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Abstract: To develop a specific, rapid, and convenient immunochromatography assay (ICA) to detect melamine residues
in dairy products and feed sample. Colloidal gold particles labeled with purified monoclonal antibody against
anti-melamine were used as the detector reagent. The MEL-OVA (the conjugate of melamine and ovalbumin) and goat
anti-mouse melamine IgG were blotted on the test and control regions of nitrocellulose membrane. The strip was then
assembled with sample pad, absorbing pad, and dorsal shield. The limit of detection (LOD) is 50 pg/L. The test trip was
applied to detect melamine in milk, milk powder, and animal feeds, with detection limits of 100 pg/L for milk, 100 ng/g for
milk powder, 200 ng/g for feeds. Compared to LC-MS/MS, the ICA could be used to screen a large number of dairy

products and feed samples for melamine residue.

Keywords: melamine, colloidal gold, immunochromatographic, strip

—REM (Melamine) f&—Fh = RIS HF AL
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EEER 75, XA BA SR R | U
P, i AR, BRI AT

1 MRET %

1.1 EFEKF

SR (4 98.5%) WA bk
RAVERAT; FPR 1gG. AEMRMATER —
P A Sigma A HE]; TERRLFAERBE (FFK NC
5435 B Sartorius 22 FH] (CN140), Millipore
/N ) (M135) #1 Whatman 7y ®]  (Puraband
impuraband); I{EEAF4EZE fR NG H Millipore 23 F) ;
PVC JiEtk . W-8 UE4LY MF-11 WoK400 A
Whatman 23 ) 5 ALK E =0 Hral, =R
W BATEREBUIA (1B12, 1Cs5=8.3 ng/L) MLt
J5 MEL-OVA A 52565 il 4 2021,

gy (Rl . BERRYIRY (BRI SR
BHEM (3% HPLC &I, i BAPE), #4104 A T
U SRR R TR A A R
1.2 FENE

ARISTA-Q5 VIEIHLHI ARISTA-XZ100 “F- 55
R4, YA EE Arista /A F; HR T
DHG-9146A, 4 A FGZRIEESARAHE ; R
L A H A S5 a] W ek,
Shimadzu UV-2501PC; = PUZ%FT HR I A,
Waters Alliance 2695,

1.3 RAEEMHE5%E

SR AT IR — 4340 S 0 1) 28 AR G VW - BIX
0.01 % AL4 %W 100 mL BEFEIAE I, H
HANA 2.5 mL 1% FP5 R =K, ket
A 20 min, HEFREER, ik, =
A, FHB LR B AT, 4 CORAFHR .

JREAR 4 o et 2R S8 AN S - IR G IR
AT 400~600 nm ZAMAT, WA R R4 )
WAE T T 0AE
14 RESRiZmEnEE58E

ZI T, K 10 mL FH 0.1 mol/L K,CO; 1 pH
8.2 IR & HIMA 50 mL Bedrrf, st
WZEFEMA 2 mL ] 0.01 mol/L PBS kN
0.1 g/L Myalifk = RFME R EDUR (1B12) %
W RSB FERRIC R N 10 min J& , B A 2 mL
5% BSA WK, AkEiHE 10 min, RS # EO
B SRR, R SRR IR TR
(1 831xg B5.0> 20 min, FFULIE, AL L3ER 4 C
T 10 989xg B> 40 min; K5 )2 ARSI LL
OUERHRE RS — .08, & 1% BSA
f7.0.01 mol/L /) PBS 1R % J5i i ; Pl i , 4 °C
T 10 989xg B.0> 40 min, FPJZ AT Bh A R 4L
VOB R 7 — e 08, & 1% BSA Y
0.02% NaNj; ] 0.01 mol/L i PBS {R& A AR
() 1/10~1/40, 4 CHEfFEE .

K FHEE SRl X B bR Bk BT i AT 408
400~600 nm MR, A WS fe RSO0 g g
T TS B 14 76 R PSR W 3 R A o i AR 43R o
1.5 NC [RHE#

YeFE T Sartorius. Millipore #1 Whatman =
flr NC REHEATA PR MEL-OVA (Kl 4%,
1 000 mg/L) FIFEHUE IgG (FifE4k, 1000 mg/L)
FELRE S, FH PBS A SN 100 pg/L 200 pg/L
R U AR T R RE S AT I, R AR
PR T BB 5 AR IR B BEOR 1 NC B AT )5 2L
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1.6.1 AR EHRCHL A R A R

I AR S AR MEL BTEEHA 1B12
mAb f 0.01 mol/L #J PBS #i#& 10 f5)5, /30l
1 om’® BB 2124 R4 20 ul .40 pL F160 uL
RTINS, THR 5 4 | 64K 5% s 1] PBS
FHERIN 50 pg/L . 100 pg/L. 150 pg/L =H &0
BT S AR S AR BRI TN, e A M
1.6.2 NC FagiiRasEmEsE

TR MEL-OVA Rl 1 500 mg/L .
1200 mg/L F1 1 000 mg/L 43 HI7E NC JEAG L |-
R, Bl FHFH 1000 mg/L A9 E40 L 1gG i
TR, THEE IR0 5% HIRE A B
KA 50 pg/L. 100 pg/L =B GUbR i 1Y
FE SRR BRI T
1.7 HmBELEIRLE

1 0.01 mol/L PBS (pH 7.0). 0.01 mol/L
PBS (pH 7.5). 0.01 mol/L TBS (pH 8.5) X#f ik
PEFTHTAL B, 404, 433 pHAEZS R 7.0
B VR AAR Sl 2F A i SR N 50 pg/L L 100 pg/L
RS HE S RE S AT, R A R
FEAbFE T
1.8 IR KER SN
1.8.1 RKEHIFSH%E

i ARISTA-XZ1000 V& R G 4E NC A
2R 5 I 4 41 Sl Wt I A A A o 1 A B R
MEL-OVA 5 1000 pg/mL ¥ i 1gG, TEBER
L1 A F B T AR A i A £ bRid MEL H
FEREDLIR 1B12; NC BRI R 45 4 2 B8 T 140
37 CTHE 240, BB T TSRS
IR HRS ISR AR . AEARE | DY S 2 4k 22 5t
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FINC BT PVC MR I, ARISTA 4K 5% 1)
IR — e RUBE B AR 45, 2 AR R,
PR A AR B0, SRR WE 1N
TRYR Sk 2l e i

Absorbing pad
Control line
Capture line

Nitrocellulose membrane
Gold conjugate pad

Sample pad ,
e

E1 AAFEEEXE
Fig. 1 Cross-section of immunochromatographic strip.
1.8.2  Bfia i pRHR

PBS H 3 5I 0 pg/L. 5 pg/L. 10 pg/L.
25 ug/L. 50 ug/L. 100 pg/L 1200 ug/L i) =%
FUHARES , DL PBS XA 235 AL AL £ 1
R A TINA, Hext 3 MR AT 2 AN
S
1.8.3  SERRHEGR AN

FFVPEAE ot R S o = SRR BR i, SR FH A8
RIS T I D) A P5RESy . B =
RFATER BIBAE Ll A 0 rp, (= R TR
T EM K . 0 ug/L. 50 pg/L. 100 pg/L Al
200 pg/L; 2) Wik Sekykyis Tokd, Hsin
S RGUAR IR T Ui, A = R EUe 1R
IR EEMIR A . 0 pg/L. 50 pug/L. 100 pg/L Fl
200 ng/L; 3) fapkl: Jefiakehs 7oK, fEsm
S REUEAR IR TR, i = R R
T FEAR YK A 0 pg/L. 100 pug/L. 200 pg/L Al
500 pg/L.
1.8.4 5 LC-MS/MS H R

1) WA . A3k AE . Waters xBridge
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HILIC # (4.6 mmx150 mm, i.d., 3.5 um);
f: 30 °C; #EFERE: 20 uL; P : 0.4 mL/min;
WshAH: 20 mmol/L HIREE . ZH5=8:

il 2 SR HATHL g%%ﬁ(ijE
%?&ﬂ*% BTURIREE A 110 °C, BiiwFE
FE2h 350 C, BEEFIAEEL N Ny, B
WA 600 L/h, G AR AR RS 650 V, B4
BHEN 3.0 kv, FEHRHEER 2.0 V; #ifESH
AT/, RHAEETE N 3x10° Pa; WA R ]
MRM £ J i Wil 7 =0, B X miz
127.2/85.1, 127.2/68.1, H:H m/z =127.2/85.1 K
BT, BT X 3R B AR 100 ms.

3) FESRALER : RS R GEFRBUARE 2 mL 5
2¢gF 50mL E.0%, A 19mL /K-2HE (1:1,
VIVy Fi 1 mL M F1 C BB, TSRS AR
15 min, 10 000 r/min #.(> 10 min, B ¥ 5 mL
FFIA 0.2 mL F R 78 43R A1 5 1 MCX [ A B
/NEE, 6 mL ZHEWRDE, 5 mL 5% 2K/ B
PR, 60 CTFZAAMT, H 0.1 mL 20 mmol/L
LRI . A 0.9 mL ZHE 7SR

A

B2 #ZFMEREAESAGTREYEEELIINHE

J&, 3t 0.22 pm JERREE EHLINE .

IFI A 2 475 5 A7 A A it v S o = R AU s
i, HHEEEIAE] wy pg/L (w=50+10 n, n=0,1,2,
3...), BRAPRARDRERE S rh s = SR Uehn et ,
WA E] wy ug/L (wo=100+20 n, 1n=0,1,2,3....),
3B LC-MS/MS 35 FUAIF 5 R 48 2 Xt 44
e B AR L 5 IR
L9 RFFEAMIEIRLE

W HFELr ) = RTINS RBEA 11

GERCE DL M$@Uﬁﬁ,mﬁ60tmﬁ¢,
BERR 1 R 14 (5 4% Bl 3 ASBAPEREA
A2 ASBEMEREAS (451 200 pug/L. 400 pg/L =%
TR HE S I REAS) AT I AT AR S PR A7
WS, USRI 2 i A5 1k

2 EREMN

2.1 %W%ﬁ%m%i
N [ =R o N2 i
400~600 nnx;;ﬁ$fﬂT* pUk=S sy Ao ESiA
T, IWIE 2 A B, Al 5 A2 MR 4 W
B 2.5
2.0
1.5
S
1.0

0.5

0.0

400.0 500.0 600.0
Wavelength (nm)

Fig.2 Exterior appearance and UV absorbance spectra of colloidal gold solution. (A) Preparation of colloidal gold
solution. 1: 1.0 mL; 2: 1.5 mL; 3: 2.0 mL; 4: 2.5 mL. (B) The UV absorbance spectra of different colloidal golds.
Al:519.20 nm; A2: 525.00 nm; A3: 539.40 nm; A4: 594.80 nm.
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Bttt A3, A4 4f, THFLH AL-A4 BRI 4 4
KL EARAT MM 15, 40, 60, 80 nm. LI TFikE:
K A2 R G #E17
2.2 BKEHRIC MEL BREIKREMNERE

MIE 3 W F A E bR A 0.01 mol/L
(1) PBS TR 50 5 R #EAT 204, Rk
HARGF e FgE e, BEHIFRIC R IR G Pk
ORI /Nt HY—, FOR ShrPuik By, f
M T RS .
2.3 NC JER)EHE

PE$E T Sartorius, Millipore 1 Whatman —
fft NC AT BEPUE MEL-OVA (Krilll 42,
1000 pg/mL) H1 £ $i Bl IgG (T 4% 4,
1000 pg/mL) AL, H] PBS S HES 1 100
200 ng/mL = RGUARHE M FURE S HEF TN, 25
HE 4, LR IR ST | RZ S i
P WAL . B B 5 A SR 2R, i
# Whatman A% NC Ji&,

24 BRUASRCIABIESANEE

45 A 4 FRiC MEL H48H 0.01 mol/L
(t) PBS Fike 10 fi5J5, h9l4%A 1 om® SIS 4t
F MR 20, 40, 60 pL IRFHBEA TR, TG
g3 M 4 R AR % 5 AR o R RS R B L
50 ug/L. 100 pg/L. 150 png/L =HEHbRIMEM 1
PBS AT B 5 AT Y, R 60 pl/em”
ES LN

03

OD

02+

0.1

400 450 500 550 600
Wavelength (nm)

B3 &% MEL ik £ A E
Fig.3 UV absorbance spectra of gold-antibody.

1 23 4 5 6 1

4 AR NCERHEMRKEMRE

23 4 5 6 1

2 3 4 56

Fig.4 The graph of strip produced by different NC membranes. (A) 0 pg/L (PBS). (B) 100 pg/L. (C) 200 pg/L.
1,2: Millipore NC membranes; 3,4: Whatman NC membranes; 5,6: Sartorius NC membranes. Amount added: C: control

line; T: detection line.
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2.5 NC B EigHE kS ik HEATRIZR, TG oA A S TR S

FLYEHE MEL-OVA RSB 1 500 mg/L . WL ILA N 50 pg/L. 100 pg/L = FRFUbRE S
1200 mg/L 1 1 000 mg/L 43 5I|7E NC AL - FORE SRR TN, AT 6 AT, A it
Rk, Bk B 1000 pg/mL AEBLR 1gG J5 MEL-OVA & 1200 mg/L B S

B 5 ARRAESFRICIIRBESRAZYERE
Fig.5 The graph of strip produced by different gold-antibodies. (A) PBS. (B) 50 pg/L. (C) 100 pg/L. (D) 150 pg/L.
1: 60 pL/cm?; 2: 40 uL/cm®; 3: 20 pL/cm’.

1 2 3 1 2 3 1 2 3

E6 AREBEHMREKELRFHURE
Fig.6  Graph of strip produced by different volumes of coating antigen. (A) PBS. (B) 50 mg/L. (C) 100 mg/L.
1: 1500 mg/L; 2: 1 200 mg/L; 3: 1 000 mg/L.
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2.6 tEmBETAERYIEF

S%JH 0.01 mol/L PBS (pH 7.0).0.01 mol/L PBS
(pH 7.5). 0.01 mol/L TBS (pH 8.5) XJ#¢ ks
HIALIR, HAIRARA, 43R pH (HZ R 7.0 Bt
AR A5 5 S AN 50 ng/mL ., 100 ng/mL
SRR E S AR S AT IR . A5 R R
0.01mol/L PBS (pH 7.5) JEA7RES AT EA
BAFRRBOR , XHabric) Shus AR m s &R
FEMVERT, [FIRHECERES pH (ER5A RGA
FFEAE 5 W] AT DU AR I RIS 21k (B 7).

2.7 WAFKEEENR

1E FRBFTE IR b, B = BRI
£ AT AR SR Y W RIA e £ 2 T A Sk
WF: NC 5, Whatman; JARSGAric =R &5k
BT RE BRI R 60 pL/em®; Bk BT R
MEL-OVA {5 1200 mg/L; —Hi (Fiirsk)
FL4 R 1 000 mg/L; 0.01 mol/L PBS (pH 7.5)
HEATRE AT AL o #e S BRI AR SR
HEATRL R . SEBR AR AR L X S PR AR
i

E7 HmBaatmEitg

Fig.7 The test of sample pad pre-treatment. (A) PBS. (B) 50 pug/L. (C) 100 pg/L. 1: treatment by 0.01 mol/L PBS (pH
7.0); 2: treatment by 0.01 mol/L PBS (pH 7.5); 3: treatment by 0.01 mol/L TBS (pH 8.5); 4: no treatment.

2.7.1  E ARSI PR

RIRZE AN 8 fs, R MEL WSk
MR, KR BTGB HARIR, HEHE, 75
MEL WV EE R 50 pug/L B, KLk © AR M EHE
S, BRSO = 5 UM (14 Jm TG I R AT 3k 3]
50 ng/Lo
2.7.2  SERRREAS KA

HPLC I AV 45 . 54 5 i b ot s
I = RFARAE, SR FH 2 2 R AR AR R AT
o 9 AL, IRARAAEA T . Wik A EDEL
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(4 PR AR AT R e A ARG 0 B 3 0l 2 100 pg/L
100 ng/g #1200 ng/g.

llegative 5

10 25 50 100 200

8 MEL BR{K &R RN IRE
Fig.8 LOD of test trip for detecting melamine.
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A B @©
IR R R I

WAL WAE WAC TR TAC AR WAC N AC WAE NEC

B9 RESREFENESD. PmfEasipm=
REB

Fig.9 The result of detecting melamine in milk, milk
powder and feed. (A) Milk, melamine concentration
(pg/L): 0, 50, 100 and 200. (B) Milk powder, melamine
concentration (ng/g): 0, 50, 100 and 200. (C) Feed,
melamine concentration (ng/g): 0, 100, 200 and 500.

2.7.3 LC-MS/MS 5 CGIA B4+ =5
SRS
3 S I FFY TP o 9 Xk AR ) e B PR R S ik, S

K, BEERIE 1, FUS5THFE S P MEL
NN 50 ng/g iF, LC-MS/MS B:fER i, H
SR R, TR AR 206 4= 15 5 105 R B i v 1)
MEL IR Al AR IBR & 100 ng/g, ANREAS:
s SRR Y MEL Bins AR/ TR
100 ng/g i}, LC-MS/MS AR 4C I REA H

MAREHEE f ) MEL 3N 100 ng/g 1,

LC-MS/MS JEREMEH, H DGR A, it
X AR RERE S B MEL P HR 7] 00 g AR AG 10 FR
200 ng/g, ANREKH; TIEA/NT 200 ng/g I,
LC-MS/MS EHNALR S RER o 45 R ERT],

WAL RS LC-MS/MS 1 FA TR & 144
B,

R 1 LC-MS/MS EFMEFREMN MEL B3 LRI (n=5)
Table 1 The comparison test of melamine by LC-MS/MS and ICA (n=5)

Sample Am(zrlrgl;gi ded byAIinCO-lll\;IltSjnl\/TgSF;:/iL) Amount measured by ICA
Milk 0 Not detected -
50 42.50+2.03 -
90 92.00+3.12 =
100 98.66+5.27 “F
200 185.20+4.60 <
Milk powder 0 Not detected -
50 46.44+2.79 -
90 88.00+2.98 -
100 98.12+6.46 <
200 197.00+6.89 “F
Animal feed 0 Not detected -
100 106.00£7.25 -
180 176.00+8.24 -
200 204.20+5.07 +
500 502.40+9.15 <

“-’negative; “+” positive.
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2.7.4 RKSKEAAHIR

TRAEIIN SR S50 25 RN 3R 2 fis , 69 60 °C
ST AIMRLE 12 do AR IRAE A S . I
R4 EHTIRAE 4 60 C TR RaE 1 d, MY TH
TR T 1 N H . ik, —REk
JBE A 4 G 28 JE T IR AR A% R TR IR B T 2 /0]
6~ H .

*2 =REBRARFERRATR
Table 2 Experiment of shelf life for melamine
test strip

The No melamine Amounjfdded
number (pg/L)

of days Negative Negative Negative 200 400

1 - - = 3 <
2 = = = + 3
3 - - = + A
4 - = = 4 A
5 = = = i 3
6 - - = 3 <
7 - - = 3 <
8 - - = S <
9 - - = + A
10 - = - 4 A
11 - - - + 4
12 - - - + i

“—” negative; “+” positive.

3 &%

ST PUEPURES 5 I LA S 22 70 BOR LA
FoRpse . fHBE . PURMIEA, B/ T E 5
I PRl N o H R = R AUR 8 S
MrBARARA G , 322 B o 5 I BRI 1
SHRPEENE . oA = RGN ELISA K
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W F2oRIR S, BRI S B =R
N R Lo =Y T R by SR 1 IS Y s 12
PR

AW, RN T MEL A4y
JERTRANAAR SR AR AR . NC . Sebr =5
TR R | DU (KllZ) MEL-OVA
YR Y (EL) AR T ASEON:
TSR LT 4 Z 5% J1] Whatman NC i . ARG HRiC
MEL H.5 BEFi iR e eI N 60 ul/em® . f4
PUJR MEL-OVA fiefE gk 1200 mg/L, #£5h
#ZH] 0.01 mol/L PBS (pH 7.5) #ATRIANIE, =
5 U i A 4 X 4R 2% TR IR T L e A 0 B Sy
50 ug/L; RACSAEAR WY | Wk FARDRE A ) PR R v
PR ARG I B 43 30 100 pg/L . 100 ng/g FI
200 ng/g, 5 LC-MS/MS ¥E AT, HA 8w B
Wt s IRAUAH IR TR IR F R 6 N H . B
B eIt = SR FUE B i RT 50 ng/L MRS, 38
FHF B S PRAE i — RFUER B A W, o =
SR U B R 4 B 8 J2 T R 0 3 4 2% 1 F o B
aAbER AL T 2%, HAT RAFAN FH AT
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