
Identification of the Volatile Component(s) Causing the
Characteristic Foxy Odor in Various Cultivars of

Fritillaria imperialis L. (Liliaceae)

JOHANNES PETRUS FRANCISCUS GERARDUS HELSPER,*,† MARK BÜCKING,‡,§
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To identify the component(s) causing the foxy odor, characteristic for some Fritillaria imperialis cultivars,
the headspace of flower bulbs was analyzed using gas chromatography-olfactometry (GC-O) and
GC-mass spectrometry (GC-MS). Six Fritillaria species and cultivars were selected as follows: F.
imperialis cv. Premier (very strong foxy odor), F. imperialis cv. Lutea (strong foxy odor), F. imperialis
ssp. Inodora (no odor), Fritillaria eduardii (weak mousy odor), Fritillaria raddeana (no odor), and an
F1 of F. imperialis Lutea × Inodora (weak foxy odor). Volatiles from these flower bulbs were
accumulated on Tenax and injected into the GC by thermodesorption. The majority of the volatiles
consisted of low molecular weight aliphatic compounds. GC-O revealed that the foxy odor was caused
by a single component, identified as 3-methyl-2-butene-1-thiol on the basis of smell in GC-O analyses
(two GC columns), mass spectra, and retention times. Chemical identification was substantiated by
GC-O and GC-MS of an authentic standard of 3-methyl-2-butene-1-thiol, prepared by organic
synthesis.
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INTRODUCTION

An important way of plants to communicate with the
environment is the emission of volatile compounds. Thus, these
may attract animal species with which they show positive
interactions, e.g., pollinators, or deter animal species that are
likely to be harmful, e.g., herbivores. A wide scope of chemical
compounds is known to serve this purpose from which the most
important belong to three chemical classes: aliphatic, aromatic,
and terpenoid compounds (1).

For horticultural purposes, these volatiles may serve as a
positive quality trait when they result in a pleasant fragrance.
In contrast, various plant species, from which many belong to
the Liliaceae, produce volatiles that are experienced by humans
as “off-odors” in their different fragrance tones, like phenolic,
putrid, sulfurous, sweaty, and foxy (2, 3). The most well-known
emitters of such offensive odors within the Liliaceae family
belong to the genusAllium, e.g., onion, garlic, and chive, which
emit a wide variety of sulfur-containing compounds (4,5).

From many of the offensive odor-emitting plant species
relevant for horticulture, the causative components have not been
identified. From the Liliaceae family, the genusFritillaria was
introduced into Europe 400 years ago as one of the first
horticultural crops. The genusFritillaria originates from a 3500
km wide zone stretching from southern Turkey to Pakistan (6).
It is still grown commercially in The Netherlands to a consider-
able extent to produce bulbs, which are sold locally or exported
to the United States, Germany, and Belgium.Fritillaria cultivars
are mainly grown as ornamental plants for their elegant
inflorescences in gardens, but because of the highly pungent,
foxy odor (6, 7), which is emitted by bulbs, leaves, stems, and
flowers of various cultivars, these are not kept indoors. The
chemical structure of the compounds responsible for this odor,
which shall be further referred to as “foxyFritillaria odor”,
has not been identified. PlantingFritillaria bulbs is a widely
applied strategy to deter moles from penetrating lawns in which
they cause mole hills. It is likely that the foxy odor may be the
deterring factor. A closely related species,Fritillaria meleagris,
is the onlyFritillaria species from which headspace analysis
has been described. It emits various small aliphatic compounds
and mono- and sesquiterpenoids (8), but these cannot be
responsible for the pungent, foxyFritillaria odor ofFritillaria
imperialis. Elucidation of the chemical structure and the
availability of an analytical tool for detection may help plant
breeders to generate cultivars, which do not emit foxyFritillaria
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odor volatiles but still show the positive horticultural traits, like
flower color and plant architecture, of the foxy-smellingF.
imperialis cultivars.

In the present study, dynamic headspace gas chromatogra-
phy-olfactometry (GC-O) and GC-mass spectrometry (GC-
MS) are used to identify the compound or compounds respon-
sible for the foxyFritillaria odor perception ofF. imperialis
cultivars Premier and Lutea. The foxy smell is not detectable
in F. imperialis, Inodora, a nonodorous subspecies that can be
crossed with the former two cultivars and is used as a control
in our analyses. In addition to these three cultivars, we
investigated an F1 offspring of a cross betweenF. imperialis
Lutea× Inodora, which emits a faint foxy odor, and two other
Fritillaria species,Fritillaria eduardii andFritillaria raddeana,
which lack this odor type, as extra controls. Flower bulbs were
used as the experimental tool because they are metabolically
more stable and more effective in the emission of the foxy
Fritillaria odor than other intact plant parts, such as leaves,
stems, or flowers, which only emit the foxy smell for a few
days to 1 week. The foxy tone is very predominant in the overall
fragrance perception, which is therefore similar for virtually all
plant parts of the foxy-smelling cultivars.

MATERIAL AND METHODS

Chemicals.All chemicals were reagent grade or better. All reference
chemicals were purchased from Sigma or Aldrich, now merged to
Sigma-Aldrich Chemie BV (Zwijndrecht, The Netherlands). 3-Methyl-
2-butene-1-thiol was prepared via organic synthesis from 3-methyl-2-
butene-1-ol (Sigma-Aldrich Chemie BV) according to Holscher et al.
(9) at a 10-fold smaller scale.

Plant Material. Plants of theF. imperialiscultivars Premier (very
strong foxy odor) and Lutea (strong foxy odor), theF. imperialis
subspecies Inodora (no odor), a cross betweenF. imperialisLutea×
Inodora (F1 generation, faint foxy odor),F. eduardii (mousy odor),
andF. raddeana(no odor) were grown from bulbs during the spring
and early summer in clay soil near Midlum (Province of Friesland,
The Netherlands). Bulbs, newly grown from these plants, were harvested
in mid-June and stored, after removal of soil, at ambient temperature
until analysis, which occurred in October and November.

Headspace Sampling of Volatiles.At least 2 weeks before
experiments, bulbs were conditioned to the experimental circumstances
by transferring them to a climatic chamber at 20°C and 50% relative
humidity in constant darkness. This prevented or at least strongly
reduced stress-related and rhythmicity effects in odor emission during
the experimental period, as have been described for many volatiles in
higher plants. Single bulbs (between 70 and 160 g each) were placed
in glass jars (height 12 cm, diameter 9 cm) closed with a screw cap
coated with a Teflon shield at the inside. Ambient air, at a flow rate of
70 mL min-1, was purified at the inlet of the jar by a glass cartridge,
containing about 150 mg Tenax TA 20/35 mesh (Alltech, Breda, The
Netherlands). Bulb-derived volatiles were accumulated for 24 h at the
outlet in glass cartridges, designed for a TDS2 thermodesorption system
(Gerstel, Mülheim, Germany), with 125 mg of Tenax TA. Two stainless
steel tube connectors were used to protrude the jar cap, and Teflon
tubing was applied to connect these to the Tenax cartridges. Tenax
cartridges with accumulated volatiles were capped using Teflon tape
and stored at-18 °C until GC analysis. The experiments were
performed twice with a different set of bulbs. One of the duplicate
data sets has been given in the tables.

GC-O and GC-MS. GC-O was performed using two GC systems
1 and 2, where helium was used as a carrier gas at 1 and 8 mL min-1,
respectively. Accumulated volatiles were desorbed from Tenax using
a TDS2 thermal desorbtion system and a CIS3 cold injection system
(both Gerstel), cooled with nitrogen (-150 °C). To start the GC runs,
the trap was heated rapidly to 260°C.

For GC-O in system 1, volatiles were passed onto a BP-5 column
(30 m length, 0.25 mm i.d., and 1.0µm film thickness; Varian,
Middelburg, The Netherlands). The oven was programmed at an initial

temperature of 40°C for 2 min with a ramp of 4°C min-1 to 150°C,
then with a ramp of 8°C min-1 to 250°C, and held for 15 min at this
final temperature. Eluting compounds were detected using a self-built
sniffing-port system, which was not supplied with humidified air. For
GC-O in system 2 (Trace GC 2000, Interscience, Breda, The Nether-
lands) volatiles were passed onto a BP-Wax column (25 m length, 0.32
mm i.d., and 1.2µm film thickness; Varian). The oven was programmed
at an initial temperature of 33°C for 4 min with a ramp of 4°C min-1

to 115°C, then with a ramp of 12°C min-1 to 235°C, and held for 5
min at this final temperature. Eluting compounds were passed through
a three-way splitter (1:1:1 ratio; Gerstel), connected to two sniffing
ports to which humidified air was supplied (Interscience) and to a flame
ionization detector. The latter was not sensitive enough to show the
peak corresponding to the foxyFriltillaria odor component and was
therefore not used. GC-O detection was performed by two untrained
male adults, 44 and 52 years of age, by registering the olfactory
perception at a semiquantitative scale for typicalFritillaria odor (very
strong-strong-weak-absent) and qualitatively for the other odor tones
throughout the chromatographic run.

For GC-MS, the conditions and hardware were used as for GC-O
system 1. Compounds were analyzed using an Automass II mass
spectrometer (Thermo Finnigan, Breda, The Netherlands) operating in
the TIC mode (m/z-range 40-300) at a scan time of 500 ms. Source
and transfer line temperatures were 130 and 250°C, respectively. The
filament had a current of 650 mA. Ionization energy and photomultiplier
were set at 70 eV and 600 V, respectively.

Because of the vacuum applied for mass spectrometry, components
eluted about 3.3 min later under GC-O conditions as compared to GC-
MS conditions. This delay was determined using a blend of the
following reference chemicals 3-methyl-2-butene-1-thiol (foxy odor),
3-methylthiopropanol (potato odor), and 1-octen-3-ol (mushroom odor)
and a mixture of 2-ethyl-3.3-dimethylpyrazine plus 2-ethyl-3.5-di-
methylpyrazine (dry sweaty odor).

RESULTS

GC-O Analyses. Table 1shows the pattern of the major odor
tones perceived at the sniffing ports of GC-O systems 1 and 2
after analysis of the headspace, obtained fromF. imperialiscv.
Premier. After GC separation, the foxyFritillaria odor was
perceived as “very strong” in both GC systems as a single
component inF. imperialis cv. Premier, as “strong” inF.
imperialiscv. Lutea, and as “weak” in the F1 of the hybridF.
imperialisLutea× Inodora. The intensity of the GC-O signals
showed a similar ranking order between these cultivars as was
observed for whole flower bulbs. Other aroma qualities were
noticeable, to different extents, upon GC-O of all sixFritillaria
cultivars investigated (Table 1).

GC-O analyses of an authentic standard of 3-methyl-2-butene-
1-thiol, prepared by organic synthesis, revealed the foxy
Fritillaria odor in both GC systems at the same retention time
and with the same odor tone as perceived withFritillaria flower
bulbs.

GC-MS Analyses. Table 2reveals that the flower bulbs from
all six Fritillaria cultivars investigated emit qualitatively a
similar pattern of volatiles, consisting mainly of fatty acid

Table 1. GC/Olfactrometry Pattern of the Volatiles Emitted by Flower
Bulbs of F. imperialis, Cv. Premier, in Two GC Systems

Rt (min)

GC system

odor quality 1 (BP-5 column) 2 (BP-Wax column)

foxy 15.7 10.0
mousy 18.8 22.2
citrus 20.8 23.3
mushroom 21.3 22.3
sweaty 28.7 27.1
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metabolites, predominantly C6 but also C9 alcohols, longer chain
alkanes, and a few aromatic compounds, e.g., benzaldehyde (Rt

) 18.5 min) and trichlorophenol (Rt ) 33.3 min), but no
terpenoids. The origin of the unnatural components 2,4,6-
trichlorophenol and 2-nitroethanol is unknown. They may be
residues from agrochemicals. 3,4-Dimethyl-1,5-heptadiene is
probably a misidentification by the MS library, since this C9

compound is likely to elute at a lower RI from the BP-5 column.
Quantitatively, i.e., expressed as percentage of total peak area
for each cultivar, the amounts of these volatiles appeared highly
variable, even among replicates of the same cultivar. The major
distinction in the GC patterns between cultivars emitting the
foxy Fritillaria odor and those which lack this characteristic
was the presence of a component, identified as 3-methyl-2-
butene-1-thiol on the basis of its mass spectrum. GC-MS
analyses of an authentic standard, prepared by organic synthesis,
confirmed the identity of the component responsible for the foxy
Fritillaria odor.

The abundance of 3-methyl-2-butene-1-thiol is consistent with
the intensity of foxy Fritillaria odor in the F. imperialis
cultivars: Premier> Lutea. Lutea× Inodora, where the latter
did not show a detectable peak in GC-MS (Table 2). The
retention times in GC system 1, after correction for pressure
difference in the detection system (see Material and Methods),
also indicate that 3-methyl-2-butene-1-thiol causes the typical,
foxy Fritillaria odor perception. The other odor tones mentioned
in Table 1 could not be matched with any of the volatiles
identified by GC-MS (Table 2).

DISCUSSION

The results in this paper show that the foxyFritillaria odor,
which is characteristic for someF. imperialis cultivars (6,7),

is caused by a single component: 3-methyl-2-butene-1-thiol.
The chemical identification is based on mass spectrometry and
sensory perception after GC separation of the volatiles emitted
by flower bulbs of variousFritillaria cultivars. It is further
substantiated by comparison of retention time and odor quality
with an authentic standard, obtained by organic synthesis, in
GC-O analyses with two different GC systems and by GC-MS
analyses in one of these systems.

Independent from itsFritillaria origin, 3-methyl-2-butene-
1-thiol has been described in earlier investigations as having a
foxy odor, where it occurs in processed plant-derived beverages
such as beer, after exposure to light in the 350-500 nm range
(10, 11) and in coffee (2, 9). Epple et al. (12) tested this
compound, also prepared by organic synthesis, on its feeding
avoidance activity in mountain beavers where it was shown to
be ineffective.

In the above-mentioned reports on occurrence in beer and
coffee, the sensory threshold of 3-methyl-2-butene-1-thiol was
very low, 20-30 pg/L (9). This was also observed in our
analyses, where its olfactorally faintly detectable presence in
the cross ofF. imperialiscv. Lutea× Inodora, did not result in
a detectable signal on the GC-MS. For this reason, we chose a
relatively long sampling time, which will probably interfere with
a reliable quantitative determination of this low molecular weight
component due to breakthrough in the Tenax cartridges used
(13-15). A rough estimate, based on peak area, with the
synthetically prepared 3-methyl-2-butene-1-thiol as a reference,
suggests an accumulation in the low picomole range in the most
intensely smelling cultivarF. imperialiscv. Premier after 24 h
of sampling.

A similar compound, 2-butene-1-thiol, has been reported as
the major component causing the odor perception of the anal

Table 2. Distribution of Peak Areas in GCMS Profiles of Volatiles from Flower Bulbs of Six Fritillaria Species/Cultivars in GC System 1a

peak abundance (% of total peak area)

F. imperialis cultivars other Fritillaria species

compound RI
Rt

(min) Premier Lutea
ssp.

Inodora
Lutea ×
Inodora

F.
eduardii

F.
raddeana

acetic acid 616 4.9 13.5 12.8 12.0 13.6 19.3 16.5
2-nitroethanol 658 6.7 0.3 61.8 61.0 0.3 0.2 0.2
3-hydroxy-2-butanone* 713 7.9 0.4 0.3 0.5 0.1 0.2 0.5
3-methylpentanol* 738 8.9 0.7 1.1 1.4 0.3 0.6 0.7
2,3-butanediol 793 11.1 2.2 n.d n.d 1.1 1.2 0.8
n-hexanal 802 11.5 20.4 3.2 3.0 12.1 10.5 9.4
3-methyl-2-butene-1-thiol 823 12.4 2.4 0.1 ND ND ND ND
3-pentene-2-ol 860 14.0 3.6 0.3 0.4 0.1 ND 0.5
1-hexanol 867 14.3 3.5 1.1 0.3 1.5 3.8 2.5
1,2-dimethylbenzene* 872 14.5 1.6 1.1 1.3 3.3 8.6 4.5
cyclohexanone 895 15.5 1.8 1.9 2.5 7.2 7.0 5.9
dihydro-3-methyl 2(3H)-furanone* 948 17.8 1.9 1.5 0.7 1.3 2.8 1.1
benzaldehyde 964 18.5 1.8 1.2 1.2 2.5 3.2 2.9
3-methyl-2(5H)-furanone* 977 19.1 2.9 0.8 0.7 5.1 7.2 18.6
3-hydroxy-4,4,dimethyl 2(3H)-furanone* 1035 21.5 1.7 0.9 0.6 2.7 2.5 2.3
acetophenone 1073 23.0 1.4 0.9 1.0 2.0 2.9 5.4
2-nonene-1-ol* 1105 24.3 2.8 1.2 1.5 2.6 4.5 3.1
octanoic acid 1164 26.6 1.3 0.5 0.8 4.0 4.7 8.9
decanal 1209 28.3 1.9 0.5 0.7 1.0 1.5 0.8
nonanoic acid 1265 30.3 1.9 0.7 1.0 2.3 4.1 2.2
2,4,6-trichlorophenol 1369 33.3 1.5 0.4 2.2 18.2 1.9 1.8
tetradecane 1400 34.2 3.8 0.7 1.1 3.3 2.9 3.7
pentadecane 1500 36.3 6.9 1.5 1.3 4.9 4.1 2.6
3,4-dimethyl-1,5-heptadiene* 1522 36.7 15.2 1.7 0.3 0.5 0.2 0.4
hexadecane 1600 38.1 4.5 3.8 4.4 10.0 6.1 4.6

a The F. imperialis cultivars Premier, Lutea, and Lutea × Inodora (F1 generation) emit the characteristic foxy F. imperialis odor. ND, not detectable (<0.1 % of total peak
area). Components marked * are tentatively identified by their mass spectrum from the automated data base; other components are further characterized by mass spectrum
plus RI obtained from authentic standards.
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sac secretion of four different skunk species (16-19). The foxy
tone of 3-methyl-2-butene-1-thiol may be influenced to various
extents by other components in the blend of volatiles, as was
observed in coffee (2, 20), and also inFritillaria flower bulbs.
In the latter source, the foxy tone strongly dominated the overall
perception of the blend.

In the closely related plant speciesF. meleagrisHedström
(8) we observed the emission of some monoterpenes and low
molecular weight alkanes but no sulfur-containing compounds.
Also, in other Liliaceae, low molecular weight aliphatic
compounds predominate the spectrum of emitted volatiles (21).
Sulfur-containing volatiles, mainly C3-C6 aliphatic sulfides and
thiosulfinates, are commonly described for the genusAllium,
where they are responsible for the typical odor of these food
sources (4, 5, 22-25). Also, 3-methyl-2-butene-1-thiol may be
considered as an aliphatic but at the same time as a terpenoid
sulfur-containing volatile. Because of the presence of only five
carbons, 3-methyl-2-butene-1-thiol should be further specified
as a member of the terpenoid subclass of isoprenoids.

Biosynthesis of low molecular weight aliphatic compounds,
which produces the green odor tone in fragrance blends (3),
probably occurs via degradation of fatty acids (26). Terpenoids
are generated by either of two different pathways: the meva-
lonate (27) or the pyruvate-dihydroxyacetone phosphate pathway
(28). Although terpenes were not observed in our study, the
C5-isoprenoid 3-methyl-2-butene-1-ol has been suggested as an
immediate precursor for 3-methyl-2-butene-1-thiol (9) and is,
considering its almost identical chemical structure, a very likely
candidate for its biosynthesis.

An objective analytical protocol, together with insight in the
biosynthetic pathway and heritability, are very valuable tools
for breeding and selection of bulbs lacking emission of the foxy
Fritillaria odor. The lower abundance in bulbs of the F1
generation of the crossF. imperialisLutea× Inodora indicates
an intermediate inheritance. Biosynthesis of higher terpenoids
is required for survival due to the crucial role in plant vitality
of carotenoids, as photosynthetic and protective pigments, and
of steroids, as plant growth regulators. The absence of 3-methyl-
2-butene-1-thiol in nonemitting cultivars is probably not due
to inactivity of genes or enzymes responsible for biosynthesis
of these vital compounds. It is more likely that another
biosynthetic step is inhibited, e.g., the introduction of sulfur
into the aliphatic or terpenoid backbone. It would be interesting
to extend our investigations to the molecular genetic background
of 3-methyl-2-butene-1-thiol biosynthesis. This may open the
possibility to generateF. imperialiscultivars, which lack foxy
Fritillaria odor but preserve the ornamental value. The primary
prerequisite of an objective analytical tool has now become
available, together with the identification of the causative foxy
Fritillaria odor component.
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