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Determination of Ethanol in Non-Alcoholic Beers by Solid-Phase Microextraction and Gas Chromatography/

Mass Spectrometry

Kentaro KIMURA*, Takanaga SUMINO#*, Masahito KOTA* and Satoru UITHARA*
*QOsaka Customs Laboratory
4-10-3,Chikko, Minato-ku, Osaka 552-0021 Japan

A combination of solid-phase microextraction headspace sampling and gas chromatography/mass
spectrometry (SPME-GC/MS) was used to determine the alcoholic strengths of samples containing 0.1 to 1.0

vol% of ethanol, and the analytical conditions were optimized. For samples containing carbonic acid, one drop
of 10N-NaOH was added to remove the carbonic acid, and the decline in ethanol recovery rate due to carbon

dioxide could be successfully prevented. SPME-GC/MS was used to determine the alcoholic strengths of

distilled and non-distilled non-alcoholic beers, and the results were compared with those obtained by

conventional gas chromatography of distilled beers. The differences between the results obtained by SPME-
GC/MS without distillation and those by GC were as small as +0.1% to +0.8%. The error of SPME-GC/MS
itself was evaluated to be within £0.3%, and the coefficient of variation of all the analysis values was less than
1.0%. Therefore, SPME-GC/MS is sufficiently practical in terms of accuracy and precision. Furthermore, since

distillation is not required, low-alcoholic beverages can be analyzed more rapidly than by the conventional

method.
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Table 1 Recovery of ethanol from degassed ethanol-containing soda water,
as determined by GC method.

Concentration Recovery
(vol%) (%)
0.13 100.04 (0.10)
0.51 99.41 (0.07)
1.01 99.68 (0.04)

The values in parentheses are coefficient of
variation when determined by GC (n=5).
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Table 2 Recovery of ethanol from distilled ethanol aqueous solutions as
determined by GC method.

Concentration Recovery
(vol%o) (%)
0.13 98.16 (0.06)
0.51 99.81 (0.02)
1.01 99.29 (0.01)

The values in parentheses are cocfficient of
variation when determined by GC (n = 5).
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Fig. 1 Relationship between the preincubation time of SPME vial and the
peak area ratio of ethanol to the internal standard, as determined by
SPME-GC/MS.
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Fig.2 Relationship between extraction time and the peak area ratio of
ethanol to the internal standard, as determined by SPME-GC/MS.
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Fig. 3 Relationship between desorption time of SPME fiber and the peak
area ratio of ethanol to the internal standard, as determined by SPME-
GC/MS.
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Fig. 4 Calibration curve obtained by SPME-GC/MS.
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Table 3 Recovery of ethanol from degassed ethanol-containing soda water,
as determined by SPME-GC/MS.

Concentration Recovery
(vol%) (%)
0.13 93.41 (0.69)
0.51 99.34 (0.68)
1.01 99.53 (0.67)

The values in parentheses are coefficient of
variation (n = 5).
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Fig. 5 Ion chromatograms monitored at m/z = 45; (a) degassed soda water containing 0.13vol% of ethanol, (b)
degassed soda water (bold line) and aqueous solution containing 0.13vol% of ethanol (thin line).
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Fig. 6 Ion chromatogram (m/z = 45.0) of degassed soda water containing
0.13vol% of ethanol, obtained by using DB-WAX as GC/MS column.
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Fig. 7 Change in the amount of carbon dioxide in the soda water previously
thoroughly shaken for degassing, with the lapse of ultrasonic
degassing time.
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Table 4 Recovery of ethanol from degaseed ethanol-containing soda water
with one drop of 10N-NaOH added, as determined by SPME-

GC/MS.
Concentration Recovery
(vol%) (%)
0.13 100.43 (0.71)
0.51 100.17 (0.46)
1.01 100.47 (0.63)

The values in parentheses are coefficient of
variation (n = 5).
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Fig. 8 Ion chromatograms monitored at m/z = 45; (a) degassed soda water containing 0.13vol% of ethanol, (b) degassed soda water containing 0.13vol% of

ethanol with one drop of 10N-NaOH added.
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Table 5 Differences in the relative sensitivity of ethanol to the internal
standard between ethanol aqueous solution with one drop of 10N-
NaOH added and ethanol aqueous solution with one drop of IN-
NaOH added, as determined by SPME-GC/MS.

Concentration Peak Area Ratio (EtOH/IS)
(vol%) Added 10N-NaOH  Added IN-NaOH
0.13 0.611 (0.64) 0.613 (0.51)
0.51 2.080 (0.55) 2.091 (0.25)
1.01 4211 (0.28) 4218 (0.54)

The values in parentheses are coefficient of variation. (n = 5)

Table 6 Determined alcoholic strength of non-alcoholic beers

Alcoholic Strength Determined (vol%)

Alcoholic Before After
Sample  Strength  Digtillation Distillation
Indicated SPME_ SPME'
GC/MS Gc GC/MS
At Less than 0.8612 0.8607 0.8604
0.9% (0.22) (0.04) (0.48)
B Less than 0.4433 0.4401 0.4412
0.5% (0.95) (0.02) 0.77)
c1 Less than 0.4486 0.4474 0.4486
0.5% (0.67) 0.02) (0.32)
Dt Less than 0.4452 0.4438 0.4426
0.4% (0.91) (0.09) (0.80)
0.1733 0.1720 0.1718

0,

El 0.2% (0.45) (0.14) (0.42)

T and { represent imported and domestic, respectively. The values
in parentheses are coefficient of variation. (n = 5)
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