001T IR
o 7ERKAEIC 30 THBERS, HESW-KEOR
TEMEZA Yy 7Y+ vy FTUI0RE THIE L.

ERAAEN SRR R A e — 5 — 28T,

L— Y —BERATAT—I2L ) 38~48 VEEZF
By CHREIL, AiR% 3000 = 0.01CIZR- 720
2. 2 7EEREREOBEERE
ERELRBELENE LTRESY, REFREE
BRI VEEL, AFYLVAARAF—NVEY U 7IE
RTSEMUTEEL-BERNzH 8L LA (Ta
ble 1)o S EEIE L7 BHELEENL, ZIERIHHA
PEITVEREIOKDAF Y VAF—VEY V72
FELZ2bDOTHE, ¥ 07 1 RIZEE—DOFETH
LB B ATORERELRE L THET S0

T, EEEHELENR, YUy TLOWEEROEE
DEFPEVEEZ LG,
BEHIEC G o TR EEICERREMEL, TV
I— V5% 43.00 = 001 %v/v & L7,
3. miaRRATEEOEMERE
RS E T OEERT &V BERER CIFERERK
OES» L REFHEYEA L. BPENEIc /.
T, BURHIEEKEMA 7V a— V5% 4300
001 %v/v & L7,
(1) i 18 IRED, 7TIva— Lol EE 43.95
%v/v, EBEROBITCIX, 1EBY V7 ICHBES
WS hiz e BEL:,
(2) 10 EIFREE (7 ABFRE) © 720 ml#REE®D, T2
— VI SEfE 43.72 %v/v, EEFE RO TR
BRI 10F & Lz
(3) 15 FEFRE (& 7 BFED) 720 ml HEEED, 7
I — VA HIEE 4361 %v/v, EBRRERE QRN Tl
BRI 154 & L
4. REE2 2 7£IINBE N -RERERVEHED
ARENEIC L 3 B3EOTLAE
(1) ZBumE
EHEEFEINEER YA AF— - T F =7
COERFE UTRAFEEL V) KOWTHE
7, DSC (Differential scanning calorimetry) ',
NMR A7 py B2 PEESHIHOLY ) — )
MR IR WL COWBHERICOVWT, =
F ) — VKBRS OEVRYIE & LEBRE L
2% OWMEND B, RHIRIE L FEOWEAEIR
DERIEFBEHMICECTREL, FRO0ERLE
BHICEq 1LITo TEREINDE Y J—V—-KT 5
AT —DEENFREVWEERELENR TV S,

Table 1 Samples of kokuto-shochu stored in a stainless steel tank.

Sample No. Distillation process Years of storage Alcohol (%, v/v) Acidity
1 : vacuum 5.00 443 2.05
2 vacuum 450 443 2.05
3 vacuum 410 444 2.05
4 vacuum 3.30 445 2.25
5 vacuum 210 445 2.25
6 vacuum 0.50 44.5 2.30
7 atmospheric 450 426 2.50
8 atmospheric 416 42.2 2.60
9 atmospheric 3.00 436 2.75
10 atmospheric 2.75 43.7 2.60
38 i3 #% (2015)
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MOREHCE L 2D &) EEKEMAZ, ERICX
0 EPREE & E L.

(2) EHRBHEBEHOSE

Bl GRERGHRS0ES V7 EE, Ale 4401
%v/v), 1B (SRR & FR, Ale 3002 %v/v),
RIS ERBEEROD I BEOBELEAL 15 £

B@mL-b D (Ale. 4266 %v/v, LA 30 EERAFIARE),

Framzsile L,
5 REBGEEIIAAIZ/ —IKIEOESEINT
WIS IZ B TREER L Y ) — VIZZEZKREM

B110E B1 5

ATHEIN, 15CTIIBWT 54 ERBY S ZIIBRE
ENTRABET, =5/ — Vg 2505 %v/vC
Holze

SBIFAEERT Y/ — VIR A T 25.05
%v/v &L, FHRYE LI L DERSELRHIE L 2.
6. FANINEY—ILERE (TBA )

BEFHI OV CEBF AT EER O RBOH
WX DHEL, 7hIT— 5430 %v/v iZE L7,
7. EHLEZOMERS

T3 — Vi EE AR A FEET DA-155 (AR
BFE), REFHIEHEEZEEREE RF-100 (Elec-
tronic Temperature Instrument 1L #), [BEiRAKH 1
A¥Ee—¥—  BRABEETETS ZHTEER
34 I, EEEEER)AFLCTRELZODRHER
L7z

B R

1. 22 VRBERSEERE OBME

B, HHABEOS~50FEMAF VL ARAF—
VEY W ERTHBRELLZEBEREEICONT,
3000 = 0.01T, 7N I— L4 43.00 £ 001 %v/v ICH
Wl Au— FEIERMER 2 A TEHREL AE
L7z HIERERE Fig 1 IR L7720 —20FE o0
CEPRE L 10 B Lz, MEABESHIED &
h-EXOME+HEEOHEI BB T HEE % A T
7 x v FTHETHFETHLPS, AEHEICH
HEEONT Y XPELDLOITET SN2, Fig 1
WKIHHEE (h=10) OFHELFEERELRLI
Te 6 A 0.5 4F o0 6 SR 0 R B oD Bl RS BE 13 2.06423
(cSt), 5.0 PRI IE 206479 (cSt) Th Y, B
DRI DLTITHole LAL, tREIZLDIPL
002 IZBWTHIEMEICENDH B RO b,
Fr AR 05 £~ 50 FED 6 HOREIZOPVWTRS
E, FBREEORRENZ CEEEIRRE L, FEE
B LB OMBREIL 09724 TH o720
2. AL URBERBEEGEOBIE

YU RETERGEIZT NI —IVGDt 43 %v/v
HETHo720T, BERFBEELBT 40,
43.00 %v/v ICRBE L TERELZRE L7z, Thbb,
BB T V3 —V5rHh 4300 %v/v D EogE 13 %S
KREMZ, 73 =53 4300 %v/v KilOHA LR
BIY /= VEMZT4300 %v/v & L7, Fig 1 &
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IR EIREEE 2 I L Fig. 2 13R L7z HIZEE (o=
10) @ F ¥ 8 I fF B 275 4 A72.06470, 454 #°
206508 TH Y, EiEHLTrTHol, tHREICL
NP <Ol CBWTHEMEIIENHLZEPRDL
iz WEEDNEFRICEREROBEVWERIZEH
HERRSWVENDS S Z LB 60, BEERD
B2 388 4 oW T OB & Bk E O BI4R
13 09903 TH o720

BB, TNI—=VE4% 4300 %v/v &3 A2, 4
BOLY ) —VEMRIZBESH BN, HET5HL9
12, ¥ — VKB OEEEIRFEERICERES R
BWZEREE LD TH 5B,
3. AR EEDEISE
WHREIRFETOEESHT L Y IAERES L R
BEZEAL, Fig 1, Fig 2 L FE&GCEREE*#
FEL7. MERES Fig 31K L7ze Bt IRIFEE
BHOBWEBIZEREWERLH 5 Z LAFRDH LN,

P<0.02

2.0655

2.0650

2.0645

2.0640

Kinematic viscosity (cSt)

2.0635 ' :
0 2 4 6

Years of storage

Fig. 1 The kinematic viscosity of kokuto-shochu pro-
duced by use of a vacuum distillation process.

Kokuto-shochu was stored in a stainless steel tank

(Table 1, Nol ~ 6).

Measured temperature of kinematic viscosity was

30.00 = 0.01TC , and the concentration of alcohol was

43.00 = 0.01%v/v.

Symbols ; &, average of measured value; L , stan-

dard deviations of measured value.
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HEEDFIHME (n = 10) FEFE 1 E5°206452, &
15 EAN 206549 TH D, BEEIZOVTLREI

w1
2.0655 ‘

)
(7]
)
2 20650 | v
w -
[e]
]
>
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T 20645 |
s 2
L]
c
k
2.0640 ' '
2 3 4 5

Years of storage
Fig. 2 The kinematic viscosity of kokuto-shochu pro-
duced by use of an atmospheric distillation
process.
Kokuto-shochu was stored in a stainless steel tank
(Table 1, No7 ~ 10).
The experiment was done as in Fig. 1.
Symbols ; @, average of measured value; L , stan-
dard deviations of measured value.

2.0660 +

2.0655 *

20650 |1

20645 W

2.0640 -

Kinematic viscosity (cSt)

2.0635 : : :
0 3 10 15 20

Years of storage

Fig. 3 The kinematic viscosity of awamori.
The experiment was done as in Fig. 1.
Symbols ; B, average of measured value; L , stan-
dard deviations of measured value.

B % (2015)
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LY P <0001 IZBNTEDNDH L EFEDLNT,
4, EVERE &ABOBNE

#3000 = 001C, 7 VI — 44300 = 0.01
%v/v IZBWVTHIE L BN R A OB E
(Fig.1~3) 22w T, WNEME VL2075 712
EDBEFIgADE S ot BLEHFERUVELES
DR HFERETlEH 20, s LTFRERD
FEVWEENT S IR & WEASED S, MR
31308635 TdhHo7zo r (11, 001) = 06835 Th 5
M, BAESEE - BEONEYE & BEOHEILS
BEILEEELESER b,
5. FASINEY—ILEBE (TBA M) DAE

S BREE & e L7 BAEREE R UVa 2o Ww T
TBA fli% % L7z TBA i &M migOBELESV
DIELINTEY, FEREOFEERCTEHRTS
WEOBE EHEICHETAHRER L SA TV,
TBA i EE & B EOFR % Fig 51278 L7z,
HRORERYE CTH 5 REMIRHSE LA 7 IVITEE
HETHLBHTHEHMETIENTVED, Fig 512
BWTd TBA Mz BEEEE OFHE VEHED 5
Nize WER OEEREY EEER O TBA Ml el &
EHEOREERICE, 2% ) BVEEBEED S

2.0660

20655 |

20650 |

20645 |

Kinematic viscosity (cSt)

2.0640 : ‘ :
0 5 10 15 20

Years of storage

Fig. 4 The kinematic viscosity of kokuto-shochu and
awamori.

The experiment was done as in Fig. 1.

Symbols; @, kokuto-shochu, production method the

same as in Figl; W, kokuto-shochu, production

method the same as in Fig2; & | qwamori.

B10E FE1 5

hiz (r= 08601, n=10), {AEIZDOWVWTH TBA
DOE T HEHEE DS EMATED bR, B
5 TBA HOE{LIT B0 EHEER L XHO 2R
Tolz, BEAEEOKEN L EERE BT L8
HERER O H TBA fifild & v L i P 2T b,
6. REBHEAFESIEERRROEBORBELEIC

& B EHEEDOZE1E

EEn GERE), B GERBLU 30 EH7
F) OFF3 AoV TEBRELITY, BELERR
DEREE 2 HIE L7 (Table 2)o 3308 & & HH M
HBOBHEONEEOEZIIFFFEINS L, BIHE
DHEMENFEEDZE (EERBEELRE) 135 £
BEMEAR (0 =100 — 00055%, 5EKFEEE (o
=6) 0.0095%, 0FREWEE =17 - 00038%
Tholo BEMBOBMEORZELTITHY, =
DEBWEIIC L > TR RHFRAEOIFEE (FEE
) IRETERDP o7,
7. REBEREENEI S/ —IVKBROEEE
HEER Ty — )b (995 %) \ZHESEAREMA, 15
CEBWTH I ALY b4 FEHMIFR I /oy
— VKB (2505 %v/v) DBVREE X REWEHR S )

2.0660

2.0655

2.0650

Kinematic viscosity (cSt)

2.0645

2.0640 :
0 100 200 300

Thiobarbiturate value

Fig.5 The relationship of the thiobarbiturate value
with the kinematic viscosity of kokuto-shochu
and awamori.

The experiment was done as in Fig. 1.

Symbols; @ , kokuto-shochu, production method the

same as in Fig.l; B, kokuto-shochu, production meth-

od the same as in Fig2; & | awamori.
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Table 2 Changes in kinematic viscosity by distillation * .

Changes in kinematic

Samples Kinematic viscosity before distillation =~ Kinematic viscosity after distillation ; .
Viscosity
Mean ] Rate of
Name Years of Alcohol (A) n Mean 2 StD. Difference change
storage (B) (B-A) (B-A) x
100/A
(%.v/v) (cSt) (cSt) (cSt) (cSt) (cSt) (%)
Kokuto-shochu 5 4401 2.08809 10 0.00042 2.08798 10 0.00048 — 0.00011 — 0.0055
Awamori 5 30.02 1.76725 0.00046 1.76742 6 0.00049 0.00017 0.0095
Awamori 30 42.66 206708 7 0.00076 2.06700 7 0.00082 — 0.00008 - 0.0038
StD. ; Standard deviation
*) A sample was distilled by use of a flask, and then the distillate was poured back into the flask.
Table 3 The kinematic viscosity of the ethanol solution.
Samples Kinematic viscosity
Name Years of Alcohol Mean n StD. Difference Rate of
storage change
(%.v/v) (cSt) (cSt) (cSt) (%)
Ethanol solution (). 0.0 25.05 1597876 12 0.0007358 — 0.000035 - 0.0022
Ethanol solution (II). 54 2505 1.597841 12 0.0006770

StD. ; Standard deviation.

—VICERBBAKE I Z T 2505 %v/v & L, HHERLEE
ZHELIRERE Table 31278 L. BRAEIZORIE
fE (n=12) OFHHEDOEIL 00022 % (BFEEATEIH
FEERE) THASNLIAEREOHFANLEZ DN,
LY ) = VIKEROEBAHOBE IS LWL RE
LTIwikiEEIN,

zZ €

1. REFEEOKBLEFRICEEOE/RE &
hih-7/-EBHh

(1) EBRBETORE & #HR
EBRIONE & EBRERLERT 5 L ROBY TH

b,

(ERETORE)

OEBELITET 2 EFEPRICE U T [E-W] 53

My 5o

QB L WERE Nz [EW] 38R I EEY 5,

® [EW] 3ERETHLBEINL,

OEMETRBEZRE T, FRICEIWER SIS

[EW] RERBEPRESINLBOREIZIE S,

®LAoT, REFREZES TS LEGORBKET

BRI ENE LS, ERICEBL CITEEREEYR

WISz CEBUEEE T 5,

(FEERREE)

OEMERE R ORI RYIM ORI L ) B IL 5

mL7ze
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QORYFEBEOEELENZICEEOEIIRE SN
ol
@z —n (GRESH, 095%) 1ZHEFHKEME 54
EMBEEENLT Y J — VKB (2505 %v/v) OF)
L, FSoREL Y ) —VEERKIZIDFRL
TeEBOBT (2505 %v/v) OEREE L EFTDLN
Lholzs
(2) EBRPLERSNEZ L
EBOMORER R, RO LI %2 LR
SNz,
Q% /) - VABHEILEIEZBEBOFHEIZLY
(E-W] 25L& LTLEREOEMIZSEOH
EHEORHBRALLT TH o 2T EFD %,
@x% - VKRB EHHEEL T [EW] 33
MLZd o TEENLH 5,
QXZELEYMEFEL TS [EW] 133 L%do
7RSS B,
2. TR/ —IVKBERUKZEICEENhS [E-W]
ICBEY 28
LF = VKB R CEZEOWMEEIZDOWTIE
L O|EVH B, ELWE %R Table 41 IR L7
Table 4 IZB T, [E], [EW], [W] HEhEh
(=% 7 —=WHDF, (28 /= VRUKRSTL K5
Fl roBREINEISAY—2EBRL, HE0FT
FNEFNIZOVWTOERTHHI L ERT,
(1) =%/ —VKEHTDZ A —ICBT sHE

B % (2015)
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IE ) —VEKERMNTLEREHRLT [E-W] 24
U5, Nishi 5 PRUBEKS V3N s 525 —H#
EEETT A720ICHB SN EESTEBIZL YK
IO S J — VAKBRIZEHOBED [E-W] %
ETEIE#BOHBELTWE, LPL, TAARY
PV E LTHER SN [EW] I2OWTEEDITIAT
bR TWR,

FEIC L B [EW] OBEMLERARL 20, =¥
J = VKBHOEEHE L YO BICE T 2 RE A
VEEEZ bNEY, REMEBRSNI Ry J— LK
B O T 5 I 7%\, Table 4 2R L7
LR ENTY ) — VKBHOUWEOELE B
FL, [EW] CHT2RBXHLDEIRENHEFE
"R OB O ICET A WME LT TH B,

FRE? it [ESHES L CERKBREOBER L 20
FEM] oW TRE LIBRREBRIE, ZOIEEE
b o THBREEATILHREL TV,

L2 L, FEZOEEDICHYS N ERKERD
N, SHERA SR 2 AR S £ Lo [
KW 1, KY ik 25 ~ 325 ppm, Na*it 9~ 925
ppm ERFENTEY, Zhooskehd [H=EEE

DENBEHFETH L LRBINTVE, Lo T,

BHECTY /—VERWTHRE S NZKERICET
BERLIITD LN,

F72, FES Y13 DSC F BV THREELER U 28
EHFRE LT /- VKBEOBEEHIZOWTR
HL, =¥ /- VORBERCESTAIE—2 20EE
BIXFREDLY J — VKBWE BT 5 & 97.6% B

BUL7A, TREBER LTS ) — VKB BRI
EWEEIRBICBIT L TWwA40Th Y, BELKRE
BEEHRTL7 A —PEELTVWHELIDLED
NBERELTV S, ZOHEOH TR [EE5D
WRECT 2B EMBPEBRAR S ELT Y /) — VIEE 24%
DLY ) —VKEBEHR] LMERSOEBELRET 57
DO [HBESHMRABRREOLY /— V] BHwLR
Twb, DSCHIEIZHW 57 [28 FEREFEAR &
B2y )= VIEE 4% DIy ) — VKEKR] BE
DEIHBEINZEDTHLEOPHSH TRV, 2
DI TIREFWIZL VWML [EW] OEESHF
BITONTWRVOT, KRBT 5 REIFEEOR
BREIZ L 2EEEOEY KD S L) EEN R EER
DBEIZTHIEIITER,

(2) BWP Dy 5 A5 —ICHT AHRE

RS Nal, YA RAF-ROTS 7=z BiY
% [E-W] IZBILTid Table 4 IZRL72E 35128 D
HBEIZBVWTERERATY S,
FREVIIEEEL L OERKEROBRE L FOFE
IO WTIRE L, BEEEEBRRARICE 2> TH
BENBRLTDHEHREL TS, [EW] BT
ERSIIIITHN TV 2vio DSCIZBI L CTIERS 2,
FRES Y, PERS Y0OWREND LN, FEEMSE
WIFE DSC ¥ — 2 HREDEAKREL BB E VI #H
HTHY, [EW] oEESFHTIE ThbR TV ARV,
NMR ZFVTHRES P, 35 DI NMR ¥ -2
EMEEE, KAWL D70 b OTREEE, £
NENEFEOHFBER L OBB L& L AT

Table 4 Reports on the cluster in Ethanol aqueous solution or spirits.

Ethano! aqueous solution Awamori Whisky Brandy
Year Author Literature |  Measuring method Measuring value stored stored stored stored
[wl [(EW]]| [E] (W] ([EW]]| [E] tw) [((EW]] [E] w1 [(Ew] | (E]
years years years years
1963 |R Akabosh 7 |Plelectric coeficient |5 tric coeticient a 05~ a 2~
meter 30 30
) Peak-transposition in 03~
pay

1984 | T. Tamaki, et al 8 (psc thermogtam 108
1985 R Akaboshi, et al 9 |bsc Area of peak N 23 IS ‘23; N 1?;
2004 |5 Nakasone, et al 10 |Dsc Area of peak A 15

) NMR chemicaf shift, half 12~ 5~
1984 |R. Akaboshi, et al 1 MR band width ot 'H IS " a "

" 7
1986 |T. Tamak, et al 12 |omr Half band width of "0 a 0 ~7
and 'H
2004 | M. Akiyama, et al 17 |NMR *H-chemical shift NI A | o> {o~2s
1988 | N. Nisht. et al 15 Mass spectrometer Ton intensity of cluster O Q L]
1993 | Y. Saita 18 |Mass Ton intensity of cluster @) 0 ) 0~12
1994 |N. Nishi, et al 19 Mass spectrometer Ton intensity of cluster O 0 O
2010 | A Wakisaka 3 |Mass spectrometer | Ton intensity of cluster oJo o] o
1985 |R. Akaboshi, et al 13 |Measwring deviceof .y ressure a 12~ a 18~
vapor pressure 30 45
2004 |S. Nakasone, et al. 14 |Electronic balance Evaporation rate & 716
[W] : Water cluster, [E-W] ; Ethanol-Water cluster, [E] ; Ethanol cluster.
O : Measured. & : Assumed.
=
B0 B 15 43
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