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Abstract: Heterocyclic aromatic amines (HAAs) in meat products were analyzed by optimizing liquid-liquid extraction (LLE) and
solid-phase extraction (SPE) combined with high performance liquid chromatography-tandem mass spectrometry (HPLC-MS/MS). The limit of
detection (LOD) and limit of quantitation (LOQ) of the six HAAs in meat products were as low as 0.0006 ng/g and 0.0021 ng/g, respectively.
The effects of common cooking methods (oven roasting and deep-frying) on the formation of HAAs in the most common meat products
(chicken, pork, beef, grass carp) were studied. The results showed that the formation of HAAs in meats and fish by the same cooked method
increaseed with the increased processing temperature; deep-frying treatment of meats and fish produced more HAAs than oven roasting
treatment when similar processing temperatures employed. 2-amino-1-methyl-6-phenylimidazo [4,5-b] pyridine (PhIP) and
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2-amino-3,8-dimethylimidazo [4,5-f]quinolone (MelQx) were the most abundant HAAs formed in roasted and deep-fried samples, respectively.

Modern Food Science and Technology 2020, Vol.36, No.8

When meats and fish were roasted at the same temperature (275 “C), roasted chicken contained the highest amount of total HAAs, followed by
roasted pork, grass carp and beef. The highest concentration of PhIP was detected in roasted chicken cooked at 275 “C, up to 341.15 ng/g.
Whereas, deep-fried meats and fish treated at the same temperature exhibited slight differences in total HAAs at relative low levels. The highest

concentration of MelQx (7.44 ng/g) formed in deep-fried products was found in fried beef cooked at 200 C.

Key words: HAAs; meat; fish; roasting; deep-frying
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LR MIERE N 02 mL/min, FEIHREN
100% A, 7E 1 min Py AZEPEBREERE 2 25% B, 1~7 min
{HF 25% B, 7~10 min B LAZRIERAFEFFZE 100% B FF
{#FF 2 min. FIESHTE Thermo PURLAT-FHI7HIE
B =2 HE A (Q Bxactive) FHEAT . 8 s b W

(Selective reaction monitoring, SRM) Fiixl; Jit

EFHEE mz 150~6005 i KHEFERTE 100 ms;
AT 5 B YR (Heated electrospray ionization ,
HESD; IE& 1A B 0HEN 25 mL/min; FiBIS
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Table 1 The SRM parameters for six HAAs and internal standard

eI BAb 5 g atE/mn BB F/mE)  FEF/(mkz)  mbiERE NCE/%
PhIP 9.7 225.11 210.09 80
AaC 12.3 184.10 167.00 80
MelQ 6.5 213.11 198.10 32
MelQx 6.9 214.10 199.10 32
4,8-DiMelQx 75 228.11 213.10 80
7,8-DiMelQx 74 228.11 213.10 80
[*Hs]-PhIP ( }4%) 9.7 228.11 210.09 80
["N3]-AaC ( }4F) 12.3 187.00 169.00 80
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Table 2 Moisture, protein content of raw beef, grass carp, pork

and chicken
Hestt Rk KpsE/%  BARESE%
4R 75.500.00° 18.46+0.29°
¥a 78.14+0.01° 16.89+0.47°
R 74.440.00° 22.08+0.07¢
2 1) 74.23+0.00" 20.55+0.23°

i AR AT £n=3), FIFI4E LR
FAETEFRE(p<0.05).

®3E4H, B, BA, BANSERIE

Table 3 Amino acids (AAs) content in raw beef, grass carp, pork and chicken

RILBRAT R 4 #1/(x107 ng/g) ¥ %/(x10" ng/g) ¥ 1/(x10” ng/g) 25 /(x107 ng/g)
PS4 2.05 2.12 2.59 242
HRBR 0.97 0.90 1.26 1.15
2 1.02 1.01 1.28 1.20
B2 PR 2.94 2.71 3.72 3.44
FEENA 0.80 0.69 0.81 0.74
H AP 1.47 1.67 1.41 1.33
SEN 1.59 1.57 1.81 1.74
F R 0.06 0.08 0.12 0.13
HABR 0.95 0.87 1.15 1.09
ERBR 0.38 0.38 0.50 0.47
F R 0.72 0.67 0.93 0.89
TRPR 1.29 1.19 1.58 1.46
B4 S B4 0.18 0.16 0.21 0.19
EE 0.66 0.62 0.77 0.70
RN 0.54 0.37 0.77 0.53
FIEN 1.67 1.67 2.13 1.97
R BR 137 1.23 1.68 1.64

E: BART AT HEMN=2).
22 HAAs R B REE &R

R ABIH T NF HAAs IbrtELt o fEat, 4otk
HIRRE (), KHPRAE SR . HAAs FIRH A
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. HRrsd T RS HAAs (ORI 2 42 b T8
FH RBUE =) HPLC-MS/MS. BLAWFFXT HAAs
(ARG PR Y2l ZE 0.0100~1.0000 ng/g, PhIP i & F IR
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8103620 ng/gPl. ARFFR L HAAs 15 S 54l PhIP & &R Z 0.0021 ng/g, KR B E .
FATIEEAE, ST IR SR HAAs FR I R 3547 %8 HAAs brifEdn ISR FURIEIFIAHR. HAA =205
REERERIRRAS,  SeARATII PR 2 0.0006~0.0010 ng/g, W LA 1.
4 6 MAIFPRIARELL A TER, GMEXRY, KHR, 2R
Table 4 Calibration curve equation, r, LOD, and LOQ values for six analyzed HAAs

eIt FREEME T AL, KbAn X A% # i R/ (ng/g) ZF R/ (ng/g)
PhIP y=212027x-3000000 0.9995 0.0006 0.0021
AoC y=172852x-2000000 0.9998 0.0008 0.0027
MelQ y=153098x+347610 0.9999 0.0010 0.0032
MelQx y=90028x+837766 0.9975 0.0006 0.0021
4,8-DiMelQx y=100629x+450898 0.9997 0.0010 0.0032
7,8-DiMelQx y=68708x+450655 0.9986 0.0009 0.0031
a 100 225.11>210.09 e 1%
A1 .
97 oI i/{l:l.(l)m%m
A26359445™ £,6.5
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c 100¢ g 1oog
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140.05 -
u .
N, /N N%
i NH i HC /N ~CH,
= \_/ = \(
= = \N 214.10
= 184.09 =
146.07
J 197.08
036050 100 120140 "0 180 200 076080 100 120 140 160 180 200 220
JFi i b (m/z) Jii a7 e (m/z)
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R E A 2 FE 3 FTR.
23 FRMIFXTREMEN T HAAs 48

MRS 5 E RRE T 73R HAAS 18 55003
W3R 5 IR 6. HEHETH, FEEREZRITHE, HAAs
KREG I, X5 FRECT HAAs & 2R ALk
IR BARI AR, AaC Fil MelQ TEJHIERE SR AA
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A1 7,8-DiMelQx £ 160 “CHN 444 HITh KERE i35
R 200 Chn T IESAH 4,8-DiMelQx Al
7,8-DiMelQx & &7l 0.99 ng/g A1 0.70 ng/g. Oz
2 NWUE 200 CInT44 F A4 paas 0.01
ng/g 1 7,8-DiMelQx, {HIEALME] 4,8-DiMelQx . iX
FH 7 26T 4,8-DiMelQx A1 7,8-DiMelQx {14
AR, 5HAL HAAs HE, T RH 5
7,8-DiMelQx HIHFFEAHRT LD

PhIP 1 MelQx 2 Pl i & e 3= & 1) P ol
HAAs. fEARBFFLH, FrAFE s+ PhIP (& &5 T
FEXEL Ko 275 CEniin TR A PhIP HI7
B ik 341,15 ng/g). Sinha 28 N\ 5T 7 A
I J7 A XS M A R PhIP 25 2 A RE S AN [ BAE RS
P PhIP H7KSF-22 53, B 0 R BIAER JZ PR LA
260 C FEakefE L R ASAIH PhIP & &/2 480
ng/g. AWFTLLER SR RALL, nTRe SN
NG XSRS e PRI BRI AT 6. 225 “Crapiin T
(e RE T PhIP &85 1.27 ng/g, MILLZ R, 275°C

RN R 5 P R AE B PhIP £ (195.80 ng/g) 1
0T 3T 154 £ o KB AT PhIP (142 a2 M Al
BE. FR, EFTEAERPEE T MelQx, &G
[l 0.30~10.82 ng/g. il WonTHRIIAED (L2
B FIF PhIP fAE R, 1 MelOx £H% 5 2 EMIVE
W GHIE) HPAERR.

SR 5 A U P SR AR T I 3 SR B 1 A 2
PRI E o AN AT 7 BT 7 2 AR 1) (6% 15 min,
HYE 3 min) IR AERA I L PR i BE
FIIEH & PR B, T R E N> HAh
R s2m, BREERIh, ARIMHEAL AR, SCiess
FEIR (R 5~6), fEAHIIN THRE TR, Wik (200 C)H
SRR A T AR HAAs BB A T

(225 °CH. FEOX—ERIEFTRER: —, g
R R L) 7K 28 S8 et 3R T S B IR AR T iR
s = BUEE TRt CERERO, THE
T B A e X S o I AR T e B
U1, DRI ARG T3 b, A 1 AR 2 ) ] 58 R
B R P RN AR I ] 7RSS0 P 5 e i T
FE (275 °C) FEHIPIRFEF /ST HAAs & =358
B, XRINILE & HAAs IR
Persson 25 NPORIF FedRiE P a6, BT AU = T A
KIRKEEST,  DRIAE PSS R s In S AN mT DA 25 sk
/b PhIP (IR, SRR, fEAR LR, 1E
DN THREE T, MUERES CRE &L AR PhIP
T mmPERES (B &) N PhIP, XK FAE
TR T AR BRI A s e T A

Bribz Ab, o o K R AR T AN [ 1)

HAAs M RCH 5 2 & W . 1E [RAE 1)t 92 J5 2
(275 C) &, BUEZHIFASAIH HAAs S &,
HUOEEEN, AR XA R E NI R 7K
BT HAD =R RS, RN HEARSRMXT
FEA o [RIBT LS i Tt A2 A, MelQx F 7,8-DiMelQx
(AR i AN RIS A ) 2 1 & A AE — e AR
P JVEREAT HAAs B & EREEHNT: FR>
FEPI>RGR>Bf , IX—S5 R, 4L (R FERD
EMIEM T4 AR T R SR, Bif) BH5T
HAAs 4. Lu 25 NP0 704t R R i G N
180 ‘CHf, ASPIFHI HAAs A E A WD, %5
SEREAREIS 3. FEARWTR, AR &R
AR A ERIG TR HAAs KPR R A .
TEINFR PRI FR A, 7K T8 24 3 VA 5 750 S A I
it fEd, BEEKZESHE, KagaElm, &

HURMREAR, MM HAAs 25 B AR,
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#5225 °'C, 250 ‘C, 275 CTMERIZMNGRA, B, ERAMGHMNAMIEREE (ng/2)
Table 5 Heterocyclic aromatic amines levels (ng/g) of roasted beef, grass carp, pork and chicken at 225 “C, 250 C, 275 C

. o SEIEEEES
BN e Je L8/ C s s v o
225 0.32+0.01° 0.31£0.00° 1.27+0.26° 2.42+0.42°
PhIP 250 4.44+031° 1.68+0.02° 18.44+0.90° 50.49+1.04¢
275 6.74£033"  21.72+0.36" 195.80+£18.48°  341.15+7.87
225 0.28+0.06" ND ND ND
AaC 250 0.30-£0.08" 0.29:£0.04* 0.28+0.02° 0.26+0.01°
275 0.50+0.01° 0.48+0.02° 1.92+0.26° 0.58+0.01°
225 ND ND ND ND
MelQ 250 0.32+0.01° 0.32+0.01° 0.31+0.00° 0.31+0.00°
275 0.33+0.01° 0.48+0.03° 0.97+0.06° 0.58+0.10°
225 0.35+0.01% 0.30+0.00° 1.40£0.40° 1.11£0.15°
MelQx 250 3.46+0.31° 0.37+0.05 4.98+0.18° 3.84+0.37°
275 4.22+0.76° 0.72+0.19* 10.82+0.23° 4,3140.77°
225 ND ND 0.49+0.03" 0.57+0.04°
4.8-DiMelQx 250 1.17+0.19° 0.31+0.01* 1.76+0.03° 1.88+0.07¢
275 1.3740.13° 1.06+0.26" 3.38+0.12 4.59+0.29°
225 ND ND 0.41+0.03° 0.35+0.01°
7,8-DiMelQx 250 0.89+0.09" 0.29+0.00° 1.24+0.01° 0.90£0.10°
275 0.94+0.06® 0.42+0.02° 6.54+0.95° 1.630.00°

E: ND™: Rl BALET AT EEATEZ(0=3); FATHIE LAFRR FEH AT £/ 2 F(p<0.05); T F.
#6160 °C, 180 C, 200 CTmERIZINAN, B, BRAFBHNAIFZEE (ng/s)
Table 6 Heterocyclic aromatic amines levels (ng/g) of fried beef, grass carp, pork and chicken at 160 ‘C, 180 °C, 200 C

. o e o SRR ES

Je It £ Hm LR/ C g %a . o
160 0.5320.03° 0.3840.01° 0.38+0.01° 0.35+0.01°
PhIP 180 1.30£0.20° 0.55+0.02° 0.65+0.06™ 0.80-+0.08"
200 6.45+0.66° 1.33£0.09° 6.93+0.10° 4.77+0.42°

160 ND ND ND ND

AaC 180 ND ND ND ND

200 ND ND ND ND

160 ND ND ND ND

MelQ 180 ND ND ND ND

200 ND ND ND ND
160 0.92+0.07° 0.38+0.01° 0.57+0.02° 0.38+0.01°
MelQx 180 1.87+0.30° 0.50£0.04" 1.01£0.12° 1.3120.04
200 7.44£0.51¢ 0.87+0.07* 5.81£0.22° 3.3440.38"

160 ND ND ND ND
4,8-DiMelQx 180 0.44+0.04° 0.32+0.00* 0.34+0.01* 0.35+0.01*
200 0.99+0.08° 0.40+0.01° 0.95+0.02° 0.57+0.03"

160 ND ND ND ND
7,8-DiMelQx 180 0.35+0.02° 0.30+0.00° 0.30:£0.00° 0.31£0.00"
200 0.70+0.06° 0.35+0.01° 0.68+0.06° 0.39+0.01°
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HRAB AR, Z R BA 2 HAAs [RTAD)
iz —o KNGIR, BEEIRMST 2% PhIP [7E
A RBHERY. R, HER, BER, NAR
ML E RS MelQx 2 & 30 52 41 5P,
4,8-DiMelQx HIMAYITTRE R EIR, NEIRAH IR
24, 7,.8-DiMelQx (IR EEIHTHEMR, HEAR
RIS . VPR IR T A 0 B R SR
5 HAAs (174 s 2 [AAFLE IEAH G, (Rt —Lemt
TR FHBAA B, Gt R4
i RAEIR, HEAR, FER, AEKR, KA
1%, WA R 5T R HAAs A il 2
IEHIEM, ChengMAN, LIRS A (3 S R AL TR 5
1Q, MelQ Fl MelQx HITER . (B3 A IEAHME, HAK
NZIR S PhIP TR AR - 5 RS IR R
EWRAL, WA &ZKP IS EERE TS
HAAs A0, AHEFEAS R RIFE (2 R 7 &
17T TRIN (3R 3). BRH RIS, AT
HADF IR & ', B, WTRFEMERA
ATHEE R YEI TR AR, ASF HAAs F=A2 1 3
FEREZES, KXUATEARN T2+ HAAs 4
BOS AR AT REAFEZE . 1T HAAs A RS2
IS FERE 2 R R, FHIRE HAAs RS54
IFi) PRI FR D R 0 2 D) 1) % R AT A — TR K P Bk
ik o

3 ZHig

AT, WAl HAAs A A R B AL
FEIN TR RIS o AR FH VR A HIORN [ AH A
0, 456 HPLC-MS/MS J7iZmEFL 1B it KE P
FEUN AR, Fifh, & RFIS R4 1) HAAs.
EONFEEANEYELF . R R H IR e PR
SR . WERAEREY], HAAs MRS A0
SRRE R AW AR EAIERTI TRE T,
JEJT ST P AR R ARG S T RLE . IRFRSENT HAAS
I A 235 22 b, AN 007 XA AN ]
I TR B A = A s AN . AR, RISRYH o
BRI, T AR R — BRSO
X P s R BUE A A OS2 B R B 2 O . 3R
T H 2 VHE HAAs ZEAS[F] It P R A i, IF
IR 28 TR AR T, Bk b2
VIR . H ol BeA B T M S HAAs X
NAAARE R 1) S5
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