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Research progress on advanced glycation end products and intermediate
products in foods
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ABSTRACT: Advanced glycation end products are a series complex and potential harmful compounds derive from
reducing sugar reacted with protein, amino acid by non-enzymatic reaction, a large number of high-activity advanced
glycation intermediate products are also produced in the reaction. These products could accumulate naturally in
human bodies and be acquired by daily foods, and the accumulation of these products in bodies is closely relate with
many kinds of chronic disease, thus the advanced glycation intermediate and end products get much attention in medical
science. However, the related research in foods is rarely. This paper introduced some of the most representative
advanced glycation intermediate and end products, including Ne-carboxymethyllysine, Ne-carboxyethyllysine, glyoxal
and methylglyoxal efc, reviewed the research progress of physicochemical properties, formation mechanism, content
distribution, hazards and detection methods of these products, and forecasted the future research, in order to provide a
basis for more comprehensive and in-depth research.

KEY WORDS: advanced glycation intermediate products; advanced glycation end products; Ne-carboxymethyllysine;
Ne-carboxyethyllysine; glyoxal; methylglyoxal

EEWE: U AR AR R0 H (2018GDK11)

Fund: Supported by the Science and Technology Project of Former Guangdong Entry-Exit Inspection & Quarantine Bureau (2018GDK11)
ETES: WK, B, FEMR TGS . E-mail: mmzeng@jiangnan.edu.cn

*Corresponding author: ZENG Mao-Mao, Associate Professor, School of Food Science and Technology, State Key Laboratory of Food Science
and Technology, Jiangnan University, Wuxi 214122, China. E-mail: mmzeng@jiangnan.edu.cn



555

TRIEAE, S50 bl FP UL b E])7 1) S A I i e 1497

il

1 35

HE S LA 2K 7 ) (advanced glycation end products,

AGEs)J& F # AW sl HoAth i sl fnflg o . BB, 20K,
TR A AR Sy e 125 28 0 A 3 0 SE P S R iR AR AR ) — &R
FI L B i AL s AR, HETE A L 20 Al
AGEs #4585, W58 H I 2 12 (Ne-carboxymethyllysine,
CML). #& Z FL# % R (Ne-carboxyethyllysine, CEL). Mt
TR O EE-BE R RIS T IR R
RRSER SRR N AR, BES T A  FNIE B A
7 N A B A 9% W8 (sehiff), #R 5 & Az T HETE B T 3
amadori =¥, WA AL K R Ab2AEHE . 4R
& — RN, AT AR K = I PR DR A R )
(advanced glycation intermediate products, AGIs), 41JE AL
CML (1 rh 8] 74 2, — W (glyoxal, GO). JE /& CEL iy [a]>
Y9 R B (methylglyoxal, MGO) . & itk 2 6w [a] 7= 4
3- it AU A B T ), AR I U4 ]
RAERTYAEE S FEsIRTZEMR, HENIMT R
P B SR S Ak e (8] 77 RN R P A RF AR X 0 . TR,
AL A R MG R A v )7 B AR T )
JOT SRR | i T RSN v S O 1 PRI AR R R A T AR, DA
HAER T ER., ANEERREREZEES, WL
SR W SO0 A v )77 ) RN A7 W 3 s B 5 s
1RYT B Rkt o

2 BREARER LA R YR FiE R

H A& U S AF 5T 2 B2 LR i LR R
& YIFR, 423 CML, CEL., GO. MGO %, CML, 4371
. CgHgN,O4, CEL, 43 F 30 CoHisNyOy, S22 Al dili ()
AGEs. Hull P& B4 R 2B hh, A FmFLlsh . A At
fh AT B BRI ORUR . JEMCRE. ok
BSEFIK RS54 CML, Birlouez 2 & B, AEIEA
E CML SR ES S 8unB  AGEs S ieE Bt
CEL J& CML R &4, Fil CML 2&4), CEL [FRELE & dh i
WAEAE, 5HAl AGEs #H Y, CML Hl CEL A% 55 (kA
SEPE, BT LAVE R £ A AR R Hp SR RN R AR

N R X 44 3k 2 i (MGO), 4> T CH0,, &
TN ZERRIE(GO), 43K CH,0, WEMESH 24
RILTREA, fhaEr AR R Wk, BILRE RN A BN T
1 AGEs, PXIALFRy MHAE R )~ ) (AGLs) . MGO
F GO Al LA AP gL SR An A= A, ol DLZE R
KoM Tat =4z, IfFEad g AmAEAAHE,
Wang 25 IR 0IHE | 4% R B ORI AT AR Hp ) & BRAE 7
KR 2, RN, Gilles S50 E SR -AMR K
IRE S A 1A T LA R 58 T8 A A TR o 1) P 4 4 v e B
RS B ) TR A . DFoEiR KB, Bdhh AGIS

TP ERL SIS, R
Fefif . BRERAESNA AR G, H B g A2 L i
LA A 70 AR et O,

3 BRHAREELhEFYIRERYNREE

E# MR AGEs Fl AGIg PR [ 4E5 75— AHXS
WARAS, (H 4N AL 2 8 Y TR R SR8 31— 2 R
B, 20 B AN 40 TE T RB 43 32 BN E s, S ]
— RIVEER A R, XL BOAR K B8 5. U Szent!™!)
Mo, IRRIER MGO FE KNI E R, [HEIHE
Hoe BRI 1 nmol/L A 5l 23 X6 A M= A Bk RS Sk o M
52 %W, AGEs 2 5B G b 1 B . T . Ok
I RAE . SIKOBARREAL . BT R L AL |
BT JR PRMFERAE . PREFAE . 1 NBREEN > VAl PR Al 3
W T, AGEs J& 5 SOW R I & HE AnBs IR P B . T
. BEREAS | DR L R EEH R,
Zheng " VB Y BoR JGIR S R T AR R 1T ROBE R Y
/NER, 24 CML 5 o A FRDRE PR IR, LR I AR K
ME4 T} Viassara VL BLE KL B AGEs 8B A 5 5 B E
I3 = KE AGEs WG R % V)5 1 AGEs il ¥y 6E
5 W1 S % fp V0 Ak Li USSR A SRR, m R
(01§ DR 7 /N s = 121001 s = s 7 P o = e e 0
WA IR I LR T W) 2 AR B -374T/A 38T 5|
AL PR 95 B 4 e 220 26 9 1 0 S SO0 D B AR K A
Schalkwijk ZFPORSEI KB, FEAE PRI O LA /N3
Wk A e i CML, Hofr s B X B i 6 52 2, 2
SO0 TR XU I I B N &

—SEf s R, BB R RO ELERES
AGEs FRMEKIREASHNRAER XK, WAHKREA
SRR S RECEE R AEARRAR L, FR, AGEs 388k
A ol SR R ot A A B, T S R A e 0 LR
w, KWIm & AGEs & rl 5] & s ki e a4k B,
Diamantikandarakis Z5PHHFR45 ), KB AN S S &
AGEs AR UTBE II 3 F: 30 fr /R S B W B n, - a2
SN AT R G o ER AR R IR R Vg R B A
RIKMH A9 AGEs & st B A 15 JR2 11 140 47 SRR fin, R0
AGEs /22 5B/R KGRI FEERZ —, AR
FIRTEIR L

MGO HA HEM AN, ik 5% 1k
KA AR BRI AL S L 1 O s DNA FIEE (1 i T B
FNZERE, 75 PR A 9RE J AR R N, 2k i 5 | e 4
LR TR L0, PRI S PR B O e L A
oL O IR . ARIZRGE . MR TR AR SRS M
0 & BB YIAH G . Akayama ZPYREFSESE H GO 5IRE
iE . BRIRIRSE PR A Rk, AR B HA
Ttk . SRAREPIE LR . 2 R, B
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A B 56 TAkA™ S DL T 4 4 ) e T4k
A 2 " HERI PR S 100 mg/kg; i G IR RS TEA
(Bundesinstitut fiir Risikobewertung, BFR)HE & &2 il
AL 5 P 2 R S ARSI 1.5 mg/dm . Kusunoki %5120
s de ., SRR, 2 8. NIES o %R
AV A PR BE 5 05 PRI 18 1k 3 e 1) k2B kT SN L4 A
%o EAMFEE Tan ZHPWE B8, W, PN ERRE HAT 40
J#E I LA [7] DNA/RNA FIEE 15T P A SihE . 2k 2k 5
RSN, 38 T PR A= B e W JE A 27 W) (AGEs) 5 4=
PR e, (R 218 MR I R R, QOB PR 18 1 K
SE L B IE . A AR S

Zr LR, BRI e R S AL bRl ) AR )
Z 5T —RINERNEE SRR, X AR R4
RKSEE, B SIS IR A 5T AR R w B2,

4 BRHAREEALE R YR iE) 4R N 75 R

4.1 BHEAREREMNL~H(CML, CEL)HIENF A

ST AGEs BRI =B A, B SRR A
Ay B PR IO SRR S A A S A AR, SRG
SR PR 35 1% AR A AT A T B BT o
4.1.1 BEBE SRR R

TiEFEGR B2 3 W% 6492 (enzyme-linked immunosorbent assay,
ELISA)AY 3222 J5 B2l i Rl ) . WAL S B Ak i o 4
SEA RN A E HAR & i . 1999 4F, TauerA 2289 U,
ks BLISA J5 ik AW h 25435 CML &mAail . 5
AR AT IAE LY, ELISA YL EAG A bl | 455 (8, Hikt
PRfETAA . S5 5 FIEE SO, I Pk Bk FAE A
PEARGF, AEwEAR S, 5 IR BAE S 2R . Koito & Uribarri
D930 Y T ARG ELISA Rl )53, $ 7HERE, H
AT e TE — 00k i, 562 ELISA vE HRRZS A
st AGEs MIXHE, ANREZ LXK EE, S0 TR 0T
Dy R B A HUOR A DAL AGEs FLiiFh 2k
B, REOE AR A A, 2 A a2
FABR, BT FA 1 AGEs 4547 s A — i B RE FIAH
BPIARZE G, DABUEE SR & MR 2, Bk, B
AR SR I i B b AGEs.
412 ®IAEE

b AGEs HAT 9 EHFE, DRl 2o I Hoe el
FeME AGEs &t MRy R FH I & 1< 4 370 nm.
RHHFR N 440 nmPY. IZIE AR, 5 ELISA LA,
Kzt R s A RE A A 8, R AGEs m2lis ik, (B
ek HRE R HAT [ R 9 ERFE ) AGEs & s ilb 174G
W, XAREA A ZDOCHER AGEs AREE R, Kt H R
23 T —2 MR .
413 AAEEFEE

#H b ELISA ¥, | M @ 3% 51 3% 3 (gas

chromatography-mass spectrometer, GC-MS) 135 Al
WA &, HE GC-MS 78 /i kb PR 7 2 H FH =i & 1R
PFP2ag = U BRI AGEs O BRIE RN S SR A T
FERTATA AL, DABSINFLHE R, 3 3k e A5 4G A ) 2R A5 5T
K, BIREB, BRI R B, 2k EmRrEfR
T — W, WIS FHE AR S AT R T, BT LA GC-MSS
H AT A TR I £ il i) AGEs & i,
4.1.4 RAREHE

15 BT A i - 28 B A 75 (high performance liquid
chromatography-fluorescence detection, HPLC-FLD ) B4 Ji
R 622 Fk s IR L -N-F28 5% T O S0 e 2 56 HH TR i
LR A SEXT AGEs 7T A fLAb B, T JEAS 1A 2%
JEHFPERY CML. CEL %% AGEs PAZ&ARME, 8 1 AR5
Ba, RSO R BT, IR A B E
B, (HZr kA A Wk v 22, firdFen i, ST
P e (1 B PSR R, AR B AN R B ARL, LRSI PR
WAHXS HhA R, X F AGEs & s BRI & FfE LUE /4T .
XoF T e A e HL R S AR I ) AGEs dnni,
3 ST O R g 1= IR R RZS
(high-performance liquid chromatography-diodearray
detection, HPLC-DAD)EA77E it 43 B0, FL45 S ok oy 1
Al LL 5 WM 3 - 3 B R G 7% (liquid  chromatography
tandem mass spectrometry, LC-MS/MS)VLEg, {H2 HarA
J37 Fl HPLC-DAD il oAb ¥ AGEs #iiH .
4.1.5 RAR &SR E

PRUL AL BT B AT AR AR T, AG I b (7] K K 4
Uk, AYRUARXT (TR, 5 BTSRRI
FEIPEES L HPLC JA0L . H 2 BRI A B 563 (% 43 b7 Jr A
e, BAAR KA
4.1.6 RAREHE BT EE

UTAEA, VBUAR €2 3% 53 1 O 3% v R 8. 2 Bl T T
A AGEs BUREINCS N bk AR E R R AL, SR Z
W W (multiple reaction monitoring, MRM)#5E X3k Xt
B LS B R AT R P W, R TR
KKBEAS, SERErE . 005 A B R IR T . LI
1o AW AE 83 - 8 3K BT 3 3 (ultra performance  liquid
chromatography-tandem mass spectrometry, UPLC-MS/MS),
HRGE . MR IR 8 PR A Bt vk
AR B, TR AT AR A A [E A A HUEE, UPLC-MS/MSS A
A HTE S A CML il CEL R JLr4ah 543 ok g%
TREDE, TR, BT RN AGEs R
Mk, Rt R AR, # R ELA . RAR
YOBRE . TEBRRL . BESEACR L FEYH . AR A R S
L.
4.1.7  RAAEBAEM

YA A U 2 S A R ) — R T B . R, PR
W AGEs kil Jrids, B Fir 2N TR S an 240 L
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B UK | R rh g CMLY, B R D) Sk g ok
MR- 7 S 0, B O3-ERHE 3-Z B IR N
RESAIR, DADUZ SRR e 5 B, @37 T CML 43 Ep il
BAY), M S CML B8 %07 WLRiAb BEfE 2,
ANTFEE ARG AL R, R R AT, DREE FH F Ktt
SRR ARSI, AFIZ Oy I A BRI e, PRSI A
FR T CML & Rl . i & i H AGEs i, AILA
TIPS A AGEs X ARBIGEE, Xt HHs S AT
AR ARRAR KRS . (B AGEs 1 THFIRE L, 4%
SRR, B AT B oA i, 3R HH Rk
P FEAEPE CML F1 CEL R, HAbRIZE AGEs Bk
W7 A R 58 H A K o

4.2 BRHEARERLAE~4(GO. MGO)RIEM 75 5%

[ N AMIGE 1Y GO FT MGO G 5 2 E B4 P 7E K
AT W TR R 2 U, £ S U SR AR D .
GO 1 MGO kil J5 i FEEA AR | A R - r 555
BT S GRS . PR aEaTs . W
ARETED | AR s i S
42,1 AAMEHE

Buckee 25184 5% FH S HH 4,15 %5 (gas  chromatography,
GOVXF AGIs A TRz, Z5 5 WA b T3 o- —RILIE Y,
GO Fl MGO Fa il I Fn R s, fr B, Joikide
I PR SRR GO A MGO, 5 3k ([l R 49 1 57
BT AR R4 ) B LE [ GC kA 2 GO
MGO. MWt 2,3-5% 8l ik, s TR dr 1
ARSI ZEL AT 10 Fh AR 2 R R B
WIT7 s, HBXTRE AT AR A A RN g S A E AT T B — 2D AR
fb, EIMERMA GRS T —EBRENR R, FRE R
B ZRH GO Fl MGO # HH BR &, 2% 05 ik A BLL
422 MEEM-GF B TR EGT &

SRR A USIR FE gt i - i 5 5 B T T e T
ML K AR Y MGO, 123 RO RTAL B A R AT B8, A pek,
ER fke st FRE ARG HE PR, UGS TR MGO & i)
Bl
423 AMEHE-RiEE

Yoji R FH T2 [ A A BUBE B SO €0 - T 1 1
(gas chromatography-mass spectrometry, GC-MS)l & &%
Wh Y AGLs. GO 1 MGO ikt FRI% E] 0.01 mg/L, K%
JE R IR, (IR SO AR A R T, JF LTI
25 HEREAY BT, WAL 5 SRR LA G, DA i I 4
P o € I bR A T0 5  A TAr Mr i 4 ) Ot e
T GC-MS A& MEE WP GO, MGO., WZEE. 2,3-1%—
TR T, RS 2 B A Pk S5 e AR, 0 ) R A
WA R T E AR, R R WA — S, M
WO T =, How S PR, AT AR N B G, R
4~ 6 h A BB T — RS, IR R KRR B 1 BRI R

R Y B B IR AR K, AR 2 T E
TN Pl
424  BRAFIE SR

Rodrigues 250507 FH fik e 1% 23 A2 00 2 9 v GO
MGO FiHAth AGIs 55 8, B AGIs 5 40 e i 1wy A
W 2,3- T HIEMEIEM S, TGS Tk AT E . %R
HARF R EE, KR 0.005 mg/L; A LIEGEHIL
YIS E T4, R EAAR AS ar E  Hy . (HI%
R RS R — BT LR, AR — i R I
T, XA vk R 12 3 R
425 ARG gk

Degen %P T HPLC 454 NARERIN T 383 | Bt
YT 8 GO 1 MGO, BR#SEPH Sy T HPLC B4 1
BPE 2% Mannuka #2500 MGO,  { EPRAIZITE 582
AT A YO /AN i T HPLC B 253 GO
MGO., WML, 2,3-8 W )ik, RAATERXFLBR
MWz S5 o AGIg 78 pH=8, 60 °C £ F [ 3 h, A= i
WE Ik A AR P20 J5 EEgE HPLC 20 #7. HPLC By— P EE
A A5G O L I, T LR G ) R R A R (1
THE, A PR X AR, Ll s R AT AR A 4 BT e (B AT TG,
B b o A TR R RR B 1 T30
4.2.6 EABEEFIEE

TR (T 5 T B, R A = 3 U T 5
TEHFEEF MRM A5, g5 & A N DR R AR R KA F %
G AR, TR ER R, FLREZEARAR Y I T A PR
FLAF 04y B BEFR LAY UPLC, VeRrk . 3608 R R 4B
5B KR T . Sabrina 255 k12 | UPLC-MS/MS ) MRM
BS54 SPE bkl T ok GO MGO . 3-lii %
AT HEIAT . ATBEIENA . 3-DGal., 1-[8 40 A0 BERE R AN 3,4
JIid S A TR I -3- 4 22 Fh - AGs, VR S2BL T — kMM & £
Flv AGIs, B, H RN fr B . 508 Fi e AR
ARGF, ARIZIEATBRA A sk Je FL AT AR BT e 4 T A5 Ak,
HN AR AR, AN I i e] T o {H E R R A B
SCHROE AR FR AR AT A A BB A

YW AGIs fdl kit e, BRie AWk ss A e
ZAb, Ky AT AR IS B FRAR AR, FERTACHER . REUEM
o fe 1% 5 ik A AT B4 e

5 R OE

W SO B RE A v ()7 ) RN R W T AR A IR
AP AR, B ahGUR AL TR B B, B2 A
SR 9 A AL A R B AT R — 22 T, AR S A
PRUES RLTE 1 Ak T 25 FUARES, AN TR o A 22 A PRl v
AR, PG EER S FAT4 5 A5 TAESRAE T3 Ts
o B, ST A R 5T I SRR A v 0] 7 g 2
AT T5 3%, TF AN A £ b b HE S RO g
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WEFE, TRAAE 7~ 3 2207 ) (00 ML A2 PR FEK,
L5 5 TH B W S AL v 18] W) A ZA ™ M ARG A
PRI AG T 0 DUEA T RS ITA, 7 2 e BRAE BAh, )
IFFEAN ) 15 RN 3 32 %0 £ iy I SR A i)
PR W) He B S, 3 S ek i L A

TLASAF 45 T AR AR A LA I, e B dh 22 R 2
LY A B
SE Bk

[1] Troise AD. Analytical strategies to depict the fate of the maillard reaction
in foods [J]. Curr Opin Food Sci, 2018, 19(2): 15-22.

[2] Nowotny K, Schroter D, Schreiner M, et al. Dietary advanced glycation
end products and their relevance for human health [J]. Ageing Res Rev,
2018, 47: 55-66.

[3] . FHAEBSER BRI A R o KR T
AR HSCBRAERFSE D). e LR R, 2016.

Huang QR. Study on the relevance and generation of flavor substances and

5 a-ZHAAE I

a-dicarbonyl compounds in the sweet maillard reaction model systems [D].

‘Wauxi: Jiangnan University, 2016.
[4] KM, Btk £, 5. 12- ORI Y R IR AR A
ZRAREP RIS T, B A SHL, 2019, 2(35): 1-6.
Lu YL, Lu M, Wang Q, et al. Formation and regulation of 1,2-dicarbonyl
compounds and ages in steamed cakes [J]. Food Mach, 2019, 2(35): 1-6.
[5] Hull G, Woodside J. Ne-carboxymethyllysine content of foods commonly
consumed in a western style diet [J]. Food Chem, 2012, 131(1): 170-174.
[6] Birlouez AL, Morales F, Fogliano V, ef al. The health and technological
implications of a better control of neoformed contaminants by the food
industry [J]. Pathol Biol, 2010, 58(3): 235-238.
(7] Wl SEREFER N HroR HY I FH S 2 R IR 2 i
FEHFRMFFED]. T AERFLTRAE, 2017,

Yu P. Formation and reduction mechanism of Ne-carboxymethyllysine and

(RRHTE 1L R

Ne-carboxyethyllysine in maillard reaction [D]. Guangzhou: South China
University of Technology, 2017.

[8] Wang J, Chang T, et al. Methylglyoxal content in drinking coffee as a
cytotoxic factor [J]. Food Sci, 2010, 75(6): 67-71.

[9] Gilles D, Laura P, Barbe JC, et al. The detection of a-dicarbonyl
compounds in wine by formationof quinoxaline derivatives [J]. J Sci Food
Agric, 2000, 69(7): 1023-1029.

[10] Delgado AC. Carboxymethyl-lysine: thirty years of investigation in the
field of AGEs formation [J]. Food Funct, 2016, 7(1): 46-57.

[11] Szent GA. Chromatographic analysis of methylglyoxal and
othera-dicarbonyls using gas-diffusion microextraction [J]. Proc Nat Acad
Sci, 1977, 74(9): 2847-2851.

[12] Bellier J. Methylglyoxal, a potent inducer of AGEs, connects between
diabetes and cancer [J]. Diabetes Res Clin Pr, 2019, 5(148): 200-211.

[13] SRET, Aig, AR, 4585 R TR s R e 1], 3
AR Toll, 2019, 1(1): 29-31.
Dou KN, Li CM, Li PX, et al. Carboxymethyl lysine in food and its harm
[J]. Mod Flour Mill Ind, 2019, 1(1): 29-31.

[14] 2T, 2/NRG MR 2R ™ 1) 5 B R S BRs 1 56 R 7 ik

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

JE[T]. PUREZS T4, 2019, 35(4): 543-547.
Luo HY, Li XF. Research progress on the relationship between advanced
glycation end products and Alzheimer disease [J]. J] Mod Med Health,
2019, 35(4): 543-547.
KB, #iZF, BRI, 5. MRMPRRREAL 2 i R K HO T R AE I 5%
ﬂﬂ%ﬂﬂﬁ?ﬂﬁﬁﬁﬁﬁ;&)ﬁm. T KE2E, 2019, 50(4): 22-26.
Zheng XM, Ru Q, Chen L, et al. Progress of researchs on the effects of
advanced glycation end products on diabetes and its complications [J].
Chongging Med, 2019, 50(4): 22-26.
Zheng F, He C. Prevention of diabetic nephropathy in mice by a diet low
in glycoxidation products [J]. Diabetes Metab Res, 2002, 18(3): 224-237.
Vlassara H. Advanced glycation in health and disease: role of the modern
environment [J]. Ann Ny Acad Sci, 2005, 1043(1): 452-460.
Li M, Zeng M. Increased accumulation of protein-bound
Ne-(carboxymethyl)lysine in tissues of healthy rats after chronic oral
Ne-(carboxymethyl)lysine [J]. J Agric Food Chem, 2015, 63(5):
1658-1663.
FRL, B, U, S BRI O AL b 2 A L T e A
P2 RS 2 AR AR ST RS [T]. R 22441, 2017, 36(6):
954-957.
Wang K, Lv HB, Dai Y, et al. Study on the association between diabetic
retinopathy neuronal apoptosis and gene polymorphism of AGEs receptor
[J]. J Southeast Univ, 2017, 36(6): 954-957.
Schalkwijk CG, Baidoshvili A, Stehouwer CDA, et al. Increased
accumulation of the glycoxidation product Ne-(carboxymethyl)lysine in
hearts of diabetic patients: generation and characterisation of a monoclonal
anti-CML antibody [J]. BBA-Molecular Cell Biol Lipids, 2004, 1636(2-3):
82-89.

XFHE B, BUCH. B IIESE L2 ) 5 S kR RE AL ).
74k, 2018, 23(1): 87-91.

RPN

Liu QB, Li HW. Advanced glycation end products and atherosclerosis [J].
Chin J Cardiovasc Med, 2018, 23(1): 87-91.

Diamantikandarakis E, Piperi C. Accumulation of dietary glycotoxins in
the reproductive system of normal female rats [J]. J Mol Med, 2007,
85(12): 1413-1420.

R, KRE, BRR, 55 BB PIE R R SR
H AL K R A AT 0]. TR RS g, 2012, 29(9):
808-811.

Guo HW, Zhang WC, Yang JF, et al. Changes and influence factors of
advanced glycation end products in patients with alzheimer's disease [J].
Stroke Neurol Dis, 2012, 29(9): 808-811.

Akayama F, Aoyama I, Tsukushi S, et al. Immunohistochemical detection
of imidazolone and N(epsilon)-(carboxymethyl)lysine in aortas of
hemodialysis patients [J]. Cell Mol Biol, 1998, 44(7): 1101-1109.

Chie F. Alkaline elution of DNA from stomach pylorie mucosa of rats
trested with glyoxal [J]. Muta Res, 1998, 213: 227-231.

Kusunoki H, Miyata S. Relation between serum 3-DG and development of
diabetic microangiopathy [J]. Diabetes Care, 2003, 26(6): 1889-94.

Tan KC, Shiu SW. Serum advanced glycation end products (AGEs) are
associated with insulin resistance [J]. Diabetes Met Res Rev, 2011, 27(5):
488-92.

Tauer A, Hasenkopf K. Determination of nepsilon-carboxymethyllysine in

heated milk products by immunochemical methods [J]. Eur Food Res



555

TRIESE, 2 £ i R IDBIERE A rp i) )™ 4 S 2= W o 7 ok e

1501

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

Technol, 1999, 209(1): 72-76.

Koito W, Araki. Conventional antibody against Ne-(carboxymethyl) lysine
(CML) shows cross-reaction to Ne-(carboxyethyl) lysine (CEL):
immunochemical quantification of CML with a specific antibody [J]. J
Biochem, 2004, 136(6): 831-837.

Uribarri J, Woodruff S, Goodman S, et al. Advanced glycation end
products in foods and a practical guide to their reduction in the diet [J]. J
Am Diet Assoc, 2010, 110(6): 911-916.

Schmitt A, Schmitt J, Miinch G, et al. Characterization of advanced
glycation end products for biochemical studies: side chain modifications
and fluorescence characteristics [J]. Anal Biochem, 2005, 338(2):
201-215.

Charissou A, Ait AL, Birlouez A, et al. Evaluation of a gas
chromatography/mass spectrometry method for the quantification of
carboxymethyllysine in food samples [J].
1140(1-2): 189-194.

Wellner A, Huettl C, Henle T, et al. Formation of Maillard reaction

J Chromatographia, 2007,

products during heat treatment of carrots [J]. J Agric Food Chem, 2011,
59(14): 7992-7998.

Hartkopf J, Pahlke C, Lidemann G, et al. Determination of
Ne-carboxymethyllysine by a reversed-phase high-performance liquid
chromatography method [J]. J Chromatographia, 1994, 672(1): 242-246.

Ahmed N, Argirow OK, Minhas HS, et al. Assay of advanced glycation
endproducts (AGEs): surveying AGEs by chromatographic assay with
derivatization by 6-aminoquinolyl-N-hydroxysuccinimidyl-carbamate and
application  to

lysinemodified albumin [J]. Biochem J, 2002, 36(4): 1-14.

Ne-carboxymethyl-lysineand ~ Ne-(1-carboxyethyl)
Yaacoub R, Saliba R, Nsouli B, et al. Formation of lipid oxidation and
isomerization products during processing of nuts and sesame seeds [J]. J
Agric Food Chem, 2008, 56(16): 7082-7090.

Assar SH, Catherine M, Maria L, et al. Determination of
N-carboxymethylysine in food systems by ultra performance liquid
chromatography-mass [J]. Amino Acids, 2009, 36(21): 317-326

BRHEDK, WA, RAE, S5 REEAHER R TP R Ty i
SR AT R Eh A AR [T]. AL, 2015, 36(24): 142-146.

Jia HB, Sheng MY, Xie JH, et al. Establishment of analytical method for
N-carboxymethylysine in sweet and sour pork ribs and its dynamic change
during the cooking process [J]. Food Sci, 2015, 36(24): 142-146.

Hull GL, Woodside JV, Ames JM, et al. Ne-(carboxymethyl)lysine content
of foods commonly consumed in a western style diet [J]. Food Chem,
2012, 131(1): 170-174.

Fenaille F, Parisod V, Visani P, et al. Modifications of milk constituents
during processing: A preliminary benchmarking study [J]. Int Dairy J,
2006, 16(7): 728-739.

Zhang G, Huang G, Xiao L, et al. Determination of advanced glycation

endproducts by LC-MS/MS in raw and roasted almonds (prunus dulcis) [J].

J Agric Food Chem, 2011, 59(22): 12037-12046.

Assar S, Moloney C. Determination of Ne-(carboxymethyl) lysine in food
systems by ultra performance liquid chromatography-mass spectrometry
[J]. Amino Acids, 2009, 36(2): 317-326.

RETEH. UPLC-MS/MS 431 B LK R 2 R IR (L A 1
MRESE[T]. MR Sills, 2019, 32(7): 88-91.

ZHU Y. Analysis of two advanced glycosylation end products in fried

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

[53]

foods by UPLC-MS/MS during frying process [J]. Cere Oil, 2019, 32(7):
88-91.

Liu H, Wu D. Development and applications of molecularly imprinted
polymers based on hydrophobic CdSe/ZnS quantum dots for optosensing
of Ne-(carboxymethyl) lysine in foods [J]. Food Chem, 2016, 211(52):
34-40.

Buckee GK, Mundy AP. Voltammetric detection of the dicarbonyl
compound [J]. Inst Brew, 1994, 100(26): 247-253.

A5, NE, S, & EEREAT S AT TR KM
Jemt: spEbRE R, 2015.

Li ZY, Liu Q, Guo DH, et al. Compendium of international methods of
wine and must analysis [M]. Beijing: China Standard Press, 2015.

TR, AR, KA, SF. ORI @ISR OB AL S P I].
iR, 2015, 36(24): 235-241.

Wang C, Li XM, Lu YL, et al. Detection of dicarbonyl compounds in
beverages by gas chromatography [J]. Food Sci, 2015, 36(24): 235-241.
SRER, B, ARV FE- LR B AR TS i D R I T e g R R
TR JRBEEAAR, 2000, 139(2): 139-141.

Guo R, Luo H. Rapid determination of methylglyoxal in beers by
desorption electrospray ionization mass spectrometry [J]. J Mass Spec,
2009, 139(2): 139-141.

Yoji H, Eveline JB. Assaying a-Dicarbonyl compounds in wine [J]. Agric
Food Chem, 1999, 47: 612-617.

Rodrigues J, Barros A. Determination of glyoxal, methylglyoxal, diacethyl,
and 2, 3-Pentanedione in fermented foods [J]. J Inst Brew, 1997, 103(28):
311-314.

Degen J, Hellwig M, Henie T, et al. 1,2-Dicarbonyl compouds in
commonly consumed foods [J]. J AgricFood Chem, 2012, 60(28):
7071-7079.

M, 2878, BRIEIR, 45, RSO B PE 2% Manuka 2 H
B H AL 2 ] €43, 2014, 32(2): 189-193.

Chen L, Luan J, Fei XQ, ef al. Deternination of methylglyoxal in manuka
honey of new zealand by high performance liquid chromatography [J].
Chin J Chromatogr, 2014, 32(2): 189-193.

Sabrina G, Marcus A, Monkia P, et al. Analysis of sugar degradation
products with a-Dicarbonylstructure in carbonated soft drinks by
UPLC-DAD-MS/MS  [J]. Food Chem, 2013, 61(43):
10238-10245.

J  Agric

(GriE%H: FH%)

(E=TER

HIELE, MTHRE, T2, TZH
RAEEAEEORRI.
E-mail: xuzhciq@163.com

Bk, BrMRg, BBR, TEW
RAEMARBIFHR.

E-mail: mmzeng@jiangnan.edu.cn



