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200 °C/12 min %5 il 5544 AP ER P i S 7S HAs fll AGEs. 25478 HAs S A DUER P Hr 3R AGI Hy
A HAs BB (11.44+2.68) ng/g. 45674 HAs £ 5:(80.24+9.56) ng/g . 54 AGEs &5 (1.99+£0.29) ng/g.
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Synchronous generation pattern of heterocyclic amines and advanced
glycation end products in plant hamburger meat under different thermal
processing conditions

LI Jun-Han, DENG Peng, MA Si-Di, LIN Zhuo-Jia, CHEN Qiu-Ming,
WANG Zhao-Jun, HE Zhi-Yong, CHEN lJie, ZENG Mao-Mao"

(School of Food Science and Technology, Jiangnan University, Wuxi 214122, China)

ABSTRACT: Objective To investigate the generation pattern of heterocyclic amines (HAs) and advanced glycation
end products (AGEs) in plant hamburger meat under different thermal processing conditions. Methods ultra
performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS) was used to analysed the effects of
different treatments (uncooked, steamed and grilled), grilling temperatures (160, 180, 200 °C), and grilling times (4, 8,
12 min) on the content of free HAs and AGEs, bound HAs and AGEs, and amino acids in the plant hamburger meat.
AGEs and amino acid content of plant hamburger meat, and investigate the simultaneous generation of free and
bound HAs and AGEs in plant hamburger meat under different thermal processing conditions using principal
The results of PCA showed that the highest levels of free HAs and AGEs and
bound HAs were found in plant hamburger meat under 200 °C/12 min roasting condition in the roasted sample group.
A total of (11.44+2.68) ng/g of total free HAs, (80.24+9.56) ng/g of total bound HAs, (1.99+0.29) ng/g of total free
AGEs and (46.00+4.00) pg/g of total bound AGEs were detected in the raw hamburger meat. Compared with raw

component analysis (PCA). Results

plant hamburger meat, there was an increase in bound N°-carboxyethyl-lysine (CELs) and a smaller difference in free
AGESs and HAs in steamed plant hamburger meat. There was a significant increase in hazardous material content after
steaming and roasting (200 °C, 12 min), which increased by 191.83%, 164.38%, 218.59% and 15.70%, respectively,
as compared to the blank group. During roasting, the free and bound HAs, free AGEs in plant hamburger meat
showed a increase with the increase of roasting temperature and time. The total amount of free and bound HAs and
free AGEs increased by 79.14%, 23.38% and 88.05%, respectively, under the conditions of roasting temperature of
180 °C and roasting time of 4-12 min; under the condition of roasting time of 8 min, the content of hazards in plant
hamburger meat at roasting temperature of 200 °C compared with that at 160 °C increased by 61.28%, 34.82% and
67.93%, respectively. Conclusion Different treatments and thermal processing conditions has significant effects on
the generation of HAs and AGEs, which increase with the increase of roasting temperature and the prolongation of
roasting time in plant hamburger meat. This study aims to provide theoretical and experimental basis for the reduction
and control of HAs and AGEs in thermal processing of plant hamburger meat.

KEY WORDS: plant hamburger meats; heterocyclic amines; advanced glycation end products; thermal processing;

generation pattern
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Jti (heterocyclic amines, HAs)Fl i 17 4l 3 Ak K v 28 77 )
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(advanced glycation end products, AGEs)&5— g 2 410

Ames IRXIHHIAZI YA FTUESE, HAs &— RAEEUH
MERBAEY, KEEA HAs 280 AR B . 45
J e S (XU Y AGEs 2 — 28R SERILAE RN 1Y
J5 B Be iR U SE A S 2% . Al M BRSO 1 SRR SO A
el W W1, AGEs 1] Ll it S AR AE AR
SR, SEOREANEL, 51 & MR BRI &
i PREFRESFIS TSN, 76 H IR > AGEs R AXT
G OB A —E B HAs
AGEs A LRI RTAFI PN A, AT LIRS & 8 BT bl
T AR R A . SR AL HAs 1 AGEs 1
WHEE 2, (BAEREYIRE PG H s 51 2 HAs Fl AGEs i [] 25
A U FEAR D

A BIE 5T R B v RO AR (53 - A I 5T 3 7 (ultra
performance liquid chromatography-tandem mass spectrometry,
UPLC-MS/MS)J 1 HEHI DL ATEAR AN LA4F T HAs
Ml AGEs LA R R SR 10 & 281k, AIRST HAs Fi
AGEs {4 [i] 20 A5 SO o ASBIFF0 X5 AR B PR i i T3 A
15 3 W) A s ) BT — 8 R 3R A SEBR R A

1 MR5ERE

1.1 #R5

URLIR R 7 41 8L 1 (15 T8 5L PH B A By A BR 2 ) );
JOARR G LR B (I 5 DU R S BEAR AT FR 2 |l); 17 Ff HAs
b dfE &b oo 2- & R -3- HY OB BK Mk I [4,5] wE ok
(2-amino-3-methyl-3H-imidazo[4,5-f]quinoline, 1Q). 2-%d 3
-3,4- W BE R mE I [4,5-f] M5 1k (2-amino-3,4-dimethylimidazo
[4,5-f]quinoline, MelQ) . 2-% 3k -1-F J Bk ik I [4,5-b] M B
(2-amino-1-methylimidazo[4,5-b]quinoline, 1Q[4,5-b]) . 2-Z &
-3- HEO3E Bk me I [4,5-/] M5 B B (2-amino-3-methylimidazo
[4,5-flquinoxaline, 1Qx) , 2-ZJ&-3,8- — H FLBKmE I [4,5-/] Mz
Wbk (2-amino-3,8-dimethylimidazo[4,5- f]quinoxaline, MeIQx) .,
2- 8 K -3,4,8- = HBL WK 1 - [4,5-1] ¥ R Bk (2-amino-
3,4,8-trimethyl-imidazo[4,5-f]quinoxaline, 4,8-DiMelQx). 2-
O -1,5,6- = B 3 pk kI [4,5-b] Mk BE (2-amino-
1,5,6-trimethylimidazole and [4,5-b]pyridine, 1,5,6-TMIP).2-
AL -3,7,8- = L B ik 3 [4,5-f] ¢ W2 Bk (2-amino-3,7,8-
trimethyl-imidazo [4,5-f]quinoxaline, 7,8-DiMelQx). 2-% 3%
-3,4,7,8- PO H 3 Bk mB I [4,5-7] ¥ UE Bk (2-amino-3,4,7,8-
tetramethyl-imidazo [4,5-f]quinoxaline, 4,7,8-TriMelQx). 2-
G F -1- H O3 -6- 78 FE BR Mk I [4,5-b] L BE (2-amino-1-
methyl-6-phenyl-imidazo[4,5-b]pyridine, PhIP), 2-23%-1,6-
- H RE R M 5 [4,5-6] M BE (2-amino-1,6-dimethyl imidazole
and [4,5-b]pyridine, DMIP), 2-2{JE-9H-NLIEIF[2,3-b]5 Wk
(2-amino-9Hpyrido[2,3-b]indole, AaC). 2-%d3&-3-FH F:-9H-

N IE FH[2,3-5]75|HE(2-amino-3-methyl-9H-pyrido [2,3-b]indole,
MeAaC). 1-H H-9H-MLIEFf[4,3-b]15WE(1-methyl-9H-pyrido
[2,3-b]indole, 9H- Mt WE Jf [4,3-b] W] W
(9H-pyrido[2,3-b]indole, Norharman) ., 2-%g 3&-5- 7K F& it ig
(2-amino-5-phenylpyridine, Phe-P-1)Fl 2-4 J£-6-F 3 —nlk
IE I [1,2-a:3°,2°-dl] WK 1 (2-amino-6-methyldipyrido [1,2-a:3°,2’-d]
imidazole, Glu-P-1)(4lE>99%, [iff3¢ i@ WA YR A
B A ), 2 Bl AGEs Ar fE dh o B AT 2L G 4 1R
CML) . & & J& #i R
(N®-carboxyethyl-lysine, CEL)} [Flfi Z 5 ds;-CML |
d4-CEL(4i5>98%, 3¢ Santa Cruz Biotechnology /A H]);
17 AR IERRARE . KA EFR (aspartic acid, Asp). KRR
(arginine, Arg). %% #R(tyrosine, Tyr). Pt 2 82 (cysteine,
Cys). #% R (valine, Val), % R (methionine, Met), &N
%% (phenylalanine, Phe), 54% %2 (isoleucine, Ile)., 5&%&
2 (leucine, Leu) . #i% 82 (lysine, Lys) . fili 2 (proline, Pro) .
&M (glycine, Gly). N% M (alanine, Ala), #2%[R(serine,
Ser). 7% R (threonine, Thr), ZH%M& (histidine, His)FI4+
M2 (glutamic acid, Glu)(ZEE>99%, [ Sigma-Aldrich 24
A);, HEE. IE(iER, EEEER AR, iR, f4 1k
. IECkE. CRCER. MEfesh. TiRe. =&k, 1-
FEE . ZOKOG R, EERERTARAR).
1.2 NE5REF

FHTRIF®4HT iCombi Pro FERE R 685 5 AT R 50
(#% = Rational 23 7); Acquity UPLC TQD 7 & &0 A (3%
R IR = DURRAT Bk B A LA 2998 AR A RS A DU 2%
i) Waters €2695 HAURAH AL . Waters Acquity UPLC
BEH Cg (A% #:(2.1 mmx100 mm, 1.7 pm), X-Bridge C;s H:
(250 mmx4.6 mm, 5 pm)(3E [E Waters 2 #); Agilent
Hypersil OSD £43%#(250 mmx4.0 mm, 5 um)(3& [E Agilent
Tchnologies 23 7l ); Fotector Plus /=18 4= H 3l [ AHZE B AL
F1 Auto EVA-60 4= A 3l FAT AR (B RHER (BT kD FH
PR, AL104 HL 7 RF-PREEE 0.1 mg, HpRrh-+EF 24X
(AR F]]; SB-4200 DTD 75 P BEAL( T BT 2
LR B AT BRA )); DHG-9140A  H HAVEE YL &% XL T8
A CIL 3 RS A S T AT PR W]); GT10-1 AL i 52
BL2AUER)T); Oasis MCX [HIAHZEBUME(60 mg/3 ce)( i
KPR A R A R, JEREMS R (48 mL, JbhUik4E /Ry
B A B W],
13 S
1.3.1 AR R R4 A 34

FH ey EAERERRTHANE A+ RKRT 4
LR IMNE K, REEARILA, GO mE AKX, e,
TN SBEF BRI R EA . 8. KRG . E b IR AR L
BHEBRPNEAIS), 40 ¢ TEAR 6 cm HiFR ML H 5L,

Harman) .

(N®-carboxymethyl-lysine,
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TR A BE, AR H 100 °CZE 1 h T, €1 PRS2
Ji R FAAFRE (160, 180, 200 °C)FIRF[E](2, 4. 6 min/
T A5 il o
1.3.2 HAs #§ 2 BEZ 54

2% DENG %S fifeise, s A mas
A 75 HAs BRI We 5575 HAs 320 BRI 4 g TRAE S, m
A 20 mL IECHE, ¥R%5, L4 °C, 8000 r/min &5.L> 15 min,
PrREIECEH)Z, EE 3 WA TSNP RHIECK)E,
A 30 mL 1 mol/L EAMMIAERIIIT 1 min, HHERA
14 gL =MIET, A 50 mL 2R ZERIRA, 1R
15 40 kHz, 50 °CHE 5 21X 60 min, F 48 55 $RBUS B #E
S L3000 r/min B0 10 min, WedE VR, Ak T AR
TREFERIA 50 mL ZRROFRIER, EHE LRFBE 3 K,
WARARIGE 4 . IR R H b 2R BRI BRI BIE A
Wevk s 2 20 mL 247 5, A 1 mL 2 mol/L $RFR 7+ Al
R B S E AN, WS R T A AT

B HAs [EAHZEEG %t Oasis MCX [ AHAE B M
WEAE (B R PR, Mk, ZBROFRS 6 mL), BFf

6 mL), fJa, FFEE-EEWA9:1, V:V) U0 B 4 /ME
1 HAs, 193] 6 mL PR . DEBLBHT AR T,
0.3 mL HBEE %, AHE 30 s, A 0.22 um JEBLLE R
1 UPLC-MS/MS 437 o

A7 HAs I ¥ LR R A 28R CFRR U 2
HAs PRI R U8 % R 2 O, 285 A 40 mL 6 mol/L
MR, AWK 2 min J5, F 110 °C /Kf# 24 h, KiFfEd0EFH
FEFAYZE 100 mL, B 10 mL B 455 /K AR R4 T B AH ZE B

5475 HAs BIAHEERG 439045 F 6 mL (3% 9% F et
LK . 0.1 mol/L R BRVA AT Oasis MCX [ A1 A5 UM
WEALE, PR, JREvt. WL BRI EAs
HAs [ AHZEBOE BEAH ] . e 28, DR AR T, BH
0.3 mL HEEE I, WHE 30 s, TR 0.22 pm JEHGE 8IS
7T UPLC-MS/MS 43#7. i &fF: Waters Acquity UPLC
BEH C ¢ #(2.1 mmx100 mm, 1.7 pm); FEif: 45 °C; HishHa:
A HJg 100%Z0E, B MR 0.1%M R(pH=4.75); BEMiALE:
0~2 min 4 2% A, 2~12 min J 2%~20% A, 12~14 min
20%~100% A, 14~17 min 4 100%~2% A, 17~20 min 4 2% A..

i A A 22 SO e R K H S 55 OE B R K
BRI 100 °C; WA RIS : 400 °C; Bivs FI <
W 700 L/h; BAEHE: 3.5 kV; HEFL AR CGE )R E:
50 L/h; fli#E S () Hi%: 0.15 mL/min; HAs B B2 5k
= 1 iR,
1.3.3  AGEs %) € M2 & 047

AGEs [Jll5E %% DENG 2S5y e 3t R fts ok . 7 s
A AGEs: FREL 50 mg #£ 5%, A SmL IEC e, R, &

%1 17 # HAs UPLC-MS/MS #8955 & M RN &4
Table 1 Multiple reaction monitoring model parameters for
UPLC-MS/MS analysis of 17 kinds of HAs

IR = I =N -

HAs /min [1(\:11;2] (miz) HIE/N HIEeV I
1Q 397 199 130 30 40 0.15
DMIP 463 163 148 30 25 0.5
MelQ 475 213 198 30 25 015
1Qx 579 200 185 30 25  0.I5

1,5,6-TMIP 6.21 177 162 30 25 0.15

Glu-P-1 6.37 199 145 30 30 0.15
MelQx 735 214 131 30 40 0.15
1Q[4,5-b] 7.81 199 115 30 40 0.15

7,8-DiMelQx  8.77 228 213 30 25 0.15

Norharman 8.90 169 115 30 30 0.15

4,8-DiMelQx  8.97 228 212 30 30 0.15

Phe-P-1 980 171 127 30 30 0.5
Harman 996 183 115 30 30 0.5
AT8TiMel g3 o4 227 30 30 0.5
Qx
PhIP 1141 225 210 30 30 015
AaC 11.84 183 140 30 30 0.5

MeAaC 13.34 198 181 30 25 0.15

O 15 min, BREIECKE, BE 3 W HE T RIS M
IECHE. MABNRR 2% mif (1.5 mL 0.2 mol/L), MAMHE
LRl mL), MAGE =AY 1-¢FE, 7E=R THE 4h,
I 146 B BORE SBINA 2.5 mL 20% 1 =4 2 e, fHi15
G FERR T ) = E ORI EE N 10%, FEor iR G ) e,
SRJGTE 10000 g/min F 5.0 10 min, JIHE AR FHWH 500 uL
W, ASWT, A3 mL 5 mmol/L fY LSRR K I I
E¥, IFIA 150 pL 0.1 pg/mL fY d,-CML 1 d,-CEL R4
AR, IRHEPR Y 30 s FEAMRA] . 4587 AGEs 25
BFADIIE 5 mL 6 mol/L MIFZFREM, &K 30 s, F
110 °CHEFE K % 24 ho KFRSE U, L8, E4AE 25 mL,
W% 500 pL KfEWE, 60 °CTFMRT, FHEEEEMA 150 pL
4 0.0891 pg dy;~-CML F1 0.0825 pg d,-CEL (I INFRIFI -

W B FNGE A S PRETOR M5 1T B AR X Oasis
MCX [EIFHZE BN REA T 16 Ak (B B L BB 47K % 3 mL), i3k
(3 mL 0.1 mol/L HC1 ¥%#%), b4, #k¥E(0.1 mol/L HCL, #
ik 4% 3 mL), YEML[3 mL HEE-2I I (19:1, V)]0 KEEm
WHAASKT, F 600 uL #LikKE W, Wig 30 s, FH
0.22 pm KR USRI, PEAT & RO R - AR I BT vk
(high performance liquid chromatography-tandem mass
spectrometry, HPLC-MS/MS)/3#7 o
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HPLC-MS/MS 4Hfi45fF: X-Bridge C;3 (250 mmx
4.6 mm, 5 um); F3hAH A: 5 mmol/L NPFA, B: ZJi5; #:if:
35 °C; Hiffa: 5 uL; YEMBREE: 0~0.1 min, 5% A; 0.1~5.0 min,
60% A; 5.0~9.0 min, 100% A; 9.0~10.0 min, 5% A,

AL o A SE OE B R R Oy = 2 RO
MBS, B HIE: 3.55 kKV; B TIREE: 110 °C; B
FIAWE: 350 °C; #EFLAE: 50 L/h; BUARI SR E:
500 L/h; RS Ji=: 0.15 mL/min. AGEs 1Yfi%2 503
2 iR

# 2 AGEs §J HPLC-MS/MS % & R SRR B RS 8
Table 2 Mass spectrometry parameters of multiple reaction
detection mode for HPLC-MS/MS analysis of AGEs

5 iy \' = V'Alf\}]
Hipgy SET AT LB OSER

(mlz)  (mlz) HE/V RE&/eV BfE)/ms
CML 205 84 20 14 20 NHzg?ng?zH,
d-CML 209 88 20 15 20 NHzPC[%g?ZH,
CEL 219 8 20 16 20 NHZIS,HP(ISCHC;)ZCOZ
d-CEL 223 88 20 13 20 NHZ&T’I;S(‘:{&COZ

1.3.4 RAmRegn

22 DENG %"k, R 6 mol/L #h% 120 °C/Kfi#
22 h, JILA 10 mol/L NaOH #f7HhHIGER, 1, HEHA
JLIRIRIOK . %1 Agilent Hypersil OSD 3445 (250 mmx
4.0 mm, 5 pm)#H TEZEGRAHETER T WATER 29.3 mmol/L
LREN-= 2 - VUSRI (A, 500:0.09:2.5, V272V, pH=7.2)F
49.0 mmol/L Z.[R#H-ZNi5-FELB, 1:2:2, V:V:V, pH=7.2). Vil
FEEE: 0~27.0 min, 92%~50% A, 1.0 mL/min; 27.0~31.0 min,
50%~0% A, 1.0 mL/min; 31.0~31.5 min, 0% A, 1.5 mL/min;
31.5~33.5 min, 0%~100% A, 1.5 mL/min; 33.5~35.0 min, 100%
A, 1.0 mL/mino R 1 pl, A2 40 °C, &)E1: 338 nm,
I Z /LA 262 nm,

1.4 HIFLIE

SCIORESR B 3 VAT, INRE BCE R A Y AR v
M2ZMIERFER; F Masslynx V4.1 S04 T €35 5
TEBE T, F Statistix 9.0 BT B & 22 a0
SIMCA %7 PCA [&l; F Origin 9.0 424K,

2 HR545H
21 AREBRMIEZFGTEYNERAS HAs 220

Tk

ANFEFIM T 554 T A IR A R B2 HAs S
£ 3 . HLAiE] 4 A2 HAs: PhIP, Harman,
Norharman, AaC, FZ WIS HAs, RIGILE WL K
W Pk AN [, HAs W] 43 b & bk oM J Ak 5 &
(aminoi-midazoazaren, AIA), HJ#% 1 HAs; % R k2
(amino-carbolin congener), BPAEMPE HAs PS5 iy
AFPFE S HAs 1, PhIP J& TA% £ HAs, Harman ,Norharman
Ko AoC )& TAEMRPE HAs A AR LR A T 4 FBiiF 2525 HAs
T4y B~ PhIP (0.13+0.02 ng/g) . Harman (5.48+0.70
ng/g). Norharman (5.46+2.96 ng/g). AaC (0.37+0.02 ng/g),
S (11.44+2.68) ng/g, 4 FhiiF B9 a5 HAs & S SRTE 1141
F A P BUER AR, TEARZ AT B A R DR R v R AT A
MRS FE YA, X ] BERAEA Y DR P SRRt 2R
TE R IR R BT 2R 1Y, 757 Fead B2 b BRI B i,
A I ER TR SR B (1 R 2R AR, RT3 s R 4
25 TR SO AR A R T R A VLER I & A 48 A O A
G FY); F 52 SR 7] R 40 e A S vy HE HE ™ itk —
B EAERUEEY . BAMEYIIER A T AR
FTASMER . SRS . IS A MR A B A — B B R
LS00 G T R WS I R AR K AR HAs, DU
Harman ,Norharman i £, Xt 7] fgJ& A I £& A # Harman
Norharman %253 Bifl HAs & 45 1 5L 21

#3 TRAMIFZFNGTEIXEATIFES HAs 2 E(ng/g)

Table 3 Free HAs content in plant hamburger meats under different thermal processing conditions (ng/g)

17 &) PhIP Harman Norharman AaC S8
HEAE IR A 0.13+0.02% 5.48+0.70" 5.46+2.96° 0.37+0.02" 11.44+2.68"
ZET (100 °C/1 h) 0.11£0.03° 6.53+0.82° 6.21£0.16" 0.76+0.23¢ 13.56+0.45°
160 °C/4 min 0.15+0.02° 6.87+0.75° 6.96+0.45" 1.16+0.25¢ 15.13+0.65%"
160 °C/8 min 0.13+0.03* 8.56+0.53% 8.46+2.44" 1.29+0.12%¢ 18.44+2.14%¢
160 °C/12 min 0.15+0.02° 9.97+1.30% 9.21+1.00** 1.39+0.28°¢ 20.72+0.58"
180 °C/4 min 0.15+0.02° 7.07+£0.67° 7.41+£1.06* 1.3440.13% 15.96+0.65"
100 °C/1 h Z& il )5 - " . abe be b
e 180 °C/8 min 0.15+0.01 11.91+2.73 8.85+5.05 1.52+0.16 22.43+1.93
180 °C/12 min 0.15+0.02% 14.75+2.89° 12.09+2.20° 1.61£0.07%° 28.59+4.14°
200 °C/4 min 0.1420.02% 10.79+0.46 5.90+1.38" 1.4440.35%¢ 18.27+1.56%
200 °C/8 min 0.14+0.03® 18.14+0.84° 9.78+1.58%® 1.68+0.17% 29.74+1.98"
200 °C/12 min 0.15£0.01° 19.31+2.77° 12.0442.59° 1.88+0.02° 33.38+4.33%

T A=A ARG FRERIR 95% B AR K T I {EAFTE 35 22 57(P<0.05), T I,
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FE 10 FICRRIBIN TAET, AEHrTUER P Her I )i
A HAs & &4 %8 PhIP 0.11~0.15 ng/g, Harman
6.53~19.31 ng/g . Norharman 5.90~12.09 ng/g . AaC
0.76~1.88 ng/g, Hiw 13.56~33.38 ng/g. ¥ LA FHIN T.4%
HTFREYERTFIFES HAs BERH, 2 EsEs
HAs B 5ENERAPEERAEES, ZZ5EH
PR A B A RS S HAs B 18 T4k DUAR A FZE
IR, eI 200 °C 5l A] 12 min £504F N
B HAs B BAMEYIDUERIEIN T 191.83%, Ak, HH
WIUCER R TR I B S HASs 3 BE S R B RS 0 | B R A
EYIFEIS KBS AEBHNRE S 180 °C. #E a2y
4~12 min i, JFESA HAs BEIHK T 79.14%; FEHEHIA]
7 8 min B}, KRB 200 °CH 160 °CHIYI UL A HH i
A HAs MK T 61.28%., LIAO 25225 o824 | ok =2
OB O MEEARF A AN HAs &, K3
— AR, RIZEE <G = <G T . FEA RN T 4%
T, HEIIE P H PhIP 5 R AT ALAIRTE 0.11~0.15 ng/g 3
BN S, 225MEDN, iU RAEES Y PhiP A4
ACHLEE, X T RESE A B AT T.454(100~200 °C)A
ik#] PhIP KEAEMMSMF. AR ENA, SIEEARF
PhIP AOTE AR, 4 IERE = T 200 °CH PhIP A fliid B 4 o 3 4
e, SRR A B AP IS G4, Harman,
Norharman, AaC 3 Fi#E5 2 HAs &P BE % iR G |
I ) B4 T fin ELIRBE S A, 3 AT BB R Dy B o T
Fhen . WHAGER:, F P A Ry SRl e A A HAs A9 S0 %
WromE, BiTh HAs & g g 220

H 2 4 AL, REIBIIN T4 AU P SR
H 4 Fh4557S HAs, 135 MeAaC . Harman, Norharman /1
AaC AEREPITDUER A T 4 R S5 G75 HAs & 55350 MeAaC
(23.85+£2.90 ng/g). Harman (20.53+4.60 ng/g). Norharman
(25.75+1.88 ng/g) f1 AaC (10.12+3.18 ng/g), i & N
(80.24+9.56) ng/g. ZE il AL BLG IRIYI R A 4 FIE5 535
HAs Sk Bm S5y N 2T B/ N 225 HHm T
9 AMFERRAL 4 FhEE A HAs S RIG T, 2008

MeAoC (39.80~65.25) ng/g, Harman (26.77~69.83) ng/g .
Norharman (36.00~65.13) ng/g. AaC (10.89~15.99) ng/g. |f]
—{& & F, Harman. Norharman Fll AaC 3 Fi4557% HAs 1
Er A XTI TS HAs 5 3~10 %, X0l g A4
B8 HAs WAERGRIEA 2R, BRE A FUS 2RIk AL 5
HAs B KA OB AR AL, W 575 HAs th Uik 5 8 P s e)
LR TR BEALTT LS B BTt B $ A i HAs, B33
HAs A Bt AT A5 16 5 1 b W87 B0 70 20 1 T S T A 45 5 38
HAs fIrg*7,

XF HOR RN A0 AR DU A h 25675 HAs &
HEM, 454675 MeAaC . Harman M HAs A5 Bl il Vi B
R, K g TR SEAC SN 2SI T AR LR
W P45 7S MeAaC . Harman M HAs g 50 A v DT AR TA)
BT 66.88%~173.58% . 30.39%~240.14% . 44.89%~
164.38% . TEXE HIR BEB 7 2 180 °C K&l I 8] 2y 4~12 min
BAEAAS HAs BEIEK T 23.38%; 7EfEHIR R 8 min
B, 8 200 °CHE 160 CHIPIIAR A 6 55 4 5 4y
BIHER T 34.82%. 4545 4% Norharman [ il 3 2 28 fLBA 2,
kR 3 0 5 B R B, AL ) xR ) M A
PAE R il i B2 S 200 °CAF T . TEIE TR 160 °C K
180 °CAM T HA% i B (W] A2 AL B A 2 2 22 57 S W) i LA
TERE L EE 200 OCH 75 5 1l iRk 9] S2E S o, 33X i) B2
4546725 Norharman TERRIR B A5 1F T A2 U0 & 2
AR, AR RS S B WA 25 A5 AaC
TERE T REE 160 °C R 180 °CA&F N BEIE IR AL N . 5
Tl P ) S T it 22 L% it B2 S 200 °Cv, HE
BN [B] ST A T T B, X AT RE RN A AaC 7E=
200 °CE& T 31 i B A5 5 AR P sk ) 5 4% 8 A 2 s o
L KB AR R T HAs SRR, 1Y)
RN H Y HAs FR2ETE/D | S EEAR, XATREEH T%
45 A 28 S AR AR ) DL B SR I . AR
RGBT, B EERIE— P 5T A R fEE )
P 2, AR s,

R4 TEAMIEHETHEYNEATLEET HAs S E(ng/g)

Table 4 Content of bound HAs in plant hamburger meats under different thermal processing conditions (ng/g)

I TR (&) MeAaC Harman Norharman AaC a8y

AT A 23.85+2.90" 20.53+4.60¢ 25.75+1.88% 10.12+3.18¢ 80.24+9.568
ZE1H1(100 °C/1 h) 26.84+1.73° 15.66+2.87¢ 32.50+1.58° 6.33+1.82¢ 81.33+2.97¢
160 °C/4 min 39.80+4.17° 26.77+£2.12° 38.80+3.88% 10.89+2.98 116.26+3.22"

160 °C/8 min 47.80+2.39% 29.55+2.06% 40.08+1.13%¢ 12.98+2.67" 130.40+5.79°

160 °C/12 min 43.91+4.14% 35.83+2.47¢ 43.50+4.02% 14.65+0.28% 137.88+2.47%

100 °C/1 h #5180 °C/4 min 46.00+9.33%  33.78+1.58" 36.00+7.60°* 13.85+0.50° 129.63+0.65°'
e 180 °C/8 min 56.20£9.03" 42.45+3.26° 47.28+5.77% 12.28+0.33%¢ 158.20+6.51°
180 °C/12 min 60.4549.95% 39.38+2.83% 44.13+4.10% 15.99+1.59° 159.9448.91%

200 °C/4 min 45.65+6.55% 52.08+7.02° 38.28+15.95% 13.1142.58%¢ 149.11£16.49%
200 °C/8 min 52.95+3.13%¢ 54.70+3.90° 57.05+3.82% 11.10+1.40% 175.80+5.43°

200 °C/12 min 65.25+4.06° 69.83+2.61° 65.13+11.96* 11.94+1.39°¢ 212.14+10.29°
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22 AEBMIEZGETHEIXERS AGEs HEE
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TR, AGEs 5 A3 HA 26k
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IR PR AGEs IR AT RER AR ER P Hom A TR
i, CHAO 25PN i CML % gja(224i43) ng/100 mL.
ZE R AR R P TS S CML FI CEL 5 i S5 A6
PR N 22 550/, 785 1 T AL B A AR B I B8 TA) R i 75
CML 1 CEL {& KRZHn. )58 H0IF#%S AGEs &
TR L B BN e B ) AT PRSI, AR R
180 °C. ME&fHItAl N 4~12 min B} JFES A AGEs HiE
88.05%; TEXEHII Ay 8 min i, IR EE 200 °C% 160 °C
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PIDUER A P S CML 5 A B AT R 3, 240 i
TEERE . BB e R IF S CML & L 1
A, LIU SEPUR R E SRR AR, BIZE 140, 150
160 °CA[RIMAESF T EA A fil5h CML & 2170 i 5 48
Ak, 3 3 WA ARG T 5 6 VR BE T REX A CML B9 A
SEMEL /N, K I ]2 A A, Bl LB 1S n 6% il sf
[ SE4, DR IS CEL & b, 2405
BRI E R 12 min, 200 °CH5 il 414 A RE B8 IR P i
A CEL F&5 160, 180 °CArRl# 5 T 33.33%. 39.58%;
RSB E Sy 200 °CHT, 51 12 min AR HPITLER PO H
B CEL i 4. 8 min 425 T 48.05%. 26.90%,

w0 = CML =CEL .
on
e
0 b
at
@3
) cde cdef cde
J? ! bcd ) zfg a defab
5]
o [defede 1
5 I
0 NS N &
: ~ D ~ S
@;\v&&v&¢&v&&&
s °°Qo\ o & OQ\\“'QOQ\ Qoo o™
\g;f SO O N N IR S
g

3

ZIE

e ANE TR R LR AT 2 22 5P (P<0.05), B 2 [H,
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Fig.l Changes of free AGEs content in plant hamburger meats
under different thermal processing conditions

ARFBIN AT R TUE RN 4554 AGEs é‘éﬁz
L 2 froR. FEARYICER AR &5 CML &

1(21.14+2.74) pg/g . CEL % 17(24.86+4.06) ng/g. 456575
AGEs 51 (46.00£4.00) pg/g. ANEPUEHFT R RNEHE
W . BHECR, RPTUER AT A G A CML A B R AR
L. 4564 CEL & ﬂkﬂﬁlﬁuﬁﬁ, i E I
il Ak R A VAR TR Elﬂééf%ﬁ CEL &Ml g & FAMY
WA, 4> 3135(27.68+4.27) pg/g. 29.34~43.38 pg/g. %4
T 7 I 9 I U A R A DUER TR T A IR 25 45 A CEL Bifiks
1] Gk o 2 I o R A e ] A S S B e
FEAR Ak 34, X T REJE I N B ) CEL &5 & 25 1 if
BEEAR P EPH,

=CML = CEL
) 50 ab

B2 AEPIN T TN 4558 AGEs itk
Fig.2 Changes in the content of bound AGEs in plant hamburger
meats under different thermal processing conditions

23 ARAMIEZFETEYNEAFSEBRNEE
T
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GGy SN I — 20 HE PR IS AR | IDR ki I e R DK A it g 52
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PR IRCY, AR T 250 R AR IR A Hp R 20 A S
SR 3 s, N T AR S AR YU P R S AT A 17
PR ILRR: Asp. Arg, Tyr, Cys, Val, Met, Phe, Ile. Leu,
Lys. Pro. Gly. Ala, Ser. Thr, His, Glu. & AbH4HM
FYDAE RS Cys. Met F 4L, X AT RER i TAEHYIIX
BN OB IR PE IR B, RSP MBS Z &N B BTt
M2 (Cys . Met)4 /051 PhIP (R AAY) B £ B IESE A Phe PO,
CHEN %P8 36 Phe . #5120 BRI ILEF R $DLIA 22 2004 7
#n] LA i MeAaC .Harman . Norharman F AaC 4 ' HAs,
[ tt, Phe &4/ HAs B ERIAYIIRZ —. AR
PP RRYITDURIA T, 255 K HIALBRZH Y Phe & it i
FARTAEAR DR P K 78 AL B, (F FLR 5 3l 5 22 Bt
[R5 B AR fL LA, Phe &t 5 HAs AR AL
FEROHE, x5 A GRS 45 SR80 Lys J& CML Al
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Fig.3 Amino acid composition and content in plant hamburger
meats under different thermal processing conditions
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Fig.4 PCA of free HAs and AGEs in plant hamburger meats under different thermal processing conditions
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Fig.5 PCA of bound HAs and AGEs in plant hamburger meats under different thermal processing conditions
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