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Abstract: The content of heterocyclic amines (HAs) in traditional” sauce halogen t was detected by high performance liquid
chromatography (HPLC) to evaluate the safety of traditional meat products in this study. The content of HAs and basic chemistry components in
the meat were studied through their different kinds of meat products, processing technology conditions and location sources of sampling..The

results showed that the basic chemistry components in differefit meats had significant differences .Content of HAs was higher in the individual

stalls than in supermarkets and exclusive sales. Conte:
technologies, which reached 13.40 pg/kg and Norharm:
chicken , and the content of HAs in skin-of sauce pot stewe
chicken, respectively.
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s higher in sauce halogen-roasted and roasted than other processing
were detected in all samples. Content of HAs in skin was higher than in

hicken legs, chicken sauce halogen and Beggar's chicken was 2.8, 1.5, 1.5 times in

(B EE VA P b HAs BN B FEtepoms kA4
[Pz, A LR ARG A S HAS RERi.
J3E FE IR HPLC WISE 1 RS, #EE A, b
A, A RRTAIRS S RS HAs, S5 5%,
TE 5 PP AT 6 AR 23, BN
PRI 8 R SR R R S R[] o 4 S5 7
THISFIZERT R HAs (IS S, A4 RTH
HAs S5 E8N 16.65~60.38 ng/g: SXSAIAHEL, HErny
A HAs & &%, JLH/Z Norharman. Harman F/l
PhIP, 73%)4 3.06 ng/g. 1.08 ng/g Al 7.04 ng/g. Wi
SLURHARE T T A A R X 5 RSl 9 Rl
HAs &5, 45550, SR X FNPE At X i)
a U HAs S8 B3 i T A X . o 7t — 5o
LG A HAs FRRF A AT I8 I BEH LAY
AN AP TR SR R RS RS,
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TG RL T Z, R RO G s I iy £
feGEAf L O Bl HAs &8, B T i L5
A, P G AL G P e
WERS, RN S A 02 A RO
B o

1 HRSES

1.1 $ A

&
Waters 1525 & RGHAH 3 . Waters 2489 484zl
ZRF0 Waters 2475 SEAEIIES, Waters A#]; 12 & [H]
AR E, HAREAR: N150-2 WA, HigE
AT YQD-09 RARESEE, FHEH
{X#5; SB-4200DT HEFPIHFHENL, WA k&
AIRAF]; XHF-D Sid o #3miL, 7EwRHA
FRAT]; AB265-S LR, Hi AEREH); Milli-Q
alfi/k#%, £HE Millipore A7]; HC-3618R Rl
Ol ZRP R EAEA TR A F; K9840 A 3L
FOERUL, P EgREA ] .

WA

Harman ( 1- FF 2&

1.2

-OH- Mt BE FF [3,4-b] M5l Wk D

C%‘Jnu RO R, X 1 RiESE A b AT
[

Norharman (9H-PEIEFF[3,4-b]"5[%% ), PhIP (2-%Z3&-1-
FHJE-6- 2R LKL FE[4,5-b]EBE ). Trp-P-1 (3-2%&-1,4-
TR R SH-MERE 1 [4,3-b1WIED . Trp-P-2 (3-Z(F-1-
FHJE-SH-MHERE FF(4,3-b]5 M) 1Q (2-24 Jk-3- H LK M
FE[4,5-F)EMK) - MelQx (2-% F£-3,8- - FH LKA I [4,5-1]
ENRID) . 4,8-DiMelQx  (2-583£-3,4,8- = H JEIK e 5
[4,5-fIMENREMR) . AaC (2-Z35-3- F J-9H-MEE [ 2,3-b]
5|, IE K Toronto Research Chemicals A ), 4l
¥IKT 96%; Bond Elut A2 (proplysulfonic acid,

PRS) [EAHALEFE (500 mg/3 mL) J&[E Agilent 24 7 ;

ProElutC18 [EAHZEHAE (500 mg/3' mL) DIKMA /A&

ke 1, RETTRFE WA A BRA Fls LR LT
HEE, HiR. 4 (HPLC 20, ; Hith
5o J%Bmﬁ%ﬁﬁﬁﬁu

13 F& ﬁ%'q

FEHASIH T REHIASE 6 KA APERT 4 ZHTTA 5
HRAEBIEN 11 FA . 2R AT 11 MiLs
o I
Lo KRARRITARESETEE . AMURESE . oA, A
,/di‘é@/\m, T-18 CUKFAHIRIE. FTAT A dh

SRR A Sk, iR, ERME 3 K.

® 1 ARG ARG 2

Table 1 11 ki

of traditional meat products

WILIZ A K 22 A
~ #m0iE (ABC) G ¥ B
. BNEL. kil B ETRLE AN \ BRER (ABC) xem
2 KK, K AH AR Z54R (ABC) 4
A% e (B) Es
RIFE, TREEN SRR, K% ) AL (ABC) 2%
Eih FafFAHAE BB AR s (A) =
AR, K M#SF (A) ke
.23 h RIAEIE, 4| 5 min 3 EAESMRER (A) R
AAMHAR (C) & 3 P2
X . A (A) =%
7 EE A @ AN 1 A 2 s () s

E: AL BRC ATHLEEZANE, AREANASEE, BARAKET, cﬁ%«%’@r

14 5SLin 7k
141 ZaRegnE

12218 GB 5009.5-2010 il ¥
142 RERregmE

1% GB/T 9695.7-2008 AT 2.
1.43  Koegmz

1418 GB 5009.3-2010 #4752

144 RHye9MZ

118 GB 5009.4-2016 470 72
1.4.5 HAs##IX

S Yao ' RIALHE T, RfBE. BUREAESR
i FRCE 30 min, HAAMEGR. AEFIFRI 3.0 g WFE,
BT 50 mL SO T, RN 10 mL LR 4BE 1 mL
KK 1 mL = ZHERA S, 8000 r/min £5.0» 10 min;
Pt Fi% FIR L E SR 2 k. & IF RIE, R
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T 5 mL & FEiE 16 Bond Elut PRS [ HAE
BUkE b, $HIRHEA 1 mL/min, FEA4AEEERL PRS
Foja, ¥R T K 6 mL 0.01 mol/L 582, 15 mL
FE- B2 0.1 mol/L HC1 (3:2, V/V). 2 mL ACK IR
PE HAs Yelii % 50 mL i IREWAE, RG]
S 5 mL FHEEAT S mL /KAL) C18 B A AU

(500 mg/3 mL), H 2 mL 7Kitk¥k, #i /5, P 2 mL
FRE-Z0K (19:1, /) Wb, WM T 10 mL
RE . PRI EAER PRS BEA AR 5126 H 2
mL FEEAT 5 mL /KIS C18 [E AU (100 mg/1
mL) A, FJ 20 mL 0.5 mol/L FE&fRE: /K% (pH 8.0)
¥ttt HAs M PRS A% EBEMLE C18 A |, 3% PRS
FE, F 2 mL ZKikE C18 ¥, T /EH 2 mL HEE-Z
K Q9:1, VW) PWeliZE 6 mL iR, WhiRE s
XAE 50 ‘CZ&AF T 60 min KT, F 500 uL FHEEE A,
i 0.45 pm Ekid RS, SRS IERE HPLC 404
14.6 Z0RAMEE

SunFireTmC18 i 4+ (4.6 mmx250 mm, 5 pm),
FElL 30 °C, #EFEE: 20 uL; JishiH: ANZNE, B
<2 tREAH

Table 2 Chemical compositions

N 0.05 mol/L BERZ-BERRA2E A (pH 3.4); s N
1 mL/min; BAEEVEBFEF: 0~20 min, 5% A ZiM4T+E
25%A; 20~25min, 25%A; 25~30 min, 25% A 2k
B 25 5% A 30~35 min, 5% A. LAMENE K : 263 nm

(IQ. MelQx. 4,8-DiMelQx); el CBk/
KD BV P& EN: 0~21 min, 300 nm/440 nm

(Norharman F1 Harman ); 21~23.8 min, 315 nm/410 nm

(Trp-p-2 #1 PhIP); 23. 8~35 min, 265 nm/410 nm (&
W Trp-p-1). | 4

L5 B

FiaHdER A CPEARAE i 223275, 8 H]

, sl
2 %%EQM',‘,

2.1 fZ5 AT L F R

LB ARG X
traditional mea ducts

SEIES FARN(* 107 g/ g) BRI % 107 gf g) K /(x 102 g/ g) RN %107 g/ @)
# [ AHE A 23.43+1.18% 7.35+0.77% 64.30::0.25° 2.60+0.18¢
# [k B 24.65+1.17¢ 4.46+0.38% 60.50+0.18° 2.57+0.16%
¥ K AR C 22.14+0.99¢ 10.75% 62.73+0.09¢ 2.3120.05%
RHE R A 19.00+1.05f +0.68° 48.38+0.34" 1.1940.14
RHE B 16:910.69' 24.86+0.73° 49.37+0.07" 1.63+0.01¢
RHE R C 17.17+0.888 23.3940.36 49.60+0.09" 0.8620.058
AEFHA 19.98+1.27" 3.2640.12" 70.54+0.12° 5.05+0.06
EH4 N B 4 18.81+1.05% 3.874+0.12" 65.82+0.13% 4.98+0.11°
19.42+0.91" 3.0140.24" 67.740.09° 4.53+0.25
4620.65° 9.89+1.35° 51.6+0.158 2.88+0.13¢
25.87+1.24° 11.68+1.27¢ 50.60+0.13% 2.19+0.22¢
28.7242.18° 12.32+0.61¢ 53.45+£0.218 1.84+0.43¢
17.161.048 16.711.25° 58.10+0.18" 2.85+0.12¢
ABHAFAARC 17.45+1.128 7.7840.36 64.30+£0.25° 2.86+0.23°
BERIER A 29.224+0.93° 5.461.308 61.76+0.12% 2.18+0.13¢
F Rl A 23.95+1.13¢ 11.34+0.72¢ 52.93+0.27¢ 427+0.36%
FA% M B 20.99+1.47° 3.63£0.24" 70.9120.28" 3.26+0.17°
w FE38 A 21.14£1.15° 10.23+0.56° 58.610.90" 2.72+0.48¢
B aew A 24.87+0.84° 14.68+0.47% 52.60+0.13¢ 2.19+0.10°

i AREANAIE, BRERT, CREFEE; afb ARFFEY, REAMNATEREFE (p<0.05).
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M2 WRTRERE SR A BB K FUK
5o FEMAFE A& EAEREER (p<0.05). 1E
HIFEFERT, F xS, ¥ xRS & (A 5k
SR 0.24 g/g, 0.22~0.25 ¢/100 g F10.21 g/g,
W N R P R SR R e AN [F) SRR SRR P

KEFEFTRHASN (p<0.05). R &R,
X% 5.05 g/100 go

229 B I RAT R R B VR R BY 1 AR

<ok i 2
e M P e O R
REE (p<005). HIH, TTHLEARFEIINT 24 G 0 FHAFR AL VIR R RS, TR

FEFARE [A]) X8 0 1 & &7 AR gl o AU 9T
Liaol VI 1AL JHIHE B AT A0 X g
PR RS s, SRR, AR Ty
XA, EARSESAMEE, FHARET &
)ik e a8

M2 TR, BRI, I EXS A
T G HR IR & EE R R (p<0.05), 7l
0.11g/g~ 0.10 g/g 1 0.04~0.07 g/ g, AIHENUAEASIEHiT

Bl L, TERSAE I, LS & it vor w0
HBC. T OB TR, SBRZEK I A, 08 10
SR, 5 PR BT T, 006

M~ AERRERE, AR, ARG

EEMmIK. LT, 0.04
Szterk 2RI 9 3 B s MR LE % it FE T, A 0.02}

M Z, b aT DR e e % 5
SO S Y\ I T e b Fe bR A G, 15 S TE
WXESS, Talis R B, X5 LT 2% UM ke

EH 2 WA, REERE S K TR o3 8 5 Al
EZER (p<0.05), AR TZ TSPl
BB IYAEXS K 7 &5 N 0.61~0.64 g/g
B GR A K S B . AN FEARSE ]

b

G5/

IR BT IR P AR P o AERR I AR LR 0.05. 0.1, 0.2,
1. 5. 104 20 pg/L FRREIREE, Hleft 2B 10,
20, 50, 100, 200. 500, 1000 pg/Ls MK A
WREEARIERE . MR 3 AT AL, ARMEZIFIEAE 10~1000
ng/L MR RRAF, AR R ug/L <

AU

0.00

0 6 1'2 Il8 2l4 3|0
{if F 1) / min
&1 9 #h HAs ¥R EmRAYELIME T & LR
Fig.1 HPLC chromatogram of the mixture of nine HAs
standards

73 9 MHAs RURRIEERRSR . MEXARBAIZMER R

Table 3 Regression equations, correlation coefficients and linear ranges of 9 HAs

wedh < B35 A2 EEE¥-4 KX Z/(ug/L)
1Q 1=96.765x+948.23 0.9995 10~1000
MelQ y=172.6x-2625.8 0.9991 10~1000
4,8-MelQx 1=163.61x-1650 0.999 10~1000
( ‘ PhIP y=3000000x+519295 0.9980 0.1~20
y Norharman 1y=353606x+110514 0.9998 0.05~10
Harman y=736067x+514527 0.9954 0.1~20
Trp-p-1 1y=109895x +136544 0.9985 0.1~20
Trp-p-2 y=436873x +208873 0.9932 0.1~10
AoC y=115274x +42373 0.9990 0.1~10

T i LEFRE] Trp-p-1 1 1Q. HHAFIMTTLE
AN QIR B B AR % = L2 WA A
FAEFREED BN 0.97 ng/g A1 3.63 ng/g, #EH| T

23 AREWIIETHH T HAs 84 &
AFIN T 2T PRIl A 2 3 105 R 45

HINZE 4 Fron, B3R 4 740, Norharman A1 Harman
TE B A R a FR R H R, 9 o) T R 2
Trp-p-1- Trp-p-2+ 4.8-MelQx F11Q Ff HAs, TEJHILE-

RS FINYAERS & 553708 7.12 ng/g 112.81 ng/g,
Fpd. mE-¥ K T2 HAs SR s-EH]. &
TEAC. AR BRI S R, ARk
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TR A AFRIEZSIAEAE 200 CHAF
B, T RERRE AR T b ] 5 R
P, iR, KRR, SEUHAS ERI A R

22 [ I 0 ] PR ) et R R T Fo A, R
ASPP R A BT BEAE ALl il PR T FE RS R  Se B
W), M E ESEREA, i HAs FERY. Liaol'™i 5T
TRNE B S AR A I 4 Fin 07 300 g
P HAs AR, R ILETRS A HAs & 255,
HIFEN R, B r e A, JF HERE T 23
HURPSELL I L L Z R A3 A =2 . Fei Lu M
Gunter & 1 RE T LM 11 Mg e & i fe HAs [
i, BRI HAs & ERE . RAZAP)

Harman 7EX% A /= AR 3 PR3E L DU b 2] (17 5rh #
Rz .

24 F R ERIEA F &P HAs &

KEERIEA RIS HAs fI& 8k 5 o
Ro MAPERHUEH HAs BT AL )5+ HAs &
L, w O ARG REAT LA A A SR
FErb HAs (8 B EC LB R A8 T URE 2 A &
i, RGN AR A A O A GRLEEAI
[B]) XF HAs 74 1520, 3 i R ing. T2, 1
¥ BB A AR R P SR AT L B IEREE 244
I e, T A NI g T PR IR S e

WEFE T ASEDN 7 206 HAs & &1, s AR PHAS T AR NZ T RANEARS TEY
WRIET AR HAs & &5, FFH Norharman F P N AT A0
% 4 FEMLTE FAIRRRTRNE S (he/e)
Table 4 Content of HAs in different process of meat produicts (nglg)
mITY L Harman Norharman Trp-p-1 Trp-p-2 4,8-MelQx
B A 0.34+0.09 0.97+0.84 nd nd nd
HFE® i 3 1) 0.15+0.06 0.67+0.15. 0.29:£0.02 nd nd
EAR 0.35+0.09 o.7oa< 0.81& nd nd
pichi} 0.200.04 0.83+0.10" nd nd nd
hVE-4 X # 5 et 0.12+0.02 1.70+0.16 nd nd nd
AR 0.47+0.11 1.62:+0.25 1:49+0.25 nd nd
A RIRA 0.10+0.06 39+0.15 nd nd nd
R - AR 3UAR 0.76+0.14 56 nd nd nd
= 0.760.05 37+£0:33 nd nd nd
- |t 0.38+0.03 1.434£0.12 0.86+0.09 6.24+0.41 2.74+0.32
Mty 0.73+0.14 3/62+0.30 0.310.05 0.63+0.16 0.86+0.29
I ITY H R IQ AaC MelQx EoF
R nd nd nd 1.31
+pq %) %1 BF s nd nd nd 0.97
CEAFR 36+0.03 0.26+0.03 nd 3.63
\ iz 1.040.20 0.46:0.08 nd 2.54
i @4’— 5] N Doy nd nd nd 1.82
j ok 5.4220.42 nd nd 7.45
AAERIEA nd nd nd 2.49
*-H TR FUAR nd 0.34+0.03 nd 13.40
W S nd nd nd 11.12
b | 7t.328) 1.16+0.20 nd nd 12.81
A 0.97+0.15 nd nd 7.12
E: “nd” R TR TAEE LA T,
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5 NEMFEHKIEF G MY HAs IS & (ng/g)
Table 5 Content of HAs in different sources of meat products (ng/g)

REREES KA Harman Norharman Trp-p-1 Trp-p-2 4.8-MelQx
A 0.43+0.10 2.18+0.26 0.22+0.03 nd nd
3 o 2t g B 0.22+0.09 2.67+0.28 nd nd nd
C 0.1120.07 1.70+0.16 nd nd nd
A 038:005 1276023 1.32+0.24 nd nd
AEFR B 0.52+0.07 0.71+0.10 0.59+0.05 nd nd
C 0.15+0.04 0.11+0.02 0.52+0.20 nd nd
A 047:009 2201021 1.85+0.31 nd nd
AR B 0.59+0.05 0.93£0.16 1.0120.28 nd nd
C 0.19+0.21 1.71+0.31 1.60+0.35 nd nd
A 099:0.13 1.78:038 0.58+0.07 nd n
R B 0.26+0.04 1.53+0.33 nd nd ??
C 0.76+0.16 10.37:£0.90 nd nd nd
R E9FF RAE 1Q AaC MelQx. ~ _PhIP P
A nd 0.82:0.16 nd nd 3.65
gy B nd 0.42+0.34 nd nd 331
C nd 0.72+£0.15 nd nd 2.53
A 067£0.12 6:4365"7_ _____ & nd 4.08
AEHHRA B nd nd W nd 1.82
C 0.420.60 0.35+0.09 nd nd 1.55
A 7445063 nd N nd nd 11.98
A SRR B 2.06+0.18 nd nd 4.59
C 6.75+0.72 nd nd 10.25
A nd nd nd 3.35
KA R B nd nd nd 1.79
C nd nd nd 11.13

i AREMNARE, BRERLT, CREEEE, ‘DDA FLEFELTREEAT
7= 6 3B FI AR AP SRL F2E 53 A0 HAs BT L45

e 6 Content of chemical components and HAs in meat and skin (ng/g)

R

Eam/* 107

9 MEW(x 107 glg)

K % 107 g/g)

RAN( % 107 g/g)

HAs %4F/(ng/g)

7 (A,

A, M TR 26.78+0.96" 4.52+0.32° 55.23+0.96° 2.69+0.34° 9.15
Xy 14.43+0.78¢ 18.75+0.85 61.15+1.37° 2.77+0.14° 13.35
& 21.14+1.15° 10.23+0.56° 58.610.90° 2.72+0.48" 12.81

FRHE (A)

M) (R ) 26.31+1.47° 3.34+0.75° 63.14+1.26 2.65+0.28° 1.36
b4 15.83+0.96¢ 10.76+0.59° 64.35+1.06" 2.75+0.26 3.77
- &u 23.43+1.18" 7.35+0.77° 64.30+£0.25 2.60+0.18" 3.65

ERp (A)

X () 27.32+1.17° 5.47+0.91¢ 52.45+0.85¢ 4.16+0.17° 1.55
X B 14.45+0.98¢ 19.45+0.94° 53.16+1.85° 4.25+0.10° 2.36
- 8ne 23.95+1.13° 11.34+0.72° 52.93+0.27¢ 4.27+0.36° 1.82

E AREANAASE, afeb ERFIFEHY, MAAFTEFIREE, FRANAFTEREE (p<0.05).
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25 HAH P YRAGE R K) F HAs

i B IS 4] / time

i B IS 4] / time
& 2 WEBHERFRE (a) FIABRA (b) #MAE HAs BIZLH
aEE

AR AR S EEREE (<0.05), KNERANDE
(p<0.05), MULEXG KRG & 27 03, B XX Al
B GEK A RZERARE (p<0.05) MR (4
WD HERARS RIS EE R, WA (N 1

A7 U3 B i o W R 6 AT N RER e & B XS B AN,
IR E S AR, 5 R RS AL AN
X8 7 HAs Kol Pe PRI & s, 2 3 T HAs 17 2.8.

1.5 R 1565, P HAs (&= R0% K&
B, RSN T AFFER R, IR E il sk
TN HAs 2 By, T s i BN IR B — A
100 CHAET, LK, il KimpL i,
TRHEES AL, HAs A REC. M+ HAs

il HAs JERBCHEEFEE, AR K HAs
TREETAY HAs SR, 1RGSR RIS N,
T I 37832 7 1 P T Y I AR N ARG Y
(R R 2R BRI i oA i ], ] 2.
FAAART 52, Wang' W07 7t s SR D A HAs [RI55 2,

300

1FHZK A A HAs S EA K, EMFRTT,
IKFEAT LAREAIG HAs 1T O 7838 Y R ATIAT 1
Z5, 1FH A HAs ZRFH) 3 fi%. Solyakov FH
Skog I FE RS A AN I T I T 2K, B FUAS NS A
il 100 ‘C 44 R ] 240 min 75 1!, PhIP.1Q.MelQ.
Igx. 8-MelQx. 7,8-DiMelQx il 4,8-DiMelQx #B4bT-
KAl LA, ATRER A HIRENS, AFIT HAs AR
%fF. Liao"ERFIL T MA-Hparh HAs &8, 7EU
R 4 min B} Norharman 7EPIH & 504 1.0 ng/g. B2
4.02 ng/g, Harman £ H & 7E R H14 0.26 ng/gs 171 0.87
ng/g. MYAEXGHIK G 22 5 ks, A L B BN 7K
B, XAREE LR MR AT B 5. T
B, KRR ‘

I

ARUSFNARET T OTRIE BE L 11 FhR
AT IR ERTUREL, ST IS, DA
Pexi A b HAs S AR B AR TR T
A%Up%qﬂﬁ‘ﬁg%%ﬂﬁ, e p A -

o

HASI SR, KRG AH HAs &, Mt
IXF] T 13.40 B HAs & s e m TR OF
W HE S HAs K&, B ISR HAs A
e 2SI P HAs # 2 1 2.8 %, fEIYfEg
HAs WR s fem, ARG (R E2) Hf HAs
i HH #2012 13.35 ng/g A1 9.15 ng/g. HAR HAs (15

TEAT ng 0 ERERIEATEMN, EVOHTEER

RIS, R DB P s B A, AT
ARHE HAs R fEHE . 50, T RS A
PRI, I TR R 75 ik — BT AL
.

A LK
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