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Abstract: The heterocyclic amines (HAs) are a family of mutagenic/carcinogenic chemicals formed from the
cooking of muscle meats such as beef, meat, fowl, and fish. A major draw back in the analysis of HAs from
foods is their very low level of concentration (ng/g) and a number of matrix interferences in samples. Solid-phase
extraction (SPE) is one of the procedures widely used for the extraction and purification of HAs in food samples.
In this study, several SPE procedures of HAs determination were performed. Recoveries of the HAs were obtained
from comparing a matrix such as a standard methanolic solution and pre-cooked meat extracts. Recovery values
were ranging between 25.3 and 93.0 % at a concentration of 25.0 ng/g. HAs were determined with high sensitivity
by micro-HPLC (u-HPLC) analysis with electrospray ionization mass spectrometry (ESI-MS). Another developed
method, which is freezing filtration method, shows better extraction recoveries and good precisions. The established

method will be applicable to monitoring of heterocyclic amines from the cooked meat.
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S T AAY 2 2] AAEE wole
7357k Wt 1987 - vl=rQl Abge] €11 70 %0
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g, 7k A8 st AL o) A
Q%’S—’ﬂﬂ LA Aol vk 4 A

AFe] 2E7he F AHEE R RE AF
o] FAAEH Az wet A8 714 sgtE
A o g 259 548 ob4 +F
AEFE o] 7] Fier 74
ol X 27HE T AT M2 A=
o] &5l 2 o AF AAZA AW 54 JIF
ol yehg ZRI7IE Ater]= mi-¢ ojgf & Lol
ol gl AHE T LUAHE U= 2 Tl
= FHZAL]ZY o} (heterocyclic amines, HAs)©]
AT, HAse §7, &, o8, 223 A4 55 Dol

‘é
HJ

3

o
o
0

Aminoimidazo-azaarenes

A g 7150 RQ W o] iks Fdohl Ei
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Fig. 1. Structures and abbreviations names of HAs.

4.8 DiMelQx, mw : 227
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Trp-P-1, mw : 211 Trp-P-2, mw: 197

CH3 H
Norharman, mw : 168

Harman, mw: 182
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SIE o|FoEA wE L Zet FAE S Eleta
2F stot S S g AUEE FFAIT] freezing
filtration 3~ SPEZ F&3l= W = AA3IAth

2.

>
oo

21. A%F # XM=

slelZAto] 22 ofvl FEEZ 15%, 1Q, MelQ,
MelQx, 4,8-DiMelQx, 7,8-DiMelQx, Tri-MelQx, Trp-
P-1, Trp-P-2, Glu-P-1, Glu-P-2, PhIP, AaC, MeAoC,
Harman, Norharman Toronto Research Chemicals
Inc. (Toronto, Canada)AFoll 4] F+43tH oW, FF-8N
2 EFEA S HPLCH WEEd 59 1 mg/gd] &
=2 Z2ABE e, £43817] A 500 ng/g ©lstE &
3] AH&-3}% T} Diatomaceous earth extraction cartridges
(Extrelut-20)2 Merck (Darmstadt, Germany)AFZ 5,
PRS column3} C;3 Bond Elut cartridges= Varian
(Harbor City, USA)AFZ25-H, Oasis HLB cartridge (60
mg. 3 mL)= Waters Corporation (Milford, MA, USA)
ALZFE FYEt ARSI & 9 AAE BE
Sk Ao AME 2E f+7]8 7= Burdick & Jackson
(Muskegon, M)AF2] HPLC 5H& AHE3Ith Ul
¥FEZQ 1-naphthylamines Aldrich (W1, USAALZ
HH Fdste] ARE-skAT

02 Bi % 7T

A8 4 AxE 98 A& sZ40x7=
Labconco (Kansas, USA) A}2] Stoppering tray DryerS
ARESATE AlEe TS 934 Eyela(Tokyo,
JapanAto] AAFF7]9}F I AFEEF7E AHEEHA
3, JAE FF-2 Supelco (PA, USAYAFS] SPE vacuum
manifoldE AE-313 T A& &3 2184 Termolyne
(Towa, USA)AFE] vortex mixer9} Eyela (Tokyo, Japan)A}
©] Multi ShakerE A&t Al 89] 259 TS
%13l NEURON FIT (Tokyo, Japan)A}2] TAC ultrasonic

Table 1. Operating conditions for HPL.C

40205 AHEEITE 2% HAS FdA e 32°C~
535°C7}A) 7}58 Raynger ST™ (Seoul,
Korea)2 A&-3}51 T}

=4o)

23. 24717

2 ¥F 5 HAs® w45 913 AH&-¥ HPLC Y=
binary pump system©] “&ZHEl Agilent 1100 series
(Palo Alto, CA, USA)E AF8-319 21, MS= Agilent
1100 series LC/MSD Trap (Agilent Technologies, Palo
Alto, CA, USA)E AM&-315it}.

AF F HAsS £4& 93 a2nEady 28
+ Zobax 300SB-Cg(Agilent Technologies; 0.30 mm
x150 mm LD., 5 um particle size)2] ZA & AP S
AHgstger 7 EEZ Uid £2l= 15 ul/min
o] f&o 2 o] AR A 2HE ARSI °olFd A
= 7.5 mM ammonium formate buffer (pH 2.8)& A}
£33, ©l5% BE acetonitrile©] oW 7]&7] &
v 271 AREEAET 2710 A7F 100 %0l A3 20
ol AAA 60%7HA] Ao A A-HIF S
A8l A 100%2 1587 SHFAtH(Table 1).

ALgE AFEA7]E o)X F (on trap) B EN S
Agilent 1100 series LC/MSD Trap©] 12, o] &3}
= Yol Wy WA +F o] 23)(electrospray
ionization, ESI)°]1T}. Capillary voltage®} nebulizer
= 27} 3.5 kvel 15 psi ©] Q3L drying gas flows}
LxE= Z+ZF 5 L/mind 325°C ©] 21t} Skimmer2}
capillary exit offset-> 7z} 40 V9| 137.7 V ©| T}
Z12] 3 Max. accu time$} averages= 27} 200 ms<}
301212 ™, Full scan modedl|l A Hlol8 =S 13+ &
2 24 W 9= m/z 50 ~ 300004 3= ATH Table 2).

24. Az FHxzPY

241, g A

T SFE 7HE giAl ZA =2 -70°C deep-
freezeroll 3A17F &<t Wol] A9 ths ol FAAZY]

Parameters Conditions
Column Zorbax 300SB-C18 (Agilent Technologies) 0.30 mm <150 mm 1.D., 5 um partticle size
Flow rate 15 puL/min
Column Temp. 25°C

Mobile phase

Injection Vol. 1 uL

A : 7.5 mM Ammonium formate buffer(pH 2.8), B : ACN
(100% A, 0 min; 60% A in B, 0~20 min; 100% A for re-equilibrium, 20 ~ 30 min)
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Table 2. Operating conditions for mass spectrometer

Parameters Conditions
Source ESI in the positive mode
Capillary voltage -3.5kV
Nebulizer 15 psi
Drying gas flow 5 L/min
Drying gas temperature 325°C
Skimmer 40V
Capillary exit offset 1377V
1cC on
Max. accu time 200 ms
Averages 3
Mass range in full scan mode m/z 50~300

o] Wi 39 F9F A=A
AP o] g3te] AA Fo o olF
1 M2] NaOH 12 mLel| ¥t} 28]3 14]
sonication A]Z1 F 2A]7F &9t shakerZ &EE9]
A AWAE 5d3 FAlo 3] Fdst A

| 3 g sample |

2

o] &z &NS Extrelut-20 ZH] B 108 5
2S5 A7 F wE 5 mLe HCl 0.1 M3} 10 mL
H,0, 5 mL MeOH=Z &4 3} Al7] Bond-Elut PRS Z
Yol A3} 80 mL HEREWEo T SEAA B
A1 E-o] Extrelut-20 ZH 4] Bond-Elut PRS A#H o2
o|%3}A 3ty 2¥ the Bond-Elut PRS ZH < 15
mL MeOH:H,0 (4:6, v/v)3} 2 mL H,0Z A o] =t}
oluf NS € 15 mL MeOH:H,0 (4:6, v/iv)oll = 1]
2ol HAs7L &3) Qe ® IHZuisr|s 2
7} 1 mLo] HEE AZAIZ 5 Ci THEZ]A
7 &&A171th g 5 mL MeOH®} 5 mL H,O=
A3} A7 Cj5 7HE B XS Bond-Elut PRS A H |
A3te] 20 mLe] 0.5 M AcONH,(pH 8) 20 mLE &
EA1Z0t 5 mL H,0Z Cj3 7FEZAE A olFaL o
Al 2.0 mLe] MeOH:NH; (9:)E §2A17] th& o] &
NS A FEHVE 2318 A G FH Ui
X l-naphthylamine©] =°} %= 1 mL<e]

Al
gHo g BE LC/MSO FY3h FE4A)

Zzu
ST

&
bl

Lyophilized and powdered sample
Add NaOH 1 M, 12 mL
Sonication/shaking 3h

| Extrelut 20 column

[Elution : CH,CL, 75 mL

| PRS cartridge (500 mg) |

Washing

Elution

Preconditioning

1) 5 mL HCI 0.1 M
2) 10 mL H,O

3) 5 mL MeOH

1) 15 mL MeOH:H,O (4:6, v/v) -> loading to C;s cartridge
2) 2 mL H,0

1) 20 mL AcONH4 0.5 M, pH 8

Cis cartridge (100 mg) |

Elution :

Preconditioning

1) 5 mL MeOH

2) 5 mL H,O
Washing : 5 mL H,O
2 mL MeOH:H,O (9:1, v/v)
Dryness with N»

Make-up to 1 mL methanolic solution (IS)

Inject 1 uL to LC/MS

Fig. 2. Sample clean-up and extraction method 1.
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| 3 g sample |

Lyophilized and powdered sample
Add 12 mL of IM NaOH + 28 mL ACN + 2mL MeOH
Sonication/shaking for 1 hr

Freezing at -78°C for 10 min

Centrifuge at 4500 rpm for 10 min
Collection upper layer I

Add 28 mL ACN and 2 mL MeOH
Sonication/Shaking for 1 hr

[ Freezing at -78°C for 10 min

I Collection upper layer II

I Mix layer I and II

| Evaporation using rotary evaporator

[ Extrelut-20 column

Elution :

Evaporation

loading aqueous residue

80 mL of DCM:EA (5:5, v/v)

Add 10 mL H,O:MeOH (9:1, v/v) + 1 mL of IM NaOH

I HLB cartridge I
Washing : 5 mL H,O
Elution :

2 mL of 2% acetic acid / 65% MeOH
Filtering using 0.2 pum disk filter

Inject 1 pL. to HPLC

Fig. 3. Sample clean-up and extraction method 2.
& Fig 20 UYeRi At

24.2 diE 2

HA &L SFEAEDHES 7R ZA ZE -70°C
deep-freezer (-78°C)°ll 3A17F <t Hol d& Ut 3
U WE AN 54 7AxE a71E Al 93
oF BAAPES o] §3te] AAl & ¥ 3 g& FHFH
IM NaOH 12 mL2} ACN 28 mL 22| 3 MeOH 2
mLE B3 oF IAZF 59t 250 Tk 2 Wk A
AZIt} o] £NE deep-freezerol] 10 ES WX gk
, YA 719014 4500 rpm, 105 FF YA RS}
FEHe MR FolErh ThA] ACN 28 mLeh
MeOH 2 mLE ¥ oF 1A7F &9t 29 v 2
2 FH S AZl F deep-freezerol] 10 2 WX gk
< AWA 4500 rpmollA 102 &2t AA R st A+
Hg v FH|g A5 4] o] EHE FHt
b ZEtaAe] &7 F A ST oM EYE

£ —101' rLllo

¢

a0 ofl o
[oX
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D3} ghgo] ¢As] 3 wirbx] FEAKIT o]
ZFAFS Extrelut-20 2ol ¥ 108 52 &3 A7
% 82 A (DCM : ethylene acetate, 5:5 (v/v)) 80 mL=
SEAFth 829 T 3 7)oM) SEAT
5 ZAboll 10 mL water : MeOH (9:1, v/v)$} 1M NaOH
1 mLE Y3 v]2] MeOH 5 mL$} water 5 mLZ 71
tMyd e HLB 7FEE Ao AAgeh. & 5 mLE 7}
EfAE “101 ZF 2 2 mL9 2% acetic acid9}
65% WEE F&A S 7}7<]J— |EA17 o 0.2 pm
I=E=t1 T’JHE A Fa 4 Ayl YAk
(Fig. 3).
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Table 3. Retention times and characteristic ions for HAs studied

HAs (rl;i:;) m.w. Characteristic ions (m/z)
1Q 9.3 198 199 [M+H]", 184 [M+H-CH;,]*, 157 [M+H-CH;-HCN]"
Glu-P-2 9.3 184 185 [M+H]*, 158 [M+H-HCN]"
MelQ 9.8 212 213 [M+H]+, 198 [M+H-CH;]*, 197 [M+H-CH,]*, 172 [M+H-CH;-CN]*
Glu-P-1 109 198 199 [M+H]", 184 [M+H-CHs]*, 182 [M+H-NH;]*, 172 [M+H-HCN]*
MelQx 11.7 213 214 [M+H]*, 199 [M+H-CH;]*, 173 [M+H-CH;-CN]*, 172 [M+H-CH;-HCN]*
4,8-DiMelQx 12.8 227 228 [M+H]", 213 [M+H-CH;]", 160 [M+H-C3H,N,]"
Norharman 13.0 168 169 [M+H]*, 115 [M+H-C;H,N]"
7,8-DiMelQx 13.1 227 228 [M+H], 213 [M+H-CH;]", 187 [M+H-CH;-CN]*, 131 [M+H-C,H;N;]*
Harman 14.0 182 183 [M+H]", 168 [M+H-CHs]*, 115 [M+H-C4HgN]"
Tri-MelQx 14.1 241 264 [M+Na]", 242 [M+H]", 227 [M+H-CH;]", 201 [M+H-CH;-CN]*
PhIP 15.3 224 225 [M+H]", 210 [M+H-CH;]"
Trp-P-2 154 197 198 [M+H]", 181 [M+H-NH;]", 154 [M+H-NH;-HCN]"
AoC 15.7 183 184 [M+H]", 167 [M+H-NH;]", 140 [M+H-NH;-HCN]"*
Trp-P-1 16.4 211 212 [M+H], 195 [M+H-NH;]*, 168 [M+H-NH;-HCN]*
MeAaC 17.7 197 198 [M+H]", 183 [M+H-CHs]", 181 [M+H-NH;]*, 154 [M+H-NH;-HCN]*

m/z 185

N
=
&F

oz o

m/z 199

m/z 213

>>F'

L
j—JL

Relative abundance

m/z 214
N ‘M“ m/z 228
/\ 7 m/z 169
/\ J}t m/z 183
J m/z 242

A
/JUE m/z 198
12 m/z 225

|
|

m/z 184

A

e
Jf/t
N

m/z 212

12 678 0 _AL12 14 TIC
[ 545 13/
isp

0(min)

Fig. 4. TIC and EIC of u-LC/ESI-MS for HAs.
1. Glu-P-2, 2. 1Q; 3. MelQ 4. Glu-
P-1; 5. MelQx 6. 7,8-DiMelQx; 7. Norharman 8.
4,8-DiMelQx; 9. Harman; 10. Tri-MelQx 11. Trp-P-
2; 12.

identification :

1Q¢} Glu-p-2, norharman3} 7,8-DiMelQx, harman3}

10

PhIP 13. Aa.

Tri-MelQx, PhIP$} Trp-p-2+&=

o FAo

20 30

azviEIgel A A
SEHUT SN, AFRA NN FE

Peak

< A ZvE 213 (extracted ion chromatogram, EI)ell
7t 7—1“’] EXol2Ed e ARnEIR S dof
HNElzQl g iAol 7Hs sttt
HAsE ©]573¢] 2/ sl s |71 &4o]
7] Wigell E2F Fxol| FEA U7 B2 [M+H]'¢}
WE 717 o] [M+H-CH5]'7} 7]150] & (base ion)S
2 AEFY o EAo|ES Table 39 YERNATE
15%9] HAs®] extracted ion chromatogram, EICS}
total ion chromatogram, TIC:= Fig. 4o VERI ST

3.2, g 121
321 ZAdZE=M 2 AlEbi$

HAs BFEAS #74 22 /0 e 27t
stel Axe] AL AH Pojx ARG B2 4P
FA AT AL AU AFIFHE 170

-7

~ 167 ng/g, AEXE7T 2 MelQ$} Trp-p-12 3.30~
167 ng/g =W oA BZFIAS S 4 A<

FTEZRY dglow, glF7o] 099 o]/ gt
FHATE YERA AT

oo

322. RN A

HAs £F8&9& H}E]'/‘]E( < 71l &2 Aa))
o spikerl#H FFEZ 2 = 10.0 ng/glZHE Az}
FEE SH7MAA 7]7]E A 5 A=A (limit
of quantification, LOQ)E &} 3L o]u] LOQ: Jth
EFHR7F 20 %0]31] o™ 21& o) 28] (signal
to noise ratio)”} 1091 FE= FtHch & AESHI
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Table 4. The absolute recovery, LOD and LOQ of spiked HAs in food

A
>

H

121

HAs LOD*(ng/g) LOQ**(ng/g) Conc. (ng/g) Recovery (%) £ SD (%RSD)
3.30 83.0 £ 0.010 (%11.2)
1Q 0.51 1.7 25.0 83.0 £0.011 (%1.87)
167 78.4 £0.290 (%6.80)
3.30 85.6 = 0.005 (%3.72)
Glu-P-1 0.51 1.7 25.0 88.6 £0.044 (%4.63)
167 87.1 £0.180 (%3.41)
3.30 110 £ 0.016 (%7.58)
MelQx 0.51 1.7 25.0 93.0 £0.039 (%2.22)
167 92.1 £1.93 (%16.0)
3.30 112 £ 0.005 (%4.41)
Glu-P-2 0.51 1.7 25.0 62.8 £0.061 (%11.1)
167 67.5 £0.197 (%6.13)
3.30 103 = 0.025 (%5.76)
7,8-DiMelQx 0.51 1.7 25.0 80.5 £0.105 (%3.03)
167 78.1 £1.085 (%5.92)
3.30 111 £ 0.025 (5.76)
4,8-DiMelQx 0.51 1.7 25.0 25.3 £ 0.105 (3.03)
167 20.2 = 1.085 (5.92)
3.30 25.1 £ 0.022 (5.43)
MelQ 0.99 33 25.0 88.8 = 0.342 (11.0)
167 89.0 = 0.650 (3.64)
3.30 98.5 £ 0.005 (6.03)
Tri-MelQx 0.51 1.7 25.0 87.0 £ 0.054 (9.45)
167 91.1 £ 0.469 (8.51)
3.30 59.1 £ 0.007 (2.40)
Trp-P-2 0.51 1.7 25.0 49.0 £ 0.168 (6.20)
167 50.6 £ 1.090 (7.09)
3.30 59.8 £ 0.005 (4.42)
MeAaC 0.51 1.7 25.0 31.8 £ 0.017 (2.118)
167 26.9 = 0.721 (13.5)
3.30 108 0.011 (9.37)
Trp-P-1 0.99 33 25.0 547+ 0.061 (7.09)
167 52,4 £ 0.200 (3.98)
3.30 71.5 £ 0.020 (8.43)
PhIP 0.51 1.7 25.0 773 £ 0.020 (1.45)
167 79.0 £ 0.887 (12.0)
3.30 66.5 £ 0.017 (11.2)
Harman 0.51 1.7 25.0 54.1 £ 0.026 (2.99)
167 45.1 = 0.071 (1.34)
3.30 78.6 £ 0.029 (30.3)
Norharman 0.51 1.7 25.0 71.1 £ 0.066 (10.4)
167 69.3 £ 0.438 (10.6)
3.30 61.0 £ 0.030 (30.5)
AaC 0.51 1.7 25.0 45.8 £ 0.060 (8.41)
167 51.1 £ 0.340 (8.52)

*LOD : Limit of Detection (at S/N > 3), **LOQ : Limit of Quantification (at 20% < RSD)

*:at3.3 ng/g

Vol. 20, No. 2, 2007



122 3

]
RN

Table 5. Precision and accuracy of inter-assay for of HAs spiked 25.0 ng/g concentration

Compounds Bias* (%) Precision (%) Compounds Bias (%) Precision (%)
Glu-P-1 -13.2 7.12 MelQx 322 6.51
4,8-DiMelQx -5.7 3.08 MelQ 18.3 104
Tri-MelQx -14.6 1.96 Trp-P-2 10.2 0.991
MeAaC -4.32 2.05 Trp-P-1 4.82 14.9
PhIP -134 3.68 Harman -0.219 1.35
Norharman -18.2 153 AeC -17 8
Glu-P-2 -0.558 291 7,8-DiMelQx -13.9 1.46
1Q 4.73 3.49

*Bias = (Xc-Xm)*100/Xc or (Xa-Xm)*100/Xa
Xc : values from calibration curve,

Xm : measured values,

Xa : added values

(limit of detection, LOD)= A& o] #4171 391 %
o2 AH3Aoh <] HAsel i3] LODE 0.51
ng/g °lNLe™, MelQ9} Trp-P-1= 0.99 ng/go] At}
AFE 93 LOQE 1.7 ng/g °1R2™ MelQ$} Trp-
P-19] tialX= 3.3 ng/gs YERISITE o= tE +
doll et LOD 3 LOQ# A A zoln 2
F FolA HAsE 431710 2344l AE dAE
9 7|71 e g A7ZhE AT

S|Fge BTEAS AR AUlete dAE
Z 3 EFEEE g HuAEA gEde] F
2 7hed 4H3.30 ng/g), 5(25.0 nglg), 3H167
ng/g)e] Al § ol A % &+ Th. Table 49 HAs®)
=5 Yeplidnh Al 71
e kly ﬁ]—’F% A RO Z 70~ 100 %2
S YeR 2 MeAoC, Harman, Harman, AoC
7} F7F e B 584566 %)S YERIAT, AEE
£ YehlE AN EZAIRSDRE 1.34-16.0%2] $3
gt AFE e AT Table 5).

33. wH 2

Freezing fltration® ¥ & AFg-3le] A A& ¢4
Z A A 3 thA] Extrelut-200 4] X2 -& A7
PRS®} Cyg cartridge THAlo] HLB cartridgeS ARE-3HS
2 Y 1 BT AR AX o] dEEHUEA,
DMIPE A|9lstil= tAH LR 3] 4&°] 86.5~
96.6 %= ERA AL, RSD7} 0.8 ~3.8 %S LtERH &
24 W 16 HlEiA sl Ee AdAddA Y
AFHE BAFATH(Table 6). 1 pg/g =o)X A3}
2ZA 9 13 A% FoA vlmEkA] ekolA gk
A% A= ol YA MeAoC, AaC, Trp-P-2, 4,8-

i)

rﬁi
ot [o

Table 6. Recoveries and precisions in freezing filtration

method

HAs Recovery (%) = RSD (%)
DMIP 527 £ 5.6 (10.6)*
1Q 93.8 £ 1.2 (1.3)
MelQx 90.9 £ 1.0 (1.1)
Glu-P-2 96.4 £ 1.4 (1.4)
7,8-DiMelQx 86.5 £ 0.7 (0.8)
MelQ 96.6 £ 1.5 (1.5)
4,8-DiMelQx 93.6 £ 1.4 (1.5)
Glu-P-1 93.6 + 1.4 (1.5)
Tri-MelQx 93.0 + 1.5 (1.6)
Trp-P-2 92.5 = 1.4 (1.5)
Trp-P-1 912+ 1.1 (12)
Harman 93.1 = 1.6 (1.7)
PhIP 93.1 = 1.6 (1.7)
Norharman 93.8 + 2.0 (2.1)
AoC 91.4 = 3.4 (3.8)
MeAoC 86.6 £ 1.2 (1.4)

DiMelQx %% 453 358 S7HE JeEn @
A7A, o] el gk F&4d El
tlolE = EEH;EM AR o

HlEiA £ 23S 7]

& =olX = SPEE AHE-ste] FAIFEshe A
& AAM PLCESIMSE ARE-ste] 23 (57) FlA
slEl Al 3ol EA ks WS AAEHT

W 10 M = B3 ulRA Sl 1.7 ng/gl] W&
EEA 1582 HAsE A9 A& 5 des 84
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LC/MSE o] &
278 F-sdal 1 0~167 ng/g?] FE ¥ 9]o)A
0.99 o]Ate] Blwd U433t AXAAL Byt A&3H

A= MelQe} Trp—P-loﬂ 3] 0.99 ng/gel RN LA
13%9] HAs= 0.51 ng/g oAtk B el = MelQ$}
Trp-P-19] 7% 33 ng/ge] U, YA 135 2] HAsS)
7% 1.7ng/g ©1Ath 3582 3.30, 25.0, 167 ng/g®]
Al FZeA 202~112 %S E AT 25.0 ng/g T
A 7t B 3k A% (bias)e -182 ~ 183 %= L}
B2 AP E(RSD)E 0.991 ~153 %S UEFI S
i”’ﬂ /\]D: % HAsS HH 0].7]0]] x%sl—a]. u-r] q—E]—
w3ict.
Tk 02 By o2 A A E freezing filtration
W 2y 2 7HA] HAsoll taiA = B 33
FE2a & AT E e TMB‘r ShE A
= AFET)FY el EM|EY olvlEs aHF S
A e ol&E 4 AS A Oi i Eanl= o

AAtel 2

w 92 200595 A7t she T (AIAA

T2 ALl efste] TR EUE

m
o

fO=

1. K. I. Skog, M. A. E. Johansson, M. 1. Jagerstad, R. H.
Adamson, J. A. Gustaffsson, I. Noboyuki, M. Nagao,
T. Sugimura, K. Wakabayashi and Y. Yamazoe, Hetero-
cyclic Amines in Cooked Foods, Possible Human Car-
cinogens, Princeton Scientific Publishing Co. Inc.,
Princeton, New York, U.S.A., 1995.

2. K. 1. Skog, Food Chem. Toxicol. 31, 655-675 (1993).

3. K. L. Skog, M. A. E. Johansson and M. 1. Jigerstad, Food
Chem. Toxicol. 36, 879-896 (1998).

4. S. R. Barnat, M. Rabache, E. Rialland and J. Fradin,
Environ. Health Perspect. 104, 280-288 (1996).

5. K. Wakabayashi, M. Nagao, H. Esumi and T. Sug-

Vol. 20, No. 2, 2007

10.

12.

13.

15.

16.

17.

18.

19.

20.
21.

3} heterocyclic amines®] 4] 123

imura, Cancer Res. 52, 2092-2098 (1992).

. P. A. Guy, E. Gremaud, J. Richoz and R. J. Turesky, J.

Chromatogr. 4, 883, 89-102 (2000).

. S. Casal, E. Mendes, J.O. Fernandes, M. B. P. P. Oliveira

and M. A. Ferreira, J. Chromatogr. A, 1040, 105-114
(2004).

. C. M. Lan, T. H. Kao and B. H. Chen, J. Chromatogr.

B, 802, 27-37 (2004).

. C. Messner and M. Murkovic, J. Chromatogr. B, 802,

19-26 (2004).

L. Warzecha, B. Janoszka, U. Btaszczyk, M. Strézyk,
D. Bodzek and C. Dobosz, J. Chromatogr. B, 802, 95-
106 (2004).

. E. Barcel-Barrachina, F. J. Santos, L. Puignou and M.

T. Galceran, Anal. Chim. Acta, 545, 209-217 (2005).
F. Toribio, E. Moyano, L. Puignou and M.T. Galceran,
J. Chromatogr: A, 869, 307-317 (2000).

F. Toribio, E. Moyano, L. Puignou and M.T. Galceran,
J. Chromatogr. A, 880, 101-112 (2000).

. H. P. Thibaud, M. G. Knize, P. A. Kuzmicky, D. P.

Hsieh and J.S. Felton, Food Chem. Toxicol., 33, 821-
828 (1995).

S. Sentellas, E. Moyano, L. Puignou and M. T. Galce-
ran, Electrophoresis, 24, 3075-3082 (2003)

P. Pais and M. G. Knize, J. Chromatogr. B, 747, 139-
169 (2000).

E. Barceld-Barrachina, E. Moyano and M. T. Galceran, J.
Chromatogr: A, 1054, 409-418 (2004).

A. Martin-Calero, J. H. Ayala, V. Gonzalez and A. M.
Afonso, Anal. Chim. Act., 582, 259-266 (2007).

G. A. Gross and A. Grter, J. Chromatogr. A, 592, 271-
28 (1992).

J. Hong, Anal. Chim. Acta, 576, 31-36 (2006).
\:r:l/\s')__g] 2 o] Okﬁ?l'ﬁﬂﬂ E.LH «“2lZ o leﬂ
A|EE 42 238 Heterocyclic amines ZUEH <
=7, 2006.



