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Abstract: The matrix solid phase dispersion (MSPD)-solid phase microextraction (SPE) techniques were used to separate and enrich the
HAs from the samples, in order to explore the differences in formation of heterocyclic amines (HAs) among donkey steak, beef steak and pork
steak under the same pan-frying conditions. High performance liquid chromatography-mass spectrometry (HPLC-MS/MS) was used to analyze
qualitatively the Has in the samples, and quantify the contents of seven HAs (IQ, Norharman, Harman, AaC, MelQx, DMIP and PhIP). The
results showed that the HAs in donkey steak, beef steak and pork steak were significantly different under the same pan-frying method (200°C, 15
min). Donkey steak and beef steak contained mainly thermal reactive HAs (IQ, MelQx, DMIP and PhIP), while pork steak had mainly pyrolytic
HAs (Norharman, Harman and AaC). The contents of thermal reactive HAs in pork steak and beef steak (1.74 mg/g and 1.73 mg/g, respectively)
were significantly (p<0.05) higher than that in donkey steaks (1.02 mg/g), whereas, the pyrolytic HAs decreased in the order of pork steak (2.14
mg/g), beef steak (1.07 mg/g), and donkey steak (0.58 mg/g). In summary, this study provides a reference for food safety research in the
processing of donkey steak, through disclosing the differences in the formation of HAs in donkey steak, beef steak and pork steak under the
same pan-frying conditions.
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TR, W 2UKSE, tall, e E 2%
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~H]; 1Q. Norharman. Harman. AaC. MelQx. DMIP
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1.2 {8

VBB A (LCMS-8040), HA By ERoR
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1.3 RIF =

1.3.1 Houhlé

s RAHE SR, Ky AN SRS
WL EEAERYVIEREE 1 em. BHAE 10 cm FE B,
FH AR iR, 08I RLEEA 10:1 3R B3R 164
T o

z2AHENRTT R, PR 2 BIFE 1504 175,
200, 225, 250 °C, fn#k 15 min, 7.5 min/[f, XL AT
JE, CLAMEIMIRAC PR, FEaF S sbR O
W I IR, PR E IR T, YIFFI TR H .

BUOVERIBPHE. 2Rk, JEHRAH 2 SRS By Uk
W, -18 ‘CUKFE 474 H .
132 ARERIRAEH
13.2.1  brfEff R

Iy BIFREUE IR AR 20 1.50 mg R4 0.01 mg),
F 1.0 mL 83 FEEA AR, AAmitEfl T, 4% B ARYIIR
B 435124 1.29 mg/mL (IQ)+ 1.17 mg/mL (Norharman )
1.52 mg/mL(Harman)+ 1.02 mg/mL(AaC).0.93 mg/mL
(MeIQx)- 1.11 mg/mL (DMIP). 1.22 mg/mL (PhIP),
-18 CUKFEIAE % H -
1322 IRFRMGARICH]
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Oy BIBURAERS AT 0.10 mL, FH {0 B VA g,
JEARZE 5.00 mL AREEAEEY, RiBaESER, %H
B0 FE N 25.87 pg/mL (IQ ). 23.32 pg/mL

(Norharman). 30.40 ug/mL (Harman). 20.34 pg/mL
(AaC). 18.62 pg/mL (MelQx )+ 22.12 pg/mL (DMIP).
24.30 pg/mL (PhIP), -18 ‘CUKAAI 7.

1.3.2.3  AndfE TAEARECH]

HURFE W, H OB RN 25.00
10.00. 5.00. 1.00. 0.50. 0.20. 0.10. 0.05 pg/mL 45
WETAEVEW, 4 CUKFEI R4
133 Hfoearaz®
1.3.3.1 V5 HAs $2HL

%% Gross IR ACEE 1%, FFRITESEh. HER
FREGAEE 3.00 g BT 50 mL 2.0 H, I 1.00 mol/L
SRR 160 mL, TEiRiEEG s EAMRE 1
min, AR 30 min; AASEIIAEEEL 15.0 g, WHEE
BI5) a2 250 mL #EZ Y, 80 CHET 1 hs &Ja
T 80.0 mL & LR 10 min, IF3E, JEMRICE
R
1332 it HAs $#2H

%2 Sun ST A E TR, HRTECEh. HERRFR
U 3.0 ¢ E T A EE S, A 6.0 mol/L #:
PRIGTE 40.0 mL, FEASRIHMAE 110 ‘CIKAME 24 h,
AHEZRR: IO 1.00 mol/L S ELENERE T 259
FevE, g, MRS .

1333  [HFHAEEL

%% Messner 25! EAHZEEUTE, FHRTESE.

PR EAERIZ 0.1 mol/L FiZhAR (6.0 mL). FIE

(6.0mL) 3L Oasis MCX [EAHZEHUE A, FAFHEEL
WA EL AR RS, LA 0.1 mol/L #ihiR (6.0
mL). FIfE (6.0 mL) WRBEFEFHARUAE, &5 95%
MEAHEE (6.0 mL) Yelt. VERLHRAEMART, 500
uL PP SIS .

1.3.4 HPLC-MS/MS »#t

it 2 /F: Agilent ZORBAX Eclipse XDB ¥ (4.6
mmx250 mm, 5 pm). ZfE (A) F120 mmol/L R
T (pH 2.8) NUENAHIEATEREE RN, BhEEVERE
F: 0~20 min, 5% A~25% A; 20~40 min, 25% A~45%
A; 40~50 min, 45% A~25% A; 50~52 min, 25% A~5%
A; 52~62 min, 5% A. ¥i#: 0.40 mL/min, Fif#:
30 Ce

RS B SR (ESD, IE& T
o BEOHE: 45kV; RllZeEE: 1.7kV; BT
HBIE 90 Cs AR 400 C; FALSNEA: #H
AMIHE: 3.0 L/min, ¥ 250 C; FESUE 15.0
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L/min, /% 400 C; JiEAAHVaHE m/z 80~1000; 1
i E] 0.05 ms.
1.3.5 HPLC-DAD 4#7

By LC-2030 AUHAHEIEL, Agilent ZORBAX
Eclipse XDB # (4.6 mmx250 mm, 5 um). L (A)
A110.00 mmol/L flR-— Z sl (pH 3.27) sl
FHIEAT IR B BEME, BEFE e IFET : 0~13 min, 5% A~25%
A; 13~24 min, 25% A~45% A; 24~34 min, 45% A~30%
A; 34.1min, 5% A, {&%F S min. Ji#E: 1.00 mL/min,
FEIR: 25 C. MK 228 nm (AaC). 253 nm (IQ.
Harman. Norharman. MelQx)+ 321 nm (DMIP., PhIP).

14 Fitair
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2.1.1 RARFRGE AT
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iR, Hrh HAs ¥ B SR BumtE. AL
e, AHE EHENTT RS, WEFT T AR R AN Y
X (200 °C, I 15 min, 7.5 min/i) T, =F i
BSEIR (fAs) RIEFEMR (tAs) AR Rif, 1k
HY 253 nm ALMIFR SRS HAT 0, iR 1. &2
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Fig.1 The LC fingerprint analysis of fAs in donkey steak (YL-1),

beef steak (YN-1) and pork chop (YZ-1)
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Table 1 The chemical composition in Donkey, Beef and Pork

Content/%
Meat - ;
Moisture Fat Protein Carbohydrate
Donkey 73.8 32 21.5 04
Beef 75.2 23 20.2 1.2
Pork 70.3 79 20.2 0.7
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2 IPHE 4HES R R BRI RO R AR S E
Fig.2 The LC fingerprint analysis of tAs in donkey steak (ZL-1),

beefsteak (ZN-1) and pork chop (Z2Z-1)
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2.1.2  HPLC-MS/MS 547 b 100,
AR S S AT 20, O e ZRHE. SRR S s
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Y Ny, 7 N, oy =]
SEPEFME. ASZIGKA HPLC-MS/MS 2%, XT9PHE. Z 00r
Ak, EHED HAs JIR TSR, SHEd HAs 2 ol
N — =
i T VI CEN PRy $ |
_ 20 F
a 100
90 [ 153.9914
0 1 1 1 1 1 1
9 80 1832 1834 183.6 1838 184.0 1842
£ 70 m/z
T 60
_5 50 C 100~ 177.1135
g 40
s 30 8 80} T
i g
~ 20 =
10 2 60r
0 Il 1 1 1 1 1 1 1 1 1 1 <
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Time / min § 1729563
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S 60 | AA:324855492
"5 50 SN:2 d 100 - 198.1364
£ 40
= 30 g 80}
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10 L 5 60]
i)
0 Il 1 1 1 1 1 1 1 1 1 1 <
4 8 12 16 20 24 28 32 36 40 44 2 a0l
Time / min ';;‘3 2 I}
100 RT: 24.32 r
C AA: 4032297993
90 SN: 5 0 195;\1009 198.1028
o 30F 197.85 197.95 198.05 198.15
b RT: 5.77 RT: 31.28
g 70 FAA:1705958859 AA: 698757014 m/z
S 60 [SN3 RT: 11.29 SN: 2
5 5 §£2912748909 e 100, 11087
o 40
2
s 30 § 80 |
[} < 4
~ 20F =
10 L 2 60}
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0 o 215.1167
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Fig.3 The total ion chromatograms of amines in donkey steak, 205 206 207 208 209 210 211212 213 214 315318 217
beefsteak and pork chop m/z
f 100 _ 226.9750
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6 Q
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g 100_ 200.1395 j 100_ 2251134
3 80 8 80|
g g
= e
_<g 60 - 5 60 |-
.% 40 | % 40 - e 226.1549
® 20 199.0295 2000932 = 20} 220.1908 221115
ol ) |‘ 19,1805 ) ) ) ) 1 ) 2msss 22‘(’“1‘24:032 ) 323]‘155"3340”‘4 ) | - l‘
7 198. ) ) 5 199.7 199. ) ) 5 7
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m/z m/z
h 100¢ i El 4 Bfr4) (HAs) BT EIEE
g 80 Fig.4 The ion chromatogram of the compounds
(=1
T 7: a: DMIP; b: AaC; ¢: 1,56-DMIP; d: Trp-p-2; e:
= L
% 1830918 8-MelQx; f: 4,8-DiMelQx; g: IQ; h: Harman; i: MelQx;
2 40t
g j: PhIP.
R~ N S .
200 HI 2 %1, £ HPLC-MS/MS % 5¢, 7E=Fh
ol T ! | Nl . Fea, JLEEH 12 # HAs P51, BHE+ 7
181.4 181.8 1822 1826 183.0 1834 183.8 A
m/z AHE 8 B, JEHEE 12 A HrprHEE 4-HEF HAs
i 100 FEEHI N HAs (W1 1Q. MelQx. PhIP %), J&HE
2 sol rh HAs NALE T #U M HAs (IQ. MelQx. PhIP £5)
é F#fi#t HAs (Norharman, Harman. AaC %),
60 =3 o, SN
< TEARSLIGRINEAMF (200 'C) F, HAs BiZ AT
g JRRE HAs Ay, SEHEVE e S VR T2 AR HA
= 20f (250 CLA L) ()5 R N4, A BARK € AT 45
0 2.'“““ 224200 ) z‘i"m 2134360 | anesn *ﬁ‘o
2122 212.6 213.0 2134 213.8

m/z
2 i 4HESEHER fHAs RRiIEEM ST RIE)AE
Table 2 The qualitative analysis and peak attribution by HPLC-MS/MS in donkey steak, beef steak and pork chop

HAs CAS /e (M) Retention time/min
Donkey steak (YL-2) Beefsteak (YN-2) Pork chop (YZ-2)

DMIP 132898-04-5 163.0978 13.09 13.10 13.10
1Q 76180-96-6 280.1360 14.15 14.15 14.16
AaC 26148-68-5 184.0869 - - 14.72
1,5,6-DMIP 161091-55-0 177.1135 - 16.88 1691
Trp-p-2 72254-58-1 198.1026 - - 18.28
8-MelQx 77500-04-0 214.1087 19.75 19.81 19.82
4,8-DiMelQx 95896-78-9 228.1244 22.98 22.98 23.01
1Qx 108354-47-8 200.0930 - - 2327
Norharman 244-63-3 169.1620 2541 25.39 25.41
Harman 486-84-0 183.0917 26.40 26.50 26.51
MelQx 77094-11-2 213.1135 - - 15.42
PhIP 105650-23-5 225.1135 29.44 29.39 29.38

BCHIAS FIHR BE ) HAs VRGeS T 2615050,
7E 0.05~30 pg/mL Ju [l NS 2] 7 F HAs B2t [B1E 77
FEM LA R R E, SRR 3 k.

H#% 3 1%, 7 Fh HAs FIENE T FEZR PR OC R EL
221 AFBEH &G e AR ek B e R*3>0.9990, it BIkRIE HERLRIES R RUIF, 25 Al
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AEVATROIERE 6 X, 193] 5 b HAs FIbRTER 2 241<2%,
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Table 3 Regression equations of standard curves and precision experiments results
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NG i JENSY ST LY Rl

HAs Linear range/(ug/mL) Regression equation R? RSD/%
1Q 0.05-30 Y =248.93X -18179 0.9999 0.10
Norharman 0.05-30 Y =210.60X -4812.4 1.0000 0.05
Harman 0.05-30 Y =219.96X+3107.4 0.9998 0.22
AaC 0.05-30 Y =305.43X +32889 0.9997 0.52
MelQx 0.05-30 Y=112.13X +11882 0.9996 0.63
DMIP 0.05-30 Y =70.63X -6798.7 0.9993 0.84
PhIP 0.05-30 Y=67.06X-1175.1 1.0000 0.05
4 UPHE 4 JEHEP 7 MHAS B8
Table 4 Contents of HAs in Donkey steak, Beefsteak and Pork chop
Content (mean+SD)/(ng/g)
HAs Donkey steak Beef steak Pork chop
Free Total Free Total Free Total
1Q 20.82 94.59 31.06 122.60 21.24 127.52
Norharman 10.97 294.00 10.41 381.24 20.59 1167.39
Harman 10.73 281.99 16.39 685.50 30.96 928.15
AaC ND ND ND ND ND 47.49
MelQx ND 161.97 ND 180.60 167.75 461.84
DMIP 179.16 180.19 123.80 169.28 11591 217.23
PhIP 35.68 582.89 42.10 1259.43 83.63 930.83

JE: ND AFRi.
222 IPHE. FHE. BEETF 74 HAs 220
Y 133 FEMATARFE T, EMFERE T R

Pl (1Q. Norharman. Harman. AaC. PhIP) &=,
ERRIBEE IR R HAAs 5. 1Q>Harman>

(200 °C, 0¥ 15 min, 7.5min/fi) F, Xt4PHE. 4
HE. #&HEF 1Q. Norharman. Harman. AaC. MelQx.
DMIP 1 PhIP % 7 Ff HAs #H47 T & &ille, 4580
R4 Fme

HE 4 AlA, DPHE. A4 JEHERIR S HAs
DA 7Y (DMIP. PhIP) AE, AMIER, 468
HAs LA (Norharman. Harman) N, N g-IH
A, Z5HE Sun U4 EAL XSRNBTAH
PRIV FTEE R —E A HE R # U= N HAs & &

(1.74 mg/g, 1.73 mg/g) =T34 (1.02 mg/g), %
SR (p<0.05), MHRMEE HAs, HHE s (2.14
mg/g), FHERZ (1.07 mg/g), JFHERAK (0.58 mg/g).
ST IR R W] e S I FRRK BE A O, InfAad fe b,
HAs 7K MR IUE I K 75 728 Koz S B N HER &
M, &EEERMIER, tRg Rt — Pk T
Kikugawa K 17K 73301 B,

2 L P18 LUHER R ORI AR 42,
T T 2 ST R OB E A T e i i R S ey
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Norharman>AaC>PhIP. 5AH 5745 FA—EL, 7H1lH
HARe S AN IANHREA R — BT, 22
SEPE FO GO T E B HRE f 0 T 7 AR A
Al L RE (ATbED) AR, AR 2 ERAE
TSRS, SAW A SsHEAR, AR T2
TSR e G, AR IR,

3 g

A SISy YRR o T [ 3P [ A 2 U AR 3P
AR HE Y HAs #H47 0 55 B8, I s xasAH
RS- FEE AT T I AFHEREHEE B R R R AR
B HAs MR B B 22 5, i i R0 (e igont
HA) 1Q+ Norharman. Harman. AaC. MelQx. DMIP
A1 PhIP 45 7 F HAs #E4T 7 & &E . 7 1 EAAE
BIVEZAF (200 °C, Jn# 15 min, 7.5 min/fH) R,
HE. HE. FEHEE HAs BRI 2= 5k, DL
HEn T B e ARt S . SRR

(D BrfE AHEE DI NA HAs (IQ.
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MelQx. DMIP. PhIP) N, JFEHEE 22 DA
HAs (Norharman. Harman. AaC) N7,

(2) B4 HER U N A HAs & & (1.74

mg/g, 1.73 mg/g) MRS TYHE (1.02 mg/g), Mk
i HAs, JEHEP &R (2.14 mg/g), 4Rz (1.07
mg/g), Y HERAL (0.58 mg/g).
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