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Heterocyclic Aromatic Amines
WANG Ke—xin', WANG Hua-li*, SHAN Yan—qin’, XU Nii*, LI Jing'", WANG Hao'"

(1. College of Food Science and Engineering, Tianjin University of Science & Technology, Tianjin 300457,
China; 2. China National Center for Food Safety Risk Assessment, Beijing 100024, China; 3. Jiangsu Xingye
Food Co., Ltd., Xinghua 225700, Jiangsu, China; 4. College of Food Science and Engineering, Shanxi
Agricultural University, Jinzhong 030800, Shanxi, China)

Abstract: The effects of ginger at different concentrations (0.5%, 1.0% and 1.5% ) on the quality of roasted
pork patties and production of heterocyclic aromatic amines (HAAs ) in roasted pork patties were explored with
pork and ginger as research objects. It was found that ginger could reduce the weight loss rate of pork patties and
improve the color. Additionally, ginger showed a good inhibitory effect on eight HAAs (MelQ, MelQx, 4,8-
DiMelQx, PhIP, 1Qx, 1Q, AaC and Trp—P-2). The inhibitory rate of the total content of HAAs of the roasted
pork patties was 55.45% with the addition of 1.5% ginger. With the increase in ginger addition, the consumption

of free amino acids decreased. So ginger had good inhibitory activity against HAAs in roasted pork patties.
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cyclic aromatic amines, HAAs) . HTI, & 2850 2 F1 & B
T 30 ZR AR . IHAR RSN , AR AT 43K
PRI : IR F AR5 SR RN SRR, S BE e
RARMIFRE M IR . A SRR ) S RS R e
J BRI AEZS RN o 2 FE RO H 2 FEIRAE 300 C
T AAREAIE AL, RO AR AR R B HAAs 2%
TS IERE A B UL, PRIk, 0 ) ) i hn T
HAAs BB A3 12 K0

FURT, A ¥ S ARG S A0 8 T 22 AL A
ain S HAAs 2R Y Ae 2 — PSR, HLdL
FIE HAAs IR, 33U T AT e RO i A o H
AR A AR RE T o 5T AR Z WIS TR
EFIF L, & 5 2 0 0 R A SRR 2D
I, FPRHERUE T AR LI HAAs PR/
PARTERE . Ahn SEEHMH B2 2RIk A MR A kS L)
AP, 200 °CF 528 20 min, 5% RAUALE, 2-
R H-3,8- T HIELBKIEIf [4,5-/] DR (2—amino—
3, 8-dimethylimidazo[4, 5—f Jquinoxaline , MelQx ) it & &
I IRRAR T 77% 75% F 69%., Zeng SFOWIFFE & IRAIN
0.5% AU FI il A v 1 25 31— FF B -6 AR LK
W [4,5—f ] BE (2 —amino —1 —methyl -6 —phenylimidazo
[4,5—f Ipyridine, PhIP).2— % k3,4 — H JLok i Jf:
[4,5—f MMk (2—amino—3-methylimidazo[4, 5—f Jquinoxa—
line, 1Qx) 2-% 53,4, 8- = HIBLDK ML IF 4, 5—f M
Whi(2-amino-3,4, 8—trimethylimidazo[4 , 5—f |quinoxaline,
4,8-DiMel-Qx ) Fl MelQx 144 2% 43 5| B & R 82%
61% .28% 1 79%.

M e — R LR ARk, FON HIVE Rz, REf
AT PR S AR IXUER . BOREAF R A 0.8 mg/mLL
AR RGN, L 1, 1- -2 - =R AR PR (1, 1-dip-
henyl-2—picrylhydrazyl, DPPH ) [ H1 JEF1 2, 2~k A - -
3— L HEFE I WEME R —6— Rt 122, 2 —azino—bis (3—ethyl-
benzothiazoline—6—sulfonic acid ), ABTS|FH % F H H %
TR BRAIITE 80% L L, A RAFAIBTAMACR . Loh,
AL TR, BNy R AT, AU
BN FH 22 1y b B 1 Y % (malondialdehyde,
MDA ) & 5t B . FEAIR , 140 25 e TR/ 4 A 4 D H IR 1
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SR, DA M A DAL i DA SE (R B | SRR IR A
I TR

1 HR57HZ%
L1 AR
BB N AR 22 TS s HAAs AR 1Qx  MelQx

4,8-DiMelQx .PhIP , 2% -3 F JEBKIR (4, 57 |4
I (2—amino—3-methylimidazo [4,5—f ] quinoline, 1Q) .2—
W H-3,4- " H BRI [4, 5—f MM (2—amino-3, 4~
dimethylimidazo [4,5—f] quinoline, Mel()) .2 — % & -
3,7,8— = F LKL T[4, 5—f |PENR IR (2—amino-3,7, 8-
trimethylimidazo[4,5—f |quinoxaline, 7,8-DiMelQx).2—
A —9H - i g If: [2,3-b] H5] % (2 —amino —9H —pyrido
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methyl-9Hpyrido[3,4-b]indole, Harman) 3-Z %t-1-H
He-SH-MERE T (4,3-b ) 15| (3—amino—1-methyl-5SH-
pyrido[4,3-bJindole, Trp-P-2) .2-%#£-3,4,7,8-PUH
FHe3H-BRME T[4, 5—f M IR Bk (2—amino-3,4,7, 8 ~te—
tramethylimidazo[4 , 5—f Jqui—noxaline ,4,7,8-TriMelQx ) :
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1.4 EIERAG 4
1 SRHRTHRZH 2 R 0.5%H: 3233 H 1.0%4E3 4 1 1.5% %, AFF

WP EFES 0.2 g, Ef# T 15 mL 6 mol/L HCI,
FHELZS, 110 CRNE 22 h, SRR % 25 °C 08, B4
% 50 mL A=A, IEC 1 mL WA AGHRE T, A&
WX, H1 0.02 mol/L HCl ¥, 41k I e , FpAsrill i
15 IR IR A

R A XS IS A5 O A 5Y , 1B Waters Cog A 247 [
AHAEEUR 28 2 BERE D o % 2 ¢ IADFRER IR SRAE 7 mL
NG 2.8 mL K F 200 pl WARIAE R T, 24 CF ¥
1 mino PHEEWLL 10 000 r/min Z5.0 10 min, BEE i
o SRIGINA S mL HEFIHFIR G IRFEI 2 UKo B AR IR
FIEASA 3 mL P EEA 3 mL /K BT ALFE Waters Cig
R, WA RO R T . AR s -
(liquid chromatography —mass spectrometry, LC —MS) 43+
HrET B BU A fRAE 1 mL.30 mol/L 2 FR 4% 2% whifk -
ZNE(pH3.5) ", F:FH 0.22 wm i JE A8

81 30 mmol/L. Z R %% (A) A1 £ (B) B — i
SR SRR BE R o PEIRE ST A 0~0.5 min, 90%A ;
0.5 min~5.0 min, 90%~40%A ;5.0 min~6.0 min, 40%~5%
A ;6.0 min~8.0 min,5%A ;8.0 min~8.1 min,5%~90%A ;
8.1 min~9.0 min,90% A; Jiii# 0.3 mL/min, #EFE & 2 wl,
LC-MS ffi F§ Shimadzu Nexera HPLC % 4t 5 QTRAP
4500 — 5 DU AT Z 1k 25 B B 4 B A LA T B A
AT o B S N B AAT U 3.0 kV B TR
JE 120 °C,,
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Fig.1 Changes in weight loss, and L*, a*, and b*-values of

pork patties affected by ginger at different concentrations
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B ERHIR(P<0.05) o WPFE AT R b ) B i ok 2L
SR TR o R 2 HA As TE AR A4
FEAKEEPENI IR i 2 R e . 78 2 v, A
% 1T BRI 7 £ AT BB 23 Bl A 7K DA TR P S 1) 3% T
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Table 1 Effect of ginger at different concentrations on the texture of roasted pork patties
415 f#EE/N 3¢/ (mmol/LL ) BN JBEA JEIN NEL IR} 2 /m)
papicEi| 5 476.11+62.05° 0.98+0.04 0.86+0.01° 3 851.85+28.33¢ 3 872.86+59.03"
0.5%" % 5317.63£62.78" 0.97+0.02° 0.83+0.02° 3 811.16+£58.57" 3 791.19£10.06"
1.0%4: % 5 232.59+29.39° 0.97+0.01 0.84+0.03° 3796.71+15.23" 3 744.64+9.03°
1.5%"%: % 5 243.68+34.22° 0.96+0.02" 0.83+0.02° 3 786.55+85.34" 3 746.30+28.29°

L : ISR 7R oR 2253 35 (P<0.05)

REZ T IALE 25 PRV R (R K 5 i b o, o — 2
Py B E S A, S BORE B A R MR T
Zeng “FEIBIFSE K BUAEHEUR LA i Xof HLJ5 21 DAL ) 2
AL RELRE ST T AT ), ELO R Y 4
IFFANBA R o AR A1 45 R AT RE 5 T e £ /9 HAAs

TR 08 A3 2 S L S R RS A G
2.3 AR XL IR A I AR BRI iR

AT LC-MS 2387 1 A2 X MRS 5 P D
HAAs PHIVERT o AN IR 2 A 2 0T JERs 3 3 D 2
AR DL 2.

xR 2 AREREEZITHEE NG P RIRRS ENRM

Table 2  Effect of ginger at different concentrations on the content of HAAs in roast pork patties

ng/g

- 4,8- R

ZH 5 MelQ . MelQx PhIP 10x 1Q MeAaC Harman AaC Trp—P-2 J=8

DiMelQx

X REZH 5.09+0.04* 1.67+0.05* 4.27+0.04* 5.59+0.05* 0.71+0.02* 0.83+0.01° - 1.47+0.01"  0.30+0.04* 1.98+0.03* 21.91
0.5%4:2%  2.78+0.02" 0.76+0.03" 1.64+0.02" 1.43+0.01" 0.60+0.01" 0.42+0.05 - 1.69+0.01° 0.18+0.01" 1.11+0.04" 10.61
1.0%%%  2.70£0.01" 0.52+0.02° 1.48+0.03° 1.29+0.04° 0.56+0.03° 0.36+0.02 - 2.15+0.01"  0.14+0.02" 1.08+0.02" 10.28
1.5%F% 242+0.02° 0.41+0.01" 1.27+0.04" 0.76+0.05' 0.50+0.04" 0.52+0.01" - 2.84+0.01*  0.09+£0.04° 0.95+0.03° 9.76

T RPN T R 28 57 35 (P<0.05 ) s —Fm ARk

2% 2 AT, TERLIE G A DR ARSI T 10 R HAAs
MR R TEAIEGY |, B A 229K BE A3, Harman
ST T E . Harman J& T B-FRIKSS HAAs, Al
TR 2% LA BOY BT AR A A 2R, 7R R
I R BB 2 A A ) — SE T R B E P
KN Harman 25820, ik, & FRAE AP
Harman & 515 22 0] GBI X TR & B 48 & 5E
TR AR HAB RSy o Zeng SFPIFST & BRAEHES
T 4 APEH Harman (7K X -5 A8 58 2518 HH T .
[% Harman 7, =25 H T HAAs WA IR . PhIP
() B e HRZ e i, B H A P A DL 2258
iR, A ZEXT PhIP A4 i 50 5 BH S, HC B o 5 Jin e
JE B TE, A 2R3 5 R 74.42% 76.92%F1 86.40% .
Suleman 25 BIWF5Y & PR, 16 450 C~500 CH % £
10 min AYZ5PFF 8 ULAO Bkt (A= 22 BRI 208
P AL T A R B2 )F47%) PhIP (4 i 255 21 90% .

MelQ) \MelQx .4,8-DiMelQx . 1Qx F1 1Q ¥4 J& T 1Q
B HAAs A= 20 LA A5CR S v BEARsM: . 7E 2B %
e BEly 1.5% W RE 5 B, MelQ \MelQx .4, 8 —DiMelQx
1Qx F1 1Q Ayl 2R 533 4 52.46% .70.26% .75.45% .
29.58%F1 37.35% . Tengilimoglu—Metin %5 P4 fiff 5% 4%
B, 7E 250 CHIZPE T, LIAE BRI AT LAREAIR AL 45 3 A
H1 MelQ MelQx IQx Fll 1Q [ 7 &, A SCH (1) HoAil
HAAs # H ,MeAaC . AaC FT Trp—P-2 1) 5 2 AH X 5%

/b, MeAaC TETAFES P IIARKE H X5 Saterk 52!
HIRIFFEEE AL, 78 250 CRYE TR T MeAaC FRMERL K
o FEXTRRZA T, AaC & RAETA HAAs /b o AN
[F) 94 5 A2 22.(0.5% . 1.0% 11 1.5% )%t AaC B 5843
Sk 40.0% .53.33%H1 70.0%. =X Trp-P-2 AR
U AMEIVE T o Jamali SFPI 7 2% B 35 A A R B
RENSI A D Tep—P-2 (K5 B M\ 1.09 ng/g [ 3
0.27 ng/g,

Fror BT HAAs BIE A AR KA il 4 o % R
20 HAAs A 21.91 nglg, AR ZEHREXT HAAs
SR IIRIZR R 51.57% .53.08% 1 55.45%, 4
SRR, A X TR 5 TR 8 2 T e A AR A o)
SR, Bl AR 2R A BN, X 2 B A 4 o A B
TGN, S B A . Tengili-moglu—Metin 55124
HIRFTE & B, 7E 250 Crild a5 T AN R BE i LA
FEHLY) (0.5%F11 1.0% )% 4645 XS i PR v 2% 2R i (o et 1)
IR HA 12.78%F1 19.09% , Kt HEdE 24 N rh 22 FR
SRR 50 R 42.53% 1 35.57%

A HFETE HAAs BIE PR VR T, A kb
1) RARPUE AL TS PRy, JEHR By e &4, AT DL aE
i B R AR RS R TR R A i 7, Shan A2
RIKE 12 MEYIEHE 26 R I35 RHZ U 1
SRR AL RE T R & i 2 (A TE R B IR 2k G
F(R?=0.95), FRAER P I 230 P Ha Ak
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RE A B TTIR . AR 22 i F2 im0 45 22 B A
FIEW , A BETEUE BT AR 22 P A By 2R W i B A AR A 4
AR, X DPPH F &A1 ABTS FHE 1 i F£ 1
15 BR BB I B A R BE OSSN 4 =™, Sabally S5PF
FEA IR 0.3%A NN (45 15 22 By 1)~ 2R B4R U £
PIDERTAE R R P X MelQx (il %y 68%, %I 4,8
DiMelQx FYMHIZ Ky 56% , %F PhIP A6 %N 60% .
Weisburger S50 BUHE & A 0.5%~7.0% 45 2 By %
WAL PR ADELS min AT LA SRR HEBSO R AR T , #0761
RORBEHE 22 Z2 Wk BE RS InTmsg . eoh, Bk 1 21
EHUEA, AR T B A R A AR S
P AT RERZ M 28 PRI HTE B
2.4 AR XS HERE A A AR 1 S IR M)

HHERRR IR R S HE R 1A, A 2200 s
PR B i S R R DL 3

£33 AREREEEINMEEAGPHIERSELMN

Table 3  Effect of ginger at different concentrations on amino

acid content of roasted pork patties
mg/g

HE R IE(%
0.5 1.0 1.5
2 Asp 3.90£0.22 2.09+0.18 2.13+0.10 2.21x0.06 2.21+0.09
Thr 1.95:0.18 0.64+0.02 0.65£0.12 0.69+0.01 0.73£0.11
Ser 1.68+0.04 1.37x0.06 1.46+0.50 1.55+0.12 1.6420.07
Glu 6.45:021 4.58+0.25 4.78+0.58 4.77+0.37 4.75+0.61
Gly 1.92+0.05 0.93+0.03 0.96+0.04 1.06+0.01 1.08+0.09
Ala 2.40:0.12  1.89:0.08 1.97+0.10 2.26x0.13 2.340.11
Cys 0.36x0.05 0.25:0.02 0.25+0.01 0.26x0.01 0.26+0.05
W Val 2.40£0.10 1.56£0.03 1.65+0.09 1.87+0.10 1.88+0.21
EHEIR  Met 0.7820.12 0.41x0.05 0.42+0.06 0.57+0.05 0.64+0.06
SRR e 1.83:0.06 1.41x0.05 1.4520.03 1.5420.11 1.66+0.09
FEAR  Leu 3.5740.08 2.350.13 2.53+0.21 2.68+0.32 2.89+0.30
FRERR  Tyr 1.20£0.12  1.06£0.05 1.0820.02 1.10£0.08 1.18+0.04
JENZERZ Phe 1.89+0.07 1.02+0.02 1.17+0.04 1.30£0.22 1.42+0.11
AR Lys 3.69+0.11 2.13+0.10 2.36x0.11 2.45+0.12 2.60+0.21
HEM  His 1.59+0.06 1.16£0.06 1.2120.05 1.27+0.07 1.35+0.04
WA Arg 2.73:022 1.9120.12 2.0420.13 2.18+0.07 2.25+0.05
JfZR  Pro 1.02£0.07 0.76x0.02 0.80+0.09 0.84:0.11 0.90+0.03

o)
i

A=A X IR

ik s o
=
=

>
d

= ¥ o= o :
BoM oM M &

i

bl

N 3 R, SABRDHELL, 2t BE 5 R R
D, A R SRR & e A B I TR RS AT
FER WIS I 2 HER 7T AR IRHERES 2 IR DF b 5 HAAs (1)
T, JFHAERLCIEOUT , AR 2 A PRI I A
TR AR, 55508 RRATAR LY, A= 22 AT DA e I 125 2 TR
B i, HX) Asp (Glu Fl Leu BYBE NI A I, LA,
WFFEUESE , By AT LA AN [R] i 22 BE R e A Ak 2 S g B4,
25 TR e AR 22 5 S LR i v 4 R Ak 2 S 23 BH
B2 5 72 e I8 Bt 72, DI > A S A 41 )
YEHI.

3 g

A= LU I X B S 5 A F T MelQ \MelQx .4, 8-
DiMelQx .PhIP 1Qx .1Q . AaC I Trp—P-2 [ 4 i A W
B AIIRIRCR  IF B B A 2R B T X e A IR
R Ty e SR FEMRORAVE AT . 2R 2Ry 1.59% 0,
AR 2R AP R 8 R 3K 55.45% . 1 12 Al AL
FIAAE U B HAR, Az 22T DI 880/ 29 a5
PRATEFE, TR BRI AR I AR A RCR o 45 B A
iR, A AR E DL SRR B b a] LA RS 5 A
D22 BRI B, Sk PRIt ) 22 4 T S JEL

SE WK
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