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extraction-high performance liquid chromatography-tandem
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ABSTRACT: Objective To establish a QuUEChERS-solid phase extraction-high performance liquid chromatography-
tandem mass spectrometry (SPE-HPLC-MS/MS) method for the determination of acrylamide in prepared food.
Methods The acrylamide in prepared foods was extracted by water, and the extract was purified by combination with
QuEChERS and CARB/SCX/PSA SPE columns. The analyte was quantified by HPLC-MS/MS with an internal

standard. Results In the range of 5-500 mg/L, the correlation coefficient of linear regression was greater than 0.997,
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and the limit of quantitative the method was 10.0 pg/kg. The recovery rates were 86.58%—108.84% at 3 added levels

(20, 40, 100 pg/kg) with standard deviations between 1.60%—-5.42%. Conclusion This method can simplify the

purification step, shorten the pretreatment time, save the cost and improve the efficiency with high sensitivity, good

accuracy and precision, and can be applied to the batch determination of acrylamide content in prepared food.

KEY WORDS: acrylamide; QuEChERS; solid phase extraction; prepared food; high performance liquid chromatography-

tandem mass spectrometry

0 35

& BN 4> 73Xk CH,=CH-CONH,, H.f #i4 %
MU A g D e A dg A D R
o e, [ bR AE BF ST ALK IR RISl 2 A 2K EUE
P, 2002 4F, Fit S EE 5K E A FILR AT A R AR EE K 2
WFFE DL E AR 7R S RN LA SE R S Bt P I AR N
e, FEiE/R T EhifiE )0 (maillard reaction, MR)7E & it
R B AR BRI AL, e AR R
Ll BB 5 g 2 B2 G0E, 12 E BRH SR s AL
Fa XTI T e e B S T AL . s . XUB P4 46
JEIF T IRABEFEN . b b A A D M BB O e 1 2 8, 36
B dh M 2594 PR (Food and Drug Administration, FDA)
BAT — 1 R F & S P R R AT tE R, B
mi Al TS A R T IR AT B AT R B R, R
ZE 514 T 2017 AFTE i 9z A T B ] 2 2R 7 REAIR
DA A7 B 1 A B Ay 4 e

1 AR R AR T B B B S Y R R 2
A, 2023 AEFRETUR R A TR 2445 ConK R
52254470, AR 20.9%, JFHT 2024 451
HUBDR K 2 5705 1200, 2024 4E 3 H, Mg e B Ep
BT (RFhEmsse ey Rt L&siEk
JREAT ) T URHE I 2 1T B R T SR L, 6 T S
JRAR . TN T T 24 T WA, R TR SA 7l 1F 2
MR AL ) s B i R R o BRI S T b T IR e 2 5
BIRPRER, A AT R R 25 BTk, i i
SURSRIE T BRI S A SR e A W E M, XA
15 e NIRRT A, A8 R T ORI 2 o (R, TR
A B T HES B £ 7l i & i R R .

H A 00 B P PN e TR A A I 2 T VRO
LN g7 A W EECON 16 o7 AR = €1 % R ke
TR0 A Rk P RO G- R U s TN TR A 4
B 2 ARG 3222, DR ECREE 7 o e 4 8 A A s PR
P, I AT BT AR AR - SR i X
DI IERE I TR A, DAREAR AR M AR AR5 8 o F i e
TERE B2, 5 AT R o A s n Y, o A
LSRRI B ] BB RE B B, TR A e K BT
B o #7ANTT A, WS35 L BRI IR RTA, 540 FH 2l =

il

o A B B R AR A 3 L3231, DR R s P i A 7 R 43
TR AR BN A TR, 2 SO (i i e

BT A M DL SRR TR AR 4 5, ORI
P, R R PESFRRE, S 000 MR R I 5 5 B —E 1Y
Pk, A ET Ay R EUT , E T B R
Wi PRI TR S8 I SGS R R . H TR IR R DU 2 A5 3R bl 3
HHBILE 1, EAEkR, WFRE KR A SRR AT,
QuEChERS F1 SPE %} H Ayt i H#2 B0k 471> . 561 FDA |
Rl M) B L A A ) e SRR YA SR T SPE A b £ R N 0
ok Jee 1 2 M R A BT AR HEAR T Tk, F B Isolute
Multimode . Oasis HLB. Bond Elut-Accucat #1 Chemelut 2§
BUIMEERT, 18O 18862:2016 C Wil HE K HCuim: i it — P s i iz
FRIIRE PR T C g RS 223 AE, T GB 5009.204—2016C £
mn A EARE B TP TR IR 0 E ) i AR A
a3 HR K BT 1% 24 (high performance liquid chromatography-
tandem mass spectrometry, HPLC-MS/MS)F135 [E FDA 744
K H Oasis HLB Fl Bond Elut-Accucat £, QuEChERS J&—
ol o3 HBORY AR AR T W, B R 9 40 HOR) R v Ak SR A
MgSO, . NaCl FllZ — J&-N- P4 % &E I (primary-secondary
amine, PSA), H MgSO, AMR/KFIF:aT # 55 H AR EI,
NaCl i3 s A8 K AH %5 B KA 5 B 1A ML 3 )2 DLk
FZH 5 FEBCRBKVEIT, T PSA AIVHERA HLAR . BRITR .
BRIEH R QRGN THP ) CARB/SCX/PSA [E FHAEHRL
454 T A BB AL % % (carbon black, CARB)X {1 % 45 {EH:
PE Wy S5t 55 Y W% B RN SR FH B - 32 45 3K} (strong  cation
exchange filler, SCX)X} JZS ZEA ML AL A W0 AW B LA K PSA
X i 17 R SRR MR AL S D BT RE 7, TR RIS 25 2 2 o
PR TR

i b, ABPRUBE &S RIS, 455
QuEChERS # U HI CARB/SCX/PSA [E AHZE B ¥k, 15 8h
HPLC-MS/MS, #E.—FJ5 i, PREE, A%, Z5F. Al
LUK Ty, 0 SR B R BRI 2 ik, B T
TP A R R I

1 RS

1.1 RS
TR BB G V148 5 T 4 7 oty ), TR 2 4K
Tidlyh ok, Wk B, AL, TP, AWM, AR, &



12 B 24 iR AR I 2 4l

FH15E

BT e
PRI KA LR
REARG] 8-
E?ﬂ iE -

R BN

r-- TR Rt EEEE NS
(CarrazifF)i_ _ _ > Bk

2 <o A(ETHD)

i1

...........

Wi BRIg . EAZARE; i JREB0sHL; il e R E R,

WE

B - B (dispersive liquid-liquid microextraction, DDLM);

[E| A3 AE B (solid phase microextraction, SPE).
BT NARTOR R I SR

Fig.1 Operating Process of acrylamide determination
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43 VPR B i B4 TR M TR I R C- D 0 R e A o
H SRS T 10 mL 58, N IR MR bR i & )
JEREE A 10 pg/mL, PCo- PN S TR AR i 45 VR ik e
10 pg/mLo Ff 10 pug/mL T8 M IR AR HEA T ) il
MR 5. 10, 20, 50, 80, 100, 300, 500 ng/mL 7]
PR TAER, FrifE TAER & bR TR MRS 100 ng/mL.
1.3.4 HPLC-MS/MS ¥ &4
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Table 1 Ion fragment information of acrylamide and
B3C;-acrylamide
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Fig.2 Effects of resolution water (A) and acetonitrile (B) on the peak of target substance
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Fig.2 Effects of resolution water (A) and acetonitrile (B) on the peak of target substance
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Fig.3 Effects of solid phase extraction column on recovery of
target compounds

F2  Fook MgSO, RINE X A ALF P Co-PI R EL iR
B R B (%)
Table 2 Effects of anhydrous MgSO, sulfate addition on
recovery of acrylamide and “C;-acrylamide (%)

- S BCs-T T
[l RSDs [l RSDs
1 NaCl 10311 084 23.57 2.63
1 gNaCH2 g MgSO, 10462 276 24.64 0.11
1gNaClH4 g MgSO, 10043 046 4937 0.86
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2.4 trREEHhZFE SR

IRIBRE S SEBR &, 1% 1.3.3 221h] 5~500 ng/mL Z %
v BE (ORCHE RN 2R, e 1.3.4 BEATINAE, 75794 Bk Riebr o
B A R R 0.997, 3 W P9I I e 7 12410 TRl 9 A 28
MR R BT, MM L (ratio signal to noise, RSN)3: & #ff
E T M BE M 09 46 R (RSN=3) & 3.0 pg/kg, & &R
(RSN=10)} 10.0 png/kg, i A AG I BR .
25 FERFEBRERSHEEEER

FielR 1.3.2 DUzs (S5 BE T, 1617 20 40 1 100 pg/kg
3 AU A AR TS5, B3 RS-0 6 K, 8R
JE TSR EDCR A bR 22, 250036 3. 3 AN as
7K (20, 40, 100 pg/ke)f) ISR 86.58%~108.84%, 1H
XF bR W W % (relative RSD) W
1.60%~5.42%.,

standard deviation,

®3 ARBRREE R PHMIREZER(%)

Table 3 Recoveries of acrylamide in French fries (%)

BMAKF/(ng/kg) g FHEIMIE RSDs
10 92.18~99.46 95.82 5.37
40 105.34~112.34 108.84 455
100 100.75~103.06 101.90 1.60

2.6 FHIEFIMEEE
D HERR SR T LA S AR 5 S T, ARSI T
s SR . AFRIBURE A, IAGE BB NARIEIR, % 1.3.2

WEATHEBGAAL, #% 1.3.4 SFHTIE, 7€ HPLC-MS/MS A&
FR TR TR Y R W B IR R IR 4R, IR BA SC I AR DA
FALRRAS S LA FAE T
RIZHED T
hilt— 2 R MR B, AR R DR T
RSP 205 pg/kg) A TIUE, FRIUHET BIHERE 0.5 g
F 15 mL B0, #71.3.2 PR RGAtk, # 1.3.4 g5
E, ZERIEER 4, WEMBSSHEMEE 0.18%, 5 MWE
BEOR L, H M AR R R REAE 90% LA b, fF A GB
27404—2008 (S50 P P 2 AR ) 2K
2.8 MmO

FE SR T B S R ATy S T TR A T 0
Pokfe & i, b R SRR R A Tt & bt o 25
W% s, i 5 ARG SR NET & AR, Bzm
T sgm, ForihbE L AT A SRR X AR TR A
FERIRERR, JLHIE SR A Y S R AR, W
A A FHUE IFETUR E RS A 384.59 pg/kg, THKE
MBS0l 99.17 . 89.76 pg/kg, Tas SAEHMN TG
HIMAS . ok, EURE AT AL, 490k 33.29. 78.62
F179.54 pglkg; %50 20Kk s LUK AL it e P AR TR A £ 42
AR, MBI TIRE . A A . BB TOE R & L4031
$719.55. 9.86. 6.55 pg/kg, MIEHRE . MEGH, KEAHRAN
JETEE S 27.44 . 19.42, 19.27 pglkg; TOBOMBPVEETERS |
WENEDR . F . BB R ROKZEREACRE . B . FIAIAK
Hh, AR ARG K 2R A A R s IR i PR

2.7

F4 RIFHNEER
Table 4 Test results of control sample
b bR/ (pg/kg) M2 {E/ (png/kg) A/ (ng/kg) RSDs/% TR SR /% ks[RI RSDs/%
PET-1 / 204.64 / /
) 205.37 0.51
P2 / 206.11 / /
BT 1 200 390.84 93.29
) B 379.60 4.12 1.93
PEFIndr 2 200 368.35 90.78
/R AAINER LGS, TOAH AR BRI
#x5 MHBERPREGHENSE
Table 5 Content of acrylamide in prepared foods
JeqnESil T R B & 5/ (ng/ke) RSDs/%  BfA  mTH=X BB S B/ (ng/keg)  RSDs/%
HKE 99.17 1.28 HKE 27.44 4.43
T 0 2% ERIE 33.29 3.49 Ee= 5 2R 15.89 4.68
R 8.95 2.52 JE NA /
THAE 89.76 0.57 MKE NA /
U 2 4% SRR 78.62 6.08 s Py (CeFIIE NA /
JEAR NA / JFRE NA /




16 B A T R T 2E 1545
=58
Frahes) T = T M 5 =/ (ng/kg) RSDs/% BRI HRX  HEBS 2/ (ug/kg) RSDs/%
THIKE 384.59 6.03 WHIKE 19.42 4.57
Tt 23 S K 79.54 245 eI R 10.45 6.80
J 18.55 2.30 A NA /
THAT 19.55 5.22 THKE 19.27 5.20
SRilibE == HEH 8.42 4.94 MefadE A HEM 20.86 1.26
JERE NA / JERE NA /
i NA / THIRI NA /
—_— TR IR NA / —— Mi&ﬁﬁﬂ NA /
PRk 7& NA / W7k 78 NA /
JEA: NA / JEFE NA /
THAT 9.86 3.30 YH AT 6.55 4.52
TR A 9.83 6.55 G A NA /
RN ) B i
FR 7k 2% 8.41 2.45 Wk 7% NA /
JEFE NA / JEFE NA /
TE: NA FR AR, /R KA EE S TE RSD,
RPN

3 & 1

AAfF g Sy T T & P DA IR | PR L AT SR
2% . Al HF4LH9 QuEChERS-SPE-HPLC-MS/MS #5:il J5 1% .
W LUK A R B, 454 QuEChERS # Ht M
CARB/SCX/PSA [EAHZEBUR Ak, FICR R, JFEARE
B T 2% ST, SR I A e DR s T e 1
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