% 39% AHrk2E (FENXI HUAXUE) BFSUiR4E %10 81
20115 10 A Chinese Journal of Analytical Chemistry 1572~1576

DOI: 10.3724/SP. J. 1096. 2011, 01572

BUREGIEZENEMAEMT RSP
ZREEEREGTEONERE

RN O HEY BAKE FAR RBER
AR B B AC
G AR R R A L, ARNREE SR EALRE, M 35000
R A K2 & BRHE B A 350002

# OE BYTEXEMHOERNGN=REE MEL REFEY— SRBEM B (ANE) . = BEH#B—
B (ADE) M ZREM(CYA AT BB F k. HHEFIIRAK 4% L. 10% ZEBENEHENY &
70°CHR M 4 h IR 045 um FLEREA A Gi% ., %525 KA Luna NH, #,488.30 C,fizhfHN
V(Z %)V ((5 mmol/L PBS & &F ¥, pH 6.5) =75:25, 1% : 1.0 mL/min; DAD # 3% £ % 205 #1 214 nm, 7&
AL 4515 F . MEL, ANE, ADE fll CYA BB 7 05~ 10 mg/L TR AN S HIG M AL X ERF, RN R
43 %1% 0.06, 0.08, 0.12 #1 0.15 mg/L(S/N=3), 7 1.0 mg/L B9 MK FE T ,MEL, ANE, ADE Fl CYA - [E
W HFE 96.4% ~ 101.6% 22 [a] . FI X bR AR 2276 2.79% ~4.39% Z (8], 45 SR U8, A J5 v o) fa 48 | Bt L v 0 3 1R
BHE B S R S RER AR TBE.

X CSREN; TEY SREMTN SRRMEEIE; I8
1 5 §

= BE M (MEL) K AT 4= ) = R R Wtk (ANE) , = R 58— Bt % (ADE) fil = B #UBR (CYA) , &
B R BB/ B R AGEAG = 5518 08 B s 58 5K B MUK R, 3 45 R S BUR Y,
18 1 4 F 18] B SR 45 A T B IR = 3R BURE BUR BR £8 ( Melamine cyanurate, MCA) , iZ fh R MEVE T K, 5 7F
BERRRE RSO EEENE BASHEERY, BEXERENEEYREFRERGR P LA
TEREEEMEYY. U=REEFEMENER, TEEFANEMEMR=RERERERY
AEETTEZER.. ATRE KM AERER ERBMBRELZGET, ZREAKRSEBEEZG A PY,
Fat, XM RBFEANGE(ERRAERPESGHLE S, S M IBAY, k4, Hag, B4,
PRI, B ST B R AT R P S R EUR R AT A 8 AR B BRI T .

B AT, A KR H b = REE R R 53 Hr B 5 2, RIS &2 MEL, ANE, ADE Fll CYA )3
PR L MY R P2 S SR ZL S, SR o & A A A R I R S0 RS LL 3 R R OK L 4%
LR 10% 2B 47 I3 i 8 5 B ol 7= & SR JH R AOAE €0 3 R s A I MEL, ANE, ADE #l CYA BT
BE., GRFW, AFEEERE ERTE,

2 SLRE4S

2.1 NB/EHEA

1100 75 Rk 48 (0,381 (£ H Agilent 23 &) ; Luna NH, (250 mm X 4.6 mm,5 um, 3 & Phenomenex
/2 F1DED-115 #E R T 4 #8 (f2 E Bingder /A &]) ; AB204-L /3T R (EEFE L M HUIFLFD .

=B & (99.0% ,MEL) , = B &8 — Bt % (98.0% , ANE) , = B & B8 — Bt % (99.0% , ADE) F1 = B &
B2 (98.0%  CYA) b/ &, #9W [ 72 [H Dr. Ehrenstorfer A ], Z g (iS4 R A R LM . LW R
B = A el S8 K R B Ak . BEER R 2% b A VR (PBS, pH 6.5,
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MEL 1 CYA ¥R /1% % W K VB % 37 % 255 ANE 1 ADE AR UERE & WL 8.5% —Z BB IE I &
% ;MEL, ANE, ADE #1 CYA R & T/ERAES Y BE 28 Al ES .
2.2 #Hi&AHE

4B E AR GB/T 5009.156-2003 & & FH AL 386 6k B Ho M &4 B2y S0 38 pe @ M I & B . FE G N2
i, EEE I T A, 7E 70°CIEIRASIEIR 4 h, BT 045 um BFLEIEE A GG,
2.3 eifEd '
2.3.1 WM KAERE 4 5E 10 mg/L 8 MEL, ANE, ADE #l CYA ¥R TAE# » T 190~400 nm 3%
KiEgeHH, Ho, MEL, ANE fl ADE £ 205 nm 4b ¥ i B K W R {E ., CYA 89 8 KRR 35 K R
214 nm, HF CYA WU 38 B 4058 B 8 8 /NT MEL %, % B3] CYA & R S, Sk # 205 1 214 nm
hy R K
2.3.2 HTE#HEBILESEYH Phenomenex Luna NH, %4 (250 mm X 4.6 mm, 5 pm) ; DAD % il #5 ; %
VLR 30 CHERER 20 pL; FiBhAH N V(Z ) : V(5 mmol/L PBS &AM, pH 6.5) =75:25; F F L. 1

%% 1.0 mL/min, 200- !
3 #£R51ie 160}
3.1 BEFENERSHK 2 120T
T MEL X EfTAYSHREAERE, BAREMY g col
Btk SR oK M, R TEAE G oMl Ce R MAE AN 5 " L
RE MAREGZIRESEPHE BN TN, X4 40
R PR A FE A €03 40 B Ak A, oy T AR M AR 1 4 W W W
AR AT LA 98 MEL 8 A AR W 4 B8 B 1R . A T - 34567 8 910111213

t/min
TLHELSE, A RMEBRIT. FERALEER

E 1 MEL(1),CYA(2),ANE(3)#l ADE(4) 7& R A}
BT, WES R 1.0 mg/L B MEL R ETAEMHRS

L4 7 e 43 B i
(’é@ﬁ%[ﬂ*ﬁ?ﬂ%* E@ﬁ}}%@%l&]ﬂlﬁl 1, MEL & Fig. 1 HPLC spectra of melamine(MEL) (1), cyanuric
AT A 0y P SE B LR S 85, W R TR I I 2 e oK acid (CYA) (2), ammeline (ANE) (3) and ammelide
3.2 AENZUEEERKHR (ADE) (4) with different simulant solutions

BoH MEL R EMAEYRIIKERRE T/EE (@ H0,(b) 10% LB (Ethanol) , (c) 4% Z. B8 (Acetic acid).
BB ITEATAERMNE, VHBS
B R B o BE R R A A, W TR R AR AR, 43 5145 2] MEL, ANE, ADE i CYA B H PR R M8 H AR
KEBMEHETE SITRIF,
£ 1 RFEEYYH MEL X HTEW K 1R R& M E

Table | Summary of LOD, linear ranges, and correlation coefficients (») and linear equations of melamine and derivatives with
different simulant solution

B S it At HXRH Btk 1
Simulant solution Analyte ( LOD Linear range Correlation coefficient Linear equation
mg/L) (mg/L)
MEL 0.02 0.2~20 0.9999 Y=37178X—1243
ANE 0.03 0.1~20 1.0000 - Y=122798X—3.29
H.0 ADE 0.06 0.1~10 1.0000 Y =140.99X+2.82
CYA 0.08 ' 0.2~50 0.9999 Y=57.10X+3.99
MEL 0.06 0.5~10 0.9998 Y=19532X+12.39
4% 7.8 ANE 0.08 0.5~10 0.9999 Y=11876X—223
4% Acetic acid ADE 0.12 0.5~10 0.9997 Y=6146X—184
CYA 0.15 0.5~10 0.9999 Y= 3246X+441
MEL 0.06 0.5~20 0.9998 Y =1383.63X—39.09
10% 7, B ANE 0.08 0.5~ 50 09995 Y =21192X+7649
10% Ethanol ADE 0.12 0.5~10 0.9995 Y=153.10X—13.68

CYA 0.15 0.5 ~50 0.9997 Y=5572X+13.14
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£5 %W, MEL, ANE, ADE 1 CYA #7 v 1 2% 9 28 ¥ 705 1 95 A o R , 2 & SO BB B MR
3.3 AEMEBKERSHEE

PRBUES R, 72K (4% S BE D 10% L FE MM R 43 B A 1.0 mg/L MEL K& H: 75 4 Yy An HE vA
W AT SE 6 WK, B &k BIKCR A % %, 45— L% 2.
# 2 RREEB P MEL K H AT ALY 4 kT 58 2 0 Bl i %

Table 2 Recoveries of melamine and derivatives in different simulant solutions

0,
ikl b EivE ] ] IEVBCK Recovery (%) AverjZ eﬁze{iiover RSD
Analyte Simulant solution Spl-1 Spl-2 Spl-3 Spl-4 Spl-5 Spt-6 g(% 3 Y (% .n=6)
H,0 973 102.0 99.0 1053 10038 98.6 100.5 2.87
4% 2.8 !
MEL o AR 95.4 927 1013 104.8 98.8 100.7 99.0 439
10% 2.8
L% e 103.8 99.6 105.5 101.4 97.6 96.2 100.7 3.56
H;0 98.1 96.0 94.7 95.2 93.4 101.3 96.4 295
4% 7.8
ANE PR 103.4 106.1 100.3 96.5 98.9 104.6 101.6 3.61
10% Z.B%
1% Bl 94.2 99.5 102.8 106.9 101.0 98.7 100.5 423
H.0 99.1 924 101.6 98.3 100.5 939 97.6 3.77
4% 7.8
ADE 1% Ao id 101.3 102.1 96.9 95.0 100.7 94.7 98.4 3.67
10% Z.B8%
Lo e 96.5 977 104.5 1029 95.8 99.0 99.4 3.56
H,0 104.8 101.9 974 943 95.6 102.8 99.5 430
4% 2.8 ‘
CYA 1% Aot acid 95.4 99.7 101.8 100.7 104.2 94.6 99.4 375
10% Z.B% 97.1 102.8 947 100.1 993 982 98.7 279

10% Ethanol

MEL, ANE, ADE #1 CYA )23 [E g #4518 99.0% ~ 100.7% » 96.4% ~ 101.6% , 97.6% ~ 99.4%
F 98.7% ~99.5% ; A8 Xt #5 #E R 2= (RSD) 43 $1 8 2.87% ~ 4.39% , 2.95% ~ 4.23% , 3.56% ~ 3.77% #
2.79% ~430% , ZEA T T EEE MG, X MEL & HEGAEY QAR BRI 5 E#T T HEGE 3.

# 3 MEL R HATEY AR5 %k 2 8

Table 3 Comparison of analytical methods available for detecting and quantifying melamine and derivatives

VR E-3518 KU E KR &% 30k
Method Matrices Linear range LOD Reference
R MEL/ANE/ADE: 4~92 nglg
_ i ChE, » E XD 5~500 pg/g
HPLC-DAD Flour (wheat, rice, corn) CYA 70~ 7000 mg/g [13]
FEiE 50~1000 pg/L ANE/ADE/CYA:
HPLC/MS/MS Porcine muscle tissue 0.092~0.14 ng/g [2]
&9, U 0~5 pg/g 0.25 pg/g
LCMS/MS Milk and infant formula (S/N=16) [14]
RKEKHEEA 55~113 pg/g
HPLC-DAD Rice protein concentrate 9
% ikjc RAKREH.EXE
y KRS
GC-MS Wheat gluten, rice protein, 0.004~1.6 mg/kg 0.002 mg/kg [15]
corn gluten and soy protein
300-MS Triple B L8 R e : 0.002~0.04 pg/g
Quadrupole Infant milk-based formula
GC/MS/MS and other food and feed  0.002~20 pg/g [16]
products
R MEL:2.8~5.0 pg/L
MEKC Melamine articles ANE/ADE/CYA :24~5.0 pg/L 0z
751 & Bl 0.25~1.43 pg/L
HILC Milk-based and feed [11]
products .
ERR 0.5~10 mg/L 0.06~0.15 mg/L .

HPLC Melamine articles This article
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HF 2 I 3 AL, AT ERI MEL REAMTA Y, REER S, USEEHAFER, B AT 2SR

BT AL AR B ORI T R B LG AR ER A
3.4 ELEREA

ML ERE R 50 T, LIK. 4% 2B A 10% ZEHERERRIEY,70 TR 4 h, BB

045 um FLIERE)S AR BT E . A 4 MK H MEL, & ¥ E W E A 0.04~0.31 mg/dm’, CYA,
ADE #l ANE ¥&#& . #H 85 WHO A H 4 B R A R (TDD02 mgkg AR A H . KU K FE8AK .

GERFW, AR IELIT H AR B, 7 E R BUE L, K W BRAT, 540 215 88, % 2 3 (= ARk A

ot B i bRk e S Y W R B AR AR B R
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Determination of Melamine and Related Derivatives by
High Performance Liquid Chromatography

CHEN Min-Shi*!, JING Wei'?, LU Shui-Yuan', LI Xiao-Jing' , WU Hong-Cheng' ,
LIN Bai-Ling!, ZHENG Si-Yuan', CHEN Jin-Quan?
Y(Fujian Province Entry-Exit Inspection and Quarantine Bureau , Fuzhou 350001)

2 (Food Science College of Fujian Agriculture and Forestry University, Fuzhou 350007)

Abstract A novel High-performance liquid chromatographic method of determining monomer migra-
tion of melamine (MEL) and its derivatives including ammeline (ANE), ammelide (ADE) and cyanu-
ric acid (CYA) was developed. Samples were immersed in simulants (H;Q, 4% acetic acid, 10%
ethanol), and then kept in incubator at 70 °C in a duration of 4 h. The immersed solutions were injec-
ted into HPLC column before the penetration through a 0. 45-um microporous membrane. The sepa-
ration was performed on a Phenomenex Luna NH; column at 30 °C and the mobile phase of acetoni-
trile (5 mmol/L) with PBS (pH=6.5)(75:25, V/V) of isocratic elution was pumped at a flow rate of
1.0 mL/min with DAD detection at 205 and 214 nm. Under the optimum conditions, the calibration
curves were linear from 0.5 to 10 mg/L with LODs (S/N=3) of 0. 06, 0.08, 0.12 and 0. 15 mg/L
for MEL, ANE, ADE and CYA, respectively. The method provided recoveries of 96. 4% —101. 6%
in the spiked concentration of 1. 0 mg/L, and the RSD of the peak height was between 2. 8% and
4.4%. The satisfied experimental results indicated that the proposed method can be directly used for
the determination of monomer migration of melamine and its derivatives in food contact material
conveniently, rapidly and accurately.

Keywords Melamine; Derivatives; Food contact material; High performance liquid chromatography;
Migration test
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