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Abstract

Four different extraction and purification methods were evaluated to determine the heterocyclic amines (HCAs) in fried
pork patties. Pork patties were cooked in the teflon-coated electric frying pan at 230°C for 8 min per side. HCAs in the fried
pork patties were extracted and purified using four different solid-phase extraction (SPE) methods and quantitated by LC-
MS (API-ESI). Recovery of four different extraction and purification methods was evaluated by comparing the HCAs
amounts quantified by the standard addition method. Validation of extraction and purification methods for fried pork patties
was determined to establish accurate sample preparation. The recoveries of HCAs from different SPE methods were calcu-
lated. The recovery yields were 15.7-68.7% (Polar amine group) and 25.0-74.7% (less-polar amine group) in method A.
Method D provided recovery yields ranging from 14.1% to 68.7% in polar amine groups and from 3.0% to 72.3% in less-
polar amine groups, respectively. Modified procedures of Method A and D were the most suitable extraction and purifica-
tion method for HCAs analysis from fried pork patties.
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2 Zas)Arh. 22|37 (Shin ef al., 2004), HIE}E(Balogh
et al., 2000) Pksoll E+E 3 313HE(Shin et al., 2002),
FAF)=d4H(conjugated lonoleic acid)(Ha et al., 1987), &
Z) S (Wang et al., 1982), %3 (Aoyama er al. 2007,
Gibis et al., 2007), BE2A}(Lee et al., 2007) 5= 7 2
F13gel Brkslel 1 22§ A3 BAwolU, 1w
BEAS| gk

A & F77|7 (International Agency for Research on
Cancer; JARC)E ©|3hSoMIE L7 Fs =2 (possibly
carcinogenic to human)2 TSI §lon] AFAdel)A
olghigEolnle] xslE WES Folel AT 9
t}. Rohrmann $(2002)2 ¢17to] 3k E<F 103-160 ng/
day®] o|ghiaEollE At H st o™ Felton
5(1990)9] AT oA BXHMelQx(2-amino-3,8-dimethy-
limidazo[4,5-flquinoxaline)= 0.5-1.8 ug, PhIP(2-amino-1-
methyl-6-p henylimidazo[4,5-b]pyridine= 0.1-13.8 ugd =
g I7te] AHgha et ool e =
d2 717 aflatoxin B13} BIW3| R aflatoxin B1 1 pgd
S. typhimurium TA982] & FAwo] FJ&<71 6,0007H
e wksf) SARolAAdo] wi- & AR d#HA 1QR-
amino-3-methyl imidazo[4,5-flquinoline &] 73-% 433,0007}
9] & E¢dio]) ME5E HQItKFelton ef al., 1997).

olgjgt TAMolA, W Ed o] &
BHog 2% A, Relskr] 9814 liquidliquid chro-
matography(Gross et al., 1986; Lee et al., 1991), solid
phase extraction(Schwarzenbach et al., 1992; Thiébaud et

al., 1995), liquid-solid chromatography, immune affinity
purification(Gross et al., 1992; Kataoka et al., 1999;
Toribio et al., 1999) 59 M) Whfo] AL&H o] gkom
high performance liquid chromatography(HPLC), gas chro-
matography(GC), capillary electrophoresis separation(Knize
et al., 1992; Olsson et al., 1997, Pais et al., 2000), liquid
chromatography with mass spectrometry(LC-MS) 52 ©]
881 %, RYEAL T Yok A2oE e A
el gdm)l FPA]S ERAFAF) 7] ]3] electrospary ionization
tandem mass spectrometry(LC/ESI-MS/MS) 55 A8-3Ht}
(Holder et al., 1997; Richling et al., 1997; Pais et al,
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T &l A 5] faide 7I1ES] dAeE e

o] 7= ofo} it

mebx] B Ao 38 ME t& 47F4 solid phase
extraction(SPEyH & o83 Axe] Whye 3483} LC/
MSE o]&3 71d ¥ =iA 12719 HCAs A%, BA
BAZANE Hlwsiast siict.
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B AT ARE SRR AR A Rt
A A A T FYUsted AR A7ER] -20°CoA @
= BAsIATh 1539 HCAs EFE-22] 1Q, 2-amino-3 4-
dimethylimidazo{4,5-flquinoline (MelQ), MelQx, 2-amino-
3,4,8-trimethylimidazo[4,5-f]quinoxaline(4,8-DiMelQx), 2-
amino-3,7,8-trimethylimidazo[4,5-flquinoxaline(7,8-DiMelQx),
2-amino-3,4,7,8-tetramethylimidazo[4,5-f]quinoxaline
(TriMelQx), 3-amino-1,4-dimethyl-SH-pyrido[4,3-blindole(Trp-
P-1), 3-amino-1-methyl-5H-pyrido[4,3-b]indole(Trp-P-2), 2-
amino-6-methyldipiryrido[1,2-a:3',2'-d]imidazole(Glu-P-1), 2-
aminodipiryrido[ 1,2-a:3",2'-d]imidazole(Glu-P-2), 2-amino-
9H-pyrido[2,3-blindole(AaC), 2-amino-3methyl-9H-pyrido
[1,2-a:3',2'-d]imidazole(MeAaC), PhiIP, 1-methyl-9H-pyrido
[3,4-blindole(Harman) and 9H-pyrido{3,4-b]indole(Norhar-
man))}& Toronto Research Chemicals(Toronto, Canada)*}
A st eH REEAL RFEES HPLCHE W
2o o] ZAGYD WEHEZE caffeine Sigma
AKSt. Louis, MO, USA)ERH Y3l A8}
Polysulfonic acid(PRS) Bond Elute columns(500 mg), C-
18 cartridge(100 mg), Extrelut-20 columns<- Varian(Harbor
City, CA, USARIZRE T3t ARSIt Aol At
49 2E F7|8vE Fisher Scientific(Fair Lawn, NJ,
USAAIS] HPLCE & AR8-3Hatt.

sHX{7| GfE| #H] R =2

BAZ2(100 gy petri dish(9x1.5 cm)E ©]-&31a] i€
Fel2 d¥sist ohg ARl A7k -200CM WE
B3R, ¥ 23d HX|17] sfEl= Teflon-coated
electric frying pan(Chefline Corp., Seoul, Korea)E ©]-8-3}
o BHLE7} 230-260°CR! ZGefoll A =HA]a17] e o
& - HWS 747 8R4 71ttt Zefolule] FH2E
o} ={A)127] HEe] WHLEE surface temperature
thermometer(Trend Instruments Inc. Lawrenceville, GA,
USA)$}  thermocouple thermometer(Pacific Transducer
Corp., Los Angeles, CA, USAYE Al83l] &A35tATh
168 8] & A7) e WREE 70-80°Co|3
ot 7tE 29 =X 17 sEle FA AE H WLl
3AIE B B 99 v o] FZE &7 (Labeonco,
Kansas City, MO, USAYE ol&3ld FZAAZ X711 &F
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A Az HElE 2P wuk7)(Hanil Electronics,
Seoul, Koreayg ©|-8-3tf ZA| F3Uct.

X 117]| TE[0fM2] HCAs BN & F=&
21F FolX HCAsS AE37] 9% 4 WA=
S Y3 A3t Fig. 13 2o] 47px] e 2}
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Solid-phase extraction 4 A

WAL e W 4g9] T4 X A2 HAIL
7)o WHEFFEHL caffeineS spikedt 5 1 M NaOH 16
mLell B3l oF 327 FASAIHT o] g &AL A
Abgo] 7153 Extrelut-20 columnse] ¥ 3 0.1 M HCI
6mL, 0.1 M HCI:MeOH(4:6) 15mL, H,O 2mL= pre-

Method A Method B
4g sample extract 4g sample extract
NaOH 1™ , 16 mL NaOH M, 16 mL

spike of methanolic solution (IS)

spike of methanolic solution (IS}
i sonication / shaking 3h

sonication /lshaking 3h

1ste,
mix with Extrelut-20 columns
elution : CH:CI, toluine(‘)S:S.v/v).ﬁO mL

istep
mix with Extrelut-20 columns
elution : CH,CT,, 75 IE‘IL

2step 2step
PRS cartridge (500mg) PRS cartridge (500mg)

Preconditionin; Washin

1)0.1M HCI , 6mlL, 1 O‘Ol%\/l HC1, 7mL

2)0.1M HCI : MeGH (4:6) , 15 mL(5 mLx3) 2) MeOH : H,0(4:6, viv), 15 mL
3)H,0,2mL 3)H;0,2mL

Drying

Washing: H,O , (5 mL Elution : 0.5M AcONH, (pH8) , 20 mL
Elution: 4

0.5M AcONH, (pH8) , 20 mL (10 mLx2) 3step
i Cy; cartridge(100mg)
3step Elution : MeOH : NH; (9:1,v/v), 0.8 mL
C,g cartridge(100mg) f

Preconditioning Dryness with N,
1)MeOH, 5m Make-up to 1mL methanol
2)H,0.5mL

Drying
Washing: H,O, 2 mL
Elution : MeOH : NH; (9:1,v/v), 0.8 mL

Dryness with N,
Make-up to tmL methanol

Method C Method D
4g sample extract 4g sample extract
NaOH lpM ,16mL NaOH l%vl 16 mL

spike of methanolic solution (1S)

spike of methanolic solution (IS)
i sonication /l shaking 3h

sonication / shaking 3h

Istep
mix with Extrelut-20 columns
elution CHfCIZ ,80mL

mix with Extrelut-20 columns
elution : CHfCI; ,80 mL

2step
PRS cartridge (500mg)

2step
PRS cartridge (500mg)
Preconditioning

Preconditioning

1)0.IM HCI, Sml. 1) 0.01M HCL, 6 mL

2)H0, 10 mL 2% 0.1M HCIL: MeOH (4:6) , 15 mL
3)MeOH , 5 mL 3)H0,2mL

Drying

Wa\shingl Elution : 0.5M AcONH, (pH8.5), 20 mL
1) MeOH : H,0 (4:6, v/v) 15 mL }

— loading to Cyg cartridge
2)H,O0,2mL

3step
20,2 m C\g cartridge(100mg)
Elution : 0.5M AcONliig(pHS) ,20mL

Preconditionin;
)MeOH, 5 m
3step 2yH,0,5mL
C;g cartridge(100mg)
Preconditionin: Elution : MeOH : NH; (9:1,v/v), 0.8 mL
1) MeOH S m i
2)H,O . 5mL Dryness with Ny
Drying Make-up to 1mL methanol
Washing : H,O, 5 mL
Elution ® MeOH : NH; (9:1,v/v), 2 mL

Dryness with N,
Make-up to ImL methanol

Fig. 1. Solid-phase extraction (SPE) method for HCAs analy-
sis.

conditioning@+ PRS cartridge(500 mg)oll 23 A4
Extrelut-20 columns®l] &2Hd F4E-2 CH,CI,:toluene
(95:5, viv) 60 mLE AFE3te] ©}2 PRS cartridge® = &
2t} o]w) CH,CI,:toluene(95:5,v/vyS 20 mL 3t
Az 8271t} Extrelut-20 columnsS H#] i PRS
cartridge 71ZA|Z] 5 H,0 15 mLE RO|FHA Cy car-
tridge(100 mg)2 MeOH 5 mL, H,0 5 mLE precondition-
ing AJZAth. 1 th3 PRS cartridge®} C,, cartridges 2
3 5 05M AcONH,(pH 8) 20 mL=E & 2171tk PRS
cartridge= WE] 1 C, cartridgew 712 ¥ H,0 2mLE
RojF 51 MeOH:NH,(9:1, v/v) 0.8 mLE |EAZHT 9
gzols e8let 2N AL ¥%7)(MGS-2200, Tpkyo
Rikakjkai Co., Tokyo, Japan)E AR&3}e] ¢bd3s] 74x$
%) MeOH | mLol €347 § LoMSell F513tsact.

Solid-phase extraction &g B

W BE Toribio 5(2000)9] W& ¥ ste] ARS8
o} o2 AE] el vls] Aol raska Algie] A
obs] Wy BE W A9} Th27] PRS cartridge$} Cpg
cartridge® preconditioning A]7]%] &3 AlE-d g o
Extrelut-20 columnsell F3 HCAs= 22 CH,CI, 75 mL
2 &3

Solid-phase extraction &t C

W CE Gross 5(1992)8] W< WHBSt ARSI
o Wy A9t vimA AL Wolth. 13y PRS
cartridgeS washing & ] MeOH:H,0(4:6, v/v) 15 mL&
AHE3l=T] o] W washing 8ol R|Fe] HCAs7} &3] 3)
O 9 F rotary evaporator(B481, Buchi, Switzerland)Z 3%
Hu)7} 1 mLo] HEE ARAZ FH Cyy cartridgedl] 37
loading A)Zth. Z28]3 Cyq cartridged]] ¥3€ HCAsS &
ZA17]7] $18] MeOH:NH,(9:1, v/v) 2.0 mLE AR&3153th

Solid-phase extraction & D

W D= PRS cartridge®} Cyq cartridges precondition-
ing A7V & AZAFA &3 AHESIEe™ washingtHA|
g AgFsla vlE 8289tk 218]3 PRS cartridgeE
preconditioningg @ 0.01 M HCI 6 mL, 0.1 M HCI:MeOH
(4:6) 15mL, H,0 2 mLE ©]&3}4t}t. C,; cartridged] &

222 MeOH:NH,(9:1, v/v) 0.8 mLE £&A|7]3L o] &
A8 2313 2A BA FEVE ARl ¢4
Ax%E 5 MeOH | mLol| &3|A1A AHE-SF3ATE

HCAs &M & @8t LC/MS =

4% F HCAs®) 242 98] A8 HPLC ule
Agilent 1100 series(Agilent Technologies, Palo Alto, CA,
USA) & AME3I.e™ MSE Agilent 1100 series LC/MSD
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= ARSI A1F F HCAs®] 40 gt AgvEa
A EEE 9% LC 24242 o3 2ttt Column
< Zorbox RX-C8 Column(Agilent Technologies, Narrow-
Bore 2.1x150 mm 5 um)S AFE3}9 28 column tempera-
ture> 25°C o]t} AE 9] injection volume 5 uLo|t}.
Zt FFEH i £21E Y3l 0.3 uL/ming] F£508
oJHE Al&HE AMEH o, olFd AT 30mM
ammonuim formate buffer(pH 3.7)5 AF-3t¥ 1L o]54 B
= acetonitrile ©)ow 71&7) &0 27L AMEEIITH
71&7] &0 27 2719 A7} 92%0]1P. o 30%-10%
SR 83%, 10-20F BONE 67%, 20-24%- Fol= 40%,
24-30 & F¢HE 55%8 TN XU 2R &
ofe”] sl 30-338] AAAM 92%5 EHAFIoH, H
2ol AEHE Sl 2080 FAFA,

A8 Ag BA7)= Agilent 1100 series LC/MSD ©]
RoH, o] 23= Yol (positive ion) WHe WA} EF-
o] -2 3}(electrospray ioniztion, ESD)°|th. A&HFE-A 7=
quadrupole mass analyzer?} 9AE BA7|E ARR3IHC)
Capillary voltage?} nebulizer pressure 4 kVZ} 30 psig©]
31, drying gas flow®} dry gas temperatureS 10 L/min
7} 350°Co]T}.

SAX2|

2E A% daws 38 WY Fol8] 2 ABF 0o B
At EA4L windowsE Sigma-Stat 2.0(Jandel Co. San
Rafacl, CA, USAYE o83ttt z #7te] £4x] vl
+ one-way analysis of variance(ANOVA)S Al3)3}5 o

Frolde AT p<0.05 FFAA EAEHAT

Tt~

N

——

i

AF FAX HCAsS HE3b7] 98 HA Az W
st A, FAI7171 98 478 R 42 o
EXPH-S vlmsteh o714 W A, HC a8ja
WD = 5(1992)2] WHHE B2 359 on
WHBE Toribio 5(2000)2] W& ENNE Bidste] ARE-
skt

ME & /1A HAE] WL FEE 39419 A
2 WHE A A dAAE 5117(]5—’715 79
B OIS matrix F AR AL 2o A
X]- matrixg 3= o] EAoltt. wwld, Ay} &

2 AEARE HCAs9l & 4 AA 584§ Hoj=d
E]— |27 A A diatomaceous earthes AZ AL wlu1
A marixs E9FoFZ EEshy] 8] A Agt
3ot 5 WA dAe] 23S HCAsY kst matrix &
PRS cartridges}t 59 45287 42438 st EXE
Aut delxog BAFE Aot Al WA Ay &

Gross

1!
Hrﬂé

Aol AH&E=
A 70

7tEzxd | HA7] HEE o83t 4714 HAE
WS % A7E Table 19 JERIUTE M2 TE 4
7HA A W] A3H4E Golrv| H’GH 3or&d X
FHAE TRt e 17K EEERAS 42 o
A1) HE @ g) Hrrete] HAGE 742‘ w xFEE
o] Arjzks v Lo}oﬂ T ME O 471 Az
WS B8 92 157FA HCAs 3582 3.0%C84 D,
Tri-P-2)-74.7%(ﬁJ‘ﬂ A, Tri-P-2)0]]t}. Shin S(2005)8] 2
ﬂoﬂﬁh MelQx, Di-MelQx, PhIP S04 66.2-74.2%)
382 1P o Toribio (1999} 26.2-90.6%2] 34
s ?‘d‘iiﬂ}. 157}4] HCAs & H72 22 MeAaC7}
734%%2 7t =& 34ES Yo Tr- MelQx ol A
153%9 7}7d @& 35&S Bt Foz 5(2007)3%
Messner 5(2004)1 X = MelQ, IQ, 4,8-DiMelQx, PhIP,
AaC, MeAoC Sollx] 40-60%H %9 3488 HAT)

1A ME e A B T PHAL WDrt 7}
=2 3587 HENEE B9 YA % Gross
S(1992)2] WS W, 7iAske] & oIt o] B
Hel A9 E v ETE thE7) Extrelut-20 columnsol]
5-2FE] HCAsE toluene®] 5% H7}E dichloromethaneS
AHE3t] 823192 PRS cartridge®}t C,q cartridgeS A}
&3}7}1 A preconditioning A7t F AZEI] ARE-sIET)
HBH AolA] 157} HCAs®] AAAR] d8-& 15.7-74.7%
o]t 1 oA occarbohnes(A(xC MeAaC)7} 62.3-
74.6%2.2 71 2 4SS HJ O B-carbolines
(Norharman, Harman)©] <F 25%*3_.& 713 e Fes
S HYc}t 23 Toribio £(2007)2] Ao A= qg-car-
bolines®] F]5-80] 38-45%°|0.2.™ B-carbolines®] 7=
48-65%2] FFE&E HATh 18] quinolines(IQ, MelQx)
9} quinoxalines(7,8-DiMelQx, 4,8-DiMelQx, MelQx, Tri-
MelQx)8] 3|9=&-°] Tri-MelQx2 A|¢3}aL 35.9-66.3%°]
= o] AI= Janoszka 5(2001)2) A7} (46-85%)9} F
AFse}. 21 Brell%= y-carbolines(Tri-P-1, Tri-P-2)= 57.1-
74 7%, 8-carbolines(Glu-P-1, Glu-P-2)= 48.7-68.7%, PhIP

= 543%9] 3&S B

WHDE Gross 5(1992) o] Axjg] WH-E #Esto A}
£330 WALl o2 A Extrelut-20 columnsel] &2
=l HCAsS Q2] dichloromethane¥He o] 834 82319
o F WA} Al WA dAAe] BANAMQ cartridge
washing@A| & A a3t

WD A 157FA] HCAsS] HAZR] 3582 3.0-
723%%Z W At Hls=gE e HAT HPHDYA] o-
carbolines?ll A 66.3-72.3%2] 7H3 £& 3488 BFo
B y-carbolinesoll A 3.0-6.3%2] 7V ©e 3488 HY
o} 22 o= B-carbolines 12.0-18.6%, §-carbolines<

Cyg cartridges ¥I54 237 4= &

i}
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Table 1. Comparison of recovery for HCAs standard separated from spiked pork samples using four of preparation methods?

Method A Method B Method C Method D
Compound Recovery 5 Recovery Recovery Recovery
%) S.D. %) S.D. %) S.D. %) S.D.
acarbolines AoC 62.3 4.3 n.e? nr. 66.2 8.6
MeAaC 74.6 5.0 n.r. n.r. 72.3 6.0
L I B-carbolines Norharman 25.0 1.8 n.r. n.r. 18.6 0.7
essporar Harman 25.6 0.3 ner. 14.8 0.6 12.0 0.4
amines

_carbolines Trp-P-1 57.1 0.3 n.r. n.r. 3.0 0.2
¥ > Trp-P2 747 0.2 nr. nr 6.3 0.4
Pyridines PhIP 54.3 23 n.r. I 399 2.2
. Glu-P-1 48.7 i.1 n.r. n.r. 32.8 49

S-carbolines
Glu-P-2 68.7 1.4 n.r. n.r. 68.7 2.5
L IQ 66.3 7.6 nr. n.r. 65.7 0.8

Quinolines
. MelQ 51.6 0.6 nr. n.r. 14.1 0.7

Polar amines
MelQx 64.0 5.1 nr. n.r. 56.1 2.9
. . 4.8-DiMelQx 359 3.3 n.r. n.r. 277 2.3
Quinoxalines .

7,8-DiMelQx 40.9 2.8 n.r. n.I. 31.7 2.0
Tri-MelQx 15.7 0.7 n.r. n.r. 14.8 1.5

UMeans in the same columns bearing different superscripts are significantly different (p<0.05).

2)Standard deviation of five analyses per treatment (n=5).
¥ n.r. = Not recovered.

32.8-68.7% WY IFE&S HPYow quinolines(14.1-
65.7%), quinoxalines(14.8-56.1%), PhIP(39.9%)¢] 3|+&%
T

A & dF-A(International Agency for Research on
Cancer, IARC)S] EAE-Fo| w23 10 IE52AY7}
SER)O] Sahked WY A9 Y D BEF o 66%E5
o] g Rt 1y 1ﬁ2B(‘Q'°J—?‘E%€ﬂ AcaC,
MeAoC, Glu-P-1, Glu-P-2, MelQ, MelQx, PhIP)ol| <3}
E 225 4% WY AT 48.7-74.6%9] &g B
WY DE 14.1-723%9 3588 Bt wEA A
WD & 99t Jbs EE(possibly carcinogenic to
human)g 7A&33 A=t W A7F o AdH ot
Turesky 5(2005)% A 712 Z&l3t 4317] HE]E SPE
uele 23 Axe stdetl 1 A 1QE 54+2%2] 3
FEE HYoH AO(,C“: 20+ 1%, PhIP= 311+ 1%, MelQx

e

51£2%9] 3455 B
Hhﬁ B9} 7% Toribio $(2000)2] HPHS HEAZ A
g wo s g i e g2 F A 9
o] 4] preconditioning WAIE AJEFel on] A HA o
Aol MHGA L3 At &, thE W E
Hlsl #pgo} 7hsh AJZhES Aok E%} S \= M = B

Table 1914 ®REo] [57}% HCAsET AZEHA ¥l
BFe-2 7 S RIoh WU o A T A 9
4] PRS cartridge2 S35 A|28-do)| EA3= v
HCAsS BA37] 93] MH8AE 1 mLE SFAIA Cp,

cartridge®ll loadingA|Z! ¥ Al& HAe] sttt 22t o

A7= th2 A Harman(14.8%)S A 9]8F vpyA] HCAs &
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Fig. 2. LC-MS chromatograms (total ion chromatogram) of
HCAs from pan-fried pork patty with the individual
chromatogram in the SIM mode. (a) method A and (b)
method D: 1, Glu-P-2; 2, 1Q; 3, Glu-P-1; 4, MelQx; 5,
MelQ; 6, 7,8-DiMelQx; 7, Norharman; 8, 4,8-DiMelQx;
9, Harman; 10, TriMelQx; 11, Trp-P-2; 12, PhIP; 13, Trp-
P-1; 14, AaC; 15, MeAaC.
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