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HIARY BT (LR LR IF B R 45 ) 7EAIR T 250 °C
AT ARSI A 5 75— R AR, 3L
PRAER AR AP | ot Z HE IR BR 11 BT i T 250 °C 4%
P RZRF=A eI 5 e KB 45 H 8 AT
Ba W VRS O RURTTE ATk DN N 235 L S P
TRt R A T W

R, 5 9 2% PR B A iy ik 32 B S A
T (GC) ¥ AR 1% - BTk (GC-MS) & | = R0 AH
3% (HPLC) 25 AR (8385 - B3/ B3l ( LC-MS/MS)
TRAELIY o R RO R LT — DY G v A
BT 3% (UHPLC-Q-Orbitrap HRMS ) B¢ % BA & v
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1Q(2-FFE-3-HEEBKMEIF[ 4,51 mEmf) (10
[4,5-b] (2-Z H—1-HIEEBR M- [ 4,5~ ] wemk) |

1Qx (2-Z -3 -FIILR LI [ 4, 5] MEWERR) | MelQ
(2-24 -3, 4- "W IEDRIEIf [ 4,5 -] - mk) |
MelQx (2-Z3E-3,8- — FH HLBRME I [ 4,5-F] -l
k) . 7,8-DiMelQx (2-% k-3, 7, 8 — — H FLIK Mg I
[4,5—f]-MNEMk) 4,8-DiMelQx(2-% -3 4,8-=
BRI T[4 ,5—f ] -l MK ) (PhIP (2-2 E-1-H
-6 TR FEBKIEIF[4,5-b ] -MEIE) . DMIP (2-2 -
1,6-—H FEpkmeJIf-[4,5-b] -mkBE) 3,5, 6-TMIP
(2-FH-3,5,6- = HFLBKIEIF[4,5-b ] MERE) |
IFP (2-2H—1,6- L0k IF[4,5-b] -MLhe) ,
AR =98% , IS SRR A A FRA R 775
NG (Eigal)  EEBEAE 7 R R,
ekl fEE CNW A ) 7 ; NaOH \NaCl A1 A3
R bt 7 N A AR
1.2 FEMNH

UHPLC-Q-Orbitrap HRMS ZRZE 145 Dionex Ulti-
mate 3000 BUVEARZ | A S FEER 1 Q Exactive Focus
%A, 72 [E Thermo Fisher Scientific 2 & ;= ; MS3
digital B3R BETR A 7%, 2 KA 2 F 7= ; KQ - 500F
TR S s e A%, B Ll T R RS A R A FL
KDC-40 AU 5.0 AL, @b R AR 677 5 Milli-
Q R A KAL , 3% [E Millipore 23 @72 ; N-EVAP 112
RUKIBRWRAL, SEE OA 28 7] 775 3K15 1 i 3 5 0
ML, ZE[E Sigma 2AH] =,
1.3 #murkbiE

O HIREELTHEFLAY A B .C.D HIRSHE A9 AY
iy RS R AL Y TR RIT R, R I % B A, BT
-18 C &R, FFill

SrHIFREL L. 0 g FIRRFIUAE S T 50 mL B .04
RN 4 mL 0. 2 mol/L.0. 5 mol/L 1.0 mol/L
F12.0 mol/L Y NaOH ¥ A1 6 mL [ 2N, ¥ 5T
30 s JafilA 1.5 g NaCl, #% i€ 2 min; 7 4500 r/min
N B0 5 min, BBH P T 15 mL B
FAEDUE S IIA 4 mL ZBEHEC1 K, &1 O hE Lig
JZ,2:40 C N, REZ) 2 mL, fF51k

3 mL HIPE 3 mL 281K 3 mL &R %0k
1% 1 HY R VA0 [ AR 2 BRURE A 7305 AL AP 5 K 42
SBUIR 4 8 30 3 5 2 4 [T AH A6 BRURE AR 3 mL
0. 1% MR 3 mL Z£48 /KA1 3 mL Jo/K FH BEFE ATk
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Ve, 4 mL HE-ZUKIRABWR(V(FEE) -V
(ZUK)=9: 1) BEATUEML; AR VEG, 48 40 °C N,
T, ARSI (V(1 mol/L ZFRE (&4 0.05%
(ABEREREG TR KHIR)) - V(L) =
95 : 5)EAZE 1.0 mL, 1t 0.22 um PFTE JEfR)S,
FRREI

IR RSS2 5 e 3 FhAS [R] A7 A LT e L 55
VS RE i TR A1 5 BEAT I D SE5: , K-
HF1XLOQ (GEEFR) 2xLOQ F1 10xXLOQ, XF 3 M4
KT 6 YCFATIE (n=6) , PRI SEER
KFELLES 5 d(n=5) , RHSMRESTE
1.4 LC-MS &%

LC %1% 354 9 Thermo Accucore aQ CI8
(2.1 mmx150 mmx2.7 pum) , #H i 30 C; HishAH
Hr, A AR 1 mmol/ 1. ZBREF R (& A 0. 05% [ H
), B AHN SN s B BEBERLFE P 0~0. 5 min,95%
A;0.5~7 min,95% ~80% A;7~9.5 min,80% ~40%
A;9.5~9.6 min,40% ~5% A;9.6~11 min,5% A;
11~11.5 min,5%~95% A;11.5~13 min,95% A ;i
FEE A 3 pL; WA 0. 3 mL/min,

MS 551 . HESI B0 IR B R W55 1
H3.5 kV, BAERIE N 320 C, B % R JE N
250 °C, Full MS IEB P A HITEH (m/2)
4 50~650 amu, 53HEF N 70 000,

2 RS

2.1 EMEEESNW
11 Fi tE HAAs 78 ESI+HE F 158 [ M+

H] MM TR0, OIS EA RN R T/ 1k
WA i S T B AR I A R 5 R R T L
TS B ] LU RN 1 B T AR B . s IR
VRN T vk AT S B 11 A PE HAAs (9 R 4750 55,
I, R AT, 15 H 528 HAAs 19 MS I 25
WL 1, R 1 AT, 1 A HAAs (5 R v
BHREER/INT 3. 0x 107 £F & BRI 16 4 2002/657/EC
G RE ERRE D] AT AR — S
2.2 REUBAFIMMRULER

11 A H b5 HAAs B2 i 25 50 (pKa ) 22 57 38
T, PRI, SR B OV 70 5 IS [R) AR P HAAs 119
TR RIS 5 ik AR o R i T AR e AHER
TRk | o 0 2% o AL B A R Y 2 A
PRV R X i 7 A 1 BT 45 R BT TE RICR 1Y
PR Y IF ELXE 11 R HAAs 35 HA B i 41
ey, BRI AS SCRE B OB VR R BUA R, h i H
N AR EIE v G S s A BT T DN R 6 ) S
W, ARXEAT 0.2 mol/L.0.5 mol/L. 1.0 mol/L
F12.0 mol/L ) NaOH ¥ % H AR HAAs 4 B0k
B, ARRIMEE NaOH % 11 Fple vk HAAs [ Ay
ML 1, B 1 AT B NaOH ¥R B B35 K,
11 AR P HAAs 9 g e i 0k 2 5 B TS T B
A SR R P A AL F, 2 NaOH ¥ Ji o
1 mol/L B, N, WA Ji5 BT A5 B OBV e 3 e 1K, Jk
TGN A AR, BB AR 9 T A ot A D 3K AT g2
NaOH (YN AE -3t i & A= 12 Ak S g e 2, ) g
o Ud WY B A — 5E B BR B VE . >4 NaOH ¥k B2
2 mol/L B, B2 MU W 25 5t R AL B4, 5% i 43

% 1 11 #F HAAs &5 MS | & £ %

Table 1 MS detection results of 11 HAAs

WAt HAAs RIS AR 43 o i HERGAINT 03 T Bide B/ (mg-kg™") FET
1Q 199. 097 8 199. 097 9 0.35 184. 074 3,157.063 6
1Q[4,5-b] 199. 097 8 199. 098 2 2.01 184.074 7,142.052 9
10x 200. 093 1 200. 092 9 0. 85 185. 069 5,158. 058 4
MelQ 213.113 5 213.113 3 0.75 198.089 9,170.071 2
MelQx 214.108 7 214.108 7 0. 14 199.085 2,172.074 3
7,8-DiMelQx 228.124 4 228.124 0 1.75 213.100 7,187.098 3
4,8-DiMelQx 228.124 4 228.123 9 1. 80 212.092 9,185.082 1
PhIP 225.113 5 225.113 3 0. 62 210. 089 8,168. 068 1
DMIP 163. 097 8 163.097 7 0.43 148.074 3,105.045 1
3,5,6-TMIP 177.113 7 177.113 5 1.13 162. 090 2,147. 066 7
IFP 203.092 7 203.092 9 0.98 188. 069 5,187.061 6
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Fig. 1 Effects of different concentrations of NaOH

on recovery of 11 polar HAAs

2, 40 BARME G YT CIEZ 70, 1 HAAs
TS 6 2 AR, L, B S E A 1 mol/L
NaOH I AME N HAAs FY3E B R BUA
2.3 AEFEEEER

A o VR ARV I 3K 3 UK, AR B
W7 R, S5 FAT 3 W, B T ik iy
Kt BR(LOD) Fi5E fEFR . 7 SCT7 AT 11 Al
HAAs IPERES LS 2, IR 2 AT, 1Q FT MelQ
FE0.5~50.0 pg/L & B L IFP 7E 2.0 ~
100. 0 pg/L B BE 0 Hil AR 8 Fl HAAs 43 HIl7E
0.5~100.0 pg/L 1 0.1~100.0 /L JiE kT
FIN, I EA B MEEXR, HIRERZRB R N

0.997 2~0.999 4; 7 LMK HBR A 0. 03 ~0. 60 pg/
kg, TERERER N 0.10~2. 00 we/kg, PEIH1% )5 %
AMEXRRRY REUZEE R, 11 FiilrE HAAs 7Y [0
R A 83. 40% ~ 114. 80% K& (RSD) 4 1. 40% ~
7.20% , =W ZITE B ARE E’J@ﬂﬁ(iﬂ*ﬁ:ﬁ’]ﬁ
BPE, P0G 2 X 20 be LAY th HAAs 75 S (19 4 DUl
2.4 SEBREEMAE
4 By 2L BEFLASHE S AN [R] ER A A M HAAs %
WL 3—FK 6, HFE3I—FK 6 AT, 4 ML bEFLag
= ZAG ) MelQx  PhIP i1 DMIP 3 Ff' HAAs, J i
PhIP 5% & & 4 0.53 ug/kg, MelQx i & & N
0.46 ng/kg, RIRFESE 3 Fft HAAs A& 22 BIEK,
XA e 5 AN G KRG w SRR 2, &
IR 1Y PhIP &) TAE TG R4 RS &R
P2 220 2 LT B RLRS AN IR 11 Fof
et HAAs PR B i, 856 &1 2 nl %0, AS TR A e
Fﬁiﬂ’ﬂ HAAs B & AT, éIi”‘?‘Lbﬁ%&EF' HAAs &
RS R 2 3~ 6 i, X T REZ R AG R
@ﬁiﬁ%ﬂ@%ﬁﬁﬁmaﬂﬁ , E%ﬁé%ﬂ 160 C A&
TS 2323 2B i HAAs B RT /RS 5, 308 14 g
B A HAAs (A2 B, FLAS B R B 5, o 1
AR AL | AR HE X 2o Wy A W 1 5 5 R T )
JRASH, T HAAs A5 3 w2 [l 49

PY AR TR 25 IS BE 23 3 HAAs 19 B 5 17
AR T SR S TR HAAs FTHARH T 14 I B a1 5k

R JULT VLR AL JEORE | (ELRG 220k A5 K2 19 1] 432 i 4

k2 RITr A 11 AR HAAs 89 M Ak Ak
Table 2 Method property parameters of 11 polar HAAs

Bt Hans  HEIR/ ) B e T A T VR ) V2
(pg-L™) (pg-kg ) (pgrke )
1Q 0.5~50 y=0.013 835+0. 134 18x 0.998 2 0.15 0.50 84.90~95.50 3.60~6.30
1Q[4,5-b] 0.5~100 y=-0.026 144+0. 141 Olx 0.998 7 0.15 0.50 93.90~105.30 1.40~6.30
1Qx 0.5~100 y=-0.058 697+0. 568 58x 0.998 8 0.15 0.50 87.20~96.80 2.50~5.20
MelQ 0.5~50 y=-0.007 905 7+0. 131 54x  0.998 9 0.15 0.50 90.30~103.40 3.90~5.80
MelQx 0.1~100 y=-0.048 427+0. 660 91x 0.999 0 0.03 0.10 85.10~114.80 2.40~4.50
7,8-DiMelQx 0.5~100 y=-0.038 171+0. 507 43x 0.999 4 0.15 0.50 92.50~104.00 4.40~7.20
4,8-DiMelQx 0. 1~100 y=-0. 066 999+0. 664 86x 0.999 0 0.03 0.10 103. 10~ 114.60 2.90~4.90
PhIP 0.1~100 y=-0.180 84+1.311 11x 0.999 4 0.03 0.10 94.40~102.10 2.50~7.20
DMIP 0.1~100 y=0.294 83+1. 114 26« 0.997 2 0.03 0.10 91.60~102.80 2.00~4.10
3,5,6-TMIP 0.5~100 y=-0.010 476+0. 152 53x 0.999 3 0.15 0.50 83.40~110.60 1.70~4.40
IFP 2.0~100 y=-0.008 305 1+0.020 976x 0.997 3 0. 60 2.00 98.20~104.90 3.80~6.80
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A3 Arirprilani b £ MM HAAs &%
Table 3 Content of major polar HAAs in skin and
meat of pigeon’s wing pe/ kg
etk 4 A
HAAs A B C D A B C D

DMIP ND 0.19 0.16 NQ ND NQ ND ND
MelQx ND 0.34 0.32 NQ ND 0.10 NQ ND
PhIP ND ND 0.31 ND ND ND NQ ND

END R AR NQ BaRARER, T,

A4 AbrerpesUaskof £ 24 HAAs &%
Table 4  Content of major polar HAAs in skin and meat
of pigeon’s heel pe/kg
etk B A
HAAs A B C D A B C D
DMIP ND 0.14 0.25 NQ ND NQ ND ND
MelQx ND 0.29 0.46 NQ ND ND NQ ND

PhlP ND ND 0.53 0.11 ND ND NQ ND

A5 AR SUALAR F  RAREE HAAs 48
Table 5 Content of major polar HAAs in skin and meat
of pigeon’s legs pe/kg
et 4 A
HAAs A B C D A B C D
DMIP ND 0.15 0.15 NQ ND ND ND ND
MelQx ND 0.35 0.19 ND ND ND ND ND

PhlP ND ND 0.42 ND ND ND NQ ND

k6 4kl T £ 2L HAAs &%
Table 6  Content of major polar HAAs in skin and meat
of pigeon’s breasts pe/kg
et B 5]
HAAs A B C D A B C D
DMIP NQ 0.13 0.17 NQ ND ND 0.10 ND
MelQx ND 0.20 0.33 NQ ND ND 0.15 ND

PhlP ND ND 0.48 ND ND ND 0.11 ND

A B RS A 5T R BELIR | R TT02E 1 HAAs (1942 B,
4 Py FLAS AR AR A HAAs B A i il 2 38Rk
N RS ER >R HE > A9 > A R . 3X AT BEJEAHER T T
BRI RS RS HG , 5 B AL ) Bz Fn R D B gy AT
S TR R[] P e i 23 (5 A2 BE 221 HAAs

3 45ip

ARSCUAT 4 LLREFLAS 9 J5i A B, 57 T UH-
PLC-Q-Orbitrap HRMS 5§ F J7 1. 76 X5 A & i
1.5 g NaCl, 1 mol/L NaOH % & 1 £, 247 42 U

0.7
54
A

NI

0.6 - T 2

0s| |
04+

0.3+

HAAsE &/(ng kg

02+

0 222
] B i L]
LLBEFL RS R4 ERAL

B2 4R FLAE R B R L
11 Ak HAAs 09 B8 %
Fig.2  Total amount of 11 HAAs in skin and meat
of braised squab
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BRI LELLZNEF 1 mmol/L LR IEW (&
0. 05% 1 FH R ) Ry e B30 19 25 144 T, 1Q 1 MelQ #£
0.5~ 50 pe/L 78 Bl 9 2 Pk R 4F, IFP 7 2.0 ~
100 pg/L I N Lt R4, HAx 8 Flt HAAs 437 7E
0.5~100 pg/L F10.1~100 pg/L 5 H N LM KA,
JIT A TS %6 55 0 %% B 45 R AT 2D Be 2L S HAAs
FH ol MelQx . PhIP 1 DMIP, H:rf PhIP 5 5% 55
ik 0. 53 pg/kg, MelQx K2, M 0. 46 pg/ke; 75 5K
Y HAAs S5 0 355 TR9 A, H 4 DAL ag
PRI HAAs B8 i o A SCE 7 /) SPE-UHPLC-
Q-Orbitrap HRMS 46l J5 ¥ 7 SR 155 | 495 SR e v
5 A T LLREFLAG ol M AR ER R A T Sy PRI 1
it WP 2R PR BT 1 A i I A L
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Determination of 11 polar heterocyclic aromatic amines in
braised squab By UHPLC-Q-Orbitrap HRMS
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YANG Juan'?? ,XIAN Yanping*, CHEN Weibo’, DONG Hao'*”
1. College of Light Industry and Food Sciences , Zhongkai University of Agriculture and Engineering , Guangzhou 510225, China;
2. Guangdong Provincial Key Laboratory of Lingnan Specialty Food Science and Technology , Guangzhou 510225 , China;
3. Key Laboratory of Green Processing and Intelligent Manufacturing of Lingnan Specialty Food
Ministry of Agriculture , Guangzhou 510225 , China
4. Guangzhou Quality Supervision and Testing Institute , Guangzhou 510110, China;
5. Meizhou Jinlv Modern Agriculture Development Co.,Ltd.,Meizhou 514000, China

Abstract; With commericially available braised squab as research object, UHPLC-Q-Orbitrap HRMS was estab-
lished. Eleven polar heterocyclic aromatic amines in braised squab were detected by UHPLC-Q-Orbitrap HRMS.
The results showed that the method had good linearity and high mass accuracy. The mass accuracy of 11 heterocy-
clic aromatic amines was <3x107°. The determination coefficients were greater than 0. 997 2. The limit of detection
was 0. 03~0. 60 pg/kg, and the limit of quantification was 0. 10~2. 00 pwg/kg. This method had stable recovery
and certain accuracy. The recovery of 11 heterocyclic aromatic amines at 3 spiked concentrations ranged from
83.40% to 114.80%, and the precision ranged from 1.40% to 7.20%. The main heterocyclic aromatic amines
detected in braised squab were MelQx (0. 10~0.46 pg/kg), PhIP (0.10~0.53 pg/kg) and DMIP (0. 10 ~
0.25 pg/kg). The total content of heterocyclic aromatic amines in 4 parts of braised squab was the heel, breast,
wing and leg in descending oder.

Key words : heterocyclic aromatic amines; braised squab; UHPLC-Quadrupole-Orbitrap high resolution mass spec-

trometry
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value of the potential increased compared to the alkali extraction followed by acid precipitation treatment, the aver-
age particle size of the composite system was significantly decreased after the addition of EGCG (P<0.05). The
relative contents of a-helix and B-sheet of PSE-like chicken protein isolate by UAE-treated were decreased to
12.84% and 11.96% , respectively, while the relative content of B-turn was increased to 63.17% (P<0.05). The
relative content of a-helix decreased significantly to 9. 07% and the relative content of B-sheet increased significantly to
19. 08% after the addition of EGCG (P<0.05). The PSE-like chicken protein isolate obtained by UAE had the
stronger binding ability to EGCG, with a larger binding site (1.265), and better protective effect on EGCG. UAE
altered the structure of PSE-like chicken protein isolate, enhanced the interaction of PSE chicken protein isolate
with EGCG, and slowed down the oxidative degradation of EGCG.

Key words : PSE-like chicken protein isolate ; epigallocatechin-3-gallate ; ultrasound-assisted alkali extraction
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