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Highlights

» High sensitivity detection of acrylamide in food at a detection limit of 0.05 pg/L

» Excellent linearity of calibration curve across a concentration range of 10 to 1000 ug/L

* Reliable recovery rate of 87% at a spiked concentration of 4 ug/kg in actual food sample
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Introduction

Acrylamide is recognized as a process contaminant
due to its formation during food processing and is
known for its reproductive and developmental toxicity,
carcinogenic potential, and genotoxic effects.

The International Agency for Research on Cancer
(IARC), part of the World Health Organization, has
classified acrylamide as a Group 2A probable
carcinogen. This compound primarily forms in food
through the Maillard reaction, a chemical process that
occurs between asparagine and reducing sugars at
elevated temperatures. Major dietary sources of
acrylamide include fried and baked products, such as
french fries, potato chips, coffee, cookies, and bread.

Gas chromatography (GC), gas chromatography-
mass spectrometry  (GC-MS), and liquid
chromatography-mass spectrometry (LC-MS) are the
main techniques for detecting acrylamide levels in
food. Among these methods, GC-MS is recognized
as the second method in the China National Standard
GB 5009.204-2014 and is widely utilized.

This standard specifies the application of multiple
reaction monitoring (MRM) in tandem with GC-MS.
Both the MRM and selective ion monitoring (SIM)
modes of GC-MS were evaluated; however, the
MRM mode demonstrates superior selectivity,
enhanced resistance to interference, increased
specificity, improved signal-to-noise ratio, and lower
detection limits compared to the single quadrupole
SIM mode.

Herein, the study adheres to the 2nd method outlined
in the China National Standard GB 5009.204-2014
“National Food Safety Standard — Determination of
Acrylamide Content in Food,” utilizing stable isotope
dilution GC-MS. We employed Shimadzu GCMS-
TQ8040 NX to develop a method for accurately
quantifying acrylamide in food samples. The
extraction process involved adding ultrapure water,
followed by solid-phase dispersion extraction and
derivatization with a brominating agent. Detection
was performed using the MRM mode with internal
standard quantification. This method yields precise
quantitative data and high sensitivity, establishing a
reliable reference for acrylamide detection in food.
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Experimental
The GC-MS parameters used for the analysis of The pre-treatment workflow for food samples is
acrylamide and internal standards are summarized in summarized in Figure 1 below.
Table 1.
Table 1. Parameters for GC-MS Analysis
Instrument GCMS-TQ8040 NX Carrier Gas He
Flow Control Mode Linear Velocit SH-I-5Sil MS
Y Eelnn 30 m x 0.25 mm I.D. x 0.25 um df
Linear Velocity 36.6 cm/s T AT 250 °C
Injection Mode Splitless Injection lon Source Temp. 280 °C
Injection Time 1'min Solvent Cut Time 11 min
Injection Port Temp. 280°C Acquisition Mode El, MRM
No. Compound CAS No. Quantitation Transition CE Qualitative Transitions CE
: 150.0>132.9 9
1 Acrylamide 79-06-1 152.0>135.0 12 152 0>107.9 6
(4al13 155.0>137.9 12
2 Acrylamide-""C3; 287399-26-2 153.0>106.9 27 153.0>135.9 12

[ Weigh 2 gram of sample, add internal standard, 10 mL of pure water, shake and centrifuge ]

The supernatant is supplemented with
saturated ammonium sulfate to 10 mL

Transfer the above solution to an SPE column, wash with n-hexane, elute with ethyl acetate,
and evaporate to near dryness

[ Transfer the residue washed with ethyl acetate to a test tube containing 1 mL of pure water and shake ]

[ Blow off the upper organic phase with nitrogen, add n-hexane, centrifuge, and retain the lower aqueous phase ]

Repeat ethyl acetate extraction twice,
blow to near dryness with nitrogen

[ Add 1 mL of bromination reagent to the above extract for derivatization ]

[ Dissolve the residue with 0.5 mL of ethyl acetate, and analyze with GC-MS ]

Figure 1. Pre-treatment Workflow
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Results and Discussion

Chromatogram of Acrylamide Standards

Acrylamide and its internal standard, acrylamide-'3C,,
analyzed, with the corresponding
chromatograms for 50 pg/L and 10 pg/L acrylamide
presented in Figures 2a and 2b, respectively. Both
compounds eluted at a retention time of 8.150 min.
However, the specificity of the multiple reaction
monitoring methods, facilitated by distinct MRM

were

Standard Curve and Detection Limit

Acrylamide standards were prepared in water as a
solvent, with concentrations of 10, 50, 200, 500, and
1000 pg/L, alongside an internal standard at 50 pg/L.
The analysis of the derivatized acrylamides yielded a
linear regression with a correlation coefficient of
0.9993 (see Figure 2c). The instrument detection limit
was determined to be 0.05 pg/L, calculated from the

transitions for each compound, allows for accurate lowest calibration standard exhibiting a signal-to-
quantification. noise ratio (S/N) of 3 (peak-to-peak).
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Figure 2. Mass chromatograms of derivatized acrylamide standards at (a) 50 yg/L and (b) 10 ug/L. (c) Calibration curve

of derivatized acrylamide across a concentration of 10, 50, 200, 500, and 1000 pg/L.

Table 2. Results of repeatability

Peak Area
Compound AveraR?e; R?)/covew
1 2 3 4 5 ate (%)
Acrylamide 81760 83880 85500 87719 84031 2.60




Repeatability

To evaluate the repeatability of the analysis,
derivatized acrylamide of the lowest concentration of
the calibration point injected 5 times
continuously. The %RSD of the area count at 10 pg/L
was 2.6%. The results are shown in Table 2.

was

(x1,000,000)
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Recovery Results

Three samples of instant noodle were obtained and
spiked with acrylamide at a concentration of 4 pg/kg.
They were then processed through the pre-treatment
workflow parallelly. The chromatogram of the sample
is shown in Figure 4. The results and average
recovery rates are shown in Table 3.
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Figure 3. Total ion chromatogram of instant noodle
Table 3. Results of recovery of spiked instant noodle samples

c Concentration in Blank Spiked Measured Concentration (pg/kg) Average Recovery

ompound o

Sample (ug/kg) 1 2 3 Rate (%)
Acrylamide Not Detected 3.48 3.42 3.7 87.0
Conclusion

This method utilizes Shimadzu GCMS-TQ8040 NX
gas chromatography-mass spectrometer to quantify
acrylamide in food samples. The standard calibration
curve for the acrylamide derivative, established within
a concentration range of 10 to 1000 pg/L, exhibited
excellent linearity, with a correlation coefficient (R)
greater than 0.999. The detection limit was calculated
at 0.05 ug/L.

Five consecutive injections of the standard solution at
the lowest calibration concentration yielded a peak
area RSD of less than 3%, demonstrating high
precision. At a spiked concentration of 4 ug/kg in
actual samples, the recovery rate was 87.0%. This
method adheres to China National Standard GB
5009.204-2014, highlighting its high sensitivity and
effectiveness in detecting acrylamide levels in food.
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Read More
GCMS-TQ8040 NX

Discover GCMS-TQ8040 NX, the triple quadrupole gas
chromatography-mass spectrometer designed to elevate analytical
capabilities. Equipped with Smart Performance, it ensures highly
sensitive, simultaneous analysis of multiple components,
delivering exceptional accuracy in every measurement. To
enhance laboratory efficiency, Smart Productivity feature can
effectively streamline workflows and maximize throughput. Lastly,
with  Smart Operation, complex tasks such as method
development and data analysis can be simplified, making the
system intuitive for users at all skill levels.

Learn More

LabSolutions Insight

Mass spectrometry laboratories often generate thousands of
chromatograms daily, creating a need for efficient data management.
LabSolutions Insight addresses this challenge by streamlining
workflows with ease. Through automated peak detection and
deviation flagging based on user-defined criteria, it directs attention
to chromatograms requiring critical review. Customizable review
screens and automated QA/QC flagging further reduce bottlenecks,
enhancing overall efficiency. When paired with Shimadzu's ultra-
high-speed acquisition technology, LabSolutions Insight provides a
robust, high-performance solution tailored to the demands of high-
throughput laboratories.

Learn More

Shimadzu’s Total Support For Food Safety

Explore this eBook to gain valuable

acrylamide analysis in processed foods such as potato
chips using advanced LC-MS/MS technology. In addition
to acrylamide, the eBook also highlights the detection of
allergens, food additives, and contaminants such as
pesticides, heavy metals, and more. Equipped with
cutting-edge instruments, optimized methods, and
seamless end-to-end workflows, Shimadzu provides
reliable, high-performance solutions to address the
complex challenges of modern food safety laboratories.
Discover Shimadzu’s total solutions for food safety today.

Learn More


https://www.shimadzu.com.sg/an/products/gas-chromatograph-mass-spectrometry/triple-quadrupole-gc-msms/gcms-tq8040-nx/index.html
https://www.shimadzu.com.sg/an/products/gas-chromatograph-mass-spectrometry/triple-quadrupole-gc-msms/gcms-tq8040-nx/index.html
https://www.shimadzu.com.sg/an/products/liquid-chromatograph-mass-spectrometry/lc-ms-software/labsolutions-insight/index.html
https://www.shimadzu.com.sg/an/products/liquid-chromatograph-mass-spectrometry/lc-ms-software/labsolutions-insight/index.html
https://www.shimadzu.com/an/sites/shimadzu.com.an/files/pim/pim_document_file/brochures/9740/jpz18007.pdf
https://www.shimadzu.com/an/sites/shimadzu.com.an/files/pim/pim_document_file/brochures/9740/jpz18007.pdf
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