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Abstract: An automated chemiluminescent immunoassay (CLIA) based on acridinium ester-magnetic microspheres was established for
the detection of ochratoxin A (OTA) in milk. Anti-mouse IgG antibodies were conjugated to magnetic microspheres and the OTA-BSA
conjugates were labeled with acridinium ester. Different CLIA experimental conditions, including magnetic microsphere concentration, OTA
antibody concentration, labeled OTA-BSA conjugate concentration, OTA antibody and labeled OTA-BSA dilution, reaction time, and sample
pre-treatment conditions, were optimized. Under the established optimal conditions, the following results were obtained using the CLIA method:
a limit of detection of 6.38 ng/kg, a half-maximal inhibitory concentration (ICsp) of 31.40 ng/kg, a linear range of 11.23 to 99.20 ng/kg, and
intra- and inter-assay coefficients of variation <8%. When determining OTA in milk samples, the limit of detection was 25.52 ng/kg, the ICxy
was 125.60 ng/kg, the linear range was 44.92 to 396.80 ng/kg, and the addition recovery was 95.08% to 105.83%. The cross-reactivities with
ochratoxin B and ochratoxin C were 6.52% and 24.57%, respectively, and there was no obvious cross-reaction with other mycotoxins. Milk

G

PRAENE, S A, 55 T WEBE- WA TR K B Sl 22 RO e B A i B 05 3R A [0 BT iR, 2023,39(3):313-322.

LIN Jiancong, LIANG Ke, LIU Bin, et al. Detection of ochratoxin a using an automated chemiluminescent immunoassay based on

acridinium ester-magnetic microspheres [J]. Modern Food Science and Technology, 2023, 39(3): 313-322.

WisHER: 2022-03-31

e : EREANFESIME (32061160473) ; [ HEALBESKESHZREIE (2019KIDXMO002)
1EBEN: MEER (1988-) , B, iz, ffizAmE: fRmIMIS5%RE, E-mail: licongd831@sina.com
BIREE: MR (1982-) , B, 8L, #R, HIRAE: RRRSWNSHES], E-mail: jallnt@163.com

313



MK EEBHE Modern Food Science and Technology 2023, Vol.39, No.3

sample detection values obtained using the CLIA method were consistent with those obtained using high-performance liquid
chromatography-tandem mass spectrometry. Moreover, the reagents used for the CLIA method could be stored stably for more than 9 months at

2~8 "C. In conclusion, the CLIA method established in this study is sensitive, accurate, rapid, and easy to operate. The detection time is only 30

min, and the method is particularly suitable for the rapid screening of OTA residues in large-scale milk samples.
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H RLU o/ ICso (B 51, R, & 0.5% %+ 0.5%
&1 Tris-HCI MR A E N CLIA T35 %45 BIFG
e
2.1.5 REBTIE 494040

AT CLIA J732, HSe g RN Pt & R
RLTE 4 H B R g o b A BakAT, BRiES T
NTEAER R, iRt 7 2 AR E R R M,
BE— B RIE T CLIA J7VE 5 & R 1 A 5T
JefaRtE T 5. 10, 15, 20 1130 min [ 354+ SN
(R —Ho0s & i), &5 9 UL 6, HRHE RLUmax/1Cs0
{8, iE REERZES NEE Y 15 min, —HiE
IS} 6] 10 min. I, CLIA J7VE7E4 At kot
GaPE AT A IR R ) OTA Bk B, ALy
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TEIREAAAR, RLUIRLU oy fE AR, #2257 CLIA J7
RIIRRERRZE L 7D, TR EIHEIAREE 1Cs M
31.40 ng/kg, kM (1C,0~1Cg) v 11.23~99.20 ng/kg,
MR y=-0.654 6x+1.487 1 (R?=0.996 4), #i i
PN 6.38 ng/kg.

y=-0.654 6x+1.487 1
0.9

_ . 0. R*=0.996 4
1.0 488 :
o 0.6
______________ £ 05
081 B 2 gg
1 1 i
- : :z 0.2 I 1
Eo06f I T 100
= i i log[OTA(pg/mL)]
I~ i :
_ 041 1 1
o] | |
= : i
02+ N N i
0.0F .

10 100 1000
log[OTA(pg/mL)]
7 CLIA J33AM7E OTA HAR L
Fig.7 Standard cures for CLIA of OTA (n=3)

2.3 CLIA 7=t g

2.3.1 CLIA ikt B
AWFFRIET ICs~ 1Cso I OTA FEFL, PULIEA
CLIA JHiEMRESE, EASRIE 1. SRER,
CLIA J5:ILN CV o 3.46%~4.84%, HlLiE] CV A
4.01%~4.77%, ] CLIA J5i%M5E OTA B 1A%
PERLE, AFERRINES R A R — k.
1 HAFE RS B
Table 1 The precision of intra-batch (n=10) and inter-batch

(n=30)
o HS Mean#SD/(ng/kg)  CV/%
sk 1Cx 16.2240.78 484
(n=10)  ICy 63.0342.18 346
skt 1Cx 16.49+40.79 4.77
(n=30) ICy 63.1042.53 401

3R 2 CLIA 7333t OTA AR NIFEE SRR N R NE
Table 2 Cross-reactivity of OTA analogs and mycotoxins by CLIA method

XL 2 FEMK ICso/(ng/kg) CR/%
(8} OH O o o ‘
M EEE A 0 31.40 100.00
HC -
HmEEEB " 481.76 6.52
HiC -
i
M EFE C " ~° 127.82 2457
Hy(C - o
W EAEE BL ” >40 000 <0.10
HEEE ML g >40 000 <0.10
PLEE 4R T] B B \V >40 000 <0.10
HO
oH 9 H "
R ENHR . >40 000 <0.10
HhwEE >40 000 <0.10
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2.3.2 CLIA Fikth4F 7

AHFAEF CLIA 757230 8 OTA I Re S5 HI A
) OTB. OTC, KHAhH ¥ % AFBL. AFML1, DON.
ZEN. PAT, IIMEEWIRM ICs, FHARMEA (3) 1F
HAEPIRIIAE SRR, GERVENTR 2. R 2 AT,
OTA X Hh AR R B, MIIFERHR C I XMNF
(CR) N 6.52%F 2457%, SHAhEEHRLKE
B SR IAE USR8 CLIA B Sk, A%
Sy BB R .
2.3.3 HFoeTst AR A EDER

SRR U S HEAT TR EE,  RT LIRS = W R
3 FHE CLIA J7iEh§UE TR R B H LA 2L
HIFAFIR, R A A A B0 g AbHE,
HApar g E e, R, mAm. Ak, A
FUR T JURH ] 2 2R 00 S T B 7 v, A%
TERIRINESCR (FEILEE 3D 45F -8R, 40
WO 345, 7 f5. 15 AR A A T RE S Tk
HERF, CLIA J7iARasmEI % 95.08%~105.83%,
ROCRAT o AN BN AT EE, CLIA

TR N EC B - 85.0%~115.0%[X [F], R4
Zo B, ZREHEHEENEEE K& CLIA JiZpsi 4
WRES I R, e S EERRE S TR 70
AGokean S PR 14 WARTLLIR G, 1ERiERY &=
4R 1 min 5, #E 5min, BEOBEEHTRG.
fFRZTRARIE 715, A0SR RE 4 £, 8 CLIA
J7 N A R S A L FR v 2552 ng/kg, 1ICso N
125.60 ng/kg, Z&MESEEI 44.92~396.80 ng/kg, N
[ %y 95.08%~105.83%, VHERE
234 FEMIELR

AW T [F—HE CLIA J5 BRI E 37 CHI
JEIEAET, 0. 3. 5. 7d iy, &g 19k, FHL:H|
FRAERIZE, 5 RLUpaxs 1Cso FIZRPETE FE IC50~1Cqos
GER WK 4. kS5 REH, 7£ 37 CIRE 7d 5, OTA
CLIA 555 RLUpax~ 1Csp FHZE: T 1C20~1Cgo TGHH
Bk, HRE Arthenius /A zUR1SCHERARIE, CLIA J7ik
FIRFEAE 37 CHBCE 1d, BIAES T4 2~8 CIltE
45 d. ik, PTRAACARFFTENLE) CLIA J7i%, mIfE
2~8 CIHEEH, 4EREADT 9N AR ek,

R 3 TEIFALIEFENZESU5 OTA B IN RS2
Table 3 Recoveries of OTA in milk determined by different pretreatment methods

A2 ik A dlngky) HAUE(ngkg) — EKEY  AEE CVI%

50.00 222.2744.91 44454 2.21

=Yg 200.00 1057.56443.04 528.78 4.07
500.00 4535.43+11.12 907.09 2.45

50.00 76.0041.91 152,00 251

At P EE=1:1 200.00 304.4243.15 152.21 4.32
500.00 947.34432.87 189.47 3.47

50.00 50.48+1.32 100.96 2.62

A A S P EE=13 200.00 190.1646.07 95.08 3.19
500.00 5291622006  105.83 3.79

50.00 ND ND ND

A P EE=1T 200.00 195.4445.04 97.72 2.58
500.00 501.8449.48 100.37 1.89

50.00 ND ND ND

Akt P =115 200.00 211.3648.69 105.68 411
500.00 517.12416.96 103.42 3.28

7E: ND RIEMMEK TR, Kibd.

4 CLIA AR EMRILER
Table 4 Stability of CLIA method (n=3)

A B JA) RLU e ICs0/(ngrkg) ML 1C5~1Ceo/(ng/kg)
EAPS 418782 30.37 10.14~102.95
%3 K 424 492 30.58 10.37~105.39
#5X 416 350 31.22 10.64~103.75
F SN 400 496 32.19 10.85~106.24
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235 R FEFLE
2351 5SS HERI

WSk RaE™ AT, AguRERh OTA KRB &
%334 2~690 ng/kg, TMEHE GB 5000.96-2016%M, R
P B JiEs, HASHIRA 0.1 ng/kg (B 100 nglkg),
MUK H 2= it PRIV BE OTA [RBR R, ERIEAHIT 7%
e P 1 25 PA% N 1) HPLC-MSIMS 7334 it by
5, HERES R Ry 18.0 nglkg, SARWIFH
CLIA J730 5 A=t ah R PR . PRV
Krizs Stnge 5 frox, CLIA J73%5 HPLC-MS/MS J5
RIS AR LT (RP=0.881 3), il OTA
FRBE I WIRE S — 2 BUERT L, ABFFCESLR) CLIA
DRI W S 25 e, P25 FE B (R,

R Ay 30 min, ATLAUE, CLIA T3k 1AM
B WRE AR OTA BB DU &, SRR
2.35.2 HHAMD AR AL

TR, AWTTTR) CLIA J5ik 5 Hplvks Il
THEATREAAS I RERIXS LE, S45R IR 6. HIR 6
AR AEDER RSN, AR CLIA J7i%,
FERBE AT, AARmENIRBIE, BRI
ST, Xy e R B, 5
—JTHE R TRETE TR R A AL BT I, B TR
A ORREAG R, SR T AR AL A PR o PRI,
AWFFCH) CLIA J5idk, FAR R R A R ks
D, AREE ARSI T E, SERESCER, HRE
T AR RHASEA O RE it OTA Bk B DRI 07 25 1) 75 3K

K 5 CLIA 53, HPLC-MS/MS 75 540N A Th4¢ S eh i OTA
Table 5 Results of determination of OTA in milk samples by CLIA and HPLC-MS/MS (n=3)

H5%%  CLIA%/(ngky) HPLC-MS/MS #/(ng/kg)

%% CLIA/(ng/kg)  HPLC-MS/MS %/(ng/kg)

1 ND ND
2 ND ND
3 ND ND
4 39.55 39.97
5 28.52 29.60
6 ND ND
7 31.79 30.56
8 ND ND
9 34.76 34.90
10 ND ND
11 ND ND
12 43.91 41.68
13 38.08 36.63
14 ND ND
15 39.11 37.54
16 38.97 40.48
17 ND ND
18 ND ND
19 26.76 27.12

20 ND ND
21 34.83 33.97
22 ND ND
23 ND ND
24 39.31 35.62
25 33.82 34.01
26 31.36 29.87
27 ND ND
28 33.21 32.71
29 42.63 44.48
30 37.36 35.27
31 ND ND
32 43.89 44.95
33 ND ND
34 31.25 30.09
35 40.68 41.84
36 ND ND
37 ND ND

E: ND RIEAUEILTA LR, Ko,

7 6 OTA NEIHINTFEFRIELER
Table 6 Comparison of different measurement methods for ochratoxin A detection

Tk paan: ¥ Ri(ng/kg)  KHSEE/(ngkg)  AIETK/ming A ek
CLEIA A4 30.00 64.00~670 ey [20]
MNPs-bs-AUNPs-ELISA IR, @H. K& 40.00 80.00~2,920 60 [25]
SR SE B % EX NI 3 3840 6 360~145 920 20 [26]
& B Bh R F AR AAL-HPLC E I 4 12.50 12.50~500 / [27]
Fl4s % M A7k -HPLC-MS Xk, DEfEad 18.00 250~2 500 / [24]
CLIA A4 25.52 44.92~396.80 30 AR,
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3 g

KA FEET N ERE-RERORIA R, S pE 2Ry
OTA BREAMI A B2 E RO e i, TR T,
CLIA Jike iR~ 6.38 ng/kg, 1Cs A 3140 ng/kg,
LMV A 11.23~99.20 ng/kg,  FHEPYALITAIIAR ST R %

(CV)<<8.0%, M 5E =Wk i (roAe tH BR Ay 25.52 ng/kg
ICso 9 125.60 nglkg, £ 44.92~396.80 ng/kg,
IRINESCER A 95.08%~105.83%, ik HhA&# & B, 4
&R R C M XM (CR) N 6.52%7F1 24.57%,
o HAth BB R R P T RS SN o 352 A 0
[4E R 53 (HPLC- MSIMS 7)) —3.
REfE 2~8 CHIEH, fREFADT 9N HIERENE.

g LR, ARFFCESIN CLIA vk, BE R
R KR MRS e R AR e, R
A AL R AT 5, AT S B S E R I AR
30 min, FEFIER TS OTA BRI
7, X TR OTA BRI 2T 72, Ak sy
BRI S0 1S R A s T, A EENE L.
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