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# E: BM E I S FORER A2 A — S MR A H AR R R RN | IR AR, Tk
T BB S5 A0 1) G 0 S RN AL, ST R S R T Ak B - R o SO A €8 T - BB B B 3% 7 (ultra performance liquid
chromatography-tandem mass spectrometry, UPLC-MS/MS)ill % 2 W+ 16 M Bai i Hik. A3 Uik
ML 5 FAR 28R QBRI TS 5, AULE 1 UPLC-MS/MS, 762 i Wil FillE, W67
NI ER, T e A EUE R RS A2 A | D R R 8 Tk ek I S SR AT, F T e R A
FEVEREVEAN R 5 A B0 e, S 20K 7 bk T T S2BRAe al A I o 5 5R SRR MIAE A X0 16 R B RE R TE
i, w3 ANESINACE Y HA BAF v AU 25 52, AR (M3 TE 83.6%~126.8% 2 8], AR AR fii 22
0.2%~18.4%. F: A NAEE R R KR TAGERAG IR, AL HETE 21.8~1317.5 ng Z[0]. IS 2R FIAL A &
AR A, 25 FARRE RAELNEE BN R FLAT, HOER AR T 0.99, Ry 0.0010~0.2000 ng/g. 1
2T VR A BT RN SE BRAE AT A, TR S I (I TEAR R Y N SEBRAE S RE S A D B AROK
PRI ERER M, EHEBE SR S EE AR DR B o G AW L e R AL A V]
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ABSTRACT: Objective To screen the immunoaffinity column with the best performance by comparing the
detectable target toxin types, recovery rates and stabilities of 5 kinds of different commercial multi-in-one
immunoaffinity columns, establish a method for the determination of 16 kinds of mycotoxins in milk by
immunoaffinity pretreatment-ultra performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS).
Methods The milk samples were purified and enriched by 5 kinds of different multi-toxin immunoaffinity columns
respectively. The optimized UPLC-MS/MS was used for determination in the multi-reaction monitoring mode and
quantitation by isotope internal standard method. The immunoaffinity column with comprehensive coverage of the
mycotoxin pollution types in milk and the optimal recovery rate and stability was screened. The performance
evaluation and methodological verification of the immunoaffinity column were conducted. Finally, the method was
applied to actual sample detection. Results The immunoaffinity column A showed good accuracy and precision at
low, medium and high addition levels for the 16 kinds of mycotoxins in milk, with the recoveries of spiked samples
within the range of 83.6%—-126.8%, and the relative standard deviations of 0.2%—18.4%. The residual levels of each
toxin in column A were below the limit of detection with a column capacity of 21.8—-1317.5 ng. The purified samples
were enriched with immunoaffinity column A, and the linearity of each target toxin was good in the linear range, with
the correlation coefficient greater than 0.99 and the limits of quantification of 0.0010-0.2000 ng/g. The method was
applied to the detection of milk quality control sample and actual samples. The measured values of quality control
samples were within the marked range. Lower levels of aflatoxin M, de-epoxy-deoxynivalenol and fumonisin B,
could be detected in actual samples. Conclusion This study verified that screening immunoaffinity column A is
applied to the determination of 16 kinds of mycotoxins in milk, and its column residue and column capacity can meet
the determination of mycotoxin pollution in milk. The method is proved to be accurate, reliable and sensitive by the
methodology, and is suitable for the daily detection of 16 kinds of mycotoxins in milk.

KEY WORDS: mycotoxin; milk; immunoaffinity; ultra performance liquid chromatography-tandem mass
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L[4 7 2 (mycotoxin)f& ) 5 FL G ™ A 19 R AR
W, EREY SRS o AR, FEARE NG
# (aflatoxins, AFs). M55 &4k 7] 4% 17 (deoxynivalenol,
DON) K HAG A=Yy . K th#5 2 (fumonisins, FBs), T KR8
Jé i (zearalenone, ZEN)FI# %5 2 2 (orchatoxins, OTs)4,
HIN# RS BAREIMWEYE . BOW . L dE
g E AR L Hh AFs 2 1 E8URY, XA RS
FEEF; OTs #1 FBs /& 2B 255Uy, *F AR BeAT BUS M
FAT, AR B 5148 A TR 2 2R 75 Y ) R e A i e
SN A PE  US AE HAR R R E FRE, A
KEARAR., #4EE . METREEFMWEIORE, @
AT BRI . B EEER, Hw etk
— H AR AL S A A T R AR B R R AR
w B L FOR B AR O s e Rt At ep
ZRTEM AR N E &R B, (aflatoxin By, AFB))Fl
WA # 2 M, (aflatoxin M,, AFM,), 1 AFM, 2 AFB,
TEA W R BT, R AR RN 2L b s e 3R e 1Y)
HEH R, BB IZE 5 £ (Codex  Alimentarius

Commission, CAC) ., KK I35 o = 7E N 2 E 3
Kb AFM, I BREEZERAE R 4%, HlE T AFM, 7
R P ) B KAk B BR B (maximum residue limit, MRL), BK
M7 5127 Commission Regulation (EC) No.1881/2006 of

19 December 2006 setting maximum levels for certain
contaminants in foodstuffs (consolidated version from

28/11/2019) ML E 7E AR LB T 2= W5 b AFM, 1
MRL 7352 50 #1 25 ng/L. & GB 2761—2017 { & it %
A FE AR E B B R B ) MLE LS FL P
AFM, (R EEAEN 0.5 pe/kg(FURHE A FLATEE). Mok, 245
AMEH PR E BT OTs. ZEN, T-2 # % . FBs Al
DONUOl ST IR 1R AFM, ISFERE ) 2 BF5T, (i st
BER MBI PG DU A ES 2 . B AT b HoAh B A 75
FHWE T Z, ey A 2R R TR 2 (R R
(i v RO R

AL AT AL P SR B R A AR, 2Rl S FLH
TP EC R AR I A XE S S PR, EETE DL ARSI A
it 5% 46 95 W Fff 7% (enzyme-linked immunosorbent assays,
ELISA)!" 2| R0 AR (3% -5¢ A6 32 (high performance
liquid chromatography-fluorescence detection, HPLC-FD)* 24|
YRR {63 - T 18925 (liquid chromatography-mass spectrometry,
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LC-MS) Rl 43 BT 127, Horh ELISA HoA R
LRI N RS X WS (EN A e ¢ SRR e LI
2 T A A, AR IEHUETr % . HPLC-FD X T H
BRREI SO R, T BT A A O B T
W, ZHEERA G LN RBR B S 20, Bk 2
T AFs FIREHHEEEER A (ochratoxin A, OTA)IAGIN . ifi
LC-MS SR EA EME | B HERH F0 2 2 R i 2 i A8
B, B R BUEBAR, W0 R - AR B[ AR AR
(solid-phaseextraction, SPE)&§ 4k 5 I X LA ik 21 1 2 1 R
{08

3% S5 AL (immunoaffinity column, TAC)E L+ AR J&
—FPRRIRIY SPE LR, RIS HUASE 455 s 2,
RN RS SRS RE M ERE R EPURL &,
WEEBREE R TP BT, AHLERIER Bt R, AE
WG BirdER, KRR ERAHME, MEZRGER IAC
BRMETE, Bl S G R p it mgs i, st el
AFBs, OTA. ZEN % ZATIHAE R A &4 . ZHARIEMR
BRI b )z, TR T AFB, it
% B, (aflatoxin B,, AFB,), ¥ & X G, (aflatoxin G,
AFG)). #MEHZE G, (aflatoxin G, AFG,). OTA. #l
ZENPSL 145/ 13 FH T A= 05 i ARSI o bl TS [ Rl 45
BPERFAER AN, IRESERPURERFE ., &
TN, FEA- G5BT s A R 5 58, R,
AN 5 FARF 28R IAC BIPEREZ 84 L, K
TAC 5/ /& B0 A o 33 - AR 16 5T 335 ¥ (ultra performance
liquid chromatography-tandem mass spectrometry, UPLC-
MS/MS)454, FITIEFWirh 2R B aE 2R o I e
SRFIRE A P B RN ECRRT 25 3R A, 2 A0 rh EL R 3R A
D) RBUZ, A5 LR 2R 15 G M B AL ) 2,
A LT R AR R A KU PP A SRR S

1 MR5ERZE

1.1 MR5RF

BRI AL T2 MR T, S5 R AkE AGRER
KAHH, 2 mL) | KA TR FIA BHZ & 10~500 ng, 2 mL) .,
B AR E RS CHEA R 200~5000 ng, 2 mL), E A& %PE
A DAEZRRE 100~5000 ng, 2 mL), &-&GyEEAR:
E(FEZ 5 100~1000 ng, 2 mL)(TH3%R 1),

HIEE ZIE[ @i at, FE KRB R E)ABRA A];

WA (B3 26, ¢ Sigma 2 W), R £k (phosphate
buffered saline, PBS)ZZ & (pH 7.4, 3% Vicam A +]); &l
B RIRAARER(AFB, . AFB,. AFG,. AFG,)(fiht i
3514 2.0, 0.5, 2.0, F1 0.5 pg/mL). AFM; ., T-2 TEZE M HT-2
FRIRMBRMEATR . DON (100 pg/mL) , ZINAA S IS5
/7 (de-epoxy-deoxynivalenol, DOM-1) (50 pg/mL) . 3-Z.7%t
JRL 15 42025 JE ik U] TR M4 B (3-acetyldeoxynivalenol, 3-A-DON)

15- 2, 1k 3 B8 480 25 )65 Sk U 18 5 B (15-acetyldeoxynivalenol,
15-A-DON) . ZEN (100 pg/mL). = K 7R % [ (zearalenone,
ZAN). a- T KHRE NI (a-zearalenol, a-ZEL) (10 ug/mL), f-
TR IR B M B (B-zearalenol, f-ZEL) (10 pg/mL), a-F KIREF
% (a-zearalanol, o-ZAL) (10 pg/mL) . p- £ K IF & BF
(B-zearalanol, f-ZAL) (10 pg/mL). 1R ThEE 2 IR FFRE M
(FB,. FB, #l FB;) (50 pg/mL). OTA (10 pug/mL). #% il
% B (ochratoxin B, OTB) (10 pg/mL)(¥HF] Romer
NG

[l % bz PC-# i E# % B, (PC-AFB, 0.5 pg/mL),
Be-# &5 % Gy (°C-AFG,, 0.5 pg/mL). PC-i i # %
B, (PC-AFB,, 0.5 pg/mL). PC-#H&E#HZE G, (°C-AFG,,
0.5 pg/mL), PC-EMEE R M, (PC-AFM,, 0.5 pg/mL),
BC-T-2 ## (25 pg/mL). “C-HT-2 #F%(25 pg/mL). “C-
JB 4SS T ) T R (1 C-DON, 25 pg/mL) . *C-3-Z kAL
AR (P C-3A-DON, 25 pg/mL), PC-F KR
TISEA(PC-ZEN, 25 pg/mL) . PC-# M EHZE A (°C-0TA,
10 pg/mL) “C-fk %3 &E B, (°C-FB,, 5 pg/mL), PC-{Rk 5
FHE B, (°C-FB,, 5 ug/mL)., PC-{k B #H % B, ("*C-FB;,
5 png/mL)(HEHF| Biopure A H])o
1.2 (HE5E%

Vortex Genie2T %! jig % & & #% (35 [ Scientific
Industries 23 7l); Millopore Milli-Q #4li /K4 (3¢ [# Millipore
/N 7)); ACQUITY UPLC I-Class # /& %0OBUF 4,35 -Xevo
TQ-S = HPUMATF IR X . CORTECS Cjg fAi4:(100 mmx
2.1 mm, 1.6 um )(3&E Waters 23 ]); MS304S J7 432 —H, T
K-(Fit: Mettler Toledo 23 /).

1.3 XWHE
1.3.1 AR/ 6 Be |

o3 B BUE fik 1 FLTA 75 RARER I, I ZHE/7K (50:50,
VR R R W, FER ALY 80~4000 ng/mL. 1%
WM A v, WERBFREL 14 P ECRH 25 2 N ARAR IR Sh TR 1
% 20~1000 ng/mL, LA I fi#%& B & T-20°COKF AT
132 Hmara

TERR RS (R RESL 10.0 g, IR SARER R,
IMAPNARIR G, RHEIR ST, EBCE W 5 g stk
B E L, A He LR AR HR B A TR . R e R
AT kA 225, BRI RRAN R : K Haie S5 AR
B, FEEERTEAENRARR S, A iRk
TR . TEEIERTS, REAERRORLL 1 /s B B E
R SE R, fr i, A 5~10 mL REEEF LA
1~2 1%/ B JBE 30 20 SR S A oI A 3 mL Y %/ 2L 18R (98:2,
VB, A5 EE 30 s~5 min J5, RL 1~2 /s B
PEATUEME, USR], 76 40°CR/ PR EIET, 1 mL
VIR IS, FrdERE T o
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e
WA (1 252k : CORTECS Cyg (38 4H:(100 mm=2. 1mm,
1.6 pm), FE 40°C, JERERRL S uL. FEIAEA 0.1%H fR K
W (A)-Z 5 B), W 0.35 mL/min. 3 U B FET
0.0~7.0 min, 10%~60% B; 7.1~8.0 min, 90% B; 8.0~8.1 min,
90%~10% B; 8.1~10 min, 10% B,

BG4t RAEBE S T, BAEHRE 3.0 kV
(ESI+)/3.5 kV (ESL-); & IR 150°C; 2% 5 iR B
500°C; BN 800 L/hy 22 K207 Wi il (multiple
reaction monitoring, MRM#=; EALJG Y 22 Fl BT &%
BEF. FEFRIESHOLE L.

1.33

13.4 #4EAE
1 Excel 2019 1 Origin 9.0 #AE 3475008 4347

2 HER55H

2.1 (UESBEHRLIEE

22 AR R ERBRBEZE 1 pg/mL, 573
AHIE T combine 1552 T i HEAE 23 AL 1/ 671 B A0 R i
HERAAW B EmN, Hrh AFB,. AFG,. AFB,. AFG,.
AFM,. T-2. HT-2. DON. DOM-1. 3-A-DON. 15-A-DON.
FB,. FB,. FB;. OTA. OTB M [FI{iZ Wirib-&WTEE

=1

Bt EYRIESH

Table 1 MS parameters of targeted compounds

HHHR ESI B B £ 83 5} [12] /min ERETIEEET HEfLHLE/V filf {2 H, e /e V
AFB, ESI+ 313.1 4.22 241.2/285.0 10 34/20
AFG, ESI+ 329.0 3.85 243.1/311.1 36 28/20
AFB, ESI+ 315.1 3.90 259.1/287.1 8 26/24
AFG, ESI+ 331.1 3.53 245.2/313.2 20 18/20
AFM, ESI+ 329.1 3.24 243.1/311.1 36 28/20

T-2 ESI+ 4843 6.00 185.1/305.2 15 17/15
HT-2 ESI+ 4253 4.76 245.1/263.2 13 12/12
DON ESI+ 297.2 1.38 203.2/249.1 20 16/10

DOM-1 ESI+ 281.1 1.83 215.0/233.2 12 12/11

3-A-DON ESI+ 339.1 2.73 203.1/249.1 20 18/10

15-A-DON ESI+ 339.2 2.65 137.1/321.1 18 10/8

FB, ESI+ 7224 3.94 334.4/352.4 42 40/32

FB, ESI+ 706.5 4.76 318.4/336.4 40 38/38

FB; ESI+ 706.5 4.44 318.4/336.4 40 38/38
OTA ESI+ 404.1 6.39 239.0/358.1 21 27/13
OTB ESI+ 370.0 5.43 187.0/205.0 24 37/23

BC-AFB, ESI+ 330.2 422 301.2 8 20

BC-AFB, ESI+ 332.1 3.90 303.1 42 24

BC-AFG, ESI+ 346.1 3.85 257.2 18 24

BC-AFG, ESI+ 348.2 3.53 330.1 6 25

BC-AFM, ESI+ 346.0 3.24 242.0 58 40
BC-T2 ESI+ 508.3 6.00 3222 15 15

BC-HT-2 ESI+ 447.0 4.76 278.2 13 10

BC-DON ESI+ 312.0 1.38 283.0 18 10

3C-3-A-DON ESI+ 356.1 2.73 330.1 6 25
C-FB, ESI+ 756.5 3.94 356.4 42 40
3C-FB, ESI+ 740.5 4.76 358.4 40 38
3C-FB; ESI+ 740.5 4.44 358.4 40 38

BC-0TA ESI+ 424.1 6.39 250.1 21 27
ZEN ESI- 317.2 6.37 175.2/131.1 16 24/29
ZAN ESI- 319.1 6.32 205.0/275.0 48 22/20
a-ZEL ESI- 319.1 5.54 159.8/174.1 44 30/28
B-ZEL ESI- 319.1 5.01 159.8/174.1 44 30/28
a-ZAL ESI- 321.1 5.41 277.0/303.1 10 25/22
p-ZAL ESI- 321.1 4.90 277.0/303.1 10 25/22

BC-ZEN ESI- 335.0 6.37 185.0/290.0 30 24/28
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B R 0 Y #88F; ZEN, ZAN ., o-ZEL ., B-ZEL ., a-ZAL .
B-ZAL A£G F R T ma R e, AR A e iy RN S AR
BT MR . PP F R AR T, T
FAML R, RfbREE . ERRN BAn b, etk
K, AFG, fll AFM,, a-ZEL 1 8-ZEL, a-ZAL Fll B-ZAL, FB,
M FB; MRS SR, HEAMREMNEFX, T EiR
B — L OIS S B, B E T, T2k
TS AHES B S o i . AR A T D A
ACQUITY UPLC BEH Cjg (100 mmx2.1 mm, 1.7 pm)F
CORTECS Ci5 (100 mm=2.1 mm, 1.6 pm)Z>HI7E 0.1%F iz
K- 0.1%H R 7K - FE PRI sl AR A 22 H 43 B 300 o
gE LRI, CORTECS C 7E 0.1%H BR/K-2E RGP gl
fr A R EE W N, R AR, B R AR
FAREIMI AR SE IR LR 43 B, FFARAT R R VA T8 RIS 2 i 1
e 1.3.3 I R F. 22 FIERSERLAY
KL R Z BRI RS SN 3R 1 R .
2.2 %HEEIAC HIMEELLEL

ATy R A R i A G 928 S A BURE B R HLAE I L
4 LR AR 0 5 o R 3 B L B R AR R (1)
FI BRI A5 5 24 05 3L AR A 3, vl ol Kk
TR i RO . B b A S B R A O SRR i B
TR, 1A T B A A Y AR B TR X O 1 5T
WA HEITIREG ) PBS B ERBGA N, SO E ke
A, ik SEReY RS SEN. 2SR

W R AR A AR, O S oM B R 2 R W
PE5 pH, [FIEFH KA AR SA PRI, &
SEB AN B AR AR, ORI R U L (2) B AT
FERRE GRS ZFE RS R RS G 4~7 B
FHW X, U5 AFB,. AFB,. AFG,. AFG,. OTA . FB,,
DON, ZEN #l T-2 %, MRz Mayiik 5 S E245460
MR R IR, ARG PR S RS A2 22
FhEE B ILFIME NG, B4 5 P e L R X 4= 4 o
22 FEER M B B AEACR, PONIHGE 1 BE 2 57k HAnsE R,
PR G SR AR TE FH B R 280

AW PR R 3 AT AR S5,
St AL B, C. D, E5F ICA %} 22 FEE2 i Ml R 1
B, WSk 2 iR, WEERFTLIE B, X T AFB,. T-2.
DON. ZEN F1 OTA 5 fhi WY B & ZE,A. B, C. D,
E 5 Fp G o AR AR HAT S0 1 s AR o XFHE T 248
P R AFM,, REERAF A, D. E #REKT
0.5 ng/g B4 RIFM 7 L Ew e R e k. BR T L L& &,
B SE AL A XHAXH AFB, . AFG, . AFG,, HT-2, DOM-1,
3-A-DON. ZAN . FB;. FBs & H A lith 2 14 (RIS 5 ROk 2%
(& 2). BLHAGIE R A TR BES R IR E 22k
R E G E L HA R BREMNSEGEES, SHT4
HiZ 16 FREET R 0K, 16 FhELE 7R 0 MRM @&
WE iR B, ABFRERE R AT A, %58
AR IR B, IR R T AN L

®2 S HBERMEETEMITKF THEYESHERE@N=3)

Table 2 Recoveries and precision of 5 kinds of immunoaffinity columns at different spiked levels (n=3)

oy iz 2K A B C D E
/(ng/g)  ICHE/% RSDs/%  BICHE/% RSDs/% /% RSDs/% [BIKH/% RSDs/% [BIK#/% RSDs/%
AFB, 0.004 116.3 13.7 96.3 16.5 133.8 19.8 103.8 5.1 103.1 6.0
0.040 108.5 8.5 94.5 1.1 100.8 2.8 97.4 125 94.0 12.4
0.440 94.9 40 1043 7.6 97.4 4.1 111.8 109  101.8 3.4
AFG, 0.004 113.3 18.4 ND ND 82.5 87.0 ND 141.4 ND ND
0.040 98.4 2.7 81.9 1.1 109.9 59.0 115.1 333 81.5 25.6
0.440 107.5 14.1 113.4 10.5 1213 0.4 96.1 69 1021 11.6
AFB, 0.001 115.0 43 1357 4.0 215.0 16.4 97.8 402 1418 18.2
0.010 106.5 33 1155 43 107.0 17.2 107.4 139 1425 131.2
0.110 91.8 10.0 37.0 42.7 93.7 0.6 90.6 3.3 93.6 6.0
AFG, 0.001 96.0 8.8 1400 20.2 160.0 17.7 ND ND ND ND
0.010 99.5 16.9 68.5 25.8 84.0 37.0 56.0 22.7 ND ND
0.110 106.4 23 1083 3.6 104.6 6.8 158.4 14.6 ND ND
AFM, 0.001 112.0 17.2 27.0 60.6 77.0 40.9 72.0 5.4 ND ND
0.010 101.5 2.1 106.5 31.2 79.5 25.8 75.0 170 103.8 7.1
0.110 1113 6.0 51.0 32.1 72.9 37.6 83.3 107 1520 4.7
T-2 0.2 105.6 7.2 94.4 3.7 189.0 4.6 99.5 468  103.6 31.6
2.0 98.6 14 1781 10.6 2325 37.3 83.1 12.0 97.8 10.6
22.0 84.2 0.2 90.2 2.1 90.7 3.0 90.3 5.6 94.2 5.9
HT-2 0.2 126.8 37 3003 0.5 291.5 23.8 312.3 272 1357 9.7
2.0 105.0 53 104.4 95 120.2 19.4 80.4 26 1304 10.0
22.0 95.5 54 1175 1.2 132.4 7.2 251.7 45 2675 3.6
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oy Jndz K S A B C D E
/(ng/g) IR /% RSDs/% MR /% RSDs/% FIKH/% RSDs/% I /% RSDs/% [FIKF/% RSDs/%
DON 0.2 95.9 13.6 102.3 10.9 124.9 303 372.5 45.8 108.5 8.1
2.0 101.7 0.4 102.6 0.6 118.4 14.0 114.7 33 123.2 6.2
22.0 111.2 7.3 107.6 8.2 104.6 2.0 122.4 49 107.5 4.0
DOM-1 0.1 90.7 9.57 ND ND 225.3 69.4 ND ND ND ND
1.0 100.6 4.96 ND ND 133.4 0.3 ND ND 104.6 10.5
11.0 83.6 7.89 ND ND 173.4 24.4 ND ND 90.1 6.5
3-A-DON 0.2 95.7 458 ND ND 88.8 1.8 ND ND 89.3 8.7
2.0 90.3 271 ND ND 89.8 0.4 ND ND 85.8 1.7
22.0 87.6 2.88 ND ND 91.7 4.7 ND ND 87.3 7.0
15-A-DON 0.2 ND ND ND ND ND ND ND ND ND ND
2.0 ND ND ND ND ND ND ND ND ND ND
22.0 ND ND ND ND ND ND ND ND ND ND
ZEN 0.2 101.2 11.6 100.7 294 98.2 42.6 251.9 0.2 180.2 21.0
2.0 109.7 3.8 109.6 2.4 114.0 6.1 1125 1.6 112.2 2.7
22.0 103.0 23 102.0 49 97.8 3.5 983 4.0 98.7 42
ZAN 0.02 106.4 15.7 90.1 104.9 118.0 15.0 146.3 7.0 169.4 11.0
0.20 111.6 7.5 133.3 0.3 117.9 16.7 121.4 4.0 124.6 135
2.20 110.9 7.4 135.8 43 116.3 6.3 105.4 8.2 107.2 5.3
a-ZEL 0.02 160.0 1.8 148.3 0.7 145.0 1.5 255.5 37.6 264.1 19.2
0.20 145.6 24.0 160.6 6.7 165.4 13.9 120.2 5.3 182.7 11.7
2.20 182.4 11.1 167.9 7.9 166.6 2.7 156.4 9.3 156.4 12.5
B-ZEL 0.02 270.8 39.6 197.8 774 193.8 6.0 173.5 43.6 248.4 3.2
0.20 193.9 222 186.1 8.7 238.8 7.0 119.0 12.4 280.1 18.6
2.20 244.0 17.4 208.7 0.9 231.6 6.4 190.6 24 197.4 7.1
a-ZAL 0.02 204.0 30.8 219.3 19.8 2343 5.3 176.3 1.0 300.6 3.5
0.20 166.1 19.6 203.4 8.2 160.8 20.0 111.1 1.9 227.8 5.6
2.20 253.9 14.7 223.0 7.1 205.0 8.6 192.6 2.9 258.5 10.6
B-ZAL 0.02 2123 36.5 241.8 46.1 200.8 0.5 116.5 49 178.5 32
0.20 124.7 7.8 119.4 2.3 86.7 214 80.9 4.2 240.8 3.1
2.20 267.3 15.2 228.8 3.9 217.4 7.7 211.5 10.9 225.7 19.1
FB, 0.1 94.5 1.0 76.9 0.8 91.2 3.1 93.5 1.1 94.1 2.0
1.0 104.0 95 55.2 5.2 94.1 1.7 433 26.7 40.6 5.1
11.0 91.7 5.5 85.2 7.2 67.6 4.5 90.6 5.7 95.5 7.4
FB, 0.1 113.1 7.1 106.3 215 108.5 9.3 94.8 47 98.7 10.4
1.0 1123 13.9 128.5 252 170.9 16.5 86.0 13.6 100.8 13.4
11.0 92.9 0.2 101.3 3.1 105.7 1.9 100.7 1.5 98.5 2.6
FB; 0.05 116.2 6.8 111.4 1.5 106.2 14.9 118.1 16.0 88.6 6.6
0.50 108.3 6.6 118.2 1.9 1123 5.8 114.5 20.6 65.2 18.1
5.50 102.7 43 108.3 2.7 120.0 8.5 117.7 9.9 83.8 8.8
OTA 0.02 110.0 10.9 107.8 18.0 84.8 23.8 161.8 9.8 131.3 5.1
0.20 110.0 10.2 109.4 3.0 105.6 11.7 113.8 1.2 108.3 0.0
2.20 97.0 1.8 98.8 2.0 94.7 2.1 103.0 12.5 99.5 2.8
OTB 0.02 ND ND 527.0 24 344.0 7.8 246.5 22.7 300.3 8.8
0.20 ND ND 478.1 8.9 220.8 8.3 289.4 11.4 471.6 10.9
2.20 ND ND 260.1 49 155.2 8.9 176.5 11.6 215.0 21.0

E:ND AARK B CNTARHBR), AHXF PR 22 (relative standard deviations, RSDs), T[],

2.3 HEBAEIZEMRN

G SE A R A PR I AR i R v B B PR
TR THAIE R . AR5 10 mL PBS il G
FREE A, #2 1.3.2 #E, Labibkyk. BEM, UPLC-MS/MS
KM ye i s 16 Fiag Rk, YWARKH o b T FESL BRI
OB G RE AR I B, T UL AR A 3 5 Hh G B S R R B

T E ARG, B3OS B3 7 ) R % S e e A

I FEBR A= 5 b P LI EE R A A R AR T A W S
B, DRI 58 F AR BE 8™ A5 AR B 8 i A T IR 0E,
MR BRI TR A AR UER TR A 28 (A3, e &
FLH A E WL AFM, RE 2R, K TR A AR B A TR
AFM, Eh 2.5 ng/g(FREAE 5 )W EN 4= W35 5 etk
THAE, HEATA) AFM, A28 25 ng, HAhdE Rk
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W 3 . bR R e AL A B4, KUk
ROV DU SRR 3). K7 i FH ImDCR AR IE A,
1B SEBR RSN 21.8~1317.5 ng. 3% FARARFREE
Ja, HMARET, Fh SR T ERE 2.2~131 ng/g
ZIa), X A% AR TS Y Bs 200, R R R
EH TG YK, RENSTH L 75 Y rf 5h S PRGN 75 22

HAl LA H 16 FP ELRE 35 K (19 ME JEREI7E 25.3%~127.4%2
], X R B R R AL TR0, PR 1R
LR ARG IR IE o A7 s B e AR Sl g AL BT A TR 57
FAR, RN Ak eSO I A TR 28 N BRAH L,
AMEFTLAALIE ME, 80T AR IE & B2 Al B2 v =2 14 461
4. 16 FiEIEEZ P, DOM-1, 15-A-DON #l ZAN 435114
45Ky PERRAIMLEY PC-DON, C-3-A-DON # *C-ZEN 1

1. AFB B .
00F g 14§ 2am, B AR, ARSI BRI O FRiciLA
3. AFG N . s
13 4. AFG, YIVE MR, SR IE ME FIRi ARG 2 .
. 5. AFM,
S 612 3 REFREAREE
Jﬂ( 7. HT-2 %7 “a=
i 16 8 DON Table 3 Column capacity of immunoaffinity column A
= 9. DOM-1 - r—— AT
E:‘é 10. 3-A-DON EH:/—F%%? ﬁi‘(ﬂﬂ'ﬁ(7}<$/ng m%%/% *ﬂ:lfﬂ"ffﬁ'i/ng
nl
£ 9 AN AFB, 100 663 66.3
g 13.FB
= i 14 FB. AFG, 100 46.4 46.4
J : 15. FB, AFB, 25 87.3 21.8
0 L 16. OTA
: . . . ! AF 25 102.3 25.6
1.00 200 3.00 400 500 600 7.00 8.00 G
£ B4 sF1R] /min AFM, 25 98.2 24.6
N . T-2 500 94.4 472.0
KBl 1 16 F HFREBE R Y MRM g &l HT 5000 s £75.0
Fig. MRM chromatograms of 16 kinds of targeted mycotoxins ) ' ’
DON 5000 12.1 605.0
Ve AN
24 EFSINITEM DOM-1 5000 10.7 535.0
RN P AE 85 T U5 R 0 S T AR SN B2 A O 3 R 3-A-DON 2500 13.4 335.0
SR ) AV ) B2 5 %) R S ] RS SR R0 (matrix effect, ZEN 5000 13.8 690.0
ME). ¥4% 1.3.2 #4E 1AC HL)5 M2s H 2R 3R 5 H i A ZAN 5000 15.4 770.0
16 A R AARER IR, RGBS TR R R STEW) FB, 500 86.6 433.0
I SRR R e e R W TR AR LR, ER(E/N T 100%32 FB, 2500 16.5 4125
T RAMGIVE R, KT 100%3 I A7 78 25 R s e, FB; 2500 12.1 302.5
AT 100%3E BN /]S, 22 D)L Jo s o e T . MR 4 OTA 2500 52.7 1317.5
T4 FAEGMEXERR. &MTEE. RHR. 2R ME
Table 4 Linearity correlation coefficients, linearity ranges, LODs and LOQs, and ME
Hirg & MR R 2R PV Rl /(ng/mL) LODs/(ng/g) LOQs/(ng/g) MEs/%
AFB, 0.9994 0.04~4.00 0.0010 0.0020 67.7
AFG, 0.9985 0.04~4.00 0.0010 0.0020 82.6
AFB, 0.9918 0.01~1.00 0.0003 0.0010 80.6
AFG, 0.9961 0.01~1.00 0.0003 0.0010 98.5
AFM, 0.9939 0.01~1.00 0.0003 0.0010 107.5
T-2 0.9970 2~200 0.0200 0.0500 712
HT-2 0.9969 2~200 0.1000 0.2000 104.3
DON 0.9971 2~200 0.0100 0.0500 42.1
DOM-1 0.9972 1~100 0.0400 0.1000 52.8
3-A-DON 0.9998 2~200 0.0100 0.0500 78.8
ZEN 0.9994 2~200 0.0100 0.0200 37.6
ZAN 0.9983 2~200 0.0100 0.0200 415
FB, 0.9982 1~100 0.0040 0.0100 127.4
FB, 0.9986 1~100 0.0010 0.0050 32.5
FB; 0.9963 0.5~50.0 0.0040 0.0100 33.3
OTA 0.9958 0.2~20.0 0.0010 0.0020 253

1 Kz BR (limits of detection, LODs); & f& FR (limits of quantitation, LOQs).
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25 FHEFER

LI 7 R A PR UG A A B R B, W IR A TR
PR NAR, filibrEhdk, R RMRLER . 4R MR
4 R, 25 FLA TR LM BN A R R T 0.99,
e PRI 16 FhaE RIS NARE I, 25002 R A
A B, 7L 3 A5 E M L (SIN=3)F1 10 f {51 1L
(S/N=10)H AH 132 (4 b & Ry Jri& %) LODs # LOQs. 16
Fh L 29 LOQs 7 0.0010~0.2000 ng/g Z [, AFM
1 LOQ 7 0.0010 ng/g, KT AFM, 7E4- 15 iy BR 55
(0.5 ng/g) 500 £, HEMEWE B 1 L4 W DU e e XU 1T
iR w2 AT EmaL. . SR E R
RIRMEVS WL, 5 54 7 Tk IR, S S8 8 Tl % oy
83.6%~126.8%, RSDs i 0.2%-~ 18.4%(/& 2), A@F5ra.
WA 16 R RAERLTE M & BVE N, B
BT TR R
2.6 FREEHIFLERERTHT

k2 BRI R PR RS R, AR RIE T
3 oy T B AR W S B R — i A 5 BT AR 5 (QC-MI-703),
S50 5 i, AFM, I E(E R 0.479 pe/keg, FEARR
JEFEl 0.323~0.653 pg/kg M, HEEEAR/R{H 0.488 pg/kg,
R MER AT 5 o SRAIA I vk Xt 3 0 2R WA i i A T
FE, —MFEMKTHE AFM,, & 0.001 pg/kg, R T

FRE(EARE 0.5 pg/kg; PAFESKE DOM-1, & &>
0.097 1 0.160 ng/kg; 3 FE K& 2 5AKM FBy,
HEMN 0.020~0.046 pg/kg(FE 5). ULHIIZ R M
Ew, BB FA M SEPRAE S B S E M E R

> L)
HH o
CMRAE s
150 I KCFindR
Wz =k~
100 +
S
X
=
50 H
0-%0% DY Y T SS S RNRR &Y
S ECERS PT T EES
o
HEAHE

K2 16 FEEEERIEFIHIC. o @& 3 DIRUEBIR 1
1 5 5 1 (=3)
Fig.2 Recoveries and precision of 16 kinds of mycotoxins in milk
spiked at low, medium and high levels of standards (n=3)

RS FREFARMERERIESR
Table 5 Analyzed results of the quality control sample and actual samples

Kot 2 Bz QC-MI-7:)3 FWHE R S1 AW dL S2 A WIE G S3
K/ (ng/ke) PRl (ng/kg) K{E /(ng/kg) R MAE/ (ng/kg) REMAE/ (ng/kg)
AFM, 0.479 0.488 0.001 ND ND
DOM-1 ND ND 0.160 0.097 ND
FB, ND ND 0.031 0.020 0.046
[2] WATSON S, MOORE SE, DARBOE MK, et al. Impaired growth in rural
3 %4

A R AL 5 PR e RS R g £
FhEC 3 R UF T s Gk, $h R ILIE A B AR B R 14 v
FEl, AT IR IR 26 B T4 o 2B FRXT 16 Fh H 1R 5 & 1]
RN 2605 T (S P SR AR A, PR AR 2R B Ak 25 i,
FERAAL UPLC-MS/MS JE#AT IR B Ty e F i, %t
A4 LN T B AR S R B SE AR WO RE S AR . SRR,
ZOTIEMER . TR RS, SR T4YTh 2R AR
R H W,

SE
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