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Abstract. A two-dimensional capillary gas chromatographic method was developed to
separate and quantify aromatic volatiles of celery in one analysis. The isolation, identification, and quantification of the volatile compounds of four cultivars of blanching
celery (Apium graveolens L. var. dulce) and six cultivars of celeriac (Apium graveolens
L. var. rapaceum) are described. The qualitative composition of Likens-Nickerson
extracts of both cultivars is similar. The concentration of terpenes and phthalides, the
key volatile components, found in various cultivars of both celery and celeriac varied
over a wide range.

The quality judgment of celery is based
principally on visual or physical characteristics. The main quality criteria for celeriac
are color of the root, external and internal
hollowness, flesh firmness, sensitivity to
black-cooking, purple spotting, presence of
cracks in the peel, sensitivity to scab, and
rustspot. For blanching celery most attention
is given to color, visibility of the heart leaves,
formation of side shoots, and susceptibility
to rotten heart leaves and leafspot. Cultivars
for commercial production are selected primarily for their cultural characteristics (e.g.,
yield, resistance to diseases) and appearance
and secondarily for their flavor characteristics. The consumer and the industry are
showing a growing interest in the flavor of
celery. The aim of this research was to develop an improved method for analyzing aromatic volatiles of celery and celeriac that
can be used to classify cultivars for their aromatic quality.
The celery plant and especially the seed
have been studied in the past for their medicinal properties. For instance, celery is
recommended for the treatment of gout,
rheumatism, pneumonia (Thellung, 1925),
and tumors (Hartwell, 1971), while the roots
are mainly used as diureticum (Limpinuntana and Chaiarj, 1977). For this reason many
researchers have shown interest in knowing
what compounds are present in celery.
Research on sensory quality of celery has
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been performed by only a few authors. From
the studies of Gold and Wilson (1963), it

appeared that two categories of compounds,
terpenes and phthalides, are important for
the typical aroma of celery. Terpenes are important aroma compounds in several plants,
and the principal ones in celery are described
in Fig. 1. Some of the phthalide compounds
have the typical odor of celery (Gijbels et
al., 1985) and are present in smaller amounts
than the terpenes, but their contribution to
the total celery aroma is dominant. Figure 2
describes a few of the phthalides present in
celery.
Four cultivars of blanching celery and six
of celeriac were grown on light sandy loam
fields at Roeselare-Rumbeke (Belgium) during the 1986 and 1987 seasons. We grew
‘Blancato’, ‘Avon Pearl’, ‘Golden Spartan’,
and ‘Loret’ blanching celery and ‘Monarch’,
‘Cobra’, ‘Snehvide’, ‘Tropa’, ‘Correcta’, and
‘Mentor’ celeriac. The plants were all treated
in the same way.
Celery oil was extracted by simultaneous
steam distillation-extraction using a LikensNickerson apparatus (Schreier and Idstein,
1985). A 400-g sample of finely chopped
celery was mixed with 2500 ml distilled water
and introduced into the Likens-Nickerson
apparatus. The extraction liquid was dichloromethane, to which a series of internal
standards (Fig. 4) were added. Previous research has shown that a minimum extraction
time of 10 hr was necessary to achieve a

Table 1. Concentration of the volatiles (µg·kg-1 fresh material) in several cultivars of self-blanching
celery (1986).

*Not detectable.
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Table 2. Concentration of the volatiles (µg·kg-1 fresh material) in several cultivars of self-blanching quantitative aroma isolation (Van Wassencelery (1987).
hove et al., 1988).

*Not detected.

Fig. 1. The principal terpenes in celery.
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Fig. 2. A few phthalides present in celery.

High-resolution multi-dimensional gas
chromatography was performed with the aid
of the Multiple Switching Intelligent Controller (MUSIC) (Chrompack Ltd., Middelburg, the Netherlands) built into a Varian
3700 gas chromatography equipped with two
flame ionization detectors (FID) and coupled
to a Nelson Analytical 3000 Chromatography Data System. The celery extracts were
analyzed on a wide-bore fused silica pre-column of 30 m × 0.53 mm id. coated with
OV1 (0.8-µm film thickness) (Chrompack
NV). The column was programmed from 20
to 220C (2C/min) with a helium carrier flow
of 4 ml·min-1. After 73 rein, the unresolved
phthalide peaks were trapped into a CO 2cooled fused silica capillary during a 10-min
span and the contents of the trap were reinfected and analyzed on a narrow-bore fused
silica analytical column of 25 m × 0.25 mm
id. coated with Cyanopropylsilicone (0.21 µm film thickness) (CP-SIL-88, Chrompack
Ltd.). The analytical column was programmed from 160 to 220C (2C/min) with
a helium flow of 1 ml·min-1. The injection
port of the MUSIC system was at 220C and
detection at 240C.
Quantitative data of the various volatiles
were obtained using the Nelson Analytical
2600 Chromatography software on an IBM
PC/AT computer. A user program was written for direct calculation of the amount of
volatiles expressed as µg·kg-1 of fresh celery or celeriac. These quantitative data were
corrected for evaporation of the lower boiling volatiles during extraction by calculating
internal standards with the same retention indices as the unknowns through interpolation
between added hydrocarbons.
For identification of the individual phthalides, the unseparated group of phthalides was
isolated with a Varian 1420 gas chromatography equipped with a microkatharometer.
The isolation was done on a packed glass
column, 2 m x 2 mm id. filled with 10%
Carbowax 20M on Chromosorb W (60-80
mesh). The column was programmed from
130 to 220C (6C/min) with a hydrogen gas
flow rate of 20 ml·min-1. The injection port
was at 220C and the detector at 240C. The
phthalide fraction to be isolated was trapped
into an ice-cooled glass tube.
After isolation, the phthalides were analyzed with a Hewlett-Packard 5890 gas chromatography equipped with a fused silica
column of 25 m × 0.25 mm id. coated with
cyanopropylsilicone (film thickness 0.21 µm),
identical to the analytical column used by
multi-dimensional capillary gas chromatography, and coupled to a Hewlett-Packard
5970A series mass selective detector. The
column was programmed from 100 to 200C
(2C/min) with a helium carrier flow of 1
ml·min-1. The injection port was at 220C
and the detector at 240C.
For identification of the terpenes the same
GC-MS unit was used, but the separation
was done on a wide-bore fused silica column
of 30 m × 0.53 mm id. coated with OV1
(0.8-µm film thickness) that was identical to
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Table 3. Concentration of the volatiles (µg·kg-1 fresh material) in several cultivars of celeriac (1986).

Table 4. Concentration of the volatiles (µg.·kg-1 fresh material) in several cultivars of celeriac (1987).

the pre-column used by multi-dimensional
capillary gas chromatography. The column
was programmed from 20 to 220C (2C/min)
with a helium carrier flow of 4 ml·min -l.
A typical gas chromatogram of a LikensNickerson extract from self-blanching celery
analyzed on the pre-column is presented in
Fig. 3. The phthalides, which are the key
components of this investigation, are not
separated on this column. After cold trapping of the unresolved phthalide group and
reinfection in the analytical column (heart
cut), a clear separation of the target compounds without disturbance of the other peaks
was obtained (Fig. 4).
Analysis of Likens-Nickerson extracts of
four self-blanching cultivars by GC-MS indicated the presence of 33 compounds that
were identical in all four. These compounds,
quantified with the aid of internal standards,
are given in Tables 1 and 2. The concentration of the compounds expressed as µg·kg-l
fresh celery are the averages of the results
of four separate Likens-Nickerson extractions. Because the phthalides, and to a lesser
degree the terpenes, are the aroma determining components in celery, and because the
research on the importance of the individual
phthalides in the total aroma is still ongoing,
the sum of the concentrations of terpenes and
phthalides is taken as a measure of the aroma
concentration. ‘Blancato’ had the highest
concentration, ‘Avon Pearl’ the lowest, and
those of ‘Golden Spartan’ and ‘Loret’ were
in between.
Concentrations of individual terpenes and
phthalides inceleriac cultivars are given in
the Tab1es 3 and 4. ‘Tropa’ had the highest
content in phthalides, ‘Monarch’ contained
about half as much, while ‘Cobra’, ‘Snehvide’, ‘Corrects’, and ‘Mentor’ contained
about one-fourth as many phthalides. The
terpene concentrations of ‘Monarch’, ‘Tropa’,
‘Corrects’, and ‘Snehvide’ were higher than
in ‘Cobra’ and ‘Mentor’.
In summary, the two-dimensional capillary gas chromatography method described
here: 1) is a convenient procedure for determination of terpenes and phthalides in celery
and celeriac; 2) detects important differences
in concentration of terpenes and phthalides
among cultivars of self-blanching celery and
celeriac; and 3) makes impossible to classify
cultivars of self-blanching celery and celeriac according to volatile component.
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Fig. 3. GC-MS analysis of celery essential oil isolated by Likens-Nickerson extraction of self-blanching ‘Golden Spartan’ celery. Normal alkanes, used as internal standard, are indicated on the chromatogram by their carbon numbers. 1 = 3-methylbutanal, 2 = 2-methylbutanal, 3 = 2-methylhexane,
4 = pyridine, C 8 = 2,5-dimethylhexane (internal standard), 5 = hexanal, 6 = furfural, 7 = 3methyl-4-ethylhexane, 8 = α -thujene, 9 = α -pinene, 10 = camphene, 11 = sabinene, 12 = β−
pinene, 13 = myrcene, 14 = p.cymene, 15 = limonene, 16 = oximene-x, 17 = ocimene-y, 18
= γ -terpinene, 19 = n-pentylcyclohexadiene, 20 = 1-terpinene-4-ol, C12 = dodecane (internal
standard), 21 = β -caryophyllene, 22 = α -humulene, 23 = β -selinene, 24 = α -selinene, C15 =
pentadecane (internal standard), 25 = phthalide region, C17 = heptadecane (internal standard), C18
= octadecane (internal standard), 26 = palmitic acid, 27 = unknown, 28 = linoleic acid.

Fig. 4. Chromatogram of “phthalide cut” of celery oil obtained by Likens–Nickerson extraction of
self-blanching celery (‘Golden Spartan’). 1 = butylhexahydrophthalide, 2 = Z-butylidenephthalide,
3 = cnidilide, 4 = Z-ligustilide, 5 = butylphthalide, 6 = trans-neocnidilide, 7 =cis -neocnidilide,
8 = senkyunolide.
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