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0.06~0.14 ng/g Z [ . 7EAIK. v, &5 3 Al H K T ndr HSCRE B Ry 84.62%~111.97%, H PURSE A1 H [RDRS
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Synchronous and rapid determination of 7 kinds of heterocyclic aromatic
amines in thermal processing meat by isotope dilution ultra performance
liquid chromatography-tandem mass spectrometry
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(1. College of Biosystems Engineering and Food Science, Zhejiang University, Hangzhou 310058, China;
2. Tea Research Institute, Chinese Academy of Agricultural Sciences, Hangzhou 310008, China)

ABSTRACT: Objective To develop an rapid method for simultaneously analyzing 7 kinds of heterocyclic
aromatic amines in thermal processing meat foods based on isotope dilution ultra performance liquid
chromatography-tandem mass spectrometry. Methods Homogenized samples were extracted with methanol-water
solution (3:7, V:V), then the supernatant was centrifuged at low-temperature and high-speed, and cleaned up with
polystyrene-divinylbenzene solid phase extraction column. The samples were separated on an ACQUITY UPLC®
BEH C;5 (150 mmx3.0 mm, 1.7 um) reversed phase column, and detected by scheduled multiple reaction monitoring
using triple quadrupole tandem mass spectrometer and quantified by isotope internal standard method. Results  All
standard solution of heterocyclic aromatic amines showed good linearity between the mass concentration of

0.1-100.0 ng/mL with high significant correlations (+*>0.999), and the limits of detection and limits of quantitation

EE&WmB: EERESH LRI H (2017YFC1600500)

Fund: Supported by the National Key Research and Development Program of China (2017YFC1600500)

EEEE: BT, ML, #a%, ERUIRIT NI TR TS Y fE F N . E-mail: y_zhang@zju.edu.cn

*Corresponding author: ZHANG Yu, Ph.D, Professor, Zhejiang University, No.866, Yuhangtang Road, Hangzhou 310058, China. E-mail:
y_zhang@zju.edu.cn



%3

VB 1, S TR E R e A RO € - B TR RO [ A DR E B T2 R 7 R BRI 107

were 0.02—0.04 ng/g and 0.06-0.14 ng/g, respectively. In addition, the spiked (low, medium and high) recoveries were
84.62%—111.97%, and intra-day precisions and inter-day precisions were 0.83%—6.17% (n=6) and 1.84%-9.78%

(n=18), respectively. Conclusion The method is stable, sensitive and efficient, and suitable for the daily trace

analysis of various heterocyclic aromatic amines in different thermal processing meat foods.

KEY WORDS: ultra performance liquid chromatography-tandem mass spectrometry; isotope dilution; solid phase

extraction; heterocyclic aromatic amines; thermal processing meat
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Z PR (heterocyclic aromatic amines, HAAs)&—3J5 H
BB RN T FEREY, TERE &R
A &EE RN Rt s sgn T BB, Eh
2y b VRS A IR B R A A RIE . HRTE s %
FE 30 R AR, MR LA A REAE KRBT 4 S
Wk 2 (amino-carbolines) Fl 2 5 K 1 % 24 5 4% 25 (amino-
imidazo-azoarenes, AlAs). 1HIWFFTFBH I M REIE il 5
Py B NZSHTHIIRS . FUBRDY 250 OV g T A IR A
RE U, T3 AN HR B UE L BR AR e ) 5 2 2 i i A 5
EI 6~10 f5", E PR 5T LA (International Agency
for Research on Cancer, IARC)E K 2-2 3-3- FH JL-3H-IBK
F [4,5-f] M Mk (2-amino-3-methyl-3H-imidazolo [4,5-f]
quinoline, 1Q)IHZE4 2A By, T H AL JLFP 2220 B 45
2- 54 F -1- HHE -6- 2R 3L WK mk IF [4,5-b] Mk BE (2-amino-
1-methyl-6-phenylimidazo[4,5-b]pyridine, PhIP)% 4 &
2B ZEm P UY . % EE R & M H (National
Toxicology Program)Wi# LAY HAAs F1) A [E 5K 7 Hl~1F
FEHR ]

&SI AE Y B 2, 1 HAAs &tk
Tl (ng/g)!", DRI Xof £ i H ) 2% SR AR 4 1000 e A O R
Ko GB 5009.243—2016 {Edh A EFbRIE Rl I &
mi RS PR T2 ) F SN/T 4140—2015 (A 4a
TR I RO A o Z2 R 24 R A0 ) A Skt B4 T R il s
ZRIN DN 8 Ty AT T HER, B LA b A A A I 2 3R
JE A — (A R AR W 5 FhAe3RIR), RBUEZ(EEE
HERN 10 ng/kg), AabBAPEREBIAEG. H FTSCRAGE
SR B ORI A Ak A B B A R AR G, ik
W EA BRI MoK AR B P, Cht. ZIRZEE
1 G PR ot 3 PV A BB R0 T, RLATS A oA  A A
TR RIS AT R DR AR AR B i ) AT AL 3
S 55 Bl I Al D B LY R I L AR AR R T AR B
PO TR AE Bk VA e AR R Ok DA g
SR Ar BRI L AR A R AR A F T A IR AR T
TR AT AF P AR R G IR AR 3 A 5 R O
{6,333 (high performance liquid chromatography, HPLC)! |
BB EE- B2 (high performance liquid chromatography-

mass spectrometry, HPLC-MS)**23 | S HH (43 - 5 1515 (gas
chromatography -mass spectrometry, GC-MS)?% | E 414 e,
¥k (capillary electrophoresis, CE)27 1L K BBk G2 W fh5
(enzyme linked immunosorbent assay, ELISA)?¥145 | [t A
5T 38 A AR AE TR AL B, Sy T —F IRl R A6 Bl =4
TRAH £ 1% - R I BT 1S R D PR s I A TR 2 7 Rh
WM 71k, Rk IO MG £ 1 2% G 7K ST W LA K XUy Al
FRALHAR HE

1 RS 7

1.1 #E5EF

JIT 5 R BN T A A i A0k BN T A A BT 3
At R

IQ(4LJF =98%, f[E Dr. Ehrenstorfer GmbH /A #]);
PhIP(Zii i = 98%) . 2-%Jk-1-H BL-6-E JL Bk e [4,5-b]ntk B
-Ds (2-amino-1-methyl-6-phenylimidazole [4,5-b] pyridine-Ds,
PhIP-Ds, 4% =98%) . 2-27k-3,8-  H FLORMEIf:[4,5-f]M
W& Wk (2-amino-3,8-dimethylimidazolo [4,5-f] quinoxaline,
MelQx, ZiJF =99%). 2-48HE-3,8- H ZEDK R I [4,5-F] M I
Ik -D3(2-amino-3,8-dimethylimidazolo [4,5-f] quinoxaline-
D;, MelQx-Ds, 4% =97%) ., 2-%%k-3,7,8-=H E-3H-BEmE
FH-[4,5-f]MWEMR (2-amino-3,7, 8-trimethyl-3H-imidazole and
[4,5-f] quinoxaline, 7,8-DiMelQx, 4liJ¥ =99%) . 2-4& 3t
-3,4,8- — H B 3H- Bk mE - [4,5-f] B BE bk (2-amino-
3,4,8-trimethyl-3H-imidazolo [4,5-f] quinoxaline , 4,8-DiMelQx,
2l B = 98%) . 2- % Jk -3,4- L H Ok S3H- K mk JF g
(2-amino-3,4-dimethyl-3H-imidazoloquinoline, MelQ, #4[i
= 98%) . 2- & F -3- FORE -3H- K e I [4,5-1] M BE pE
(2-amino-3-methyl-3H-imidazolo [4,5-f] quinoxaline, 1Qx,
A =98%)(INEE K TRC 24 wl); WHEE, Zi§(Eigst, 18
Merck A H)); I ERER (LIEE =99.9%) . F IR (4 B = 95%) (&
E Sigma A]); #aiAH Milli-Q Kaifk &S H4& (2 H
Millipore 23 7] ); CNW Poly-Sery PSD 4 2, 1% - . Z 15 2 [#]
FHZEH (solid phase extraction, SPE)/ME(3cc, 200 mg)( [ i
U S BB A BR 2 B WA 35 AR Kinetex
C13100A (100 mmx>2.1 mm, 1.7 um)(3E & Phenonmenex 2
"), WA {5 1% 4F Shim-pack GIS Cy5 (75 mmx2.1 mm,
2 um)( HAB A R); WOAH E35HE ACQUITY UPLC®BEH
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Cy5 (150 mm=3.0 mm, 1.7 pm). ACQUITY UPLC®BEH
Cy5 (100 mmx2.1 mm, 1.7 pm), ACQUITY UPLC®HSS T3
(100 mmx2.1 mm, 1.8 pm), CORTECSTM UPLC®BEH Cj5
(100 mmx2.1 mm, 1.6 pm)(3E[E Waters 23 7).
12 UFE5EE

AB Sciex TQ 5500 7 5 = B DU AT B8 (-2 1
A B HALRS FE ABRA F]); LC-30A s R0RAR AL H
AR BEYATD; T10 B (EE IKA A H); 1-16K Fifid
HREOHL(EE Sigma 23 7); Vortex 1 iR HEIR T # (2 E IKA 2%y
Al); FEFAZEBL(FG-24) (35 [ Waters 23 1]); ME204 43Hr KF-
[HEEE 0.1 mg, MEFRRAERIZ R (hE)A R A .
1.3 LWHE
13,1 HmRIRATA

FREL 2 gCRE 82 0.01 @)FE&L T 50 mL B0, A
20 pL SRARZR PRI BRI (PhIP-D; Fl MelQx-Ds), FHAILA
BRI 3:7, V-V, TIR)10 mL ¥J5 2 min, 10000 r/min
B0 2 min, k.
1.3.2 B FREL

A AL ORI S v 2 mL FREEAT 2 mL F /KA
Gl TS mL - iERIN A BARZERAE P, 30,
YR T 2 AR /K TR (3: T IRE, FUR b R I 5 Uk
Ve T, 5 S mL Z g, /DT 1 mL/mine P
T 40 °CKIE F AT, A 0.1 mL PRI SIHHE R,
WHEXE], 11 0.22 pm AHLIEMEE, 15 LA,

1.3.3 AR TAR e 4

A3 SIBRIBL 7 F % PR AR A T R 2 P AR RIS R A v
A2% 0.05 g, I EOKIF G TEMIF LR 2 50 mL A4
FEZE, AralBeHl e 1 mg/mL ARUETE TR, 4°C N AR

[E 2 PR BCH]: BLdl 100 ng/mL R IRA
o U VA W] T DU R i AR g A0 T R B K TR (3:7) i
il 20 ng/mL [FI Z IR AR FTAR et Zp BERR e

PRiE IR T RAIE 20 ng/mL [ RIENR
TR, A3 B 7 AR BT 0.1, 0.5, 1.0, 5.0, 10.0.
50.0. 100.0 ng/mL 7 FhZRIEIRAARMERR TR, BUECBLH
1.4 #iEEL-BERIE &G
1.4.1 RAEELM

34 ACQUITY UPLC®BEH Cig (150 mmx=3.0 mm,
1.7 um); WahA A: ST E01% PR 1 mmol/L
FRECKE T, WshAH B: ZBG: BhEEVEFE T : 0~1.0 min,
5% B; 1.0~6.0 min, 5%~98% B; 6.0~7.5 min, 98% B; 7.5~7.6 min,
98%~5% B; 7.6~10.0 min, 5% B; ##: 0.5 mL/min; JEF:
H2: 1.0 pL; KR 35°C; is47itE): 10 min,
142 JR&fr

O WA S AT g RE 2 ) L W Y (scheduled
multiple reaction monitoring, SMRM); BT AEEET
Ui (electrospray ionization, ESI)IEE F#, A 500°C,
HLE 5500 V; A0S (GS1)EJI: 334.7 kPa; 4B R(GS2)
JE47: 334.7 kPa; “S5A¥ < (curtain gas)/% JJ: 241.3 kPa, EPE.
SERE N, BFERE . AR AR RS EULE 1.

®1 REBREHERMZEARHRIESH

Table 1 Mass spectrum parameters for HAAs and their isotope internal standards

Ew £ B4 B 8] /min Bt EiEHEENV Tl BE /e V

225/210° 200 40

PhIP 5.0
225/140 200 65
228/210° 200 40

PhIP-D, 5.0
228/140 200 65
214/199" 180 35

MelQx 4.4
214/131 180 50
217/199° 180 35

MelQx-Ds 4.4
217/131 180 50
213/198" 160 35

MelQ 4.1
213/145 160 39
228/131" 180 51

7,8-DiMelQx 4.6
228/213 180 37
199/184" 170 36

1Q 4.0
119/157 170 46
200/185" 170 36

1Qx 4.2
200/158 170 46
228/160" 170 40

4,8-DiMelQx 4.6
228/145 170 32

T HRHIE B T4
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L5 fiEghiE 1.7 um) . ACQUITY UPLC®HSS T3 (100 mmx2.1 mm, 1.8 pm).

AR AT R AR Analyst™ 1.6.2 4, $di
20 B R MultiQuant™ 3.0.2 £, & JE £ il i
Graphpad Prism 8.0.1 B 1 5 34 R I Rl 3R N BR s
%, o PhIP SRH] PhIP-Ds BEATAIE, HAt 2RI I #E R
F MelQx-Ds #EATHLHE

2 HER5SH

2.1 FugFHmMu

S3IECH 0.5 ng/mL [ 9 F HAAs bRyfEsh AR 1%
AU R ESIHAIAE, LA 5T [M+H] D Rk
5, BT T RGEIUE, SEEARREERE R . SRR R
TR, DRI 1. ARITER A T AT i 22 S i,
PR ATEA [ 6] B Rl 22 A S P kA7 i, ef% e
MRM A HUARRAGR g B ASIE i, T B[] A AL
BEIIE S B PRI, SRR AR 2 R L)

22 GIEXMEML

A7y BR A ACQUITY UPLC®BEH Cig (150 mmx
3.0 mm, 1.7 pm) , ACQUITY UPLC®BEH Cg (100 mmx2.1 mm,

& 1.4e6 - CORTECSTM UPLC®BEH C
1.2¢6 - \

1.0e6
8.0e5 |
6.0e5 | I
4.0e5 + l‘
2.0e5 - 1
AU

M J37 558 & /e ps

AL -
= AT =S 4\

b 330k Shim-pack GIS C,,

1.5e6

i /cps

2 1,006

0 1 1 1 1 - -
0 10 20 30 40 50 60 70 80 9.0

15 B Bsf 1] /min
4.0¢6| ACQUITY UPLC®HSS T3 |
3.5¢6 -

3.0e6 - |
2.5¢6 -

2.0¢6 (h
1.5e6 [ [
1.0¢6 A ‘
5.0e5 - Al J

A ()
0 I 1 1 1 AN —— L ===

o

Wil J3 56 &£ /cps

M 137 568 i /e ps

0 10 20 30 40 50 60 70 80
4 53 Bsf ] /min
406 A CQUITY UPLC®

3.5¢6 BEH C,, (100 mm)
3.0e6

2.5e6
2.0e6 -
1.5¢6 |-
1.0e6 L |

I
5.0e5| \
c ) | J‘[‘A ,,L e—

o

] 137 558 & /e ps

=1 3.0e6

{5 B4 A5t 8] /min

0 10 20 30 40 50 60 70 80 90

CORTECSTM UPLC®BEH C5 (100 mmx2.1 mm, 1.6 pm).
Kinetex C;g 100A (100 mmx2.1 mm, 1.7 um), Shim-pack
GIS Cy5 (75 mmx2.1 mm, 2 pm) @A g 7 @5 2 Ak
MK 1 s, KB 1Q. MelQ A We o
FEF P RTE A SRS, G T & WAEE—E
ERESIEEENRSE, 9 Mik &YW ACQUITY
UPLC®BEH C;5 (150 mmx3.0 mm, 1.7 pm)@&iEk: FAREE &
T Ky R, — AR E A RE R ACQUITY
UPLC®BEH C3 B &b &9 B A RirsE 8, 7 —
07 T2 AT AR B FAF AR B, A H A o i A R B B R
A AR 2 R A O A K, Rk ACQUITY
UPLC®BEH C5 (150 mmx3.0 mm, 1.7 pm)AAHF5 @ RE
o WML ALTE R EE-K o ZHE-K . FREE-7K(0.1% F iR
F11 mmol/L HREL) . LNEH-7K(0.1%H BR A1 1 mmol/L H g
BYEAR R o BE SRR, R 257K (0.1%F R AT 1 mmol/L
FH R B0 )V by it sh H AT AT 58 R [MAHH 5 0 18 AR,
I FOIA BV R B 2 )5 1 9% oA 3R AT il — 2B B R e A e 1k,
M9 Bk A 20 5 B 0 R AR 3k B e, SO sl AR
FIZHE-KO01%F R 1 mmol/L H FR%E).

T 50e5 | ) L
0 1 L A}:‘L/-‘-l“ 1= T L —_—r

0 10 20 30 40 50 60 70 80 90
£ 83 st 1] /min

d 2.0e6 f Kinetex C18 100A |
1.5¢6
1.0e6 L
|
5.0e5 | \
I
Al
0 o M A
0 10 20 30 40 50 60 70 80
L7 B[] /min
f 7.0e6 - ACQUITY UPLC® |
6.0c6 | BEH C, (150 mm)
&.5.0e6 - Mo PhIP
9 clQ.
%ﬁ 4.0e6 - ) 1Qx|. PhIP-D,

= 1Q [ | 48-DiMelQx
2.0e6 MelQx.... e ::/"7,8'DiMCIQx
1.0e6 [ MeIQX-D'B‘%--;I‘ 4L~
i
0 : : L el 1 I 1 1 )

0 10 20 30 40 50 60 70 80 9.0 10.0
5 B st 8] /min

K1 ARG T 9 Fh2eERm 88 TRk
Fig.l1 Total ion flow diagrams of 9 kinds of HAAs with different chromatographic columns
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2.3 HIRCEEEZMEL

ARWFFEE IR H K I CNW Poly-Sery PSD 3R IK 2.4 -
AR E AR ZE B (solid phase extraction, SPE)/ME(3 cc,
200 mg)ifffT HAAs MBI AHAE UL . SRR OIR-— 00
R IFURL 2 THI (W) B B A SR K B A SR T, AT X 4% 2 AR
PEFIAE AL P B B R BVE FE, (EAS —3R R 2
LW B FIRE S A R T Cog BEAREIRPY, A ep
43 ST IR R R MO 1 ) B AR 4 [T AE ZE IS EGHE T T Ak,
Pk i U A o3 il 2K B B (3:7 . 525, 7:3)
ol RS . DU 25 SR & B 4l /K A R B /KA (3: ) B AR K
HAAs, {HFEE HRGER H HEE L3R =, M EEK R (5:5)
WRPRIR A IR A Rk BE RN AN 2E 1 HAAs, T H R 25 H
B LA T R HAAs i dim . TR 56 23R e fb2i bk
Juiff W RS (3:7) I i AR R B, o SR SPE 4F
PR, VEMORAEALERE T OME . IEC ki, P LS5k
PEER, AR ZT CERBRSCR R BT 2
G Ve ARG — 04k, K HAAs IR A FruESL T SPE #
Ja R CREVEML, Bk 1 mL i RIGEI, 5 mL BE S Bl
I 25 AN 2 7R 45 3R RIS VE VRIS % HAAs
BEIFABEBSOR, SR SUEMIATRR T 5 mL JE¥EIIR
HEER M BIR0E HAAs, ML RGEAFE, A
B 4l K RN BV TR (3:7) MR TRIA R, I e i 57
VLR B AR VARl S mL.
24 ERMNIFMN

e RN (matrix effect, ME)JEBFAJF % & 434
R E A RN 2, DR AR 5 AR e A 07 o St 4 2 1
VRS ERE S UEAT I RS AN TS, A () F

k

Koy =K
ME/%= 22— » 100% )

ol

R, ko B TR E RN ZRER, ko AT AR E B 20 RER,
2 ME WIE{ER FoR SEFUE SR AL, fo 2z TUE AR IE T
IO o 45 SR WA A% B0 i 2 ST O A LA (£20% 2 ),

INZAWETER AL 28 AR AL, DR G 2R FH A
JRVCBCAR A TR I

s+ Q& & L o
Wy & v e
M

o

100

[/ %

S 9
Q Q\§ xo’ .
@@ %9\
.
TR

2 AIFEFRZ BRI AN [ 2 B Y [T U3 (n=3)
Fig.2 Recoveries of different HAAs in acetonitrile eluting solvents
of different volumes (n=3)

25 EENRFEFRIE
2.5.1 AR R AL E

JralBedl 7 ANAF R E R HAAs TRGPRIENM,
0.1, 0.5, 1.0, 5.0, 10.0, 50.0, 100.0 ng/mL. LPIFR#ES:
Jo MR B 5 TR 2 AR BE 11 EAELVE N X, ARSI S e i
TR R 2 AR IR LUAEAE R Y, A3 SIRE R A2 [m]
A7, A PhIP N#F R [E43 2 PhIP-Ds, Atk A 935
MelQx-Ds 4 AR Rk [T 5 R RITAHOE 2R 407 W 2 i
BUAilICH B TR AR, FRE L 3 RHERLL(SIN)
F10 F5FME LS/ EEBINFRIR BEVE A th R A HE B, 1145
A5 7 fil HAAs 46 Hi BRYEEITE 0.02~0.04 ng/g 22 [8], < FEBRTE
FEI#E 0.06~0.14 ng/g. 7EFTHVRE 0.1~100.0 ng/mL Y P4, 45
ZRIP AR AE S B R IF R R

2 HAAs iREMZNZ RIS IEMSH

Table 2 Linear regression equations and parameters of HAAs standard curves

2 ZEMEVE Fl/(ng/mL) e R I RE) G BR/(ng/g) E R/ (ng/g)
PhIP Y=136698X-29647 0.9993 0.03 0.10
MelQx Y=45632X+13038 0.9999 0.03 0.10
MelQ Y=106535X-59054 0.9998 0.02 0.06
7-8-DiMelQx 0.1~100.0 Y=48872X+2112.6 0.9998 0.03 0.10
1Q Y=82219X-32861 0.9998 0.03 0.10
1Qx Y=64615X+20556 0.9997 0.04 0.14
4-8-DiMelQx Y=19686X+1205.4 0.9995 0.03 0.10
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252 AEBEAImARE K E

SR H IR HEE s (3 S bR [ s g, i
P13 By A THRAE, BSIN 7 RO AR IR SRR B4y
B2 5. 10 150 ng/g Mk, . & 3 BIRSEKTE RN
PR E 6 A FAT1(n=6), 15 H K%L, Wil 3dME
K, THE H AR R (n=18). W3 3 Fis, Buin A2
i 7 R BRI H RGBT Y 0.83%~6.17%, H [H]
A 26 BV 1.84%~9.78%, MR MUK ZEE H hy 84.62%~
111.97%, JriE¥HA BRI EBMES Bk R
2.53 EFASAR

A3 TR B SR T A& 31 A
PEAT 24 B BRI A, R T U & . B 4

&, IR H R IREHR ISR, B FRL R
TP R T S . ME LSRN 4 FiR, EIA K
B2 IR R 25 45 PhIP . MelQx. 4,8-DiMelQx, %
SR 70.0%. 61.3%F1 9.7%, FiAZRERIAE Frillfe & rh
YRAG . Hirh PRIP A1 MelQx 5 B m it fhmid-HE 17
Sy B TAR, R SR P A HEE AN & R AT
300 °C Pk B WA B 4% 6 min, 7% A BUAE o, W FhZRR
Wie 5 B4 B3 51 (48.3445.92)F1(9.22+1.21) nglg, %M E R
{E 255 5 WALTERS BB a8 th B . 58k FH Rl H %
JRE B P 2 T B 2 R KT AR, B B g Uk B
AR H BB R4 49.95 ng/dP?, B i T 23R
SRECZ AR FEEYE, IR 2k Al — S R UK

F3 TRMEREKET 7 MZRIFRZAIEEE K& B E

Table 3 Precision and recoveries of 7 kinds of HAAs with different spiking levels

Ew JbRAK - (ng/g) H NS 2 BE /% (n=6) H 165 % /% (n=18) [5] 15 %8 /% (n=18)
5 2.56 439 98.03+4.48
PhIP 10 1.81 2.82 98.43+2.87
50 0.83 1.84 100.55+1.83
5 5.04 7.99 101.98+7.83
MelQx 10 4.86 5.04 101.62+4.96
50 233 6.94 95.62+7.26
5 6.17 6.96 88.30+7.88
MelQ 10 3.32 6.11 89.79+6.80
50 4.13 5.17 93.73+5.51
5 2.87 7.72 89.20+8.66
7-8-DiMelQx 10 3.26 5.59 91.35+6.12
50 3.48 7.32 97.90+7.47
5 3.12 3.71 110.4143.36
1Q 10 3.18 4.87 104.47+4.67
50 5.24 5.96 111.97+5.32
5 2.12 2.82 92.45+3.05
1Qx 10 5.01 6.42 97.15+6.61
50 5.02 5.06 93.13+5.43
5 5.64 9.78 88.01+11.12
4-8-DiMelQx 10 4.41 6.19 84.62+7.32
50 2.74 7.65 93.38+8.19
F4 BEANTHAXRIPAREREIEEEN=3, ng/g)
Table 4 Content of different HAAs in different thermal processing meat foods (n=3, ng/g)

Hs FEELEAY PhIP MelQx MelQ 7,8-DiMelQx 1Q IQx  4,8-DiMelQx
S1 He it 0.31£0.05 0.380.04 / / / / /
S2 Je& XG0 1.05+0.12 0.33+0.03 / / / / /
S3 XN / 0.20+0.04 / / / / /
S4 5B P AHIE 1.1240.09 0.51+0.08 / / / / /
S5 & fa 0.1940.02 0.11+0.02 / / / / /
S6 7] / / / / / / /
S7 153 1A 0.21+0.03 0.12+0.01 / / / / /
S8 FEXG I / / / / / / /
S9 JERS PR HR 0.20+0.03 / / / / / /
S10 HXG A R 0.18+0.02 / / / / / /
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S13 KR /N ER 0.17+0.01 0.11+0.01 / / / / /
S14 Y2 HE 1.31%0.16 0.42+0.06 / / / / /
S15 IR R 0.31£0.03 0.16:£0.02 / / / / 0.29+0.02
S16 RizR4E 1 48.34+5.92 9.22+1.21 / / / / /
S17 Rz 2 / / / / / / /
S18 1R HE / 0.17+0.02 / / / / /
S19 HIEEAR 1.53+0.09 0.82+0.08 / / / / 0.45+0.03
S20 R A 2.31+0.11 / / / / / /
S21 KRG FALIA / / / / / / /
S22 YEE M 0.1140.01 / / / / / /
S23 TR HE / / / / / / /
S24 X B P 2.36+0.16 0.22+0.02 / / / 1 /
S25 FESHE 10.17+1.22 1.31£0.12 / / / / 0.33+0.04
S26 U] / / / / / / /
S27 ez ] / / / / / / /
S28 R fa 0.74+0.06 / / / / / /
S29 K 1.1340.09 0.19+0.02 / / / / /
S30 RUZEHE3 18.21+2.14 2.28+0.34 / / / / /
S31 RIZEHE 4 27.13+2.95 3.25+0.42 / / / / /
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