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Abstract

We developed a procedure for trace enrichment of benzo[a]pyrene (BP) in extracts of smoked food products, and an
HPLC-fluorescence detection (FL) method for determination of BP in the enriched extracts. The procedure consists in
extraction/sonication of the lyophilized product in hexane, clean-up of the hexane extract by passage through a Sep-Pak
Silica Plus cartridge and, subsequently, by partitioning between hexane and dimethyl sulphoxide, and concentration of the
BP using a Sep-Pak C,, Plus cartridge. HPLC-FL and quantification limits were 0.049 g/l in acetonitrile (<0.0067 wg/kg
of smoked food) and 0.089 pg/1 in acetonitrile (<0.012 ng/kg), respectively. Recovery (94.1%) and RSD (<8.65%) were
satisfactory. When applied to 15 types of sausage, mean BP content was 0.022 pg/kg, and all but two samples (both treated
with wood smoke) had BP contents below the 0.03 pg/kg limit imposed in EU legislation for smoking-flavour agents.

Keywords: Food analysis; Sample preparation; Polynuclear aromatic hydrocarbons; Benzo[a]pyrene

1. Introduction

Polycyclic aromatic hydrocarbons (PAHs) are a
class of high lipophilic compounds that are generally
formed by combustion, pyrolysis of organic matter.
PAHs with a variety of chemical natures have been
detected in tobacco smoke, air, soils, waters and
sediments, aquatic organisms and foodstuffs [1].
Such contamination mainly occurs by atmospheric
deposition and, in the case of processed foods,
through contact with hydrocarbon-based materials
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and during severe (500-700°C) heat treatments or
pseudo-curing with smoking-flavour agents or wood
smoke, especially the latter [2].

Use of smoking-flavour agents (hydrophilic or
lipophilic smoke-extracts) is becoming increasingly
popular because it allows more uniform flavouring of
foodstuffs and greater control of the levels of PAH
contaminants [3]. Nevertheless, in Europe meat is
still widely cured or flavoured using smoke gener-
ated by combustion of wood (several types of wood
are used, but hardwoods are preferred to softwoods,
which produce more soot and can impart a resinous
flavour to the meat) [4]. But wood smoke contains
appreciable amounts of carcinogenic PAHs, which
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are the main cause of concern regarding its toxicity
and, hence, its suitability for use in curing [5].

The potently carcinogenic PAH benzo[a]pyrene
(BP) is often used as an indicator of the presence of
PAHs in water and foodstuffs. Human exposure to
BP and PAHs in general occurs almost exclusively
(99%) through their ingestion with food [6]. Because
of this, and the increasingly acknowledged link
between diet and cancer, several legal measures
aimed at limiting the levels of BP in foodstuffs have
been adopted. For foods eaten without preparation,
the EC (European Communities) [now the EU
(European Union)] has set the maximum permissible
level of BP derived from smoking-flavour agents at
0.03 wg/kg [7]. Currently, however, no such legisla-
tion exists regarding BP levels in other foods, though
the EU intends to set a maximum of 1 pg/kg, and to
prohibit severe treatments such as cooking food on
an open flame [2]; and, for fish products, a health
directive sets out the conditions under which fish
should be smoked in order to limit PAH contamina-
tion [8].

PAHs have been detected and quantified in vege-
table foods, in uncured, smoked and grilled animal
foods, and also in smoking-flavour agents [9-24]. Of
the methods recently proposed for PAH analysis
[25-27], the best developed are HPLC—fluorescence
detection (FL) methods HPLC offers advantages
such as short analytical run-times and excellent
selectivity that can be enhanced by detection meth-
ods exploiting molecular properties of PAHs such as
their UV absorption and fluorescence, especially the
latter [18,20-22].

The principal problems associated with determi-
nation of BP in smoked food products are the low
analyte levels (ug/kg) and the diversity of potential
interferents present. Because of the complexity of
smoked food samples and their high lipid content,
sample clean-up and PAH enrichment are proble-
matic, usually necessitating the use of stepwise
methods that are laborious and time-consuming. In
this work, we developed a relatively straightforward
procedure that is faster and uses less solvent than
methods using saponification with potash [12,18,28—
30}, or the Soxhlet extraction method [31-33]. The
procedure consists in extraction of the BP in the lipid
fraction using hexane/sonication, clean-up on a Sep-
Pak Silica Plus cartridge and by partitioning between

hexane and dimethyl sulphoxide (DMSO), and con-
centration on a Sep-Pak C,; Plus cartridge. Final
separation and quantification are by HPLC with
fluorescence detection. Method precision and re-
covery are satisfactory, and the detection limit is
well below the 0.03 pg/kg limit imposed for BP
derived from smoke-flavourings added to foods that
are eaten without preparation.

2. Experimental
2.1. Samples

All commercial smoked food products were pur-
chased from supermarkets in Santiago de Compos-
tela (N.W. Spain).

2.2. Reagents

Benzo[a]pyrene (BP) standard was purchased
from Aldrich, residue analysis grade n-hexane and
sodium chloride (NaCl) were from Merck, routine
grade CH,CN for HPLC was from Scharlau and
DMSO for analysis was from Panreac. Sep-Pak
Silica Plus and C,; Plus cartridges were purchased
from Waters (Millipore), and nitrogen (SEO N-45)
was from the Sociedad Espaiiola de Oxigeno.

2.3. Preparation of standards

Stock solutions containing 100 mg/1 and 100 pg/1
of BP were prepared in n-hexane, CH,CN and
DMSO, were stored at 4°C in volumetric flasks (with
glass stoppers) wrapped in aluminium foil to avoid
possible light degradation. BP standards (0.25, 0.5,
1,2, 4, 8 and 16 wg/l) were prepared by appropriate
dilutions of these stock solutions.

24. Apparatus
For lyophilization of smoked food products, a

Liolabore 3 Telstar freeze-drier was used. For soni-
cation during extraction, a Selecta Model 300513
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ultrasonic bath (50 Hz) was used. Determination of
BP during optimization of the clean-up procedure,
was carried out on a Perkin—Elmer LS 50 lumines-
cence spectrometer equipped with a xenon discharge
lamp, Monk-Gillieson monochromators and 1 cm
quartz cuvettes. Acquisition and processing of spec-
tral data was by Fluorescence Data Manager soft-
ware. For HPLC, a Spectra-Physics liquid chromato-
graph equipped with a PI00 isocratic pump,
Sugelabor reversed-phase Tracer Tr-C-160 C,; pre-
column and Tracer PAH column (5 pm particle size;
15 ¢cmXx0.46 cm LD.), an FL2000 fluorescence
detector, and a Datajet integrator connected via
Labnet to a PC running Winner on Windows
(WOW) data processing software were used. Water
circulating through a thermostatted waterbath was
used to keep the column temperature at 38+0.1°C.

3. Procedure
3.1. Extraction and clean-up

The stepwise procedure used is summarized in the
flow-chart shown in Fig. 1. Samples of food products
were weighed and diced before being lyophilized.
Then, 5 g (dry mass) of the lyophilate was extracted
with 25 ml (1 h), 15 ml (1 h) and then 10 ml (1 h) of
n-hexane while being sonicated. The combined
extracts (50 ml) were centrifuged at 2500 rpm for 10
min, and the supernatant was decanted and concen-
trated to 5 ml under a nitrogen stream. Then fol-
lowed a series. of clean-up steps, each of which was
optimized. Firstly, the concentrated hexane extract
was passed onto a Sep-Pak Silica Plus cartridge
(particle size, 55-105 pum) and eluted with 10 ml
n-hexane at flow-rate of 1 ml/min. Then, the hexane
eluate (final volume, 15 ml) was extracted with 15
ml (5 min), 10 ml (5 min) and then 5 ml (5 min) of
DMSO that had previously been equilibrated with
n-hexane. The DMSQ solution was diluted with 75
ml water and passed onto a Sep-Pak C,; Plus
cartridge (particle size, 55-105 pm) that had previ-
ously been activated by passage of 5 ml of CH,CN
followed by 10 ml of distilled water. The eluates
were discarded and the cartridge was eluted with 5
ml of n-hexane. Prior to HPLC, this hexane solution

was concentrated to dryness under a nitrogen stream,
and the residue was redissolved in 1 ml of CH,CN,
which was then filtered through 0.5-wm pore-size
MFS-25 PTFE filters [Micro Filtration Systems
(MFS)].

3.2. Spectrofluorimetry

For optimization of the purification procedure, BP
was determined by constant-wavelength synchronous
spectrofluorimetry [34].

3.3. Chromatographic method

An aliquot (20 pl) of the acetonitrile solution was
injected into the HPLC system and eluted with
acetonitrile—water (85:15, v/v) at a constant flow-
rate of 0.5 ml/min. To quantify the BP, the detector
was set at excitation wavelength 294 nm and emis-
sion wavelength 404 nm.

3.4. Confirmation of results

That the HPLC peak corresponded to BP was
confirmed by two approaches.

(a) By HPLC under the conditions described but
with emission wavelength of 424 nm (a slightly less
intense emission band should be detected for BP).

(b) By setting the detector to sweep mode, record-
ing emission and synchronous spectra of the eluting
peak and comparing them with those of standards.
For emission spectra, the excitation wavelength was
294 nm, starting emission wavelength 350 nm, scan
length 100 nm, and step size 2 nm. For constant-
wavelength synchronous spectra, scan type was delta
(excitation emission wavelength difference=110
nm), starting excitation wavelength 250 nm, starting
emission wavelength 360 nm, scan length 100 nm,
and step size 2 nm.

Since these experiments require BP concentrations
>1 mg/l (synchronous spectra) or >2 pg/l (emis-
sion spectra), for samples found to contain con-
centrations below these limits at the quantification
stage, the remaining solution was concentrated be-
fore injection.
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4. Results and discussion

4.1. Extraction

Lyophilization of the smoked food products is
necessary because otherwise water in the sample

1 mL acetonitrile

Fig. 1. Flow-chart summarizing treatment sample prior to HPLC analysis of BP.

causes problems in the extraction step. In combina-
tion with ultrasound, extraction of the dried material
with hexane allows easy isolation of the lipid
fraction, including PAH components. Hexane was
chosen as extractant because (a) it has been very
widely used for extraction of organic compounds,
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among them PAHs; and (b) it is an excellent solvent
for fluorimetric determination of PAHs [35]. Ultra-
sound has previously been used for extraction of
PAHs from plant tissues and soils [36,37], but we
could find no references to its use for extraction of
PAHs from foodstuffs. Note that hexane extraction
following saponification with potash produced emul-
sions that were very difficult to break up.

4.2. Clean-up

In order to obtain a suitably pure and concentrated
sample for determination of BP, several clean-up
steps were required, each of which was optimized by
determining BP in the cartridge eluates by syn-
chronous spectrofluorimetry. This method was suffi-
ciently precise (although it in fact has a RSD higher
than the HPLC method) and, moreover, considerably
speeded up the optimization process. In the first step,
impurities apparently implicated in emulsification are
removed by passage of the concentrated extract
through a silica cartridge. The volume of n-hexane
eluant was optimized for BP elution: aliquots (5 ml)
of a solution of 8 pg/1 BP in n-hexane were applied
to the cartridge and then eluted with an increasing
volume of n-hexane, and the BP in the eluant was
determined by synchronous spectrofluorimetry. As
little as 6 ml of hexane gave 100% recovery;
however, to ensure complete recovery, 10 ml (total
volume 15 ml) was used. Using this volume, assays
were carried out (in sextuplicate) on of 5 and 20 ng
standards; recoveries were 100 and 97.5%, and RSD
values were 5.3 and 4.1%, respectively.

Next, the hexane eluate is extracted with DMSO.
Partitioning of PAHs in food samples between
hexane and DMSO (for which PAHs have greater
affinity) has been described previously [14,15], and
here allows elimination of lipid components that, in
view of the fatty nature of the samples under study,
are potentially a major source of interference. Emul-
sions obtained in this step are broken up by adding a
few drops of 2% (w/v) NaCl solution. (It was noted
that the tendency to emulsification increases with the
time allowed to elapse between lyophilizing the
sample and beginning the enrichment procedure.) BP
recovery in this extraction step was spectrofluori-
metrically determined for 1, 4 and 8 g/l standard
solutions extracted for 5 min each with 15, 10 and

then 5 ml of DMSO that had previously been
equilibrated with n-hexane. Mean (n=6) recoveries
were 98.0, 101 and 99.0%, and RSD values were 5.4,
2,2 and 1.2%, respectively.

The final stage of clean-up involves dilution of the
DMSO extract with water, and passage of this
solution through an activated Sep-Pak C,; Plus
cartridge. Careful balancing of the polarity of the
solution allows simultaneous elimination of polar
substances and concentration of the BP, which is
retained on the cartridge for later elution with n-
hexane. The results of experiments to maximize BP
retention are shown in Fig. 2: 100% retention was
obtained with a DMSO-water ratio of 1:2.4 (RSD
2.9%, n=6). Complete elution of the BP required 5
ml of n-hexane [24].

4.3. Confirmation of results

(a) Under the conditions described, a slightly less
intense emission band than that used for BP quantifi-
cation is detected, as expected (Fig. 3). The ratio of
the areas of this peak and that obtained with emis-
sion wavelength 404 nm was constant and indepen-

% Retention

100
804"
sod”

404"

T T T T T 7
0 04 08 1,2 16 2 24

Water (X)
Fig. 2. Optimization of the polarity of the DMSO-water (1:X)

mixture: cumulative retention (% retention) as a function of water
fraction X. For DMSO-water (1:2.4), RSD=2.9% (n=6).
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Fig. 3. HPLC—FL chromatograms of a 0.5 pg/l, benzo[a]pyrene (BP) standard obtained with: (1) A, =294, A, =424, and (2) A, =294,
A, =404; and of sausage sample obtained under corresponding conditions (3) and (4), respectively. Mean peak-area ratios: 1/2=1.33;
3/4=1.30.

dent of BP concentration (mean peak-area ratio= 4.4. Quantification and the linearity of the
1.33, RSD 7.9%, n=6). instrumental response
(b) For sample 6, emission and synchronous
spectra of the eluting peak are compared with those The signal due to BP was identified by comparison
of a BP standard in Fig. 4 Fig. 5, respectively. of sample chromatograms with the chromatogram of
FU
1
20 |
ol ; T
350 404 450 nm

Fig. 4. Fluorescence emission spectra of (1) 3 pg/1 benzo[a]pyrene in CH,CN; and (2) sausage sample 6.
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Fig. 5. Constant-wavelength synchronous fluorescence spectra of
(1) 3 g/l benzo[a]pyrene in CH,CN; and (2) sausage sample 6.

the BP standard. Quantification was by the external
standard method.

The calibration line was constructed by regressing
mean (n=3) peak height on standard concentration
(0.25-16 pg/l in CH,CN). Response was highly
linear (r=0.9997).

The calibration equation,

[BP] (ug/1) = 5.52 - 10 ° Height — 0.0523

4.5. Detection and quantification limits

Detection and quantification limits for BP in the
acetronitrile eluate are 0.049 and 0.089 g/l respec-
tively (calculated, following ACS guidelines [38] as
the concentration corresponding to the signals equal
to the mean signal for 10 blanks (570%104) plus
respectively, three and ten standard deviations).
Conversion of these values to wg BP per kg of whole
sample required division by the mass of sample
analysed. Depending on the moisture content of the
smoked food product, the detection limit varied
between 0.0019 and 0.0067 wg/kg, and the quantifi-
cation limit between 0.0036 and 0.012 pg/kg (lower
and upper limits for 80 and 30%, w/w, water,
respectively).

4.6. Precision

The precision of the method was determined by
applying the full procedure to six replicate subsam-

ples of one type of sausage (sample 6) that, accord-
ing to the packaging label, had been smoke-cured by
a traditional method. Mean (n=6) BP found was
0.051 pg/kg of smoked sausage (RSD 9.6%).

4.7. Recovery

Firstly, it was confirmed that the BP levels in a
type of, according to the label, unsmoked sausage
(63% water) were below the detection limit. Then, as
a measure of the accuracy of the method, the mean
recovery was calculated for six replicate subsamples
of this unsmoked sausage spiked with 0.03 pg/kg of
BP - the maximum BP level permitted in food or
drink treated with a smoking-flavour agent and
subjected to the full procedure. Mean (n=6) re-
coveries were 94.16% (RSD 8.65%).

The procedure developed was used to determine
the BP in 15 types of sausage three of which
(samples 1-3) had been treated with a smoking-
flavour agent, while the other 12 (samples 4-15) had
been treated with wood smoke. The results are given
in Table 1, BP content varied from not detected (ND;
sample 12) to 0.051 pg/kg (sample 6), the mean BP
content being 0.022 ng/kg. For samples treated with
smoking-flavour agents, all values were below the
0.03 pg/kg limit in EU legislation for BP derived
from such agents; in all but two cases (samples 6 and
14), the BP content of smoke-cured samples was also
below this limit.

5. Conclusions

We developed an extraction/clean-up procedure
for trace enrichment of benzo[a]pyrene (BP) in
smoked food products and an HPLC-FL method to
determine the levels of BP in those enriched extracts.
The detection limit is <0.0067 pg/kg and the
quantification limit is <0.012 pg/kg (values for
samples containing 30% water). Recovery is 94.1%,
and RSD (precision) 8.65%. When the procedure was
applied to 15 samples of smoked sausages, mean BP
content was around 0.02 pg/kg, and all but two
samples (both smoke-cured) had BP contents below
the limit imposed in EU legislation for smoking-
flavour agents.
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Table 1

Nature, moisture content (%, w/w, water) and benzo[alpyrene (BP) content of the 15 smoked sausage samples

Number sample Sample % Water BP (ng/kg)
1 Cooked sausage 59.64 0.021
2 Cooked frankfurter style sausage 58.71 0.026
3 Cooked frankfurter style sausage 58.10 0.021
4 Frankfurter style sausage 54.97 dis.

5 Frankfurter style sausage 62.97 0.021
6 Frankfurter style sausage 66.90 0.051
7 Frankfurter style sausage 58.15 0.027
8 Frankfurter style sausage with bacon-cheese 62.16 0.016
9 Chorizo style frankfurter 46.66 0.027
10 Vienna style sausage 52.82 0.030
11 Vienna style sausage with bacon-cheese 63.97 0.008
12 Cocktail sausage 66.95 ND
13 Cocktail sausage 58.17 0.020
14 Sausage with Parmesan cheese 4991 0.040
15 “*Snackis’’ sausage 59.52 0.025

ND=not detected.
dis. =detection disturbed, quantification not possible.
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