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Quality characteristics of continuously distilled shochu observed with Proton NMR spectra

Akira Nost!, Akira Asanr?, and Hiroshi Suoj?

(‘Department of Lifestyle Design, Faculty of Human Ecology, Yasuda Women's University, 6-13-1 yasuhigashi, asaminami-
ku, hiroshima 731-0153, Japan and *Technical development center, The Nikka whisky Distilling Co., Ltd., 967 Matsuyama,
Masuo, Kashiwa, Chiba 277-0033, Japan)

Shochu is a traditional Japanese spirit. Continuously distilled shochu (type kox) has a pure taste like
vodka or white rum. The fermented mash from corn, potatoes, molasses, or other sources is continuously
distilled up to an alcohol content of about 95% (V/V). Proton NMR spectra of products of kou shochu
were measured at 25C and 5C with 600MHz NMR. The interaction between water and ethanol mole-
cules was promoted in some products of kou shochu and less or not at all in others. It was found that
NaHCO; promoted the interaction between water and ethanol molecules and, at the same time, strength-
ened the water-ethanol hydrogen-bonding. It was also suggested that NaHCO, alters the taste of water-
ethanol solution to be sweeter and less alcohol-stimulative. Hydrogen carbonate ion brought about in kou
shochu through diluting water (Warimuzu) was able to promote the interaction between the water and
ethanol molecules and affect the quality as an alcohol beverage.
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Fig. 1

'"H NMR spectra of 25% (v/v) ethanol-water mixture at different temperatures. The temperatures are

(A) 25, (B) 5C. The peaks on the spectra were assigned to CH; of EtOH (peak a) ; CH, of EtOH (peak b)

: OH of H,0 (peak ¢) ; OH of EtOH (peak d).
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Fig.2 '"H NMR spectra of shochu samples. The spectra shown in the upper side were measured at 25T ; the

spectra in the lower side at 5C.

25% (V/V) =& J = VKB Az, JEERER
5C & 25C TiTo 2%, “EEIC Ao 23K % EiEK
BTENENRE—E L LARICEIEE1To 720

3. EEESHES L

TR, IEBR, BERR, ERk, BROZEARRLEL, £
HRPE, TVI—NVHBOEEBIZDODWT=y h 7+
2 & —REATRSE LYy —OEE T R EHMEE L L
T, FRNZFNOFMEE DR SI2OWT, SEBH (1

iV, 28R\, 3EBLEDBF AL, 495,

558) TEMEL7:. ZBEHEE LD, EE 3L

LCHABEZEEML 720 ARIIMUQKEEEE

(Merck #L) T2 o788 HKEHNTITo 72,
HRRVEE

1. BEHO 'H NMR A7 MILE{E2S 7 ME
25% (V/V) =% /= UKEHD 25T & 5CIeBIT
5'H NMR A7 h V% Fig LIZR L7 E—Z a

F114E FE o 5

BTy ) —NVorAFNVE ¥—2bidzsy/ —o
AFVLvE ¥—ZcidkoeFaxi ik Y-
didxzs /—ror radxyvRicEhEFnlkd 2
bDOTHb, FEBTHERALEBEALEEER
600MHz & EEVE L, =¥/ —ViEE25% (V/
V) BWTKkELy ) — VO OHEDY -2 %254
BB T 5L TE S, 400MHz O NMR TiE, &
DIy ) —VIEETIZOOY— 7 #BECERET A S
LA TH o7 (F—FRET)e ¥/ —NIEE
PEVIGE VB, EEIFEETLEVASTLET
5 —NEFOTa S TBRBEPEL Y, KT
)= NVDTOOE=rF—2oNEY -2 L LTEES
N5, SCTHELZARY ML (Figl (B)) #L¥
J=NVOOHE—7 (¥—2d) IZh~<T25TTHl
FELLBOEY—s (Figl (A) O¥—274d) ¥70—
FIZEZE I N5,
WIC6TEDOBEE T (BHA, B, C, D, E,

365



BE% - BAH - /MR D 'H NMR A2 b Vir & A7 St XA B O S B 5

Table 1 OH proton chemical shifts of shochu samples measured at 25T or 5C.

Chemical shift value (ppm)

25T 5C
. H,0 EtOH H,0 EtOH
Shochu A 3.647 4.255 3.900 4.536
Shochu B 3.663 nd?® 3.902 4.513
Shochu C 3676 nd? 3.920 nd?
Shochu D 3.654 nd? 3.901 4490
Shochu E 3653 nd?® 3.902 4520
Shochu F 3.654 nd? 3.902 4512

* The peaks of water and ethanol merged into a single peak.
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Fig. 3 Comparison of OH proton chemical shift values of shochu samples measured at 25T (A) or at 5C (B)
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Table 2 Contents of main components and pH values of shochu samples.

Content
Total acig:  Lotal alkali  Total phenol’  Ethanol HCO, pH
(mmol/L) (ppm) % (v/v) (ppm)
Shochu A 0.0 0.60 3 25.0 31 7.8
Shochu B 0.0 0.72 nd. 25.0 36 79
Shochu C 0.0 112 nd. 255 61 7.8
Shochu D 0.0 0.02 nd. 25.3 <2 84
Shochu E 0.0 0.02 nd. 25.2 <2 86
Shochu F 0.0 0.02 nd. 25.5 <2 8.6
* The acidity of unity corresponds to 0.01M acetic acid
® The quantity of total phenols was evaluated as the amount of gallic acid.
Table 3 Contents of main cations and anions in shochu samples.
Concentration (ppm)
Na* K* Ca®* Mg** Cu** Fe** Mn**  POS ClI’ Seks NO; Br
Shochu A 160 0.8 0.2 0.2 0.06 0.06 0.008 0.3 46 0.3 0.2 0.1
Shochu B 177 0.2 02 0.0 0.00 0.04 0.005 <02 6.3 13 0.6 <01
Shochu C 15.9 0.6 44 24 0.00 0.05 0.006 04 3.3 0.3 0.1 <01
Shochu D 0.02 0.3 0.5 0.1 0.02 0.06 0.008 <02 <0.1 <01 0.1 <01
Shochu E 0.26 0.3 0.3 0.0 0.05 0.05 0.007 <02 0.2 <01 0.3 <01
Shochu F 0.96 0.1 0.1 0.0 0.01 0.05 0.005 <0.2 <01 <01 0.1 <01
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Table 4 Contents of main flavor components in shochu samples.

Concentration (ppm)

Ethyl
Acetaldehyde acetate

Methyl
alcohol

Propyl Isobutyl Isoamyl S -phenylethyl
alcohol alcohol alcohol alcohol

Shochu A 25 43 2.8

Shochu B nd. nd. nd.
Shochu C nd. nd. nd.
Shochu D nd. nd. nd.

Shochu E 74 41 15

Shochu F nd. nd. nd.

11 24 61 11
nd. nd. nd. nd.
nd. nd. nd. nd.
n.d. nd. nd. nd.

7 15 36 11
nd. nd. nd. n.d.

3.95 q
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3.80 A
375 4
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Chemical shifts (ppm)

3.65 T N
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3.55 ~T T T

Concentrations of solutes (M)

Fig. 4 OH proton chemical shifts in 25%(V/V)
EtOH-H,0 mixtures containing sodium salts at 25T
and 5T : (O) NaHCO,, 25T ; () Na,S0,, 25T ; (&)
NaCl, 25C ; (@) NaHCO,, 5C ; (M) N2,50,, 5T ; (A)
NaCl, 5T .

NFN 44ppm, 24ppm HEEFNT Wiz HANVT T A E
TTAY T AIMOBEENIZIZE AL E TR TR
272, FDOMDAF 4V EEITEEBTRE 2EIT 2
MPol. T4 VHHIL, BEA B CTHEEAL
A3~ 6ppm BELBEBEAA >, VIBRA A A03
~ 1.3ppm BERD b7z, FEE D, E, FIZDoWwWTIE,
AFFE, TEAVEEDIBEALEIENTN
AT WAL
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25% EtOH ]
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NaCl

(A) 25°C
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MgCl,
Cadl, l
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NaHCO,
Na,SO, ]
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MgSo, |
MgCl, ]
CaCl, ]
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Chemical shift (ppm)

Fig. 5 Effect of salts (1.0M) on the OH proton
chemical shifts in 25% (V/V) EtOH-H,0 mixtures.
White column: Both peaks of EtOH and H,O existed
separately at 0.5M (0.25M for NaHCO,) in the 'H
NMR spectrum. Black column: The peaks of EtOH
and H,0 merged into a single peak at 0.5M (0.25M
for NaHCO,).
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Fig. 6 'H NMR spectra of 25% (V/V) EtOH-H,0 mixtures containing NaHCO; of different concentrations
measured at 5C. The NaHCO; concentrations are (a) 0, (b) 1 X 107 (¢) 1 x 10 (d) 1 x 107 () 1 x 107?

and (f) 1 x 10"M.
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Fig. 7 Changes in OH proton chemical shifts in 25% (V/V) EtOH-H,0O mixtures containing sodium salts for
lower concentrations below 1 x 10™M at 25T (A) and 5T (B) : (O) NaHCO, ; ((0) Na,SO, ; (A) NaCl The
arrows show each point of the two peaks of water and ethanol merging into a single peak.
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Fig. 8 Line widths at half-height of OH proton peaks of 'H NMR spectra of 25% (V/V) EtOH-H,O mixtures
containing sodium salts for lower concentrations below 1 X 10™M at 25C(A) and 5CT(B) : (O) NaHCO, ; ()
N2,50, ; (&) NaCl. The arrows show each point of the two peaks of water and ethanol merging into a single peak.
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Fig. 9 OH proton chemical shifts of H,O and EtOH
in 25% (V/V) EtOH-H,0 mixtures containing isoam-
yl alocohol at 25T and 5T : (O) H,0, 25T ; ()
EtOH, 25T ; (@) H,0, 5C ; (M) EtOH, 5T .
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Fig. 10 Organoleptic effect of NaHCO, on the taste of ethanol-water solutions for which ethanol contents were
25% (V/V) (A) and 15% (V/V) (B). The NaHCO, concentrations are (O) 50ppm, ({J) 100ppm.
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