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Comparison of detection effect of ochratoxin A in fermented dried beancurd
sheet by different sample pretreatments
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ABSTRACT: Objective To investigate the purification effects of different solid-phase extraction columns and
establish a method for the determination of ochratoxin A in fermented dried beancurd sheet by ultra performance
liquid chromatography-tandem mass spectrometry (UPLC-MS/MS). Methods The samples were extracted with
methanol + water (80:20, V:V), purified by an extraction column, and the target compounds were detected in multiple
reaction monitoring mode, quantified by matrix-matched standard curve method. After optimizing the chromatogram
and mass spectrometry, the effects of HLB, C;3, MAX and immunoaffinity column on the purification effect of
ochratoxin A residues in mildew were investigated from three aspects: recovery, matrix effect and purification
efficiency. Results The matrix effects of HLB, C,3, immunoaffinity columns, and MAX solid-phase extraction
columns were 0.83, 0.78, 0.84 and 0.67, respectively; purification efficiency was 75.6%, 70.8%, 81.5% and 50.2%.

Ochratoxin A had a good linear relationship in the range of 0.10-10.0 ng/mL, with the correlation coefficient of
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0.9998. The standard recoveries were 86.0%-104.8%, the relative standard deviations were 1.2%-6.8%, and the limit

of detection was 0.10 pg/kg. Conclusion HLB, C;3 and immunoaffinity columns all have better purification effect.

Immunoaftinity columns and HLB are expensive and are not suitable for the detection of large quantities of samples.

Therefore, C;3 was selected as the pre-treatment solid phase extraction column for fermented dried beancurd sheet.

This method is simple, selective and sensitive, and is suitable for the determination of ochratoxin A in fermented

dried beancurd sheet.

KEY WORDS: fermented dried beancurd sheet; ochratoxin A; solid phase extraction; ultra performance liquid
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i 2 i iR S R — IR AR
RBRBEER, 5 AL B, C. D5 7 FhgS2E Mk s
Yy, HrPLIREI 2528 A(ochratoxin A, OTA)ERMEA K
Mo W5 RM, OTA HATH A E0E . B, Boeis KA
ANMEEYE | S A A P S AL R R, E R E bR
JERIEWFFT HLI (international agency for research on cancer,
TARC)S R AT REM BURI(2B 901, OTA 2—FasE
g ke, BATHE, 20 TR IR 2 a0
R PEA LR, U Tk, TESE5 IR B4R,
—AEG TR ERTR A WERAFERE. g9, SiHE
o kR, 22wt MOE. AT, AL .
IR AR AR A S T AR ARG B AR, i
P C A E 1A B BR B RRAE, FRIE 2017 4F 09 J
St A £ 28 4 L FARME GB 2761-2017 (£ 5 P LA 5 K
PR YA rp A R R OTA WA T HLE, 49 K
A OTA HIBREE N 5.0 pe/ke, @25 5 OTA HIBR
R 5.0 pg/kg, %W OTA MBS 2.0 ng/ke.

AMETIREAMX —BEREMN, W2 T &
HUERNEE, FelEr EE Tk A e Xk, &Ll
WO R . RRMEA, RSl ey s . BRI
TEWBE G ZHR RN, LREGLE T IHET
ik 13 FPEEEER PRI E, R ik B S R ok
E, s TikH OTA MUK B 1.5 pg/kg, TS5 A OTA
AIBR AR E N 5.0 ng/ke!™), KPR . BEE AT A &
{EREMHCEREN, FRaMNE N LEamEbskEw
PO, DR — R RBUE SN E & T3k OTA Y
Fari i AR A VIR

TR TH N ET B RRBAEN, KBS
SRRSO A . TYRZ, FE A ETA IR
M T 5K s OTA Al i S o o0 T8/ 6 SRR i R L
X 25 SR 5 ), [ AE 2E TR R T3 HbU N AR R S Y i
Ab PR, e R T I AEAS [R) A J57 v Rl R 7 RE ) 22 S
ARG P4al, ARk H i e &% A T4 A 5303 1,
KRB BN TP R S IR A R i fe )y, #2m T

BEIAR S A EDRCR . OTA Sk AR 2 4E%T OTA HrJRAn
PR 2 8] 5 B AR SR SR R T 2T 40 8 1 — Rl [T AH A2 BUEE,
FESORUH G tsl | SRptel Zent 2k U IR i
ERHLAT T R A7 ¥ 4k &R . HLB(Hydrophile-lipophile
balance) [E AHAE BUH: & 55 7K -6 i 1 B W B 571, B0RLR B
JEME — RN A N- M Fi n mes Jo i 6 e A4 —
FE LR A B R AL R Y, YT . FEmR L
EYA RO, 78 OTA K& /7T, HLB [#AHZE IRk
RN T T Z RS20, C g LARERE A FE TR A C g A HL
B, e A A TR A S AR LY
N O o E % W M 8 % (high performance liquid
chromatography, HPLC)YE N 7341 OTA 1Y) AN gs, | Iz
T AL OTA BRI, ARk, ME B S80RH
4, 3% - B B S 1% (ultra performance liquid chromatography
tandem mass spectrometry, UPLC-MS/MS) By ¥ & ,
UPLC-MS/MS 7EE & H OTA FrARGIN J5 T {6l P 10 A A
l7.8.15-2224.25)

H e T2 5 OTA R I i) AR AL B Fp 2R B &2,
R B A % B T oA B ) T A B SR AR, s/ X
25 T B [ AH ZE O (9 R G i ABIESE SR LR R
) 1A 24 BOORE X 85 T TR RE L E AT AT AR B, A8 S A0
IR O BT 3 7% (ultra performance  liquid
chromatography-tandem mass spectrometry, UPLC-MS/MS)
DR, #ATET KT OTA 4 T B IFSE, ATk
FEh T OTA BRI S AL T HoAR SCHE

2 MRERE

2.1 #EERH

(R RIS e AN SR PUS N o (3 I TR

OTA(HJE: 1.9 pg/mL; GBW(E)100303)1 B FE 5 &
JARHERFFE B o U-[PCoo] B . Z N1 ((3i4li, f8[E MERCK
N, HER . R (A 154, 3€E ACSlabchem A F]); &
TR, BRSO HT e, TUBEAb TR A IR A W), iR
AT, WiTLIESE AR TR ), AL ER (4B 4,
TR AT ); HLB [E A A B (60 mg/3 mL). MAX
[ AR ZE B (60 mg/3 mL, 3E[E Waters /A 7)); Bond Elut Cyg
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EFHAEBURE (60 mg/3 mL, £E Agilent 24 H]); Poly-Sery
MCX FIAHZ AL (60 mg/3 mL, ZEE CNW A ).

BRERER S vhER AT vk FREUCEILAN 8.0 g, &L
02g, WEMRE 4144 g, BRI " E 40 0.24 g hn &1k
B3] 1000 mL, pH ##3] 7.4,
22 NF/EERE

Agilent 1290-6460 i = 28 VR € 135 £ B DU B AT o2 1%
X3 Agilent A ], WA HLBTZE T IH(ESD); Integral 5
Rt K K A 2% (32 E Millipore /A 1] ); N-EVAP AR ML (GEH
TECHNE /A /]); IKA-T25 ¥JJii#8(fE[E IKA A F]); STI6R
B OHL(ZEE Thermo A H)); HY-2 KRG A5 (BER A
B2\ FD); R-210 gk 28 &AL (Jii 1 buchi 24 F); SK5210LHC
I AR (38 [ KUDOS A F]); ZORBAX XDB C g fajif
(100 mm=2.1 mm, 1.8 um, 3E[E Agilent 23 F]),
23 Fk
23.1 @&t

iR ZORBAX XDB Cig (if41:(100 mmx2.1 mm,
1.8 um); i 0.30 mL/min, A 30 °C; #EFEE: 10 uL. ¥
AH A: 0.1%HF BR/KIEW; Tahil B: 0.1%HFRIGE. #E
BEMIELF: 0~ 1.0 min, B 10.0%; 1.0 ~ 6.0 min, B 10.0% ~
90.0%; 6.0 ~ 7.0 min, B 90.0%; 7.0 ~ 8.0 min, B 90.0% ~
10.0%.
232 JRig&E

BTUR: R B TUR(ESD; H R IE R T
(ESI+); #ir=t: 22 )i Wil (multiple-reaction monitoring,
MRM); THEAHREE:350 °C; TR 11 L/imin; 254b4%
J£71:45 KPa; B IRE:450 °C; A 7#:12 L/min; B4
BHE:3.5kV, OTA & OTA HINFRY) U-OTA ) MRM ¥
T AAEDE TSSO 3R 1.
233 LA ®

1) $#2H

TR SR, R4, RIUKFE 25.0 gOk
%] 0.1 g), BF 250 mL =M, MA 100 mL $2HK
(47K, 80:20, V:V), LA 10000 r/min )57 1 min, #BA#
B 10 min, & SEIEACTUE, BHL 4.0 mL I8 ANA 26.0 mL
EIRER S R 51921, TR215E T 10000 r/min % 0> 5.0 min,
B RAE IRV A & H .

2) #Hik

HLB EAZERGE: 38 A @1 TG A9 HLB [EAH%E
Bk, FEMAERR I, SoA S mLKHS mL30% H Bk %
WMPE, FERWPER, fUEMT, BJ5H 5 mL 0.50%F @&
F VLA, PR MLE 40 cCHIASIRT, HWIIATR S E %
% 1 mLJ5E, & 0.22 pm MALUERE, R,

C g AR SRV A 1L T5 105 (1) C g [EAH A HURE,
FEMATRR R, A S mL Kbkt 2 Wk, FEMuem, e
T, HJ5 M 5.0 mL FERGENL, VEMGEAE 40 "CHASRK
T, FIWIARRAIAHER R 1.0 mL )5, 3 0.22 pm fFLUENRE,
RV

MAX [FEHIZER:: S8 A 50 I MAX A AEEL
RS, 5.0 mL /KibksE 2 Ik, EMVER, 7
JEhT, e 5.0 mL 0.20%Z BRI BEVENR, MEBRAE 40 °C
HARAWXT, FAPIGRAHEARZE 1.0 mL J5, £ 0.22 pm fif
FLUENE, R,

BREEFIAT: TR A 2 e S AR B TR 4R 37
J&, MK 10 mL PBS ZZoPi . 10 mL /KikBE 2 ¥k, &
WP, BT, BJ5H 5.0 mL BEY 2 REe, v
WAE 40 "CHAAMT, MPIIHREIAHERE 1.0 mL )5,
it 0.22 pm LIRS, R,

3 HRESR

3.1 FEFHHMRK

FARAE L E S, 100 ng/mL B OTA FRifERSBAE IE B
TR AT B 24, #E OTA M+ &8 mz
404.0, I T RRI S ECANAF L R | TR R R X B
ERRZI, 0 SRR TR R o 80 eV, 43 T — & MY filf
L, il OTA 19 2 MERE T4 mz 358 fil m/z
239, HiE B AERIREIE R 25 eV Fl 15 eV, OTA PRifEd
W BT L 1,
3.2 BEEHRmK

A J5¥E B T ZORBAX Eclipse XDB-Cyg #E |
ZORBAX Eclipse SB-C g #: /1 ZORBAX SB-Aq 143 1
SR, KB ZORBAX XDB-C4(3.0 mmx100 mm, 1.8 pm)
FERCR A, OTA PRV (10.0 ng/mL)) MRM 3% &
WE 2,

F1 UEVNSRNENRESH

Table 1 Optimized MRM parameters for the determination of compouds

F5 Hirtb & BB T (m/2) TE (M2 R4 /e V Rl L /e V 94 B2 B 8] /ms
1 OTA 404.2 358%/239 80 25/15 200
2 U-OTA 424.1 250 110 25 200

HERE T
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x10?

1:‘3‘2 F239.0

125 F

1.15 |

1.05 F

0.95

0.85 F

0.75 F 358.0

0.65 |

0.55 F

045 F

0.35 F

0.25

0.15 F

0'05 : 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ]

240 245 250 255 260 265 270 275 280 285 290 295 300 305 310 315 320 325 330 335 340 345 350 355 360
THECS BT H(m/z)
Bl 1 OTA BRiEFR IR (10.0 ng/mL)H 5T % &
Fig.l MS chromatogram of standards solution(10.0 ng/mL)
x103 o 2 XL

26 FEJTRAE S R LA B A A, R R 4 4y B
24 — b S > ./, N E=—=e i Y ~ A
o [ AREFMTH, Hwmm e 25 R e, X TP
f-g C M 7 Ay 5 T A58 o 68 S 3y R Ay 2 0 o 2 3
16 [ ASCR PSR B AR 2 B0 5 2 1 3 o R B 5 4 77
ik TG FE AT D 0 8 T A SRS, 5 2ot R PR S
10 [ SRRV (matrix effects, ME), BI/AZ: ME=B/A,HH A #1 B
oe SRR AL RV BT T L, Ok TR
82‘ N K\ > B SO AN XA DU 25 SRR, T SRR R A R
) eewererewwr———" FIALFR 775, T A 28 BURE A A A 500 T o 22 S8 s 1)

2.8 3.8 4.8 5.8
it ] /min

B 2 OTA FRUEFFE(10.0 ng/mL)Y 235 &
Fig.2 MRM chromatogram of standards solution (10.0 ng/mL)

1.8 6.8 7.8

3.3 [EEZEBHERILEE
33.1 EARF R 6= R

B 1.0 mL A9 100 ng/mL FY OTA ARiE alEw, nAZ
K, EAE 10 mL, Bl AARERREKE R 10 ng/mL,
HLB [EAHAEIURE, C5 BIAIZEEUHE, MAX BAIZEEU:, fay
FEANREPU R E A AU, AR B TR AR S,
b 1.0 mL ARUEVE, RIELL FAL R T R L
MR, THE ISR IR, 45003 2. W& 2 ATLUE
i, HLB [FAHAEEURE, C g REAHAEIRE:, A6 35 fAE X OTA
IRR R A B A IS, DGR E>95% . MAX [ A
EIRE R TSGR, IO 65.3%.

R2 4 MEHEZERENEYE, ERYEEMAEHE
Table 2 Recoveries, matrix effect, and process efficiency of 4
solid phase extraction column

HLB Cig MAX B g% SR AL
B/ % 98.7 97.4 65.3 95.2
AU 0.83 0.78 0.67 0.84
AR /% 75.6 70.8 50.2 81.5

K HF LI . (B2, WFARRSHY), 05558
R0 7 o DG (F2 05017 5 ) e/ N R I AR 33 7 5

AR SCRRAGE, SR AT HLB, C s, MAX [EIAHZSIEE,
GBS AT 4 ol [ AH AR BORE A 25 T 5K AE S A HITAR 3, SR
F R PP FE TR P i, PPN 4 B B AHZE O AL B 25 T
SRAR S SR IR . TEARRIAY OTA ¥EBE(10.0 ng/mL) T,
BT IRARRE 4 RS REAE2E BORE J5 A 3 504500 175 20
W32, M2 ATLIEH, il 4 FhBARZE U AL B 25T
AR R ERR B T R FERR A SN o o MAX AR
TBURE A SE TR0V P e, R0 K 0.67
333 EFRHSEEE

PR IR R UE TR, BUASUEW A, HL9.0 mL W A TN
A 1.0 mL i 100 ng/mL 1) OTA Frufii e AT, Fe il e
JEFRE TR Y 10.0 ng/mL, 4351t HLB, Cig, MAX [&
AHZEBURE, G2 iE 4 FpRIAAEIOH, S bBom AR
FoK, E4E] 10 mL, KlPF b kg, #eh OTA
VR BE R LA AR AL 3L BT OTA FR T T MR BE 15 2 LRI,
RN 2, R 2 WJLAE Y, HBe s A AL 3R i
&, A 81.5%, MAX [ FHZE B A b SR IRAIR, N 50%.

LEA G EINbR MY R, JERAN, Wb sR . HLB,
Cis, SRPEEAA I I a5 5y, FETTIIHIVE FIAS KR, 4
SRR, &R T SRR, W] LG i 25 e
T 7 B 2 R PR T2 T e A58 g ol A0 25 5 %) B i
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MAX B 2 BOR: () A SOR RAR, NS A 82 T 9
ATALEE
34 FHEMZMSEESHEXAY
PG FRiIe g R HLB, Cs, S EMAEHS

BOE AR TR OTA Mk, {HAaReE MM HLB 4y
BB, AAKIE A RHCEAEA RN, FILER: Ciz BN
B TSR i B A B AR A BOR:, S5 SR FH N AR 591 PR 3
FRRUNL, FEELIEATRTAL RS, 7RISR A SEER A e . 4
JEW], OTA £ 0.10 ~ 10.0 ng/mL 75 P B A RAFRILR I,
FAS S I )5 B R Y=8.67x10°X+3.94x 107, 26 R E(r?)
9°0.9998, LA 3% {E M Hb (SNYHE 2% 005 25 (0 H BR (limit of
detection, LOD)# 0.10 pg/kg, 10 ff5{5 M HL(SINYIH 53092 1
14 %E & FR (limit of quantitation, LOQ)>4 0.30 ng/kg, HikR
S B
3.5 foAREIER

VIS ATk T 3 K(0.30.1.00,10.0 pg/kg)
Y OTA JINARIENARSEES, S5 3 3, WAk IR Ak %
BEREYT  OTA FRMER) MRM (i ILIE 2, 25 FHEER IR MRM
EIREILEL 3,

#*3 BTHKERD OTA MARE R B AR IR R ZE (n=6)
Table 3 Recoveries and relative standard deviations of OTA in
fermented dried beancurd sheet(n=6)

WA/ (ug/kg) [m] 1 %/% AEXT A HE D 22/ %

0.30 86.0 6.8

1.00 104.8 2.1

10.0 94.2 1.2

x10°
1.7
1.6
1.5
1.4
1.3
1.2
1.1
1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

0—1|||11|||||||I1|||I||||I||||I|||1|||||I|

0.8 1.8 2.8 3.8 4.8 5.8 6.8 7.8
it ] /min

T T T T T T T T T T T [ [T 77

P32 EEER RS 10.0 pg/kg 19 MRM i &l
Fig.3 MRM chromatogram of blank spiked with 10.0 pg/kg
standards
3.6 SEFRHESNE
BEHLAMIRTT 7 B Ode TokbERD 10 1, &M Bk
PEATAGIN, SR FH AL VT BC b i M 2R A0 7 i b A T g i, 4521
B H OTAL

4 &

ARWFSEESE T LI K (80:20,V:V) 3R IUK, L Cig
A RE U A e A T B, — 5 DU AT 5 3 Ay A S 2 1)
T-ikrh OTA (R Jr3d o 43l He 48 HLB, Cig, B 5 FIEE
MAX [E R A BORE (L RN, b ROR N SE I 25 SR R,
HLB, Cy5, %fEEMAGECRIE 70%0L 1, S48 T
i OTA [AFE L ATAD IR, H 24738 2o 35 5 DG B offe i 2 s
B BRI SE N A2 B A R A . R AR HERE fh Y
R A, B3t Cog AF R8T 5KAE i 1 iy Ach 2 1 4 2
HURE, 207 DR el R, T E TR R OTA
OF il
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