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Effection and comparison of detection results of aflatoxin B, in foods by fully
automated immunomagnetic bead purification method and
immunoaffinity column method

ZHU Qing', CAO Mei-Ping', REN Xing-Fa®*, CHEN Rui', SHAO Feng-Wei’,
HU Gui-Xia', SHI Chun-Hong'"
[1. Shanghai Songjiang Institute for Food and Drug Control, Shanghai 201306, China; 2. Welch Materials (Shanghai),

Inc., Shanghai 201613, China; 3. Shanghai Engineering Research Center of Food Rapid Detection, University of
Shanghai for Science and Technology, Shanghai 200093, China]

ABSTRACT: Objective

as rice, wheat products, and peanut products using 2 kinds of different pretreatment methods: Fully automated

To compare the detection results of aflatoxin B; (AFB;) content in various matrices such
immunomagentic bead purification and immunoaffinity column pretreatment method. Methods After extraction
with methanol:water (70:30, V:V), a portion of the extract was purified using the immunoaffinity column method with
an AFB,-specific immunoaffinity column, while another portion of the extract was processed by a fully automated
immunomagnetic bead purification system paired with an immunomagnetic bead kit. Finally, both purified extracts
were analyzed using high performance liquid chromatography coupled with post-column derivatization for detection.
Results The efficacy of the immunomagetic bead purification kit and the column efficiency of the immunoaffinity
column were both greater than 95%, which could meet the experimental requirements. Within mass concentration
range of 1.00-50.00 ng/mL, the linear correlation coefficient (r) was 0.99993, indicating a good linear relationship.
The 3 level spiked recovery experiments were conducted in rice matrix (n=6), and the recovery rates of the 2 kinds of
pretreatment methods ranged from 98.2%—-106.0%, with a relative standard deviation range of 1.0%—5.0%; single
level spiked recovery experiments were conducted in wheat products (n=6), with a recovery rate exceeding 80% and a
relative standard deviation of 3.7%—7.2%. Meanwhile, the 2 kinds of methods were used to detected AFB, positive
peanut products and the quality control sample of corn flour matrix, their results were subjected to t-test, which
showed no significant difference. Further, Bland-Altman statistical analysis was carried out on the results obtained
from the quality control samples of corn flour matrix after 2 kinds of pretreatment methods were used. The results
showed that the 2 kinds of methods could replace each other in the detection of AFB, in this matrix. The purification
step of the immunoaffinity column method was time-consuming, 20 batches of samples take about 3—4 hours. And
could only be manually operated, which generated about 1000 mL waste liquid; while the immunomagetic bead
method used a fully automatic magnetic bead purifier, which automatically completed 20 batches of samples in 40
minutes at one time, with almost no waste liquid generated. Conclusion The fully automated immunomagnetic bead
purification method and the immunoaffinity column method both can achieve good results in detecting AFB, in
various matrices. Also, the immunomagnetic bead purification method is more efficient, easy to handle, generates less
waste liquid, and the cost can be reduced by about 50%.

KEY WORDS: aflatoxin B;; immunomagnetic bead purification method; immunoaffinity column method; high

performance liquid chromatography-post-column derivatization method

%16 &

0 3| =

HERFRGREHAEER RS, WERER
b 2 A A T U B TR 41 40 (World health
Organization, WHO) il It & [H R & 41 21 (Food and
Agriculture Organization of the United Nations, FAO)J" EL &
BRI RN 3 MREZy . i, BiEEE
B, (aflatoxin, AFB;)RHIERE AT, 268 °CLL LR EIRT

ARERRE, WK RABUE . B . SUFRiERD; 51
AN T Y R B A AR S5 7 i ) FE ), IR e WHOO g %
MhMESEEWEN 1A XBUEDST. HHELTFHEIE
(25~32 °C). EIR(90%~110%) R 5 i A B i s %, H.
R ANFES . /AN AEAESEEYD) S L b oA i
SO R, R KR rh o R 2 AT AR Ak
BAR o CHE, Huy, RS EG@SER . B, HASE
Z)¥ R E T AH R R BR AR AE, BB ERIEA . A K
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HAfil i o AFB, BRI A 2 pg/ke, FEEEREHETR
M (BN AR 20 pg/kg!'®, FKE GB 2761—2017
(EMZEEZFAME 5 E G RR R ) B
) £ i v AFB i1 AH I g B e B

SRR kg vel U TP ELiy e o o A )
¥3 £ A KE (immunoaffinity column, TAC)E:M! 1 & AHZE
L) QUECKERS 35110 AR, SR i 46 7 1 A7 A 46
HIALFRAE 2% . A EACEAR . BUAS S . RORIK . TEL
N G BRAESE R, P BA TR I 35 i B 4 1Y GB 5009.22
—2016 (frdhh iR B M G BERIMIE ) , w3k
A HEE R P8 3 AR i, 7RSO IR AU A g
., FERTACHK, FLXFRONE AL, 5 B 11 %
IR, SO SEIRAE R, WKL eR Wk, R
KRR RIRCR S . R R R RAF Y il
BERIS ST, DU DU A ek 5 i A s
o ATAECK, T %% 5 2 4l /b (immunomagnetic bead
purification method, IMB)EEHbL &M . ks . Ak BP R
B PO T N S /K v O = N LE 7 = G 2o S T
K% R A, IR H AT ARG R G208, Z A
B2 a0 SCHR[2 1] TMB 3k AT G £ 5t b
TR HE R T USRS i DNA 46, {5
Hp A% 5 AR B SRS S, IMB 3E7E4EY)
PR R R PV T A ST, A A
) 2 R 7 3% T AR 9 A2 B g 22 0 1 P28,

JETF I, ARFFCR I AFB, SO BBEERLEE KA
1 AFB, S mEER VR AR &, JFesAeAsh
o AACAIEA TR . Sy R Ty vk BV 2ol SR8 i Bk
1 AFB PLREE SR 5 AE FDEE AFB) ARE S SR BOR
PR R Sk, VR T, MR B & A ANg kAR
TR A AL R BN S wh Bk b AFB, ik 2s 454,
¥ AFB, Mg ik LV ok, 8 F 5 S8aE  aFr fds
M AL RE SR BRI ATR AR, 0 S s
BRAALAOH B ShTE BT . PURPUAZE A . e, vk
MEAEA R, e ZAF 20 AT S — 2R ) 2l AL

AW BIAT GB 5009.22—2016 H K4 =1 &k
TRAH AR JE A A R AT, SR AFB, Sy ik
&5 B sh A Ab B3 AR A 25 A i 1 1 G g8 i 2k AR 4%,
PR TR AFB, SE1 PPt R AT AL B, 5 s
SRR LRI AL B T AS 45 R UEAT LS, O B R R I AR AL
Wik5%,

1 MR5RE

1.1 #R5EH
FK AN il i (BH B ) S A A il S (B AE AT 0%):
B RS W A P E IR R B RS

QC-WM-705, Jfatf i3 0k £ K8

FALB (o at, b s L2 R A BR A v, B
B ZRE (5% g, f5E Merck /A H]); WERRELZE vhiE
(phosphate buffered solutions, PBS)(f4 %48, pH & 7.4+0.1,
U TARTT A S 2 S AG IR T AL ); AFB, bRy TR (5 Bk
B 2.00 pg/mL, 3% [E ROMER /A 7). AFB,&AFB,&
AFG &AFG, IR A FRIEE TR (BB E 5.04 ng/mL, ENFE
BIO PURE A #]).
12 UFE5EE

SECURA224-1CN 43 H7 KF-CR5 B 0.0001 g, fli[E %%
FITA ) Milli-Q #8 &7k 2 4t (%% FEAH b [ A5 B WD,
Watbule P11 4 H ShfEER4l1LAL . Welch AFB, RBk4l1L I
F &, Welch Welview BT 4% . Welch Welchrom
AFB, G5 AL A R (i) B A BR A 1], FM200
T B S AL (I ot A% i 1 2 AN R 1B A5 A B W] ); Watters
Arc BB A TE AL (BE 2 SR T #)(E . Waters /A F);
Welch Ultimate XB-C,5[0.46 cmx50 mm, 5 um, A JERME(F
T B R H]
1.3 XWIE
1.3.1 Sk mizgik

HERFRIL 5 g Sl BEAHCRIEE/NT 2 mm)YialhE, 5
20.0 mL FE S RBOR [ K (7:3, V)R B8 % 50 mL
BE.OEP, PR HEEL 20~30 min; 4000 r/min 2.0 5 min; B
2mL _BIEREAFE G T, $TIF Watbule P11 4 H Zh#G 3k
LifbAURE L, ORERE R BIRR AR R I i)
AR VA NI 3510 =) G W71 = o O 9 i = e
T [T A B, AR R R A UL, S PATRE AL
SRR AL, AR U TR &, B sE,
AR T Exh I iR G B B AR R Tt O IERRIR
o L HUE Ry A hilb RS Atk . iB1T5ete)E,
Al KORE R B RS P 1 DRIV E 28 & 2.0 mL(ME AFB,
WA EARZE 1.0 mL), 1RAF4 0.22 um SN, &
ML
132 %A FAAEEk

WERIAREL 5 gCRE A 2 0.01 @)K R AYFE S T 50 mL &
DT, R IA 25.00 mL BB K% (70:30, V:V)IR
A, A 5.0 g FALEILIY A Sl B FE, $EE 2 min,
7 4000 r/min B.0> 5 min. MERHFLEL 2.00 mL BRI INA
20 mL AiFKFRRE, FHRS LT 4EnEatil i, PEIsLrEusatti
L EEE . WA EURAEE 1.6 um. B RS AR

VA KWK IR S R S SR R N AR Y ), i
T 20 mL VRS R, B AR RBORE A SR KSR
TSR, PR AZ) 6 mL/min (1~2 7i#/s)
TRRZE N2 3 i S R A, HE 2~3 mL 2 Sl ik Ak
10.0 mL /K WRPEREF IR, 7258 hil, R 2~3 mL 28
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AT AR HERTINA 1.0 mL FREBEPEL, R334 1~2 mL/min
CNF Lif/s), WO ARl TR b, K ER R
2.0 mLo JREATJ5 0.22 pm JEAERLUE, WCHEIEHR T A0,
HLASI .
133 mtaéEin

A4 Welch Ultimate XB-C5(0.46 cm*50 mm, 5 um);
FIRERD AT RS, Waht: A M K, B A 2 0:
FEE(50:50, V:V), ZEREE: A AH:B #H(25:75, VIV); Jiik:
1.0 mL/min; #:7: 40 °C; #FARARR: 50 uL; MK ¥
KUK 360 nm; KHHIEK 440 nm,
14 HIELIE

11 Waters ARC {{ B0 B TAE 3k REHATHHE R4,
FIH] Microsoft Office Excel 2007 #kf4:. SPSS 24.0 #k {3k
BRI R ETE 2 . 95% B 5 XA N, P<0.05 FRA
WEEZER.

2 HRE5HR

2.1 GREHEHKAFISYERREEMEERER
2.1.1 SR EEHRAGRA &AL

TFREGFEFIIA 2 mL 70%F BEAKIER, AL
9 10 ng/mL 1) AFB, FR SR, LUF# 1.3.1 Fikiltr. &
TR & REE N 95.7% (n=3).
2.1.2 Sk FAwARAEZGRN

T 50 mL BEEZ.LE S, A 2 mL 70%H BOKER
B 2720 mL 7K, IIAZEHE N 10 ng/mL () AFB, A5if
W, VAT 1.3.2 Jrikiif Tt i BAEReh 95.0% (n=3),

L8R A R LR IR B S RE MO A R e O
FIAEH 454 GB 5009.22—2016 H [t 5 B.2 (>80%) Y Z
3K, ATLAR FiE—25 508 .
22 ZMSEE. fERZSHEXRY

HEFI RS UL it AFB, ARiERE 2 I TR ) 25 AR v RV TR,
FHIA Sh AR EC AR O B A bR 2R TR . EALUR, LA
AFB, W B R Aa by, MR AL FRIRAnifE &, 451 %
Y, 7 1.00~50.00 ng/mL AFB, iy FETEEIN, WiRiFL(Y)
HE®EWE X ng/mL) R RIFMEMH R, ZETEN
Y=2.22¢+0.06X, ZEPEAIEFREL r h7 0.99993,

23 BMAEENEER. EER

IAC ¥ % & R (limit of quantitation, LOQ)F%# GB
5009.22—2016 SLEJFHUAS, BiIAfEME L (signal/noise, SN)
KT 10, IMB ¥4 H B (limit of detection, LOD), LOQ H
RS, L SN KF 3 #E25 LOD, SN KF 10 1EH
LOQ. WiFh LIk EIHFI Y LOQ (0.10 pg/kg); IMB 1]
k%] GB 5009.22—2016 FLE K LOD (0.03 pg/kg); IAC

LOD R FEATH .
2.4 KKEFRD IMB EF IAC EMAREIYLRINE
AR

55X} BE SOA AR e, BRI EEN TOOKAE S, AT
WOtk LB, SRR EREE R 1,

5000
4000

S 3000
g 2000

X} B8 iy
IAC‘?{:‘% IMB#:
0

= 1000

0 25 50 75 105 12,5 15.0 17.5 20.0 225
{4 B4 Hs} 6] /min
Bl 1 JOREER 2 IMB MM TAC AL BER AFB, ) R AR K
ik
Fig.l High performance liquid chromatography of AFB, in rice
matrax treated by IMB method and IAC method

HRIE 1.3.1 SIEREIRSEI 1%, AEROKRBAPEREA ik
TG, . & 3 KRR, 3 A h
98.2%~106.0%, FHXTFR1EN % (relative standard deviations,
RSDs)H 2.56%~4.93%, I 1 fias. HRHE 1.3.2 G sF
FE, LEIORBAMEREAR PTG . L & 3 ACE IR S5 5 .
3 KA fnAR 35 B R A 99.4%~102.0%, RSDs
1.03%~2.50%, W 1 Fin. Hd MR A ok H
AFB, IAREE SR, 3 AKX EIBCR AL T 98%, RSDs A
MBI 5.0% FRBHIOKIL T P 3 eI B . RS B 3 T

F 1 KK AFB, MAREWE K #E % E SLI8(n=6)

Table 1 Recoveries and precisions tests of AFB, in rice
matrix (N=6)

Trik bR /(ng/kg)  FIMIKER/%  RSDs/%
5.0 99.3 421
IMB 10.0 98.2 4.93
30.0 106.0 2.56
5.0 102.0 2.50
IAC % 10.0 102.0 1.03
30.0 99.4 1.46

RPN I5 e IR IE B AR . L Rk bR
SER, YA T R A RO . R SRR A
A IMB 38 & T AOK BRI o ROKIE 7 S e S R
RS R IE I, SRR PR A KOKRIE T P e 4 A, Bt
TS, VERSEIY, BUS T BAFIA R
2.5 NEHSPAEE)S IMB EM IAC SEMFREL
RMBEELWER

fia] /N il s B 6 S P S NV B2 A 2.0 pg/kg ) AFB,
PRI, S WA i A TR (n=6), IMB 2P [o]
%N 84.7%, RSD A 3.7%; TAC I&F-H MK Yy 81.1%,
RSD W 7.2%. Pi#-F-HIICRITE 80%~85%Z 0], HEH)
B, B RGR AL ZE, B RS A
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PPEREER SCH R, mUER ] RE B T REER IR A, RN
THUSHURSS 5, IMTREAR T B (H iy T A R
MR, O R IILT 1AC 4.

2.6 HEFITRT AFB, B IMB EH IAC SEHEN 45 R
[ 3%

WA IR A AFB,, R PIR T X %48
FES B AFB, B HEATRRIN, HLE IR AR AFB,
HRAMNERE IR R 95%EE XN, 8%
P R 0.099, P>0.05, i t GG LE T AT, LEARS TG R
YEI(AEAE ) AFB, R, WIFRI ik i e R B B 2k
%E‘O
2.7 IMBHEEEM

K IMB eigs 3 d KeiinbR [BlseR, 5500k 2,
AR ks 3 d By OF 2o A e ik R A 2 A
83.9%~92.2%7: 47, H 8] RSDs 7F 0.51%~1.99%27 6], H [a]

HEREME R

AW ZLET IMB 35, BB m il Rl & Bea s
WESRAARAN, HE52 3 d W KOKREEBOIAR (1 DGR FOR 2%
BE o IS RO % B T . R R E W R, SR
SRAAERE,
FRiIZHRENER
R ORI LA L PR O kb e, g5 R 3.
PAFR O i T A 25 SR FE R P E X A N, R IR k39
BRI HERRE . HE— 2B XA B A5 H A AT AT AR AR t R
4 X Bland-Altman 4t i34 .

33X R HEAT IE SR A R B0 R0y 25 SR MR I R
AL, PR LRI S RS AS B E A A A, Fl T 2%
FEPERGES, TTHEATMSTREA t I, SR ER 9S%EHX
M) P B Py 0.385, P>0.05, Xof BAaskE i A6 36 Wi il )
RH BEEER

2.8

#*2 IMBZERBEEEE
Table 2 Intra-day precisions of IMB method

PR AR 166 1 d) Jndz BISCR 2058 2 d) Jndz BR3¢5 3 d)
W E {E/ % SIS/ % RSDs/%  WIEE/%  THME% RSDs/% W E{E/ % FHIE % RSD/%
89.0 84.6 90.4
88.1 88.5 0.51 83.4 83.9 0.73 91.6 92.0 1.99
88.5 83.8 94.0
3 FMEERITHERENER
Table 3 Detecting results of AFB, in the quality control samples by 2 kinds of methods
" PRUERE  pReEEKE Ok WA/ (ng/ke) P Rrsps e
i
/(ng/kg) (ug/kg) Es 1 2 3 4 5 6  /lugkg I 1%
SRSy IMB 3568 3548 3379 3357 3592 3581  35.04 3.05 -9.9
i KRB 38.91 30.33~47.49
QC-WM-705 IAC  33.66  33.14 3450 3427 3498 3629 3447 3.19 ~11.4
HE— B3] B RE AL R Bland-Altman J53:B%3:45 3
3 4%

PIE B RS HA Bt AR iR RIZ N, TdH
P 22 (H BRI 2 (standard deviation, SD)y+1.96SD., it
FFY R o 75 A 485 SR RAG B ) — Bk, eI T (.
Kk AFB, & it i af LUE AR, S5 R A& 2 PR .

4.00 - +1.96SD 3.302

g

(=3

(=]
T

o FII{EH0.568

IMB#:-IACH:
o

200k ~1.96SD-2.165

34.50 35.00 35.50 36.00

IMBIEFITACH: 14491
2 JEEEFES IMB ¥ TAC ¥ Bland-Altman 483145 5%

Fig.2 Bland-Altman statistics results of IMB and IAC methods for
quality control samples

34.00

PAKK . ANl (FRAR D . AEAE T (TEAE A1 67)
DRI, DA KR BB B A S AT B, SR AT
GB 5009.22—2016 5 =k msORM @S HEMmA
7, AT 4 H B IAC Fl IMB #ll AFB, BIRCR, 28k
FIRE, WA, Bk e iy HaCR SEAR ML, el
PR S RURE B fa B o AR PERE 45 A GB 5009.22—
2016 Bt B.2 YR, HRTiEF AR i o AFB, & BRI

A 3 i R AR RO I 5 IMB 46 H PR M 0.03 pg/ke,
LOQ 0.1 pg/kg, AMET GB 5009.22—2016 55 =1 &%k
WM g - R AT A L (TAC ¥5)LOQ 7K

FEFORFN/INZZ il it v R AT AR ISR 25, IMB A
TAC EYHAS T BT 1 VERf B2 FURT 2 B 43512k ] IMB 1
FIIACIEAMAEAE AFB, FHYERE S, S0 A tR 10 581,
PR gE FEER, W BEM 2. M523 d R IMB
P ROKZEBT AFB, MR, [RIREFRETE 83%~92% L,
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AXHARAER 2216 0.5%~2.0% 2 18], & W Jr ik FA AR 4yl
SEPEFIARE M, O T LR ST 00 2 SR A v R T A
FREE,

FA PR AD 06 6 K3 32 5 B P i R A T ARG, &6
BRI R N, U B R APy i i M8 4 s . iy
FEA t ¥ 30F0 Bland-Altman J7 SRS, PR a4
M EARIET R AFB, & RAAH BHEER, BiERA
— 0k, ATRAE AR . Ak, 4 H SR ni R alifk
BAURAR T RIS a5 50, Al frh, Ssmizk
A AR IR R R S SN, AR . b PR
B TAC BRI AFB, SCIRCR R, — kAT Rl EE 20
AR, B AT R 4 e S R )R] (i TR — K
40 min); PEARBEE D OLRLER), S6aHE, HAA
XA YAE LA, I, AR TR 50%; T S sk
FIAE A A BB G, 20 HERE SR FERT 2 3~4 h; HAEA T
BeAE, FEAEKZ 1000 mL E K .

ARG EATRIH T IMB A0 o AFB, IO E,
(BHAE R R A — 2 B R R, 5 8 7E g A
B G AR AR, DO R A IR REERIF ST
T B A R T R

SE B
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