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Abstract

A study of the headspace of smoked swordfish and cod was carried out by means of Solid Phase Microextraction followed by gas
chromatography—mass spectrometry. The headspace of both smoked fish species contains ketones, aldehydes, alcohols, acids, esters,
hydrocarbons, ethers, nitrogen derivatives, phenol, guaiacol, and syringol derivatives, as well as some chlorinated contaminants.
The differences found between the headspace of both smoked fish are basically due both to a higher proportion of smoke compo-
nents in cod than in swordfish, and to specific fish components being present or absent in each fish sample. The high proportion of
syringol in both fish samples indicates that smoking was carried out using hardwood. Some smoke components were not detected in

the headspace of these smoked fish samples.
© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

The smoking process was basically used in the past
for preservative purposes, although the changes in col-
our, odour, flavor and texture which were provoked in
foods by this process were also judged as desirable.
Nowadays, due to the great advance of preservative
techniques, smoking is used fundamentally for the devel-
opment of sensory properties in food.

Fish is a food that is very often processed by smok-
ing. Traditionally, in Europe, smoked fish has been pro-
duced and consumed, principally, in countries of the
Centre and North, and in recent times, its production
and consumption have also become more common in
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the South, where these products are, in some cases, con-
sidered delicacies. For this reason, the smoking tech-
nique has been contemplated as of great interest in
order to obtain food products of high added value from
undervalued fish species (Garcia, Perez-Villarreal, &
Pozo, 1996).

In spite of the broadly recognized pleasant flavor of
smoked fish, the responsible compounds have rarely been
studied. To the best of our knowledge, only the headspace
composition of a reduced number of smoked fish species
has been studied (Cardinal, Berdagué, Dinel, Knockaert,
& Vallet, 1997; Guillén & Errecalde, 2002; Kasahara &
Nishibori, 1979a, 1979b, 1981a, 1981b, 1982, 1983).

In order to understand the smoking process in depth,
in previous papers we have studied the composition of
smoke produced from different woods (Guillén & Ibar-
goitia, 1996; Guillén, Manzanos, & Ibargoitia, 2001;
Guillén & Manzanos, 1999), as well as the composition
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of several commercial smoke flavorings (Guillén & Ibar-
goitia, 1998; Guillén, Manzanos, & Zabala, 1995;
Guillén & Manzanos, 1997; Guillén, Sopelana, & Par-
tearroyo, 2000). In this paper, a study of the headspace
components of smoked swordfish (Xiphias gladius) and
cod (Gadus morhua) is carried out. The purpose of this
work is to study the constituent compounds of the head-
space of these commodities. The study was accom-
plished by means of Solid Phase Microextraction
(SPME) followed by gas chromatography—mass
spectrometry.

2. Materials and methods
2.1. Samples

Commercial fillets of swordfish (X. gladius) and cod (G.
morhua), from two different manufacturers, salted and
smoked with natural smoke and vacuum-packaged, ready
to eat as soft-cured products, were acquired in local super-
markets. These were stored frozen at —35 °C for no longer
than two weeks until their study. For each type of smoked
fish, four samples were studied, all of them from the same
manufacturer. The day before the study the samples were
transferred to the refrigerator, and after thawing they
were chopped; samples of 1 g of the chopped meat were
weighed into a 4-mL amber vial Screw Top (Supelco),
and sealed with a perforated cap and a PTFE/silicone sep-
tum for the generation of headspace.

2.2. Headspace SPME

A Fibre of Polyacrylate (85 um film thickness), ac-
quired from Supelco, was used. Previous experiments
carried out in our laboratory on the study of the head-
space components of other smoked fish using fibres of
Carboxen/Polydimethylsiloxane, Polydimethylsiloxane
(100 um film thickness) and Polyacrylate (85 um film
thickness) show that: Carboxen/Polydimethylsiloxane fi-
bre basically retains the most volatile components of the
headspace, in very high proportions, however Polyacry-
late (85 pum film thickness) fibre retains components of a
broader volatility range; and Polydimethylsiloxane (100
pm film thickness) fibre has less ability to retain smoke
components than Polyacrylate (85 pum film thickness) fi-
bre. For these reasons, the Polyacrylate fibre was se-
lected. Vials containing 1 g of the fish muscle were
held in a water bath at 50 °C. After a period of sample
equilibration (15 min) the fibre was inserted into the
headspace of the sample and held there for 60 min.

2.3. Gas chromatography—mass spectrometry

Fibres with the volatile compounds adsorbed on
them were injected into a Hewlett—Packard gas chro-

matograph model HP 6890 Series II, equipped with a
Mass Selective Detector 5973 and a Hewlett—Packard
Vectra XM Series 4 computer operating with the Chem-
Station program. The column used was a fused-silica
capillary column (60 m long x 0.25 mm inner diame-
ter X 0.25 pm film thickness from Hewlett-Packard),
coated with a non-polar stationary phase (HP-5MS,
5% phenyl methyl siloxane). The operating conditions
were: oven temperature set initially at 45 °C (0.50 min
hold), increased to 250 °C at 4 °C/min followed by 20
min hold; the temperatures of the ion source and the
quadrupole mass analyzer were kept at 230 and 150
°C, respectively; helium was used as carrier gas at a pres-
sure of 16.5 psi; injector and detector temperatures were
held at 220 and 280 °C, respectively; splitless mode was
used for injection with a purge time of 5 min. The fibre
was maintained in the injection port for 10 min. Mass
spectra were recorded at an ionization energy of 70
eV. After the first desorption, the fibre was routinely
desorbed for a second time in order to determine if the
first process was complete.

Some components were identified by using standards.
So, asterisked compounds in Tables 1-3 were acquired
commercially and used as standards for identification.
Many other components were only tentatively identified.
In this latter case, retention times, together with mass
spectra, and matching with mass spectra of a commer-
cial library higher than 85%, were taken as identification
criteria (Wiley 138.L, Mass Spectral Database, Wiley
1990) as in previous studies (Guillén & Ibargoitia,
1996; Guillén et al., 1995). Semiquantification of the
components was based on arbitrary units of total cur-
rent ion peak area counts divided by 10°.

The study of each one of the four samples of each
kind of fish was carried out by duplicated and the aver-
age values obtained together with the standard devia-
tions are given in Tables 1-3.

3. Results and discussion

Smoke and smoke flavorings contain a large number
of components, derived from cellulose, hemicellulose
and lignin pyrolysis, which have different functional
groups, such as ketones, aldehydes, acids, ethers, hydro-
carbons, carbohydrate derivatives, nitrogen derivatives,
and phenol, guaiacol, syringol, and pyrocatechol deriv-
atives (Guillén & Ibargoitia, 1996, 1998; Guillén et al.,
1995, 2001; Guilléen & Manzanos, 1997, 1999; Maga,
1988; Toth & Potthast, 1984). Among these compo-
nents, carbonyl and carboxyl derivatives together with
carbohydrate derivatives are the major smoke compo-
nents, whereas phenolic derivatives are in smaller pro-
portions (Maga, 1988).

In the smoking process the smoke components are
adsorbed by the fish surface, and they react or establish
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Table 1

Ketones, alcohols, aldehydes and acids detected in the headspace of
smoked swordfish and cod and their concentrations in area counts
divided by 10° together with the standard deviations

Table 2

Hydrocarbons, esters, nitrogenated derivatives and ethers detected in
the headspace of smoked swordfish and cod and their concentrations
in area counts divided by 10° together with the standard deviations

Compound Swordfish Cod Compound Swordfish Cod
Ketones and diketones Hydrocarbons
Propanone” 44.4(8.9) 12.1(1.6) Styrene” - 0.9(0.1)
1-Hydroxy-2-propanone - 5.8(1.2) Dimethylbenzene tr® -
1-2-F uranyl)ethanone* tr® 4.0(1.6) Dimethylbenzene 3.3(1.8) -
2(3H)-Dihydrofuranone 55.4(0.3) 18.4(1.5) Dimethylbenzene r -
3-Methyl—2-cyclopenten-l-one* - 5.5(1.3) 2,2,4,6,6- - 31.5(3.7)
3-Methyl-2-hydroxy-2- 7.4(1.4) 16.5(2.6) Pentamethylheptane(or
cyclopenten-1-one isomer)
(cyclotene)” Pentadecane” 7.5(0.6) -
2,3-Dimethyl-2-cyclopenten- 3.2(1.6) 6.112.2) 1-Heptadecene (or isomer) 6.4(1.7) 11.7(4.1)
1-one (or isomer) Heptadecane” 1.8(0.1) -
3-Hydroxy-2-methyl-4H- 2.4(0.6) 8.7(1.5) 2,6,10,14-Tetramethyl 33.8(2.1) -
pyran-4-one (maltol)” pentadecane (pristane)”
Ethylc.yclopenten.olone 5.1(1.9) 6.7(1.2) Esters
2,3TD1hydro-1H-1nden-1-one 5.5(0.8) 16.5(4.0) Diethyl-1,2- 66.8(18.9) 1.2(03)
(indanone) .
benzenedicarboxylate
Alcohols Ethyl-tetradecanoate 6.7(3.6) -
Ethanol” 61.4(12.9) 4.3(1.8) Bis(2-methylpropyl)- 3.4(3.3) -
3-Methyl-1-butanol 22.8(4.3) - benzenedicarboxylate (or
2-Furanmethanol 13.5(1.6) 24.1(3.1) isomer)
Benzenemethanol” 0.9(0.1) 46.2(6.7) Dibutyl-1,2- 6.4(2.0) -
Aldehydes * })SZI:Izlzqu)edicarboxylate (or
2-Furancarboxaldehyde - 4.6(1.7)
Benzaldehyde’ 250.5) 2.4(07) Ethyl-hexadecanoate 4.7(2.2) -
5-Methyl-2- - 6.3(2.1) Nitrogenated derivatives
furancarboxaldehyde N,N-dimethylmethanamine 14.6(14.6) nq®
1H-pyrrole-2-carboxaldehyde - 2.4(0.8) Benzeneacetonitrile - 1.5(0.5)
Benzeneacetaldehyde* 3.1(1.5) - 1H-indol - 4.1(0.9)
Nonanal” 2.0(0.5) 9.3(1.6) 3-Methyl-1H-indol - 10.5(2.6)
Decanal” 1.0(0.3 3.4(1.2
2-Decenal” 0y 4.8%1.5; Ethers
N 2-Buthoxy-ethanol tr 22.7(4.1)
Dodecanal >6(03) 3617 1,4-Dimethoxybenzene (or 8.4(0.3) 8.4(2.2)
Tetradecanal* 2.6(0.6) - ’ isomer) T T
Hexadecanal 7407 1609 1,3-Dimethoxybenzene (or 5.3(1.9) 7.8(2.8)
Acids isomer)
Acetic acid” 90.3(28.0) 16.9(2.8) Dihydrobenzofuran (isomer) - 59(2.1)
Propanoic acid” - 5.8(1.3) Dihydrobenzofuran (isomer) - 7.5(0.4)
Butanoic acid” - 2.3(1.0) Dimethoxytoluene (isomer) 1.2(0.3) 13.1(2.3)
Pentanoic acid 40.2(5.7) - Trimethoxybenzene (isomer) 2.0(0.3) 5.9(2.1)
Hexanmg acu.i . 3.0(0.6) - a4 tr = traces.
Heptanoic a01d. ‘ 1.4(0.6) - ® ng = not quantified.
2-Ethyl hexanoic acid 9.9(6.1) -

L
Octanoic acid nq®

Nonanoic acid” 15.1(1.7) 6.4(1.6)
Tetradecanoic acid” 6.3(2.3) 19.7(3.1)
Hexadecanoic acid” 9.2(5.0) 68.5(7.3)

@ tr = traces

® nq = not quantified.

" Asterisked compounds were acquired commercially and used as
standards for identification.

interactions more or less strongly with fish components
depending on the magnitude of the intermolecular forces
existing between components of both systems. As conse-
quence of this, the headspace of the smoked fish only
will contain those smoke components, adsorbed on the

* Asterisked compounds were acquired commercially and used as
standards for identification.

fish surface, which have not reacted or interacted very
strongly with fish components. That is to say the pres-
ence or absence of smoke components in the headspace
of the smoked fish is governed by the interactions estab-
lished between components of both systems.

In addition to smoke components the fish headspace
will contain components coming from fish. Aldehydes,
ketones and alcohols having six, eight and nine carbon
atoms have been considered the major flavor impact
compounds in fresh fish (Josephson, Lindsay, & Olafs-
doitter, 1987; Lindsay, 1994). The origin of these com-
pounds is considered to be the polyunsaturated fatty
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Table 3

Phenol, methoxyphenol and dimethoxyphenol derivatives, and other
compounds detected in the headspace of smoked swordfish and cod
and their concentrations in area counts divided by 10° together with
the standard deviations

Compound Swordfish Cod

Phenol derivatives

Phenol” 51.4(6.5) 117.6(6.9)

2-Methylphenol” 29.4(4.0) 57.8(7.3)

4-Methylphenol and 3-methylphenol” 53.1(6.6) 149.6(10.4)

2,6-Dimethylphenol (or isomer) 2.9(0.5) 6.2(1.2)

2-Ethylphenol (or isomer) 2.5(0.7) 10.9(2.3)

2,4-Dimethylphenol (or isomer) 19.0(3.2) 44.9(3.1)

4-Ethylphenol (or isomer) 7.0(0.9) 19.5(3.8)

3,4-Dimethylphenol (or isomer) nqb 34.1(1.2)

2,3-Ethylphenol (or isomer) nq 9.6(1.8)

3,5-Dimethylphenol (or isomer) 1.0(0.5) 7.7(2.0)

4-Ethyl-3-methylphenol (or isomer) 2.4(0.3) 4.4(1.2)

2,3,5-Trimethylphenol (or isomer) 1.9(0.8) 7.9(1.8)

2,4,6-Trimethylphenol (or isomer) 3.3(1.3) 3.9(1.1)

2,6-Bis(1,1-dimethylethyl)-4- 12.6(5.4) 19.5(3.7)
methylphenol (BHT)"

Methoxyphenol derivatives

2-Methoxyphenol (guaiacol)* 74.1(3.1) 182.2(10.3)

4-Methyl-2-methoxyphenol (4- 100.2(11.6) 117.6(7.6)
methylguaiacol)”

4-Ethyl-2-methoxyphenol (4- 54.7(12.7) 64.14.1)
ethylguaiacol)”

4-Vinyl-2-methoxyphenol (4- 21.5(3.4) 56.9(5.3)
vinylguaiacol)”

4-(2-Propenyl)-2-methoxyphenol 24.5(7.9) 46.1(6.3)
(eugenol)*

ethyl-methyl-methoxyphenol (isomer) 6.3(1.9) —

4-Propyl-2-methoxyphenol (4- 12.6(4.7) 16.2(3.5)
propylguaiacol)”

4-(2-Propenyl)-2-methoxyphenol 8.9(3.9) 35.4(3.2)
(isomer)

4-(1-Propenyl)-2-methoxyphenol 42.5(17.4) 151.4(11.4)

4-Hydroxy-3-methoxy- tr? -
benzaldehyde(vanillin)*

4-Hydroxy-3-methoxy-benzoic acid tr -

Dimethoxyphenol derivatives

Dimethoxyphenol (isomer) tr 36.8(4.2)

2,6-Dimethoxyphenol (syringol) 118.4(12.1) 323.9(15.5)

4-Methyl-2,6-dimethoxyphenol (4- 51.8(9.1) 94.5(10.2)
methylsyringol)”

4-Ethyl-2,6-dimethoxyphenol (4- 13.7(4.5) 33.9(5.6)
ethylsyringol)

2,6-Dimethoxy-4-(2-propenyl)- tr 4.8(1.6)
phenol (isomer)

2,6-Dimethoxy-4-(2-propenyl)- - 7.6(2.1)
phenol (isomer)

Others

Trichloromethane (chloroform)* 26.3(3.8) -

Dichlorobenzene - 2.5(0.7)

Trichlorobenzene - 3.9(0.9)
# tr = traces.

® nq = not quantified.
* Asterisked compounds were acquired commercially and used as
standards for identification.

acids of fish lipids. In addition, volatile compounds of
low molecular weight having alcohol, aldehyde, and ke-
tone functional groups together with some nitrogen and

sulphur derivatives, which may be brought about in the
degradation process, can also be found in the headspace
of fish (Human & Khayat, 1981; Miller, Scanlan, Lee, &
Libbey, 1972).

Solid phase microextraction of the headspace of the
smoked fish samples followed by gas chromatography-
mass spectrometry allowed the detection of seventy-nine
components in the headspace of smoked swordfish and
of seventy-one in the headspace of smoked cod. They
are given in Tables 1-3, together with their concentra-
tions, expressed in arbitrary units, as well as their stan-
dard deviations; those compounds whose separation was
not good enough to be quantified are indicated as nq.
These compounds belong to a small number of groups
such as ketones, alcohols, aldehydes, acids, esters,
hydrocarbons, phenolic derivatives, nitrogenated and
chlorinated derivatives.

Table 1 shows the detected ketones, alcohols, alde-
hydes and acids. All detected ketones are well known
smoke components, however propanone can also come
from fish degradation processes (Human & Khayat,
1981; Miller et al., 1972). Among the detected alcohols,
2-furanmethanol and benzenemethanol are also known
as smoke components (Maga, 1988), however ethanol
and 3-methylbutanol are fish components, also detected
in other marine species such as raw shrimp (Sun Pan &
Kuo, 1994) and associated with fish muscle degradation
processes (Human & Khayat, 1981; Miller et al., 1972).

The aldehyde group contains not only those com-
pounds known as smoke components, such as
furancarboxaldehyde, 5-methyl-furancarboxaldehyde,
benzeneacetaldehyde and benzaldehyde, but also those
which are known as fish components, such as linear
aldehydes from 9 to 16 carbon atoms, these latter
probably derived from lipid autoxidation (Sakakibara,
Yanai, & Hayashi, 1988). Some aldehydes from two
to six carbon atoms have been related to fish muscle
degradation proceses (Human & Khayat, 1981; Miller
et al., 1972), but they were no detected in the head-
space of these fishes. A group of acids, from 2 to
16 carbon atoms, were also present; those of low
molecular weight, especially acetic acid, are also
smoke components. It must be noticed that in sword-
fish headspace a higher number of acids was detected
than in cod headspace. This fact could be due either
to swordfish containing a slightly higher proportion
of lipids (approx. 4%) than cod (approx. 1%) (Murray
& Burt, 1979), or to the first fish being more affected
by bacterial spoilage (Joffraud, Leroi, Roy, & Berda-
gue, 2001; Sanceda, Suzuki, & Murata, 1999). It
should be pointed out that although free fatty acids
content is considered, in some cases, to be a mislead-
ing parameter for spoilage (De Koning, 2002), it is
well accepted, in general, that bacterial spoilage can
produce some acids (Joffraud et al.,, 2001; Sanceda
et al., 1999).
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Table 2 gives the detected hydrocarbons, esters, nitro-
genated derivatives and ethers. In the hydrocarbons
group, there are typical fish components such as
2,6,10,14-tetramethyl pentadecane or pristane (Ackman,
1971; Norio, Yuko, & Minoru, 1973), and others such as
dimethylbenzene isomers which may have come from
smoke, although some of these have been detected in
fish tissue (Gases, Lloyd, Batista, & Zimba, 2000) and
in boiled snow crab (Sung-Hee, Young-Man, & Sook-
Kyung, 2001). It is worth noting the absence of polycyclic
aromatic hydrocarbons, some of which have carcino-
genic activity; these compounds are produced in wood
pyrolysis, and can be deposited on the food if the smok-
ing process is not carried out adequately (Guillen &
Sopelana, 2003).

Some esters have also been detected in smoked
swordfish, but they are absent in smoked cod; among
these there are the ubiquitous benzenedicarboxylate
derivatives and some fatty esters. Although some esters
of low molecular weight have been associated with bac-
terial spoilage (Joffraud et al., 2001) those here detected
are of high molecular weight.

Nitrogen derivatives are also present. In swordfish,
only trimethylamine has been detected; this is a common
fish component whose concentration has been taken as a
measure of fish freshness (Regenstein, Schlosser, Sam-
son, & Fey, 1982). In addition, the headspace of smoked
cod contains: 1H-pyrrole-2-carboxaldehyde, a com-
pound detected in fish sauce (Peralta, Shimoda, &
Osajima, 1996); benzeneacetonitrile, and two indol
derivatives with unpleasant notes, one of them also
found in raw shrimp (Kubota, Shuimaya, & Kobayashi,
1986). The ether group contains basically ethers also
present usually in smoke, except 2-butoxyethanol, which
has been also detected in crayfish (Vejaphan, Hsieh, &
Williams, 1988).

The most noticeable group of compounds detected in
the headspace of both smoked fishes is that of phenolic
derivatives including phenol, guaiacol, and syringol
derivatives, which are given in Table 3. The phenol
group contains 14 components; the guaiacol group 11
compounds, and the syringol group six components.
All these compounds are smoke components, coming
from wood pyrolysis and are most responsible for the
smoky flavor (Maga, 1988). These are the major compo-
nents detected in the headspace of these smoked fishes,
and among them, syringol is the main component in
both cases, showing that the wood used in the smoking
process was hardwood. Pyrolysis of softwood produces
higher proportions of guaiacol than of syringol and
the opposite is true for hardwood (Baltes, Wittkoswki,
Sochtig, Block, & Toth, 1981, chap. 1).

Finally, chlorinated derivatives (see Table 3) have also
been detected in both fish samples. Swordfish contains
chloroform, and cod chlorobenzene derivatives. The pres-
ence of these compounds can be attributed to contamina-

tion, and they have also been observed, in fish tissues, by
other authors (Reinert, Hunter, & Sabatino, 1983).

In conclusion some smoke components have not been
detected in the headspace of these smoked fishes, and
other smoke components are present in these fish head-
spaces but in proportions very different to those usually
found in smoke. So, groups of compounds such as car-
bohydrate derivatives (levoglucosane and others of sim-
ilar nature) and pyrocatechol derivatives are generally
present in smoke but they were not detected in the head-
space of these smoked fishes. In addition, in the head-
space of these smoked fishes have been detected
proportions of carbonyl and carboxyl derivatives and
of phenolic derivatives which are very different from
those generally found in smoke. Carbonyl (ketones, dik-
etones, aldehydes and furan and pyran derivatives) and
carboxyl (basically acetic acid) derivatives are in much
higher proportions, in relation to the other smoke com-
ponents, in smoke than in the headspace of these
smoked fishes. On the other hand, other smoke compo-
nents such as phenol, guaiacol, and syringol derivatives
are present in the headspace of both smoked fish species.
Differences between headspaces of both smoked fish spe-
cies are basically due to the different concentrations of
smoke components, and to the specific components
coming from fish. The differences found in the concen-
tration of smoke components in both fishes could be
due, among other causes, to them being submitted to
different smoking conditions. Finally, it only remains
to add that the absence of unsaturated aldehydes, com-
pounds previously detected in the headspace of smoked
rainbow trout and black bream (Guillén & Errecalde,
2002), could indicate that the present smoked fish sam-
ples have not suffered degradative oxidation processes.
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