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W E: BM CRABARPURE ST SR =R B = R N BB 3 4 I 5 5% WV (direct competitive
enzyme linked immunosorbent assay, dc-ELISA) & 5 1 = RE M (melamine, MELYJR . F3E DL = REU%
PR BT A E AP, BRI S (LB (horseradish peroxidase, HRP)FRIC T IR -5 hr v St (BORE St R =
RGP a5 Ghuik, @ T BHEST PR A iA R, DL =RGMhR e AR E M i T i, SER
JT1Cso o 8.84 ng/L, RILHEN 0.65 ng/L, LG 0.9~35 pg/L; KR i i) A 70%~120% 2 1], 5
SREFRZE LN ZEN 60%, HABLERMPEA TR XN . ik AHFERBER . R, v
S R il 8 DR A 5 5K

KR RGN, BEARPUIR, BT 4 B IR S e W i

Detection of melamine in food by direct competitive enzyme-linked immuno
sorbent assay method
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ABSTRACT: Objective To establish a rapid, high sensitive method to detect melamine (MEL) residues in food by
direct competitive enzyme linked immunosorbent assay (dc-ELISA). Methods The MEL antigen was labeled by
horseradish peroxidase (HRP), monoclonal antibody was bounded on the surface of a micro titer plate, the standards
(or the samples) competed with MEL antigen for the antibody binding sites, a dc-ELISA was established, and the
standard curve of melamine was prepared for quantitative analysis. Results The ICsy of dc-ELISA was 8.84 pg/L,
the limit of detection was 0.65 pg/L, the linear detection ranges were 0.9-35 pg/L, the recoveries of all kinds of
samples were range from 70.0% to 120%, and the cross reaction with cyanuric acid was 60%, and there was almost
no cross reaction with other drugs with similar construction. Conclusion The established method is sensitive and
specific, which can meet the rapid detection demand of actual samples.
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0 3|

= RE it (melamine, MEL)&—Fh =BG AT A
LG, oA RERCRY, RN & P
ZIRFMAE R — Rk LR, RRRVE A & d S iR m A&
at O {8 —BRIE A F R R ORI, B b P R A R
HIRINE, R4, B &kt = REUk, &)
Rl . AR SR R 2 R B S SE B M B = R U
B 5 ARSI AR GO E AR = R H
fif$ 5% 45 A 0.2 mg/kg- BWIO, Mt sbAR vioks il RE5 iR
JUE W PR R GE A f RE IR, Gnfl I 0 B U A W BRI VD R 2
ehE g A ORIEEEX = R AR R B SO, T
WLy L A PGS F AR B 45 4 5 A W AR [R, BR 4 )L
B AN SRR AT = R ERLI TR T 455 5 R I IR R &5
AL RS U E M E SRR, R LIE R A K
KEU, 2008 4 = RFUEE WA S AR X PR (5
FESE AL

HAl, FFXT i = REUR SR B Ry ik R
IUEREE R Ts o AER AR RO ikt | W 6
T O ER R 9 UV AR - R R B T 9 AR, (RN AR
e ST, BRAELIEE, WHRE G EOREE, NI AR R
BHL ARk B E R S kU TR R 4 E kY,
SR T RO N, FERE R, BRI iR, AT
RO, YRS TAER IR AR R, AR 38 TR S Pk
. BRI = TR BRI 52 W 5 (enzyme  linked
immunosorbent assay, ELISA)K: I 3= 5% ik 1135510 &2 1%
G AR LB B 5, Rl AR S . A ELISA HiAR
TERS DN = 2R TN 5% BR 7 TR W 5 22 R R ) 482 36 4 fR O 1%,
G I 8 R AR R AN 0 s R A i ks B B 4
AP AW g BEbRCPUR, BRI IR, HEr E R
Si4fr MEL-ELISA Kl 5%, 38 1 SR b A I 46 1y
DLUERR T, AR E = SRR AR B S Ay 1 AR e
MR, HREHES R BRI, =R
I ARG N 2 R o it ) A v o

1 MR5ERE

1.1 #REIRF

ZRANE(99%) . = RIIR(98%) . I (97%)
B 43 7 L (99%) . BIUAR 3 4 1k # il (horseradish perxidase,
HRP) (250 U/mg). ZF I 3% A & [ (albumin from bovine
serum, BSA); BFiE7E [ (ovalbumin, OVA) (3£[E Sigma 2
ml); ZREMIAF A (GEFE Reagen 23 H)); MEL-OVA ., #i
MEL S 5P (ASLse % B il); 96 FLA RO AR (35 1
Costar 4 H)); ZM. IEC ke, HEE. $hR . BRI . 48R .
CBE, GIUREN . BREREN . BRIRE N HTLE, KRR

BHER A R A

R AL XS EAL R 2EE T A S
s ARRERE i (B IR AR R A BR A ), 48 = S AR
LTI E R B PERE
1.2 UFE5E%

G16-2 fHIR 55 F#46 (35 [E SHELLAB /A+)); P200 fia:
AR WA (2% E Gilson 22 F]); Well wash MK-2 JEARAL
MK -3 JiFEB G0 28 4601 1 (3¢ JE] Thermo Fisher Scientific /A ) );
ZWF-211 A& 20K EE BAE IR B0 R (4 I A B {8 ol 1
A BRAF; 1-13 BIPLEEOPLEEE Sigma 23 F]); de-12 #Y
B EIRAL (g 2 B AN AT IR A A
1.3 XWHE
1.3.1 MEL #7/£ ¥ £ 6% Bt 4|

MEL P B e il J5 J57 e 20 10 mg/L %, i 20%
F RS R 2 1 mg/L A AR v G 45 Y o (08 PR T, o) i o vk
FERRRE N 0. 1. 3. 9. 27, 81 ug/L ) MEL bR TAFIEW .
132 RRH &

3 R o = RN PR S AR H BSA Al
OVA 7B, A5 aEPi)E MEL-BSA Fl{l 4 bt &
MEL-OVA, i (BP0 2GR 1%, ) FLR IR A
iRz
1.3.3 3% MEL ¥ 5 5 Ak 4 4

B MEL-BSA %% BALB/c /MR, #4
FUARI /N4 S SP2/0 BB AN TR S, 2K
R IR A3 2IH MEL PR .

1.3.4 MEL-OVA BaArit.4 49 %)%

FH 0.2 mol/L Fig iz #h 2% ik (pH 5.6)FL i 5 mg/mL HRP,
JA 0.5 mL HrEcHl A 0.1 mol/L i AUERANIAK, B 4 °Cik
FA SN 30 mino 2N SERUS, 0.5 mL 2.0%0 £ %, 4 °C
S 30 min, # 0.5 mL. 3 mg/mL MEL-OVA (20% P iz
FE RO A BNE AL 5 I BHA R IR S), F 4 °CReHZEIRK
BT 2 ¥R, 0.01 mol/L BEMREL 2% i (phosphate buffer saline,
PBS, pH 7.4)&HT 2 d. BENT5ESEEHCHE, 3000 r/min #.0
30 min, FEPLHE, P LR EERRRIE Y .

1.3.5 B 48 LAk ik 4l &

V2 T PEPT R R AR 22 i (pH. 9.6)% B 2838 Uk
B, 96 FLMFLREFLA A 200 pL, 37 °CIBE R,
R, IAEA, 5L 220 uL, #H 3 h, FFEEBHR,
T, &H.

1.3.6 EEARiedh 2 mnl &

BFRICIF BEFFRICHI N 1:200 (V:V)ITER45 LR R, 0
bt 2P A FLR AN A 100 pL % LA B IO BEkR 042,
FIRBOER N 1 h, AR € 100 uL &6 20 min, 28BS,
TEPEK 450 nm A0 BALBOGIE . AZRIR/K 2SI IR
1.3.7 R &M4at

BT REBTIALL 1:2000, 1:4000, 1:8000., 1:12000.,
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1:16000 f 5 FIFEREEEAHE, A 100 pL AR7AESFT 100 pL
MEL-OVA Fbric¥y, e miEmumBiy . Amdab
PR AR, T 100 WL AR S F 100 pL Fia iR EE N 0.1,
0.4, 0.8, 1.2, 1.6 mg/L WEIRICY), e S AEMBFRICY)
WL

13.8 HA4#%% ELISA S %

BT ik 4%, A 100 L FRufE b (AL BT A RE
) B A L P BLFL A S AT 5% R A R Y B AT IE
100 pL, Z=iR(Q25 °C)lEtS i 30 min, KL H 1 SR
HeHH I BE 3 o AER—HELIMA SIS 100 uL J5, =
I T EECHFE 20 min. BE—RALMA 100 uL FOW 28 1R
B FRAS LA B K 450 nm BB K 450 nm/650 nm H52 .
1.3.9 #Honsbm

HARES (R . IR, XSP): B 2.0 g BI5JAH8UEA
F 50 mL .04, A 8 mL ZJi§-0.1 mol/L NaOH F843-1F
¥ 5 min, 4000 r/min DA FE5.0 10 min, B 2 mL E35RAE
60 CRSIM T T4, M1 mL IECheEm TRk By,
FEIA 1 mL 20% H BEE W, 8.0 258k B2 IEC AR

HEFL: 3000 r/min 5.0 10 min, #IF FEFAE, BCR)Z
W2 mL B AL, A 8 mL ZJ5-0.1 mol/L NaOH 7843
&% 5 min, 4000 r/min L F &0 10 min, B2 mL FiERTE
60 *CHEAN P T, HAL TR,

Tkl FREL 2.0 g WFRR AR S, A 2 mL 1 mol/L
HCl, A 16 mL K& T /KR, HEHR 3 min, #&3% 5 min,
4000 r/min &.0> 15 min, B 10 mL EIF® I 1 mol/L
NaOH # pH {H# & 6~8, 4000 r/min B.L» 15 min, B F%
W, 20%F B 10 R BAR I

B BRI SIREAR, BRI 2.0 g YRR, i
A 8 mL ZJiE-0.1 mol/L NaOH 7&434#¥% 5 min, 4000 r/min 5
£ 10 min, B 1 mL F3#E#K 60 °CER T 524 T4, 1 mL iF
CeiR i TR B, A 1 mL 20% P EEREA, #0550k
FZIECBErH, BURZ AR 20% B 3 R Bere
1310 FkF#%%

RAUPE: DL 10%30 ] 2 A X6 17 v B 1 Ay e AR A ) R
(limit of detection, LOD), il # 20%~80%F & £t
RrFE E, TS AR (D,

MM$M¢>EHW% 1)
By

A B AR IR A IR - RO EE (R B 0
e B 2 RO A
Ferrk: # MEL MZ5H2EY = RS . HRREA%
B R B A [ T R B (TR, R FH ELISA VA4
FHAE 0 ¥ B (50% inhibiting concentration, 1Csg), #%/AZ0
QHEAE RN,
TXRILZE | Y% = IC5,(MEL)

oGtk @

FEEEE: B 10 Sy B bn AR, AR BEALEL 10 L
FLIE 9 pg/L ARV TR R SGAE, SEFTHR A R P 22 5740 o

Il S R AR = S A0 S Ry IR N il i = 793
B MEL FRifESS, Ab3EJS A ELISA J5 Bk, 4Nk e 3
AT RE o
1.3.11  # oA &dm s Rt

PLZEE REAGEN 35 & FIAS A 57 8 57 A9 5 4G il
AR AR S, A 25 R REAGEN R0 B I 5 116 1] Wi
B, LLE a0 Goer i 45 R 22 1 SRR G A
[l

2 HRED

2.1 HRP-MEL-OVA EE¥RiCZHIEN N E

S A0 52 S 0 S TR S s T e R ) LA
bro EEARCHIHR R INEAL, TS B R gt f A AR K
Wesh. WOERMEARICHE LR, AR R RN,
2R S AR SURT S A (A AR . BRI, AR R LT
Ve BE A BRI N . I8 1 AT, BEEARICHE U,
il % 5 R B /N, bRAC S BETE B, W AR C WA A
1:130000 A |, BT LA &2 J5 BH A I 1 22K

30 |
25 E N
20 |
15+

1.0 +

A 50/ [L/(grcm)]

05 L

0.0 ! !
100 1000 10000

AP IC IR B

100000

K1 EEPRICPIR 2 (n=3)

Fig.1 Titer determination curve of enzyme labled antigen (n=3)

22 RMNEHMHE
2.2.1 QARZE N R EGHAL

J TR pH A2 s R R XA 5, L
5555 OD fH(Ana) « 1Cso Al Apa/ICso NEEEB S8R, ST
0.05 mol/L /Y pH 9.6 MERIRELZZ Wik . pH 7.6 (MR Eh 2%
IR pH 7.6 1Y Tris-Fh MR 5% R 3 Al Bl iR
f e 1 AT, 5 2 FPE IR L, pH 9.6 (B IR ER 2% vh
TAE N AT, Ane BUEIEEL, 1Cso e/, RFR MR HUE
s, I PESE 0.05 mol/L  pH 9.6 MIBRERE: 22 M /E it
AP -
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®1 BHENRK W UPTAFBEE 1:8000 B, SRR A 1:12000 B 1Cs
Table 1 Optimization of coating buffer Fehe T, (BRI 3R RS Apa/ICs0 Rk, 7
— i W BCG, AT OD IS FRTEIR D, B L%
RERERZ W BRBRERGZ I Tris-EhMRZE sl W - R 1:8000.,
Anmax 1.876 1.642 1.545 223 RAEBEATIURIRE AR
ICso 843 9.35 10.76 TR PUARFE BEE S 1:8000, WA R MR E AU BGbR
Ana/ICs0 0.22 0.18 0.14 PUFME 354 ELISA S2568, Z5RUNK 3 s . BEE MR

222 FRARFAREE AT

PIFE OD fH(Ama) ICso Fl Anax/ICso WL E S TS
ki, B 2015, B OD H Sk B L IE e, Buik
W, R SERRG AN L, FENREET

PURRMRE BT, fes OD {HBEZ ALK, TEREbT R AL

. 420 5 3.0x10"!
~_ —<4—4_/IC
i i max 50
4 m - 18
2.0x10° |- \ H2.5x10°
_._ICSO
< 416
g . +2.0x10"
° L6x10° L i 1.8 s
] 14 = 6}
S 2 g
t 9 <
VQ <« =4 12 - 1.5x10!
12x100 | /
<
4 10
4 1.0x10"
—
8.0x10 |- $ 18
| | | \ | ' | ' | \ | e ) _ S.OXIO,Z
2000 4000 6000 8000 10000 12000 14000 16000
EREN YT
2 ALBHT AR BB 2R (n=3)
Fig.2 Dilution curve of antibody (n=3)
4 4w/ICy - 3.0x10"
2.4x10° —u— A 118
—0— ICso 4
~ 1 - 2.5x10°
416
= 0 -
2 2.0x10
2 % =42.0x107
g - 14 2 g
E =5 wé
< 1.6x100 |- = d15x100
«“— ¢ - 12
4 10 - 1.0x10"
1.2x10° - E
1 | L | L | L 1 L 1 L | L | L 1 g _ 5.0)(]0»2
00 02 04 06 08 10 12 14 16 18 20
EEARIC I B/ (ug/L)

3 bR R £
Fig.3 Concentration curve of HRP-MEL-OVA

& 0.8 mg/L B, A [EAEEEMTER N, 1ICs EH/N,
Anax/ICso 2K, VLU JE IR R0 RBUE e, HOkF Ik
JE R e A R AR PR
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224 VESEAMNREEOGF

ﬁm%UAﬁﬁﬁ%%¢hﬁh%%Aﬁimﬁ
S v (T PR R S A R, TR IR P e i o
JLIVEAR 2R AU A5 $E4iﬂlé$%aifﬁk
20%0F, YRR Anax 5 1Cso BIBEA KK, GHIEES
TS 20%)5 , Ana T ICso R IREHT FF, KR RS
R, DROMTERERR LB 20% 0 H B3R BOICR By, ik
5 20% 1) B B
2.3 MEL-ELISA 5325 #%
231 FERERHBE

FEARARI Z5 1 F LA MEL ARy BT R0 1.0,
3.0, 9.0, 27. 81 pug/L)AYXTEEMAF AL AR(X), LA N
A bR (Ll bR e 2R, 76— RIS iy 2l |
ELISA J5 % R (IC10) 4 0.65 pg/L, 1Cso Hy 8.44 ng/L,
R?=0.997, £kt R RAF, LVERMNERE N 0.9~35 ng/L.
232 FiEHFH®

¥ MEL f 456 28 o140 Fic AN [ Joi ek B O TR W N

B, R ELISA J5 & I ICs0. 25 RN 2 R, 5
SIRGIRI L LN 60%, 5 HAZE 2 I A
BRI, = REM S = R R R AR SRR N
BRHR B 45 SR DR B = R EUIR A A R Y A8 SR
7 S bR b ORI 25
233 FiEMHEE

TR ARG 25 B DU R, 10 SR AR AR P48 5 R BN I o
5%, P AR )48 S R B AR T 10%, EBHEST Tk
KR RAT, FRETES .
234 FiREHE

R SR B SR PEM ELISA A 5 1k i BE il —
AN EERIR . BB b, BT ERAE R, AR
A RN 3 AN [V BE (49 MEL AR UEGh HEFT IS0 00, 45 1
W 3. KRS A AR FLRE G i 2R A
80%~110%Z [, FRIEHE SR A I BN ZRAE 70%~120%Z 1],
A AL 10% LN, FFE R AEOKR, Uik
HEEPELE, WEUREE, T SERRRE AN R

1 16 713.0x10!
—4—4_/IC,,
2.4x10° - B 4o
—e—1C,, 4 14
- 2.5x107
)
9 ~~
bo =3
2 123 g
- 4 = g
2 | @) ~
< 20 — = H2.0x10"
- 10
-4 8 - 1.5x10"
1.8x10° !
0 10 20 30 40
RS R/%
5 4  HIEES ST de-LIESA BS54

Fig.4 Influence of concentration of methanol on dc-ELISA

R2 RXRMEHUE

Table 2 Determination of cross-reactivity

ast’] ICso/(ug/L) AUV 2R /%
= RER 14.1 60
EINIE =1 >100 <10
[LIERERE: >100 <10

2.3.5 % REAGEN &7 &4 4 2t bk
3% E REAGEN 305 & 5 AW ST @57 #9 ELISA ik

PEAT Ee A, AR [ A B &, it o L IR, A6 32 (4
A[{5E ., L REAGEN ELISA 7 & fse 25 5= om ik 481t
BCE, 50k 4 FrR, EDICRIERT H232 T N,
PARN 2 AR TR RE i B (S B3, AWFE g B e
ELISA BYJ5 W45 SRvinfy . Al 4E,

3 Hit5iTie

AW FTHAR i S A MY REAR IC L, T A 2 9 P
SERERUIR, ST T e T A — B U B S I B S BT 7
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o ZEEMHUR I RAECH 1:8000, BEFRHTIE MY 5
&L 0.8 mg/L; MEL Jii f ¥k BE7E 0.9~35 pg/L BT #5047
HIRPEC R, RIBR A 0.65 ng/L, 5 Beacon 24 FA /™ [k
F€r 20 pg/L ORI B A L, 8 SR, 1Cso M 8.44 ng/L,
5 RIS N A 60%, —RFHE = R [ it
FERERT 3, 5 = BRI 151 58 SUR AT DL SEIRE i
P& I A THATI o 5 HADEE Y A AEAE S S, 5

BRAE S AS 0 - 247 [ SR AE 70%~120% 22 8], 45 S v 7] 4,
PR I 5, A R A0 T 5

AT i R R R AR IR R SR — e I 2 R,
ELISA J5{57E SERRFE SR R rp B I R AR 2, 1645
) T AR B sg = e ST, e AR AL AR, S
B AR, A REARUERHI B B R AR, O = R
B DR G U LB i 42

#3 EWERIWERN=3)
Table 3 Results of recovery test (n=3)

b TNV /(ng/kg) g M/ (ug/kg) Al +SD 55 R AE %
4.0 3.81 95.2%+0.21 5.51
HFPY 8.0 8.12 102%z0.54 6.65
16 15.8 98%:+1.61 10.06
4.0 421 105%:+0.36 9.01
1P 8.0 8.04 101%:+0.67 8.37
16 16.7 105%+1.58 9.88
4.0 3.87 96.8%:+0.22 5.5
XA 8.0 7.98 99.7%0.76 9.5
16 16.2 101%+1.58 9.87
4.0 4.17 104%+0.31 7.74
Aa| 8.0 8.09 101%=0.78 9.75
16 15.36 96%:+0.96 6.01
10 9.78 97.8%+0.67 6.71
A 40 38.5 96.4%=2.78 6.95
60 61.2 102+3.76 6.27
40 38.2 95.5%+2.98 7.45
2H 150 154.9 103%+9.78 6.52
400 398.2 99.5%+18.34 458
200 2152 107.6%%16.27 7.56
T ket 400 4433 110.8%£17.12 3.86
800 712.4 89.5%+19.45 2.73
F4 2 MHF SN LSRR
Table 4 Comparison of determination results of 2 kinds of different ELISA Kkits
REAGEN &7 & MEL-ELISA X7 &
. T
Frih R e T meke) B EREE wiumere  wckme K
0.2 0.18 90 7.06 0.21 116 6.5
HFPY 0.4 0.43 107 2.46 0.38 88.3 7.5
1.0 1.01 101 7.79 1.05 103.9 8.85
0.2 0.17 85 3.01 0.22 129.4 5.46
44 0.4 0.42 105 2.56 0.39 83.9 5.65
1.0 1.04 104 1.75 1.05 101.6 6.78
0.5 0.44 88 6.97 0.51 115.9 437
T ket 1 0.86 86 8.02 0.83 96.5 5.36
1.5 1.66 110.7 7.63 1.32 79.5 4.93
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