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earth europium florescent nanospheres to synthesize a fluorescent labeled immune probe. This probe was used with a
highly sensitive and rapid lanthanide fluorescent immunochromatography card for the rapid quantification of chlorothalonil
in vegetables and fruits through an immunoassay. In this study, a high sensitivity and specificity chlorothalonil antigen
was selected, and the labelling conditions of fluorescent nanospheres and chlorothalonicin, coating concentration of
flufenicomumab antigen on NC membrane, and proportion of diluted complex solution were optimized. The fluorescence test
strip developed in this study was used in conjunction with a fluorescence detector and pre-treatment with low-dosage organic solvent.
Herein, the optimum experimental condition were the concentration of antigen was 0.05 mg/mL, and the concentration of antibody
was 0.8 mg/mL, the pH of PBS working buffer was 7.2 (8% methanol). A standard curve was established, and the linear range of the
method was 2~100 ng/mL with a detection limit of 0.2 mg/kg. The strip detection of chlorothalonil had strong specificity without any
cross reaction observed in certain pesticides. The recovery rate of thiamethoxam was 85~98%, the intra-batch precision was 8%~12%,
and the inter-batch precision was 11%~17%. There was no significant difference between the results of actual samples and the
national standard method. The rapid time-resolved fluorescence assay developed in this study is fast, accurate, highly sensitive, and
green and environmentally friendly, making it suitable for rapid and quantitative screening of chlorothalonil in food of plant origin.
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312




MK EBBHT

Modern Food Science and Technology

2025, Vol.41, No.1

a b sampling hole detection area
FRAERS, T/CIR: ARI2%G —— | -
B AR R RGBS SRE 7 e D
7 Sl RSN, ST
LK !ﬁ - X) 1 E AR 40-BSA & S /b L conjugate pad absorbent pad

PR

BERH, ENTERRIGES
550 CEIMRRBIRIIFRICTH
JCIUER T H AR .40

sample pad

T-line C-line

backing card NC membrane

BItER, T/CR: ARidae

A | s

e % STHAL G F FR41-BSA

. R, IR TS S R o TW-1 706
DA— X ?§ CHMERANIRIRE
Y, | PRSI R e PR i) AR 5.5

HO FL bR 5 25 ?2

Y . EHR 55 mm
o Hiz
O : Hi#-BSA FllZk (T) Bk (C)

150 i

& 2 L3 JRIEE
Fig.2 Schematic diagram of fluorescent immunochromatographic strip

E: (a) HTEHE, (b) LRREH, (c) DAL KX HTAL.

L4 ROE R E RN K8 8 E R RR

141 FhFedR it

P B IR T LR UR R g5 G, [
WIEFEAE M PUEIUA 2 HE L, 50 T AL
P AE 4 K E G RPN 4 ZEBHEPUR, 44
F PR S 4 5 9 AB1. AB2. AB3. AB4, 4 4
" EZPUEAR G 0N AT1. AT2. AT3. AT4. #& il
RRH &R 1.2 P REAT, o 00 Bl bR Bk
A X ECRT AT S0, B AR, AR
FETRC I R IR N 10 pg/L B SR, B 80 uL
WREI, EHTRN 10 min 5K IR 4N
TR, d Sk L B8 B AN T/C EUAE, i
i T/C PR TS 2, HIfIER LA (1) e

1-B
B,

E i

I—=—4H %, %;

B——8 B AR R4 T/C

B,——##49 T/C.
142 #ukE & e @ak A

Rl R i s 42 I8 12 BRI T, B E RSN
PRAFRER Y (1 mg/mL) i &K B L% e 4 1:10,
1:20 1 1:40 F1 1:80, il £ d5e 2 AH [RGBk FE () P A
TERMRE), 73 58N 4 ng/L 1 H #E -BSA
PURMA A BRI &L, B REAS B R

1= x100% (D

JRERIER 4 ng/L B AH BEIEHR, B 80 uL iR
W, ZHT R 10 min J5RR4R S0 R BxR L
PR EL, A N FE A T/C L E, g T/C
ECAR v SR A 2
1.43 NCHEE 24Kk 2 894t

For Wl 1R ) % 4 R 1.2 DR T , B RS -BSA
U A NC I, 5 a4 &5 7108 0.1.0.2.0.4.0.8
1.6 mg/mL, SPCHERPIAEEIAE S, B & 4F
PRI, FFEA B RBCH 4 ng/L B9 E RIS E R
HY 80 pL i -RACM, JEHT AL 10 min 54 40K 36
N R BT AL, 1 S o e B 5 FE A T/C
FeAl, @it T/C ERAE S
144 EATH A 69 41A4L

L) 2& T ARSI, 0] FH R A S R o o
W N 2.00. 4.00. 10.00. 20.00 50.00. 100.00 pg/L
I BT, B 80 pl i R AT, g J2E M A )
SN 4L 6. 104 15, 20 min, JEHT RN 5 # R 4E
FARN B BT A, 183 T/C AR T 26
e M N SR T (FD, -S| = T 2848 h %,
T &R (2 XitH.

FI,,~FI,,
R= W %100 (2
ENi
Fl,——0F1a A T, iF T &R ARE;
Fl,——8 A T, i T £RARE,

313




MR B

Modern Food Science and Technology

2025, Vol.41, No.1

1.5 FEArAE

FRECBYREAE S 2 ¢ BT 10 mL 08+, A
4 mL B JRBERES] 2 min, #E 1 min, #5
EEWL WERIRSEL 50 L _EVEWRS 950 uL IS
BRG], RINFARINR, X80 pL Ar MUAH A i
FIRAGIFL, JEHT R 10 min, SEEION 56 Hr
AR o
1.6 FEAREERAMA

B 1) 5 0 IR R I S AR PR T,
NIN0.2 mg/kg (1) B TS bRIEA AR AR, 78R 1S
W BRAAT R AR IFREATASI . 7E 0.05 mol/L HHAER £h
ZErPI (pHAE N 7.2) H¥EsK. PBS, BLAARR
TN 5% 8% 15% W BEAE NFEARZ I, %
WAF IR T IR R ESR .
L7 O B BN
1.7.1 Ko PR A A4S0 B

FHRE AR 52 3 0 IC 1) 5 =34 B2 0 331 A 2,00 400
10.00. 20.00. 50.00. 100.00 pg/L ) ¥ B & br il &
T o FRARSE AR 4= 0 BN VA B AT 1R AL N
PR VR AN T/C B~F3ME 1 log B4 x, W log
By, HIVEbRAE 2. HURH 1 5% S K R % iR 1.5
AL FR AT, 20 4 B MEAE A 5 25 SR 1P 34 |
3 {35 b i 22 B A AS HBR
172 —2t. Aok B IR

SR AT ARSI S, TR K
BREA (A, L k. R, EHKE.
P H I EERERAG. A, BAND R
BB S, e & 3 NI (0. 0.5 fEPREIR
FEFN 1 AR EIR DD AT RS % BRI AL BE VAN . 4%
HE1S Kb B S A I = AN I B 19 T/C, $4 HR b v
M2 A TR AR, AR S5 R H 5 B A bR
WA 22 o — B0 2 AT A2 (R i 2% 6 G % v A2 Ly
£ NY/T 761-2008 (ERSEFIK R APAHLEE. A HLE.
FABR de 5 e A 2 R IR R AR 2 2 AR B I e ) %
[E]— AT 0T, LR R 2= k.
1.7.3 45 Har

A SURBEZ (CR) RPN IR T4 1o s
TR O MRk, FEAERE. HORAL . RIS
BRI 50 R R KB B4 R 2R I T AN i 2
2 EABAPERES A, IR 15 AHE S EHLIE & e g

314

PIPEAIHIREE (ICs), PRI TR L (3) K.
1C5A4
" ICyB
ENE
A——H5A R
B——%%4%.

1.8 #ifE 4 #7
it 2 B SR F Medpeer % ], %4 &b 2% H
Excel 403, KEIFrZ:HIRFH Origin 2018.
2 HR51TR
2.1 AR G S A 3 AT

JH g AR SOR NC i K B 1 il 2 B BR 470 A4 1)
NC RBEAT 966 440, 45 R 8 3 s, HlE
A RIZ G S, AR E AR, SRt B
£ 372 nm, LA ARG S RER LIRS, ik
AN 5 A BRI R I 12 A

CR x100% (3)

1.0
~ 08F
=
< 06
E
32 04r
O

0.2

00 | | | | |

350 400 450 500 550
Wavelength / nm
& 3 NC B NiE
Fig.3 NC film fluorescence spectrum scanning

1.6x10% [
2
8 12x10° ¢
R
]
g 8.0x10°
Q
3
E a0x10° |
59

0.0

3(I)0 400 S(I)O 600 74(;0 8(I)0
Wavelength / nm
B 4 RBEkH S E R E
Fig.4 Fluorescence spectrum scan of microspheres
Rt 2 UK IR AEAT PTG, 45
RAnE 4 From. w118 4 ] R0 ARk B AR IO B




MK EBBHT

Modern Food Science and Technology

2025, Vol.41, No.1

7E 412 nm /245, BT BT EMER 360 nm &, 1M
AR R G I S T TH R — B, YJ/E 616 nm
KA. WOERIEOR B AE AT WA A, il i
#f8H LED ST B BURIRME T HRSCH:, FRIRs & Al
FHRCA, [R5 25 NC R (1) S £ 30RO 372 nm,
RN NC A R 1 2% T4k
22 PR K I A AT

T I 37 S B R RER 28 0 K SN 5 e gk
ORI TSV IEIAT RAE, S5 5R K 5 fis. 4%
B, WERESERBRE, Kifs—, oy, ek
WHEARRRIMM, REMEBCE ZmllbuEk, =5
PSR s BRI ST, ATAREAS [ R R b
RIERRZERDN, HEE P S INARE ;s MGIKRL
FEBCATEE R, RiARLE 80~140 nm i Bl (195K
Ui 85%, mIANfMER A & RAF /ot iR nek
TEENT AR RGeS, ESHURTE/D, e R4l
ST B AN R I EESR  FER G YN FE ARSI
4t B R ERRLAR A AE 100 nm A7, I3 AR,
IAER A0, 5B R Eess R —E

o BT |,

Bl 5 R REKFEIRE
Fig.5 Corphology of nanospheres

23 BWHREBETEHREE EIRF-BSARKE
i 1%

AFE U FIPUR £ R = RO, T
RIUNPURTARER ). ik 5 B WELS & REUE
ZESt o PURPUASERI Iy, 7= A AR [F) 25 ' i B e
(o062 9 5 V= = o 7/ A N 1| B 0 o
SEMEE L, RS ERIES G R AR R
bodk, BTSRRI R S AT . R S
HETmkss RILE 6, 4 SHPUES 1 SHik. 35
ik, 4 SHiRg G RCBERES T HRAS,
BEGMARAE HY 6.7x10'~2.3x10%,  HoAth 20 &5 i N 35
7E2x10" LR, BUJ R 4 PR . H 10 pg/L B
P T PR IEVE O DU DL R 45 A AT REUE IR,
SIS R RIUR 4 SHiRS 4 SHURES X H wiE
12 95%, iz KT HA =57 . Ff| 28k,

REGPDBGS, BIESE K 4 PURGTAR IR

= 3.0F @ Fluorescence intensity

X 25k -=-Inhibition ration 100 .
Z 2.0F g
s o %
£ L5F =
3 g
g 10t 40
Q =
8 05} 20 £
=]

2

S

0.0 0
A R R A R L L T T e e
DN A S
PR PR R R RPN
Combinnaition

B 6 Mk 5HRIFIEER

Fig.6 Antibody and antigen screening results

24 BHEFRETEGARE K LHERE KL
et

_3r [ Fluorescence intensity 7100
S -=-Inhibition ration 190
X
< X
g\ L =480 ;
z 170 2
E =
8 160 &
g 1f 50 =2
g £
2 m
S 9

0 30

1:10 1:20 1:40 1:80
Mass ratio

B 7 Sk SRR IBEL L X 45 RV T
Fig.7 Effect of conjugation ratio between antibody and
fluorescent microspheres

TS DA 5 5OGROER A AR IC & EE B 17
RHORBUE . 55K A . ok
T e i, ikt 2, 9ORRE S, REUZAR:
PUvkid b, ABRIBRRCRAG; MERIEZ, Frid)a ALk
BRPUiAE/>, 5 RIG -BSA 4561 FLEME : 4R
fewn FIL, 7 S 2 i 82 ok, 2280k
IR R, ORI 2 S SRR A R
BRI RIS RO 7, PUARRERIEER LY 1:10
I, FIdg e g 2.2x107, (HA0H] 2 B 2 AK T 1:20 1
1:40, HUARGERAH I L Dy 1:20 A1 1:40 I, 00 3
75 84% M1 85%, ARALAHIE, (HAE 1:20 B
FI 58 1.5%<107 B &2 &1 1:40 B FI 3% 8.8x10°,
SRR R AER LE B i R AL, DR PR PR
TERMEELLL A 1:20 LB .

2.5 EHIF-BSAEHUNCHE & 8 1t
AN TR FE ¥ B IS -BSA Bt gs Rl 8

315




MR B

Modern Food Science and Technology

2025, Vol.41, No.1

B B A WS DU AR AW, FIA
T 5, 4 E RS PR A A D B — E
FI 36318, FIARFE LI N, Sze ook Bl gl
Jo Bk 14 9 3 0.8 mg/mL I, FI{5 54 4.3x107,
HIHIZRIE 82%. RSB INb AR, FI IR
AR, HRBEREEANHE, TR H
TEEMAKPE, SSBERTEREF, AR
Wi e AT SE . BHIRELE, BIE FI
PSS 155, BE5 FI 2 5 80RE th & & M Bl AR
A5, [A IR 35 0 LRI A 2 8 3E 5 KA 5 2 5.
HRAT UM C, TS, RAIERFREIREN
0.8 mg/mL 14 T i -BSA U5 (S BAaR E .

—~ 7 @ Fluorescence intensity 7100

% 6 -=-Inhibition ration

g 180 o

> 3

£ 5 S

g 160 -2

£ 4 g

3 =

§ ’ {40 2
S

g 2 E

3 420 =

o 1

0 0

0.1 0.2 0.4 0.8 1.6

Antigen coating amount / (mg/mL)
8 T EEHHREFREREXE RN
Fig.8 Effect of different concentration of coated antigen
on the results
F 1 REEMRER LI RAZ I

Table 1 Influence of different chromatography time on
experimental results

e Y T &A% x10"/(RUF/min)

(MgL)  46min  6~10min 10~15min 15~20 min

100.00 5 1 0.5 0.3
50.00 5 1 0.5 0.3
20.00 5 1 0.5 0.3
10.00 5 1 0.5 0.3
6.00 5 1 0.5 0.3
4.00 5 1 0.5 0.3
2.00 5 1 0.5 0.3
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Table 2 Effect of different chromatography time on
inhibition ratio (n=6)

R IHE (CV) 1%
/(ng/L) 4 min 6 min 10 min 15min 20 min

100.00 0.99 (3) 0.99(2) 0.99 (2) 0.99(4) 0.99(2)
50.00 0.98 (4) 0.98(3) 0.99 (5) 0.99(3) 0.99(2)
20.00 097 (3) 0.97(3) 097 (3) 097(2) 097 (3)
10.00 093 (2) 0.94(4) 0.95(5) 0.95(4) 0.95(2)
6.00 0.94 (4) 095(1) 0.95(3) 0.95(3) 095(2)
4.00 0.87 (3) 0.89(1) 0.90 (2) 0.90(3) 0.90(1)
2.00 0.78 (4) 0.82(3) 0.83 (5) 0.83(4) 0.84(3)
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Table 3 The effect of different compound solutions on the T/C ratio in the detection process (n=10)

JrERE/ C(*107) &4

C & T(x 107

o I 3 2 0 3£ 2 0
PR (/L) e CV/% Py T4 CV/% T/IC3¥1E T/C 4 CV/%
‘ 4 0.332 18.6 0.032 5 17.5 0.245 8 30
7]
0 0.175 15.9 0.162 14.6 0.924 5 35
4 1.00 16.7 0.237 13.5 0.2351 12
PBS
0 1.61 122 1.65 10.2 1.025 4 10
. 4 1.12 8.7 0.228 7.5 0.203 6 10
PBS+8% W BZ +0.2% tween
0 1.25 6.4 1.78 6.7 1.420 6 9

2.8 FEABETFN

1o PR Fn 5T B
K ST VAR LA R AT A, A5
bR il 26 7 FE A y=—0.744 5x-0.200 9, R*=0.994 8,
A R A, WP 9. Rk W B I B2V B oA
2.00~100.00 ng/mL. 20 5 B M FE A W & &5 F 1
SEIE I B 3 bR e ZE R ONAS ER, 15 R
FRE EER RN 0.2 mg/kg. il 2 E XK brifk
GB 2763-2021 (&M% & EFhndE &5 Ak 2 5
KAL) B e /KR B wIEIRE 0.2~20 mg/kg
PREER,
0.0
-0.2
-0.4
-0.6
-0.8
-1.0
-1.2
-1.4

-1.6

-1.8
0.0 0.5 1.0 1.5 2.0 2.5

log (BRI E)
B9 HREBF&MEARLEE

Fig.9 Linear equation fitting diagram of chlorothalonil
282 EPRE AR E A

W2 I kAR B TE R = KRB,
BRI b AR VE OINBR ) 1 A PR R A, 4RI 15
BEAT AL BN S LU T i[RI BEAT AL B, RN 2EAT 10 °F
A7 a6, P R RANAR TR A 0 5 6F [ — 6 i A6
Mo SRR 4, ATH0E B FICR N 90%~110%,
RS L 6%~12%, ftLIRIRE % 8%~16%, 15t H]
SIS A E LT

2.8.1

log (Pt NAE)

R4 FEREENEEE

Table 4 The recovery rate and precision of the method

. %ggéﬁm@%%yyi;aﬁggﬁﬁr

/(mgrkg) 'MEKE) i £ /% ;%/%L
L% 0.20 0.18 90 6 8
AR 0.30 031 103 9 11
HEH 0.50 0.51 102 5 7
FR 1.00 110 110 8 8
EY - 2.00 220 110 10 13
o FHE 6.00 6.30 105 10 15
M F 7.00 7.5 104 11 15
WnE 10.00 105 105 10 10
HFAIN 20.00 208 104 9 13

283 HAFE—H M

A S W ITEIN B SRR, RAH
BRI A AE VA RN 1) 7 ) & BE PR ARE i, AR AE i
WHE 1A REINARAKT, BAREKF% 10 41
ATFESN, 20 28 g v F1 2 L U7 1 NY/T 761
BEATREIN, BEATEOXS, JFRE PR — B A
SERNEK S, ERNHEELRRAMAN (g
JE R T NG A DR DU = L) (T
BR[202311 5 A (B 3 £ b PR AR I 45 R
IGUEFITE Y “58+— 2 & M RAS 45 30 = 30 UE 1Y
FIEESRMW T : (1) P4 R 2, Hx R
H (5206 2 300 45 KT 5% T UGS H PR (AR
KK MR S (R A 20%,
X TR E A RGN A ATk 30%) B, U E IR
Wid. (2) MPAS LR RN, SR = RS
AT HHBR AT, A e R, R
ANELE.” WA IZ M, B ERE R A, AP
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Table 5 Consistency analysis between fluorescence
immunoassay and reference methods (n=10)

NY/T 761-2006  HeA4E Rm|

oS @ﬁﬁﬁg’ MMM R
(mg/kg) (mg/kg)

L% 0.20 0.22 0.18
PR 0.30 0.31 0.31
Ak 0.50 0.49 0.51
FR 1.00 0.90 1.10
FAXE 2.00 2.10 2.20
o FH % 6.00 6.25 6.30
HRME s 7.00 7.42 7.5
#E 10.00 10.2 10.5
FAIN 20.00 21.1 20.8

* 6 BRI AKRTEBRELT/CESERENR
T/CELIEZELESR

Table 6 T/C ratio of negative vegetables and fruits with
different dilution ratios and sample diluents

T/C b

GES

54% 10 4% 2042 401%
L% 0.1963 02862 0.4824 12650

AR 02018 03125 04231 12416
PR 0.064 0.1426 02893 12490
FR 0.1162 02019 03472 12513
¥£AKE 0203 02593 0282 1.2619
#FHE 00724 0.1239 01931 12467
MpE A 00627 01536 0302 12562

A 0.135 0.1548 0.1734 1.2602
HAK 01038 02543 03186 1.2493
B on B 1.3015

2.84 AL IFN

FF i 5T A BE B R AE 20 Ak U A 3 755 3 2L AR
th, P AT EE S H AR B AL
JAXEREE R0 At A, FRIET R S 3 H
PRI O ) B LR 28, R A 43 B P T 8 A AR
M. SRR IRITR . AR —Se i
MHEREE. WiE. B, DUHATIEY, W
PEIE. AVLERE. MR — I dg ok, Al iy
FHRD G, 77 A F R I R R TS RN . AN S
R A S SRR R BRI e, RIEAT ER
WG HAVE e, @ e B PR AAS [F) R R A AL
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1) T/C LAl 5 B Z2 phil T/C AR VEAr 25 Jot R
WL S VA MEF S KR, DI dIRE SRR
U1 g FEART 50 mL (B0 H, 4 BmA 5. 104
20, 40 mL B ZZ M, % i€ 2 min, 4 000 r/min &
O 3 min, HBUE3EHE% 1.5 #EATRD, i85k T/C il
. SR WA 6, UMBTHUE R 40 51, ANF
FEJR T/C HABAE 1.241 6~1.265 0 5 B 5/ T/C
UfE 1.301 5 45T, FEATH R B2 .

[F B, AR A PR YR £ i BR AN [R], i Ak
PN S A [R] % R £ 5 DA 2 GB 2763-2021
AN ] 58 5 1 A [R] R AR 2K
2.8.5 HFAHITN

PO I Rr S M 2 48 5 A B B s B Bl R )
FHR A RE T, PUAR B I, e BRI e
ok, — AL X RMZE (CR) REFR. XK
REVENAE 59D 22 EE R AR 1 O 1E 5 50%
[ & (B/BO A 50%) X 71 A8 S N 40 1) 9 %
DAL AR N Be A% 51 S AH [RIFE BEAS 5 T B 1 20 BT IR B
FIE . 2 XM (%) = (50% B/BO 443 #T
VIR BED /1 (50% B/BO Kb 58 X NAHFED x100%.
I, AR\ RS TORE S 50% K H E
THIRFEEN : 1 pg/kg, &3 XRMNPF6H% 100 65 H B
TEIRE CHP 23R A 100 pg/kg) @ n, ik 2¢
FeAE T FRARE 50% PTG AR FTIE R T WE H e 1)
JURP S DR 34T R R VP e R R 7, A
J7 5 BRI EE A 100 png/kg I 25z, it ok
BRAEWE, 2R, HEA. HEXTB. H
PR B4R 2=, MR PEEESN T 1%, RA
JTERT A B TE A B R

R7 FENZXRMLHER
Table 7 Results of cross-reaction experiments of the method

B EHR RAAZTE IR

T Fl(uglkg) AR Z /%
T 100 x <1
kR ok 100 b <1
E TR 100 X <1
3HER 100 x <1
B EAE 100 P <1
LiF oyt 100 x <1
JLB B 100 x <1
R, 100 x <1
M F 100 £ <1
ek 100 £ <1
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3 g

AHF TR 25 T e A I E TR PR e R e A
£, Ak 7RI B4y T2 AR TR AR R AT Ak
BT 2. LR K R I ik R 8] 3 e
Heb ik, T LR 2~100 ng/mL, 5 H PR
0.2 mgkg, 5 RBR A X RPN ZE <1%.
FE 5L PR 2= N bR KPR, E B BIAR B 2R R
85%~98%, 1= fn kPN AH X bR v I 25 8%~12%, it
ﬂﬁﬁFU%qwammﬁMMFm ER S5

WEVETC R B ZE . AT i L I PO A I 7 7%
ﬁmﬁﬂﬁgm BRERI . HERITTSE. SO

DR e A v AT L - K EAE A 0 7 A0 i A
W, BABKRBERNE, NI IGE L E RS
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