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Research progress on the formation, detection and inhibition of advanced
glycation end products during meat processing
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ABSTRACT: Advanced glycation end products (AGEs) is a general term for a series of complex compounds formed
by the Maillard reaction between the carbonyl groups of reducing sugars and the free amino groups of proteins, lipids
or nucleic acids. At present, many studies have proved that the accumulation of AGEs in the body can lead to the
occurrence of aging, diabetes, Alzheimer’s disease and other related chronic diseases, as well as the development and
deterioration of tumors. In recent years, with the continuous improvement of people’s living standards and the
increase in the consumption of meat products, the generation of AGEs during its processing has attracted widespread
attention. This paper expounded the structures, classifications, formation path and mechanism, and detection methods
of AGEs in meat processing, summarized the content of carboxymethyl lysine and carboxyethyl lysine in meat
measured by different detection methods under different processing modes, and focused on the influencing factors
and inhibition of AGEs formation, so as to provide a theoretical basis for in-depth research on the generation control
of AGEs in meat processing.

KEY WORDS: advanced glycation end products; meat product; formation; inhibition

EHEWE: EZILR " B AR I H (CARS-45)

Fund: Supported by the National Modern Agricultural Industrial Technology System Project (CARS-45)

HEEEE: XM, WL, #ez, TR m G R T A S I REAR I | K57 N T AR B S BOR DL B IR AN T 4% . E-mail:
lym@mail.hzau.edu.cn

*Corresponding author: LIU You-Ming, Ph.D, Professor, College of Food Science and Technology, Huazhong Agricultural University, No.1,
Shizishan Street, Hongshan District, Wuhan 430070, China. E-mail: lym@mail.hzau.edu.cn



5956 B il 2 A iR A I A 4 513 4

0 51 &

g B Sk 28 7= M) (advanced glycation end products,
AGEs) i JFM ik 5 5 8 5T . B T sl A R 119 1 2 2
T o SE P S SRR AR A R — RIS R A=A R
FRUT, pIERIAHI S R AT, R . MR AR . 0
L dirE R A S R A DR IEP AR P E SR
%, REAYRE@EEEE . X& . K7 B)HEARIORT
WE. 9. JIRSEE, A 2014 LK, FEfE 48 kg &2
A, B P R R R0 e T R
B T B R RS IR B LR KA, e e
P, {HIE R o LLRE % AGEs #9774 . AGEs A B3 54
P15 38 H e A8 L vy 0 T s i D e AR, o T 3 AN TR AL
Tl AN, S M T e S AN ek PR T A 3
H AGEs 7EANRER, o 25 5 80E 0 5 25 DNA
SEFITHRERI AR, AN, AGEs -5 &R % | BHIRIGEH
SRR I & A S, I B R S R A B R i
Wz —B, Fee S FRHR R5 F, AGEs X AR
faF g ZoE, AR, BRTEMNXT AGEs BRFFEAET
B, A, ASCEE M AGEs FUGEH . TSI K H i
HZE . Rk S 5 I TR, DA sl
il i fin it FE b AGEs (977 A 4R IS S, SHRFE AR
TRERR AT AN B 5 Tl I Jre B9 5 J At

1 AGEs W&t 544

AGEs BA7 Z Fh il Ff i A= B AE AL R M, UnAE e FF
L, oY N 5 N N BULR SN N8 3
HATE KRBT 40 B AGEs, A & WA 12 H 3%
#61 %4 B2 [Ne-(carboxymethyl)lysine, CML]. #& Z i 4 g
[Ne-(carboxyethyl)lysine, CEL) . MM K (pyrraline) fl B
(pentosidine)%, 4> AGEs &5 XK 1 /R, CML
SR AKIE Y AGEs, E%H Amadori 7)1 AL
gy, WEXMBRWiRREEELL, 2% /eyt
AGEs 855, CEL & CML MR R4, ks —m
(methylglyoxal, MGO)-5 #i 2 % 52 ) A= i,

WKL, AGEs WI4p KA IETE AGEs #1744k
AGEs. #MJEtE AGEs BIE i 1E AGEs (dietary advanced
glycation end products, dAGEs), i EEEHEAMN; 1N IH
T AGEs MHUANEE . HAES A b R A,
WHEE— e RO ES RN AR, 45, ThiE
SR ARL ), (BRI A & A AR S R 2 5%
dAGEs ZAN AGEs R EE2ORIE, FIBIFERY, 21 10%H)
dAGEs 28 AMAW I, b 1/3 sl AR, T aire
PRPYISL Dy e K2 A I AR T
AGEs W 2221 5 AR A 2 4 8 e g5 A e el

MG ILIR 2SR, AGEs W] LI it S L A5
% AGEs 2 B B BB AR AL 2 | WG, &S
AGEs & ik/8 H B L Z [ 4 A o

HAEACIRAEE, AGEs R 43 R A8 AR AC I 3
A WeME AGEs & A — A2 B 3R BE 5O 2 MR AR AL,
CML. CEL. MM$E | A% B2 MENE (argpyrimidine) %',
SEWRFHG AGEs EH 105k I 5 22 kil 9 50 22 Ik =2 1] /1Y
Ty — AT EE R G R 25 T8 U AGEs, FEA T
BEE . 2 R - A R — R 1K (methylglyoxal-lysine
dimer, MOLD), Z —B&-#i & iz — F A (glyoxal-lysine dimer,
GOLD), 3-Jii & 75 b s - i 4 R — 2R 14K (3-deoxyglucosone-
derived lysine dimer, DOLD), FiJ&Z — W7 A= Ay SUBK Mk i
[(methylglyoxal-derived hydroimidazolone 1, MG-H1) .

B,

(methylglyoxal-derived hydroimidazolone 2, MG-H2) .
(methylglyoxal-derived hydroimidazolone 3, MG-H3)]#1Z
T A B S DK MR (glyoxal-derived hydroimidazolone 1,
G-H1)&e

R FEE R W] 43 Ry 9 et AGEs FE % 1
AGEs. #ULf CML, CEL, Mm% . MOLD. GOLD %
SEAEIOEIE AGEs UK. PO AGEs % ILIA IR 5

2 AEMIITIEF AGEs BIRZAR

2.1 FERALH

e 2 R, AGEs BT k1R F B G B hIE S b
Amadori EHE/”#)(amadori rearrangement products, ARPs)
AR RN R G S s R 1 SN L L AR Ak
YT LIH 4 SR8 A, 43002 ARPs AR S
Schiff § A b 2L (Namiki FEA2); 45 W 7E 5 Jm B i1
T AR (Wolff #5421 7; B A1 1713 S8 AL (Acetol %
B RS W) EEALEE £ T (glyoxal, GO).
3 7, = W (methylglyoxal, MGO)Fl 3- i 4 7 45 B Ik 1
(3-deoxyglucosone, 3-DG), H:ZEH A 3 Frxsll,

FHEI N AGEs TR E2EAR, B3 MHEL,
2B Be 2 (AU A B e BT FLAT LAR B A A, BE— B B b
AR, BARPLENE 4 FoR: (ORI B 22
ARG T EARRE R . BRI S YR R
SEANT . BTz R S 00 B 5 R AR W 3 04 SR AN
A B Schiff B8, FEDERAL A BB 450 R, N HE
SN ARPs; ()M AR B:: ARPs if— 25 A A5 1l 45 Fil
BILEY, WP . BRI . ARPs [T
pH Z= 5 R AEARNFR RN, pH<7 B, KA 1,204k, 2N |
WA A RY 5-%5 B FERgE S (5-hydroxymethyl furfural, 5-HMF),
pH>7 B, KA 2,3-Wlidk, Wik . EHE. ZRA R K
G, QR E: mAEHERMERIL ., FIG Y
JEAEYIR B BP TE EA BR S A T Sl s A
FE(FEIE MR SRS 2R E U E /Y AGEs.



%5 18 3]

REAEAE, 2% PRI Ao e o B AUDBIE S AL 2= I I A R ) 5 a0 5957

(o)
OH (0} e H
H 3 N
OH
O)\/N\/\/\)‘\OH I
NH, HO (0] NH,
CML CEL

DO
Al eaag
:;th@‘wzzz

HE o

HN

LT
IW AP

MOLD
N (@]
o= M
N N OH
H H
NH,
MG-H1
HO

P

3DG-H1

L

)\N +/ o

) ‘T\/\:/[
NH,

O OH

NH

GOLD
]\l/w_\ H
OH
DOLD

2
N
H
H O

G-H1

HO (@)

P TR e A B AL 2™ o S Al =X
Fig.l Structural formulas of partial AGEs

22 FHREIFmME SR

AGEs JE R N ML 4352 2%, 76 P Sboin T3l 7
HFORTER PSS . B0 %mfﬁ e . T4k
BROYE L UREE . IR SE)SFER 2520 AGEs BB .

221 REBLGHH

B, FERIEIE JEE, AU SRR N 1 2RI
—, W& GO.MGO % I G EERIK, %} AGEs
MITE R 5 CHVE R . AEMIIRI PO & BT, & Ah oAl R

G R JEORE B SR TSP O TR B . >
B BRI ORERA (R, RERE AR SR P R e 2y
Rk A Ay BEE, AP T ) SERLAE R N AT FEAE . SUN 26120 5%
RIS . AL 0 A BTSRRI
CML Fl CEL H/KFo Rl Xt T &t Al ny, Rifdire
1%, SI0H ML, CML 5 CEL RYIE s R
W AT N, BEAh, S 2% CML F1 CEL
A AR PR ARSI, T CEL AR IndE i CML 42,



5958 B il 2 A iR A I A 4

FH13E

SR

|

i i A1 1 B4R A

Schifffi \Wﬁlfiﬁ%ﬁ Acetol 12
I Namikif#§/%
AmadoriTffiyy — —— AR ZHILAY
madori \ i /
AAbEn U
AGEs

K2 AGEs AIRERYTE &A%
Fig.2 Possible formation pathways of AGEs

0 OH
H H  HC H :
O :
—~ .
(¢ o (¢ (¢}
OH
GO MGO 3-DG

30 3R L B E S PR A A

Fig.3 Structural formulas of 3 kinds of common dicarbonyl compounds

[ Rne e

N-BUREEMIEE+H,0

Amac‘:loriﬁﬁfi

'
AmadoriEHE/"4#) (ARPs): ’

1A 1B R -2- BB

( \ I
pH<7 pH>7 pH>7

e 2

@%Sc‘hifﬂﬂi ‘T:Eﬁ]\ TR 25 |y
—ﬁiﬁficé-‘%agﬂsﬁ e STyt
I R T BN

Strec'kerF%}'f#

A

o
+HEIEAL A %@TWI&E%%M
L RN BENEEAREY)

a2 A SN

LA

4 SERAE SN R HLE]

Fig.4 Mechanism of Maillard reaction

UL S R S T, T E AR
B 16%~22%2, I8NiZ0E 20%~30%, (HZK 7 55 &
WA, H 1%~5% A 5 W B AL TR
0 BRAE R SR 5 — SIS W52 AGEs B7=AE Ak, o] &
AALfEE AGEs A . fER bl B P 2T B A Fh 3 B
AALFEYIFENG S S RN RN, N AGEs MIE K. 55—
Ty, AR R UG AR BB, 5 A R AR Ak,
Tk BAERMIE L, F51#E AGEs RIBL RO, & E A

i G 5 EYh AGEs /K2 IEARSE . = i A s 2 1
(P 3 % AGEs, F H 7 S AF b 7 v o 45 5 B B
) AGEs. MIHLZF, & SRS TIREY), ks, K
R, WM, RE AT )E WA A xR 1)
AGEsP" ., {H HAT#FgE A 5T g 5 8 5 AL 5
FR AGEs A2 i WA — . LIU ZP8058 1 iR
AN ) 60 1 T 1 . kAR . AGEs K255
W, RBUEEFE AGEs MR Pk £ S/ER, ki A
b8 ZHU %P 55 3 B S b B, e A% S Atk
J& AGEs JE BN B R IR . S 30k R 22 57 14 J IR o] g
SN SRR BB TR R LW AN
222 eI A7

PRI e S R U AR I, S AR IR A L, 8
BB S A BEGE R L ThEE L BB | RS, X
KRN T E i 4150 o) SE LA B i & A, [l 80T &
i AGEs IR A . S RAMGTREE SUK 448 2 1 2% HAH
P, B8 T8 IR IR A S B & A
) AGESPOL ML, S KE M EMLE,
Y . BerE bR AR B 2 ) AGEs. CHEN 5P
T S FARLEARRET T CML &&= M7E Tk, L3
S S AH R, A S A S i T A CML (1
TR, Horb, JhAERIMLE LIS CML BRI £,
USRI, YRR S, AGEs B9 A2 B £2, SUN 25025
WAFHZAULE I . TAVARES 25005 6 s 0 s B 2R
FER AR, TREEAIZE 10°C, W78 Sl B AH 2% 3~5 1% .
223 H A&

AGEs 4 822 BI85 pH HISEN . ER08 N 78
B2 . BRAE RN KA, (HAE pH>3 B, RV # RS pH
M FH R IR X2 P R A, BRI S E CML
1 CEL W94, NaCl 7Ehn L Pl v i 2 2 56 3 5 (4R
FH, 30 B I R, DA XU sl B R K
LI 253155 220, CML F1 CEL 75 H 52 B £ Al NaCl (14
W, EREAHA P CML, CEL S& 58 FTH#E.
NaCl FUERBEERER P T INYE I 7 3855 2 Fom B, (LR 2T 4
W28 5 % 5 A A AR AL R AR, IR T 98
PRI . WU 058 & B, 7RG A 0], AGEs &
R ERIN, FREAEBEINE T IR A AR AL, TRAET
K H H SRR R A, JF5 R RS Atk e
HET AGEs MZERL. IEAh, IS4 @B, FRill ek m
B, A SRR 4 S A AR SRR N, (R S
A5 RGN AL AT I 1 SE R B

3 AGEs NG EZSRAFIRF S ENHIFR

i AGEs [ HOR 5 e R ERf P, — BT 2
Ko Z By BEATULVE R (T . BRI SF R 812 e Fnatifb b
B lires R AGEs HATRSR AR EE B ik, TRl



%5 18 3]

REAEAE, 2% PRI Ao e o B AUDBIE S AL 2= I I A R ) 5 a0

5959

PR R B I, Ti4h 5 A0 AGEs TE#F— 4k ot
2T ZBUE Aok R 7K A A S P T A A i s Y, o
PR K ik de R

HI T HOLME AGEs TR I N 340~370 nm, K4
WKl 420~440 nm BAFRRIITOCIERT, —BCR PO
OIVCOC R A S, A r EREE . SRR G R
SRABT BT, JE9EENE AGEs(F 2 & CML #1 CEL)Y
ANy ks T B AR S M AR IR R . W Y fi g
)5 e ELISA 308, il 1A S5 B I =2 18] 8 e Ak S,
X HAR B AT INE, BA RS . R ROR
AP, (ERERL R B EE BT . BRIV S5 R T Bt 2 S e
Y5 AGEs [WNALR A RS G, TS HA S5 R 0
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Table 1 Content of AGEs in some meat products

PR il A2 FE RS AGEs it o2l piRsS Sk
CML 144.50+14.14) mg/k
g ( ) mg/kg
CEL (9.38+0.14) mg/kg
HPLC-MS/MS [47]
) . CML 311.20 mg/kg
WKECK &)
CEL 64.00 mg/kg
R (1.48+0.77) mg/kg
MIEGER)Z) (17.16+1.43) mg/kg
MIEN)Z) CML (2.99+0.89) mg/kg HPLC-MS/MS [31]
05 i A 5 (232°C) (19.69+0.78) mg/kg
HE#E(177°C) (13.58+0.63) mg/kg
CML 1.13+0.17)~(1.45+0.02) mg/k
FHI[(95+5)°C] ( i ) me/ke
CEL (18.79+0.17)~(25.9420.13) pg/kg
) CML (1.21£0.12)~(1.36+0.03) mg/kg
HKE[(160£5)°C] ELISA [48]
CEL (17.77£0.50)~(24.38+0.29) ug/kg
CML 1.0120.06)~(1.30+0.06) mg/k
PHE[(20042)°C] ( )~( ) mg/kg
CEL (11.51£0.18)~(20.54=0.54) pg/kg
£ CML (1.47£0.070) mg/kg
254 CML (14.18£0.019) mg/kg
6 5 A ZIh% N A” ELISA [49]
%% CEL (40.57+0.18) pg/kg
454 CEL (330.51£1.29) pg/kg
R (2.05+0.04) mg/kg
MIEGERZ) (20.03£0.83) mg/kg
- HE MEEN)Z) CML (3.130.68) mg/kg HPLC-MS/MS (31]
% (232°C) (21.81+0.28) mg/kg
JEKE(177°C) (14.31+£1.04) mg/kg
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PRl it 2 FE ARG AGEs ¥ & ORIIWIRES Sk
R (1.98+0.97) mg/kg
MIEERE) (17.53+1.48) mg/kg
MEENZE) CML (1.09+0.53) mg/kg HPLC-MS/MS [31]
J5 4 (232°C) (20.35+1.64) mg/kg
LR (177°C) (12.53+1.19) mg/kg
A .- CML (36.23+4.32) mg/kg UPLC-Q-TOF/ 3¢
CEL (34.56+2.23) mg/kg MS
CML 3.0 mg/k
T mg/kg
CEL 0.9 mg/kg
HPLC-MS/MS [50]
CML 9.2 mg/kg
R5J5(200°C)
CEL 40 mg/kg
. CML (13.26+1.12) mg/kg
HH AR (55°CHEKE 48 h)
CEL (7.05+0.15) mg/kg
) CML (8.74%0.61) mg/k
917 AT H e LC-MS/MS [51]
CEL (6.710.58) mg/kg
CML (4.55+0.67) mg/kg
HHEE F 7 (55°CHAZE 2 h)
CEL (4.86+0.64) mg/kg
R (1.07+0.38) mg/kg
MKECRZ) (12.53+1.19) mg/kg
LZEIE . - CML
MIER)Z) (3.43£1.10) mg/kg HPLC-MS/MS [31]
JE % (232°0) (11.24+1.25) mg/kg
L5 (177°C) (9.72+1.33) mg/kg
AR (1.92+0.61) mg/kg
MmEEERRE) (12.20+1.68) mg/kg
=] HXE(NZ) CML (2.05+0.63) mg/kg HPLC-MS/MS [31]
;5 45(232°C) (12.23+1.13) mg/kg
HERE(177°C) (8.59£1.07) mg/kg
#(100°C) (0.76+0.04) mg/kg K [
fich £ CML UPLC-MS/MS [52]
#%(200°C) (3.73+0.18) mg/kg & [
” CML (59.63+8.76) mg/kg & [
Giaol #(100°C) ) LC-MS/MS [33]
CEL (86.90+4.05) mg/kg HH
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A% AGEs (4. HEAb, SRR AF I R, Wi
By Al LU SRR S, e I B SRR A, AT
I xR LA R 7 h M AGEs 1Y I HIVE ]

[OEFI N
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