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ABSTRACT - This study aimed to investigate the acrylamide content in frozen food products after cooking.
Twenty samples of bread (Group 1) and 30 samples of processed tuberous and corn vegetable products (Group 2) were
selected. Acrylamide levels were quantified using liquid chromatography tandem-mass spectrometry (LC-MS/MS).
The frozen food samples were heated using the air fryer cooking method according to the product packaging and were
compared to ready-to-eat French fries (Group 3). The results showed that the acrylamide content was the highest in
group 3, followed by that in group 2 and group 1. The acrylamide content of all the samples was found to be within
the domestic recommended standard of 1 mg/kg. However, when the samples that exceeded EU benchmark level
(0.5 mg/kg) were selected and cooked using the deep-fat frying method according to the product packaging, one of
them showed the acrylamide content of 1.83 mg/kg, which exceeded the domestic recommended standard. The pres-
ent study highlights the need for continued evaluation and management to reduce acrylamide contents in frozen foods,

as increasing domestic exposure to acrylamide is concerning.
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Table 1. The number of samples subjected to analysis in each food category

Food category

Number of samples

Hot dog 7
Pizza 5
Breads

(Group 1) Dough 3

Others 5

Total 20

Frozen foods

French fries 24

Processed tuberous Hash brown 3

and corm vegetable product Potato croquette 1

(Group 2) Fried sweet potatoes 2
Total 30

Cooked foods from food service business (Group 3) French fries (ready-to-eat) 20
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o] FZ17]1(DKR-113, Delki, Goyang, Korea) Z2]H el u}
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Q@ AgelA A g e EAETH. e dAe 9
2371 (HMF-3970TG, Hanil Electric, Seoul, Korea)& w23} 3t
% 1gS AL3] FHstal =3 WF-EFEH (200 ng/mLyS %
Stk F¥7](iSwix MV, Neuation Technologies Pvt. Ltd.,
Kalol, India)¢} 1412 71(5430R, Eppendorf, Hamburg,
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F24 Au)E U-HPLC (5200 NASCA2, Osaka Soda,
Osaka, Japan) ¥ LC-MS/MS (QTRAP 4500, AB Sciex,
Foster City, CA, USA)E A}-&-3le] oladolufo|=8 A
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’dsted 3] A4Sl AA A (coefficient of determination, R?)
£ sk, %

guAe Wy 4% 24479 cv
(coefficient of variation, %) #22 2135t}
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Technical
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Harmonisation  of Requirements for

Table 2. Operational parameters of LC-MS/MS

Homogenized sample 1 g + IS 1 mL + Water 9 mL

!

Mix for 20 min on shaker

!

Centrifuge at 20,000 x g for 30 min

!

0.45 uL PVDF membrane filter (solution A)
OASIS HLB SPE
3.5 mL methanol conditioning
3.5 mL water conditioning
1.5 mL solution A loading

0.5 mL water loading

v1.5 mL water elution (solution B)
SCX/SAX SPE

2.5 mL methanol conditioning
2.5 mL water conditioning
solution B loading

0.5 mL water loading

v1.5 mL water elution

LC-MS MS analysis

Fig. 1. Scheme for sample extraction.

Instrument Parameter Condition
Column Cadenza CD-C18 (150x3 mm, 3 um, Lmtakt, Portland, OR, USA), 40°C
Mobile phase N o 100 metbane
Time (min) A (%) B (%) Flow rate (uL/min)
0.0 90 10 300
LC 0.2 90 10 300
Gradient settings 3.0 5 95 300
5.0 5 95 300
5.1 90 10 300
9.0 90 10 300
Injection volumn S5ulL
Ion source type ESI (positive)
MS/MS Capillary temperature 350°C
Capillary voltage 2.0kV
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Table 3. Analyte-specific MS/MS conditions
Compound Retention time (min)  Molecular weight Exactmass  Precursorion (m/z)  Production (m/z)  Collision energy (eV)
Acrylamide 33 71.08 71.03 72 ;‘;‘U ?;
Acrylamide-"C, 3.3 74.06 74.05 75 58" 16
used for the calibration and quantification purpose
Pharmaceuticals for Human Use (ICH)ollA] #|A| gk 7] 7|4k 2] RM TFVO0I3RM (french fries, pre-cooked)S 3WHz =
-5-(response)2] Azpel Ao 7187] Haol <A A A Bk 340412 pgkg S EFEZH] A
sh= ol whe Eargleh 919 338e16pghed WHIANL, FHE FEE ATRO
2 e 24 3582 101£3.51% Atk A5 237t ICH,
LOD =33 x0/8S Association of Official Agricultural Chemists (AOAC),
LOQ =10 x o / S CODEX (Codex Alimentarius Commission, CAC) Sl A
(o: WHg-o] BFHAL, S: A 71E71) a7t AU fFast 71 ®Slol Adste] 2 4
1S AHT EARCRE AT Aeg Ay
8] &2 ETE H(reference materials, RM)S! FAPAS
(food analysis performance assessment scheme)2] TFV013RM Jd=Alz o] ojgHololo|E S |
(french fries, pre-cooked)Z 33] WHg ZAsto] a3t %‘5}‘11 AAstke ¥ EMWH, AR7Hes)s Al
of AAIE ofojzetelo] el wt FEste] 7H
Results and Discussion -5 olmolujo|= &S B AF T o3 Y
ofutol= AT Y7t T 2= ARE ol o
BMH 90 AF g} FEAE 7] " 54 AFe 71E Aol A
T84 Gls fg 717 AEeeE AR, 444, FHF dart offdoh A Aok web ZARkE A
AN 8482 Table 49 YERY Oir/]' AEsHA et FH skaleod fd AT A7l WX|Ql benchmark level 24
SHAIE 27 237 pglkg, 7.17 pg/kgClth AR R* gt 500 pgkg”, A& FEHdA= 1 mgke'"S A2
< 10082 Fog AAde BAX ATAEE 0927% 2 AAst] Ask ok
W2 Uehstth #4e] Fees @klsty] $18] FAPAS 2 AT FEHAY 2 S AugFs vEe R of
Table 4. Limit of detection, limit of quantitation, linearity, coefficient of variation (CV) and recovery results of analytical method for
acrylamide
o
Compound  LOD (uglkg)  LOQ (ug/kg)  Linearity (R?) Vean CVeR) Range (avef;;iys% %)
Acrylamide 2.37 7.17 1.00 1.41 0.9-2.7 10143.51
Table 5. Effect of cooking on acrylamide contents
Group 1 Group 2
Group 3
Before cooking After cooking Before cooking After cooking
Total 20 20 30 30 20
Number of samples  Detected (%) 4(20) 4(20) 5(17) 24(80) 20(100)
Exceeded (%)" 0 0 0 3(10) 6(30)
Mean (mg/kg)” 0.0426 0.0593 0.0241 0.204 0.416
N.D.Y N.D. N.D. 0.164 0.336
0.100-0.390* 0.167-0.401 0.102-0.253 0.071-0.694 0.118-0.977

Range of detected samples(mg/kg)

Median (mg/kg)
D Exceeding the EU benchmark level; french fries(ready to eat) 0.5 mg/kg
? Mean was calculated by treating the value which was below the LOQ as zero

,
9 N.D.: not detected
4 Minimum to maximum value
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Table 6. Heating conditions for cooking

Sample Frying method Temp. (°C) Time (min)
A Alr frying 200 15
Deep-fat frying 180 4
B Alr frying 200 15
Deep-fat frying 180 3
c Alr frying 200 16
Deep-fat frying 175 5

0
Sample A W§ 0.694
1.83

Sample B N\ 0.552
0.925
Sample C N\\ \ 0.649
0.0 0.5 1.0 1.5 2.0
(mg/kg)

® Raw material NAir frying ® Deep-fat frying

Fig. 2. Comparison of acrylamide contents according to frying
methods.
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