The Society for Bioscience and Bi oengi neering, Japan

19914FF 245 RS OB EM 237
(R T4t #69% H4E  237-252. 1991)

RWEWRMX

JERERSE DFTHRATICB T B B

(PR 2EE AFABBEI¥2THEIE

EH R -EE HE
FAERREEEE - BRTHERRI

17100 HEHTREXKFE1-3-2
7114 FERERILX EFRT2-6-30

Study on improved Awamori brewing technology. —Monograph— Takesn1 Tamak1!* and
TakamicHi Nisurya? (National Tax Administration of Tokyo Bureau, 3-2, Otemachi I,
Chiyoda-ku, Tokyo 100" and National Research Institute of Brewing, 6-30, Takinogawa 2, Kita-
ku, Tokyo 114%) Hakkokogaku 69: 237-252, 1991.

Awamori, a type of the traditional Japanese distilled liquor Shocku, has been produced ex-
clusively in the Islands of Okinawa for over 500 years. With the aim of improving the quali-
ty and yield of awamori, we carried out studies on both microbial and maturational control.
With regard to microbial control, methods to prevent the microbial contamination of
awamori-mash were developed, and a yeast highly-suited to awamort, named Awamori No. 1
yeast, was selected. As a result, the quality and yield of awamori were effectively improved.
In terms of maturational control, the cause of and countermeasures against an unpleasant
rancid odor generated during the maturing process were elucidated. The result was that the
quality of awamori during maturation and marketing was effectively stabilized. In addition,
the chemical and physical changes occurring in awamori during the maturing process were in-
vestigated, resulting in a basic understanding of how to improve the quality by maturation.
Outline of our studies on the maturational control of awamor: is discussed.
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2. SHRORBEH

1) FREELBEORED
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Table 2.

Table 1. Changes of higher fatty acids and their
ethyl! esters by incubation.

Higher fatty acids Free acids Ethyl esters
Palmitic acid - =+
Stearic acid - -
Oleic acid - +
Linoleic acid - HH

+, —: Degree of component e formation.

Concentration of higher fatty acids: 3 X 10°ppm in
309% ethanol solution.
Incubation conditions: 48 h at 50°C.

e A Te b - T,
DEoRERM G, BFRAPIICRT S EL OS5 EIFHE
DREBEE LTV ATENELD Y, e OSBRI
BIEDOHLMELEL LRI,

(3) WMBEDRBEHD
MEORRAWHEYHZETSENT, BECFETS
EARISRBE D = & / — LKBW Y 50°C i insk LT
e A DERDBEEYFAICHER, Table! WRT &
Bbh e ODRBYWBEILEL THDZ &bk,
¥, ELOSGBIC LD e G DERE % Table 2 D
WMBERYGETRNIER, 7oz - L BEMES, KE
IR LN FET ABECEE AR BD S
Al ToZ ki, EL2AESICMATBIEEIR, e
BB+ 5Z E%RLTV 5,

—77, ELOBLABIXRC L HREZRD L
DHIGR TV B89 DT, e WODAERICK JIFTE
BRHOBELHAILER, FiglwrnTiow, #

Changes of ethyl linoleate by incubation.

Treatment conditions

Incubation time (h) at 50°C

No. Ethanol cone Addition or not  Substitution or 24 48 79 Rancid odor®
: of Fe’* not of N,-gas

1 4 + — 2@ 10 mild rancidity

2 — — 3 9 ”
99.59

3 % _ + 5 3 3 lower odor

4 - 2 4 ”

5 n + — 6 6 lower odor

6 — 35 85 51 rancid odor
30.09

7 % . + — 2 6 lower odor

8 - 16 95 38 rancid odor

Concentration of ethyl linoleate: 1 X 103 ppm.
Concentration of added Fe?**: 10 ppm.

2 Numerical values are shown as the relative concentration of component e.

b 72 h incubated samples were offered for sensory tests.
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Fig. 1. Oxidative degradation of ethyl linoleate by
irradiation of spectral light. o)
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Fig. 2. Time course of rancid values and EASA concen-
tration during the oxidative degradation of ethyl
linoleate at 50°C. Symbols: ®, 2-thiobarbituric
acid value (TBAV); A, peroxide value (POV); A,
conjugated dien value (CDV); X, acid value (AV);
O, ethyl azelate semialdehyde (EASA).

Fig. 3. Relation between concentration of ethyl azelate
semialdehyde (EASA) and 2-thiobarbituric acid
value (TBAV). Symbols for temperatures of oxida-
tion: X, 25°C; O, 30°C; A, 40°C; O, 50°C.
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Table 3. Information obtained from analysis and estimation of formula of compo-
nent e.
Analysis
Functional group
Chemical IR-spectral Mass-spectral
-CHO
Carbonyl ~-CHO, >CO -CHO -CH,CHO
~(CH,1G=0
COO-R coo.r 000Gt
Bster s It ~CH,CH,C00 . C,H,
Alkyl R -C,H; -C,Hs
Methylene (-CH)), (—-CHy), (-CHy),, n>6
M.W. 200

HC~(CHy),-COO - C;H
o)

l MW =200
n=7

HC~(CH,),-COO-C;H,
e}

Ethyl azelate semialdehyde (EASA)

BETHH, WThIREOWMREBESLTW51k SBEEXYHE TS L, Fig. 5 kiR T X5, EL
EMTHHEEZLNE. DFOD, @F LUQDNE TEHZ T HHRINE &
(3) EL 04w Wi b BROQOMED S - & HBEBIARTL, &

BRINICEL O BAERYOBMBIRL WV ELD W TODMEBETHSD. ¥, EASA DERE L F 43

NEY - LB S B LTV B (2-(WEER) -

- 180 N
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S ﬁO% HO—D2ThHhb~ryv (V) TAFTe FRERTH b
g DEEZLID.
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§ a4t 140 £
$ ° ® ®@ &
k=] 2
S ol 120 § =L E
2 CH3(CH2)4 CH=CH- CHz-CH=CHCHHCH2)6 COO- C2Hs
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Fig. 4. Time course of formation of main components z [ EASA
formed by oxidative degradation of ethyl linoleate
during incubation at 30°C. Symbols: O, ethyl ~—— Ethyl linoleate
linoleate; @, ethyl azelate semialdehyde; A, compo-
nentVX,; X, component X,; A, component X;. Fig. 5. Presumed autoxidative pathways from ethyl
* Ratio of gas chromatographic peak area of the linoleate to the components with rancid odor.
components to that of cetyl alcohol as internal stan- ¥ Malonic aldehyde.
dard. b Ethyl azelate semialdehyde.
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Table 4. Main components contributing to the rancid odor and their own odors.
Symbols Chemical name Molecular formula M.W. Odor
e Ethyl azelate semialdehyde OHC(CH,),COOC,H; 200 mild rancidity
X, n-Hexanal CH,(CH,),CHO 100 stimulative rancidity
X, 2,4-Nonadienal CH,(CH,);CH=CHCH=CHCHO 138 acidic rancidity
X3 Ethyl pimelate semialdehyde = OHC(CH,);COOC,H; 172 dullish-mild rancidity

4. HRMEOYMY

HEMBEORRIES THB EASALDOWT, &
DERF BT 5 EBRMIBE X ICET 2 i, LTFo
W fEw BE L.

(1) EreRIREfE?

30% = & / — LK B L OVEERT O Fiz EASA
HNREDCBERFET S LERMCHE L LTRMT
0% RBRULIER, =%/ — L KEBKT1ppm,
BB C1~5ppm FETH MR L LTRAMINS Z
& Bibods 5t (Table 5).

DT &, BREPIRILHEED EASA BFET
DR THENRERTHE L HRB LTV 5.

(2) BE AR IURLED

EASA (2% —10°C, @i 3°C DAY T, #
BCREAOKETHS. KHE 3) TRETHIS
I, BEBhT X T 5 EASA OBEEEL, FOREME
THDELITHRTIEFCKE oo, & LB ES
UTesHLicd LT, BRREBCH B -HHEHIF
BECIIVBRETICLREETH .

(3) BEED

HERSOBBEREERELE L TERELLK - K28
B L b EASA B X O'EL OB BE JIE L-ER,

Table 5.

Fig. 6 8 XU Fig. 710" T L% h, EASA ODBEEE X
ELDLTHECHNTHETH/BREC Lob»b. i
MIb, ELOBREI7 L2 —LEBELRBCEE
DEALI X b KB ZLT % D3 LT, EASA OF
BERRER X B5ETdio.

(4) WHEELSRREEE EOMRA

D EoWitEd MEEROmMIHIL IR TELTAH
BERDZ ED 5.
OFEBMCHFET S EL 2 FRECI VRET DI
3, BB 7 a - VERMEVEE, FhT A2 —
LERHR Ul DIBEIMBEL G EFBREI ST V.
@EL M B L8R X T EASA 23R (MEHRE)
T5LE, BREVFEFILKELBLD, ELDLS
CEEEOT A2 — A ERFRIIBEYES LTS, b
BRFERETIRET DI EXEETHS.

®EL X Y& & EASA IBEEICELTEBERL
TLEH I, BRICBIIEIEHE DI BER,
Bibhic<<7eh, RBHE, MEMELEL LTRERS
sz &iTicd.
@QBEBRYEBRT L, Tra—LEEYEL LT
EL% L ERTAILILL Y, BRicMh 584
e I AR, MEOKBE I FHINS.

Sensory threshold of ethyl azelate semialdehyde in 30% ethanol solution and shochu.

Ethyl azelate 30% Ethanol solution

309 Shochi

semialdehyde

Rice Sweet potato

(ppm) A B C D

B C D A B C D

0.25

0.5

1.0 ) ®) O O
2.5

5.0

10.0
20.0

The sensory tests were made by four panels (A, B, C, and D).
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Fig. 6. Solubility of ethyl azelate semialdehyde in ] 1 20 g
several concentrations of ethanol solution. 20 fl
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WMBORBYE S HEDO—D2L LT, ZOREHE
ThH5 EL 2FFRECBRET I ENELLRS.
BrEEL LTI, FEMEERATS [{FRE] K
NOHBRECERYFIBRTS (BYEE] BIUVERE
FlaERT5 (BREE] bbb, chboFE
DWTORBERY U TIEDRT 5.

(1) Plkic X 5BE
PREOPEE P OMERTRE R, FBEFDOT LV
T LERBIVEORECRT 5 EHRECLAT
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Fig. 7. Solubility of ethyl linoleate in several concentra-
tions of ethanol solution.

. 8. Control-nomogram for removal of fatty com-

Fig
ponents by filtration.
1.8x10°
log E+ 2734 ¢ +
.36x10"2A+5.62)x 108
log(4 6 A+5.62)x10 -0

f(A)

E: Solubility of ethyl linoleate (ppm).

t: Filtration temp. (°C).

A: Ethanol conc. (v/iv %).

f(A)=6’35 X 1072 A—1.856: (A>30)
5x107*A+0.033: (A<30)

RRE R BT L, D ITREHCFAT R/ 22757
= LUK L (Fig. 8).
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Fig. 9. Relation between distillation yield and removal
of fatty components. Symbols: O, ethyl linoleate;
A, ethyl oleate; X, ethyl palmitate; @, ethyl azelate
semialdehyde.
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Fig. 10. Relation between added ratio of powdered ac-

tive-carbon and removal ratio of fatty components
and flavor components. Symbols: O, ethyl
linoleate; ®, ethyl azelate semialdehyde; 4, ethyl
caproate; X, i-amylalcohol.

VB FARBIOTA VT AT A2 - ALRFE005Y
UToOHMETIE, BIFELCREPIE - .
EASA 5L BET H1odicit, RECHMEY
05% L L5068 HD, TOLSTHEMETIR
ESHRSLHEMCBREINTLEY, FBEEE LT
DfE» D7 5.

(4) BHEBRELEOHE

Uk, B LIRS OBREEXRETS &,
Table 6 DX 5127c 5.
BEOEAVIVCATRERENEE L, BT
HRIPREIRE, BIF FBLIDOEATL-LLE
Flic HETHAHD, B7 1z — LERORSB LT
TBER S DBRENTTELTHS. T OREAXBHNE

Table 6. Comparison of several methods of removal.
Method of removal
Characteristic : : : :
Redistillation Adsorption Filtration at room Filtration at cool
temp. temp.
ethyl linoleate Ty A A O
Removal of
EASA® A X X
Quality-change of shochi A X O O
A Higher alcoholic  Removal of rancid Lower alcoholic shichi ~ Middle or higher
Application

shochu

components

Simplicity of operations alcoholic shochu

3 Ethyl azelate semialdehyde.

Symbols Iy X
Removal of fatty components effective medial noneffective
Quality-change of shachi less medial more
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Fig. 11. Changes of ethanol concentration, sensory
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D E O FEE O E BRI » TREBCREE Lic
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LIF, ExeFLELT, ThbOBRELIZD
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2. FAMO{ELHFMZ(LD
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(1) BREBIVO 7L 2 —LEROEIL
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ER XX AR L CERRELXT - /&R, F&Y
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Fig. 12. Changes in inorganic compounds during
maturation.  Symbols: O, calcium ion; ®,
magnesium ion; A, ferrous ion; X, cupric ion.

mild taste and rancid odor during maturation. Sym-
bols: @, ethanol concentrtion; O, mild taste; X,
rancid odor.
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Wit

EnXdic, REI AT IIHREEBTHLYY
ARIV= 72 vy AOBEHIC X B350 pH LR
LA LFE L OfERER BT 28 DB I, BB
PRECH L TEELER R HHDDOLEL LS.

(3) EHABTIHS OE(L

PHGRART, 7€ 7AFeV, Bi=F AR IV
7 REALTAI-ADLSCERTCEKLLTVE
FRBAITHOEHFLT, i 7FATAL2—AEIV
-7 IATAa—-ADL S I HERER LI VKRS
(3 L7e (Fig. 13).
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Fig. 13. Changes in lower boiling-point components
during maturation. Symbols: @, i-amylalcohol;
O, acetaldehyde; &, ethyl acetate.

DT, —FT7 N2 —-LEBIBRELLERS DBREN
HADERICEEY S LT TIHRE@BEL/LD. Lihis
T, Fig. 13037402 — A EF0%CHBRE LRI D
BETRLTHS.

4) PEHBAFEIHS ORI
PEOBR TR AMEFEF T L b FL ARSI hTH
MT5HPETBLTEBATHHH 5. FicEih
Lic X 5, (EEE OIS, K=/ —
N K ORI X B IR OEREA SIS EACE
MINnBHER, BMT5.

1) HBLAR THINT 385
BECETh T 5 BT EMESBREOBLS %
o THEURES U-A 2T v-3-F—n: Blf~
VEyF =N, ATV VEELE), ThHBZERMIC

Table 7. Maturation length of awamori and type of storage vessel.
Length of naturation Number of St 1 Number of
(years) samples orage vesse samples
0~ 1 3 Nanban-earthenware 5
1~ 2 5 Okinawa-earthenware 10
2~ 3 4 Hizen-earthenware
3~ 5 6 Underground tiled concrete tank
5~ 7 6 Glass lying tank
7~10 5 Glass bottle 8
10~15 6 Total 38
20 1
70 1
100 1
Total 38
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TlLTHE LY (7X54 vBy=F1igd),
HEEEYOBALRL IO =2 T Mt X - TELR
mey (7 = = EfE=F 1), TREFIELLIZS
WAV B X hic oM LIy (B-7 = =
NZFATAa—L) el ThHoTe.

2) BBGER TEATARS

IEpbls =~ 7 A BIZIEA L TR T 528, ThirE
BEEDH ADBLBHE Lich Ly alclit b, 1@
DpH MR ER LIER, = A7 VEIIMKS I
1D THE. ok, IThbPRFPCEITE=AT L
BHEBECBR LTI ToOBERCHKE L THFET SN
DTHA.

—F, A VEBE=FARLY) ) —ABE=F AL ED
SR BT I, EROMKS T L BE D
32T, BIESRECY > THHELIEELTHL0EE
Zbhb.

UEDFRERI D, GHLHBBEC X 5E&FPOH
BHRABSHSOFELE, MoBEHCEBLTEEL
B HRAT A KE, TEMEBROBILD R
MR TEFLABRBOVERINBZ LIC LD, fib
DOER L IBYRICTHHBERFEOBRKITBEIND
ZEnbhol.

3. BRZT(EOERLD

PAEIR T OVREES X » Table 7 I THREHR
BIVEBAR YR T50R8EYINEL, BER
TR UDEBEEGTOWT3ER, — RS 4 A,
SBEES 1HE, BHEAESHS IHEBE R I OTEH

Table 8.

BESHS61HE, i8S HBEOHEY AV CEER
S X ) BRE ORI AR AR

(1) PREROHTE

HER L mB O PURESL, Table 8 1I2iBIT 5 9
7 THI90% DEIRBAN T E, RO EICR LICHEERR
X B ER = BB RE0.948OEE THET S &
EMTEL.

(2) #EARDOBHA

AR 2 THOMIE T, HEDEMAYSIABE L D,
BWEROBRE LY # 8 FEilicitc - TEIF LI, %
DL EOME QITERR) LEH B 2FHR) OR
¥ O(ER) OB®RBOBEYHIE (1) OHERNCH
TiEDT, EROBEER LHER L B LI
EE X HB L AERE % Table 9 IRT.

RFEDOK FEICEE L HEFRIERORMER &
I —FH LT ok, AR LB B
EROEVEENE L, 1 oEHe s A RFERLT
PR E L DOnEh - 1ehd, SHITRESOHE
DOPRER R I UOCBRBEBRNOBHBEOWT, LFEDH
T HEHTLOWE SR LT, X ) EREE
DIEVBREROHER LI THLELDS.

(3) BB OHIE

PREROHERIBCHRER Y EH T 5 BHK
FTicd, RO L5 HPERABOBIED It b BEA
Ihs.

1) BEREL OB C I APBESOER : X
D BT EEORTE.

2) REOHEFELPRESORMG : X v EFlK

Estimation of maturation length by concentration of components in awamori.

Length of maturation (years)=C,+ ZC;-K;

. Component conc. Regression Accumulated
omponent coefficient contribution rate
(C) (Ky) (%)
Constant —4.05 1 —
Diethyl pimerate C; 0.0275 55.3
Acetaldehyde C, 0.1496 68.8
i-Amylalcohol/:-Butylalcohol C; 0.5201 75.0
Capric acid C, 0.0123 78.4
n-Propylalcohol Cs —0.0636 80.4
Ethyl laurate Ce 0.0920 82.5
Benzaldehyde (o7} —0.0421 86.7
1-Amylalcohol Cq 0.0092 88.6
Ethyl azelate semialdehyde C 0.0176 89.9

(Multiple correlation coefficient=0.948)
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Table 9. Application of estimation-formula to maturation length.
Regression Length of maturation
Component coefficient 1.7 years 8.2 years
K, c, C. K, c, C.K,

Constant 1 C —4.05 Ce¥ —4.05
Diethyl pimerate 0.0275 18 0.50 11 0.30
Acetaldehyde 0.1496 11 1.65 20 2.99
i-Amylalcohol/i-Butylalcohol 0.5201 2.34 1.22 4.85 2.52
Capric acid 0.0123 217 2.67 524 6.45
n-Propylalcohol —0.0636 223 —14.18 234 —14.88
Ethyl laurate 0.0920 48 4.42 39 3.59
Benzaldehyde —0.0421 10 —0.42 0 0
i-Amylalcohol 0.0092 810 7.45 843 7.76
Ethyl azelate semialdehyde 0.0176 165 2.90 223 3.92

Estimation (years) - — 2.16 — 8.60

3 The concentration (C,) of each component is shown as the relative concentration.

BEBEOBEBHEDORE.
3) BREROR 5 BB OB X 5HEESD
b : X hAEF/ERNRORE.

ARORMBLBIECH T S MENEL

1. HxRoBR

B, B AR EER O X 5 nEBBEORBELZIL,
AIE TR RERK D OB &V T LFERE LD
ML, Tra—LElKRGFOEEREDELLELE Vo
WEMNELORE 55, KB TREEZEOTRT OV
THHRT 5.

I ONFOWRILAE, BEH BRI Tehs - 7ol
=, ZoRENRHEEC L LUTCHENTS.

PR GS X, YA AF - DRBEGARICRIT B K
Bt OB LA BEE LIck R, P & b 78 » THBL
BOREE» B TH LR,

B9 2, BFBEXBTHARIRLLEOFE
ROFE B LIHER, =8/ —ADTFERDFH
KABEMRTHIDFERNMETTH 4R
oo ¥, ZTOARDWTNMR A7+, EUR
B, THEESESOE» S BT .

HELO-M L, v A -DHRFBRBIT KT A5
BBMBOT L REARERETF YAV TEB LR
B, =&/ -1 B IVKRIERCTRET 2 EEHM1E
L, =%/ —A kAR LCRRT 5 814 pighn T
LI Enb, BRIZES T8 ) =L EXKHFD

HERELERTAZ LR LE.
bhbhil, BROGHELTBEETHS» A 12k
BB OHBHIELC OV THNT.

2. BRGBREICKTHBERKREOE(L™
PRI & b 7 5 BRI O I R R E M E
(Differential Scanning Calorimetry: DSC) IZ X » THIE

TEIENTED. O

Fig. 14 i3, BEROFEBROMBBEYRLICLD
THbH, EXOCIFE, 8L IR, RBLLO
AR —VREUTH DA, EEEFEY NS TEAD
E— 7 ORTHR - BEEWENRDLRI. Thebb,
HEE=F /) AV EBIOCKPERCRHFETL -7
(Fig. 14 RO~ 27 4RIV 1) HPpEL, =8/ —
Ao KOFREE — 2 (E— 2 3) AlKE. Z o
AHEIHFBECHE LT, =8/ —ADFLAIFH
BEWHESCEE LS > RECH D Z L X EHR LT

HHDEBRIND.

i, PREK3E~I3EDOH BT DSC #l
EXIT, BEREHLE DSC v— 7BARLEOBEEY
FANIKER, Fig. 15ARTER D, BIREKIES
BB EbI > TE— 7 BITRIEML, BRER
x5 e — 7 BT« OEYERIL, »=0.37x—5.09
ThEx bhit.

feds, LEROBREL, »AUSORT v LB
FRAx v ie b TR VB2 EDHM LT, B
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ETHHEO— O BEHESIEE (NMR E) 235 5.
2 $IT 4, YO-NMR ¥ X 0 'H-NMR Bic X 5 =
2 = NVKBRODFELERBORENTRER /1 - 1.
AP TIX, YO-NMR ¥ X U H-NMR #iIZ X
(8) 3 h, BEOMBRICL GRS =8/ ~AHTFERDTFO
~ LARBOE(LIT DOV TR .
4 W% 12.147 MHz "O-NMR BIZE %175 &, Fig.
5 2 6 CRT IO, HBERKRDEE -7 OBEARL
7t otz. NMR BIE BT, S0 s
BHOBHEOHMMYERL, Lichl->THBILS &
3 ARRBERIH>RMHr BB EINT, 2T EBHDOHH
EAMINT A E2bhd. TOBE, =5 —Ak
FTOOHEY 7+, KPFDOOHEY 7+ 1 &
4 -0 Chemical Shift D5 BN CTE T, TOEDOHI/N
100 -80 60 -40 20 X Eit - THbh.
Temperature (°C) oA, BRREKO® - 54.19 MHz "O-NMR
HEZIHE, =27 -AHFDOH XL ADF0D
Fig. 14. Differential scanning calorimetric (DSC) ther- OH £EX AL THERT B LiTEl.

mograms of unmatured and matured awamor:.

Endothermic heat flow

A: Unmatured awamori. T ZC, @A—3ER TS LB ERDORKL S (1
B: Matured awamori. _ NR~T7%F) BEEZOWT, =8/ —AHFDOH
Peak numbers are as follows. ELARGFOOH XYL THA LR, B
1: Water melting peak. ~ -

3: Water-cthanol melting peak. : FRRLbI>TADSFOOHE> /7 L ORI

4: Ethanol melting peak.

BOBRBTH 2 hbBEHTAEBED D=2/ — 1 LK
AFOREERCALAOHBYRIF LT BE L4t

Ezbhb. (a)
229Hz
3. RABERICHT I TFELEREOEL™
=5 ) = VKBBODFRERBESF VA TR
ppm
LA TR UL UL I UL RS o
20 10 o -10 ~20
20}
c 15}
.2
5 10
g (b)
S 5 129Hz
£
5 of
\ L 1 L A 1 L. .
30 30 40 50
Peck-tronsposition ratio (%) L.
Fig. 15. Relationship between length of maturation 20 10 Y =10 —’20
and peak-transposition ratio of matured awamori. Fig. 16. 12.147 MHz "O-NMR spectra of the hydro-
®, verified samples; O, regression equation xyl oxygens in (a) unmatured awamori, (b) matured
samples. awamori.
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H-OH
223Hz (a)
250Hz Et-OH
11.31ppm ppm A e AAAETr —
LALLM T 6 5 4 3 2 1ppn"
20 10 o) -10
(b
Et-OH )
/HOH
130Hz
I |
B Y SO S A T
250Hz
10.81ppm ppm
TVTTTrTrTyrrrrrrrreryrrrrerrpryrrrrrory frrrrrrrr
20 10 0] -10

Fig. 17. 54.19MHz YO-NMR spectra of (a) un-
matured awamor: (1 month), (b) matured awamori
(5 years).

HIgDH, =8 —ASFOOHEY 7 F LD
BT —E TH - 7z (Fig. 17).

KU FARLIERE 1 2> A DFE & 5 FEDOHBDUT,
270.16 MHz 'H-NMR I % 1T » 1o &, HFETli=
£/ —NGFOOHEEKSTFDOH HE2HEEL T
BRIXh?M, HBEKRDL0HE e + voOX#H
HBENKEL b, MY — 7 fe LT—&icik
-7z (Fig. 18). Tz & &, §ijEE L7 YO-NMR HIE
X BBROETIT & b7\ FEB D B B A0
L, KEORBEEENKE L BER L IT—FK LT
7.

Bhik, LEOHMBEE HBEZ>-T, Laser Raman
ANZ P NP LIRER, ARk D 3100~3500 cm !
WO OH EORGIREICETOERLRDHR, &
BOBMERE DI 5> 155 7o - T 7e (Fig. 19). =D
ik, HELFETKEESOREICR 5O
FETHZERFRBLTVAHAHERL DS,

4. BABECHTIHENT(LOER
EBBEOHBICBIT 5 MO T, BROET

H-OH (c)

vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv

Fig. 18. 270.16 MHz 'H-NMR spectra of (a) un-
matured awamor: (1 month), (b) matured awamor:
(S years), (c) sample adding ethanol to an un-
matured awamor:.

CHVCOHE Y » b vOXBEE BB, &
PRI L b =% ) —ADF L RDFHRELEL
TRENLZ 7 A%~ %R 51D, BOHFRSN
@z, e rOBEBIRECRIEECHDENETHS
5EEZLRT VT

L2 L, bhbhDEKBRTIL, BROEFCE LA
WO FEBOBHEOHEM, T bk ERSSH N
Sh, EERENRBL LTV EWIHRTH -7,
—F, KOFR6NFTREMETERENR? 5 &
2R LTVWBLEIEZRNEFNEIRTE
b, IWEDOBBLARIC K1) K4 F OH EOHBIER
P FERCKD FOKRER 2 5 A% BRI A,
AR DEITIZ & B 7o\ KD FRIDOKERE S B~ 12 8]
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Wavenumber crm™’
Fig. 19. Laser Raman spectra of (a) unmatured

awamori (1 month), (b) matured awamori (5 years).
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