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This document describes analytical issues and challenges when analysing acrylamide in food including 
analyses in the low concentration range according to the implemented Commission regulation 2017/2158/EU 
on establishing mitigation measures and benchmark levels. The document discusses the most important 
details when analysing acrylamide in food at low concentrations. While the previous Commission 
Recommendation 2010/307/EU on the monitoring of acrylamide levels in food required that the applied 
method had LOQs at 30 μg/kg, Commission regulation 2017/2158/EU requires better performance criteria 
for some food types. In the Commission regulation 2017/2158/EU, the benchmark level for acrylamide in 
baby foods, processed cereal based foods for infants and young children excluding biscuits and rusks is 40 
µg/kg. The benchmark level for wheat based soft bread is 50 µg/kg.  
  
The Commission regulation 2017/2158/EU’s performance criteria for analyses of acrylamide in food appear 
from ANNEX A. It requires that the acrylamide method used should be applicable for the foods specified in 
the regulation (See ANNEX B). The method should be specific for acrylamide, i.e. free from interferences from 
the matrix and the analytical blank sample should contain less acrylamide than the detection limit (LOD). The 
reproducibility (RSDR) should be less than the modified Horwitz equation and the repeatability (RSDr ) should 
be 0.66 × RSDR. The recovery should be between 75-110%. 
 
The Limit of Quantification (LOQ) depends on the benchmark level. For benchmark levels < 125 µg/kg:  LOQ 
≤ two fifths of the benchmark level (however not required to be lower than 20 µg/kg). For benchmark levels 
≥ 125 µg/kg: LOQ ≤ 50 µg/kg. In order to comply with the benchmark levels in the regulation, in the case of 
baby foods etc. with a benchmark level of 40 µg/kg, the LOQ is required to be 20 µg/kg while for wheat based 
soft bread LOQ is two fifths of 50, hence also 20 µg/kg.  The Limit of Detection (LOD) is according to the 
regulation three tenths of LOQ. This implies that in case of baby food etc. and of wheat based soft bread LOD 
should be 0.3 × 20 µg/kg =  6 µg/kg.   
The performance criteria set in the regulation may for some foods be a challenge for the laboratories. This 
document will discuss some of the analytical challenges with the acrylamide methods and possibilities for 
improvement of the method performance.  
 
 
Method principle 
 
The analytical method principle may include  
 LC-MS/MS:  

1. Addition of internal standard 
2. Extraction with water (sometimes added nonpolar solvent for clean-up) 
3. Clean-up using appropriate methods mostly SPE columns; else dispersive SPE material 

or protein precipitation 
4. Filtering 
5. Detection by LC-MS/MS using an LC column with appropriate acrylamide retention 

time 
GC-MS(/MS):  

1. Addition of internal standard clean-up 



2. Extraction with water (sometimes added nonpolar solvent for clean-up)  
3. Clean-up using appropriate methods (protein precipitation (Carrez I,II) or SPE) 
4. Derivatization (bromination)  
5. Partition into ethyl acetate (partition clean-up)  
6. Detection by GC-MS/(MS) 

 
 
Blank sample 

Field blank samples (procedural blanks), should be included in the quality control samples, to be sure that 
any background contamination do not influence the results. The performance criteria state that the field 
blank should be lower than the Limit of Detection (LOD).  

Acrylamide may be absent in field blanks. However, acrylamide can sometimes be found in laboratory 
consumables like filters, or it may be present in newly built or furnished laboratories. Furthermore, if 
polymers that contain residues of acrylamide are used in the laboratory, it may contaminate the samples. In 
fact, acrylamide was identified as food contaminant when workers sealed a tunnel with polyacrylamide and 
acrylamide-adducts were found in their bodies, but surprisingly also in the control group. Acrylamide can also 
be artificially formed by heating, e.g. in the GC injector. Furthermore, impurities of acrylamide in the internal 
standard may contribute to acrylamide in samples. 
 
 
 
 
Addition of internal standards 

For LC-MS/MS detection d3-acrylamide is most often used as internal standard, while for GC-MS-detection of 
bromine adducts C13-labelled acrylamide are preferable, since the deuterated compound could lose one 
deuterium atom during dehydro-bromination, which could result in an increased overlap of the mass spectra 
of the analyte and the internal standard (Wenzl et al 2006). The internal standard should be checked for 
contributions to acrylamide in the analytical blanks. The concentration of internal standard should be high 
enough to have a precise detection of the chromatographic peak area but low enough or with sufficiently 
high purity not to contribute to possible acrylamide in the analytical blank. According to the performance 
criteria, the analytical blank should be ≤ LOD.  

 
Sample amounts for chemical analyses. 
 
The amount of sample may depend on the matrix. If acrylamide is in-homogeneously distributed in the 
sample, e.g. acrylamide concentrations are higher in the more brown parts of the sample, a larger amount 
of food needs to be homogenised to e.g. 1 mm grain size before homogenized samples are weighed for 
analyses. Sample weights in the range of for example 2-4 g for LC-MS/MS analyses or 5-10 g for the GC-MS 



analyses are often used. For some samples matrices known to have more interferences or to contaminate 
the equipment lower weight may be used; however after still considering the requirements for LOQ.  
 
 
Extraction 

Acrylamide is easily extracted with water, if the particle size is small enough. Water is the preferred extraction 
solvent, either at room temperature or as hot water. Contemporary homogenization can be performed by 
for example Ultra Turrax or Warren blender. Some methods use addition of organic solvent (e.g. n-hexane, 
cyclohexane) during extraction to remove nonpolar interferences (Wenzl et al 2006, CEN 2015, CEN 2017).  

After sample extraction, the samples are centrifuged to separate particulate matter. For samples that need 
further separation, for instance samples with high starch content, additional ultracentrifugation can be 
applied to frozen sub-samples for separation of starch from sample solution. 

The solvent to sample ratios influence the LOD. However relatively large solvent volumes are often used in 
order to have sufficient dilution of sample not to block SPE columns subsequently used for sample clean-up 
 
 
Sample clean up 
 
The sample clean up in most analytical methods involve either clean up on solid phase extraction (SPE) 
columns, dispersing SPE material in the sample or adding Carrez I,II reagents for protein precipitation. 

Regarding the SPE-clean-up for LC-MS/MS the method originally published by the Swedish Food Agency was 
based on eluting the water extract through a mixed mode SPE column (Isolute Multimode SPE-columns; 
nonpolar (C18), strong cation exchange (SO3-) and strong anion exchange (-NR3+) retention mechanisms) 
(Rosen, Hellenäs 2002). Acrylamide will pass through the column and the eluate may be filtered before LC-
MS/MS detection. This method is still in use, e.g. by the EURL-PC where it has been applied to many food 
matrices, for example coffee (Granby, Fagt 2004), using modification in sample amounts and automatic 
sample preparation equipment for better purification and greater throughput of samples. 

In two European collaborative trial validation studies organized in between European Commission’s 
Directorate General Joint Research Centre (EC DG-JRC), the Swedish National Food Administration (SNFA), 
the Central Science Laboratory (CSL) and the Nordic Committee on Food Analysis (NMKL), the clean- up step 
of in the LC method included, in addition to both a multimode SPE column and a subsequent retention of 
acrylamide on an Isolute ENV+® SPE column was tested. Acrylamide was eluted from the ENV+® column  using 
elution with 60% methanol and a part of the methanol was evaporated in order to concentrate acrylamide , 
followed by four concentration of acrylamide by partly evaporation of methanol (Wenzl et al 2006, 2009, 
CEN 2015). 

The collaborative trial performed in 2003-2004 included 16 LC-MS/MS laboratories. The conclusion was that 
the method was fit for the purpose for many carbohydrate rich foods in the acrylamide concentration range 



from 16 µg/kg (biscuits) to 9082 µg/kg (potato crisps). A follow up collaborative trial on acrylamide in coffee 
by LC-MS/MS, using the same method could also meet the performance criteria (Wenzl et al 2009). 

The GC-MS method tested by the laboratories participating in the collaborative trial by Wenzl et al 2006 could 
not meet the performance criteria for lower concentrations of acrylamide. Furthermore, this method also 
showed difficulties in detecting acrylamide in coffee samples, which are known to contain interferences.  

 

Chromatographic columns and eluent for detection of acrylamide 

Acrylamide is highly soluble in water and LC solvents as e.g. methanol.  When choosing a chromatographic 
column and a suitable eluent for separating acrylamide from the other interfering substances it is important 
to consider the retention capacity of the column. In the low mass range where acrylamide is detected, 
interfering peaks may occur in the chromatogram, and in general longer retention time will lead to a better 
separation of peaks. For instance coffee and chocolate products may have interfering peaks. 

Some of the traditional C18 reverse phase LC-columns do not have a suitable retention of acrylamide. For 
that reason, in previous studies graphitised carbon columns for example hypercarb 5 μm, 50 × 2.1 mm, with 
a guard column 5 μm, 10 × 2 mm were recommended (Rosen, Hellenäs 2002; Granby,Fagt 2004; Wenzl et al 
2006, 2009). However, today several other LC-columns are used for LC separation of acrylamide.The EURL-
PC  have used a Pentafluorophenyl (PFP) column (particle size 2.6 μm, dimensions 3 × 100 mm), which proved 
good performance.  In the validation of the CEN method EN-16987: Determination of acrylamide in coffee 
and coffee products by LC-MS/MS and GC-MS  several LC-columns were used for example Phenomenex Luna 
C18 3 µm, 3 × 150 mm; Lichrospher 100CN 5 µm, 4 × 250 mm; Phenomenex, Luna Phenyl-hexyl, Synergy 
hydro-RP A,  4.6 × 250 mm; Shodex RS-pak DE413, 4 µm  4.6 × 250 mm, in addition to the hypercarb column. 

The GC chromatographic separation is often performed on a mid-polar GC column, e.g. containing 50% 
phenyl–50% polymethylsilicone as stationary phase. 

 

Injection volume 

Generally, injection volumes of  3-10 µL samples are applied for LC-MS/MS methods depending on the 
instrumental and chromatographic conditions. However, the limit of detection (LOD) and limit of 
quantification (LOQ) can be optimised by injecting a larger volume, for example 20 µL . In the proficiency test 
EURL-PC PT-2018-01, the participants were asked to optimize their method, for example by injecting a higher 
volume. From the LC-MS results provided it appears that generally most laboratories and specifically all 
laboratories using ≥ 20µL reported LOQ ≤ 20 µg/kg, see figure 1. 

For the laboratories using GC-MS for detection (N=4) the reported injection volumes on the GC was 1, 2 and 
5 µL. 



 

Figure 1. LOD and LOQ reported for EURL-PC PT-2018-01 Acrylamide in bread. 
 

Mass spectrometry detection 

The LC-MS/MS quantification of acrylamide in the samples using the transition 72 > 55 (loss of ammonia) 
may be performed with good sensitivity (low LOD). However, while some MS-instruments can detect the 
transition 72 > 54 (loss of water) at almost the same signal intensity, for other instruments it is not possible 
to obtain comparable intensity for the verification transitions. It may be relevant to examine the reasons for 
this for future optimization of  the intensity of the verification transitions. 

Table 1: LC-MS/MS detection: 
  quantification  verification  verification  

Acrylamide  72 > 55  72 > 54  72 > 44 

d3-acrylamide  75 > 58  75 > 57  
 

Table 2: GCMS- detection: 
  quantification  verification  verification 

2-Bromopropenamide 149  151  106 

2-Bromopropenamide-13C3 152  154   
 

Reproducibility at low concentrations 

The criteria for reproducibility were calculated according to Thompson (2000) using a modified Horwitz 
equation. Below an assigned value of 120 μg/kg, the target standard deviation is set to 22 % of the assigned 
value. 



In 2018, the EURL-PC validated the method of acrylamide in bread at low concentrations using the accredited 
method and applying an injection volume of 20 µL. 

Three series were prepared and analysed on separate days, each containing, one analytical blank, three blank 
samples, three samples spiked at 5 µg/kg and three samples spiked at 10 µg/kg. It appears from table 3 that 
the within laboratory reproducibility are ≤ 22% at the blank concentration of 6.2 µg/kg and at the spiked 
levels of +5, and +10 µg/kg. 

 
Recovery at low concentrations 
 
The validation of acrylamide in bread with a content of 6.2 µg/kg described above showed recoveries at spike 
level +5 µg/kg to be 89 % (n=9) and for the spike level +10 µg/kg 92 % (n=9). The results are within the 
performance criteria of 75-110% (Annex A). It is foreseen that at low concentrations of acrylamide in samples 
and with a reproducibility acceptance of ≤22%, the recovery of 110% will in some cases be exceeded. This is 
because any significant loss of acrylamide will be compensated by a loss of the internal standard, so the 
results are expected to be normal distributed around 100% if the method is accurate, i.e. without systematic 
imprecision. 
 
Table 3 Performance of analyses of acrylamide in bread at low spike levels
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ANNEX A 

Performance criteria for analyses of acrylamide in food  

Commission regulation 2017/2158/EU on establishing mitigation measures and benchmark levels for the 
reduction of the presence of acrylamide in food, requires that the method of analysis used for the analysis 
of acrylamide must comply with the following performance criteria: 

 
4 

 

The sample shall be analysed in a laboratory that participates in appropriate proficiency testing schemes 
(which comply with the ‘International Harmonised Protocol for the Proficiency Testing of (Chemical) 
Analytical Laboratories’ (Thompson et al 2006) developed under the auspices of IUPAC/ISO/AOAC) and uses 
approved analytical methods for detection and quantification. Laboratories shall be able to demonstrate that 
they have internal quality control procedures in place. Examples of these are the ‘ISO/AOAC/IUPAC 
Guidelines on Internal Quality Control in Analytical Chemistry Laboratories’ (Thomsen, Wood 1995).  

Wherever possible the trueness of analysis shall be estimated by including suitable certified reference 
materials in the analysis. 

 

 

 

 
 
 

 
 
 
 

Parameter Criterion 

Applicability Foods specified in this Regulation 

Specificity Free from matrix or spectral interferences 

Field blanks Less than Limit of Detection (LOD) 

Repeatability (RSDr) 0,66 times RSDR as derived from (modified) Horwitz equation 

Reproducibility (RSDR) as derived from (modified) Horwitz equation 

Recovery 75-110 % 

Limit of Detection (LOD) Three tenths of LOQ 

Limit of Quantification (LOQ) For benchmark level < 125 µg/kg: ≤ two fifths of the benchmark level 
(however not required to be lower than 20 µg/kg) 
For benchmark level ≥ 125 µg/kg: ≤ 50 µg/kg 

 



 
 
 

ANNEX B 

BENCHMARK LEVELS REFERRED TO IN ARTICLE 1 

Benchmark levels for the presence of acrylamide in foodstuffs referred to in Article 1(1) are as follows: 
 

Food Benchmark 
level (µg/kg) 

 
French fries (ready-to-eat) 500 

Potato crisps from fresh potatoes and from potato 
dough Potato-based crackers 
Other potato products from potato dough 

750 

Soft bread  
(a) Wheat based bread 50 
(b) Soft bread other than wheat based bread 100 

Breakfast cereals (excl. porridge)  
— bran products and whole grain cereals, gun puffed grain 300 
— wheat and rye based products (1) 300 
— maize, oat, spelt, barley and rice based products (1) 150 

Biscuits and wafers 350 
Crackers with the exception of potato based crackers 400 
Crispbread 350 
Ginger bread 800 
Products similar to the other products in this category 300 

Roast coffee 400 
Instant (soluble) coffee 850 
Coffee substitutes  
(a) coffee substitutes exclusively from cereals 500 
(b) coffee substitutes from a mixture of cereals and chicory (2) 
(c) coffee substitutes exclusively from chicory 4 000 
Baby foods, processed cereal based foods for infants and young children excluding 
biscuits and rusks (3) 

40 

Biscuits and rusks for infants and young children (3) 150 
(1) Non-whole grain and/or non-bran based cereals. The cereal present in the largest quantity determines the category. 

(2) The benchmark level to be applied to coffee substitutes from a mixture of cereals and chicory takes into account the 
relative proportion of these ingredients in the final product. 

(3) As defined in Regulation (EU) No 609/2013. 
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