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Detection of Maillard Reaction Products at Different Stages in Prepackaged Foods by Ultra-high Performance Liquid
Chromatography-Stable Isotope Dilution Mass Spectrometry
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ZHANG Shufen’, CAO Lili’, WANG Yanbo', FU Linglin"*
(1. School of Food Science and Biotechnology, Zhejiang Gongshang University, Hangzhou 310018, China;
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Abstract: A method was developed for the simultaneous determination of seven Maillard reaction products (MRPs), namely
N-(carboxymethyl)-lysine (CML), N*-(carboxyethyl)-lysine (CEL), methyglyoxal-derived hydroimidazolones (MG-H1, MG-
H2 and MG-H3), glyoxal-derived hydroimidazolone (G-H1) and furosine in prepackaged foods by ultra-high performance
liquid chromatography-triple quadrupole-tandem mass spectrometry (UPLC-QqQ-MS/MS). The chromatographic separation
was performed on a Kinetex C,4 column and quantification was performed in the multiple reaction monitoring (MRM) mode.
The recoveries of the method ranged from 88.4% to 111.3% with relative standard deviations (RSDs) less than 9% in terms
of precision, and the limit of detection and the limit of quantification were 2.1-14.2 and 7.4-41.2 ng/mL, respectively. The
developed method was applied to 134 typical prepackaged foods, and the obtained data was analyzed by principal component
analysis (PCA) and correlation analysis (CA). The results showed that CML, MG-H1/3, MG-H2 and G-H1 were the major
MRPs in prepackaged foods, and they had significant positive correlations with each other and with protein, fat and total
sugar contents. This method shows acceptable linearity, accuracy and precision and is suitable for the rapid determination of
multiple MRPs in prepackaged foods.
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RETVINIERE . SERAE S NIEH 5> N3 BB Ik
Bt ol B R B, S B B e AR 2 Bl e R4
N =4) (Maillard reaction products, MRPs) ™M, Hrfr,
PR R A2 W R AE s Amadori = W K TR B2 48 FR, BN 2
S S ST B AR B R 2 R R ke
fil S #4J4%&  (methyglyoxal-derived hydroimidazolones, MG-
Hl. MG-H2. MG-H3) Fl1Z - B8R (glyoxal-
derived hydroimidazolone, G-HI1) & 3% 1 j¢ b A [a] iy
BB, ar T A 0 A S A S e s MR R
B 3T HE FE AL 22 K P74 (advanced glycation end products,
AGEs) , WIRHEMEEE (N-(carboxymethyl)-lysine,
CML) . RO ETE (N°-(carboxyethyl)-lysine,
CEL) %%, 3% Hih h i 5 S B e S B i =t
AN AT BEMRPs 2 ] DAZE RN /5 I8 i ORI, an L IR
REE. WEE MUEL WIESE, HAEAEFRAM T R
PRt AT LR A I RS, B4, BER N B R
B, MRPsTEMR PRI FE AR B2 2 (2 it A SOOI 28 E, I
HY 2 5 Z P8 AR Qe 5o B AR AL, W2 B0k R
PRI B REIE L LA R IR AT MR
AL e g, A, AN A MRPs

H AT A7 — et Fo s 7 3L s, i T R
PP e A e £ UV 2 R S U MIR Ps
5 & W E R TR WG W (enzyme-
linked immunosorbent assay, ELISA) £, M 1% 1k

(gas chromatography-mass spectrometry, GC-MS) %7l
WAH - B C S 1 (liquid chromatography-tandem mass
spectrometry, LC-MS/MS) %%, M, ELISAZL"H
W 25 SR 5 TR O TUAD B 3 O DR IR 2 R AR R
%, ERMETIERAC, HARRME L ERLSR, Hibs
ZRW ;. GC-MSIEIE EAANATA DT, HIEEBiH
EISCEAR, ANEH T KAt E | Rk, Mk , LC-
MS/MS H A i i R B AR e, R 2 T
ST B SR B P R A ZEMRPSP AR, H AT RO

FUAEE R i b i) — Fh 2D B LAPMRPs AT € B, Rl
CML. CELFIMG-H1"™®), s MRPsFIZELFE, HE&
AL A, ANFERM A5 2 REOR, Wi —
Fh e B M S 2 FMRPs ) G2 — 13 R R I vk
A 5T f 37 B T AR E R A 2 A bR R R IR v O

AH - 2 B = FE U B AT JJ 3% Cultra-high performance
liquid chromatography-triple quadrupole-tandem mass
spectrometry, UPLC-QqQ-MS/MS) 2%, H] SzH AN & &
TRALE it i 7 BhAS R 6 h 8 S S B BUMRPs o i — 28
FIRAZTT V45 M 134 Bl WP f 26 & il P MRPs 1) &5 &
diemtaemEEERNASERE, EHIERS S

(principal component analysis, PCA) . FHIMESHTEE4:
7, HE s AN E AL fr i 0 MR Ps 1) &5 & 43
MHEFERREEFRENS KT, ARG AFEG
BEMRPs 15 R K5 i & MRPs N & 19 VP Ail 2 it 5
BB, AR KRENR T W P MRPsFE N B H 1)
TERHARAEER X

1 MHEEHE

1.1 Mk

SR B FH P60 25 £ O AR o 9 2 R S 5
W, TWE THTA BN T A& KT .

CMLFRHES (40 >=95%) . CELAREM (4
FE=95%) 2 [ Cayman Chemical A #]; MG-HI#x
HESh (AifE=96%) . MG-H2Fbr#EM: (4EREE=94%)
MG-H3FbrvE S (40 =99%) . G-HI1bp#E S (4
J£=98%)  WERMAREM (4% =98%) . CML-D,b5
Wb (AEE=99%) . CEL-Dnikfh (4 =99%) .
MG-HI1-Db5iE S (41 =99%) . G-H1-"C2hruE S (4l
JE=98%) f# [ Iris Biotech GmnHA H] ; B S AL4H
(AifE=98%)  VUBMERAAT/KEW (4EEE=99.5%)
SEAE. B S HEE YN ra) iR
WTHEARE R AERAR: FERE. TR, O (3
Ry EZEEME AT R AF .
12 X5k

ExionLC UPLC{X. QTRAP 5500 QqQ-MS/MS1X
% EHAB SCIEXA Al; Kinetex C,  ff i f
(100 mm X 3.0 mm, 2.6 pum) S5 [EPhenomenex /A ) 5
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Allegra X-30RTU L Uit & A = 0L f#[E Beckman
CoulterA#]; LGI-12BIESAETHAL dbatiA AN
Bl R IBAPRAF; MS204/AMEFRF i Mettler

Toledoa s N-20BUZ DiReAWAL  ILAR = MEEERHA
PR, EDS6MY HRNUMAR  #% EBinder GmbH A ]
Milli-Q Advantage A10#E4 /KA S2EMillipore /A 7
1.3 Jivk
1.3.1  FRAEFTR I EC ]

7y HHERRFRES.0 mg CML, CEL. G-HI. MG-HI.
MG-H2. MG-H3. #%#. CML-D,. CEL-D,. G-HI-
BC2NIMG-H1-D, % T5.0 mLABZl K, 1 i) S N
1.0 mg/mLIbRAERE &I, WAFAE—20 'C. AR
PruEff 2 i % — e el B, ol & CML. CEL.
G-H1. MG-H1., MG-H2, MG-H3. BRI il %
5.0 pg/mLIFIE G ARAEIE I, R il 4% & A CML-D,
CEL-D,. G-H1-"C2FIMG-HI1-D, {5 S E 41.0 pg/mL
I FRIEIR, WAEE—4 C. HIVEFRUEM 2, FHkal
IKFRREVR A AR AEVE I, T ) o B FE 430l 5.0 10.0,
25.0, 50.0, 100.0. 200.0. 400.0. 600.0. 800.0 ng/mL/[}]
RAEIERIEWR, ¥%&ACML-D,. CEL-D,. G-HI-
PC2RIMG-H1-D; [ IR 4 BN 3R TR A bR v 1
o, HOR AR BRI 9100.0 ng/mL, #EA T G 44k
LT
132 FEAATARER

FE 5 BT Ab ¥R 757 7 76 Scheijen 2 P 98 1 LAl F,
ITIE B . SRR FE AT I 7, KRR35
HAAGTREWEBERS SRR, BT —20 CHRAE.
PR — &5 H5.0~10.0 mgfE A B 4 =R R (R
WFER AT BB D) T EOE Y, INA9.0 mL& - H iz
Q2:1, VIV) , FATIAIENRY, 5 500X gES210 min,
2 BiEW, EEUERIESERS KRG, ERSR TR
TUUERME AR . AT B I TEBRK AL FE A FH i R
HHTTEMRPs, 1.0 mLAlE AR (1.0 mol/LiE T
0.1 mol/L NaOH¥ ) A12.0 mLAWA 222 (0.2 mol/L,
pH 9.2) XWHFESEATIRIE, FHE FHEES3 he RJERKFE S
7£4 000X g N 0010 min, FF% LiEWR, BUEWER
R IMREIRT, BBEEMEMGE. K5, MIEAEE T
A3 mL 6.0 mol/LIJEEIR, 110 'C FKMFEMH24 ho 7K
G HORE S E LS R 18, 4.5 mLEB4iKE i,
NHER TN FRER (CML-D,. CEL-D,. G-H1-"C2fl
MG-HI-Dy) , F5h A bR i 5 26 o7 & B2 9 100.0 ng/mL .
WG, BIEIZA0.22 umPE L, 247 )5 2EUPLC-QqQ-
MS/MSZ3#7
133  UPLC-QqQ-MS/MS% 1}

Kinetex C 3%+ (100 mmX3.0 mm, 2.6 pm) ;
J#0.12~0.22 mL/min; JEIH: ANE45.0 mmol/LH

TREZ 0. 1% F IR IE W, BN 5.0 mmol/L F R 44 1)
CRERW BEEVERFE FinF 1T, HEiR40 C, 3t
FE3 ul.

£1 BRETERRT

Table1  Gradient elution program
i ] /min Ji#/ (mL/min) RANRIERH R

A B
0.0 0.12 98 2
3.0 0.12 98 2
6.0 0.22 96 4
9.0 0.20 5 95
10.0 0.20 5 95
10.2 0.12 98 2
12.0 0.12 98 2

JRAE S TR RS A 2 O A
B TIRIRES500 C; WEE RS 500V, #SE 4730 psi;
FASE 150 psi; GBS E 7150 psi; HAh RIS HL
%2,

#2  ZRMVMEGURES B

Table2 MRM acquisition parameters for each analyte
ST BEET (mlz) FET (mlz) HWiE#EREEV  EEHIE/NV
CML 205.0 oo o0 80.0
CML-D, 209.0 ord Jos 90.0
CEL 219.0 132:8* ;g:g 90.0
CEL-D, 223.0 e B 90.0
G-HI 2152 Loy oo 100.0
G-HI-“C2 2171 115138.91* }g:g 35.0
MG-H1/3 229.1 12114(5'18* %(2):8 70.0
MG-H2 229.1 Heor 00 80.0
MG-HI-D, 2322 ;‘1)'39; ?i:g 80.0
waw s R0 a

e« EREE T

14 BdEkbr

FEANFE G BT INE 73873 IR, S5 R X £s3F0R,
i FISPSS 25. 085 Bl #E 4T Gt it 70, P<<0.05, %
S, K GraphPad Prism 8.3 13 FE K.

2 HR55K

2.1 MRPsf{JUPLC-MS/MS%#t

CML. CEL. G-HI. MG-H1. MG-H2. MG-H3.
BRI Ve B, ARAEAE — AR G A EORE, A
HIF 7038 4% R 5 9 2 Pl 1 AL & W0 4R 11t B 47 IR B CR [
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Kinetex C, k17, b B i b MR Ps ik AT 45 B9 LA 2.0 MG-HIA (378
HEAT JE S IMS/MS /) H, MRPs ) B i 3] 0 1. i S5
bW RS T AE 2 S B IR A ST 145 5 ) B, X 5m_
MS/MSZHHEAT AL, HALJF IR B2 41 13,37, 2
RAL I, 7E M2 17 ok 2 BT R BT R 5 297
B R AT, RS B BT A S T ) AT &S TMIS/MS O wz ; : : r : .
e, RAETEZ RN R 21T QqQ A Mk M LB I [ /min
v RBE, AT o 8 R Hr gt AT e &, (H il
FMG-HIFIMG-H3 B A A 7 ) £ 84 18 7] . 237 5 4 A Nl AR (639)
MS/MS B, A T8 2% 40 F e AT A i A 5 02N, & 204
Akillioglu ™8 Y, ERKMRILFE b, MG-H1 5 Hofh < 151
AT B2 B (L AMG-H3 SR, b S 82 Ak g 5 10
MR PR . UL, EEE LABE, AT 051
H, MG-HIRIMG-H3 [ 384 3 T3 2 b 5400 45 g i O T I T
AR FIFATIHE, SFCAMG-H1/3. {7 B I i /min
s B H b s TGk
~ CML (3.32) Fig.1  Ion chromatograms of the target analytes
1=
X 101 22 JPEFVEH
% 0 22,1 LRMEVEH. A HBR A E B RS
e 1) 4% J5 BEUR B 495.0~800.0 ng/mL I IR & b ik R 5
e VL AT R R B IR ARRR () L DL AT E
RS [5]/min T TS T T R g T AR X L PN B 0 THD AR LA D A0
25 - AFR (y) , ZetlbruEmiZk . 3PN, BT
g204 CEL (339 5.0~800.0 ng/mLyE Bl N ¥ B RIF LSRR, RP>
D15 0.999 . A% W7 T v 8 ¥ I IR AR B, 24435 W L 3 30
%g: 93.0F110.08F , 4551 FAR4M BT 40 0K th W A0 5 BRI
B H w570 B (A H BR AN 2 52 PR 43731 2.1~ 14.2 ng/mL Al
LTS S S T S A 7.4~412 ng/mL, 5T % E U8 I UPLC-MS/MS
PR Rl min J7i% (15.0 ng/mLF145.0 ng/mL) FILin Qin%% P4 i
\s. UPLC-Q-TOF/MS /57 (100.0 ng/mLF1300.0 ng/mL) .
G-H1 (3.41)
& 204 13 UPLC-MSMS kbt iz, b, bas.
X 1.5 ot FRRE SR
0 Table3  Calibration curve equations, linear ranges, correlation
E 0.5 coefficients, limits of detection and limits of quantification of the
g UPLC-MS/MS method
CML 5.0~800.0  y=0.011 43x+0.000 163 0.999 43 11.2
CEL 5.0~800.0  y=0.028 32x—0.013 47 0.999 53 16.1
64 MG-H2 (3.76) G-H1 5.0~800.0  y=0.009 13x—0.001 37 0.999 7.5 223
g MG-H1/3  5.0~800.0  »=0.008 78x—0.002 38 0.999 142 412
; 4 MG-H2  5.0~800.0  »=0.005 19x—0.001 10 0.999 10.8 315
% N WRR  5.0~8000  y=0.15599x+0.426 12 0.999 2.1 74
E 222 kRN ROk R A R
0 T ' ' ' T ' NV BRIz T AER M, DLUHTAY . AmHaE

)
w
S
wn

6 7 8

(R i /min ARl A5 D9 B B SRR, IRIEUHTA 95 3 i 6 AN
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UEE Y A i TP MR P 1 &5 B 70 A, 5 A0 20 A 420 10 I s
E4%200.0 ng/mLZEAT bR EIWCSRES o X INARFE &~ AT
Msge K, FESME3 d, THHESRH N R %
B, AR WA X TTEAR B BT 5 B 0 0 b el
WRAEUHT AP 989.1%~111.3%, fEAHE TN
88.4%~102.0%, TEIEIHT490.6%~101.4%, H W%
FE I N31%~6.8%. 2.1%~7.9%HM3.6~6.3%, Ik
B INA2%~8.7% 3.4%~8.T%M5.1~73%., %%
T TV R HE R FEFORG % BE R A, 55 & W TMRPsf)
ERIHTER.
4 MRPsI R DR Rk & 15

Table4  Recoveries and precision for MRPs spiked in milk, bread and

oyster sauce
%

ki ARE%E k%

UHTA ATG % UHTAD ATG #Eh UHTED Ame 6l
CML 914 921 932 68 35 46 85 50 73
CEL 1014 913 951 57 28 39 67 58 59
GHI %04 884 %47 46 19 57 87 8.5 64
MGHIZ 891 956 906 50 21 63 63 69 71
MG-H2 1113 1020 953 3 3 42 42 87 6.6
AR 947 %2 1014 49 23 36 6.1 34 5.1

i

23 H LIRS B R A R E A5 R

F BT SRS W TV 4y AT 134 R DL TR 2
T PMRPsH) & & (BAEED kg &), 45 R
BI2f~. Sk b, ARG (33.49~661.45 mg/kg)
R ES (31.29~308.44 mg/kg) . KA M PEF
(16.53~278.22 mg/kg)  Eiilfh (11.36~143.06 mg/kg)
P S (12.46~167.54 mg/kg) 1 MRPs ¥ 7K &
EE T E MRS (3.15~107.69 mg/kg) . 4
(70.74~98.85 mgkg) ¥l (40.51~66.66 mgkg) .
LA (0.93~65.05 mgkg) « FE (25.31~39.23 mg/kg) .
KE (11.79 mg/kg) W (0~3.76 mg/kg) FCEE £
i (0~3.56 mg/kg) . CML. MG-H1/3. MG-H2#1G-H1
KL H NP R EEMRPs, MLz T, CELA
HEERR BAA VT DAFE K Z 80 an ke i b kil 21, (RS &
XA . X 5PoojaryZE P i 70 45 B — 5, @S —
UPLC-MS/MS J5 i [F i 52 & £ i B i 1 AR [FIMRPs, - K
PMG-H1/3, G-H1. % #. CMLACELZEHRIN T
i CHHUHTA G5 FIEE RS B ) A B r) 32 ZEMRPs . Hull
2B Scheijen5 ™5 FHUPLC-MS/MSYE 43 SIS Wl 1 76 77
A 257 RS CMLI & 21190 Fi & & CML.
CEL. MG-HIW & &, ¥HIE MK T BEMRPs I PE

R b R R S AR A T 5V o I S AR kAT
R, HAUE X Hoh —Fh e D H LM MRPs (EJCML,
CELFIMG-H1) #EATI 224 AH FuAR 8 o B9 2
I SRR RE 134 Fh AL A i o 7 RS
MRPs#tAT € &0 #r, #E—HB9 7 7 EMRPsHE &,
X AR SRVE A [ VY 238 I B PMRPs N B R it — A
E1F S HEE

A HTRI134 Fies DL FEs 38 b e, RS
MRPs & &, TEEMG-HI/3. MG-H2HIG-H1. H
W, B R N T AR AR P MRPs [ E &, X IH T
1A 2 H T )R 260 B R AS LR I R R 2 F) A b B
T 7 MRPs A4 &P, Scheijen&HF 5T R I,
R R PMG-HI & & (16.6~26.6 mg/100 g) K
IR R R 20 5 A b, 31X 5 AR S0 A5 B 45 AR S
Lo BbAh, FERRZQ. HLEE 5 MRPs 1) & A
SR, X FEAE IR RS A T B [ T A
AP LR, UKEIHORT B SR T Y MRPs [
SRR TUHTAY), X 0] 682 i T A BRI &
I TR BE TR, s A dE AR OE A i3 1 B - A R
INTAERAR R R B, i T2 A dnmakat 1e), n TR
LU pHAE X MRPs T o B Z 0 . AR TERIAL 4
Zrh, UribarriZ: R FHELISA 204 7549 Fhfr i CML
MI7KF, R AN A in 07 22 R 2 MR Ps )
AR

BB AN, A DAY i 0 2 ) o o AR 3 TR R KT
MRPs, |7l A 3 =3 #8fE Sk A MRPs 1) 7K T 328 1 1 08
=, IXAT U R T G S ) o T R ST 2 R T Ak
HUR T S K2 /e AR, s s, B
AR Ah, RS H] S IMRPSIR S, KRl £ CML
m TR RBEEAIN TREERMESS (ASEMEE .
X N AE R R v, 8 R K A & P 23 7K
B2 R R0 BRE A S S b i R BL IR 2 8. M2 T,
w5 DL ORL R 2 MRPs 1 & AT AR, BT DA Z g AN
The R b, AN LA i P MRPs 1 F 2 PR
K XE5ESENTM4MA S EREUMKL. — &5
A7 T P S DR 3R 2 o S b Al Je N S MR Ps (1) T Jlad 2 77 A2
S, R E MRPs 15 & 22 o] - FE s ar b 207 0
MITEE A AN FE RS . e T45 3] 1) Pl 6 & b
MRPsH ¥ e, J5 2R 5t n] LA 22 ) 4 28 Bl g i A2
SO R R 7T R 2 i o R MR PsAE A LA 2 i [R] 25
BN
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A ECML mCEL B G-H1 B m CML mCEL @ G-H1
OMG-H2 mMG-H1/3 0O E&ER OMG-H2 EMG-HI/3 ORI
ETERS ki
s e 7
%ﬁg KEAE
HRRE L%k
Y5 it % T i
i T R R [
N H o %ﬂgﬁ il
e : ylls
o} i Rk
Bk Tru
; + 5
Sk B 05
i 55 )
igg i} KA RYHE
a HET
FEe - EFFQQ
JUEIR % Tk
i 0 ErT o
J\E h BT 2
WA i z
LI i A z
RACK AL & ALk 7 1
T o i
b SEE
i 1125 [
LT Wik A= 57558 7 [
UHT44- 45 LR [
Tt RER 4 FHE HE 5 /5 [
AT 44 e kEE F I
W 7&3%%% ]
Jit Mg 2= 4 FE A AL 0 i
Eﬁa@?% %h 1575 74 7 [
2T AT & Wiy 27 5 78 I
JRERR 4 K SR I
AT FERE IR
i LN e——
AD#5 5 [ A PE T ]
A4 T LS <o A D m——
KL R I AT ]
A R DKL FATHET ] i
LR /I‘iﬁig o] ;‘fu
TR R 1y [ S D) L
IR T ) [ AL YT [ %
ﬁij}}, T By it 7 [
H il 4 AL T
i T JZ BRI
o —— AT
Hi Tk gl
FHkHEk X FHIR]
Rk * s
Hi !
FEA ik e .
TN | So #
ﬁ%m} F i HAm il
Sl kb
o] i
Rt m Iy
i e
_ /\:1:
ﬁig- PR M
2L TS 0
SFIE| i =3tk &
T ﬂ Sh o ek
%*EE‘%EI%- gziﬁ ‘ 1 1 1 1 1 1 1 J
ﬂgﬁ %Ig 0" 50100 150 200 250 300 35? 400 450) 500 550 600 650
AR MRPs & 5/ (mg/kg
am ANRIRIEEH ;BRI .

0 10 20 30 40 50 60 70 80 90 100110 El2 BRI MRPs Y bt
MRPs 5/ (mg/kg) Fig.2  Contents of MRPs in prepackaged foods
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2.4 PCAKAHZMESHT

KT T R R MRPs 1) R R
o ERE AR ATPCA, SRWE3AFR . JLIRE2 A
FRIEE K F1MPC, PC15PC2 Rt oik R 5877 Z 1)
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