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Abstract-Volatile components of celery and celeriac were analysed using routine procedures. A high proportion of 
each isolate consisted of monoterpene hydrocarbons (46.0% celery; 24.8% celeriac) and phthalides (42.3% celery; 
37.4% celeriac). Major components of both isolates were limonene and 3-butyl-4,5dihydrophthalide (or sedanenol- 
ide). Celery volatiles contained higher concentrations of y-terpinene and a-pinene, whereas those of celeriac had greater 
quantities of a-terpinene and b-pinene. A celery-like odour was associated during GC elution with each of the 16 
phthalides reported, of which (E)-3-butylidene-4,5dihydrophthalide (or (E)-ligustilide) and cis,syn-3-butyl_3a,4,5,7a- 
tetrahydrophthalide (or cnidilide) could not be detected in celeriac. 

INTRODUCTION 

Cultivated celery (Apium graueolens L. var. d&e) and 
celeriac (Apium graveolens L. var. rapaceum) are closely 
related members of the Umbelliferae, but, whereas the leaf 
stem is the edible part of celery, the part of the celeriac 
that is eaten is the swollen base of the stem, often referred 
to incorrectly as a ‘root’. In both cases, they can be eaten 
raw in salads or as cooked vegetables or in soups, stews, 
etc. The flavour of celeriac is similar to that of celery, but 
it has never equalled celery in wide popularity, and this is 
reflected in the number of publications on the volatile 
components of the two vegetables. 

The volatiles of celery have been studied by several 
workers [l-l 11, although some of the early work was, in 
fact, performed on celery seeds. In all, about 165 com- 
ponents have been characterized, and notable features are 
the reported presence of several terpenes and some 
characteristic phthalides. Only five publications describe 
the volatile constituents of celeriac [lo, 12-151, which 
amount to about 40 in number. In this paper, we report 
the results of direct comparative analyses of the volatile 
components of celery (Apium graveolens L. var. dulce, 
‘Celebrity’) and celeriac (Apium graueolens L. var. rapa- 
ceum, ‘Monarch’), which have not been published 
hitherto. 

RESULTS AND DISCUSSION 

Fresh celery and celeriac were purchased from a local 
supermarket, and aroma extracts were prepared and 
validated using well-established procedures [ 16, 171. The 
odour of each extract was representative of the vegetable 
extracted; both were described as strongly celery-like, 
whilst the celeriac aroma extract possessed additional 
slight buttery and caramel overtones. Four extractions 
were performed for each vegetable, and the replicate 
extracts were combined before concentration by high 
vacuum-low temperature distillation [18]. The resultant 
isolates, on appropriate re-dilution, possessed strong 

characteristic celery aromas as described above for the 
respective extracts. 

Isolates were analysed by GC, GC-MS and by the 
technique of GC odour port assessment (GC-OPA) [19], 
and results are given in Tables 1 and 2. Fused silica ca- 
pillary GC columns were used, containing either bonded- 
phase DB5 or BP20. Best resolution was achieved using 
the DB5 column, and the majority of the aroma com- 
ponents were identified using this phase (Table 1); how- 
ever, a small number of components was identified only 
from the BP20 column (Table 2). Literature Kovlts 
retention indices [20-251 of most components are also 
included in the Tables, and confirm the general elution 
sequence. Where positive identities are given, the mass 
spectra obtained on GC-MS agreed with those in the 
literature [lo, 14,20,21,25-341. 

Quantitatively, as assessed from total peak areas, the 
celery isolate was stronger than the celeriac isolate (ob- 
tained identically) by a factor of about six. In all, from the 
celery volatiles, 68 components (comprising ca 92.0% of 
the isolate) were positively identified, with a further 12 (ca 
1.0%) partially characterized. Of the fully identified com- 
ponents, 28 are reported as celery volatiles for the first 
time, and these are indicated in Tables 1 and 2 by 1. With 
regard to the celeriac volatiles, 46 components (compris- 
ing ca 79.0% of the isolate) were positively identified, with 
a further 3 (ca 2.0%) partially characterized. Of the fully 
identified components, 21 are reported as celeriac Vol- 

atiles for the first time, and these are indicated in Tables 1 
and 2 by II. 

Some interesting features of the chemical composition 
of the two isolates relate to their content of terpenoid 
compounds. As a group, the 18 monoterpene hydrocar- 
bons represented as much as 46.0% of the celery isolate, 
but only 24.8% of the celeriac sample. Nine of the 
monoterpene hydrocarbons identified in celery-namely 
camphene, a-thujene, terpinolene, /I-phellandrene, Ciso- 
propenyl-1-methylbenzene and the p-menthatrienes- 
could not be detected in the celeriac isolate. The major 
component in both isolates was limonene, constituting 
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Table 2. Additional volatile components of celery and celeriac (BP20 column CC-MS) 

KovCts % RAT 
Index 

Component and ref. MS (lit) $in) (lit)* Celery Celeriac 

Butanedione [20] 2.36 963 tr. 
trans-b-Ocimene [27] 11.82 1250 tr. tr. 
cis-p-Mentha-2,8-dien-l-01 [Zl] 35.39 tr. tr. 
YSantalene [31] 37.35 1671$ tr. 
11 Neral [21] 37.84 1680 tr. tr. 
a Dihydrosesquiterpene (M206) 40.53 tr. 

gcis, syn-3-butyl-3a,4,5,7a-tetrahydrophthalide 73.42 tr. 

(i.e. cnidilide) [34] 

*Kovats index lit. [ZO] for PEG 20M. 
7 RA = relative abundance; tr. = trace, i.e. ~0.1%; - not detected. 

$lit. [24]. 

qreported as celery volatiles for the first time. 

/I reported as celeriac volatiles for the first time. 
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35.5% of the celery volatiles and 14.9% of the celeriac 
isolate. However, an interesting distinguishing feature is 
that, whereas the celery volatiles also contained higher 
concentrations of y-terpinene (6.6 vs 1.6%) and cc-pinene 
(0.5 vs 0.2%), the celeriac volatiles were characterized by 
greater quantities of the alternative isomers, i.e. a-terpin- 
ene (3.0 vs 0.1%) and fl-pinene (4.4 vs 1.8%). Considering 
now the nine identified sesquiterpene hydrocarbons as a 
group, they represented 3% of the celery aroma-this 
being largely due to caryophyllene (1.2%) and /3-selinene 
(1.0%). Interestingly, however, only one of the nine, 
namely caryophyllene, could be detected in the celeriac 
isolate (and at only 0.1%). The notable absence (or low 
level) of /Lselinene, in particular, is another distinguishing 
facet, since it is a well-known and reputedly important 
aroma component of celery [S, 353. 

Of greater relevance is the identification in this work of 
16 phthalides (one is a derivative), 12 of which were 
positively characterized, and are presented in Fig. 1. 
Phthalide structures and nomenclature in the literature 
have been ambiguous and highly confused. In this paper, 
the semi-systematic nomenclature used is based on that of 
Cocker et al. [36] and is explained in the figure footnote. 
As a class, the phthalides represented as high a pro- 
portion as 42.3% of the celery isolate and 37.4% of the 
celeriac sample. Twelve members were present in both 
celery and celeriac, but two of the celery phthalides, 
namely (E)-ligustilide and cnidilide, could not be detected 
in the celeriac volatiles. To the best of our knowledge, this 
is the first reported presence of cnidilide and methyl 
sedanonate in celery, and of the latter compound and the 
two isomeric 3-butylhexahydrophthalides in celeriac. The 
major phthalide in both isolates was sedanenolide, con- 
stituting 28.1% of the celery volatiles and 13.4% of the 
celeriac sample. The other main differences between the 
two isolates were the presence of higher concentrations in 
celery of 3-butylphthalide (2.5 vs l.S%), (E)-3-butyl- 
idinephthalide (1.0 vs 0.2%), (E)-ligustilide and cnidilide, 
whereas the celeriac isolate contained higher concen- 
trations of the two isomeric 3-butylhexahydrophthalides 
(5.4 vs 0.1% combined), cis-sedanolide (5.3 vs 5.0%), 
trans-sedanolide (7.3 vs 1.4%), (Z)-3-butylidinephthalide 
(0.5 vs 0.1%) and methyl sedanonate (0.2% vs trace). 

As shown in Table 1, the highly characteristic odour of 
celery was associated only with the phthalides during 
chromatographic elution. All the representatives ident- 
ified were described as celery-like and all are substituted 
at CJ. However, a braised or cooked celery note was 
associated with one isomer of 3-butylhexahydrophthal- 
ide, (E)-3-butylidinephthalide and sedanenolide; a med- 
icinal celery nuance correlated with cis-sedanolide and 
(Z)-ligustilide, whilst a distinct camphoraceous/celery 
description applied to the alternative isomers, i.e. trans- 
sedanolide and (E)-ligustilide. The correlation of celery 
odour with phthalide structures dates back to the late 
1920’s when Berlingozzi and co-workers studied the 
chemistry and odour properties of alkyl and alkylidene 
phthalides, e.g. ref. [37]. Working with synthesized 5,6- 
dihydro-, 3a,4,5,6_tetrahydro- and hexahydrophthalides, 
they showed that replacement of one of the C, hydrogens 
by an alkyl group produced a celery aroma. When both 
were replaced by an alkyl group, the odour was less 
intense. However, celery odour was most intense when 
the C, hydrogens were replaced by an alkylidene group; 
odour intensity increased as the alkylidene group in- 
creased from C1 to C,. This was confirmed later by 
Kariyone and Shimizu [38]. 

Indeed, four alkylidenephthalides, i.e. 3-(2-methylpro- 
pylidene)phthalide, 3-(3_methylbutylidene)phthalide, 3- 
(2-methylpropylidine)-3a,4_dihydrophthalide and 3-(3- 
methylbutylidine)-3a,4_dihydrophthalide, were detected 
in celery stem volatiles by Gold and Wilson in 1963 
[39,40] and found to possess significant celery-like 
aroma. Since then, the celery odour of such compounds 
has been confirmed [41] and some representatives of this 
group have been reported four times as celery volatiles 
[6, 12, 14, 301, but characterization has not been con- 
vincing. Specific mass spectral searches were made in the 
present study for these four compounds, but none was 
detected. 

Some previous workers have been unable to detect 3- 
butylphthalide together with sedanolide in celery, and 
have suggested that the latter has been confused with the 
former [4,33]. However, both (and also the isomeric 
sedanolides) were very clearly separated and readily 
characterized in this investigation. A confusion has also 
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\ 
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10 11 

Fig. 1. Bu is the straight chain butyl group. The stereochemical convention suggested by Cocker et al. [36] is used 

here, i.e. cis and tram used to describe orientation of 3a,7a H atoms; syn and anti used to describe orientation of 3,3a 

H atoms; where a 7,7a double bond eliminates the necessity to refer to the ring fusion, cis and tram are used to 

describe orientation of the 3,3a H atoms. 1= 3-butylphthalide; 2=(E)-3-butylidenephthalide; 3=(Z)-3- 

butylidenephthalide; 4 = 3-butyL4,5_dihydrophthalide or sedanenolide (also named senkyunolide) [34]; 5 = (Q-3- 

butylidene-4,5_dihydrophthalide or (E)-ligustilide; 6=(Z)-3-butylidene-4,5_dihydrophthalide or (Z)-ligustilide; 7 

= trans-3-butyl-3a,4,5,6-tetrahydrophthalide or trans-sedanolide (also named neocnidilide) [36]; 8 = cis-3-butyl- 
3a,4,5,6_tetrahydrophthalide or cis-sedanolide (also named isocnidilide) 1361; 9=cis,syn-3-butyl-3a,4,5,7a- 

tetrahydrophthalide or cnidilide [36]; lO=methyl 6-pentanoylcyclohex-I-enoate or methyl sedanonate [33]; 11 
= 3-butylhexahydrophthalide (four possible isomers-c&anti: tram, anti; cis, syn; tram, syn [36]-of which two 

detected). 

occurred in the literature regarding the identification of 
sedanolide and sedanenolide, in that frequently either one 
or the other has been reported but not both. The reason 
for this is that they can have similar chromatographic 
properties and can prove difficult to resolve. Once again, 
good resolution of the sedanenolide and the isomeric 
sedanolides was achieved in the present study, especially 
when using the DB5 fused silica capillary GC column. 
Very recently, adequate resolution for characterisation 
has also been achieved by Bindler and Laugel, analysing 
the volatiles of celeriac brandy [42], and to a lesser extent 
also by Toulemonde er al. in their analysis of lovage 
phthalides, although they report only one sedanolide 
isomer [25]. 

Three compounds, which are probably related bio- 
synthetically and/or degradatively to the phthalides, elu- 

ted on the DB5 GC column in between the monoterpene 
and sesquiterpene hydrocarbon groups. Two were pres- 
ent in both celery and celeriac and are the previously 
reported [30, 351 pentylcyclohexadiene (M, 150) and 
pentylbenzene (M, 148), the latter being formed from the 
former by disproportionation or dehydrogenation [3S]. 
The former was present at a higher concentration in 
celeriac than celery (1.8% vs 0.3%), agreeing with the 
recent findings for lovage ‘root’ [43]. The third com- 
pound was detected only in the celery isolate and had a 
mass spectrum showing similarities with that of the 
pentylcyclohexadiene; it was identified as (E,Z)-undeca- 
1,3,5-triene, reported recently as a celery volatile by 
Berger et al. [22]. It can be regarded as the ring-opened 
form of the pentylcyclohexadiene. However, linear un- 
decaenes are more potent odorants than their alicyclic 
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isomers [22], the detection odour threshold of (E,Z)- 
undeca-1,3,5-triene being 0.00&0.002 ng, the lowest in air 
for any hydrocarbon [44]. 

The identified series of four p-menthatrienes (including 
p-mentha-1,3,8-triene) has not been established pre- 
viously in the volatile components of celery, and they 
could not be detected in the celeriac isolate. Together 
with the closely related 4-isopropenyl-1-methylbenzene, 
they have been reported as volatiles of parsley [29,45], 
another member of the Umbelliferae. However, two other 
volatile components, which are to some extent character- 
istic of the Umbelliferae and identified previously in both 
parsley [29,45] and celery [ll], namely apiole and 
myristicin, could not be detected in the present study. 

EXPERIMENTAL 

Fresh celery (Apium graueolens L. var. dulce, ‘Celebrity’) and 
celeriac (Apium graveolens L. var. rapaceum, ‘Monarch’) were 
purchased from a local supermarket supplied by G. S. Shropshire 
and Sons, Cambs. 

Isolation ofvolatile components. Celery stems (750 g), cut in ca 
1 cm slices, in dist. Hz0 (500 ml) were extracted for 3 hr in a 
modified [16] Likens and Nickerson apparatus [17] using triply 
distilled 2-methylbutane (20 ml). Four extractions were per- 
formed and the extracts combined before low temp.-high 
vacuum concentration [18] to 200 ~1 at 2.6 x 10m3 kPa. The 
procedure was repeated using peeled celeriac cut in ca lcm 
cubes. A blank isolate was obtained as above, using dist. Hz0 
only in the extraction flask. 

GC. FZD-GC: (a) 60 m x 0.32 mm i.d. fused silica capillary 
column coated with DB5 bonded phase (1 pm film); He, 
2 ml/min; temp. prog., 40” for 5 min then 2”/min to 225”; detector 
and injector heaters, 250”; injection vol:, typically 1~1 at 25 : 1 
split and attenuation 1 x 64, i.e. 32x lo-*’ A fsd. (b) 25 m 
x 0.32 mm i.d. fused silica capillary column coated with BP20 
bonded phase (0.5 pm film); He, 2 ml/min; temp. prog., 60” for 
10 min then Z”/min to 200”; detector and injector heaters, 225”; 
other parameters as for the DBS column. 

GC odour port assessment (CC-OPA). Isolates were assessed 
sensorially at the DB5 cohimn outlet after chromatographic 
separation using the technique of GC-OPA as previously de- 
scribed [19]. 

GC-MS. A Kratos MS25 instrument was used, linked on-line 
to a Kratos DS55S data processing system. Capillary GC 
conditions as above were used, for both polar and non-polar 
columns. Injection vol. was 2 ~1 at 25 : 1 split. Significant oper- 
ating parameters of the MS were: ionization voltage, 70 eV, 
ionization current, 100 PA, source temp., 200”; accelerating 
voltage, 2 kV, resolution, 600, scan speed, 1 SW/decade (repetitive 
throughout run). 

Quantitative assessment. Duplicate analyses were performed. 
Quantitative data were derived from the TIC monitor obtained 
during GC-MS and, for trace components, by extrapolation 
from integrator (Hewlett Packard 3370B) data obtained from the 
GC-FID chromatogram recorded during routine GC. 
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