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B HEMZ 5 mL K. 10 mL 1%Z0K SR BUFEOIR G IEIUS, 4 g Na,SO,, 1g NaCl #h#7, HIHWRE
EMR-Lipid K& lg/ME44k, L HSS T3 @4 (2.1 mmx100 mm, 1.8 pm)A> BS54y, %A%~k ©5
TR 2 SO0 A RS, DA BR B ) FARRAE B b e, AR E R, SR 11 A EAR LAY
2.5~40.0 pg/L JEEINEMER R R, HERBOKT 0.9950; ik BBl 0.3~2.0 pe/kg, &M 1.0~
5.0 ug/kg; 11 Fh BERYITERIIACE N 5.0, 10.0, 20.0 pg/kg I, P EIBCR K 61.7%~89.1%, HIRHHRHEN 22 N
8.1%~20.4%. L5 L IEAEIATAL B BRIRT AR . RERT A, vERYE | RS R R B ALY, 3l T R
il 11 RIS W R A
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Determination of 11 kinds of heterocyclic amines in ham sausage products by
high performance liquid chromatography-tandem mass spectrometry

ZHANG Zhi-Rong, LIU Yu-Ting, NIU Xiao-Mei, ZHANG Lai-Ying, WANG Yu-Jiang"

(Fengtai Center for Disease Control and Prevention, Beijing 100071, China)

ABSTRACT: Objective To establish a method for the simultaneous determination of the content of 11 kinds of
heterocyclic amines in ham sausage products by high performance liquid chromatography-tandem mass spectrometry.
Methods The sample was shaken and extracted with 5 mL water, 10 mL 1% ammonia water in acetonitrile (volume
fraction), then the extraction was salted out with 4 g Na,SO,and 1 g NaCl, the supernatant was purified by EMR-Lipid
degreasing cartridge, the 11 kinds of target compounds were separated on HSS T3 column (2.1 mmx100 mm, 1.8 pm),
and detected under positive ionization and multiple reaction monitoring mode. Eleven kings of compounds were
identified by retention time and the ratio of characteristic ions, and the elevenheterocyclic amines were quantified by
using the internal standard methods. Results The calibration curves of 11 kinds of compounds were linear within the
range from 2.5 to 40.0 pg/L. The correlation coefficients of the target compounds were more than 0.9950. The limits of
detection were 0.3-2.0 pg/kg, the limits of quantification were 1.0-5.0 pg/kg. The average recoveries of ham sausage
samples at spiked levels (5.0, 10.0, 20.0 pg/kg) were 61.7%—89.1%, the relative standard deviations were 8.1%—-20.4%.
Conclusion The pretreatment of sample is simple and time-saving, the method is accurate, sensitive, which can be

used to determine the content of 11 kinds of heterocyclic amines in ham sausage products.
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Ze IR 2 AL G W (heterocyclic amines, HAs) 25 & . fi
RS & 8 T A B T TR e A p A s B2 — A
HEN AR TFHERFEHAEYY, £ e gih P

Sy e A e 25 Bl HAs, #3325 A T 2 F R R W,

HAs HA AR B R BOmER PR fF 5 bl
#J(International Agency for Research on Cancer, IARC)¥f 2-
G4 J-3- I FE BRI I (4, 5-f) s (quinoline, IQ)RE LN 2A 2K
RATREBUR Y, B 2-F 5L -3,4- — H JL -3H- K me 3 nds mpk
(2-amino-3,4-dimethyl-3H-imidazo [4,5-f] quinoline, MelQ)
2- 53k -3,8- . HY WK w Jf- s 2 Wbk (2-amino-3,8-dimethy
limidazo [4,5-F] quinoxaline, MelQx) ,2-24 3&- 1 -1 3-6-K 5
K 14 3 (4,5-b) Mt BE (1-methyl-6-phenyl-1H-imidazo [4,5-b]
pyridin-2-amine, PhIP) . 2- 4% %t -9h- Wit B¢ I (2,3-b) Mgl Wk
(2-amino-9H-pyrido [2,3-B] indole, AaC) .22 Jk-3-F Jk-9h-
nk BE FF (2,3-b) W3] W (2-amino-3-methyl-9H-pyrido [2,3-B]
indole, MeAaC) 5 FipyITisE A 2B HW7EEum M™Y.
KRS A AE PR R A R R R L, R E R A

Perp BAT— R He ], ol TR Oy A e i L A,

TR R AR B AR R R R (A5 O, H AT
T E AR B/ P I A A o I BR AR,
BCEREST PR W B P 2 TR B A vk A
FETAE b B, A5 RS A i v 2 R e & S AGrll Jy v
AR T VROME (5 1 R RORE (5 - R B R L), (LA
FERGIFPE D | R Sl AL TR PR A 2 e ) il O AR
BEEL 11 AR e it, RAERAT40)2 . EMR-Lipid
BRAE /IR AL SR R AT AR FR 75, 25 5N [ 5 57 A B UL
LA BRI RSER JF H AR AP0 W SRR, LI I
TR SR b A RS P i I, SR A
S,

1 MR5ERZE

1.1 XFE5R

API3200 &5 R0 AR (38 - FR K T AL (5 B ABSciex
Z3#]); RVC 2-33 CDplus B 25 B OS5 (FE[E CHRIST
22 F]); Milli-Q Zl7KHLCER w2 25 B H); Multi Reax JE# Hk %
PP E M TE A ) TYL-D025 RHEALOUBH B A R A
#]); Captiva EMR-Lipid B4+ L +:(600 mg, 6 mL), 5982
-0032 FEIUER AU . P £F 2 K UE i (regenerated cellulose,
RC, 0.22 pm) (3 E LR A H])o

B o 2- 80 B -3- 3L bR 1k I (4,5-) M8 Ik (CAS:
76180-96-6) . 2- & Hk-3,4- — B KL -3H- K mk Ff s wk (CAS:
77094-11-2) . 2- %24 3 -3,8- = I J5 Bk m Jf: ngs I8 wfk (CAS:
77500-04-0) | 2-53 3k 1-F 3E-6-ZR JLBR M FF(4,5-b) ML IE (CAS:
105650-23-5) , 2-483E-3,4,7,8-PU F JE-3H-DK W (4, 5-£) i N o
(CAS: 132898-07-8) . 9H-Mk IZ I (3,4-b) W] % (9H-pyridino
(3,4-B) indole, Nor harmane) (CAS: 244-63-3), 1-H3%E-9h-
M B 3F (3,4-b) B3] W [1-methyl-9H-pyridino (3,4-B) indole,
Harman] (CAS: 486-84-0) . 2-243&-1,6-— F JL BRI IH-(4,5-b)
Al BE [2-amino-1, 6-dimethylimidazolium (4,5-b) pyridine,
DMIP] (CAS: 132898-04-5), 2-ZFE-9h-MLAEIf:(2,3-b)Mj| Wk
(CAS: 26148-68-5), 2-243k-3-H 5L -9h-nk BE I (2,3-b) M| e
(CAS: 68006-83-7), 3-&Fk-1,4-—H 3-Sh-nikBE FF(4,3-b)M|
Wk [3-amino-1, 4-dimethyl-5H-pyridino (4,3-B) indole,
Trp-p-1] (CAS: 68808-54-8) . 3-% 3 -1- Hl % -Sh- it g if:
(4,3-b) "] W [3-AMINO-1-METHYL-PYRIDO  (4,3-B)
INDOLE, Trp-p-2] (CAS: 72254-58-1) (4 ¥ KT 95%,
2K TRC Ar); BRR(EIEAE, Jbatih DR A ), 28
(faikal, TEEBEAA); ZK(28%, &K TCIAH).
1.2 LWL
1.2.1 AR 6 Be |

S3 BIMERR PRI 10.0 mg FRUESH T 10 mL 25 &, L0
AR E A B2, FOl A A B2 1.0 mg/mL AARHE
BRI, —18 °CORTE . FH S ISR RS A5 100 5, 1981 H
PRIz 10 pg/mL ATR-SFREP IR ImHIS, HT 10%
CIFEIK (5 0.2% H R )W H 1] v s R vk 224 100 ng/mlL (7R
G ARHESE R
1.2.2 Honara

FEARIRIC FRBUR IR SR 2 e fh 45 2.0 g (LI
T4 E) T 50 mL REECE S, 43IIA 200 pL
AR 100 ng/mL), 5 mL 7K. 10 mL & 1% (f&F4)
B K NG, VRS JE W e dR% $2 I 30 min.

Feib Gt B2 IR f(4 g NaySOy, 1 g NaClim A 4%
o, RERAE NSRS 1 min, 7£ 4 °CF 8000 r/min B.L»
15 min, JE 30 min, B EERIGE 5 mL filA 1.25 mL
K, IRA]JG 1 Captiva EMR-Lipid BR g &AL/ ME (600 mg,
6 mL), METTHF WG, WERB®, A 2ET, 1 mL
10% ZJE KB (S 0.2% W IR)E W, IRA )G, BALFfER
FEME(0.22 pm)id g FHL.

123 BR RIS R &

FAAEITIER 11 e B A i R B 1E R

T, HEE 1.2.2 RS RTAL AL RAS B 45 (I TR R,
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W BUAN [ 2 AR A v (e VR, 5 0BT R T T A [ ol
FHRGARERS, FREWEE /51 2.5, 5.0, 10.0, 20.0,
40.0 pg/L, WARBTERWE N 10.0 pug/L.
124 BELEH

ol At A% kE Waters HSS T3 (2.1 mmx100 mm,
1.8 um); AHLM: LM, KA 0.1%HERK; HiR: 35 °C;
W 0.20 mL/min; YIRTESIAHELA]: 20 0.1%F IRk
(1:9, V27, JEREER: 10 uL, FEEAHBE VR Y LR 1.

=1 BERRER

Table 1 Condition of gradient elution

Bt ] /min Zi1% 0.1%H 27K /%
3 10 90
11 50 50
11.1 80 20
13 80 20
13.1 10 90
18 10 90

JoT % A H s Ty 2O HLIBE 55 IF B 2 (electros
pray positive ion mode, ESI"); HLBEZS L JE: 5000 V; BT
WRE: 400 °C; A AR SRR 30 psi; FEBhARIR
W 40 psi; FMH X 2 RN NI R (multiple reaction
monitoring mode, MRM), HESHE 2,

2 HEREHHR

2.1 FRESHMILK

IR G W A BB, fEIE B TR 5
ST A RIMAH] 70 B T KRR 1 pg/mL
(9 11 H AR K R i S A 3 TE A B, AR IE T
B AT T I QD B TH B, XD+
B IEEAT TS (), RECE R T
ANHRE R B AR D RAE S 1 o A B X ) LR R

PN

(declustering potential, DP) . filf i §& & (collision energy, CE),
HERIESE. Trp-p-2 5 MeAaC HAMFR T, &
Tl kiR, Gy M, B s EE T
AN, [6] AR 540 2 B A0 PR B I A 253K . BARfe s
WA FESHOLE 2,
22 BIEHERNIRE

ARG A% T Waters BEH Cig fBi%41:(2.1 mmx
100 mm, 1.8 pm)#l Waters HSS T3 (2.1 mmx100 mm, 1.8 um)
GRS 11 R HARMEE W3 BIRCR, HSS Ty (A
1Q .MelQ .DMIP 3 Fi1 44 FR e (1) 43 25 545 B 2 A8 T BEH Cg
gL, 3 R BT W TE AT, 2 Fh AT X oA LA B BR
W oy B RCR B FER IR INA 0.1% P RfE, A

HARPI (55 3 3, 1Q. MelQ. DMIP 3 Ff HiR#)
ROt A B & 0% . 6 HSS T; (a4, ZJ15-0.1%H
PR KR SRR R AT AT 11 FpARei 47y 35 21 BRAR A9 20 B 50CR,
LI 1,
2.3 RBUBTIA0ESE

FIE—IENISEIL B, AR T ST
A AL N, A I 0 R AT 700 A 5 R O
R AR EE 2 LKBRARE S I 20.0 pe/L RAFRiE
WA TIREL, H T 1% 2K CEIREYED 3% %K NG
K S%EKCIEIRBERRER 3), G508, R
I BN e, R 1%%0K ZIE1E I ERBUAFT .

#2 BRHEMEERESY

Table 2 Mass spectrometric parameters of the target compounds

Hirfeary BT TAT  RBAE AR

(m/z) (m/z) NV /eV

148.1* 33.40

DMIP 163.2 32.65
105.1 50.93
181.1 31.20

Trp-p-2 198.1 54.03
154.1* 38.98
167.1 34.07

AaC 184.1 4591
140.1* 41.31
168.1 38.35

Harman 183.2 22.38
115.1%* 44.70
195.1* 32.96

Trp-p-1 212.1 51.86
168.1 39.78
198.1* 34.06

MelQ 213.1 46.32
145.1 38.77
210.1* 38.96

PhIP 225.1 53.32
183.1 44.48
181.1%* 30.79

MeAoC 198.1 47.03
154.1 38.45
199.1 32.86

MelQx 214.2 53.90
131.1* 51.57
142.1 36.18

Nor harmane 169.1 60.12
115.1* 47.09
184.1* 36.17

1Q 199.1 52.03
157.1 45.42
227.1% 34.31

4,7,8-TriMelQx 242.1 52.31
201.2 34.01

TE: *FURERE TR 2-555-3,4,7,8- 10 I B -3H-DRIE(4,5-DE N2
Wk (4,7,8-TriMelQx) N I #7 o
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&1
Fig.1

Fz3 TRERBURFT 11 #EHRLEYHNTEY
E R (n=3) ( X £5, %)
Table 3 Average recoveries of 11 kinds of target compounds with
different extraction solvents (n=3) (; +s, %)

latty] 1%EKZIE  3%EKLIE  5%2 KNG
DMIP 56.7+1.8 55.9+13.8 53.149.7
Trp-p-2 58.243.5 55.9+14.4 552+12.4
AaC 42.746.6 32.111.4 30.8+14.7
Harman 78.7+1.3 77.8+£7.2 78.242.9
Trp-p-1 50.745.3 45.4+11.8 42.9+11.6
MelQ 67.8£7.0 75.343.4 66.7415.2
PhIP 77.8416.3 66.5+14.5 61.7+4.8
MeAaC 39.9+15.0 29.746.8 23.7+18.3
MelQx 80.7+14.1 73.2418.0 70.3+4.7
hafn‘l’;ne 95.5+11.3 63.3+15.1 70.5+15.4
1Q 58.7+15.5 74.345.4 61.7+11.8

JBRZS FUIMARRE S 11 A 2RS4 59 MRM @355 (10 pg/kg)
MRM chromatogram of a blank ham sample spiked with 11 kinds of Has (10 pg/kg)

2.4 EREGEESMAL

FEAR IR, AaC FIMeAaC 2 Fh BRI
[CREEAIS, 380 5 AR IO 551 S5 i Ak S SRS e 4 = H
PR IalcR o i B A OGSCHR I A R: |
ExH B AR 2 AT R, BT R e R B AR AaC
Hl MeAaC A WHE, IR BB G A B BT, AR
FTUERE S IR G Z M U JuiEAeT . IR
EHHEAERJIARRE, RIS E AR AR5
ZE T e el . BIUIR 2 M (polytetrafluoroethylene, PTFE)J5 |
RN (polyether sulfone, PES)H & FiA= £ 4k K ik (regenerated
cellulose membrane, RC)X} AaC F1 MeAaC B F
10%ZJiE/KFCH] 10 ng/mL BIR-EARERR, S8 LB IERT
Je B TR AL, AN AaC Fl MeAaC B W B 451
(adsorption effect, AE)(%), AE(%)=(Cy — C/Co)x100%"", Hrp
C NPRERS LIS S HARPIETAR, Co MbriERs i iEmr B
PRI riFR (B 2). S5 EoN, FHEET A 3 P, RC X H
BRI B0, ARAPAT IR, A U A S oA —%E
LA i R, P LAREARAET E AR i Wt i b AN L
BRI AR, e RC BLT USRS, MIBTAEAR SR A
0.2% R RAATR TR B 25500 o
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] AeC

100 MeAaC

%2 BRESURE /%o

P 2 SIS AR BRSO, B R W (n=3)
Fig.2 Effects of microfiltration membrane on adsorption effect of
target compounds (n=3)

2.5 EFRMITFM

FE SRR AR, BB R 9 o AT 7 A TR, 43
g T 1 SR AN R SO R A5 o A O DT AR I 2
R ARAE 2 BRI LB TPAL L BTN X R B2 R
WU, — Ay, PR ECEAE 0.85~1.15 ZIAIAAE7E S Ak
RS A KRR A, 11 AR AL A Y AR (a7
0.47~0.97 Z 1, Bk MelQx AELEELFRN AF, HoAth H AR
BIAEAEAS [R) R B2 0% T T 388007 ( < 0.85) o IR R BT
it i 4R A IR E ARG G 00 8 T U -
2.6 ZMSEE. EFFIEMEHIR

iE o EL S B 2, DAMkBECRBARRR(X), BAR S
AR 9 W T AR LB R AR AR (D e I R i i £k, 7 2.5~
40 pg/L YEFE PN B AR 2t Oy BAH 56 R B (coefficient of
association, r)°A 0.9950~0.9999, LI HFr¥I7E=S FRE G H 3
FEEME RS tHBR, 10 AHERR LI s . 11 Rk
WA e N H AR L M R R e PR LR 4.

F4 BIEHEYNEEFE. EMREEER
Table 4 Regression equations, limits of detection and limits of
quantification of the 11 kinds of target compounds

27 FEMEBWERSHEERE

XS FIRESEATAR . L R 3 VRS N [l i 3R 5T
I KORG8 B S0, 28 VAR AR BROR AN 21 B AR 1) KR
mi, FEH1.2.2 BEATHTAL L 25 R BI(ER 5), 11 R A IRAL
AW -3 BCRTE 61.7%~89.1% 22 18], TR 5 v ff 22
(relative standard deviation, RSD)7E 8.1%~20.4%22 [f], [l
28 TR 8 5 Y J2 KGR g ] s m 2 B M A ARSI K

x5 HEESMRERSELE(n=6)

Table 5 Precisions and standard recoveries experiment (n=6)

fee i I 7R il ERR
/(nglkg)  /(pg/ke)

DMIP ¥=0.031.X+0.001 1.0 2.5
Trp-p-2 ¥=0.060X+0.001 0.5 1.5
AaC ¥=0.149X+0.001 0.3 1.0
Harman Y=0.153X+0.018 0.5 1.5
Trp-p-1 Y=0.151X+0.002 0.5 1.5
MelQ ¥=0.038X+0.021 2.0 5.0
Phlp ¥=0.243X+0.002 1.0 3.0
MeAaC ¥=0.140X+0.001 12 3.5
MelQx ¥=0.030X+0.001 1.0 25
Nor harmane Y=0.111X+0.083 0.5 1.5
IQ ¥=0.008X+0.001 2.0 5.0

feaWas  baht/(ugke)  FHENEER%  RSD/%
5.0 81.1 8.6
DMIP 10.0 80.5 15.1
20.0 70.9 11.1
5.0 89.1 8.1
Trp-p-2 10.0 84.5 8.2
20.0 72.1 13.8
5.0 65.6 13.2
AaC 10.0 73.4 12.0
20.0 61.7 8.6
5.0 84.6 11.7
Harman 10.0 87.4 133
20.0 73.0 13.6
5.0 77.3 16.9
Trp-p-1 10.0 66.2 9.7
20.0 69.5 13.6
5.0 80.7 20.4
MelQ 10.0 74.8 18.7
20.0 69.1 16.9
5.0 65.2 16.0
Phlp 10.0 71.3 17.0
20.0 77.8 17.1
5.0 63.9 16.8
MeAaC 10.0 79.0 12.2
20.0 63.3 14.1
5.0 80.1 14.0
MelQx 10.0 70.4 12.9
20.0 73.3 18.3
5.0 75.3 15.6
Nor harmane 10.0 79.6 14.1
20.0 66.2 13.6
5.0 66.8 18.8
1Q 10.0 81.0 13.4
20.0 74.1 19.0
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2.8 SCRRAEAST

o AR 58 G N7 B A 10 44 77 5 A K R T b,
Hop 5 £46 1 Nor harmane, & &/0510 474, 1.74, 1.69 .,
2,52, 3.14 pg/kg, 3 VFKH Harman, &8 4.30, 3.25.
5.07 ng/kg. Hoarx HARW¥IARKN H .

3 &

A N7 T RO €0 - R I T I R A i
11 Fa R A Y S B ik, ik 2|
EMR-Lipid BRAg/IMEACER H ML E FHAE B . EMR-Lipid FR
/N LA RRBR IR S5 M, T 6 AL P 5 TR S A R,
AR BORIR A — 22 Lo B K AR B AR AE /MEE |, s
VEW, WAL UEIE HEOMT, 5 ZHANG 25102005 JL i AR
PPN, SRR AR, AHLKFNERE D . RS
FIALER R R A, SREUCRBIUR In A ST B i B O 5
2, BRI . AR AR IR S B AR 1
W B SR AR A I R A — 2 L 31 H i 2 (i FH RC
T AR, 2O Y ORI R R
Yokl & AT KBRS AP 11 b HAs &8 a6l
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