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FE. LUBT . W B0 A RRTAIR S R Ge Rl il % 52 43 B HE 2 BRI & ek, o e A A 2938 3o R BK -
trelut — PRS — C, FEHFATREIAHZERL, 48 TSK — gel ODS —80T,, #4555 3 LABC #5 A4 M9 RN SGAIN #5119 HPLC X 2 B e gk
FINE, SERFW, ZIET 15 I TEE M 0.01 ~1.00 ng » wL™", KR M 0.5pg - g ~0.3ng- g ', [l
WKy 58.60% ~98.75% , MXFRAEMZE N 1. 81% ~8.77% , ZIT LR, REUE MR ERS, HIbCR T,
AT R AT IR, AE S R AR 6 AR 29 R, EASIR] A PR 2 SRR i RN 2R S A R R TR, 9H -
MEREH: (4,3 5] MIME (Norharman) 5 1 —FH3E-9H —MtBEdf: [4,3 5] WIWE (Harman) FELET S FHAGIS T, S
PN 42.75 ng « g7 M133.9ng - g7, 31 -FHE-SH-MEREF [4,3-0) WIUE (Trp-P-2) RIF7ETHEMWSEE
W, 2 -3 k-1 - k-6 RIL-DKMKIE [4,5-b] MENE (PhIP) KBNS | JEF AL AL, 1 2 —Z 45— 9H —NiEiE
Jf [2,3-0] MIWE (AaC) 2 -3 -FHE-9H-MBEI: [2,3-b] BIWE (MeAaC) RAFFETRMAH, H&EH/NT

2ng‘gflo
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Detection of heterocyclic aromatic amines in traditional
meat products by HPLC

LIAO Guo-zhou', ZHANG Ying-jun', XU Xing-lian', ZHOU Guang-hong'* , CHEN Ming’

(1. Key Laboratory of Meat Processing and Quality Control, Ministry of Education,
Nanjing Agricultural University, Nanjing 210095, China;
2. Food Safety Research and Service Center, Jiangsu Academy of Agricultural Sciences, Nanjing 210014, China)

Abstract; Heterocyclic aromatic amine ( HAA) content was investigated in five traditional meat products ( including roasted
duck, charbroiled mutton, dried pork floss, marinated beef, and roasted chicken). The clean-up procedure included tandem sol-
id-phase extraction (SPE) using Extrelut-type columns filled with diatomaceous earth, propylsulphonic acid and chemically bound-
ed phase-C,g. Separation was achieved using TSK-gel ODS-80T,, column and identification, and a quantitative analysis of HAA
fraction was carried out using a HPLC system with DAD and FLD. Results showed that the linear ranges were 0.01 —1.00 ng -
pL " and the limit of detection were 0.5 pg - g7'=0.3 ng - g' for 15 HAA. Recoveries were 58. 60%—98.75% , and the rela-
tive standard deviation, 1.81%—8.77% . Six less-polar HAA were detected in the traditional meat products, and the variety and
content of HAA differentiated among the meat products. 9H-pyrido [4,3-b] indole (Norharman) and 1-methyl-9H-pyrido [4,3-
b] indole (Harman) were detected in all of the five meat products, and the content of Norharman and Harman was up to 42. 75
ng - g', 33.9 ng - g' respectively. 3-amino-1-methyl-5H-pyrido [4,3-b] indole (Trp-P-2) was only detected in roasted duck
and charbroiled mutton. 2-amino-1-methyl-6-phenylimidazo [4,5-b] pyridine (PhIP) was detected in roasted duck, charbroiled
mutton and dried pork floss. However, 2-amino-9H-pyrido [2,3-b] indole ( AaC) and 2-amino-3-methyl-9H-pyrido [2,3-b ]
indole (MeAaC) were only detected in dried pork floss. The content of PhIP, AaC and MeAaC was less than 2 ng - g™'.

Key words: heterocyclic aromatic amine; traditional meat products; solid-phase extraction; HPLC
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], P SR A B AN 0] Ry S B ARSI DR 36, AR BE A, B RIRRRG AR A HAA P
HAA BARTEIN T A5 & i R ng - g KT, AFHAE s ZU 0 58 A8 s AN 2800 i) R A7 &
D EBREAEZE L (TARC) CKF 2 —&(3E—3 —FJEBRmEIf [4,5 -] Wbk (1Q) VA28 n 5E3K
Y (2A 90, T2 —EI-3,4 —Z WP EEBRME T (4,5 — ] MEMk (MelQ) |, 2 23— 3,8 — I JLBR MR I
[4,5—f] MEVRME (MelQx) ., 2 24— 1 - -6 —RIE-BKMEIF [4,5 -] MEBE (PhIP), 3 24 -
1,4 -—"HI3-5H-MIEIF [4,3-b] WM (Trp-P—1) ., 3231 -HFH-5H-MIBEIF [4,3-b] M
(Trp—P-2) S RAEsUEY (2B 901,

FEME N HAA ZEARF R AIE S, BEZKT | AWRIIRCR | YR MBUEES R T
WgE 71wk A B R B, Bels IS R SR AE AR I B AR L SR, PN A 1 A LA O i T
PRV T 2 PR B AT A PSR 4G . AT B 68 2o A AR B HPLC 325 0 6] P9 A 455 1A il b
TR S, il 2D PPN AB GE A i i 1 A P S LR A A

1 W57

1.1 KEHmR

BEEG TSRS | XS BN R, )AREIE TR T, FERERT -20 C
W AEREH
1.2 FENHF

Agilent 1100 SRR AH IS, FCEIICIR . HASAELBANL, A SRS | A BE S ke DI 2%
(DAD) FIZEK M #§ (FLD) | Agilent fb2F T AESE (2 E Agilent A F]); 4. TSK — gel ODS -
80Ty (25 mm x4.6 mm, 5 pm) ( HAX TOSOH A7) ; {&¥"4:: Supelguard LC — 18 — DB ( 3E[H Supelco
5H]) 5 Supelco FAZERCHI 4R35 E . S 2301 ; pH T,
1.3 kFFnAr

16 FPZERMEARUES, (& 1 FRNARYD) : 1Q; MelQ; 2 —Z BL— 3 — I IEBKME I [4,5 — f] WEUR Ik
(1Qx) ; MelQx; 2 —Z K3 ,4,8 = IEBKIEI: (4,5 —F] WEIRME (4,8 — DiMelQx); 2 —&FH—-3,7,8 -
S HIEBRIRIE [4,5 /] WEURME (7,8 — DiMelQx); PhIP; 9H —MEBETF [4,3 —b] 5[ (Norharman) ;
1 W3- 9 —mEnEIf [4,3-b] MWW (Harman); Trp—P—1; Trp— P —2; 2 23— 6 W3- ket
[1,2-a; 3',2'-d] BkME (Glu—-P—-1); 2—-&F-_MmEIf [1,2-a: 3',2'-d] ¥ (Glu-P-2);
2 -FH-9H —MEBETF [2,3 —b] MIWE (AaC); 2 —&AE-3 W K- 9H —mbmEJF [2,3 —b] M|k
(MeAaC) ; WFRY: 2 —23-3,4,7,8 ~VUHI JERKIRIE [4,5 - f] WEURME (4,7,8 — TriMelQx) , #JIF
Toronto Research Chemicals (Toronto, MZEK), HEL, M. =M Eg4l, HART I Ao ral,
Extrelut —20NT ¥ & A% HUAE Az HCHE 70 A 982 + 0 T Merck 24 ), Bond Elut P 365 fR (PRS) /ME (500
mg/3 mL), Bond Elut C,BEFHZER/NME (500 mg/3 mL & 100 mg/1 mL) FI COCK [T Varian /A #],
33K 0 F Supelco A F
1.4 WEFHZE
1.4.1 BERETRIE  ZeIRAYSRIBCR AL AR 38 Gross 2512 (y EARZE BT B IF R VE B, 4 ¢ IFES 12
mL 1 mol - L™' NaOH IRA, VKBTI 3 min, 21K Y5 Extrelut ik + 580 1R & I 58 A Extrelut —
20NT ZEkEr, Hk$% I COCK 1, ¥ HJei 4 mL 5% (RFUMED) WA — & P BTG 1L Y Bond Elut
PRS #, @i A1k Extrelut —20NT #E%E, PL60 mL & 5% (AU FR A 5 ek 29 30
Jfie I\ Extrelut —20NT A1 P PRS A1rh, FRUe s 4l PRS #EJ5, F PRS #E 8 T EAHA UK &
AR KGERME ZE /D 4 min, RGLAHHE N 1 ~2 mL + min™'# 6 mL 0. 1 mol - L™"hRIER AT IRk
DI ZL AR W B F7, FELL 15 mL B EE5 0. 1 mol - L3RI GVAM (FRLL N 6:4) F12 mL /K3t
ATVERG, X 3 B whye i 60 & A9 3R % (Glu =P -2, Glu—P -1, Norharman, Harman, Trp —P -1,
PhIP, Trp—P -2, AaC, MeAaC), ¥ HU4E T Extrelut — 20NT 25 AF i T ik — L AL, H Pk 22 30 e
(1Q, MelQ, IQx, MelQx, 4,8 —DiMelQx, 7,8 — DiMelQx) /5484 7E PRS #:rf1,

i PRS A e AR AR P 2R BR MR BRI T 0. 5 mL MK AT, I 30 ~40 mL /KR Be 2 e
wOF20% , IRAWHLL4 ~5 mL - min (@ SEH 2 mL FEERT 10 mL K IG LA 500 mg C g
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B, AT IR PSR (AR C 22T, FI2 mL Kok B BRZe i, IERESI R TG, JEmot: 24 3R
14 mL HES 20K G (B 9:1) BRI 2= A

PRS FEIE B AR 245 L 20 mL 0.5 mol - L' EEFREZVE IR (pH 8.0) ThMitth4«3R i, ¥k
PRI ATRSE T 1 mL FEEHL 10 mL K& AL 100 mg C o AE, I C BB 2 mL K vk 2o 4o, JFH]
AR T, WA AR 0. 8 mL I EE S ZUKIR A (KT 9: 1) Ve ERESI T,

R PE S AR R AR A BURAE 40 CERAR T, BET 50 wl FEERT (BF 1 ng -
pL AR 4,7 ,8 — TriMelQx) , 7% HPLC 4347,

1.4.2 BEEE RH=TRIMER. A NOHG, ®1 BERBRER

B40.01 mol - L '=2J1% (@;@Qﬁ]ﬁ pH3.6), C Table 1 Gradient elution program

90.01 mol - L' =Mk (pH 3.2), HARREVENIFE min Wil % Mobile phases

JPUWLR 1, W2 @ 2 DAD I #% 7€ 258 nm Al 5 ? 3 9Cs

263 nm ACREIN,  FLAth 2% 20 e RT3 aek X 2 A I 2 4 10.0 15 0 85
TR, WA/ KSR (nm)  (BFE] (min)) & 10.1 15 85 0
FEW: Glu-P-2Fl Glu—P—1, 360/450 (0 ~20); . - - .
Norharman I Harman, 300/440 (20 ~23); Trp—P -2 35.0 30 20 0

A Trp — P =1, 265/410 (23 ~24 F126 ~28); PhIP, W: A 2 Acetontrile; B. 0.01 mol - L~ =7 (pH
315/390 (24 ~25); AaC F1 MeAaC, 335/410 (30 ~ 3.6) 0.01 mol « L.™! Triethylamine (pH3.6); C. 0.01
35), WM 1 mL - min~", PEREEH 20 wl, KR mol -+ L™V = Z % (pH 3.2) 0.01 mol - L' Triethyl-

N amine (pH 3.2)
BRI P

1.4.3 FRAEMEZ 5 mg SFRIMARES S HIVE BT, HFERE 10 mL, 14500 pg - mL™ KP4y
IR IARHERE 2R 43 TS b 2 PRI AR HERE A5 1 mL AR BEE 45 % 50 mL, 1410 pg - mL 'R
EFRMETAER, JFMBEE1.00, 0.50, 0.10, 0.05 F10.01 ng - wL=", DL ArvEfZ,

1.4.4 [EIE BEEFMGNR EHFRBGEFE R 4 0, B0 4 g, Ho 3 00 50mA BT =R E R
1 ng - wL™"fY 15 FPZRFRHR-SFRIER 40 . 100 1200 WL, HMKFE35 410, 25 F50 ng - g™', 1
OIS, SR FEUEAT R AL B R B ORI (% 0 (n=6) , THE IBCR A SR, MR8 [ Pratire 5 R
LA 2 (IUPAC) PURE X, AR AASIN B e SR = A= AN F 3 A5 15 st My A b i 25 20 BT 15 5 1 vk
JE{H

2 GRSt

2.1 FEWEE, HEERGNR

DIFRUERE AR BES X, DL HPLC WA AR AT ARCR Y e filbnifEfh 22, 25 hnifEh 2 AR 5C R B R
F0.99, Z5REH, KHTE0.01 ~1.00 ng - pL.~ SEFE PN LME R, oL R & B2, s
SE AT 15 PR PO AIA R 2250 . Glu—P -2, 8 pg-g™'; 1Q, 0.2 ng- g "5 IQx, 0.2 ng - g™';
MelQ, 0.2ng-g™'; Glu-P-1, 8pg-g™'; MelQx, 0.2 ng-g™'; 7,8 -DiMelQx, 0.3 ng-g™'; 4,8~
DiMeIQx, 0.3 ng - ¢~'; Norharman, 4 pg - ¢ '; Harman, 3 pg-g'; Trp—P—-2, 0.5 pg- g '; PhIP,
8 pg - g_l; Trp—-P-1, 0.5 pg - g_l; AaC, 4 pg - g_l; MeAaC, 4 pg - g_lo

ISR TR IUERAE , IR BINRETPESIE . h  3 R EEKP 2R R G AR R Y [l AR RORS
JE(F2), 4RE, AU AU INAR T A F0RS %5 B 24 B8 I8 BRI 20K, UL A T 2 A s 1Y
HERRPERI AT S0k, X 5 AT AREAIAF ™ ' Toribio 45 WIS R, FETF R LMY A I AL 5>
BILTR, A FhARERH M ISR TE 5% ~98% o ABF5ErD, 5 HAUZIRAH L, PhIP Y TR AR X HAIK
PhIP ({08 B 24081 T PRS AP SRR VR B, RIS 5% (IR ED) AR S W Be b AT e
FFLL0. 1 mol - L™'#RARF-} PRS HEX A7 $2 5 PhIP MISCRIVER] . [RIRF PRS AEXF A LA R A e
W o 5 B T PP I 5 SR R VR 0 LB, 3 o P B S AR A ) (PRBLEL) A Gross %% SR IY
4:6, $REE 6:4, ATLUKFITA 72 A SO0 I Ze P WO TE — kS, TR R AR v A SO A s AT AR
e
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R2 AEHNEKERMBEZE (n=6)

Table 2 Recoveries and precision of method

f’?ﬁj]WKEIZ/ng . g’l Spiked levels
o] 10 25 50

Compounds /% AR bR E M 2/ %% /% AR BRI 2/ %% /% AR B E A 2/ %%

Recovery Relative standard deviation =~ Recovery Relative standard deviation — Recovery Relative standard deviation

Glu-P-2 70. 68 1.96 73.82 4.57 75.98 3.66
1Q 93.77 3.41 97. 94 2.91 98.75 2.32
1Qx 91.49 2.43 94. 11 3.25 92.12 2.93
MelQ 94. 46 3.82 95.03 4.34 90. 32 3.87
Glu-P-1 85.00 5.02 82.90 6.11 87.17 6.23
MelQx 84. 15 2.92 82.39 3.42 79.79 4.21
7,8 — DiMelQx 83.85 2.17 84. 86 3.53 87.31 3.02
4,8 — DiMelQx 84. 41 4.78 88.35 5.72 93.18 3.53
Norharman 74. 68 4.55 79. 68 5.56 76. 54 4.38
Harman 79.22 5.25 80. 44 4.95 81.91 6.39
Trp-P-2 73. 65 2.51 71.24 3.12 75. 89 1. 81
PhIP 58. 60 6. 04 61.76 4.49 63. 08 6.61
Trp—P -1 70. 07 6.18 73.01 7.26 75. 14 5.60
AaC 75.99 7.46 74. 06 5.93 77.08 5.29
MeAaC 78.75 8.77 75.74 7.36 80. 50 7.94

H: Glu-P-2. 2 -FH-—MrEI [1,2-a: 3',2'-d] PRI 2-amino-dipyrido [1,2-a:3',2'-d] imidazole; 1Q. 2 —Z K- 3 —FIHLpkmk

I [4,5-f] WEMK 2-amino-3-methylimidazo [4,5-f] quinoline; 1Qx: 2 —2&3&-3 —HIJEBKIEIF [4,5 -] WEIEHK 2-amino-3-methyl-
imidazo [4,5-f] quinoxaline; MelQ. 2 ~ZFE-3 ,4 —~—HI SRR [4,5 —f] WMk 2-amino-3 ,4-dimethylimidazo [4,5-f] quinoline;
Glu-P-1: 2 -&H-6-HIH-"mIEI [1,2-a; 3',2'-d] WM 2-amino-6-methyldipyrido [1,2-a:3",2'-d] imidazole; MelQx:
2 -3 8 —HILBRMEH: [4,5 —f] MEUREME 2-amino-3 ,8-dimethyl-imidazo [4,5-f] quinoxaline; 7,8 —DiMelQx: 2 —&3£-3,7,8
—=HILBRE I (4,5 —f] MEURBK 2-amino-3,7 ,8-trimethylimidazo [4,5-f] quinoxaline; 4,8 — DiMelQx: 2 —&$&—3,4,8 —=H LBk
I (4,5 —F] WEIRMK 2-amino-3 ,4 , 8-trimethylimidazo [4,5-f] quinoxaline; Norharman: 9H —MLBEJIF [4,3 —b] MW 9H-pyrido
[4,3-b] indole; Harman: 1 —FJ&—9H —ntWEIF [4,3 —b] M|WE 1-methyl 9H-pyrido [4,3-b] indole; Trp—P-2. 3 -&Hk-1-H
B 5H-mMEREH: [4,3-b] MM 3-amino-1-methyl-5H-pyrido [4,3-b] indole; PhIP; 2 —Z&%k— 1 —HIJk—6 —ZEIL-DRIRIF [4,5-b]
g 2-amino-1-methyl-6-phenylimidazo [4,5-b] pyridine; Trp—P—1. 3 —FEH-1 4 - HI-5H-MBEFH [4,3-b] W|HE 3-amino-
1,4-dimethyl-5H-pyrido [4,3-b] indole; AaC: 2 ~ZJE-9H -MLIEFF [2,3 —b] MWk 2-amino-9H-pyrido [2,3-b] indole; MeAaC:
2 - -3 -HI-9H -MIEFF [2,3-b] P5HE 2-amino-3 -methyl-9H-pyrido [2,3-b] indole. The same as follows.

2.2 fEEAH @i

H3E 3 AL, 76 S5 P& G R T Of AR 1Q B3R e, RIAR P24 3 e, WK B 6 AhIEMR 14 2%
Wi (HAL RSN 1) o AERE A A A AL S R il b h & B F AN —2X, Norharman F1 Harman 7E
5 FfEge I dl A R, HICE AR . fEREMS ) K 4 R AR, SN 0.19~7.24 ng - g7,
HoP WS PR Y Trp — P —2 5 PhIP,  HJEME fe b APl & i LUIE TS Y b 25y, Bt B v ZR R &5 i
ebexg A, HHEKH Norharman 5 Harman 2 23R IE, LR PR H 4 Fr2w3R g, &&M0.06 ~
1.21 ng - g_lo TE RS H ARSI 1) 5 ﬁ]%ﬂwﬂ, 43524 Norharman ., Harman . PhIP, AaC . MeAaC, HEH
H0.49 ~42.75 ng - ¢, K4 HKH Norharman 5 Harman 2 e, S EEiA34 ng - g ',

®3 REAHGPRAERESE (n=06)

Table 3 Content of heterocyclic aromatic amine (HAA) in traditional meat products ng g’
A ZRIRHE RIS Type of HAA
Meat products Norharman Harman Trp-P-2 PhIP AaC MeAaC
J&HS Roasted duck SRk Skin 7.24 £1.73 6.12+1.29 0.19 0. 07 1.49 £1. 19 — —
LA Meat 1.28 +0. 59 0.85 +0. 31 — — — —

B39 Roasted chicken ke Skin 4.24 +1.44 4.45 +1.39 — — — —

LA Meat  2.38 +0.28 1.95 +0. 15 — — _ _

#%21A Charbroiled mutton 1.15+0.33 1.21+0.53  0.06+0.05  0.75%0.16 — —
A2 Dried pork floss 42.75£5.49  11.70 £2.76 — 1.06 £0.22 1.97+0.50  0.49 0. 15
% 4[4 Marinated beef 29.16 +3.86  33.90 x1.37 — — — —




- 138 - M oa Rk b K % % K H31 %

CH,
=
B L X N
. N NN |
N H N NH,
H CH, H :

Norharman Harman Trp-P-2
o N CH,
s ., COrrx
PN : N N NH, N N NH,
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B1 fEoAsapelnRmRNeFENS
Fig.1 Chemical structures of HAA detected in traditional meat products
P12 FNIET 3 D) N 2 IR B SRS ORI (i 1T, i PET 2 — A RIPEL 3 — A R, A O i i
AR EAE 15 PhAINE, HASHMEREL  WEEXIFR, K2 - B R, BRITRIGSNE 3 AR b It
AKG Y HABRR AR . MR 3 = B T, 7 S AARAE AR ] A O P If ) LU B 4 e 2333108 Nor-
harman, Harman, Trp — P —2 Fl PhIP,

20,0 ¢
20 3

mAU
w
mAU

1 1 1

0 10 20 30
2 BEAMRER (A) MR (B) KEMENERE (HRERS)
Fig.2 HPLC chromatogram of UV detection of polar HAA extract from charbroiled mutton spiked with HAA
standards (A) and charbroiled mutton only (B) (polar sections)

1. 1Q; 2. 1Qx; 3. MelQ; 4. MelQx; 5. 7,8-DiMelQx; 6. 4,8-DiMelQx; L S. : Internal standard (4,7,8-TriMelQx)

12 _
5 4
160 - 7
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140 |
A B
L 4
120 ek .
3
= o 6f
3 9 2
6
ne
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? -_NLM LAY N
1 1 L 1
30 0 10 20 30
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B3 BEAMIRER (A) MR (B) WIERNEIERE (EREDS)
Fig.3 HPLC chromatogram of fluorescence detection of less-polar HAA extract from charbroiled mutton spiked with
HAA standards (A) and charbroiled mutton only (B) (less-polar sections)
1. Glu-P2; 2. Glu-P-1; 3. Norharman; 4. Harman; 5. Trp-P-2; 6. PhIP; 7. Trp-P-1; 8. AaC; 9. MeAaC
S AR T T PR ] e 3 4 30 2 2 g 1 K kR A T R AR R B, Wu A5 IS 2R A PR £
Trp —P-1, Glu—P~2, PhIP, AaC fil Harman, HE&HH 1.3 ~23 ng- g™, H1 Glu-P -2 #23 ng -
gfl o Solyakov SISV 5Y 20 , BEXY P fEAE Norharman ., Harman, PhIP, 4,8 — DiMelQx F1 MelQx, H:
Ze e B B LAY PR, SRR 0.2 ~12.9 ng - g7, R EARREGLER B, HEB 5PN T
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TR PR R R T AR, i B A S LI B B 2 T AL o J BRI 5 AR, Sinha 457 R BILAKE
4 AETER 2 ) MelQx 1 PhIP, &4 8.2~30ng - g ',

PEARRRE IR B AT, i Tor=, i TR e A2 i F B g 2 fEE A s o =0
R IR RS AR T 7 0P i B S AR, R = A AR 2 0 1Q Y2 3R . Tk A
AW, BT X, REERR E AR e i, DR 2227 A AR e 2 o i, it 5 X 3R
FE L8 A ] it A T B S A VRIS Nl R B ), A58 IR ]t P A A O BOSR 78 ) TT e h Z BE R 1 F A 7 )
(AR IR AR ILHEAT 2 B, AT R AR A - HPLC 773, 8 ORI 5 Fi e 4t R i i rh 24 346
e G TR, Z5RERIT, AE S ARG o R AR PE 2% 3R, H Norharman 1 Harman |2 £ 7
T 5 FhPAEI S, PO DL SE At S R A L IR B TR G A A ek, IR E
— BN T 07 X SR G E O R e HEEEAR A

S 3k
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