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Colloidal Gold Immunochromatographic Assay for Rapid
Detection of Bovine g—-lactoglobulin in Goat Milk Formulas

WANG Shi-feng, YAO Tian—qi, FENG Rong—hu, HU Gui-ping, LAO Cui-yu,ZHANG Shi-wei "
(Shenzhen Academy of Metrology and Quality Inspection,Shenzhen 518102, China)

Abstract : The aim of this study was to develop a colloidal gold—based immunochromatographic assay for rapid detection bovine

B-lactoglobulin(8-1g) in commercial goat milk formulas.Firstly,an anti-B8-lg monoclonal antibody ( mAb) was prepared using

the hybridoma technique with 50% inhibitory concentration(ICj, ) value of 5.87 wg/mL.To develop an immunochromatographic

test strip for detection B—1g, gold labed B—1lg mAbs were sprayed on gold conjugation pad, and nitrocellulose membrane was

lined with B-1lg and goat anti—mouse immunoglobulins as test line (T—line) and control line ( C—line).The limit of detection

(LOD) value of the test strip was 50 pg/mL for 8—1lg, and no effective cross—reactivities with other matrix ingredients were

observed.The LOD of adulteration of whole goat milk powder with cow’ s nonfat skim milk ( NFSM) , desalted whey powder

(DWP) and whey protein powder( WPP) were 5% ,5% and 0.1% , respectively. Furthermore ,9 commercial goat milk formulas

were analyzed by this assay,and the results were in accordance with that obtained by commercial enzyme linked immunosorbent

assay ( ELISA ) kit. The assay includes a rapid and simple treatment of sample, could be finished in 5 min, which could be

evaluated by naked-eye,was qualified for on—site monitoring goat formula milk adulteration.
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2016 4F 6 F1 8 H , E K& M 2 5 B 2L R R R 1
TG ILBC Iy Fok 7 S B N B IR L SR =
T SHE T R A BR TR SRR U Y, N 2 AR A
7 e B R i SE AR WA T i A= EL FLRY (FL
W CER ) By ZLAR S FOR e shig vk RS . T H Al
Bl = AH L A I T 1 o

4 B—FLERFE 1 (B-lactoglobulin, B—1g) /1 162 4~
SIETRFLFLLA AL, 7 5 P ERR, S B FLEEA &
A 50% , AT H 12% ity , 0T VE R A4 FLE R
B EZARIRY . BETR R B-1g T ik EE AL
R G028 53 #1125 ( enzyme linked immunosorbent assay ,
ELISA) P77 20 380 A 0 3% 35 high performance liquid
chromatography, HPLC )™ | & 41 45 8 ¥k ( capillary
electrophoresis, CE )" | 32 M 4% 85 F 2 #§ ( surface
plasmon resonance ,SPR) " 2} ¢ @k s 2 H iy
T E A AT AR AE NY/T 1663 —2008 -t 7] A% 1] FLER
AR AR IRHER T TR B—1g ARG I
R AELL WS ik RS B g MR 285
TBUFHEATRI , F 2R X 6 75 A i) At AE 4= 5 & 2L
mhE AR B-1g HATHTSY . HETA] TR =E 20
FEEL A B - lg 1 ik E R ELISA Jr ikt
MASIRT 5] #& 1 AT [7] B A i) 4= 1% 25 1 Ff0 B—1g B9 i
RIS, anti- R ERE 1 5 anti-B-lg ZHUREG W H
WEAE NC I EAERGINEL 1, IS W VE M AG I £ 2, 9%
TR A RIS N FH e o0 15 A0 5 G s, % 2L 43 B8 3 1
FA ARSI BR ( limit of detection, LOD) {24 0.01 ppm!”’,
{HIE IR ANBE X431 5ok F A i i R BE i R 1 i
FUEEGO , BEE T BE TS, I IR SR
U b H BB BA P o

AFFFEIEE X 4 2L A b EZ S B-1g &
R 4 B 5 [ A4S, 4k T O R SR T AT DR A ) A
B—lg WY IRAR G sa G S i 4R 45, AT 7 (8 Pt b X T5E
Jr Yy A B-1g BEATPE K , AE S AE D I 2
H G EAER
1 SR
1.1 HREER

4 B-lg .a—FLH&HE H (a-Lactalbumin, a—la) | fi%
FEH 0 EL 4 L% 1 35 1 (bovine serum  albumin,
BSA) . & & — 1 20000 ( polyethylene glycol 20000,
PEG20000) X% 5l |1 25 1 ( ovalbumin, OVA) (LA I
FUEER & AR £ Sigma 24 H] 5 1L AEHT/
B IeG  3& [E Arista Biologicals 2\ & ; 5% i 17 li% &
[ Merck Millipore; PVC I M . 45 i £ L I 7K
A0 FE s B AR A W B A IR AT 4k R IR
5 F Sartorius 2
) ; RIDASCREEN ® A 45 75 1 ELISA %5 M i 71
% T8 R-Biopharm; BCA HFE BN & Wi
SOAE A= BEH LIS 4R W B3 (nonfat skim milk,
NFSM) [ BD A A A4320  WUINReEDIE; 4
AR 2E208 L 22U 8 B ER ZLIE 4 ( demineralized
whey powder, DWP) | ¥ /& & 1 # ( whey protein
powder, WPP) 1622 B h 55K FLoll ; T 3k ( e
ARALK T PRI AV 8E (TR A1 b

( nitrocellulose membrane , NC JI& )
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) VB LBC T E YV REA W [ A< Hb T A
W o E oA Al St oK B
MILLIPORE 8 4l /K 5 B 5 5k Ut W, 52 56 v {7 JH A9
B-lg W& HE 1. a—la NFSM, DWP £ WPP ¥y 4 &
P S8 Al A A g L E Uk L EFLE R A
RIDASCREEN ® =45 45 | ELISA A& I 42057 & A& I,
AR L3RG I 45 ARARR T B AFRAS M PR ( <0.5% )

SynergyH1 EEFRIY 3 E Biotek 43 &) ; XYZ3060
Welk 4 AFE RS S BioDot 247 HGS201 ]
Il POIN TR V0200 25 TR 4R FE I
Memmert 2\ &) o
1.2 WHIE
1.2.1  Hifiidil g B FRAE B H0 7 1k 8 ST 2= 38 08 41 ity
B 2R B g M S e IR, /N BRUGRRE L 41 A
i e Bk 2 o 43 Wb B — lg B 5T RE T A4 ( monoclonal
antibody ,mAb) I fatk . >RSI P A= 77 1k il %
JEIK BB . AR A W S5 R FH = R A 2 4 JE 5 DL
VEW: g 46", B R £k 22 v W ( phosphate buffered
saline , PBS) 7543 i AT, Jo WA BT ] BCA 2 & &
BN E BT T B, A T PO A4 Y 28 K R & 4 i B
N3

SRR 42 ELISA I 52 BR800 - i iR £k 0 9%
28 i (0.05 mol/L., pHO.6 ) 4 8 B JF (200 ng/7L) .
JH PBS—T A5 ( N 0.05% Tween20 [ PBS 5k ) 1%
e R BB , 2 6% B (optical density, OD) {H 1.0
ZEAT BTG AT B LR , ITAE S B A7 R
BE A R 422 3% 40 15 W B BUAS 1C, (8 : B 12
200 ng/ L, PUAAHRRBERE A i AT FG R BE 11 2 A%, e i) 4
B—lg PRUEMBEW 10 mg/mL, -] PBS—T B FEEFiBE 2
100 .50 .25 .12.5 .6.3 3.1 .1.6 .0.8 wg/mL,PBS-T fif=s
FAXT FEHEAT P S5, L B—1g W& )& s Ak b X, OD
fERAEFR Y, FIH Origin 8.0 S PLIR S FE A Hl bR
HER LR, i E BT 1C (B (37 M) 4358 v 0 28 DA
S P RS BT A4 5 H At A 0 2 P R LA o D BT
HIABE LN A, HEAR R 28 LV FR (% )
=1C5, (B-1g) /1C5, (HABIIATH) ) x 100,
1.22 RIS S RAE AR 4 W) &R B IR
ZANIETE L o #4100 mL 1 0.01 % G4 BRSO R 2
UG TEFFSLEFE T PRI A 2.5 mL (19 1% Fr2 ik iM
WAL 15 min EFOAREAELL, 15 R, 7
TEWRVRE B3, KRS 2R, 4 CIRAF .
SRR SRS U RGOS pH B ARPLARAR IR . H
A 1 B A 4 35 M S0 mL, JH K, CO, 3875 28 il
pH, TEFRFELAFE DA 1.2 5 BAKPUAR bR ic i, 4k
BEFE 20 min, FEHIA 1710 AR B 3 PR (10% BSA,
1% PEG20000) , f-45 3 20 min, 10000 r/min 2.0 ¥
@i )5 0 1/5 IR H W (3 1% BSA (2% e .0.05%
PEG20000.0.02% NaN,) 5 &% ,4 CIR1E. K& prdi
WIEEWLL 15 g/ cm HLJBERE R SR [,25 CH
T ERFE TR 6 ho H] PBS WM BE B—1g AL -4
/NEL TgG &£ 0.3,0.5 mg/mL, DI 1 pl/cm 87 7E NC
I EAE AL (T Z6) FsidsE4 (C £k) ,25 CHAS
TR 1 ho 76 PVC R BRI AL S 48 G bn i |
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NC BRI AT, FHYIAHLER BT 1 4 mm k406", &
= TR o

IACSAE A 7 vk AR KIS MRS,
WA I 40 wL i 204054 3, 5 min J5 R
HE , FHAK 28 H AT R ASBFS e Al flf T Ziod 4
TR B RE & W B BE S bWk EAE S i 4t 4 0
LOD 18,

FHKAS 36 B b 1 o B-1g R 2 500,100 .50 |
10.5.1 peg/mL, KA as 1 xF IR, 6 52 4R 25 %F 8- g
W LOD (B, #EHEARILFEZLE  IhFZLIEm . 2
By JOVA IS #2484 454 5t . BAK R
2 50 FEAARFRB K IR T Pk 1 15 i s A A8 FHK 5 4%
TR ;5% Bl 1 25 1 7K A BE 22 20 mg/ mLL; it il E
B BT, FETC ] 2% FT 35 PE GE R T W, AN T R T
T3 2 PR 3 min, BN B SRS . AERhEE
n S ATAS I =YK o

FERIE A BN 4R S5 A T4 501 19 255 =t SR R 48
L A3 E T 45 37 CERFRFAME R R T, TH 7.
14 .21 .28 d JEHUH, w4 in K R, X828 4 AR 3 4 hRdic
AR B , C/T £ H £ i [a] R 2t AR £k, PR 4K
SARE MR R B-1g B6 AT B I 3214 45 R AU
1.2.3  Ba=FRaaail  AE4 s =E 208 v 4 g
N IA] LE f) ( weight/weight, w/w) ) NFSM . DWP Fl1
WPP, FREL1 g $B4%FE N, KIS E 255 50 mL, i
TRAR S HEATARE I, BB S AT I =K o
1.2.4  BCOFEYVFE RS HT TEAS HE T BEAL R 1
ASTE] = 1, AR B B i 22 401 JLTEC J7 SE W AE A, F K
50 AEFRBEREAT AN , B A S0 P AT RN =R IR B
{di A% El R - Biopharm 4% 5] 4= 45 #5 (1 ELISA 57 &
XTWPAGEASHEATAG I , e E T 152 L= S e B 5
2 GERENH
21 BEERERLE

T4 B-lg 24 ZLis & F i 22 5, A it
FIEI B-1g AW G . FF B-1g F4—4F, &
162 DALk AL, W B A LR sk A 6 AN
[ 2/ INEUSRRE , AN M Tl A | 7 3 J% B vE Ak, 07
BEF— R4 B-lg mAb 2R 3Z G AN kR, fv 4l
1G8, Ay RIFFHI WK 4T, B-1g mAb K
BATAlifb S5 W AS UM o 7.2 mg/mL, 8 HiA I S
S, YU T 1gG2b 2siia, (A4 ELISA
RPTAR R S 1 10000, HiiA IC,, (B 2Ny 5.87 pg/mL,
B-lg TR ARMEM L WA 1, ZPiik S E N RS
R A G5 HR W ZR 1, B—1g mAb Fi
fi% 8 H co—la AR L AEZLEY L SEFLVE By L SE
A DL B S 14 38 SR R, SO P B AR 2 AT S S e ks
JEBT LS
2.2 RREBBENER K

AT H ) 2 00 e e R AT IR AU A L F e vk,
BARZEF LK 2 (a) , SR 3 &4 B—1g mAb,NC
Rtk B-lg . ILEHT/NE 1G 43 5I4E R T £k F1 C
o KRR WO I B R 4R SRR S SRR S P A
B B-lg, &3 5448 B-1g mAb 4545, T i i gl m
HJCE LR, s C 2R, By BHME s 5 R b P ok &
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0.8 1

OD450

0.4 1
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10 100
B-lg(ug/mL)
K1 B-lg 554+ ELISA drifEh 2 (n=4)
Fig.1 Standard curves for B-lg
in indirect competitive ELISA(n =4)

* 1 B-lg mAb SRR F ) 58 SR H

Table 1  Cross—reactivity of related
matrix proteins with S—1g mAb
ICy fH(pg/ml)  RXRWH(%)

[EASELEN > 1200 <05
a-la > 1200 <0.5

B-lg 5.87 100
B I A > 1200 <05
ESIESR ) > 1200 <0.5
L EFLTE >1200 <05
BSA >1200 <05
OVA >1200 <0.5
EE 3] > 1200 <05

B-lg,hR B-lg mAb 5 T &P G n T, 5 C
L PG s C £, I,

a B-lg

500 pg/mL
100 pg/mL
50 pg/mL

10 pgmL
: 5 pg/mL
1 pg/mL
0 pg/mL
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Fig2 The results of sensitivity(a)and specificity (b) of strip

FHIKAS BEFR BERR UE & B—1g BEWE, B i 1040 2% X
B-lg 1y LOD 8, &5 R W 2 (a) o 7E Opg/mL B, 3
AUIR RS, AR E A M S wg/mL I, T 28
YOS BN, BT AR AR, 2k BE IS F) 50 we/mL
M, T 258 i 5%, SRR LA TT I, SO 4t 25 %) B-1g
B LOD {2 50 we/mL. MASFWh SE A &Y
K 3.2% L1 B-lg di A WhAR Y 12% ZeAs Y HOR AR A
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XA 3R A B FR IS LOD {HZ A 420 pg/mL, X ¥ 44
L4751 LOD fHZ4 20 13 mg/mL( RBMA R T E&H 1.3%
BO0) . SEss AR 7S AR RE (AN T 1.3%
A0 E ) S5, BT TR T R (S5 R_RARBIR) -

FHIRAE &4 S A5 A 88 A B R L TERY L
WM AAB I 2EFUR SE U AR, 25 SR UL 2(b) o A
17 8E JEH .OVA Kl &5 S Fn2s (X B4 Jo B i X
), 3% B 3 BB 3 T A 43 AN 2 B i 3 AR SR AR ) & SR
SPRIEFLE P EA IR EAMIE R E A A
T £RAH LL X BEZH AR 3k , n] DLtk B e AR L 22308 L1l
FFLEEA B R E A MRS R S E T 2610
TRE N o 1S58 P B SRR S AT A BRI SR FH 52—
FAIRE BE SR A, AN LITE T £RAE S ) e A v, s s
Jo R4 AN 2352 M il K 2% O ARG T &5 51

TRYCE T A [R5 B e & O [RI s 8] &, 43 593
7K B-lg FRUEEIEA TR . &5 Bow, BIPESLE C/T
LR BRI IPE 1 min 2245 ,5 min A FAaE , A
s, JCR AR Al B S u s B—1g 19 LOD {H 3452
FETE 50 peg/mL 2245 (G5 R R JEAR) . ia kI
B2 ARAATE 4 RN RS e v R U RN AR
2.3 BHREXREN

Bie 7 Wik A rE ot A Pl R N S E TN B-1g,
T2 DWP  WPP #8775 2LVE 88 (A & i, Jir LA
S NFSM . DWP il WPP #4748 4 5286 . ASHESE
Hr g 4 I8 1L 2E FL A . NFSM  DWP  WPP #y 48 GB
5009.5-2016 25—yl [CE A AW, BB A&
Bk 34.2% 34.8% 12.7% F1 79% ; FRALASEAE Y415 &
FH S 1 E A% ( GB 19644—2010 Fil GB 11674-2010) %
3R, H&t SN/T 2051-2008 #6514k 7 L = LA & 2
Pk R 4y, NFSM . DWP WPP I 4@k, B 3 i,
SRE L 2EFLR P 4 538 AR TE L) ) NFSM, DWP
1 WPP, F G R JZ AT AR A IEA TR I 43T, T £ 2k
B X5F N #8244 B 43 EL R 3, BV LOD {H 53518 5% (&
3a) 5% (& 3b) F#10.1% (& 3¢) .,

i F NFSM,DWP 5 WPP 2 [ & & 4 5l N
34.8% 12.7% 19% ,#¥% B-lg G4 PR B H 12% ,
A FLIG A A i 50% HLIg A NFSM DWP 5
WPP i B—lg &R 42% 6.4% 40% . H Hik
ULZEXT B—1g FRAfESL Y LOD {H K 50 pg/mL, i 4%
2%t NFSM .DWP 5 WPP f# LOD {3 1.2 .0.78 .
0.13 mg/mL B2 FE 5 2% FH 50 550 B, BUAE & i
JEA 20 mg/mL, W T £ 314 <X i I BLiS B 2% H 43 Lk
6% 3.9% 0.65% , FZEFBIFEGLIE B-1g Tk
B RS FEE D ZK, IR S AN B AG I R A2 T 1]
— BB, A G

E R GB 10765-2010 #i iz FLILE LAy & 7L
WHEASEN =60% , 1M KKFEFLPIABEEA S =
HIAS M BB ) 20% 20 o LABE 7 ks Ay i i vp 2
TEINIER DWP 8¢ WPP, A ik xt 26 2L0 b B2y
DWP 5 WPP i LOD {Hn] 3.5 5% 0.1% , n] i e lie 5
e AR P AR PR 24 AR FLTE R R ZER
2.4  UNBEEARR T

FE SR WA R L D7 2E W R FE S g B, FH 4R Sk i AT
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NFSM(w/w s
20%
10%
" 5%
: | 1%
0.5%

X = 0.1%
I 0

B DWP(w/w)

| i J ] 20%
' 10%
5%
1%
0.5%
i [ 0.1%

.

o

c WPP(w/w)

5%
- 1%

B 11 o

[ - 0.1%
‘ | 0.05%
i !_ 0.01%

0

K3 BItE2RRILEFB T a B Ys (a) JRERZLEHR (b)
FIFLIE R (o) AR IR 45 Sy JE AT G I 25
Fig.3 Results obtained by colloidal gold immunochromatographic
assay for negative goat milk powder spiked
with NFSM(a) ,DWP(b)and WPP(¢)
R, R 45 A G 4, 25 2R WoR 9 NAES L BR S
BANT S AR T ARSI R BE A, 3R B X B AE
Y A WE NS o W A 958 1 ELISA 32050 &2
AT 53T, PIRP S A O R I s SR — B (R 2) , 3R
ARTFIEEGE R UL T . [HARE R 2 DPIHERE
A BOREER B SEAR R LA FLIE R T e AE
FUBEE B 5 M0 FHPEAEA BORL 3 B 2134 R R FLIE
HI SRR, RIS T B R FLIE R 7 L vk dn
FLEEEB” o SR PEREA a4 W8 T RESR A
CERFLIERY M AR FLIE R T o SEERRE SR
25 SRR, 22320 4G A% AT N FH T B8 TS 7 3 5 K 1 B
By e A

i

oxu@"'|°‘“"‘
\
\

B4 T 9 ANBCITFUPRAE AR S S e SR AT IR AN 4,
Fig4 Results obtained by colloidal gold immunochromatographic

assay for 9 commercial goat milk formulas

3 it
ABRFRI il #5 T B g 9 S REBLIR, TF L T
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%2 ELISA RIS G Gl 2 Mk Al 45 SR Y LA

Table 2 Comparison of results obtained by ELISA and colloidal gold immunochromatographic assay

i FEME R ELISA JRE A 4 3% 2 i
1 SRR LC T 2k (2 B) >1% (+) +
2 SR WL A (1 B >1% ( +) +
3 S AL R (1 B2 >1% ( +) +
4 S B )LIE TR (1 B3 >1% (+) +
5 B4 28 WL 2R (1 B <0.5% (-) -
6 BLLECHT 58 (1 B >1% (+) +
7 P B LIS 7 2k (1 BE) <0.5% (-) -
8 R LEE T 20k (2 BE) >1% (+) +
9 BLLBEC E058 (1 B2 >1% ( +) +

TE 5+ 7B, =7 B s ELISA 18R & N 3% 0% ,0.5% R W5 1% A=W =AFrifidh , > 1% FHEYEC+) , <0.5% ABITE(-) .

APPRIEAG I B—1g (I G S )2 AT IR AR SE . il at
FMAAR R , B2 2 M RAF, AF & AT AL B, SRS
5 min JERRAR B AT A5 2528, X g—1g B9 LOD fH Ny
50 wg/mL X g i FEFUk B A A IR UIEY AR
FLIH Ry A FL S & B Ay LOD {H.53- 03l 2 5% 5% Fil
0.1% 383 %) T3 85 L 7 = Wy A BE AT 20 A, A
L5 ANR S A ELISA 28050 & — 20, MO WSS TT 2 1Y
G JEMT AR A AT ] T 4B 2 4R FLIE IC U7 - W 8 1 3
Y e i A o
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