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Effects of galangal, angelica root and bay leaves on the formation

of advanced glycation end-products in pork during heating
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B # & B2 (N<-carboxymethyllysine, CML) #= % Z A #i &
#% ( Ne-carboxyethyllysine, CEL) ¢4 B 1= % W 4= # 1F A
AGEs ¢ ¥ 5 i: FR T A G Efe b 3 RN HF
44 A A B A # (100 °C, 5~ 120 min) &+ 5 A & 2 4
A CML #= CEL & Zw) ¥ . TR AW Ik st 1
AGEs # = £ A4 35 A . B AGEs 8 43 4 % An 3 B 1)
3 K 3 An , 2 120 min e #JS 49 % B F CML #= CEL
A FH A A M 5~8 45, 4 ik 3] (35.60£2.20) ~
(40.68+5.66) mg/kg(CML)#=(13.324+1.49) ~(16.85+
2.44) mg/kg(CEL), f£ 0~40 min # Ao # 8t H i3 42 &,
IR KA N H A ey 3 CML[R* =0.971~0.996;
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Abstract; The accumulation of dietary advanced glycation end-
products (AGEs) in human body may be a potential safety prob-
lem. In this study, ultra-high performance liquid chromatogra-
phy-tandem mass spectrometry (UPLC-MS/MS) combined with
the isotope internal standard of carboxymethyllysine (CML) and
carboxyethyllysine (CEL) was used to analyze AGEs in pork.
The effects of galangal . angelica root and bay leaves on the lev-
els of protein-bound CML and CEL in pork during heat treat-
ments (100 C, 5~ 120 min) were investigated. The results
showed that heating promoted the production of AGEs, and the
content of AGEs continuously increased with an increase of heat-
ing time. The content of AGEs in pork heated at 120 min was a-
bout 5 ~ 8 times as much as that of raw meat, leading to
(35.6042.20) ~ (40.68 £5.66) mg/kg of CML and (13.32+
1.49) ~(16.85+2.44) mg/kg of CEL in pork. During the first 40
minutes of heat treatment, the formation of CML [ R2=0.971~

0.996; k£ =0.355~0.590 mg/(kg * min)] and CEL [R? =
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0.942~0.997; £=0.150~0.368 mg/(kg * min) ] in pork with or
without spice could be considered as zero order reaction. The
effects of each spice on the formation of AGEs in meat during
heating varied with the change of spices., heating time and the
batch of meat used. The influence of each spice on the formation
of CML in pork during heating is minor, however, all three spe-
cies could promote the formation of CEL in pork during heating.,
especially the content of CEL in 5 min heat treated meat, which
increased by 13% ~ 61% as compared to their control counter-
parts.

Keywords: advanced glycation end-products; carboxymethyll-

ysine; carboxyethyllysine; spice; pork

A YR i 3 W k2 K P74 ( Advanced glycation end-
products, AGEs) J& 78 3E § {12 Sz N 45 48 T » 35 %23 o 4 4
BRI 25 0 IO BT 1 F Rk AR 11 BT L 22 KL Ak TR B AK TR
M EE . e — RPN S 2% 1 BN 7 2 (Y — AL 2 S5 A
s AT, 0 B W L& iR (N° -carboxymethyl-
lysine, CML) . 8 Z % ##i & 2 ( N°-carboxyethyllysine,
CEL) Fmgi% 2 %, IR AGEs fE MK BLR, 5 A
AR 1) 3 2 R — S 05 P 0 119 K £ A B IR R 38 S8R 1
B RS A D, Bk B P AGEs & i,
TE RS F5 ) B I 10 4R R B i 5 4 I Y BT 5 A R
Z—

WEERPESEDRMIEN. A M T AGEs BE
J I 2 PR 28 it 1 2 A iR R A IV S A A R
fe it AGEs iy =D 5o 28 & 5 P 19 AGEs & it
WIRE . BRABENESRE. B, AEE R AGEs M
KB TR N B Z o HE AL A5 B A0 WSO 8 B B 2 B AR
O E IR [R) 0 T 5 2 (8 2 LT ke L R R R A R JRURL
2053 (345 A I FP S g 05 R 1 0 o R L I 1 R
FEERERMFAD X AGEs & im0 AR kK, B
T AR X A AGEs & 1 M H 5 83 Tid #  AGEs
T I 1A B i b A 0

FEECAAER AE L ESEE AT R
AR RO DU T — SRR I RUBR . A O R
B 45 R P AL LA R A SR B B0 AR AR A 7 T £ BF 5 A 0
(A e 3 N A RN - e oy
B RO AR 2F 1R B L o 2 2R e 1) 2 DO L R
PRI P A B 1 B T LAk A S R R R
A LA ) 8 5T PGB AL A L 9 0L Cazzola 451 7 24 7,
T HE 1 — 7 2 R AL R i A B R LML PR R
w2k SR, T LA 3096 ~ 7596 B [ AR A 1
Ramkissoon 551 78 [0 £ A RLIL AR 2R hoin A H LA LK
R HABIR A A 6 7T LA 100 ~40% AGEs & & ;
Hafsa 51 SR FH 50 7 44 1y e v ok 32 B0 40  Jc e vl 0 20 2
FLEEH WA WA R A 77.8% 9 AGEs . H .
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X S AGEs (14 5% W 14 BFF 58 A5 A2 SR 167 SR A A2 481
TR Z T LRI SR T 9 016 43 06 ' 88 W 43 A S Jn A = BHIY
FE il 525 1100 BEORE Jl 119 i — R IR 98 K 199 9 016 5 8 19 A X
Al IR AT EAR Y AGEs & . &R Z45H R
W AR R AGEs & S 152 00 1 0F 55 i .

ABEFE LA I x4 R R R OB 6 3% — e
156 J3T 3% 1 X (UPLC-MS/MS) 45 & CML #l CEL fy [F] {2
RN WIES AGEs 4387 77 1, AR 58 1L 4% L 11 AL i
3 ol P it m R R AEORE RSN X P TE i A
o AGEs JE J3 M 8200, O s Z AR A ) AGEs 19 &
PR A IR
1 MRS Jik
L1 #8558

B PR« HUE PR, I TR AR X R e B AR IR

TR AN EE LA T L 2 e
AR B BEIED 5

W IR A A AL =K &7 A A AR . B
b« 43 By 4l [ 24 48 1AL 2 3500 A BR A W 5

HEE H R L SR B - i 2, i R LA ] 5

AGEs Fr #f & F1 N A8 ¥ . d,-CML, d,-CML, CML,
CEL (4l & ¥ 2k 98%), jim & K Toronto Research
Chemicals 2 H] .

= 2 2 R HL: HGBTWTS3 5, 3£ [E Waring
Commercial 2% A ;
B TR DZF-6050 B, Pk K BEa W& A R
TR ML T10 8, 80 [E TKA A ;
B 8RR A - GZX-9146 MBE %, |- ¥ ff iR 52\
ARAF BT

B0 AL: TDL-5-A B, g% SR AR

FHOB 7 22 4 [ AH 2 B/ FE: CNWMCX iR & Al
(60 mg/3 mL), #2385 SC 5 B B A BR 2 7 5

RRAX - DC-12 B, 965 2 335 5 90 Bk 57 B A7 PR 23 7 5

14, 3% 4% : Atlantis HILIC Silica 186002015 % (150 mm X
2.1 mm,3 pm),3EE Waters /Al ;

RO 8 i L. A-30 B, 35 [/ PerkinElmer
s

= DU B AX - Qtrap 4500 B, 3¢ [ SCIEX Ji i
RYGAT .
1.2 R\ HE
1.2.1 ARUEEWR A ECH] O AR v A A A AR 1R CML
(100 mg/L), d,-CML (100 mg/L), CEL (200 mg/L).
di-CEL(200 mg/L) . it & F 4 ‘CkKARAE. ¥ ik CML
Hl CEL B iR A Fo il i 4 meg/L AR W . d,-CML Al d, -
CEL R A il & 4 mg/L B A WARK (d.-CML-CEL) ,

/A\#
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FH T B AE — 20 C UK A I
1.2.2 A m AR b 3 t%%l’ﬂ%ﬁ%ﬁﬁﬂﬂ@ﬁﬁ
JEE 4 D A2 1X 1 X1 em® /NI B, e % 0 T R
%R AL LA B B ILIR ). B S R
B e WABEE TSRS AN 50 mm; NE 5 mm)H,
7E 100 “Cifva s T im#k 5,10,20,40,120 min J5 , B 78
VKK A ¥ 20 30 min, W AR 4% R FE BV K F Bk
TS A CE T A B4 P ke, IR AE 60 min T
AGEs 28, R HA FAR A5 R ETZ % 2 K,
1.2.3 ¥Ahgs4% CML fil CEL IR AP 44
A AGEs & #& W B % 2 B Assar Y
Leéridon 207 AT Niu 2585 (48 5505 5, B AAc () 82 B5Gd 72 4
TLFREC 0.2 g MIRAE, A 2 mL B B2 dh 52 b K
(0.2 mol/L,pH 9.2) 1 0.4 mL WIS LR R GG E
F 0 CUKA PR AE S 12 hy A 4 mL G 05— H Bk
B2 D, EHIRA,# 5 000 r/min & 7 T & L
10 min, ZXBR AR T I UTVE 2 E s K BRI A2, 1 I 3E 1
EHFEFMA 4 mL 58 (6 mol/L) 4R J5 1 110 C iR
THRAE 24 hs $ K MR WCHG B E 10 mL 75 &P, BB I
2 mL,fllA 0.2 mL JB& WK d,-CML-CEL (4 mg/L)
JG AT E S T80 4 mL BAUKE B, PR G IR
%], 5% SPE B AHZE WU b 4 I A VR & A AR T
Ja T 2 mL H K (KRR 80 : 20)(4}{&43 Ha
0.22 pm JERE S I8 5 . 9647 UPLC-MS/MS 43 #7 . hé
m AT 3 AT 5 .
1.2.4  3F UPLC-MS/MS 4> #7 B 5 w1 i) CML Fl CEL
“ & R PerkinElmer Altus A-30 UPLC & 3% 1% Fil
Qtrap 4500 =T PU 4% #F 5t 315 4 75 1F L W1 55 /L B iU R
XEREUE T AGEs & #4743 01 . AXZS I e 45 11 5 IR 4R
AL (8 ok s e o S A DU Y s v AR R R 1 B
NS IR m/z 20988 il m /= 223—>88 /E & d,-CML
M d,-CEL WE & T8 F.m/z 206130 Hl m/z 219—
130 #£28 CML #1 CEL fE it & 7. frElhi £ CML,
CEL [ B {45 20~800 ng/mL.
1.2.5 HEF RN KA MME #2007 4 AOAC 4R
HESAT 43 30 % TR TG 8 00 I s RE A P AR B Bl &
(AOAC 928.08 — 2007), & K #2 B W & A5 Wi & =
(AOAC 991.36 —2007) L e L4 T 4 35 0 %2 K & & &
(AOAC 950.46—2007) , HF MR HEAT 3 WOBATIRSR .
1.3 HELE

BRAESRR B UL, 5% A AGEs ., 28 11 i % %
WEEE.

K Microsoft Excel 2013 X 32 48 £ 4% ¥E 47 43 #r . FH
PLR 8 12 ) #R %t CML fi CEL [T B 2% &% %
N R AT A BT 5

Niquet-

% A R

ke 1
P c (D

B $E s AEMENNEAMRTERGEEECLARTYRBNEM

x1 HEEREENERX TN CML,.CEL.d,-CML #a
d,-CEL BT AR Rk S %

Table 1 Mass parameters in multiple reaction monitoring
mode for CML, CEL, d,-CML and d,-CEL
BT FHTF  EAREE il 43k R
S HT ” ' ]
(m/2) (m/z) (DP)/V (CE)/V
130 66 15
CML 205
84 66 25
130 65 17
CEL 219
84 65 25
134 68 15
d,-CML 209
88 68 25
134 73 17
d,-CEL 223
88 73 25
K

fe——JU 0 78 4L mg/ (kg -
t— J2 B B 8] s min;
c——CML 5 CEL W7} [H] ¢ B ik B mg/kg;
;R CAS TR0 B ik S o B 0.1,2)

‘rﬁ(ﬁﬁ%%fﬁiﬁ(l)}’)fﬂ?»ﬁj\ﬁuu cn=0),Inc(n=
DL/ en=2)Y y i 018 ¢ Jy o FhAE R MR L0
AR FREL R 1 R /N 5 BV R
2 RS0
2.1 MEANEAF AGEs EEHF Y

B0 BT PR T K 3 L BRI IR DT A Ay
P& B4y iy (73.63 £ 0.78)% ~ (75.38 £ 1.07) %,
(22.1040.78) % ~ (24.104+0.94) % F1(0.52+0.04) % ~
(3.47£0.29 %,

#*2 ﬁﬂﬂxlﬁﬁtwﬂ@%ﬁﬁ%r’ﬂﬁﬁf 100 CF i #k
Ji CML # CEL & &, # fif 5 W 1 CML & &t hy
(6.79+0.13)~(7.32+0.46) mg/kg.CEL &4 #(2.21+
0.12) ~ (2.80 £ 0.26) mg/kg, 5 H b BF 7% 14 45 £ #A
LT 200 o 2 i B ] FR 885 0, CMIL Al CEL f & t 3%
W n, L H & 4 120 min NS A CML 1 &

m13%(35.60 £+ 2.20) ~ (40.68 £5.66) mg/kg, CEL ﬁ

(13.3241.49) ~ (16.85+2.44) mg/kg, t.4: P 9 AGEs
TGN 5~8 £ R U I N A% 5 A H AGEs 1)
RS AR KL T R Y — S 28 3 R Bl R R s
M AGEs &1 S| AN7E 160 C R IN#K 72 min
M A . CML % i 2 26 mg/100 g « & [ -5 1
140°C T4 4 min W A+, CML & &= K
105 mg/kg « AP s 4 204 °C R 4E 20 min (94 4
A, CML 5 5 43 5124 20.03,17.53 mg/kg™ . &
WA T 48 PR e i) 5 h 4 52 17 2 5 s I 4R 1 s

min) ;

n
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K2 HEHAEMM|AIE(100 °C, 5~120 min)

heat treated (100 C,
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EREATHEFRERSR(CML)MEZEHRER(CEL) &2
Table 2 The amounts of N<-carboxymethyllysine (CML) and N¢-carboxyethyllysine (CEL) in raw and

5~120 min) pork (n=3)

A /i #—Hw EHIE 1R/
CML/(mg « kg™ 1) CEL/(mg + kg™ 1) CML/(mg « kg™ 1) CEL/(mg + kg™ 1)

4 6.7940.13 2.21+0.12 7.324+0.46 2.80+0.26

5 7.834+1.02 3.03+0.16 8.30-0.07 3.47+0.39

10 11.99+1.15 3.6440.44 10.83+1.06 5.30+0.95

20 14.434+2.21 6.2840.58 17.07+0.26 6.86+0.61

40 29.35+£3.21 13.024+1.68 23.5842.19 8.75+1.08
120 40.6845.66 16.85+2.44 35.60+2.20 13.3241.49

I AR AGEs slCH 36 5 48 4 19 T8 i AT 34 AGEs

E/J/\I:-rn 227

°

A AA & & A AGEs, il #4535 W H CML 5 CEL

FR R AN CML 2 CEL B i, B n o

2

MM CML 1 CEL 094 g, B 1 S B LSS P #4ad
i CML fil CEL {9 A 28 I 4 A9 1T 40 min, 3% A H
CML F1 CEL By I i 3 i e, £E 40~120 min i}, CML F1

CEL 4 ii# B tg . B Wt CML #1 CEL B i 5 m
P [A] (0~40 min) (Y & R HEAAFF G5 F RN 3) T 2% 7
_sor
E: —a— Stk
- 4oF e SRTHIK
o £
& £ 30
&g
k)
B _:; 20+
7
e
210t
=
© 0 L L L L L |
20 40 60 80 100 120
]
Time/min
ot (a) R EHER
—— iR
Too —e— S Ik
Ssr
&g
Sl
Wk
N £
®ET st
£
E
< 0 1 1 1 1 1 1
20 40 60 80 100 120
iy}
Time/min
(b) RCIELI IR
A1 #Am#AZEEF (100 C,5~120 min) % F & # &
B (CML) o % T & # A B (CEL) 89 % &% &
Figure 1  The amount of N¢-carboxymethyllysine (CML)

and Ne¢-carboxyethyllysine (CEL) in pork formed

during heating (100 °C, 5~120 min)

FE(R*=0.942~0.981) (3 3), M CML FI CEL fy# [
Xof G ol 238 TG R ) B i v S B0 A S N T ) T
RRZ R TEGNL 2 i T A B o B IR T
SR EEP . HE 0~40 min B 1R N , CML (1) 2R o 2%
9 0.41~0.56 mg/ (kg « min), CEL #J i )i 3 & N 0.15~
0.27 mg/ (kg » min) , F B CML I CEL 7 A [8] i) 5z 7 Bt [17]
L AR B 22 AN R 1, T B2 B F CML AT CEL 19 JE i

AR ARIE] L A HX R R A ) BT 2 R Y R 2
P A= B AR (] L 1 1 2 CMIL A CEL B A= il 3 AR ]
Sun 28207 % 30 A= A LE f BT FR (FE100 °C ,0~60 min) H 4,
FETEAR LY AL . H AGEs BYJE B & 9 i (R =
0.902~0.907) , CML 1) 4 i 3% %[ 0.23 mg/(kg * min) ]
BT CEL M4 #i# #%[0.12 mg/ (kg » min) ],

£33 FAEAFBAFEHEET(n=0,1,2) AP HFEHRS
B (CML) MR ZEBER(CEL) R 2T 5 m#A
1 (100 °C,0~40 min) Bk M X RE(R?)
Table 3 Correlation of determination (R?) for kinetic mod-
els (=0, 1 or 2) of the formation of N¢-car-
boxymethyllysine (CML) and Nc¢-carboxyethyll-

ysine (CEL) during heating (100 ‘C, 0~40 min)

CML CEL
A LR

1 2 0 1 2
/Y 0.971  0.973  0.884  0.978  0.991 0.891
At 0.981  0.944  0.878  0.942  0.862 0.762

2.2 BEMMIBEAMBITRER AGEs SENH M

F 4 2 A HLRIEE A 4 B A L& L B E A AR
100 C&MF RIS 4542 CML il CEL & &, W]
2 5 AR IF R A A 2L T B A R KL i A R
AR ER A CML F1 CEL Ay & i s i #4140 min,
CML 1 CEL [y 34 K- 7% B %5 B, 40 ~ 120 min i CML Al
CEL 8, 3 B G218 5 i A B BHE I AE i B (8] B
[E]JG 7= A (1) CEL ¥ b X RE 19 2 i & 1 i » i H 2

5 min
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X4 EARALSZ. BEFHTHNEAMBAIE(100 C, 5~120 min) FHEBEH S (CML)
MBRZEBRER(CEL) 52

Table 4 The amounts of N¢-carboxymethyllysine (CML) and N¢-carboxyethyllysine (CEL) in raw and
heat treated (100 ‘C, 5~120 min) pork added with galangal, angelica root or bay leaves (n=3)
‘ iz Sk it
A b A] /
[SRIGER7. i CML/ CEL/ CML/ CEL/ CML/ CEL/
min
(mg* kg™ 1) (mg * kg™ 1) (mg * kg™ 1) (mg » kg™ 1) (mg * kg™ 1) (mg+* kg™ 1)
0 6.79+0.13 2.21+0.12 6.794+0.13 2.21+0.12 6.79+0.13 2.21+0.12
5 9.23+0.61 4.89+0.82 8.64+0.11 4.52+0.37 9.32+0.60 4.52+0.14
" 10.6740.43 6.45+0.32 10.9940.81 5.07+0.14 9.92+0.30 4.65+0.32
A
16.48+1.10 9.86+1.58 15.46+0.19 9.30+0.10 14.25+0.35 9.77+0.17
40 30.21+0.40 16.904+0.77 27.11+2.24 14.43+1.77 27.0240.90 16.8440.30
120 48.8142.88 17.4040.52 55.58+1.54 17.27+0.46 48.40+2.32 17.5940.26
0 7.3240.46  2.8040.26  7.3240.46  2.8040.26  7.3240.46  2.8040.26
5 9.28+0.37 4.37+0.82 7.4440.29 3.914+0.30 9.26+0.48 4.17+0.10
10 12.434+1.10 5.78+0.57 9.61+1.08 5.85+1.05 11.99+1.15 5.44+0.78
5 bR
17.5440.70 7.734+0.58 14.124+0.46 7.00+0.46 15.83+0.78 7.85+0.63
40 25.96+2.86 10.974+1.98 20.66+1.94 10.73+1.82 22.66+1.46 10.964+1.99
120 38.88+1.78 15.104+0.33 38.29+0.97 15.60+0.63 43.48+2.10 16.314+1.26

A B AR CEL & &7 B 4200 (il 7, Wit
PIREZF 1y 61 % F1 24 %) .30 % CE T, Wit P AE 43 51 R
49% 0 13%) F1 34 % (F b, B AL 29 AR 43 51 49 % A
20%0) s A3k i 120 min BBE & A T RO A BE S R
T L R AR EE . CEL 22 31 /N SF 3386 i 8~12% 5
TRk Xt mat # v CML (8 LA S B 5% Wi 458/ T L
PRI 8 0 0 28 i B IR PR e Ok B R R T RS [ R
2 120 min JIERALHUS A E BT A BE 1 CML - 2y 3%
15 % (Ll 45, BHE I RE 43 3 20 %6 1 9960 .23 %6 (1,
Wit A RE 2 3 R 37 26 R 806 I 20 %6 (B Ik, B I PO AR 43
B 19 % F 22 %) #E FoAl A IS 0F TR o A A T
AN 40 min B9 AR OB IR BEXF CML 1 7%
BUA — 58 W M AR L s % F CML A CEL 9 8 5k 66, 1l
BRI B R A G A v (5~120 min) i) AGEs
ERE R 6% ~ 302, 1 P O BT A BR T A
120 min AT 15 AGEs SR 40138 m 19% (A
T W2 A 27 Y6 F 10 %) #1118 %% (i, 7 1L Y B 43
FK 15 %6 H1 225600 A, 78 FAth i i #4425 4 T X i 44 g
H AGEs B0t 7= A 1 52 i B R I

I CHTE A AR AE — BRI B 28 L
W, B BT oAb, — e gt B R B A
AR BT AT 04 B 22 b 2 1 WS A6 2 A 2 0 0 1
iAo HL L Kim 258000 38 % BN A I AP 3 ECAY 5 BR AT 9
R A8 A R 9 A i A A R R R
16.3% MY ML i & . (H 2, A BF 58 76 7 A P B BE R
L L TE S R Wi #d B o CML Fn CEL 1 7 4R

AMARA BB R A TR R R R
AGEs P iE I E 20, H HATLZ B F KX AGEs
AR A i, A L E I R A O R
AGEs JB J80 i ¥ 76 42 3 75 TR DLIA 15 3F — 25 W

CE I ER S X op A E Y (I | NI/ N = o= iy =
B 5% PR A N A 7 vh (0~ 40 min) , 3 CML #il CEL 1y JE
BL¥ N G R, CML Y R R B R 0. 434 ~
0.531 mg/ (kg + min) (R*=10.985~0.992), CEL % i i
N 0.249~0.288 mg/ (kg * min) (R* =0.984~0.989),
F3Ah A 2 s G BT B0 T A R LR S CMIL
5 CEL % & A BRI &M AR M (R* =0.882) .,

207
— y=0.364 6x+1.361 5
2 R=0.8824 L -
LISt
g E
@E
% E 10
NE
®T
¢ s
£
<
(&}
0 1 1 1 1 1 J
0 10 20 30 40 50 60

R I E R
Carboxymethyllysine/(mg * kg ™)

B2 #ACFRTEMARCML AR T8 A8
(CEL) & & vy 48 % 1
Relationship between N¢-carboxymethyllysine
(CML) and N¢-carboxyethyllysine ( CEL )

in pork

Figure 2
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3 Hiig

T % B 45 A 2 CML fl CEL 18 iU i Bk 45
F L Hm # s ] 8  , H AGEs 2 o 8, 24 m #4 5
120 min J§,CML #1 CEL M &2 4 AWM 5~8 %,
T[] & 0~ 40 min B, R Eaﬂmﬂ?&ﬂ CML
CEL (¥ [ hj 3 #23) y B9 i (R? = 0.942~0.992) . A
H I 4 s XTJJH,#E F e AGEs (15 i 8
A7 AE T2 m A B ] L PR Y e YR 0 A TR T RS (R AR
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