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W OE. AZIATHEHE P EHEE Alochratoxin A,0TA) 85 T Sl 4 B LA = B4 5 45 #) 6 LA 3 78 AL
#E 2% (metal-organic framework , MOF) 44t 2t #] % 8 W 64 B Ax 4 £ 2R 47 2% B 48 0, 5 45 & & A ba 638 ik M i —#F
BAFEE B FWIR . ZHEFH O &, 2 GB 5009.96—2016( R &% 4B FARE RS PHWEEE A MR
YAk R AR AT, BB R AL, ERAY, AR BIERA P M MOF HAL R E A
0.8 mg B 7T 10 min P35 3] % KR M 2CF UG48 2 mL #e Bk (T H+1.5% T8 ) %50 6 min 3% 2] F K se Bl
LR T, OTA #9460 % #Z A 0.05~10.00 ng/mL BT 0% % £ B 45 (R?=0.998 5), % AnAr% 4 0.06 ng/mL BT,
M T AL 6 A8 3T AR EAR £ (n=3) A 3.32%, WM FE K 95.83%; L mARE A 0.10 ng/mL B, M Z AL 69 48 3+ AR AR £ A
2.09%, B F A 96.70% ; % Az 5 H 0.20 ng/ml B, 0 F AL AR AR EAR £ A 2.51%, B FE A 101.5%, #ZF %
AR RAR A % Bl xd OTA 09 Bk w5 B -5 5 7T A 2G8 o AL E WP raitit gl g e AU,

KER: MW EEE A AR S BAPAER ; BB AR I R &k ik

Construction and Optimization of a Detection Method for OTA Based on Magnetic Solid Phase
Extraction
WANG Bingchen, WANG Yifan,ZHANG Xiuyuan, HE Kuo*
(Hebei Key Laboratory of Quality & Safety Analysis-testing for Agro-products and Food , Hebei North
University, Zhangjiakou 075000, Hebei, China)

Abstract: To achieve the quantitative determination of ochratoxin A (OTA) in wine, a magnetic metal-organic
framework (MOF) material with a three-layer core-shell structure was used for magnetic solid phase extraction
of the target toxin from the wine. Combined with high-performance liquid chromatography, a simple, specific,
and highly sensitive detection method for OTA in wine was developed. Based on GB 5009.96—2016 Determi-
nation of Ochratoxin A in Food Safety National Standard ,the experimental process was optimized to obtain the
best pretreatment conditions. The results showed that the maximum adsorption efficiency was achieved within
10 min when the reaction solution was neutral and the amount of magnetic MOF material was 0.8 mg. Following
this, the maximum elution efficiency was achieved at the 6 min using 2 mL of eluent (acetonitrile+1.5% formic
acid). Under these conditions, the detection of OTA showed a good linear relationship in the range of 0.05 to
10.00 ng/mL (R?=0.998 5). At a spiked concentration of 0.06 ng/mlL,, the relative standard deviation of the
measurements (n=3) was 3.32%, and the recovery rate was 95.83%. At a spiked concentration of 0.10 ng/mL,
the relative standard deviation was 2.09% and the recovery rate was 96.70%. At a spiked concentration of
0.20 ng/mL, the relative standard deviation was 2.51% and the recovery rate was 101.5%. This method was
easy to operate and highly specific, effectively avoiding the influence of coexisting elements and improving the
sensitivity of the determination through rapid magnetic separation and enrichment of OTA..

Key words: ochratoxin A ; nano materials ; metal -organic framework ; magnetic-solid phase extraction; liquid

chromatography
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HE 2 2 A (ochratoxin A, OTA ) & —FlHr A 2
SREEVERY/N TR, IS R ) A R OR AR
PR AR H AT E R B B R P e PERCRDS, B
HA v B0 B BORAZ R B AR s
gl I DR AR 2H VRN HE B T AR 2H U ITOTA
i JE $ A A H G 100 ng/kg KT &, GB 2761—2017
(B a2 A bn i £ dh b B 22 R IR ) HUE A Y
SRR B A OTA BBREER 5 pe/kg™. HHTH A
) OTA A5 75 2 A7 153 A50BUHH €83 (ultra performance
liquid chromatography , UPLC ) R #H €533 - 53 B¢ i i
(liquid chromatography -tandem mass spectrometry, LC -
MS/MS)IOL, (8 3k SBURE o ELERR PSR, (EI% 071632
PRI IR SRS MO, Rl AT B9 OTA $2IUT 29 AR
SE , AT DN 23 A7 64 R AR AN S IR . PR ST
— ol iR PR | R R AR A B H R A
BAES .

BEXIRR I BEAR A=W 20 53 52 A% T AR BRI B
T BRI 73 BT 445 SRS BRARL IR0, Xk A A5 00 4
1703 1w A T A AR e A I A R B o Frisk SFE1RRE
>k H synaptotagmin Il (Syt 1) X H #5388 % B4 5857
PEPUN A LR BRI . 5 5 pm REBRZS & H E—Fh I
B EEER B B (BoNT/B) BT & X IEES
BEA=W5 RS R 0.4 ng/mL, ZEPRREASZLES (1 [R]ES
FUA B R RN R . Appell 520 B-IRMINE 55 i
IKVEREABRRGYE S T EAHABUR A Y OTA
PR B PO R L5 A0 oK g K, ) T K 3808 7T L
TIAEAK SN XK P RE R OTA #EAT B2 W -
T FR WY 1% 7 VR T A ORI A A T B A 0.5~
20 ng/mL ) OTA, Kz R 0.2 ng/mL. SR i F RG]
AR AT AR BT YR AR ISOR A 3 JROHEE | 7 18 AR A5 5 T
NG PRAEL, O R A A RG] ) i SR 14,

tg Yk 4 JE A PLHE 22 (metal - organic framework,
MOF) bR EAT FLEL W R s |l 3 35 P w i
o SRR A, AU LA B IRE M 1) FesO, 15 S
B8, TEB R B T HORAESNZ AL BT Si0, Fl UiOgs-NH,,
AT KR Rl B =R TS B RE TR K
Bl Fe;0,@Si0,@UiOg-NH,, I X HHEATRAL . 455
O A 65 (high performance liquid chromatography,
HPLC) , # 57 — i bt | R 8 22 5% R0 64 4 4 17 v
OTA FYIE T3 3% , AR AR it 5 R0, HPLC Az 0 &%

BT, LB A o OTA B W 5 2 7H

1 MRE5FZE
1.1 ARSI

=Lk (FeCly- 6H,0) FFE R = M (NasCeHs0, -
2H,0) . & [ (CH,0H),] . T /K B 2 £ (CH;COONa) |
1E mE iR P 7, BE (tetraethyl orthosilicate, TEOS) | Sk
(ZrCly) 2-FFEX 4 — H @ZA&(Z—aminoterephthalic acid) .
N, N-— H gz (N, N-dimethylformamide, DMF) (3
kgt ) - b E 2 4R A AL R A BRAS F 5 JEK
fi2 (CH;0H) | N Fil (C;He0) . & J5 (CH,CN) | H iR
(CH,0,) #E M 222 AOTA) FRUES (39 0 Hrdl) .
IR RTRL T A AR R A RN D 5 A sk R T K
WS T
12 USR5S

IR N 48 (KH-50 mLL) « P4 22 8 AU 2535 55 7 FR
3l & 2 ST A (DHG-9240A ) « FIGI4R1L
AARA PR A L R VR T ML (BK-FD12S) - LI AR
RN R B2 B A A 4 BT 2 fBE (Regu-
1us8100) : HAX HITACHI A &l ; 49 K # A AY (Zeta-
sizer Nano ZS90) : %% [E Malvern 2 &) 5 &= 80 A 2 354X
(CTO-20A) : HAS Shimadzu 2 #] .
1.3 Rk
1.3.1 Fe;0,@8i0,@Ui0q-NH, il £

250 mL HEA A 65 mL & " EEA 1.95 g 1Y
FeCly-6H,0, TR ZZ 1B A 0.6 ¢ FFrEEBR#N . 7E 80 ‘CK
V& AR 30 min, I FH 3 5 M A AR (A BORL . 22 S
A 3.65 ¢ TOKBEFREN , R I Sl B I, i B
40 min, B 5 KRS W) 2R 2K N 2 L 7
200 “CHL AT R SRAE AR 12 ho S 45 5 38 4o
1 53 B WS [T AR JOURE , (5 IV VR TR AL T 0%

0.1 kg 49 K 8% Bk A1 20 mL B 40K, A F)
500 mL BEFR T AEFE AL TR 15 min B2 PR 8045
ZJEMA 80 mL oK ZEEAT 1 mL 247K, I A
0.6 mL. TEOS, #£ 25 C N % 14 ho X4 2153 21
Fe;0,@Si0, [E AR 1778 R T

1 0.08 g [ Fe;0,@Si0, % T 20 mL DMF J5 , LA
0.12 g # ZrCly, FRE2 8 7 A0 H 30 min. )5 B2 A
0.093 g 1Y 2-Z EEX R IR KRS YA Wi FE 1 2)
JEFERE BN R A8 R, 120 CHIEN 24 b I 5E U L KF
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W5y B 15 2 Fe;0,@Si0,@Ui0g-NH, 75 DMF H1ig iy
— B ], HEA TR VR T JEAE 4 CR RDLIRAE
132 Fe;0,@Si0,@Ui0q-NH, I AE

1ﬁ)ﬂi"31ﬁ%?ﬁfﬁfﬁ(seanning electron microscope,
SEM)FEAAREE AT Fe;0,@Si0,@Ui04-NH,
AT FRAE . SEM 1T LKL S 1) 28 1Y 300 RN 45 48 1647
S, I3 i FH S KT AR AE 100 °CTR X AR St T
FEBFEE | S v JOK A B S RO RE S [ E TR &
S ACFE S min, B 5 38 5 kST R TR
W FA I AT DURG E 4R 2 2 A A i A T i kAR
Ak, 5 5L 5 SEM SE AT AH B35 E , P mir {431
FIHEFE S AL, FFUEA T8 75 408K 20 min.
1.3.3 WG A A B

0B OTA ARl dih I 2 -7K (50 50, KB H) i
VAR R, TE ) S B R 200 ng/mL BIFRME TAEW . B
—EBETE MOF #18} Fey0,@8i0,@Ui0-NH, & T8¢
KAHEF L 7E 120 "CF G AL 30 min, RF& A1 G AT
V& | Wi J T o ST e R B P VAR S SR

B — 5 5 B REPE MOF M BHA R T 5508, L
8 000 r/min B.[» 5 min JFFHE FIHW,BEE A 1 mL
ANTR) e FE ) OTA B TAEW , 31 pH7.4 HORER
%ﬁ%#?ﬁ?&(phosphate buffer saline, PBS)BEt4 0.05 mg/L.
) HCL A NaOH #V T7 S R pH {H . B R i
B EIR IR G A FE = A TR AT R A 2
IO, R R 58 BIS 6 BN Y R RGP MO 4 AsH 2R 4T
oy 8, 352 RIEWE AR (MG +15% FIR ) 1k
J PRI T R 53 5 AR A R VR VR o i K T
W EELED, EREERFNA, EE 3 WM
MOF #BHFE A 6] 64 F 4 OTA 1Y & 42 4lifb it 72, 7]
I DAAEAA AR Sk BE 1Y OTA ARE TAE R AE 2y X I 1928
FIU EARE RO 3 AN EE A

i HPLC KM AE M2 op OT A Jo 2 v i, [i] s )
HAR L MOF AR B 9 25 16 B2 P OTA Ji 1 vk
B ARE AN A KT RZA BT OTA (W AR

0 Ce

—C X 100
Q_ C()

K. Q HEPE MOF #REXTEE R OTA A9 [ 3%
R % ; Co NARZRETE MOF B4R 25 70 BEAE &
HOTA FiE W, ng/mL; C. A iZ M BT OTA & 44
TG FTA VR OTA Ji S B ng/mLL.
1.3.4  fi%nE &0

# Fe;0,@Si0,@Ui0q-NH, & 4 4li fk Ji5 15 2] (1) Uk
W& T 5 mL B0, PBS 88 v W B e L 7E
FR T HATOOCEIERE . DL 333 nm ALK D
S 11~15 min P H BRI FEAE I, FHF OTA 1943 Bk
Mo EFEFEE A Cg (354 (4.6 mmx250 mm, 5 wm) ,
FEIR A 40 °C, PERE R 25 WL, W ShAH B e i 4

1 PR, L shAE A O B 4 Bk B K+0.5% TR
WM NG .
£1 REEBSY

Table 1 Gradient elution conditions

WfE/min - JEE/(mL/min)  FEEAH A W% S B /%
0.01 0.20 80.0 20.0
2.50 0.20 80.0 20.0
5.00 0.20 50.0 50.0
7.50 0.20 10.0 90.0
10.0 0.20 10.0 90.0
12.5 0.20 50.0 50.0
15.0 0.20 80.0 20.0

1.3.5 R[A MOF FI& FAW pH EXT OTA W 30R
pA|

FE 10 mL 25045 43 3 e ik BE AR 0.4.0.6.
0.8.1.0,1.2 mg/mL ] Fe;0,@Si0,@Ui0O¢-NH, IF I , Z
JEHC T mL IEW R 1.5 mL .08, St iy
FA LIERG M ELE RN OTA FRiE S, IR 2
B 10 mine & 2245 95 18 2 # 4y B BB, HPLC
R4y OTA & R TR AR B

P AR HRAE | 35 PR R 45 22 v (pHT7.4) 1 H
0.05 mg/L () HCI F1 NaOH i i W F4 £ pH H 5 51 K
5.6.7.8.9 AW BFFEREE , 20 5 42 40 5 A I b 3 v
4 OTA &,
1.3.6  A[FIPEMER B AT OTA YERASCR 5

JH 5 mL 204 7 H 0.8 mg f MOF, A 1 mL #&
J& 4 200 mg/mL [ OTA FRfE S, & 5 10 min J5 2647
W5y 85 . 35 LI WS HOR A 2 mL 4050 & A 0%,
1.0%.1.5% .2.0%.3.0% W iz /) £ 05 7 e L 6 min.
ZeREY B G R B OTA S MR Ve R .

i B SRR AR HEA T [ AH 22 B AR AT 1.0.1.5,
2.0.2.5.3.0mL B9 ¥EME ) ( 2 B5 +1.5% F R ) vk i
6 min, 2853 B8 J kil LS OTA & &,
1.3.7 R[] A BEE [R] % OTA W B2k 2 F 06 i 2% 1
A

Fie R 1.3.5 #EAT R4, 43 i AE & 4E 2.5.10.30.,
120 min J5 #EA 70653 25 R0 35 R4y OTA it

P08 1.3.6 BEATVRIE, (] 2 mL A3 IR A 7 vk
JiE B ESF 1] 4301 A 2..6.10,20 .40 min, Z8 73 15 Jo A
1YW ) OTA F i
1.3.8  SEBRAE ARl

0 25 i U 2 B A T R MEVE W ) PBS
(pH7.4)HRE 10 £i5, 2 BIN AR R LAY OTA FRifEdh
e #5175 79 Hh OTA W& J& 435924 0.06.0.10.,0.20 ng/mL.
K AR ARG 1 5 42 250X & A AR BE OTA 19 4
AT B AR 0 4R 50 8, T A HPLC X&lifb )5 i
OTA FEATREIN o SR FH 5 S A 7 2 M) A v T 28, AR
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52 B R 0 75 24 05 vh OTA T 45 28] 4 A A 0 1 AR 54
OTA PIRIHA MR BE , 155 7 285 WS B b P SEBRES INAY OTA
TE S BE F i o DA TR ol 15 00 25 2% ) ) 250 VS s B YT
G, B RRIRE A S A2 R HPLC R 3 K.
1.4 ik

ARG R 3 WK, SR E b I U
B, IEAHT Origin 2021 A8 T8 A5 PR 2016

2 HREHM
2.1 EARLR

BB RO S5 FIOREAR 3531 3 i SEML ATHL 2.4
HEFTFRAE, S5 5L 1,

...... Fe;0,
N —Te,0,@8i0,
=== Fe,0,@Si0,@Ui0-NH,

30

BT %
8

10 |

0 200 400 600 800 1000
KA /mm
A. Fe;04;B. Fe;0,@Si0,; C. UiOg-NH,; D. Fe;0,@8i0,@Ui0-NH, ;
E. BHG  fRi AR AR AL
1 REER
Fig.1 Characterization results

H P LA TR ) A 3 B R e A K BORE R /N
N — TR ARG, HAR N 255 om i . 151
Fe;0, 4 K ORI 28 (4 88 TR 1 RE 08 76 SN g % T
SRR R 73 A ORI 0 FILAY B S
1, il se L Bk . & 1B AT, s AR AR 2
JGHY Fe;0,@Si0,, UL B 3G, HL2MHCPE 3 o, A%

295 nm iAo A BhALAE Si0, XA RS T ekt RE T
T HSE RN, M S e R K B E bR . & 1 ]
LS BT A B MOF #4 8 UiOge-NH,, EENZETE
H 1D AT, AR 56 2 7E Fe,0,@Si0, % i 1 B
UiOge-NH,, I B 50K 2 17 BH 5 AR 75 KRS | [R] B k7 428 1
2 455 nm A7 . 1% MOF MBFHEL A IO 55 e He e 1 A
Z WALIB L5 LA KT B AR R ey T T
Fe;0,@Si0,@Ui0q - NH, 68 1% 52 0] & 4 4li b OTA 1Y
fig Jyus200
22 RETEREA ARG
2.2.1 {1 MOF A BHH &= AV pH A

Tt MOF A4 HH & AU pH B X R4 Ak W 56 %
R UL 2,

100 -

W B85 1%
3

0.4 0.6 0.8 1.0 1.2
g MOF 4 4H ] £ /mg
100 ¢

W R85 1%

VT pH A
2 ®itE MOF # IR SR pH EXT 45 HHIR B 2802 1) 22 10
Fig.2 Effect of MOF dosage and solution pH on the absorption

efficiency of the material

I 2 Al AL, /% MOF A48 B 78 0.8 mg B %
OTA W 303k B e K, Ak S48 A o B - S 300 e
ROR TR . RTRE R A A R0 B 35 RO B A 38 AR
(RTE, [ B A R E IR 3k 22 25 BRI TR A . Bl
# pH HI K, Z A RIS OTA B W [ BE 2 7 42 =5
pH {E R 7 B B RCR A B ok, (H pH (B 4k S245 K
Bt BE T 4R 2R R %, X REJE R T pH (H4k2E T
FEA ST I , 25 0 F ALV A AE BRI T #EE MOF #4
BHE A OTA A7 19 fig A —NH, 2 8] pl &0 52
MBERNEE.
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222 PRI RS A A
TR ) F FE R A o e R X A R R A
M 3,
100

0 1.0 15 2.0 3.0
FA RS N2/ %

100

751

50

W B2 19%

-5 |

1.0 1.5 2.0 2.5 3.0

PR A /mL
3 BERRF A B ER AR N AN SE B 5 PR 2 X A ARk R B S R B 2
Fig.3 Effect of formic acid concentration and eluent amount on

the absorption efficiency of the material

& 3 Al YRR 1.5% W R 2 G TR I fie s
PR KRN . AT RESZ RS OTA Fil MOF ‘48 11
ARG B - HERUZ 52 iz a0 BT OTA 1 3
TR ZR Z —, R AT LA iz 56 vy B 5 I8 R 36, 3
o A TR B 1 i B RCSR 220, YR H & 2 mL
(R €S e S S50y N ) A TR 2 R o S
FEAR
2.2.3 AR RIRN YRR [A]

e AR RN T8 s () % A A A B2 3 1y 5 e DL 5] 4

FH & 4 AR, W BT 23 it 4 e 42 B[] B T 328 ¥
PE 1 IFAE 10 min B IR B Bk, Ak 2L AT 4K 7 42 sl ] 1082 B
BCRBEA T %, AT RESE BB o g RHZ BTy OTA H58Tis
fift T W S8 PEBLET [ AE 6 min B XT OTA A7
JIG8 3550 2% S A, Ak 8 B A R IR B [ 2 S B B R ok
OTA Bl A Ak T IR 56, 50l 0 205 % R e
2.3 HEREHIE

e R A s AR R AR pH R R R
g3 VORI g FNE S [E] R, L Fe;0,@Si0,@Ui0g6-
NH, 4 & A B TAER Y OTA 1T s 2502 .
ZJGilit HPLC M@ A OTA MR E 4 Ve 5 )5

100

e

2 5 10 30 120
B AT /min
100

B30 %

VeSS [E] /min
B 4 & S A 1810 35 Bt B i e A A g B 36k 2R A 2 i

Fig.4 Effect of enrichment time and elution time on the

adsorption efficiency of the material

TR R S PR, AR A I 0 P e i AR5 5 132 OTA
VB IR] 14 ¢ &R A ST A v i 8 HPLC A6 I 2% £ F1 OTA
PRl IE 5 frs

8

7

61 y=68830x+6448.7
5 R*=0.998 5
4

HPLCERAE I (x 10%)

0 2 4 6 8 10
OTAMRE/ (ng/mL)

Bl 5 OTA HytRi ik
Fig.5 Standard curves for OTA

S5 w] %, 1% bR o #h 26 7E 0.05~10.00 ng/mL 3
Rl , JUT 1 381 10 26 Pk 7 B2 =68 830x+6 448.7, R?=
0.998 5, %5t B4 0.06 ng/mL. [R5 Bir 25 1 A4 G 1
MOF M‘*‘J‘ Fe304@Si02@Ui066'NH2 KJFH ﬂ: H )ﬁ‘% E@ﬁﬁ
AR BT 5 HPLC 2545 BT g sr 9 77 %, AT LS 3%
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OTA HYZE BRI o 2SI 7 ¥ BAT AR Ay A6 I BR 01
CEHIERPEYE L, 7E OTA RGN b e B H 100 R A

g, H AT La g SN e e A S E p s o vy, ik — 4R
THS IR
2.4 SPRFERLAI

N T IR BT S (R MOF bk e A2 4
{65 HPLC I AH 45 5 72 52 PR i vPoR 0l A ml e
M GB 5009.96—2016 £ ity 42 42 [E G A i 13 it v
MhEE TR A AOE I E W 450 h i OTA & &, i fs
RN 2 FR .

F2 MIREFEBEERT OTA RUNERENBEE
Table 2 Accuracy and precision for OTA determination in spiked

wine samples

peg OTA JJH?F/E?Z?E%/‘ OTA W& OTA ARXT R
(ng/mL)  IE{E/(ng/mL)  HETIEE/% W Z/%

1 0.06 0.0575 95.83 3.32

2 0.10 0.096 7 96.70 2.09

3 0.20 0.203 1 101.5 2.51

HH % 2\, R 45 Fe;0,@Si0,@Ui0-NH, 1524
3 WAIGEFME G X OTA B8 4R IF To W] 5 A,
VIR A R p e tE T L R A .

3 it

Xt HbRPEE1 T & SR 4l Fl it HPLC $E 72 A
W 7E £ e R HoA R S % RETE MOF B
BEXE OTA B AP ] i 45 4 iR, 76 5N 3 M
HpE R R 0.8 mg B AT ZE 10 min PN 35 2] B KK
0%, Bl S 3 2 mL YERR (2 A5 +1.5% F R ) Ve
6 min, 75 5 (3 2 18 % b4 R 465 250 b OTA ik
134y B ali AL 5 ff 1) HPLC #EAT & A I, 24 75 0 iy
OTA & J¥ AT 0.05~10.00 ng/mL B, H i 1 e i 5 i
T AR RGP 6 2R e (IR BR 7T 35 0.06 ng/mLL,
X F GB 5009.96—2016 H P B A (14 HH FR o [] Asf
AR AT — 2 B KT R R, o — R T
P T OTA M E B R0R  IERL T 2 s 4
iR ESGR S, OTA 19 [ESCR Sy 87.29%~93.9% , it
— G YGUE T AKIFGE TR 14 7 vk RE RS IO FH 1 4 R
OTA Y SZBRAGIN o ASBIF 5 iy A 57 5 95 1 A 42 A o
PERE R 38 T SC PR A AR T O R AT S A
OTA A€ fAGIN , AT A & S 20 H OTA Bl P
WG AR L — 2 A ES AR

SE Wk
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