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Abstract 

The aim of this study was to validate a GC-MS/MS method for determining 

acrylamide (AA) in potato-based products by using the solid-phase extraction (SPE) 

clean-up. The method consisted in defatting the sample (potato chips, French fries) 

with hexane, extraction of AA in water, centrifugation, followed by AA purification 

on two SPE columns. The purified extract was derivatized with bromine 

compounds, then extracted with ethyl acetate: hexane mixture. The residue 

dissolved in ethyl acetate and triethylamine was injected into the GC-MS/MS. The 

method showed a good precision (RSDr= 1.13- 4.26%; RSDR= 1.19- 8.84%) and 

accuracy (recovery= 85.64- 109.22%). The precision of the results was 

demonstrated by participation in two proficiency tests launched by the FAPAS® 

program, yielding z-scores of -0.8 (for pre-cooked French fries) and 0 (for potato 

crisps). Good sensitivity was achieved for potato chips with a LOD and LOQ of 

6.94 and 20.83 μg/kg, while for French fries, it was 10.29 and 30.87 μg/kg, 

respectively. When applying the method on potato chips sample, the AA level 

varied between undetectable and 1504.93 μg/kg, while for French fries was between 

31.45- 371.30 μg/kg. The method fulfilled the performance criteria of Commission 

Regulation EU 2017/2158 for the determination of AA in potato-based products. 

 

Keywords: acrylamide, French fries, potato chips, potato products 

 

Introduction  

Acrylamide (AA) is a product of the Maillard reaction and is formed when foods 

containing asparagine and reducing sugars are heated to temperatures above 120°C 

(EFSA, 2015). 

In April 2002, scientists from the Swedish National Food Agency (SNFA) together 

with those from Stockholm University reported for the first time that the AA level 
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of regular foods consumed by humans is higher than the level allowed in drinking 

water (Tareke et al., 2002; SNFA, 2002). In particular, potato products have been 

identified in many studies (Michalak et al., 2011; Sanny et al., 2012; Mesías et al., 

2019) as having high concentrations of AA. FAO/WHO (2011) reported AA levels 

ranging between 399 and 1202 μg/kg for potato chips, and between 159 and 963 

μg/kg for French fries. In 2011, the mean dietary AA intake estimated by FAO/WHO 

(2011) for adults and children was between 1 and 4 μg/kg bodyweight/day. It was 

noted that children have a dietary AA exposure at least twice as high as the adult 

consumers when expressed on a bodyweight basis (FAO/WHO, 2011). Foods that 

contribute the most to the dietary intake will vary from country to country, according 

to different dietary patterns and how foodstuffs are processed and prepared. 

However, several AA intake studies indicate that food commodity that contribute the 

most to dietary AA exposure are fried potato products (French fries and potato 

crisps), bakery products, coffee, and breakfast cereals (Wilson et al., 2006; Mestdagh 

et al., 2008; Mojska et al., 2010; FAO/WHO, 2011; EFSA, 2015). 

Thus, since 2002, laboratories around the world have begun to establish analytical 

methods in order to detect AA and assess human exposure to this harmful compound. 

It is therefore important to develop and validate sensitive and accurate analytical 

methods for the AA determination in different food products at a low level. For this 

reason, different GC-MS methods based on bromine derivatization (Nemato et al., 

2002; Pittet et al., 2004; Dias et al., 2017) and without derivatization (Jezussek and 

Schieberle, 2003), or based on LC-MS using derivatization with mercaptobenzoic 

acid (Jezussek and Schieberle, 2003) and without derivatization (Roach et al., 2003; 

Andrzejewski, 2004; Delatour et al., 2004; Şenyuva and Gӧkmen, 2005, 2006) have 

been developed. The method performance depends very much on the sample 

preparation, especially on the AA extraction and purification, which have a great 

impact on the results. Usually, the most used procedures applied for sample 

preparation fail when there are complex food matrices, because of the inability to 

eliminate the presence of interferences, caused by co-eluents with the analyte, thus 

preventing the correct quantification (Delatour et al., 2004). 

Solid-phase extraction (SPE) procedure used for AA extraction from food matrices 

has many advantages compared to other traditional techniques: a smaller amount of 

solvent is necessary, the preparation procedure involves only few steps which 

determines the reduction of analytical costs. Through the SPE technique, isolation, 

concentration and purification take place. 

The aim of this study was to validate a sensitive and reliable GC-MS/MS method for 

determining the AA level in potato-based products by applying the SPE technique 

for sample preparation. 

 

Materials and methods 

Samples  

Three potato-based reference materials (RM) were used. One pre-cooked French 

fries RM (T3085QC, assigned value at 229 μg/kg, range for |z| ≤ 2 = 137 - 320 µg/kg) 
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and two potato crisps RM (T3089QC, assigned value at 206 μg/kg, range for |z| ≤ 2 

= 122 - 289 µg/kg; TET043RM, assigned value at 625 ± 45 μg/kg, k= 2) were 

purchased from Fera Science Ltd (Sand Hutton, York).  

Eight samples of French fries (ready-to-eat) (purchased from the fast-foods market 

from Bucharest, Romania) and six samples of potato chips (acquired from local 

supermarkets, Romania) were analyzed. The samples were chosen from the very 

consumed French fries and chips brands. For the protection of commercial interests, 

the French fries samples were coded with the letters FF and numbers from 1 to 8, 

and the potato chips samples were noted with the letters PC and numbers from 1 to 

6, respectively. 

In order to validate the method, two certified reference test materials: acrylamide in 

French fries (pre-cooked) - T3095/2019 (assigned value at 75.4 µg/kg AA with a 

satisfactory range of 42.2 - 109 µg/kg) and acrylamide in potato crisps- T3099/2020 

(assigned value at 156 µg/kg AA with a satisfactory range of 89.7 - 221 µg/kg) 

purchased from the Food Analysis Performance Assessment Scheme (FAPAS)– 

Food Chemistry Proficiency Tests (Sand Hutton, York) were used. 

Chemicals 

Native acrylamide (min. 99% purity) and internal standard (IS) of labeled acrylamide 

(1, 2, 3-13C labeled AA, min. 99% purity) were used. All others chemicals, reagents 

and solvents were of analytical grade.  

Isolute® Multimode (1000 mg, 6 mL) and Isolute® ENV+ (500 mg, 6 mL) SPE 

cartridges were supplied by Biotage (Uppsala, Sweden).  

Standards and reagents 

Stock solution and working solutions of AA and IS were prepared as described by 

Negoiță et al. (2020). The working standard solutions for linear calibration were 

prepared by diluting the working solution to the concentration sequences of 0.05; 

0.10; 0.20; 0.30; 0.40; 0.50; 0.75; 1; 2; 3 mg/L. All solutions were spiked with 440 

µL IS (1 mg/L). Saturated bromine water solution and sodium thiosulphate solution 

1 mol/L were prepared according to Pittet et al. (2004). 

Sample preparation 

The procedure for sample preparation was according to the SPE method described 

previously by Negoiță et al. (2020). Briefly, 1 g of milled and homogenized sample 

was weighed into 50 mL centrifuge tubes.  

The extraction method was carried out as follows: 440 μL IS solution (1 mg/L), 20 

mL water, and 10 ml of n-hexane were added to the sample which was vortexed at 

the ambient temperature for 60 min. After centrifugation at 5°C, 6000 x g for 20 min 

(5804R Eppendorf centrifuge with cooling, Eppendorf, Germany), the aqueous 

phase (~10 mL) was collected, avoiding the top fatty layer if present.  

For the samples clean-up, the HyperSep Universal Vacuum Solid Phase Extraction 

Manifold from Thermo Fisher Scientific (USA) and two types of SPE columns were 

used. Firstly, SPE column Isolute® Multimode was conditioned with MeOH (3 mL) 

and water (3×4 mL). Afterwards, the aqueous extract (~10 mL) collected previously 
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was passed through the column and collected. The second SPE column Isolute® 

ENV+ was conditioned with MeOH (5 mL) and water (5 mL). The extract collected 

from the previous column was loaded and the eluate was discarded. The column was 

rinsed with water (4 mL). After rinsing, AA was collected from the column with 

60% MeOH in water (5 mL). 

The purified AA extract was derivatized as previously described by Negoită et al. 

(2020).  

Preparation of the calibration solutions  

Ten calibration solutions in the range of 0.05 - 3 mg/L were prepared as described 

by Negoiță and Culețu (2016). The procedural blank was prepared identically to the 

sample, including the use of SPE clean-up. 

Acrylamide determination by gas chromatography and tandem mass spectrometry  

The acrylamide quantification was performed by using a gas-chromatograph 

(TRACE GC ULTRA) coupled to a triple quadrupole mass spectrometer (TSQ 

Quantum XLS), both from Thermo Fisher Scientific (USA). An automatic injector 

(Right PTV) and a TriPlus AS autosampler (Thermo Fisher Scientific, USA) were 

used for sample injection. A capillary column (TraceGOLDTM TG-WaxMS, 30 m 

x 0.25 mm i.d. x 0.25 µm film thickness) based on polyethylene-glycol was used.   

As carrier gas, helium (1.6 ml/min) was used. 

The sample injection volume was 1 µL, while the injector temperature was 220°C. 

The oven temperature was set to 65°C and maintained for 1 min, then increased with 

15°C/min to 170°C, to 200°C with 5°C/min, to 240°C with 40°C/min, and hold for 

15 min at 240°C. The transfer line was set at 230°C. 

For the mass-spectrometer, the electron energy was 70eV (EI mode) and the 

acquisition mode was Selected Reaction Monitoring (SRM). The ion fragmentation 

was achieved with argon (1 mTorr) and for 2-BPA quantification m/z 70 was used, 

while for 2-BP(13C3)A quantification m/z 73 was used. The AA content of tested 

potato-based products was calculated based on the ratio of the peak areas 

corresponding to the ions with m/z 70 and 73. 

All samples were analyzed and quantified in duplicate. 

Validation procedure  

The performance parameters (linearity, sensibility (LOD and LOQ), selectivity, 

precision, accuracy, robustness, and measurement uncertainty) were assessed 

according to the guides and recommendations for methods validation (ISO/IEC 

17025, 2018; ICH, 2005; VICH, 2015; EC 2002/657/CE; ISO/TS 21748, 2004). 

Linearity  

Standards  

The linearity of the method was estimated with the aid of a regression line on two 

calibration curves with six calibration levels each by the method of least squares. 

Ten standard solutions were simultaneously prepared and treated in parallel with the 

sample, without being purified by SPE. The quantity of IS of 440 µL (1 mg/L) was 

added for all samples and standards.  
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To estimate the linearity of the curve, the relative standard deviation (RSD) in 

repeatability conditions should be within the limits of ± 15% for all the investigated 

levels. The analytical curves were considered linear for a value of regression 

coefficient (R²) higher than 0.99. 

Real Samples  

The linearity of the method in real samples was evaluated by plotting the ratio of the 

peak area of 2-BPA and 2-BP(13C)A versus the concentration of 2-BPA. Linearity 

range was evaluated also on real samples spiked with native AA solution (10 mg/L) 

at different levels of concentration: 0, 250, 500, 750 and 1000 μg/kg for ready-to-eat 

French fries, and 0, 375, 750 and 1125 μg/kg for potato chips. The samples were 

treated as described for the overall method and injected twice into GC-MS/MS. The 

correlation was assessed to be linear for a value of the R² higher than 0.99. 

LOD and LOQ  

The limit of detection (LOD) and limit of quantification (LOQ) of the method were 

evaluated using the calibration curve parameters (ICH, 2005).  

Furthermore, LOD and LOQ were calculated on real samples of French fries and 

potato chips, by evaluating the AA content of some RM: T3085QC and TET043RM. 

By using these RM, 6 - 7 parallel samples were performed based on the newly 

developed procedure, using the SPE technique. All samples (initial extracts) were 

injected into GC-MS/MS and then quantified based on the calibration curve. For 

each initial extract several dilutions were made (D= 1/7 for T3085QC and D= 1/20, 

D= 1/30 for TET043RM). The diluted extracts were injected into GC-MS/MS and 

then quantified based on the calibration curve. Mean concentrations, SD, RSD, bias, 

and recovery were calculated. 

In order to have good precision, LOQ (expressed as RSD) should be ≤ 20%, while 

accuracy (expressed as recovery) should be in the range of 80-120% (ICH, 2005). 

Selectivity  

Selectivity was investigated by studying the possible interference given by AA in 

French fries and potato chips samples by using the SRM detection. 

Precision  

The method precision was investigated by repeatability, reproducibility and 

intermediary precision.  

Precision was expressed as RSD (%). The criteria imposed for RSD were according 

to the requirements set by the Commission Regulation (EU) 2017/2158. For the 

injection repeatability, 9 or 10 consecutive injections were carried out, for within-

day precision 5-8 repeated analyses of the same sample were done, while for 

between-day precision samples were analyzed in 3-5 different days. 

Accuracy (recovery, bias) 

The need to assess the performance of the analytical methods to measure AA in foods 

led to the availability of commercial RM. In this respect, the Central Sciences 

Laboratory, through its FAPAS program, provides several RM, including French-
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fries and potato chips. To evaluate the accuracy of the method the TET043RM, 

T3095, and T3085QC material from FAPAS were used. 

The accuracy of the method was investigated by recovery for RM of French fries 

(pre-cooked) (T3095; T3085QC), for one reference test material for potato chips 

(TET043RM) and for one sample of potato chips from the local supermarkets in 

Bucharest.  

For the recovery evaluation, samples of French fries were fortified with working 

solution I of AA at concentrations of 0, 250, 500, 750, and 1000 µg/kg, while for 

potato chips working solutions I of AA of concentrations 0, 375, 750, and 1125 µg/kg 

were added and minimum 5 repeated analyses were performed.  

The samples were treated as described for the overall method and injected twice on 

GC-MS/MS. According to the requirements of Commission Regulation (EU) 

2017/2158, the recovery must be between 75 - 110%. 

Also, the accuracy of the method was evaluated with bias measurements using a RM 

of potato crisps (TET043RM), which presents an assigned AA value of 625 µg/kg 

and an uncertainty of 45 µg/kg (k=2). The RM was prepared during the validation 

study by applying the SPE clean-up procedure, on the same day or different days, by 

the same analyst or different analysts, on the same equipment. The bias was 

calculated using the equation: 

Bias = (obtained result– expected result) x 100/expected result. 

Robustness  

In order to test the robustness of the developed method, samples of T3085QC, 

FAPAS 3095/2019 and potato chips (P3) were used and the following parameters 

were varied: extraction capacity of SPE columns used to purify the AA extract 

(Isolute ENV+ 500 mg/6 mL and Isolute ENV+ 1000 mg/6 mL) and the amount of 

the sample taken into the study. The requirements for acceptability are the same as 

those for repeatability: RSDr ≤ 0.66 x RSDr_Horwitz.  

Measurement uncertainty  

The uncertainty budget was evaluated according to the ISO/IEC Guide 98-3 (2008) 

and EURACHEM/CITAC guide (2011). The uncertainty obtained was verified by 

the FAPAS tests performed.  

Method application  

The validated method applicability was evaluated by analyzing eight French fries 

samples and six potato chips samples.  

Statistical analysis  

AA content of analyzed samples was expressed as mean ± standard deviation. 

Regarding the validation parameters, the mean for the concentration values 

expressed in μg/kg, standard deviation in repeatability/reproducibility conditions 

(SDr/SDR) expressed in μg/kg as well as RSD in repeatability/reproducibility 

conditions (RSDr/RSDR) expressed in % were calculated using Microsoft Excel.  

An AA content below LOQ (30.87 μg/kg for French fries and similar products, and 

20.83 μg/kg for potato chips and similar products) was considered undetectable. 
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Results and discussion 

Method development 

Based on the published researches in this field (Nemato et al., 2002; Pittet et al., 

2004; Fernandes and Soares, 2007; Negoiță and Culețu, 2016) as well the standard 

SR EN 16618 (2015) a GC-MS/MS method was developed for AA determination 

from processed potato products, by applying an improved sample preparation based 

on SPE-technique (Negoiță et al., 2020). Briefly, AA was extracted from pre-fried 

potatoes and chips samples, with water at room temperature and then degreased with 

hexane. The aqueous phase was purified by SPE and derivatized with bromine 

compounds. At the end, the AA dibromide compound was extracted with a mixture 

of solvents (ethyl acetate: hexane 4:1, v/v) and analyzed at GC-MS/MS in SRM 

mode. 

The analytical separation of AA was performed using a TraceGOLDTM TG-

WaxMS capillary column. Figure 1 presents the chromatograms of the French fries 

pre-cooked sample (FF8) with an AA content of 371.30 µg/kg, and also the Potato 

chips sample (PC5) with an AA content of 157.79 µg/kg. 

GC–MS/MS- SPE method assessment  

Previous studies shown that tandem MS/MS with electron impact positive ionization 

mode (EI+) is a powerful tool for the detection of AA in foods at low levels (Tareke 

et al., 2002). 

Prior to AA analysis from potato-based products, the GC-MS/MS - SPE method was 

validated to evaluate the method performance requirements set by the Commission 

Regulation (EU) 2017/2158. The method’s validation parameters evaluated were 

linearity, sensibility (LOD, LOQ), selectivity, accuracy (as recovery and bias), 

precision, robustness and measurement uncertainty.  

Linearity  

Standards 

Calibration curves (Figures 2 and 3) were constructed by plotting the AA/IS area 

ratio versus the concentration of AA in the standard, the ratio of the peak area of 2-

BPA and 2-BP(13C)A versus the concentration of 2-BPA. The regression coefficients 

(R²) were ≥ 0.999 (n=3). 

For all the studied calibration levels, the RSDr were within the limits of ± 15%, 

ranging between 0.17 and 4.02%. 

Real Samples  

The AA content of the samples was quantified using the ion at m/z 70 for 2-BPA, 

and the ion at m/z 73 for 2-BP(13C3)A. The linearity of the method in the real samples 

was evaluated by plotting the peak area ratios (70/73) against the corresponding 

ratios of the analyte amounts. Table 1 shows the linearity range of French fries and 

potato chips, which demonstrated by the regression coefficient obtained (R² ≥ 0.99) 

that there is a linearity between the response factor (corrected area) and the AA 

concentration in the case of the French fries samples (pre-cooked and ready-to-eat) 
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in the range of 0.07 - 2.62 mg/L (30.58 –1152.88 µg/kg) and for the potato chips in 

the range of 0.05 - 3.43 mg/L (21 - 1863.99 µg/kg), respectively. 

 
Figure 1. Chromatograms of potato chips samples (PC5 - 157.79 µg/kg) and French fries 

pre-cooked sample (FF8 - 371.30 µg/kg) (AA- acrylamide peak, IS - labeled acrylamide 

peak). 
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Figure 2. Calibration curve for AA, 0.05 – 0.5 mg/L. 

 

 
Figure 3. Calibration curve for AA, 0.4 – 3 mg/L. 

 

LOD and LOQ 

By using the calibration curve, LOD of 0.008 mg/L and LOQ of 0.024 mg/L were 

obtained. By using RM and by successive dilutions of their extracts, in the case of 

French fries and similar products were established LOD and LOQ values of 10.29 

and 30.87 μg/kg, while for the potato chips and similar products it was 6.94 and 

20.83 μg/kg, respectively. 

LOQ values fulfilled the criteria defined in the Commission Regulation (EU) 

2017/2158. 

Selectivity  

The selectivity of the developed method was investigated by chromatographic 

separation of AA in the presence of other compounds from the pre-cooked French 

fries, ready-to-eat French fries, and potato chips. The SRM detection and the use of 

IS in the method led to a specific analysis.  
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Table 1. Linearity of the method in real samples – AA area/IS area vs. the amount of AA. 

Parameter French fries Potato Chips 

Linear range mg/L 0.07 – 2.62 0.05 – 3.43 

µg/kg 30.58 – 1152.88 21 - 1863.99 

Regression equationx Y=2.4182·X+0.0152 Y=2.2198·X+0.0802 

Number of data pointsy 28 24 

Regression coefficient (R2) 0.9988 0.9989 

Correlation coefficient (R)z 0.9994 0.9994 

Residual standard deviation, Sy 0.019148 0.007411 

Standard deviation of the method, Sx0 0.00792 0.00334 

xy = ax + b of three replicates; ynumber of the analyzed samples; zcorrelation coefficient (R)= SQRT(R2) 

 

Precision  

Injection repeatability  

For injection repeatability the RSDr ranged between 1.39 – 2.36% for measured 

concentration (mg/L), 1.41– 2.40% for area ratio, and 0.02 – 0.05% for retention 

time. 

Within-day precision, between-day precision and intra-laboratory reproducibility  

The obtained results are presented in table 2. 

 

Table 2. Within-day precision, between-day precision and intra-laboratory reproducibility of 

the developed method for determination of AA in potato-based samples. 

Performance parameter Sample 

French fries and 

similar products 

Potato chips and 

similar products 

Within-day 

precision  

Mean AA, µg/kg 62.40 – 1215.73 152.50– 1863.99 

Repeatability limit (r), µg/kg 3.99 – 90.11 8.90 – 150.48 

RSDr, % 1.13 – 4.26 1.18 – 3.98 

066*RSDr_Horwitz, % 10.25 – 14.52 9.61 – 14.02 

Between-day 

precision  

Mean AA, µg/kg 30.75 – 216.74 155.84 – 867.09 

Reproducibility limit (R), 

µg/kg 

4.70 – 27.36 11.49 – 123.15 

RSDR, % 1.19 – 8.84 2.63 – 7.53 

RSDR_Horwitz, % 20.15 - 22 11.27 – 20.98 

Intra-

laboratory 

reproducibility 

Mean AA, µg/kg 30.43 – 127.62 165.08– 1502.78 

Reproducibility limit (R), 

µg/kg 

1.59 – 18.61 6.63 – 103.00 

RSDR, % 1.81 – 5.21 0.99 – 5.63 

RSDR_Horwitz, % 21.83 - 22 15.05 – 20.99 



Negoiță et al. / AUDJG – Food Technology (2021), 45(1), 69-85 

 

79 

Inter-laboratory reproducibility 

The laboratory participated in the inter-laboratory proficiency testing (Table 3) 

organized in 2019 (T3095/lab. no. 6) and 2020 (T3099/lab. no. 6) by the FAPAS 

program analyzing French fries (pre-cooked) and potato crisps test materials and 

received a z-score of -0.8 and 0. 

Results indicated that the GC-MS/MS– SPE method used for the AA quantification 

had a very good accuracy. 

 

Table 3. Proficiency test results. 

Matrix Proficiency test 

 

Assigned 

value 

(µg/kg) 

Result  

(Mean ± SD),  

µg/kg [n]x 

z-score 

French Fries  

(pre-cooked) 

FAPAS 

T3095/2019 

75.4 62.40 ± 1.43 [n = 6] -0.8 

Potato crisps FAPAS 

T3099/2020 

156 156 ± 4.10 [n = 8] 0 

xnumber of the analysed samples 

 

Accuracy  

The obtained results from the assessment of accuracy, expressed by recovery, are 

presented in Table 4. Good percentage recoveries (85.64 – 109.22%) were obtained 

with acceptable variation (RSD%= 1.13–3.94%) according to the present method, 

fulfilling the required criteria (Commission Regulation (EU), 2017). These samples 

were also used to test the linearity of the method. Such results demonstrate the 

accuracy of the GC-MS/MS – SPE method used for the quantification of AA. 

Similar results were obtained by Nemoto et al. (2002) who reported recoveries 

ranging between 97-105% for AA from spiked samples and the RSD ranging 

between 0.8-4%. 

The accuracy of the method expressed by bias, determined for the analyzed RM, 

TET043RM, with an assigned value of 625 ± 45 µg/kg of AA was 2.85% (Table 5).  

Robustness 

To assess the robustness, several variations were used: the replacement in the 

purification stage of the ENV+ 500 mg/6 mL cartridges with ENV+ 1000 mg/6 mL 

and the change in the amount of the sample taken into study (0.5; 1; 1.5 g) did not 

lead to variations in the determined concentration. The value of obtained RSD was 

between 0.93 and 1.93%. 

Measurement uncertainty  

The uncertainty of results for determining the AA level in French fries, potato chips 

and similar products by GC-MS/MS – SPE was ± 17.5% as determined by the 

uncertainty budget. This value was verified with the z scores obtained in the FAPAS 

tests, demonstrating that the uncertainty value is correctly estimated. 
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Table 4. Recovery for the spiked samples by using the developed method. 

Sample/code 

Acrylamide contents (µg/kg) 

Recovery 

(%)x 

RSDr 

(%) 

Number 

of 

samples 

[n] 

Before 

spiking 

Spiked 

amount 
After spiking 

French 

Fries (pre-

cooked)/ 

T3095 

64.51 ± 1.10 250 328.07 ± 3.72 105.43 1.13 7 

62.09 ± 2.57 500 608.21 ± 8.11 109.22 1.33 6 

74.98 ± 2.73 750 876.45 ± 54.12 106.93 1.97 6 

74.98 ± 2.73 1000 1152.89±32.18 107.79 2.79 6 

French 

Fries (pre-

cooked)/ 

T3085QC 

212.11 ± 2.49 250 458.58 ± 6.06 98.59 1.32 6 

209.02 ± 2.51 500 657.74 ± 16.09 89.74 2.45 6 

212.59 ± 4.13 750 910.79 ± 17.08 93.10 1.88 6 

223.21 ± 4.20 1000 1215.73±15.90 99.25 1.31 5 

Potato 

Crisps/ 

TET043RM 

653.65±36.79 375 974.81 ± 27.50 85.64 2.82 6 

644.39±29.72 750 1362.95±53.74 95.81 3.94 5 

688.24±14.10 1225 1863.99±49.47 104.51 2.65 6 

Potato 

Chipsy 

165.83±3.65 375 564.45 ± 22.46 105.83 3.65 6 

167.65 ± 3.14 750 927.73 ± 10.99 101.35 1.18 6 

167.65 ± 3.14 1125 1313.73±24.80 101.87 1.89 6 

xRecovery (%) = ((After spiking – Before spiking)/Spiked amount) x 100; yThe sample of potato chips 

was obtained from the local supermarkets in Bucharest 

 

Table 5. Accuracy expressed by bias for Potato Crisps - TET043RM. 

Parameter Values 

Reference value (RV), µg/kg 625 

Expanded uncertainty U (k=2) 45 

Found value (mean) (M), µg/kg (n=31) 642.87 

SD, µg/kg 41.04 

RSDR, (%) 6.38 

Bias ǀRV-Mǀ, µg/kg 17.81 

Bias (ǀRV –Mǀ x 100)/RV, % 2.85 

 

Comparing the performance parameters of the method used in this study with other 

similar methods from the literature (Şenyuva and Gӧkmen, 2006; Rufian-Henares et 

al., 2006; Fernandes and Soares, 2007; Lee et al., 2007; Mesías et al., 2015; Mesías 

et al., 2018) it is shown that the proposed method is comparable and accurate for the 

analysis of this chemical contaminant (Table 6). 
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Table 7 illustrates the AA content in different samples of potato chips and French 

fries, which varied between 31.45 and 371.30 µg/kg for French fries and between 

undetectable and 842.50 µg/kg for potato chips. 

The AA levels of potato-based products depends on the quality of raw materials, 

food formulation and manufacturing conditions. 
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Two (PC1, PC3) out of six varieties of potato chips showed higher values than the 

benchmark level of 750 µg/kg set for this product category by the Commission 

Regulation (EU) 2017/2158. For the PC3 sample, the AA level was two times higher 

than the benchmark level. No AA was detected in the PC6 assortment, and in three 

chips assortments (PC2, PC4, PC5) the AA level varied between 157.79-302.85 

µg/kg. By analyzing the eight assortments of ready-to-eat French fries, the AA level 

was under the benchmark level of 500 µg/kg set by the Commission Regulation (EU) 

2017/2158 for this product category. 

 

Table 7. AA content of analyzed samples. 

Brand Code/sample 
AA, µg/kg 

(mean ± SD), n = 3 

Benchmark 

level, µg/kg 

A FF1 99.12 ± 2.96 

500 

B FF2 76.42 ± 4.65 

C FF3 127.31 ± 7.99 

D FF4 31.45 ± 1.55 

E FF5 89.16 ± 1.42 

F FF6 203.67 ± 1.35 

G FF7 198.00 ± 34.65 

H FF8 371.30 ± 64.98 

I 
PC1 842.50 ± 40.51 

750 

PC3 1504.93 ± 15.43 

J 
PC2 302.85 ± 2.11 

PC5 157.79 ± 9.74 

K PC4 298.50 ± 6.59 

L PC6 Undetectedx 
xLOD = 6.94 µg/kg; LOQ = 20.83 µg/kg 

 

Conclusions 

A GC-MS/MS– SPE method for the quantification of AA content from potato-based 

products was validated. This method offers a rapid quantitative procedure for AA 

determination and shows high sensitivity, good linearity and good reproducibility. 

The determined LOQ was below 50 μg/kg, fulfilling the criteria established by the 

Commission Regulation (EU) 2017/2158. 

The values of the performance parameters and the results of the FAPAS proficiency 

tests denote that the GC-MS/MS–SPE method can be applied for the determination 

of AA in many investigations. 
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