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TEM LSRR . R Rtk RE RS ERIE TR G . R %k EaE 4420 pH 7.8 TR
GRS . pH 7.5 BERRSE thIR AR . ORI LU S5:4 . PURBTA RN BT LR 50:1, 4R KT
FRK 0.299~0.997 pg/kg, EHFR N 0.544~2.663 pg/kg. fCFRMEREAUERE N 92.20%~111.80%, =& N
3.2%~10.6%. BR5EHIFERER By A58 LI(6.1%), 5 HAMSAUM I AL LI (<0.1%) . IIER ISR 5w
ROBAR TGS R — B, MISERBG) N 0.997. L ke . Pk, RE. (E5E, A TEH R
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Point-of-care testing of aflatoxins B, in cereals by fluorescence
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ABSTRACT: Objective To establish a method for the point-of-care testing of aflatoxins B; in cereals by
fluorescence immunoquantitative assay. Methods Using fluorescent microspheres as markers, point-of-care testing of
aflatoxins B; in cereals by fluorescence immunoquantitative assay was established. It adopted 2,4-dinitrophenol
independent quality control system, and was based on the detection principle of competition method. The accuracy,
repeatability, specificity, stability and conformity with the instrument confirmation method were evaluated. Results The
optimum conditions for the method were as follows: pH 7.8 borate buffer activation, pH 7.5 phosphate buffer
coupling, microsphere antibody mass ratio was 5:4, antigen antibody mass ratio was 50:1. The limits of detection
were 0.299-0.997 pg/kg, and the limits of quantitation was 0.544-2.663 pg/kg. The accuracy of the representative
samples ranged from 92.20% to 111.80%, and the repeatability ranged from 3.2% to 10.6%. Except for cross-reaction
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with aflatoxin B, (6.1%), there was no cross-reaction with other analogenates (<0.1%). The correlation coefficient

(%) was 0.997 comparing these 2 methods, the consistency was good. Conclusion The method is accurate, rapid,

sensitive and convenient, and is suitable for the in-situ point-of-care testing of aflatoxins B, in cereals.
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# MG # X B, (aflatoxin B, AFB) FEAM I EF K
INK L ROK L ANEE AR SR RN T R, R
2R S REMEN 416 £, IR 75 £, ALERD
68 £ . FALHAY 10 £, it AEHLUAE N 1A HSak
PO BdRE A T HLRARE HR s BRI SRR
[E MR A 202X (Food and Agriculture Organization, FAO){if,
SRR, A 25%Z BN ERGERIG YRS kT,
BIREAEARDT 2%H9RAEY) R i 2 8 3R TS Y i B
E A S, Al il TR A k. £F
AFB; X AR B R F RS ge iz ik, JEHE
TR R AT E AR E o

GB 2761—2017¢ £ i e E Z bl £ i h B E R
PR A DX AR T BB A, W B L S AFB, YRR i
PR/ () . KA RPN 5 pgkg, R4 (LIREAK
). BEK . KK 10 pg/kg, BK . EKIEGE . AHEE
KA AR 20 pe/kgo WEAFHRITHT BT JRAE A I K b R B
BYhEE R SRS R, SRR
DUEA ) B 221 R By W, Sz Ak BB AR TS e W)
e GG A R

HAr, EMNAAEI A T2/ T RIS ER B, e
U7, BLTE S AO A 8 3 ¥ (high performance  liquid
chromatography, HPLO)!' | ¥ #H €& 1% - i i 1% (liquid
chromatography-mass spectrometry, LC-MS)[“] Ny
¥ (thin layer chromatography, TLC)[IZ] o OB R
(radioimmunoassay, PIA)". ¢ 564 4% #6581 (fluorescence
polarization immunoassay, FPIA)'" B G2 0 FhHI 2 v
(enzyme-linked immunosorbent assay, ELISA)"> 01 figs {4 4>
G IEHTESEN TS, HPLC, LC-MS. TLC %5k R R
FEORE RN AR BE v, (HAATE T AL AT O, R I A
HE k%l NGB, AN eI 2, PIA 52450k
B, S KO U R B 15 YR EE . FPIA $84E
FMREE, 35S AR G 0 PRSI, SR, 20k R A
FEAR . ATE REISeAE . B BB B YESS R . ELISA X T&
A B ARE AT RE R AL AT A R . A 4 e R A vk I
FEFTTO R BRAERTOE . AR . AR S 3
ek, HANGEE i, Rl SEREARET, AR A Z Y
FEVHN AR S RN 2 57

FEXT A B ARAAAE R ()8, B AR DLk

E AL BT I 18] 73 BEPOC I SR HOR, R AR T
BLOPRE . E R EA B A R SR, A
DENCHPESZ T HAEEA X B UERPRICTUA T 28T R 58
PERFSE, RWART LG IR R RS pH, BORBUAST R L
X RBUE PO CE SRR . Foh, BUA B R R
TR AFB, SRARLIMSE, SEbMERL T/C
(EA PR, AT RPN . (B2, 1ESLprit
FLAFHR R, LA B Z R as R i et . BRI
FIEREAT — 58 S0 2 SOAS R T2 Hule i 16 B
SIS AFB,, BRI 1AL B R | ORARIC
PUA T Z G MR R | BRFGUA BT L) | A A0l et
XA 7 35 A, 708 0 P REAS ATAR BT 3, B T4
MEMZIEN LR BOE | R . RN et et
Lo G AR RIE T B — Bk o I, RARaRac L 2O RAX
FEACHT AL BRACERAE R B 5 ORI A, SC B R AR hn B R
ML RIS, S PR B Al 1 B A AR I T —FlE
wYh AFB Bl PR L E R RN Tk

1 RS

1.1 XFI SR

TH AR £T 4k 2% I (nitrocellulose membrane, CN140, £ [
FELHH A Hl); I E) 73 BEPOLHORCRiAE 200 nm, 5% 1%,
5 -COOH, T A ARABRA F]); AFB, ARifEdin (4
BE=99%, BB AEY TRABRA R, bt ZaiioR
B} (dinitrophenol, DNP)BAST (4L 99.0%) . iR E2F
1M ¥ 25 11 18 Bk ¥ (2,4-dinitrophenol bovine serum protein
conjugate, DNP-BSA)(4li £ 99.0%) (At 516 #F I 5 A= ) B
HATRAA)); AFB S BEPUA R AFB -BSA Hi )i (4l 2
99.5%, M4 EAMPEARA A, 4GRS
RB45)  # 5 #(5 GL-b04) . & 2K (polyvinyl chloride,
PVCO)JEMR(ELS DB-4), WUKAL(ELS CH37)( EigaEAnA Y
B8 A R 2 Fl); Bk — i (carbodiimide, EDC, 4fi i
98.0%) . N-#2H:3Y HAE W % (N-hydroxysuccinimide, NHS,
4ifE>99.0%, FIGERTHL T AR R A R A F]); 4-%%
ZFEWR R Z 1 R (4-hydroxyethyl piperazine ethyl sulfonic
acid, HEPES, 4l if = 99.0%) . 2-(N- M3 i wk ) 2, i i@
(2-morpholinoethanesulfonic acid hydrate, MES, 4l fif =
99.0%) . WEMRZE MW #(0.02 mol/L, phosphate buffer, PB, 4fifif
=99.0%). IHERERZE W (0.02 mol/L, borate buffer, BB, i =
99.0%)  FPIETIREL 5% i (0.02 mol/L, citrate buffer, CA, 4/ =
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99.0%). FRFRERZE MW (0.02 mol/L, citrate buffer, CB, 4ifF=
99.0%). A~ IiiE 2 LA R AR AT R A A,
K N ERERIE T
UEE5EE
GL-21M & 38 VR B O AL (8 B B O ML A A R
), TY96-IIN A (T AT 2 A R IRy A BR 2 D)
HM3030 Z=ZERIBEmE 4% . CTS300 HH#k &AL, 2Q200
A BT IR R S hn A PR AT B H]); XW-80A T ELTR
S 24BN L EANZS AL F R A T ) 5 ZD-001 T2 %
HAIE AT WAL OB B LE Y4 R AT PR FR]); DZF-6020 H
25 TIRAE (VA 22 S AN FR A Fl); DH-500 fHIE 5557
FAALE XA R AT

1.3 /5 &
1.3.1 X&KL 6 & 5

()HERARC I R 25

BUHER 50 uL, HA 450 uL pH 5.0 MES, 300 W i 75
2 min, RIKHA 10 uL 10 mg/mL NHS 1 EDC &Mk,
1821 60 min, 13000 r/min &> 20 min, 3 Fi#, H0A 500 uL
pH 7.0 4-#% Z L UR % Z fi#f iR (4-hydroxyethyl piperazine
ethyl sulfonic acid, HEPES), 300 W #i/5 2 min, A 50 ug
AFB, HLTU LR (Ab), 1R%5) 2 ho JIIA 200 pg BSA, #%
%] 1 h, 13000 t/min E5.0> 15 min, F E#. A 500 pL pH

1.2

‘...v -
A

PVCJIRAR FE S 2548 NCIE RlZRT  FidEcLk

Mz 7K AR

a: 4RSS A

!

100 pL

W Z I
Y _;/

7.4 PBS i, BICh AFB, WERARICH . FlRIRE kil &
DNP-BSA flERRICHY) . 2~8°ClEEA-IT o

() BN 28 A5 48 1 i) 2%

B RR LT 4 R (NC B ) A B AG IR (T £8) Al s 2k
(C %), T4AM AFB-BSA, JiEWKE N 0.5 mg/mL, C 4k
{9 BT DNP 551, Fis ik | mg/mL, 37°C T/ 3 h.
¥ AFB, WK 310 9 F DNP-BSA WOKFRiC Y 23 MR B2
20 ug/mL F1 0.8 pg/mL, 3 uL/cm MH, EL25 42 3 h,

€)% SN S

WA 1R, LL30 ecmx6 em () PVC BERi B R AR, 1%
YR NC B, 25458 FREHORIBKAR, HHARL SR E
Z 1~2 mm. M A ST IR 4 mm T8, AR
56, FESEFR TR R

(4FEAHTAL 2

BUEEA 2 g, A 10 mL 60%H B2k, $%%%12H 5 min.
4000 r/min #.0> 2 min, B F 34 100 puL, fILA 500 pL PBS iR
51, BRI o

(5)Fazim

B 80 pL A5 U 2= A% <, TR SO 15 mine 32
T 480 C 2RI 58 I6A5 5 98 B o IR s ol 3 28 =X (1) -5 4
il 2

JI T %/%=(Bo—B)/Bo x 100% M

o By MBHPEREAY) T/C {H, B B MIEEAR) T/C {E.
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d: CTRIOEAF 53
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JZ % 15 min
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Operation procedure of time resolved fluorescence immunochromatography
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1.3.2 KK EH &SRR

(OHEERAREPLR T 201k

O b2 wh i i 1

R BERR . MES. HEPES. PB #1 BB 4> 3I1E ik fk
e, FEAR 1301 Oy (D) R S AR SRR R TRE
RIEIGIL G pH o 7.4, 7.8, 8.2, 8.6 Fl 9.0 L&, #4
FE RS

QB 2 W i 15

HEPES. PB. BB il CB 4 3/E A MBS vhif, Fichd
1.3.1 Hy ik (1) i el 4514 RIS B 2 pH o 6.5,
7.0, 7.5 F1 8.0 #EATHAL

kA1 AFB, Ab i ik

JiiH A 20, 30, 40, 50, 60, 70, 80 ug A AFB, Ab
A3 50 pg OSRARIE . AKHE B F BTvk EE I E A = (2) T
SRR T A P, AR PR IR A G T E AR il R

Pt

FE R E=1.45 X Ay30-0.74 X Aaso )
v o, (SIMEAUE — B RPIE) 100
AR/ Y% ) 100% (3)

Q)T AR IR R AL

B C %k DNP HUhiik BF, B 50w b S ol JEE ik 1
BURBREREE . T 28 AFB,-BSA MR 49 K 0.12,
0.25. 0.50. 0.75 mg/mL. %544 AFB, HUiRRERY) 43 510
10, 20, 30 pg/mL. 737 Fi¥siAk % DNP-BSA fER{EHY)
L1 0.8 pg/mL AU E AFB, RAIWHER i 1k
PR AR TR,
1.3.3  AFB, 47/ th & 14

FET 1.3.2 #E A %A, 1 0.01 mol/L PBS il
LR 0, 0.05, 0.10, 0.20, 0.50. 1.00. 2.00. 5.00,
10.00 F1 20.00 ng/mL fi¥ AFB, brifEdtii . S MREEL
3, FWNE 15 min, POGEE RIS T/C (H, WSk
LA FREI L),
1.3.4  AERAAE 7 ik mA

PEREREE . OB, A=A B B 4 FOE LIRS K
2] 6:4 (V) ELHIPEEUR . FREE(5.0040.02) g MfidifAs 2
BB, BN 0 png/kg F1 10 pg/kg bRiEdh, n
A 25 mL 280K, ¥&% 5 min, 4000 r/min £5.0> 2 min; B I
W 100 uL, FHIA 500 uL PB, RA] B HE 31k,
T34, Ik PR F R b B S ) R B OB AR .
1.3.5 RKE MG ER

B R IR AR AR A H BRI B, PEM Hfedf k. R
P RS R, IR RIS SR R UE i g
He A
1.3.6 4w 4%t

By E M EEE B I AR RS . FER
AL A0 BIFE N, TR IAR R, TP

TR
1.4 HIEAIE

SEEE 3 RME, FdEgit 4 kA Origin 9.0 %X
AT o B ARG AL 2

2 HREDH

2.1 2HRIEERRERMEE

FEAK IR B rh, 2RO sz oI SR BUR  -~ T
RAFSIBE R C M5 5 amE, —F WEIER ¥ (i A bR
MR FRRI A B B . FR AT, a2k C LA G #]
BRI ER, 0 H S S5 ARREAREE . C LRkt
PR PR, C A5 o B B R DU & a1
fnviisEn, ke T 24550 B ARWTE D, Y (E(T/C )
AL PSR S, C Rk DNP 2l A R e, C
RIEAND TR AR Y H(T/C E) 2SR i T LRl A1
AR5

AW R X PR B B i pr i, Ha &l 2.3
AL, AT R A ARERRZE Y (R RRIR S, RERAR,
A F TP LI L, E o VA B AR AR A ety &
PEo RIIAT 10 pg/kg BRI, FRpFE 1A Z BISCR 53
H 97.6%F01 98.9%, 5 HSIINFR BB .20 pg/kg BRI,
ST B BIRCR 106.8%, FEASERE B bn i, (HIEMsT
A P 118.9%, 5 LS ANn it s 25 75 K (18.9%), M1
A R, FEASEE T PSR A) R SC a m I A(120%) i
PRFEAS HEAT EE 5 PRI, AT i 20 pg/kg AR R
(variable coefficient, CV)M XF K, A 12.5%, HaxN
4.7%~6.2%, FAE o A AR S5 W22 ARSI 25 S 1R] g AR L
FERE o ARSI 20 pe/kg A VEMIXIEE 2, AHFH
SERIG I, X EE b R R

T/C{E

~4_

e
—

1 1 1 1 1 1 1 1 1 1 1 1

0 10 20 30 40 50 60 70 80 90 100 110
AFB, %% /(ng/kg)

P2 sy IR R
Fig.2 Independent quality control system
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O 6f | 41z 40000 |
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ol \RL ] [ # 0
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72 1 1 1 1 1 1 1 1 1 1 1 1 ¥ é TN
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Fig.3 Non-independent quality control system

2.2 RALREKBEL IR E iR

G pH R ORIEIE ALACR G JCRE, [, 28 bRl
Y M BRI B IR PO FEf Al AR, R
T PRI | 1 ng/mL AFB B 1z bt 300 il 5800 1 deid 21
JAFE 4 00 S Al TEALSR PRI BB 4 T R 08O0aE 5 fe i, 410
R E, RO pH 7.4~9.0 JEEIN, 7.8 B % LA
AR AT, S R FLAW T 3 5, BERHIE S pH AR 5 1
AR, BUIET T 25 M im i SO br e dh il %, [l
B, SRR, TR A . EbRie PR
FEH(IE 6 F1 7), PB 28t T 4R o i fie i, Pl A X
B, AR T B H 2 1%, HIMERS 8L, pH 78 7.5
FHXT A, T ot B Fnim i Sy iy o Mesb, &b
WA FFRCZE 0P CB SR MERERLE, LRI H
EIBATE Y, T 4528 N Bk, pH 7.8 BB.pH 7.5
PB il A i Ak 5% o ik R B 2 v BV T A 84 v 4G
SRI0 R AR S, SOk S sk R AR R S 2 A T R
HEBBRAT .

90000 0 pg/kg 1100
80000 | e | ngke 120
70000 | - 1%
2 60000 | E/E ? ;g S
EE 50000 | % 2% % 50 ﬂi;r
Saml % % % [0 g
30000 % / / / 120
20000 | % % % %
10002 ' é / % /
B

[ R R L T SN

Fig.4 Species optimization of activation buffer

5 WIS R pH ik

Fig.5 pH optimization of activation buffer

7220 ng/ke
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70000 - _—— 1 {80
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I 150 =
41T 40000 =
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Fig.6 Species optimization of coupling buffer
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Fig.7 pH optimization of coupling buffer

2.3 fiLinikRE
FEOCMIBRPRIC IR A A —E IR, fefEPiiR R
W FT PRAIE UK T8 PRI S AR R OR B, ST ik it
PR R BRI, B BUR BT A R 2%
HE, RIS BN, BE AFB, SRBURIGN, Aricashy
i, ABHRATE 90%~95%IT, Ui W SR TR 2805 ik
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456 BEH AFB BT AW N, B ROk n] (I Y
FROCHE, RECSCRFER . W& 8 PR, 40 ng AFB, 40
IRAEMRERE, T RURFIPTAR R SR LR 5:4.

60 - SENEN -100
i —A = FhRbAtCE

r - (R 190
o S0
HHTEH 45 B —80 o
2 40 ﬁ
i o 470
£ 350 %\i\g -
8 160 =
& 30F
ol x 1so

x
20 a0
15 1 1 1 1 1

1 1
20 30 40 50 60 70 80
FFIMAR/ug

B8 PriksSBRbric i MR TR
Fig.8 Actual antibody labeling amount and antibody coupling rate

24 SHBEMXIEREML

FEGIE RN RE R, T PR AR B AL & B g
Bk AFB, B (B ey i R M 40 4% 2 S N v 91 T A 06
R SEFRIRL, #E C 4 1.0 mg/mL, #it—F&
SiRER AFB, FAFUIHIXY) A F AFB,-BSA WE4LE, Mk
VAT, BB T 29050k B 38 R BAHT R N, 0 ng/mL Al
1 ng/mL IRACE DI GAT SR BERE TN, = W BB I AN AL
Bk AFB, FLBUE I B R R i 5 B R ka3
e HE5 & BRI 10 ng/mL, T LALH BTt ik
0.50 mg/mL, B, HUEHARBRE LY 50:1, LT T 22k
iR EE R ] SR AR X R, Ay e el A B R
2.5 FnERZILE

DA TR AR v X R T 2o Sele (AR C &
BHCWEE HUAE(T/C E) A FR(Y), LIATIHE o B S i Al
PR, 2l bRk 2k . FIFT ELISA Cale #PRHE brofi h 2k 1
ARMNSH T, FEH Y=11.93/[1+(X/0.71)"°*1+0.69, 1
9 0.9968, i i £k 2 30 il e B (half maximal inhibitory
concentration, ICso){E - 5.8 ng/kg, bRk L 30 /BN
0.5~100.0 pg/kg.

2.6 MHARLEBLERE
2.6.1  FRIGR A AR A A E ik
B AFB, fll i fedr, ARFRMARAG SR fig

TEASINZE SR AP o T4 I o 25 e A A B L) e B
HE, ABFEEE T AR 6:4 WHFEK . 2Bk, 2
KA =S BEK R, B AR BORIE T3, T2
I, PSRBT 100% (97.02%); LB T &)y, 18
BOSCR AP B Y, BCR 96.76%, {HZ BRI, &

Lhr; CHEM=EAREE T LR, HEICRAR, 20k
82.38%#1 65.19%, 1] B8 HLiatH Xt Go % 2 b B 1 @il 1
A, IR E L REN AFB, SRR EGR
2,62 FARRII A

e . BRERBREA T AFB,, ARG E . 4>
FINFEL 5. 10, 15, 20 min JIFRFEAIRBUSICR . RS
5 min B}, [A1HCR BAK(83.6%), 1481 AFB, $EBUAE43 .10,
15, 20 min FHRECSCEAY, 7E 99.8%~101.5%Z [, AFB,
AR TR PR IICR . MR IRACR T % 8, 2 10 min
SRR AR AR EU ]
2.6.3 HARFRBGRF BRI E

BEF o A B O R B BUE [R], Lb SRR A AR BURCR
1:3. 1:5. 1:7 (m: V)R B3R 22 Rk, 105 (me V)R A
EAE, BE 100%, HAEEARZEE T/, Bk
PEWOE R 1:5 (m:V).
2.7 RHRREESAEHELIE 5 AR LS 58N
2.7.1 M RAEER

Rl /INAE o oK ANRFIRORZS FIREASS 20 13, 4%
SR O BIE3 A RIS | SFB(E+10 52 1
BEAME TR L BR AN PRS2, /N L Fok L /KA
FORBEA G BR 4331 0.356.0.997.0.316., 0.299 pg/kg,
EERATHIHN 0769, 2.663, 0.603, 0.544 pg/kg.
272 KHHLELM

T L 25 PR A b [ e I8 X A 5 B S Tk RO ofE
Wt R A TR, 4H GB 2761—2017 (&ah P E
R R R ) IOk . FRFEAH A HIIA 5. 10 F120 pg/kg
3AARERBERRBER) AFB,, A b i iR, 3k 2
AL, St PSR IER DGR 92.20%~111.40%, CV 24
3.2%~7.5%; HtIFR I -R AR I EE R 92.60%~111.80%,
CV K 3.7%~10.6%, i & LB B 2 PR U 1 73K o
273 Hiik

TEREFA 6 Fhv I EL TR RARE S 23 BN ZS 11 oK
FEAR . 32 BN 3058 SR K %=1Cs0(AFB, )/1Cso( H: Ath 5
F)x100% T R -RxT E &R R G B &R G,
WA TR M. FOKRIREME . X 75 3 1 58 SR %
<0.1%. MESEMERHER B, WAL, H—E L, 32
NI 6.1%. LRGEREH, Bl-R3E W ERHEER
SRR, HEAKI R, B E RN HARY AFB, T
PR, AU A YR R R B R A
2.7.4 B GAERME R R LK

K FH 98 G 2 i it B RS ARG 36 325 S AR IR 325 (LS/ T
6128—2017 {KHumkeLe MEHHIEREER B, By, G G,
FRESE R SOBOR (T ) RN WA/ N L ok R
KK AFB, SR TRERIA ST, W 9, MRk
AL PERISE R BN 17=0.997, S5RFEME, HA RIFH—3
PEo ATTEERHATRE, WEEAYITH AFB, B PGE A
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Table 2 Accuracy and repeatability of different types of samples

. it Py i)
EIRARR /[Euj;;/kg)E AR 22 ISR/ % CV/% bR [l /% CV/%
N(nglkg) /(ng/kg)
5.00 4.61£0.26 92.20 5.8 4.63£0.31 92.60 6.9
PN S 10.00 9.76+0.32 97.60 33 9.85+0.42 98.50 9.5
20.00 20.24+0.90 101.20 4.5 20.07£1.13 100.35 6.2
5.00 5.49+0.17 109.80 3.2 5.24+0.28 104.80 3.7
EP'S 10.00 9.88+0.34 98.80 3.5 10.32+0.73 103.20 7.2
20.00 22.28+1.68 111.40 7.5 22364127 111.80 10.6
100 - 2.7.6 AFB, %4 4
90 - IRPE SR . T SRR R, AR
%j? - H TR DO TR IS . TR, FEAR
2 T RIACFRAYZR (A . IR A . B0, KF). BOE .
% o P71, BT R . B LT RRSER AFB, KA T .
P Y=0.40+0.92X e .
& 40r =0.997
;ﬂ%é 30}
3 20}
10+
0070 20 30 40 50 60 70 80 90 100
AP e Bt BB ARG 6 ) 9

B9 PURMKOIr i L

Fig.9 Comparison of results of the 2 detection methods
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