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Formation and variation of heterocyclic amines in grass carp
( Ctenopharyngodon idellus) surimi products
by different cooking methods
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Abstract: We investigated the effect of different cooking methods on variation of heterocyclic amines in grass carp ( Ctenopharyngodon
idellus) surimi products and discussed their formation mechanism. With ultra-high performance liquid chromatography-electrospray tan-
dem mass spectrometry, we detected the contents of 11 kinds of heterocyclic amines. Results reveal that types of heterocyclic amines
and their formation rate were related with cooking methods. Only two kinds of heterocyclic amines were detected, with 1.78 pwg-kg™"
at the 60" minute by boiling method; nine kinds of heterocyclic amines were detected, with 75.78 wg-kg™" at the 30" minute by 200
°C baking method; nine kinds of heterocyclic amines were detected, with 115. 11 pg-kg™" at the 8" minute by 200 °C frying method.
At frying temperature of 100 ~200 °C, the types and contents of heterocyclic amines increased significantly with increase of frying tem-
perature and time.
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Tab.1 Names and abbreviations of heterocyclic amines

75 AR FEXAFR H#HE
No. Chinese name English name abbreviation
1 254 B3 -F EERRMEIF: [ 4, 5] mTH 2-amino-3-methylimidazo[ 4, 5-f] quinoline 10

2 2-G 53, 4- LRIt [ 4, 5] MEnk 2-amino-3, 4-dimethylimidazo[ 4, 5] quinoline MelQ

3 253, 8- IEBRMRIF[4, 5-F] mE R 2-amino-3, 8-dimethylimidazo[ 4, 5-f] quinoxaline MelQx
4 2-FHE-3,4, 8- = HIEBRMEIF (4, 5] MENR v 2-amino-3, 4, 8-trimethyl-imidazo[ 4, 5-f] quinoxaline 4, 8-DiMelQx
5 2-GEEE-1-FE-6-FERE-BRMEIE[ 4, 5-b] nERE 2-amino-1-methyl-6-Phenylimidazo[ 4, 5-b] pyridine PhIP

6 3 -1, 4- 1 E-SH-nE e [ 4, 3-b] 05| 3-Amino-1, 4-dimethyl-5H-Pyrido[ 4, 3-b] indole Trp-P-1
7 3-GEE-1-FE-SH-NEIEIE[4, 3-b] n3|mE 3-amino-1-methyl-5H-Pyrido[ 4, 3-b ] indole Trp-P-2
8 9-H-NEBEFF[ 4, 3-b] wg|we 9H-Pyrido[ 3, 4-b ] indole Norharman
9 1-FIE9-H-IkNEIE[4, 3-b] n3IwE 1-methyl-9H-Pyrido[ 3, 4-b ] indole Harman
10 2-ZFE-9H-mEWEH[2, 3-b] M|k 2-amino-9H-Pyrido[ 2, 3-b]indole AaC
11 2-43-3 L OH-NEIEH[2, 3-b] M|k 2-amino-3methyl-9 H-Pyrido[ 2, 3-b ] indole MeAaC

1.2 REHE

HEABLA, R AaEE, -20 CHREF. KR
A A AEE, ERME, REKaBEBRASER
HHIE 0.5 em, B4 em METE @YE, FTEN
(15+1)g,

YR . ¥ EF4AL BUe KR (N FEAR X

BB VY BB T A ) R IR I o ) 4 A
140 °C, 160 °C, 180 C #1200 C, e /GHta
BEE TR, 25T 8 0.50, 55 0.75, 5 1.75,
52.50, £53.50, %5 5.00, 5 6.50 F5 8.00 43
BIIURE, IF KR i BT KA (- 20 °C) Fr
217



34

Wt 4 AR 75 2 A fa BE ] i b 2 R AR B S R AL OB 5T 75

BEFEIRTS . Kt Venticell HL4F (78 FE MMM 2 ]
) IR BEEETHIAE 200 C IFARE 30 min, ARJ5H
PRETHAE S, GRS min Bizh—K, 25175 1,
2. 5. 10, 515, 55 20 A5 30 43P HL
B, IR E F UK ( -20 C) R,
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Fig. 1 Variation curve of oil temperature

SBRETRTIN Y MelQ; HARTESS 8 ArhEdiaill . BR
Trp-P-1 HIFRE 38R 1.47 pg kg™, HAMFRRE
AEIET 1 pg-ke™' o BEEMMEBRENAR, &
PR A R BE R . 160 ClkEFT =R 55 0.5 204
AR . Norharman, 55 8 ArhEs 4Gt 8 Fh 2234
f, AHLE 140 CYHAERBEHE N T MelQx; 180 °CyH
YEIRE T8 0.5 0 4h i K I HY 4, 8-DiMelQx, Har-
man F1 Norharman 3 F 2238z, 25 8 4r8h b6 I HY
9 FhZLERME, AHEL 140 CIMYEIREERS N T MelQx Al
PhIP; 200 CMAERE T4 0.5 Zrphu kel 4 4 F
ZRINRE, 28 BRI O B AR AFALIR
o 4 J5 2 43 50 A b I e IR AR ] Fg 3
I B E R K (P <0.05), 41200 CH} MelQx 4S5
0.5 ZM4hef iy 1.92 pg-kg ' B4 8 4rahit iy 37. 21
pgs kg™, HEANT 18 £, KL, BES IR
St I TR R RE AR K B TR ) R T S 3 3
(P<0.05), 45 8 434t 140 °C 43Rk ik 3. 39
pg-kg ™', 200 C 24 IR L B R A 115,11 pg-kg ™',
AT 33 £%, AaC F1 MeAoaC 7E 3 FAIHYEIRE T
PIARAM H
2.3 WEFXTEAERNITL

£ 200 CF 495 77 =X T & b 24 3R Rk BT H] A5 4k
L3 6, Harman F1 Norharman 5,4 %, 7S 1 43
Phist BRAS H o BEE BEEE BRI RE K, AR B 24 3R Bk
A B HT ) 2 PG M 256 15 43P BT iy 6 .
5530 p4hEtEy 9 F, 5200 ClitE L X TR
FhASAER] . 2 Fh 24 IR Y JoT 12 70 B Pt o e Bt ]
B ER K (P <0.05), 1 1Q 7E55 15 438hity
2.22 pg-kg™', FNE 30 rphEt R 11,63 pgekg ',
AaC F1 MeAaC KK H
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Tab.2 Variation of heterocyclic amines at oil temperature of 140 °C

Fis} ] /min w (42¥FME)/ng-kg™"  content of heterocyclic amine
time 1Q MelQ 4, 8-DiMelQx Trp-P-1 Trp-P-2 Harman Norharman
0.50 ND ND ND ND ND ND ND
0.75 ND ND ND ND ND ND ND
1.00 ND ND ND ND ND ND 0.24 +0. 10*
1.75 ND ND ND ND ND 0.18 0. 12" 0.25 £0. 13"
2.50 ND ND ND ND ND 0.14 0. 13* ND
3.50 ND ND ND ND ND 0.22 0. 06" 0.34 +0. 10*
5.00 ND 0.13 +0.11° ND ND ND 0.35 0. 13% 0.37 +£0. 12°
6. 50 ND 0.28 +0.09" ND ND ND 0.10+0.11* 0.40 +0.17*
8.00 0.15+0.07* 0.16+£0.04* 0.15+0.05* 1.47+0.47" 0.72+0.22° 0.45 +0.10° 0.28 +0. 09°

. B EinARFEEERBE (P <0.05); JFRFAL

Note: Values with different superscript letters within the same column are significantly different from one another (P <0.05). The same case in the fol-

lowing tables.

&3 160 CitEAX THRARHTML

Tab.3 Variation of heterocyclic amines at oil temperature of 160 °C

B[]/ min w (Z2¥FME)/ng-kg™"  content of heterocyclic amine
time 1Q MelQ MeIQx 4,8-DiMelQx  Trp-P-1 Trp-P-2 Harman Norharman
0.50 ND ND ND ND ND ND ND 0.33 +0.15®
0.75 ND ND ND ND ND ND 0.12+0.11*  0.16 £0. 15*
1.00 ND ND ND ND ND ND 0.59 £0.19*  0.22+0.21*
1.75 ND ND ND ND ND ND 0.20 £0.12*  0.28 £0.10®
2.50 ND 0.44 +0.14* ND ND ND ND 0.30 +£0.15*  0.14 +0.08"
3.50 ND ND ND 0.17 £0. 12° ND ND 0.31£0.18* 0.51 £0.25"
5.00 ND 0.17 0. 03" ND ND ND ND 0.18 £0.07*  0.38 £0.06*
6.50  0.14+0.07* 0.19 £0.08* 0.15 +0. 05" ND ND ND 0.76 £0.24"  0.44 +0.13*
8.00  0.27+0.06" 0.71£0.16° 0.25 +0.11" 0. 14 0. 12* 1. 64 +0.29* 0.77 +0.09* 1.20 £0.21°  0.32 +0.26
F4 180 CilMEARX THRIERHETL
Tab.4 Variation of heterocyclic amines at oil temperature of 180 °C
Fif }i]/min w (Z4¥FR%)/pg-kg =1 content of heterocyclic amine
time 1Q MelQ MelQx 4, 8-DiMelQx Trp-P-1 Trp-P-2 PhIP Harman Norharman
0.50 ND ND ND 0.73£0.112 ND ND ND 0.55+0.23*  0.93 +0.332
0.75 0.22£0.06* 1.25+0.30®  0.29 £0.07¢  0.59 £0.09* ND ND ND 1.08 £0.25%¢ 0,94 +0.47#
1.00 0.45+0.08* 3.78+0.30> 0.23+0.20® 0.68 +0. 15 ND ND ND 0.79 +0.26%> 0.97 +0.18#
1.75 3.18 £0.77%  7.08 £0.93¢  0.75£0.24*  0.47 +0.16* ND ND ND 0.60+0.19*  1.820.172
2.50 2.38+0.31>  7.15+1.03¢ 2.70£0.86" 1.70=0.512 ND ND ND 1.24 £0.39%d 1,51 +0.262
3.50 2.27£0.12>  7.66 +1.42¢  2.91+0.29>  1.88 +0.50% ND ND ND 1.52+0.47¢d  1.55+0. 102
5.00 3.93£0.65¢ 10.5+1.119 4,11 £0.74°  2.56 +0.45P ND ND ND 1.66 £0.23¢  1.62 +0.60b
6.50 4.19 +0.74% 10.88+0.169 6.57+1.23¢ 559 +0.68¢ 0.73+0.42¢ 0.71£0.23* 0.16£0.06* 1.71+0.39¢ 1.39 +0.54*
8.00 4.95+0.96° 14.82+1.13¢  7.97+0.30° 8.28+2.019 0.92+0.27* 0.99 +0.21P ND 1.66 £0.244 2,45 +0.93P
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Tab.5 Variation of heterocyclic amines at oil temperature of 200 °C
B} ]/ min w (Ze3 )/ ng-kg ! content of heterocyclic amine
time 1Q MelQ MelQx 4, 8-DiMelQx Trp-P-1 Trp-P-2 PhIP Harman Norharman
0.50 ND 0.64+0.56* 1.92+1.31° ND ND ND ND 1.47 £0.492> 2,44 +1.06°
0.75 1.17£0.16* 1.07+0.73* 3.67+1.34* 0.96+0.76° ND ND ND 0.93+0.86* 2.10+1.022
1.00 2.13+1.022  1.27+0.77® 3.78 +0.66* 1.08 £0.70®  0.38 +0. 352 ND ND 0.71 £0.66®  2.14 +0.902
1.75 2.88+0.712> 2,39 £0.36® 12.45+3.29> 1.48+0.52%  0.45£0.432 ND ND 2.27 +1.36% 2,66 +1.372
2.50 3.93+£1.36%¢ 4.02+1.77% 10.23+2.15> 2.15+1.06® 0.45+0.13* 0.46+0.40° 1.02+0.87* 2.43 +1.47® 1.80+0.67°
3.50 5.63+1.00b 3.07+1.13% 11.32+1.99>  3.03+0.932> 0.89+0.372> 2.20+1.42> 0.73+0.90* 2.62 +1.62% 2, 66+1.37°
5.00 6.70£1.56c  6.70+2.92>  7.08 +1.642> 4.21+1.96> 1.18+0.272> 2.40+1.58> 1.85+0.912> 3,49 +0.35bd 3,78 +1.282
6.50 16.43 +1. 119 16.43 +5.52¢ 25.15+7.06¢ 11.98+1.61¢ 1.91+1.13> 2.80+1.33> 3.14=1.16b 4.64+1.460 3.90 +2.012
8.00 21.66 £4.70° 21.66 +4.819 37.21+3.67¢ 13.31+1.68¢ 3.60+1.70° 3.90+1.75> 4.82+2.30° 4.97+1.069  4.02+0.95°
F6 200 ChtiEA N TRIRERMTL
Tab. 6 Variation of heterocyclic amines at baking temperature of 200 °C
i 6]/ min w (ZeF k) /wg-kg =1 content of heterocyclic amine
time 1Q MelQ MelQx 4, 8-DiMelQx Trp-P-1 Trp-P-2 PhIP Harman Norharman
1 ND ND ND ND ND ND ND 0.40 £0.45*  1.05 0. 15°
5 ND ND ND ND ND ND ND 0.57+0.13*  1.23 +0.70®
10 ND ND ND ND ND ND ND 0.78 £0.46*  1.62 0. 66%
15 2.22£1.27¢  9.71 £0.502 ND 2.98 +0. 842 ND ND 1.38£0.492  0.97 +0.36®> 1.37 +0.732
20 7.78 £1.74>  21.03+£3.04> 6.24+1.712 4.79 £1.582 ND ND 2.61£0.95> 1.21+0.61%> 1.64 +0.292
30 11.63 £3.29¢ 31.86+4.37¢ 13.86+2.77"> 9.70+3.04> 0.55+0.52% 0.27 £0.25* 3.68+0.56° 1.79+0.76> 2.44 +0.51>
2.4 KEFXTHIFERMETN R7 100 ChEFR TLIRBRAEL
H oK 3 07 3T IR B A X K (29 100 C), Tab.5 Variation of heterocyclic amines at
TERA K S R P AT A Fh g D, Rl 2% boiling temperature of 100 °C
%Hﬁ%iﬁiﬁfgﬁﬁﬁﬁﬁE%{& ?%iﬁﬂﬁt%ﬁ fis} [B]/min w (Z2¥FM%)/pg-kg ™" content of heterocyclic amine
K (P<0.05), {XAES 30 43454 Harman F1 Nor- time Harman Norharman
harman 4= B, Z|5 60 434 B} Harman F1 Norharman ! P P
HE RS0 0.70 ke~ T 108 pgeke ™' oAt : o o
FRISHIZIR AR ] (7)o N “ w
3 -i:]—i/l,: 20 ND ND
30 0.36 +0. 08" 0.50 +0. 13*
3.1 RIERHIFR 60 0.70 £0.27" 1.08 0. 65°

PRI T 11 R IRAE BRI S, H
IQ. MeIQ. MelQx. 4,8-DiMelQx Fil PhIP J& T4
MK R 2R 5 R K 2R A, AaC. MeAaC. Norhar-
man, Harman, Trp-P-1 FI Trp-P-2 J& T & MWk
ZeIRRE™ RIS RFEW, 200 C b KR =
TEIRI 45 TR S K e R AT SR I R BRI o LLA91)

BERTREEMMIE, 200 CHERE I T 5 30 73
Pt E LK R AT RN & 93.3% , 200 C
MWXETT T2 8 Jrph it o5 85.7% , P bl B 3%
TR, X FERH T7E 100 ~200 Chn
TR A SF P AR . E BRI K AL
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B YRR B i i PR I B S — RN E IR
o7 72 A A K R e T e e 2 B, T A
WRRTE AL LR E 2%, MIRFRIRD . AR R
AR U LRI ZR R R R AE 300 °C LA LR T i
HER. EHREERA L, REERER
AaC. MeAaC 7£ 100 ~ 200 C &4 TF¥REMK, #
B AaC. MeAaC 75 2 5 5 (19 2 iR BE A BB A %,
BIR5 45 R [F it 577 Harman F1 Norharman 4 H H:
AR E S B, R ERE FmE S R T A
Trp-P-1 F1 Tip-P-2 Fi#6 i, X5 SKOG 2 f 5%
GERAM, HAR A PITE 175 ~ 200 C L/ T 7
F#4 Harman 1 Notharman /£ 5%, [7] i DIEM 1
HERDERICH"™ % Bl 76 & 75 {0, 2 BR A B & 1) S B
BRI, JNIREE 100 °C B} [E#E4L75 Harman 1
Norhaman /£ i, H 5@ SR KEMX; BE
BORGEN %" gy i 55 v, HEMGERMKE S
Harman 5§, Norharmen /4= 5% 6 . & HEAH G, X8
HH 2R 2 R bk 28 Ak A 1 O TR AL i T RE R i &2
Z%, FRAET S p A B RR B H B FE 300 °C L
TR BE T 2 A
32 mMIFHAITRIREEE AR

I T 07 & i AR R RR 2 . A B B A
FRSBEEBERNEN, HTKERERK(Y
100 C), WHHFHERER. BAKLEWEREKY
TRMEE BN A AL T I BB, HUKZESINTRTE
LMl Ze R e A R, S OK R P J R
ARG RhE D, FESE 30 SR AR AR
Al Z%38 iz, %5 30 ~ 55 60 441 (L Norharman FI
Harman 4258, HBRRSEERAK, 5 60 /r4had Bkt
104 1.78 ug-kg ™' o 200 CHEBEFRT, ZRIFMEH
A RGP B K& (P <0.05) , 7E%S 30
Ayehimt E AR 75.78 ug-kg', K 9 FhARIRRE,
200 CIMFER T, ZeIPME AL p ok B 8 3% P At
KK E T (P <0.05) , 7E5 8 ZrHhid Bt ik
115.11 pg-kg™', Kt 9 P LI, X5 LIAO
axt® 0z U BTSSR, HBT SR Y
R E S i ml, SEEES S EBK
Pokzg &, JEid R hER N %5 — RPN E IR,
PR Z IR RTE B, SR 38 1 fe) B A% 5 2t
1) A B ARIR B A KRR ENZAKNGT
(K&, ZAREMTE RE AR,
3.3 IR EFAE X F IR R A AL B R0

o T3 B A0 B[R] S 5 o 2% A i 2B R A B TR

120 1 415/°C group
—o— 140
—&— 160
—— 180
—*%—200

80 r

£ a0t

w(ZEANE) g kg™
total heterocyelic amine content

O

0 2 6 8

4
M4 5 ] fmin
{rying time
B2 ORFEREE T 25 3R i b B i AL
Fig 2 Heieroeyclic amine comtent at differemt
frying temperstures
£, NRNish % L, IR R i
RN MEZERER, SIEME T RN, 1hEE RN
FRIER, FEYNARRER, ZIRBHEE T 140
C. 160 °C . 180 °CFl1 200 °C jii¥E iR BE % Ze 34 e 2E
RLAIRE R, 25 52 A e 0 IR B A T e 243 e Ak
BRI FPZE M 140 °C 1 7 Fp3inE] 200 CHy 9 Fh, 1
T MelQx F1 PhIP, MWK 2 /] LIFEH, BEEIRE
AT TN, Z3A R i A B B B iR, X5 K
TRAMEEIAR 2 Ze IR R — 3P, HT
534 2% DU ) st 18] Bsf AR i o 20 i o 40 B B 25 TR
BERFH RS HE K, A [R]EBE B AR o 2 IR o 1 4
$ChE 5 I ] B 2 T 38 . AHINIFT GRUNIP 31+
T 1Q. NelQ, MelQx. 408-DiNelQx, PhiP, Hir
man, Norharmen Fll AaC 8 Fh ZL R 2 7 5 1L BE
Hor 408-DiMelQx 135 1k A A% 5 (50. 93 k-nmoll ') ,
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