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Chromatographic Methods for the Analysis of Melamine and Analogs in Food and Food Contact Materials
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Abstract: Residues of melamine and its analogs in food and food contact materials have attracted extensive attentions.
In this article, sample extraction, liquid chromatography analysis and matrix effect for the analysis of melamine and its

analogs have been reviewed. These investigations will provide the useful references for the research and establishment of the

350002)

limitation value of malemine and its analogs in the field of food in China.
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Fig.1  Alkaline hydrolysis of melamine™
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Fig2 Melamine-cyanuric acid complex
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Table1 Simultaneous detection of melamine and its analogs in food or food contact materials
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Wi ko, el DEA'*'L%(IO' 4030 30m Agitent DB Ms EgttE MELL AMN 2.5~ Img/kg 0.1 33]
N 4 :
e MEL-CYA(L:1, VI7) VE-Smsfi £ EA14H:  MEL. AMN
I 5] I ) [=] . - R4 N N
3L B L AMN-AM]])Jé_S/(}(. 50, VI7) (30mX0.25mm, 0.25um)  AMD. CYA 0.002mg/kg 0.005mg/kg  [34]
N MEL. AMN,
WA, H20-DEA(80:20, V/V) Hewlett Packardfi: AMD. CYA — 0.05mg/kg  [35]
GC-MS-MS ‘ N VRS MEL 0.1~1000pg/L
W e CHK-SI0:40:50, Fajﬁi&?ﬁ?goé%@m B MEL. AMN.  AMN I1~1000ug/L - 1361
A " 14%) A " 0.25um) ’ AMD. CYA AMD 1~1000ug/L
--oum CYA 2~2000ug/L
. . X
HPLC-DAD b ki SVSOZEH0.05mol/LEA  HONFE(.6mmX250mm,  MEL. AMN. 55~ 113mgke 65~125mgkg  [18]
. AMD. CYA
Spherigel
s e mrron.1 0. C5(4.6mm X 200mm, 5mm),
HILC-PDA B IER 4””"*'*%‘5‘(80'18'2’ CN(.6mm>X250mm, ~ MELL AN - 0.025~0.143ug/mL [30]
S5mm) Venusil HILIC #£ N
(4.6mm X250mm, Smm)
WAL fa BILEs ZE-K(50: 50, V) HILIC LCH: MEL. CYA — 0.025~0.2mg/kg [37]
YNGR 2.5%H R Zwitterionic HILIC ik MEL. CYA — 0.25mg/ kg [38]
o . ZIC-HILIC - (19,
Sk 0.1% (2.1mm X 150mm, Smm) MEL. CYA 0.5mg/kg 39]
fig i, AL ISR — BioBasic AX F(2.1X 150mm, 0.001~0.003mg/kg _
PLCAMSAS TN 50% FIEE MEL. CYA [40]
S 0 " GL Science Inertsil HILIC o
TP 50/50 2 Ik Sym(150mm X 3mm) i MEL. CYA 0.001mg/kg [41]
o .. MEL. AMN, 0.092~0.14pg/g
1% 41 411 £ _
SHIEA 50/50 2K Zwitterionic HILIC LC £ AMD. CYA (MELIR4H) [23]
o N Atlantis HILICHEFE: MEL. AMN, - -
ENEE. A0 2.3%HCl (4.6X50mm, Sum)  AMD. CYA [20]
o e MALDI-TOF, MALDI-TOF-
Maldi-TofMS ﬁﬁ’(d‘%‘( KK X i TOF4} BFLIFTTM TOF-TOFj ViEL> AMN. 4~92mg/kg 12~308mg/kg  [42]
) e AMD. CYA
it; Bruker, Autoflex
MEL: 1.7~
10mmol/L NaOH (100uL) Beckman Coulter MDQ 4 .
MEKC RI25mmol/L PBS(pH2,  HFUR LR, 6 A5 FE41 thﬁb Abé[& — 230203'1%2’ Eﬂ“] [31]
900uL) : 23~1.2mg/L;
4~5.0ug/L
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oasis MCX F1 Phenomenex strata X)#i I T"MELZM Y, CYA
B AT BH 5 2 B I B 5V A A8 2T /N (LT Waters oassis
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TR B LUV B CC - B 125 1 AT M B 57
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WA AT A AR I FEGC-MS-MS Wi 3 A1 & B A Ptk
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B TR T s a7 R S 2 e 74 L i - R AT SN
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AV L2335 SR /NP0 A N 7 S A i AT
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Varelis =5 MR8 T DL PE ARS8 0945 W02 ] 52 A rp o)
Eb A REC 25K AR JH (HILIC) (it A B, fE AR5 H
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FE R RO s, BT MEL K L ik b vk
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ZEUSHRE T LC-DADR KK P B AR 11— SR Ul S LA AR
YA TR, 8min P ] SEIRAR LI HE 2 43 7

ARSI AV ST T — o O €8 1 B A o A
A MR T = R U S = R R AT R )
FESRK . 4% 2B H110% L3 R Wk ..
T3 2K I Phenomenex Luna NH 4, #¥k: 30°C. i)
A 2 ESmmol/L, pH6.5 PBSZEMER(75:25, VIV), i
JH1.0mL/min, DADEGIPEAK N214nm. 7EARALSAF R, =
TEFUIRN = SRR 43 I 4E0.1~110mg/LA10.3~135mg/L35
BRI PN, O TR R T IR P S 1 OC 3R R o W 7 v T [ I
D5 £ Rl B R = R E U S = R AR AR IT R i

B PR R T RS R B = RO R g,
R )2 N TR AR SR ARG A e 25 Sk (10 8 1 A8 i A% T ok 4
BB A Bl . IR AU SIS T oK il
B R T I R = R U S L A 4 4 o [+
P AL I P4 T 3 7 vk, ORI AR LA O T 6t £ A R
MEL. AMD. AMNAHICYA [ IsH46 I (4132

SRFE SR IR UV RID AD K
200~270nm"**", I H PP 220nmut 4R T HEAT LR RS
M, RIMCYAR (A LELMEL. AMNFAMD S5, Kt
HERY PR A Bt o WP UVRID ADAG I o Fry J8 FE 3 o 52
RN TSR, AR OR B A AT T4 7K 0 p 4
M KA. AT, S5 s (kA 45 & UV
S DADRY I #% 7 TMEL A H AU I I Pk 45 22, Al
TR UL 5B RMSAH 2 H i, LOD{E EMS J5i2:
K2~3NEE LR
3.3 O T v

E VBURH (0 B8 JTE EG FH 7 7205 v 5 K R it ] A R A
WG, R g A IR AT A I . ik B
PEMS-MS VL 2 H F BRI 59 o A €0 335 i 3 16 FH 7 vk
W, BHES R = R ] T ESLIE Ha L A, B
T = R R TESTH L s BB, PIPE S =
IR —Wehe 5 — R 58 W& fEESTH M L A o T
[M-+H] Wi 558 5 e o 30 5 — SR UM e LR AE A
TE A B TR I HPLC-MS-MS _Fz 472, 507 i A
[ fTHPLC - MS iz 478",

MS" 5 Bt 7 1L BER B W 2 D 24 IR R B
Ty TSI P AN AR (1) 5 8 EE 6 nT DAAE A v )
AR AR HE . SanchoG R HY, 7E = Z UK
AR S Y, AT e SMELIL — AN i
A, IR D TFE2ANEIE T, A R fRTT S fe
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12768, XN F M[M+H]"K & AU 2,4- 5
F-13- 25 T R E T, HRE AL RM/Z
H6SHITEF B T, CYAZL#ZEAL T MEL™,

VN s s VAN T R<R LR D QN o S R e
% (LC-ESI MS-MS) £l i 2 B rp — SR F L B w16 77
Pio RHABRINES FACHekT:, WA 5 10mmol/L 412
- 2B 2 MR W (pH4.0) (40:60,  V/V), LAZ I B 1
Mt = R te e ®oHT. K. 3%LH. 10%4
FERA I, R EUAES.00~ 130.00pg/L 5 i Ji i [
W, H B THRR Rk 2 R AR, KR
(Rsx=3)01.00pug/L; 177 FCAE AR JHh R 5 <= e AL AUL 40 v ) 25
PEEH5.00~130.00pg/L, Ao HFR(Rg=3)43.00pg/L.

Ak, HoAh i 0 M 7 vk a0 6 AT I (8] (TOF) Ji 1% ot
SREE N TR, 5= E GRS, TOF
HAE Mg, B Rmmm e mafE. 5o,
JEREAC B R, W PUARAT ®AT I (QTOF) Jii 1%, wf
X B 1 REAT AR RS - i 68 R 0 0 = R E 2
BAHAE 2 7 i . Teresa5P HRIE T I BIIN B 320007 ®AT
IR 18] 5 1% (A ccu TOF™-D ART™) 6 ¢ 4 £ by P I MELEA T
PULErfil, A4 I(D)bRIC G T AT AR, ATy HRS
ANE S AL B (MEL: 1270728 +3.1),

HE 5 4l Bl WO T FR B AT I IR S (matrix -
assisted laser desorption ionization-time-of-flight mass
spectrometry, MALDI-TOFMS) ¥ [l /43 i 5 AF 4 7R
H RGN UG TS ae i, S T T
RS ZRAT RIS, &S TAESU KRS 79
W, o] LR T ok IR . R TR AT - 3 -4
FRILAHIR(CHCA) . T TIR(SA)M2,5- “FR IR HIIR
(DHB)% . MALDI-TOF-MS"th JF & Kl ik (/M 22
KK, EK)FMEL. AMD. AMN K CYA 4F#) 5, LA
AR M 5l Bh A FAE IE 5 FMALDIF U R A IMEL
AMD K AMN, 18 FMALDIF R FHMICYA, 75kl
T AR EYIREAR BRI IR, FL TR R B A BN NS
—ALe

B R OB (L (UPLC) 2 (03 S Hh RB it , 3
/NSRS v s g A A R K08 43 35 N TR 0T 4025 3R G S it
RIGPERE, WITE SRR, TENKIBEAARRA TELFIA o B
S, L5 TSI LA R PRI R A oy A R EL R
P, HAEGILCHIEL, UPLCHER g im0
JE e REUE LABRARIEAATHE . 20094F, BenvenutiE ™ JF %
FIUPLC-MS-MS K UPLC-PDA [] I K6 7 4 £ it v = B 5
i =HEIR WG S REM3AYIRI T, L%
KA FEICA ], A 2mingh ST 431 (AR 2R
P — WA T IR 7, XS 2K ST R =R — W
ARGEA—ERFR. 27l FITUPLC-MS-MSX} 44 J [7] i
o, BEEGRF P2 TR S %

34 B HIK

BN UK ks e s, B R T
MR BRE i AR AT ARG R
G AR R KA« AN T AR Ik 1) € T A A FH L 3
BHE . BHEFEMEMBE A, SRR R
Zerhii/b A ImL, LWHPLCE W, MR, 2 B 3ck
SERC IRERAEAR L 20min, (HRBUE LLHPLCK. =2k
Wl 5 R 8 T i, Kb S s, & T
BN IR EEE T oL B R B /3BT &R 48 . Wang Xiaoyu
PSR T AR 2 R AR IO HE R B A [ IS 00 o 2 i
MR 5 F R . RAK N RTSK ¥, Tris b & i
B, R PRAE 22,0 X 10 *mol/L, 10min5Epis) 2, i
FH 39k B il B B B b ) rh o # th 0 55 3 e o)
Rl o TsaiE!" R B B 45 LBk 7 28 4 DR TR I 22 4
JLFLA 0 = 2R AUk, OB X T R B BT =
T AT T I o S IROCHE S HERR AR (FASS) R
EEHORAEA I = Z U I IR AR E 5379 520.5+ 9.2ng/mL
HARFASSEUR H AT HOR PRI L 58 L (0 10 o R R0
(EEIEZNNE RIS VESIE S5y e 2NV NF TS BU DO s At
FUE B BRAE S AN 22 ) LS )7 L6 UG 1) 39 5% X 1~ (EF)
KVEAL 1. EFASSHE R T, 3858 I 1 1) AR A AR I AE I
429.86+9.81 & FIL T 133.3 1KV RT3 3 1448 T ,
R SR FAE R RS TR R AR, FESEUE 4
A R Bl 1 (sweeping-MEK C) /2 i 38 & T SE B A i
B9 #T. fESweeping-MEKC 7 iAMAALE&MHE T, 244
JUFLRD ) = 2R U B i T LAAE 6min A AT H oK
AR P 45 & Sweeping-MEKCHGUE 1% k. WA
& GHa AT HEILE(n=3) A1 B & I (n=3) 73 3 R AR
HEMR 22 (RSD)3.6%M14.8% LA N o IEAH ICHIF 7T 45 S o
Sweeping-MEKC J5 ¥4 Jy — P blead i 12 22 4 ) LSUR H 1)
=R THAHRE R
3.5 MAbTE

Shu Yifen %M FIMEK C i o i )y (0 1k 25 45 SO
P HER U (reversed electrode polarity stacking mode, REPSM)
1B TR S (cation selective injection, CSI)WFFE S AELE
B A0S B e L B B TRy Tl v 1) = SR U S LA
YII AR AT IR A I o L b CSTH 10 = SR Uk (1 5
£, REPSMH] 0 HAB3RI R (= TR — Bl . =2
TR =R EE, EAREMEKCE 1t
M ER A T IR R IR 1. 7mg/L,  HLAR3Fh
ARSI B PTG 430.23~1.20mg/L,  FETs A W 3 25 [ 1)
PR ZEK, I A e HAER0C IR M Vi 30min &
(EHRP LRI R

4 FEFHRIN =R R RGP m

BN ARHE P R T A5 DU LA SR IR FCAR I S5k 7
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X RE I A A TR e ), e A (0 o) B R R S 4
FLH IR SO Bl A 8 A R PR AR R, IR e
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FEMEATRARE, SRR TS 5 AF . A0k (B3 5y 2
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