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Preparation and Application of Time-resolved Fluorescent Nanospheres Based
Rapid Quantitative Detection Card of Fumonisin B1
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Abstract: In order to meet the needs of rapid quantitative detection of fumonisin B1 (FB1) in grains, this paper
takes fumonisin B1 as the research object, and creates a rapid quantitative detection card of FB1 on the basis of
time-resolved fluorescent nanospheres, with no need to adjust the PH of samples before detection. The detection
performance of the detection card in grains (rice, corn, wheat) was analyzed and compared with enzyme-linked
immunosorbent assay kit and high performance liquid chromatography. The LOD for different samples was in
the range of 35.37~37.17 pg/kg, and the LOQ was 117.9~123.9 ng/kg, which meant good sensitivity; the linear
range was 250~6 000 pg/kg, while the correlation coefficient R* was in the range of 0.997 2~0.999 5; the spiking
recoveries at 6 spiked levels in different samples were in the range of 83.38%~114.66%, with the coefficient of
variation (CV) less than 15%, which meant good accuracy and repeatability. When the national standard liquid
chromatography and FBI1 fluorescence quantitative rapid detection card simultaneously detects different
samples contaminated by FB1, the coincidence of the detection results was in the ranger of 92.53%~106.26%,
with the CV less than 10.37%. The cross-reaction rate of other five common mycotoxins was less than 5%.
Meanwhile, the difference between the spiked concentration and their average detected concentration was
extremely significant, indicating good specificity. Hence, the FB1 fluorescence quantitative detection card
prepared in this study could meet the needs of on-site rapid quantitative detection of fumonisin B1 in grains.

Key words: Fumonisin B1; rapid quantitative detection; time-resolved fluorescent; nanospheres; fluorescence

quantitative immunochromatography
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T EORTTAL D BRI, (EHIAREE, TR HIR
T H G SR AL R E AN B, T B RR
WSS bR, A2 EIR R R, frrE
BB PE A B . RAEE R A B 20, Tkl
KA AL A v 2 B0 R L S v e B T LA AR
(18 g FHT I 5% o

B 18] 43 BE 52 6 90 K i BR ( Time Resolved
Fluorescent nanospheres ) i %4 Eu®", Tb®", Sm*"
1 Dy S KO AT LB FREERAE L
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T e e 37 422 ) 2% DO T . BRI MBS R AT
WEFRARS I 100 pL A IR 205 I 8] 20 B 26 e 4h
KALERF 900 uL MES ZZ whik ( 0.05 mol/L,
pH 6.0), 12 000 r/min #§.{> 10 min, % L34, &
WK A EEREL ] 1Y 40 uL 50 mg/mL i ¥
iz (EDC ) ¥ F1 40 uL 50 mg/mL N-¥2 FEBE 1115
M NHS B, B TR e 1R 214 | 20 r/min
BERIR 215 4K 30 min, FEALEEHS, 12 000 r/min
B 10 min, KBRS EAERR], A 1T mL
Tris-HC1 2% #h% ( 0.02 mol/L, pH 7.0 ) Fl 75 FB1
sorkEbik, B TREER IR AU E 20 ¢/min 2
J¥ 120 min J5, 12 000 r/min #5.(> 10 min, % [,
FLMA 100 uL 50 mg/mL BSA ¥ 20 r/min f 4]
60 min, /)5, 12 000 t/min %[> 10 min, £ _F%5,
A 1 mL AR4£# (0.05 mol/L Tris-HCI 2% /i,
pH 7.0, 5%JEH] , 3% M, 0.1% NaNs, 1% BSA
1 1% Tween-20 ), 15 ZI 0] ] 53 BEDEOCANK B bR
iC FB1 e REHUAR G4, RN TOEIRET .
1.3.1.2 NC B4 &8ss BR5EFER Bl
5e4PU)A ( FB1-BSA ) PBS Z& /i ( 0.01 mol/L,
pH7.4) FikEE 0.4 mg/mL, FEIMA 5%H %A
WE ], o XYZ 3050 = 4w E A L
0.8 pL/cm MY ME I B HC [ E 7E NC B E (BB A
i 10 mm AL ), fERRIIZ (T £8); 5 h=F4i/h
FlIgG (H+L) #BZE 1 mg/mL, A 5%
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of Detection, LOD ) Ml & FHIM{E N 3 F5br
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FEFHME N 10 f5FRiER 22, LOD Fil LOQ /)y,
TR 40 BAE TG FB V5 YL B /N2 B
JC FB1 15 3L BIPE TR ARG L TG FBL V5 4y B 1
FOREE S AN FBL ARUES:, IAs/KFh 250,
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17, SRR SRR Bl %6 s Pkl -k it
APk, DA IR B AR AedR , FBL 2t sl
SRR R ARSI 45 R AR PR AT LR, O
TR R B
1.4.2 R B AN 5 PR

SPMNFETC FBL {5 L R/INE | R FIIOR A
HES N FB1 FRUES IR, AR/KF-2h 250, 500,
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WYUK FB1 2t fb PR A I R A, 353 s
RS S 280, LATINbR [ 03 R AR v 3
DIAR S RBGRAEH A
1.43  HEERAXTHT

B2 ASASR FBL IS Qe /NERER . 2 N HR
FBI1 75 YL RAE S RT 2 4 H 4R FB1 5 YL iy Rk
BEM, 3 AT, SRR E AR ik P
FB1 ¢ f Pk il R e A7 R, I3 55 i o
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3K A H DL R R R R AR (T2 B
. MMERER A BlEREER B . EAREME
i MXIERER ) BSINTERIYE FOKRFES Y, hndRoK
SE2h 1000 pg/kg, 3 ASFAT, #RIGH FB1 2806
s PRI R SR TAIN TR RE R IS U
I8 (28 SR 8= 5 B/ TS IR BE x100% ), 58
N BEFE N, RIS o Ry, SRDY
2547 B v 9 T H A2 8D 2R 43 AT I R n v A
B B AT 25 S W e AT, TR A A Y
P-value, # P-value XF 0.01, /NF 0.05, &M
ZS W P-value /NT 0.01, REAZFWEE;
# P-value KT 0.05, ZHMWALIE LER.

2 HER55H

21 A[E pH X FBL1 R A E EREK N FF FBL
FREE e ik A1 & A B N

piit e o NI VisE 7/ ok Ul RO e s il =t
DJF EHRM pHIHE 2, 4, 6. 8, 10 f1 123t 6
A pH B EE, 3 AFAT, 40 FBL 2t it
PRI R FT FB1 I S i o) @Al Jfaaa
HEREERI G R R s LA 1,
FB1 700 B R A I R A AN E] pH EVE WY
GRS N 104.12%~111.28%, 28R4 CV
9 5.63%~9.91%, FBI1 MK foys 1250 & i A ]
pH VSR AIEE AT A E N 106.99%~119.01%, 78
FEBCV o 8.20%~14.70%, FWIEE M pH
£ 2~12 38 [l N AT LA B3 G 75 )8 %% pH, HL FBI
YA P A I R AT B B RN P g A T
FB1 Ik e il &

FB1%&) e & Pogia i
140 - M FB1BSER S e &

| 4 | 6 | 8 | 10 | 12
pH

1 R[E pH X FB1 %R EEIRE®R T~
FB1 EgBX %X I &M
Fig.1 Effectsof different pH on FB1 fluorescence

quantitative rapid detection card and FB1
enzyme-linked immunosor bent assay kit

A%
3

2.2 FB1 P E SN -F K EBEITEM
22,1  REGEMEMEL R

10 ~JC FBL 15 BATE/ MRS . 10 AT
FBI1 75 4L Y B PE F R AL L 10 4S8 FBI 15 44 FH
PEFORBE S R 25 5 an 2 1 fis, £ FB1 %%
R SRR I R A KK ) LOD 2y 35.37 pg/kg,
LOQ A 117.90 ug/kg, K /NE A LOD H
36.00 pg/kg, LOQ N 120.00 pg/kg, il E KK
LOD Jy 37.17 pg/kg, LOQ N 123.9 ng/kg, FMH
FB1 %G it PRGHAS I - 1) R A R A7, FBIL ¢
o PRI R A /NE | ORI ROK 1 2
TL K 250~6 000 pg/kg, 1) FEFIAL 6 R 8L
O KK, y=1.036 3x%-59.117, #H%E R %
R*=0.997 2; /N#, y=1.048 4x+4.179 4, HE 2%
R’=0.999 5; £k, y=1.084 3x-1.607 9, 5%
R'=0.999 3, FB1 255 s s A - 2 k3 ol 4
Fi HRPER R RIAT

#1 KRE5HFEHEBLWAEEREKNFAEHRANESR
Tablel Limit of detection and Limit of quantitation of fumonisin B1 fluorescence
quantitative rapid detection card

FEA AT S g Kk B /(ng/kg)  WRIESEIME/ (ng/kg) SD/(pg/kg) K R/ (pg/kg) & 2 B /(ng/kg)
Kok 1 13.65
2 38.13
3 17.96
4 41.57
5 17.59
. 071 21.38 11.79 35.37 117.90
7 31.14
8 21.09
9 5.89
10 16.02
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#3045 2022 F 55488 i < REXE
gx1
BA PSR WRIE (ng/ke)  WIEFHI/(ng/ke)  SD/(ug/ke) KRl gke) & RBY(ugke)
NGz 1 41.41
2 4.82
3 23.09
4 35.72
5 32.66
p 16.91 22.57 12.00 36.00 120.00
7 9.04
8 17.70
9 14.67
10 29.68
oK 1 6.49
2 25.07
3 17.72
4 26.00
5 3.78
p 17.97 20.86 12.39 37.17 123.00
7 15.48
8 23.39
9 48.71
10 24.00
222 YERREE AR MR 223 SapEkmxt
FB1 Z&) e & PR A Il -~ p A 25 58 (3% 2) FB1 % s PR A 00 4 o) Az ) 285 SR A el e

RHAFRRESY H FB1 MEICERN 83.38%~  WWAHEIGEEAMSE ROMTEE, Wk 3 s, A
114.66%, ZFZEUNT 15%, B FB1 %GE FIARE AP FB1 AN 25 SR FF 6 N 92.53%~
TR ARG I ) YRR R RN R AT T R A 106.26%, 7S ZEIE 10.37%LA, B FB1 2%

R2 AEHAGNEERETNESNE

Table2 Accuracy and repeatability of detection for different samples

RBFEER Bl bRl IR INE/ (ug/kg)

FEA AT I
250 500 1000 2000 4000 6 000
1 225.05 602.50 816.42 1928.78 4027.73 6 057.10
Kok 2 213.47 579.59 976.94 1.827.53 4205.59 5980.19
3 274.70 504.77 890.90 1 760.04 4512.15 6298.21
A6 P-4 {E 237.74 562.29 894.75 1 838.78 4248.49 6111.83
[ml /% 95.10 112.46 89.48 91.94 106.21 101.86
ASRERECVI% 13.68 9.09 8.98 4.62 5.77 2.71
1 217.71 584.26 1168.06 2007.34 4 429.64 6 125.97
N 2 227.50 470.28 1 069.40 2339.63 3 821.55 6 578.15
3 180.15 517.75 1202.48 1.945.90 4189.92 6 245.00
A6 P-4 {H 208.45 524.10 1 146.65 2097.62 4 147.04 6316.37
ml /% 83.38 104.82 114.66 104.88 103.68 105.27
BRRECV/% 11.99 10.92 6.02 10.10 7.39 3.71
1 283.42 524.76 1044.78 2 144.85 4241.94 6237.54
EEP/S 2 217.50 457.08 951.96 2368.10 4627.69 6 477.95
3 280.26 481.44 1174.66 2216.22 4387.48 6 582.25
Ao PS4 (. 260.39 487.76 1057.13 2243.06 4419.04 6 432.58
ml /% 104.16 97.55 105.71 112.15 110.48 107.21
BRRECV/% 14.28 7.03 10.58 5.08 4.41 2.75
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Table3 Comparison of theresults of Fumonisin B1 by fluorescence quantitative rapid detection card and chromatography

A KK KK N N FoK Tk
{3 {1 /(ug/kg) 1 420.85 1025.47 1022.97 1167.39 4125.74 2 568.99
SEATRE 1/(ng/kg) 1521.85 1125.54 1029.27 1020.31 3813.22 2462.11
SEATRE 2/(ug/kg) 1410.27 1007.89 1127.53 1209.44 4239.17 2679.15
SEATHE 3/(ng/kg) 1597.46 1101.20 1006.79 1010.83 4109.68 2 697.68
RS- 25118/ (ug/kg) 1 509.86 1078.21 1 054.53 1 080.19 4054.02 2612.98
A% 106.26 105.14 103.09 92.53 98.26 101.71

DI PRGN R R AR €3 ik A A 45 2R

PEE R

224 JNEFERAE T
HRERERER(T-2 5% MMEEE A,

WM ERER B FOKRIREAE . Kt ) 1952

NN HBNTF 5% (R 4), HFE LHE R
(4 S in vie BE ALt SF- ¥ {E 1Y P-value B 0.005
6<0.01, 22 BH IR I 32 G HE ok J3E 1 22 STl i 25
R, 28 SO 38R 7 2240 BT i 25 SR B3R W] FBI
P PRI R 9 R S R

x4 KRIBEZBLWAEERERN TSI

Table4 Specificity of the fumonisin B1 fluorescent quantitative rapid detection card

Wi RO % Bl T2 ®H & MBmEFERE A BEMHEFEE Bl ERFFEE MK I 7 2%
IS0 B /(ug/kg) 1 000.00 1 000 1 000 1 000 1 000 1 000
SEAFRE 1/(ng/kg) 1121.03 31.31 26.56 41.45 21.61 30.09
SEAFRE 2/(nglkg) 1 045.97 40.17 35.68 50.45 33.91 26.78
SEATERE 3/(ng/kg) 1 029.86 31.13 26.23 41.77 33.06 30.75
RSP M/ (ng/kg) 1 065.62 34.20 29.49 44.56 29.53 29.21
B GAE 100.00 3.21 2.77 4.18 2.77 2.74
3 Qj:i/e and concentration of fumonisins in cereal-based foods: a
=A

AHIE 5T LA ) 53 B8 SR bR 0 1 B0 v BBt
TR R CHRES, 36T 00 3 J2 A D B AN 5 4 1 ] 19
JRBEEN TR DR Bl 29t g Hhesir il <
FAFRERYIEEA R FB1 AP 8l . A
AARBGR Y pH 1 2~12 JEREN, %Ik DHEZE Bl
DGR B PLERIN R AT DL B A I JE 7 R L pHL,
FB1 2t kil R e AL 45 S =0,
ot BR A 2 PRIk FAR S R R R AR 7F
250~6 000 pg/kg LN EA RIFHENEXLR (R
KT 0.99) ; Kilgs RS EAR A GRS E N5
il HA RmrERtE . BE MRS
KL, AL T —F A . BERR . AT
TR 2 1 1) FB1 2 s PR A Il -, & H T3
i KAt S A FB1 B9 ek . sk, Al
PDTE R R SRS I B X R Y S DA SR P AR

S
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