Determination of o-/3-Thujone and Related Terpenes in Absinthe using Solid Phase

Extraction and Gas Chromatography

Summary

A solid-phase extraction method (SPE) is proposed as a novel sample
preparation method for the simultaneous determination of o-, B-thu-
jone, and anethole in absinthe. It is followed by capillary gas chro-
matography (GC) with flame ionisation detection (FID) or mass spec-
trometry (MS) for final quantitation of the terpenes. Anethole was
quantitated with external standard calibration, whereas a-thujone was
evaluated by standard addition and finally confirmed by MS. In many
samples a terpene with almost identical retention time in GC interfered
with a-thujone, which was revealed in MS as linalool (M = 154.2). This
compound was also found in extract of wormwood (Artemisia ab-
sinthium L.) and is very likely responsible for formerly reported high
values of thujone in absinthe. The use of MS for quantitation or at least
for identification of the compounds is therefore highly recommended.

Zusammenfassung

Eine Festphasen-Extraktion wird als neue Probenvorbereitungs-Methode
zur simultanen Bestimmung von o-, B-Thujon, und Anethol in Absinth
vorgeschlagen. Zur quantitativen Bestimmung der Terpene wird danach
eine gaschromatographische Trennung (GC) durchgefiihrt mit an-
schliessender Detektion entweder mit Flammenionisationsdetektor (FID)
oder Massenspektrometer (MS). Die Quantifizierung des Anethols er-
folgt diber Externe Standard Kalibrierung, die von a-Thujon mittels Stan-
dard-Addition. In vielen Proben wurde ein Terpen beobachtet, das na-
hezu die gleiche Retentionszeit wie a-Thujon hatte und dessen Bestim-
mung stérte. Es wurde im MS schlieBlich als Linalool identifiziert (M =
154,2). Dieses Terpen wurde auch im Extrakt von Wermutkraut
(Artemisia absinthium L.) gefunden und ist sehr wahrscheinlich die Ur-
sache fiir die friiher berichteten hohen Thujonwerte in Absinth. Es wird
daher empfohlen zur Quantifizierung oder zumindest Identifizierung der
Inhaltsstoffe unbedingt ein MS einzusetzen.
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Introduction

A controversial discussion is going on about the amount of
thujone in absinthe, a traditional bitter spirit, which is
legally back on the market in Europe!), after having been
banned in many countries for about 70 years. The subject is
often treated very speculatively and based on historical
anecdotes and mystification, but only few analytical data
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have been published recently>?. Analytical methods at the
end of the 19th century, when absinthe was invented as a
herbal extract spirit, were neither able to determine the
small amounts of thujone, a monoterpene, which is blamed
to cause severe health problems, nor to distinguish between
the two isomers a- and B-thujone. Some modern official
methods for food control use distillation and packed or
capillary gas chromatography (GC) columns with flame
ionisation detection (FID)*%). Other approaches for sample
preparation propose liquid/liquid extraction®”) or headspace
sampling combined with solid-phase microextraction®.

A separation of a- and B-thujone is important, because the
o-isomer is said to have higher toxicity®. Some papers dis-
cuss the impact of a-thujone on the central nervous system,
and, in more detail, which acceptors are blocked®'", or the
health hazard in general'®. Nevertheless, from an analytical
point of view, too less emphasis has been put on sample
preparation and the detection after chromatographic sepa-
ration. An overview of history, toxicity and analytics of ab-
sinthe is recently given in Ref.!3).

This work presents for the first time a sample preparation
method with solid-phase extraction (SPE) for simultaneous
determination of thujone and anethole, and compares sepa-
ration methods using capillary GC with either FID or MS de-
tection. Retention index (RI) and comparison of MS data
with library entries are used for identification of compounds,
external standard calibration and standard addition are used
for quantitation of anethole and a-/B-thujone respectively.

Materials and Methods

Chemicals

All solvents (water, methanol, hexane) were of analytical
grade (Fluka, Buchs, Switzerland), terpene standards (anet-
hole, a-thujone, a-/B-thujone, fenchone, linalool) were also
from Fluka, solid-phase extraction columns (DSC-18, DPA-
6S, Envi-carb) from Supelco (Bellefonte PA, USA). Samples
were dissolved in methanol after processing, oils and ex-
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tracts, measured for comparison pur-
poses, were diluted 1:200 in hexane.

Tab. 1 Concentrations of thujone and anethole in different absinthe samples obtained with GC/FID
(values in brackets are revised results after MS detection, n.d. = not determined)

Sample Sample Name a-Thujone B-Thujone Anethole
Instruments No. [mg I'] [mg I'] [mg 1]
GC/FID separations were performed ona  |1p1 Mata Hari 19 9.9 11(0)
Megaz HRGC (Carlo Erba, Thermo 102 Griine Fee 2.4 9.0 7 (6)
Electron, Dreicich, Germany), equipped 193 Versinthe Blanche 247 (5.2) 48 3220
Wlth a 30m BGB'5 (5 % diphenyl-, 95 % 104 La Fee 68° 0.0 0.0 1184
dimethylpolysiloxane) capillary column, 105 Pernod 68° 0.0 0.0 1056
. ID, 0. film (BGB Ana- ' '

0.25 mm ID, 0.25 pm film (BGB Ana- |00 Francois Guy 48 20.0 1334
lytik, Anwil, Switzerland). The tempera- )

o . 107 Emile Pernot 68° 3.2 0.9 412
ture program was 50-250°C rising with
5°/min, and the carrier gas was helium; 108 Oxygenes 22 0.0 1025
1pl-samples were injected with a split ra- 109 Segarra 0.0 0.0 1208
tio of 1:20 on a split/splitless injector. 110 Candela 33.3(0.0) 7.9 2669
In addition, GC/MS runs were performed |11 Rote Fee Anis 19.2(0.0) 0.0 740
on a Polaris Q ion trap or a DSQ single |112 Absente 2.6 1.6 1365
quadrupole mass spectrometer each cou- |113 Prohibido 10.3 (0.0) 3.0 337
pled with a Trace 2000 GC (Thermo |114 Martini rosso 0.0 14.4 (0.0) 0
Electron, Dreieich, Germany). For sepa- [115 Fuchs Absinth 8.7 (0.0) 0.0 434
ration a 30 m J&W DB-5 (S % diphenyl-, 116 Pernod Anis 0.0 0.0 2484
95 % dimethylpolysiloxane) capillary col-  |117 Pernod Tarragona 0.8 05 n.d.

umn, 0.25 mm ID, 0.25 pm film (Agilent
Technologies, Waldbronn, Germany) was
used. Split, injection volume, carrier gas and flow, as well as
the temperature program were identical to the GC/FID.

MS conditions: fullscan mode 50-500 dalton, total ion cur-
rent (TIC), to obtain full scan spectra for subsequent library
search.

Sample Preparation
The sample preparation with solid-phase extraction was
performed with 1 ml SPE-tubes, filled with C18 material
(DSC-18) to separate the lipophilic terpenes from the alco-
holic spirit matrix. In a first step, the tube
was activated with 1 ml methanol, fol-

covery of both anethole and a-thujone. With C18 material
a breakthrough of colour in step 3 and 4 (application of
sample and washing) was observed for many samples and
could be correlated with the presence of artificial food dye.
Absinthes with natural colouring did not show this effect,
but this had no further impact on subsequent analysis steps.
Recovery of anethole was found within 95-100 % in multi-
ple runs. Accordingly, quantitation in sample spirits was
done with external standard calibration. The recovery of
a-thujone was not as good and varied depending on the

lowed by conditioning with 1 ml water. 50.00

Then exactly 1 ml of sample or spiked
sample was applied, to be washed next
with 1 ml water to dryness. After this
cleaning step, the sample was eluted with

38.00 -
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Fig. 1 GC/FID chromatogram of sample 110, Candela; it implies the presence of - and B-thujone

Originalarbeiten 1 353



The detection limit of anethole was not
determined in detail, but in the same
range as for thujone. After a brief check
for linearity we worked with one-point
calibration, because anethole was not the
main focus of this work. All quantitative
work was done by GC/FID, MS measure-
ments were complementary. Further in-
vestigations of some parameters may be
needed, before using the method in rou-
tine work.

Table 1 summarizes all quantitative re-
sults of a-/B-thujone and anethole for 17
different spirits obtained with GC. These
values were double-checked with MS,
some additional substances were only
identified with MS, without quantitation.
Obviously, some results had to be revised

8.96 10.43 11.02 1311 13.81 1413
1.05 unknown terpene
no a-thujone
) 11.53
Bthujone
? 9.42

o 10.80

5 3 fenchone
=

=

=
E 8.66

o
H
= 1020
i

9.99
1247
R L A A R naa s s s e
g 10 11 12 13 14
Time {mir)

T T after MS
The main differences between different

Fig. 2 GC/MS chromatogram (TIC) of sample 110, Candela (no a-thujone, but another (first un-

known) terpene and fenchone)

matrix of the different absinthes between 40 and 70 %.
Therefore, the amount of a-thujone was calculated with
standard addition to each sample; B-thujone, where no high
purity standard is available, was calculated later with the
response factor of a-thujone of the respective sample. With
this procedure, a detection limit of 0.1 mg 1! and a preci-
sion of 5% could be achieved. For anethole the precison
was better than 2 %, but with much higher absolute values.

recipes of absinthes include extraction
procedure of the herb Artemisia ab-
sinthium L. and subsequent steps, e.g. al-
coholic maceration and distillation. The
plants contain many chemically diverse compounds; the
composition may vary between different species within the
family, and is depending from the region and the time of
growth!'¥29, The used solvent is of great influence on the
result of the extraction. Martini i.e., which was investigated
for comparing purposes, is a bitter wine (no absinthe) and
contains only the water-soluble bitter compounds of
Artemisia absinthium L., but no thujone, because it is ex-
tracted with water. A compound eluting

at the same retention time as f-thujone

Time {min)

22— 8.96 11.04 1311 1368 1412 ) i
] 10.43 was identified as phenyl ethanol by MS.
3 Some absinthes showed rather high con-
e VA centrations of a-thujone in GC/FID, i.e.
264 / sample 110, Candela (Fig. 1), which
244 could be confirmed in a first step with
22 standard addition. Further investigation
Y 2.0—: with GC/MS however uncovered, that no
51e] ' a-thujone was present, but an additional
515; unknown compound (Fig. 2), which
%1_4_3 _ . 12.80 could not be identified at first glance,
“od ||, M':::::ne and fenchone. In sample 103, Versinthe
e 913/ 1020 1456 Blanche, both the unknown compound
. fenchone iy and o-thujone are present (Fig. 3). The
u.a—z \ 10.00 quantitative result for a-thujone had to
] 8.6 be corrected to a much lower amount
e e \h 120 1282 than originally measured with GC. The
e unknown terpene, which could be identi-
R L B B A L A AL U fied by MS later, is relatively constant in

most samples, whereas the amount of a-

Fig. 3 GC/MS chromatogram (TIC) of sample 103, Versinthe Blanche (a-thujone and the unknown thujone varies quite dramatically, but at

terpene are present)
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results show the importance of a very
good separation on the GC column and a
doubtless identification of the measured
analyte, e.g. by MS.

In order to obtain some more informa-
tion about the unknown compound, a
of herb
(Artemisia absinthium L.) was performed

distillation wormwood
in our own laboratory. The substance
could be found in rather high concentra-
tion in the extract, thus confirming, that
it originates from the plant and is no arte-
fact. Additional runs were performed
with this sample on a quadrupole GC/MS
system to obtain comparable mass spec-
tra for a library search, because terpene
spectra from the ion trap MS detector,
which we used first, were not compatible
with common library entries. In this run
a- and B-thujone could be identified eas-
ily (Fig. 4) and finally also the unknown
terpene as linalool (Fig. 5). The molecular
mass is 154.2 D, which can hardly be
seen as molecular ion, because of a very
easy loss of 18 dalton (H,O). The reten-
tion index (RI) is 1100 on a DB-5 col-
umn, which is very close to a-thujone.
Using GC/MS, none of the analyzed ab-
sinthe samples exceeded the maximum
limit of 35 mg I! for thujone in bitter
spirits!. However surprisingly, five ab-
sinthes did not contain thujone at all. Ac-
cording to Ref.*) thujone concentrations
below 2 mg 1! disprove the use of worm-
wood as an ingredient, suggesting careful
evaluation of absinthe spirits by official
food control. Furthermore, the natural
relation of the thujone isomers in worm-
wood shows normally B-thujone as the
more abundant isomer. Higher values for
o-thujone indicate either unnaturally
added a-thujone or an interference with
another compound.

The analysis of sample 117, a vintage
Pernod absinthe from Tarragona (ca.
1930) showed only a relatively low thu-
jone concentration of 1.3 mg I™' (sum of
a- and B-thujone). This confirms the re-
sults of Hutton®, who also found only 6
mg |™' thujone in a vintage Pernod ab-
sinthe (ca. 1900). Thujone concentrations
as high as 260 mg I, reported in the
19th century®, may therefore have been
the result of inadequate analytical tech-
niques.
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