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Study of a quantitative analytical method for ethyl alcohol content in beverages (third report)

WATANABE Sota*, MATSUMOTO Tsuyoshi*, YAGI Jun*, NOGUCHI Hiroshi* and MATSUMOTO Yoshitsugu**
*Tokyo Customs Laboratory 2-7-11 Aomi, Koto-ku, Tokyo, 135-8615 Japan
**Central Customs Laboratory, Ministry of Finance 6-3-5, Kashiwanoha, Kashiwa, Chiba, 277-0882 Japan

In the Customs Tariff Law, beverages with an alcohol content of over 0.5 % are classified as liquors and are subject to higher
tariff than those with an alcohol content of 0.5 % or less. Thus, it is necessary to accurately quantify alcohol content.
However, the current ethanol quantitative analytical method by using gas chromatograph (GC) for Customs has some points for
which modification would be desirable. For example, measurements must be converted three times. To establish a new
analytical method, we have verified the mechanical oscillator densitometer method and the new GC analytical method. This
time, we report new insights by measuring a larger number of samples.  Regarding the densitometer method, there is a possibility
that components other than ethanol that existed after distillation affected the test results. On the other hand, the current GC
analytical method could be modified by changing a column and plotting the calibration curve by using measurements of the
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mechanical oscillator densitometer. In addition, this method was able to use nitrogen as the GC carrier gas instead of helium.

Therefore, the modified GC analytical method is expected to be used for Customs analysis.
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Apple juice
Ethanol

Mixed fruit juice (grape, apple)

Mixed fruit juice (cranberry, grape, apple)

Tomato juice

Peach nectar

L3
Eo

6 8 10 12 14
Retention time (min)

Fig.1 Chromatograms of distillated beverages by GC analytical method (a).

Fig.2 Chromatograms of distillated beverages by GC analytical method (b).

Fig.3 Enlarged chromatograms of distillated mixed fruit juice (cranberry, grape,

apple) and tomato juice by GC analytical method (a).

Table 1 Results of quantitative analysis of three beverages (measured 5 times).

Sample Analytical method AICOT;: R:I/flt)r)ength TUSA’I)D

GC analytical method (a) 0.076 0.177

Apple juice GC anayltical method (b) 0.086 0.312

Densitometer method 0.078 4.192

GC analytical method (a) 0.068 0.350

Nyg):;:n;; ;:Jei;:e GC anayltical method (b) 0.079 1.487
Densitometer method 0.063 -

GC analytical method (a) 0.077 0.193

Peach nectar GC anayltical method (b) 0.090 1.811
Densitometer method 0.076 -
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Table 2 Comparison of GC analytical method (a), (b) and a mechanical oscillator densitometer method by measuring the content of ethanol in the five simulated samples

(measured 5 times).

2.5 mL Ethanol / 500 mL Sample 5.0 mL Ethanol / 500 mL Sample
Sample Analytical method Pretreatment Altio:OIr:C RSD  Recovery rate A;';s:ogc RSD  Recovery rate
orend ) ) . ) *)
(%(v/V)) (%(vIV))
None 0.587 0.361 102.3 1.092 0.461 101.7
GC analytical . T
method (2) Direct distillation 0.579 0.173 100.7 1.065 0.413 99.0
Steam distillation 0.574 0.335 99.7 1.059 0.587 98.4
Apple juice GC anayltical Direct distillation 0.585 0.499 99.9 1.081 0.342 99.6
method (b) Steam distillation 0.584 0.737 99.6 1.081 0.192 99.6
Densitometer Direct distillation 0.586 - 101.6 1.070 - 99.2
method Steam distillation 0572 - 98.8 1.063 - 985
None 0.580 0.883 102.4 1.068 0.742 100.0
GC analytical . T—
method (2) Direct distillation 0.565 1.051 99.4 1.052 0.417 98.4
Steam distillation 0.560 0.511 98.4 1.049 0.773 98.1
Mixed fruit juice . I
(grape, ap ;Ie) GC anayltical Direct distillation 0.575 0.300 99.3 1.063 1.155 98.5
method (b) Steam distillation 0.569 0.635 98.1 1.061 0.622 98.3
Densitometer Direct distillation 0.558 - 99.0 1.056 - 99.3
method Steam distillation 0.558 - 99.0 1.049 - 98.6
None 0.512 1.719 102.4 1.006 0.295 100.6
GC analytical . T
method (2) Direct distillation 0.493 0.664 98.6 0.992 0.271 99.2
Steam distillation 0.497 0.262 99.4 0.994 0.485 99.4
Mixed fruit juice . . T
(cranberry, grape, apple) GC anayltical Direct distillation 0.493 1.568 98.7 0.993 1.161 99.4
method (b) Steam distillation 0.494 1.240 98.8 0.999 0.394 99.9
Densitometer _ Direct distillation 0.473 0662 946 0.973 0322 974
method Steam distillation 0.474 - 94.8 0.979 - 97.9
None 0.499 0.538 99.8 1.007 0.272 100.7
GC analytical . T—
method (a) Direct distillation 0.492 0.947 98.4 0.994 0.430 99.4
Steam distillation 0.489 0.860 97.8 0.987 0.402 98.7
Tomato juice GC anayltical Direct distillation 0.498 0.632 99.7 0.993 0.637 99.3
method (b) Steam distillation 0.492 0.583 98.5 0.992 0.474 99.2
Densitometer Direct distillation 0.488 - 97.6 0.986 - 98.6
method Steam distillation 0.480 0.653 96.0 0.979 - 97.9
None 0.605 1.217 105.7 1.127 0.535 105.1
GC analytical . T
method (2) Direct distillation 0.583 0.395 101.3 1.078 0.527 100.2
Steam distillation 0.583 0.260 101.3 1.072 0.709 99.6
Peach nectar GC anayltical Direct distillation 0.578 0.747 97.6 1.082 1.649 99.2
method (b) Steam distillation 0.575 0.965 97.1 1.074 1.103 98.4
Densitometer Direct distillation 0.572 - 99.2 1.063 - 98.7
method Steam distillation 0.572 - 99.2 1.063 - 98.7
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Ethanol (a)
AN ; L [ l
2 4 6 8 10 12 14
Retention time (min)
Ethanol (b)
s, ‘\\_‘,_’
2 3 4 5

Retention time (min)

Fig.4 Chromatograms of distillated noni juice by GC analytical method (a) and

(b)

— VLS DESNEETHDZLIFHA LN THY, BERZEET
V=L TR Lo EEREN b0 e E 2 bhd.
PbnEELY, /=Y 2—ADERITIE, GC HHrik@)M ik
WCThDHEBEZLND.

(2) BHEEHOAIE

Table 4 1T/ =¥ 2 — AN LR L 72 HEE O GC 4hTik
(@),(0) X MEBREEHIEIC L 5T N a— Ly OEEERE /T
EURDFHBENMERT D= F AT L a— L RIFIND ) =2 22—
OT Na—AFCBELTE, &Y, GC oirik@bisto e mil
PBKTH D AREENEVE B X Bz, GC HHE(RDE
B A . IREVREEFHEO ERAEIX(L) & FERIZ GC 73Tk
X000 WRERL o7z, —FT, GCoHrik@) & (b)DEi:
FERILZ EY b F AT Aa— O — 7 HENKE L o
TR, o' —2 OBEMOEEN/NS  RoTo BN B Z D
ns.

Table 3 Results of quantitative analysis of noni juice (measured 5 times).

. Alcoholic strength RSD
Analytical method Pretreatment (%)) )
None 0.392 0.223
GC analytical method (a) Direct distillation 0.392 0.114
Steam distillation 0.391 0.256
Direct distillation 0.436 1.857
GC anayltical method (b)

Steam distillation 0.447 0.299

Direct distillation 0.436 -

Densitometer method
Steam distillation 0.454 -

Table 4 Comparison of GC analytical method (a), (b) and a mechanical oscillator densitometer method by measuring the content of ethanol in simulated samples made from

noni juice (measured 5 times).

2.5 mL Ethanol / 500 mL Sample 5.0 mL Ethanol / 500 mL Sample
Analytical method Pretreatment Alcoholic RSD Recovery | Alcoholic RSD Recovery
Strength %) rate Strength %) rate
(%(viv)) (%) (%(viv)) (%)
None 0.893 0.123 100.2 1.386 0.232 99.4
GC analytical method (a) Direct distillation 0.902 0.099 102.0 1.400 0.163 100.8
Steam distillation 0.898 0.100 101.4 1.405 0.071 101.4
. Direct distillation 0.896 0.848 100.8 1.361 0.297 99.5
GC analytical method (b) o
Steam distillation 0.908 0.620 103.2 1.399 0.205 100.9
. Direct distillation 0.937 - 109.1 1.400 - 100.9
Densitometer method o
Steam distillation 0.944 - 110.5 1.442 - 105.1
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Table 5 Comparison of distillation methods by measuring simulated samples (measured 5 times).

25 mL Ethanol/ 500 mL Sample 50 mL Ethanol / 500 mL Sample
Sample Analytical method Pretreatment A;:s:;:]i c 1?95/]?)) Rew\(r;r)y - AS 1:;]: ;1 hic 1?;? Reco‘;:)y —_
) ° ° (©(wv)) ° '
Direct distillation (NTA method*) 5.005 0.068 100.1 9.893 0135 99.0
RS Endycl Direct distillation (cument method) 4.961 0.066 993 9.883 0.155 98.9
method (a)
Steam distillation 4.977 0.117 99.6 9.887 0.085 98.9
Direct distillation (NTA method) 4.935 0.269 98.7 9.879 0.098 98.8
Tomato juice o Fayiiial Direct distillation (cumrent method) 4.980 0.409 99.6 9.868 0.150 98.7
method (b)
Steam distillation 4.953 0.366 99.1 9.854 0.086 98.6
Direct distillation (NTA method) 4.998 0.140 100.0 9.903 - 99.1
Denskonetes Direct distillation (current method) 5.005 ~ 100.1 9.894 . 99.0
method
Steam distillation 4.998 - 100.0 9.894 - 99.0
Direct distillation (NTA method) 5.058 0.091 99.6 10.017 0.091 99.4
Gy Direct distillation (current method) 5.026 0111  99.0 9.916 0156 984
method (a)
Steam distillation 5.029 0.072 99.1 9.940 0.067 98.7
Direct distillation (NTA method) 5.155 0.757 101.3 10.127 0.317 100.4
Peach nectar GC anayltical Direct distillation (cumrent method) 5.183 0.904 101.9 10.020 0.915 993
method (b)
Steam distillation 5.159 0.353 101.4 10.018 0.697 99.3
Direct distillation (NTA method) 5.019 - 98.9 9.935 0.044 98.6
Denaimder Direct distillation (current method) 5.029 0076  99.1 9.986 . 99.1
method
Steam distillation 5.019 - 08.9 9.946 - 98.7

* NTA method means the method prescribed by the National Tax Agency.
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(@)

1-Butanol

Fig.5 Chromatograms of ethanol and 1-butanol by GC analytical method (a) and

(©).

Ethanol

Fig.6 Chromatograms of direct distillated noni juice by GC analytical method

(a) and (c).

Table 6 Results of quantitative analysis of ethanol (National Metrology Institute of Japan Certified Reference Material) solution (measured 10 times).

Prepared sample Quantitative value RSD Recovery rate
(%(w/w)) (%(wiw)) (%) (%)
0.388 0.384 0.123 99.0
0.777 0.771 0.143 99.2

Table 7 Results of GC analytical method (c) by measuring the content of ethyl alcohol in simulated samples made from noni juice.

2.5 mL Ethanol / 500 mL Sample

5.0 mL Ethanol / 500 mL Sample

Pretreatment Alcoholic RSD Recovery | Alcoholic RSD Recovery
Strength o rate Strength o rate
oeny) ) o) | cewwy O (%)

None 0.900 0.253 101.6 1.387 0.302 99.5
Direct distillation 0.898 0.061 101.2 1.395 0.082 100.3
Steam distillation 0.895 0.326 100.6 1.392 0.180 100.0
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Fig.7 Total ion current chromatograms of direct distillated beverages.

Fig.8 Chromatograms of noni juice by GC analytical method (c) (up to 250 °C).
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Table 8 The identified components of direct distillated beverages measured by GC-MS.

Sample Identified components

Acids Esters
+ 2-Metylbutanoic acid + 3-Methylbutyl acetate
Alcohols * Hexyl acetate
* 2-Methyl-1-propanol - Butoxyethoxyethyl acetate
+ 3-Methyl-1-butanol

Apple juice Aldehydes
+ 1-Hexenal
+ 2-Hexenal
+ Furfural
Alcohols Esters

Mixed fruit juice
(grape, apple)

* (2)-3-Hexenol

+ Phenylethanol
Aldehydes

+ 3-Furaldehyde

+ Ethyl hexanoate

+ Butoxyethoxyethyl acetate
+ Methyl anthranilate

+ Methyl methanthranilate

Mixed fruit juice
(cranberry, grape, apple)

Acids

+ 2-Methylbutanoic acid
Alcohols

* (2)-3-Hexenol

- 3-Cyclohexene-1-methanol
+ Benzyl alcohol

+ 2-Phenylethanol

Aldehydes

+ Benzaldehyde

« Furfural

+ 5-Methyl-2-furfural

Esters

« Diethyl carbonate

+ Butoxyethoxyethyl acetate

+ Methyl 3-phenyl-2-propenoate

Tomato juice

Aldehydes
+ Furfural
- Benzeneacetaldehyde

Esters
+ Butoxyethoxyethyl acetate
- Diisobutyl hexadionate

Peach nectar

Acids

+ 3-Methylbutanoic acid
Alcohols

* 1-Hexenol

+ 2-Hexenol

* (2)-3-Hexenol

+ 2-Ethyl-1-hexanol
+ Linalool

* a-Terpineol

+ 2-Furanmethanol
+ Geranyl alcohol

+ Benzyl alcohol

+ 1-Heptadecanol

Esters

+ Diethyl carbonate

+ cis-3-Hexenyl acetate

+ Diethyl maronate

- Diisobutyl hexanedioate

+ Butoxyethoxyethyl acetate
Ketones

+ 3-Hydroxy-2-butanone

+ 2-Methyl-5-(1-methylethyl)-cyclohexanone
Lactones

+ y-Hexanolactone

+ y-Decalactone

+ §-Undecalactone

* y-Undecalactone

Noni juice

Acids

+ Metyl octanoic acid
- Acetic acid

+ Propanoic acid

+ 2-Methyl-propanoic acid
+ Butanoic acid

+ Pentanoic acid

* Hexanoic acid

* Heptanoic acid

+ Octanoic acid
Alcohols

+ 1-Butanol

+ 2-Methyl-1-buthanol
+ 2-Pentanol

+ 3-Methyl-3-buten-1-ol
+ 1-Hexanol

+ 2-Furanmethanol

+ Epoxylinalool

+ Benzyl alcohol

+ Phenylethanol

- Linalool oxide

Aldehydes

+ 2-Fufural

Esters

+ Methyl hexanoate

+ Ethyl hexanoate

- Diethyl carbonate

« Ethyl pentanoate

« Ethyl lactate

+ Ethyl octanoate

+ Ethyl 3-hydroxybutyrate
+ Ethyl 3-hydroxyoctanoate
Ketones

+ 2-Heptanone

+ 3-Hydroxy-2-butanone
Phenols

* Phenol

+ 4-Methylphenol

+ Eugenol

Others

+ 2-Acetylfuran
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