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Fagt Determination of Acrylamidein Food Samples
UsngAccderated Solvent Extraction (ASE®) Followed
by lon Chromatography with UV or M S Detection

INTRODUCTION

Acrylamide, aknown genotoxic compound, was
recently detected in carbohydrate-rich fried or baked food
samples by a Swedish research group, Tareke, et al.* The
content of acrylamide was as high as several mg/kg for
typical samples such as hash browns and french fries.
Published methods for acrylamide include U.S. EPA
Method 8032A that uses liquid extraction and GC-ECD
for determinations in water? and a method by the German
Health Agency (BGVV) that uses HPLC with UV
detection for migration analysis of acrylamide from food
packing materials.®

The method presented here consists of afadt, auto-
mated extraction method using accelerated solvent
extraction (ASE).* Samples were extracted in 20 min using
pure water, water with 10 mM formic acid, or acetonitrile.
The extracts were directly analyzed by ion chromatography
(IC) using a4-mm ion-exclusion column and both UV and
M S detection. With this column, acrylamide is retained
longer than on conventional reversed-phase columns,
allowing separation from the many coextractable com-
pounds present in food samples. Results were obtained for
acrylamidein french fries, potato chips, and crisp bread.
The benefits of this method are simplicity, speed of
analysis, and adegree of automation that allowsthe
analysis of large numbers of samples with minimal labor.

CONDITIONS

Extraction Conditions

Solvent: Water, 10 mM formic acid,
or acetonitrile

Temperature: 80°C

Pressure: 10 MPa

Heatup Time: 5min

Static Time: 4 min

Number of

Static Cycles: 3
FlushVolume:  60%
Purge Time (N2): 120 s

Chromatographic Conditions

Column: lonPac® ICE-AS1, 4 x 250 mm,
7.5 um, SP6003

Eluent: 3.0 mM formic acid in
acetonitrile/water 30/70 (v/v)

Flow Rate: 0.15 mL/min

Inj. Volume: 25 uL

UV Detection: 202 nm

MS Detection:  ESI+: 3.0 kV, cone 50V, probe temp.

300 °C, scan 50-250 m/'z, SIM 72 vz



EXPERIMENTAL
Extraction

Samples of 5 g were extracted using an accel erated
solvent extraction system, (ASE 100 or ASE 200,
Dionex, Sunnyvale, CA, USA) with 34-mL cells for the
ASE 100, and 33-mL cells for the ASE 200.

Chromatography

Chromatographic analyses were performed on an
DX-600 ion chromatograph, (Dionex, Sunnyvale, CA,
USA) that included a GS50 gradient pump, PDA-100
photodiode array detector set at 202 nm, an MSQ™
single quadrupole mass spectrometer, and an AS50
Autosampler. A 250 x 4 mm i.d. lonPac ICE-AS1
(Dionex, Sunnyvale, CA, USA) analytical column
(7.5-um cross-linked polystyrene divinylbenzene
functionalized with sulfonate functional groups) was
used to separate acrylamide from the matrix com-
pounds. All measurements were made at 30 °C and all
samples were filtered through 0.45-um filters. A 25-uL
sample loop was used for all the determinations. Data
collection and the operation of all componentsin the
system was controlled by Dionex Chromeleon® 6.40
chromatography software.

Reagents and Standards

All reagents were analytical-grade. Formic acid was
Suprapur (Merck, Darmstadt, Germany), and acetoni-
trile was HPL C reagent-grade (Novachimica, Milano,
Italy). Ultrapure water with conductivity <0.1 QS
(DI water) was obtained from a Milli-Q® system
(Millipore, Bedford, MA, USA). Working standard
solutions of acrylamide were prepared by serial dilution
of a1000-mg/L stock standard solution.

Samples

French fries, potato chips, tortilla chips, wheat
snacks with bacon flavor, and crisp bread were obtained
from alocal food store. Representative samples (5 g)
were loaded into 34-mL extraction cells onto a glass
fiber filter. Samples like wheat snacks with bacon flavor
or bread samples, which have a tendency to dissolve or
swell, were loaded into Soxhlet thimbles that were then
placed in the extraction cells. Any void volumes were
filled with glass beads (1-mmi.d.) to reduce the volume
of the extraction solvent.
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Figure 1. Comparison of french fry samples. Chromatographic
conditions are listed under “ Conditions’ . UV detection. (a) neat;
(b) spiked with 40 ug of acrylamide. Peak: 1. Acrylamide.
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Figure 2. Mass spectrum of acrylamide in the range 50-100 m/z.
Mass spectrometric conditions are listed under “ Conditions’ .

RESULTS AND DISCUSSION
ASE Extraction

Pure water, water with 10 mM formic acid, and
acetonitrile were tested as the extraction solvent. Pure
water extracts showed lower recoveries than the formic
acid, but the formic acid extracts had lower stability.
Extracts produced using acetonitrile were cleaner, asless
material was coextracted from the sample matrix. The
extraction temperature of 80 °C was chosen, because
acrylamide starts to decompose at temperatures above
83 °C. With three extraction cycles of 4-min durations, a
spiked french fries sample had ayield of 95% in the first
extract and an additional 8% in the second extraction of
the same sample using 10 mM formic acid.

Cleanup

The extract volume was determined using avolumetric
flask. Afterward, the extracts were filtered using a 0.22-um
nylon filter. Further cleanup using solid phase extraction or
liquid extraction did not exhibit any significant improve-
ments for the subsequent chromatographic analyses.
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Figure 3. Chromatogram of a crisp bread sample with low
acrylamide content. Chromatographic conditions are listed
under “ Conditions’ . UV detection. Peaks: arrow indicates
acrylamide retention time.
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Figure 4. Chromatogram of a crisp bread sample with low
acrylamide content. Chromatographic conditions are listed
under “ Conditions” . MS detection SIM mode. Peak:

1. Acrylamide 0.08 mg/Kg.

Analysis of Acrylamide Using IC/UV

The separation of acrylamide was performed using
an I1C system with a UV detector. Formic acid was
chosen as the eluent instead of sulphuric acid because it
is more compatible with M'S detection. The amount of
acetonitrile was optimized to 30% v/v to reduce the total
run time and avoid interferences with matrix components.

Analysis of Acrylamide Using IC/MS

A single-stage quadrupol e mass spectrometric
detector (Thermo Election MSQ—Dionex, Sunnyvale,
CA) wasinstalled in series with the UV detector. The
M S was operated in the positive electrospray (ESI+)
ionization mode. Figure 2 shows a mass spectrum of
acrylamide at a cone voltage of 50 V. The protonated
molecular ion [M+H]* of acrylamide is detected at a
mass-to-charge ratio (mVz) 72. In addition, a fragment
ion is observed at m/z 55. This lower-intensity frag-

Figure 5. Chromatogram of a potato chips sample with high
acrylamide content. Chromatographic conditions are listed under
“ Conditions’ . UV detection. Peak: 1. Acrylamide 1.56 mg/Kg.
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Figure 6. Chromatogram of a potato chips sample with high
acrylamide content. Chromatographic conditions are listed
under “ Conditions’ . MS detection SSIM mode. Peak:

1. Acrylamide 1.06 mg/Kg.

ment ion can be used for confirmation while a more
sensitive detection is achieved at m/z 72. Calibrations
were performed using external standards in the range
0.01-1 mg/L. The corresponding calibration plots for
both UV and M S detection show good linearity in the
range 0.01-10 mg/L (r?= 0.996).

CONCLUSION

The ASE method provides a fast and efficient
extraction of acrylamide from various food samples.
The extracted samples were analyzed directly using IC
with UV or M S detection. Although UV detection is
sufficient for most of the analyzed samples, M S detec-
tion offers a higher specificity and sensitivity, as shown
in Figures 3-6. Results are summarized in Table 1. The
required limits of determination of 50 ug/kg acrylamide
in food can be achieved with this method. This method
isrobust, selective, and relatively easy to perform.
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Q\ et Q[: Milli-Q is a registered trademark of Millipore.
D I O N E X % MSQ is a trademark of Thermo Electron.

ON THE WEB

Dionex Corporation Dionex Corporation Dionex Corporation Dionex U.S. Regional Offices Dionex International Subsidiaries

1228 Titan Way Salt Lake City Technical Center Sunnyvale, CA  (408) 737-8522  Australia 61 2 9420 5233 Austria (01) 616 51 25 Belgium (32) 3-353 42 94 Canada (905) 844-9650 China (852) 2428 3282

P.0. Box 3603 1515 West 2200 South, Suite A Westmont, IL (630) 789-3660 Denmark (45) 36 36 90 90 France 01 39 30 01 10 Germany 06126-991-0 /taly (06) 66 51 50 52 Japan (06) 6885-1213

Sunnyvale, CA Salt Lake City, UT Houston, TX (281) 847-5652 The Netherlands (0161) 43 43 03 Switzerland (062) 205 99 66 United Kingdom (01276) 691722

94088-3603 84119-1484 Atlanta, GA (770) 432-8100  * Designed, developed, and manufactured under an NSAI registered 1SO 9001 Quality System.

(408) 737-0700 (801) 972-9292 Marlton, NJ (856 596-06009 LPN 1497-01 PDF 9/04

© 2004 Dionex Corporation



