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 OE. DIHBEIRBUGRESS &0 ih B S 0 et i i, R i il — DUARAT - RATHTIE)
S (UPLC - Q - TOF - MS), 37 T AR REAPE i aFE B, (AFB,) fURE M I7iE . FES R HEE - K
(T = 3, PRI $RER, LLHSS T3 454 (100 mm x2. 1 mm, 1.8 wm)#E{7A15%5r 8, @ik F & 7,
Full ms — dd - MS/MS #0740 47, 455080 33 Fhk B RAS K AFB, ZE—E U BN B A B IF &%
Z, MREZREG) KT 0.999, 4 FAES A MFRELER (n = 4) Jg 86.4% ~98.0% , HHXIHRfE(W3E (RSD) h
0.3%~1.7% , KR (LOD, S/N=3)FIE®R FH(LOQ, S/N=10)431%0.06 ng/kg F10.19 pe/kg, Z55H
1R 33 PRSI ARG AFB, S EXTESHENERIN . Z5ik e, Yol W, ST AR AFB, BUREI .

KEHE . BRSO ARE - UARAT - RATHIRIBES; BRIk BHhERHE B,; Dok
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Rapid Detection of Aflatoxin B, in Fermented Dark Tea by Ultra Performance
Liquid Chromatography — Quadrupole Time — of — Flight Mass Spectrometry

YAO Ting”, WANG Dan, LI Shuang, LIU Yu-juan, SUN Bing-kang, WANG Yong
(‘Analysis and Testing Center, Huangshan University, Huangshan 245041, China)

Abstract: An ultra performance liquid chromatography — quadrupole time — of — flight mass spectro-
metric( UPLC — Q — TOF — MS) method with purification of aflatoxin immunoaffinity column was es-
tablished for the determination of aflatoxin B, (AFB,) in fermented dark tea. The sample was extrac-
ted with methanol — water(7 : 3, by volume), and separated with an HSS T3 column (100 mm x
2.1 mm, 1.8 um), then scanned in positive ion scanning mode and analyzed in Full ms - dd - MS/
MS mode. The results showed that there existed good linearities for aflatoxin B, in 33 kinds of fermen-
ted dark tea in corresponding concentration range, with their correlation coefficients all greater than
0.999. The recoveries were in the range of 86.4% - 98.0% with the relative standard deviations
(RSDs) of 0.3% —1.7% . The limits of detection( LODs, S/N=3) and the limits of quantification
(LOQs, S/N=10) were 0. 06 pg/kg and 0. 19 pg/kg, respectively. This method was used to de-
tect AFB, in 33 tea samples collected from the local markets, and negative results were obtained.
The results showed that the contents of AFB, were within a reasonable range. This method was accu-
rate, rapid and simple, and was suitable for the daily detection of AFB,.

Key words: ulira performance liquid chromatography — quadrupole time — of — flight mass spectrome-

try; fermented dark tea; aflatoxin B, ; rapid detection

B R Aflatoxin, AF) K2 8 M ES . %5 74 M 252 BB U PRI 7 A 1y LT TR PR A
Wi, HATE %D ST 20 ARl LI AT HIMESE B, . By. G,. Gy MM, &, Hb
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AT W A S B R B AFB, L SR RIERG RIS, £ b il 2 R R
MR, BT AFB, XM AR RA SR . bt . AFSPEAIBUEE, 1993 4F AF B4
A AR U R T 28808 . Hi, AR E R S AFB, FR R T 7%
HORLRE , BRM 98/53/EC 484 W HLE NI 25 b AFB, BOFREH 2 ne/ke, FRIETE GB 2761 2011
HLE RSB R AFB, MR 0.5 ~20 pg/kg!™ o fHZEH i AFB, RUFINHERMTH, H i
LA AT 25 AFB, B R i

FERGARET i, BERPEANKERZ —, 2R REE RS . AEERAT )
(7 R — G RS, HORIE R — B, kR e — A &k “4edE” R
TEOE LRI, I B S R P A AR B I () A PRI G SR S, PRI S, R RIE
TE— MR AT . s, BT 4B TS, BERMTE ERER, X5 hrEess. Hit
T MO MBEERIE . BOER IO A IR R SRR, BT LU S AR v i B 7
75 Y LU A W R R 5 1) BB 7 2 ST

i 1 2 8 25 O R I 7 1 A e RO R e i vk (HPLC) U ek 4kt L gg e
P2 BRI G E — EREEFE S (HPLC — MS/MS) 12 iAot — B B 1 (UPLC -
MS/MS) # -2 55  HPLC - MS/MS HIMRATET R & . e n] 52 Han sk bhoods, (HAGI b 75 0l FH 2%k
Rgs, RESATABS FREB, FNETFEAE SRS AT, S TE L ek 4R T
K7, ARG M PRI, OGP N B S0 S EOROR R, E T B A o T A X
BT, A B RS 3 - PURRAT — RAFI B3 (UPLC - Q — TOF — MS) 77 i BA %%
HiAFB, B R, JEUEFT T ESEIIE, UPLC - Q - TOF — MS &4 g Rl sp i) — AN 2k, e T
HPLC BIBRIE 2 SR, 3% T /NBORIEDRL . JES AR RS AR S s A I B S5 2 e R, 3840 T 4047
T, MU R e s . SAEGO0RIN AR, AR R AT AL B R, R ORYR L TR
SHBTALFRI ), D TAEYUAFIR R, BB AT AR RN, RENS I e Ak R
P, HAWERR, mR. REEMA, hEr AFB, BRI T RO AR

(s

1.1 8. AR R

R VT RAVBURH (0,15 (S HR R DU AR AT R AT T) BT 1% 4L (UPLC H - CLASS + QTOF G2 - XS %Y, £[& Waters
ocwl) s WA R A (Pribolab A W], BT -20 C FATE) ; A IEDES (KH - 500B #Y,
RIRAERFRGESARA T 3 HIEIL(04A B, ZEEFWIRSARAR]) ; G EHE.OPL(TG16 -
WS RS, b5 A B O ES A R A 7)) 5 Milli-Q 4 H 28 4li K il /KBl (S Millipore 23 &) 5 0.22.
0.45 um HHUAHBFLIENE (#4[E Membrana 24%]) ;5 HL 43T R (J&E 0.000 1 g, it FIl AR
A)) ; TEIREE SRR (85 -2 B, PLU T FAAL S A R TTAELA /) 5 WA (CM - 24 R F g RSOk
FALEA R D) o

B (faital, FiRnlmaisSamRA T, 4ifF=99.90% ); AFB, FRifE# I ( Pribolab 24 H], it
BRER 1 pg/mL, BT -20 CTFRAF, 4ifE=98.00% ); FAb@h(orbral, [E258ERbS 00 W
3H]) ; HEE(A454 — 4 BRIk ali, S2[E Fisher Chemical 24 W], Z0)%F =99.99% ) ; SLIS H /K A8 4liK
(18.2 MQ - em) ; g Q - TOF - MS HRE A titkal, H A R Mgkl

SIS R AT 3L 33 AN anAp, Hip R 28 2016, FRAEAS 2016, THIAS 2016, fREEZS 2013, K4
252011, RAZE 2015 W H I A b3 T ; BPiZR 2012, 27, 46, 63, FEfE 2012, R4k 2012, 4
22012, FA2012, HEAH 2008, 4:422015(1) ., 4228 2015(2) Way B Y I 4 HEZe i Fe@ii; C-Q -0,
41, 51, 61, HfikZ 2010, 1674 2015, 1674 2012, {674 2009, /KE )] 2015, k&G h. 3. 14 -2,
KEN2014, JHESS . 548 2014 INETE B bE BT i
1.2 LIG&H
1.2.1 EBESYHEMAEILEEHE @ik HSS T3 4100 mm x2. 1 mm, 1.8 um); A 25 C; Ji:
0.4 mL/min; #FFEE: 1 wl; FaIH: A K, B OMHIEE; BRELENFEF: 0~0.5 min, 5% B; 0.5~5
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min, 5% ~65% B; 5~7 min, 65% B; 7~7.5 min, 65%~5% B; 7.5~10 min, 5% B,
1.2.2 Fulk&# BBIE S FIE(ESD . ESFEA SRR 120 C; BERA(N,) e
500 C, BHFHE: 3.0kV; HEFLBEE40 V; HEFL(N,) JiiE: 50 Lh, BHEAFISHAR(N,) fiiE: 900
L/h; @SR MRS, iR /). 0.05 MPa, ffif#ge=: 6 eV fI130 eV; BT H m/z313, F&1
i m/z 285 ; {RE4RfE]: 6. 16 min,
1.3  hRAES KA H

B 200 pL FUEHE A 1 we/mL () AFB, brifiiisi, HHREEZRZE 1 mL, BLR 200 pe/L BbRER
W, FRERMRREIR I, 4% 200 we/L BIbRUESWAVE A B, 43 AECH] 100, 50, 20 pg/L i) 8 il 553 F 6
HEW, 9B 100 we/L BOPRIBEESAE A BRI, S mBCHI S 10, 5 we/L K RTINS ih 25 5 F PRI,
I BB
1.4 HmibiE
1.4.1 2 B JSERREUS ¢ &R B al oY Ao #E T 50 mL HZEHETR M, DN 25 mL HIEE - K
(7 2 3)M 1 g GAbEN, #8251, TRENPFEEPHiFE L h, BB SRS 15 min, BEEEET
1 200 t/min.0r 10 min, FRIELCTIE, BB S mL FJERN 10 mL KFEE, F 1 200 r/min 5.0 10
min, B EIHFRZ 0. 45 pm AHLIER IS IE R TE T,
1.4.2 % & BHRPCERERET 10 mL BENERZE T, B10 mL FESIREGH, L3 mL/min (3
TR E IS B A A P EARE, B 10 mL /KL 6 mL/min AGEMEERE T2 IR, FEAWRBE, I
i 2 ~3 L A0l A, DN T mL HEZBERG, JEER 1 mL/min, WCHEFRBRRER T2 KA B IR E
1.4.3 E& & KWEBWET 50 CF N, R+, FEBEFTMREEGE, £0.22 pm GHLIERED IERE
T, BRI
1.5 BRI K

BAE AFB, BIRMFES,, #4147 ARG R T RN BR SR B A A D B 02 i, )
IIN—E R EER) AFB, PRI, 4 UPLC - MS 735,  bhasH S ) B K -P PR i i ( DLW B
VEREER) B i RS0 . I 5 AFB, 7EFE S Shnia i P AR 2 5, RIS 2% 1
IS IE RN . BT T AR FLAE 80% ~ 120% ), FHHRL MW AR, K2, RSN
HH ..

2 ZR5HE

2.1 HFmEFIRMmL
REHLBAFRY], A SRRk 1007

s VeV ST, F4 Methanol 7
TIARAERL, 2 - b2 PR 1 — T o 5 Aeemiie ﬂ_
HUE ., AR I 5 T AR RALL 0 21 - 5
IKIHRIERE — KIS R, [ I He El R 18K
THIAO, 1. 3.5 g UG AFB, JREMOEN U8 5
(B 1), sy, Wi Pmakigmiee, A, 71
1 3 Lo i 5 T 5, O Y
A o]

70% , W1 g EAENE, AFB, BORERECR 5

70 90

Eﬂq 08. 9% R li“ﬂ: , zlgig&%ﬁﬁ E‘ﬂ@ _ 7](( 7:3 ) Concentration of extract/%
VEREREOR, Him A 1 g & AbhfE I REVREESIEF AFB, MIREUR
fiR T, Fig. 1 Extraction effect of AFB, in different elution conditions

2.2 KilFEHmRHT

2.2.1 BERREERESEE WTWRFIRANRS, WIHNEEACEEEIE RGNS, &
TGS HAETGE B TR, MTHMESR SR THIENOE, RERDMNHELE T R -
HK(T 2 3)FIZHE - K(T = 3) AU I ROk 2R ABL, BAR CHETEWH b B BE ORI RS
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o, (HHE TR BB, & EEVRAEL, SERBETRE, ORS8RI,
WL PE I - K (7 = 3) ATREH, LIRISEIr i) @ikieie

TR AR B A, AR B Bl 5 bR, 2305 %8 7SR el Z6 AF . 2 2R e
R, HEERGE GBI T 30% i, JRBiE S HARIEARREBIR &, dEm sz H brign) 2 215, KW
BESEE R “1.2. 17 PRUEMipE e, ml (R B 2 0 A Bllt, AT o 50 T — A R DU E
2.2.2 FUEEM E U127 SLEEMT, B
200 pe/L (1) AFB, bRIEFEGIEFE 1 pl, DL Full 15 AFB
ms — ddMS/MS #3747 UPLC - Q - TOF - MS 43 10
W, P2 AFB, (B TG i AFB, b
HEn I B (1 3) T, i B e i 1) 2 1 % : v 7 4
Jm/z 313, MRS FRERE (M -H) . HAE 598 thin
s i B T 5 1k m/z 285, Fr LLAS SEI6 1 %E 2 AFB, bR S IR A
AFBI E’{]%{E‘J%%Xﬂ'ﬂ] m/z 313285, :@.ﬂﬁ[}’pﬁ Fig. 2 Total ion chromatogram of AFB,
MRM RS2, A3 A RRoRIN. . YEHEEED 6 eV, BEMIERE FIUfE SRR R K,
UHEIEREA 30 eV B, BB FHOfE SR BB, MABME RN 1.5 kV, HfLEEN20V,
HEMREIREIRA, PIARSEI RIS 6 eV 130 eV MUREHERE, BAMEHEN 1.5 kV, HEfLHIEN
20 Vv,

241 30 eV 6eV 313
80 269 80
= 60 270 8 60
— 40 — 40

214 242 285 »

20 20 315

0 Y A ||2981 313 . o4 . e .
200 250 300 350 200 250 300 350
m/z m/z

&3 AFB, brifishf B4
Fig.3 The mass spectra of AFB, standard solution

2.3 ERIA

B TR 7 AR R BRI B B, AR ah P ST AE — e MBS OO T, ek 20 256 o 80 v ok
ARAFUETRI SR I BB ARSCIRBUN S AFB, A9 4 RS- VR A2 5L, R AR R B s b 7 3
AN T, 5, 10, 20, 50 pe/L bR, ME AFB, AUl RAL(A) . FHLLHEEAEFIECH 1, 5.
10, 20, 50 pg/L (IbRIERSHL, WEERIAR(B) o FEHEEERLN. ME(% ) = B/A x100% , it%5.4% AFB,
1) ME > 82. 17% ~ 107. 28% , FHHHE Hh 555 FZ IR A ZmA K, FEBHIHIAIE L
2.4 EMESHZE

TERIE U 4 A2 AR FRE S IR0 10, 20, 50 wL BTEyk A 1. 00 weg/mL 1) AFB, bR (7%
IIEAEYST0.01, 0.02, 0.05 pg) . FZME “1.47 JrikiFfrAbsl, @il 3 NMbRoK-Fi) AFB, Jikr
FES PR R (n =4), 455890 T 381, R 1 a5, FESmDIbREDCER A 86. 4% ~98. 0% , AHXFhrifE
2% (RSD) A KT 4. 7% , FFA R T B0 25 200007 12 Bl iR RSD AR

F 1 ZEEFERT AFB, 8 IR A bR i i 2

Table 1 Recoveries and relative standard deviations( RSD) for AFB, in blank samples

Amount fortified Recovery RSD Amount fortified Recovery RSD
Sample Sample

(pg) (%) (%) (pg) (%) (%)

1 0.01 87.2 0.3 3 0.01 89.9 4.3
0.02 96.3 1.7 0.02 95.8 3.7

0. 05 86.4 1.6 0. 05 90.3 2.8

2 0.01 97.5 1.9 4 0.01 91.6 2.7
0.02 98.0 0.6 0.02 96.9 1.8

0. 05 90. 1 3.4 0. 05 89.9 4.7
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2.5 ftrEMLE. WHRREE TR

ot “1.37 JPikBCH AR AE AL 2 FHET G400, LU AFB, I REIRIE (x, pg/L) Midias
br, & REFIER(y) HIRPRE I bR 2, 255K, AFB, #£ 0 ~200 wg/L J5t iy B [ N
MR RARYLF, MRARE()H0.999 8, KHBR(LOD, S/N=3)filE & FIR(LOQ, S/N=10) 451k
0.06 pg/kg F10.19 pg/kg, AFB, f) LOQ {ETFFE AR AN E AR &P B SRR ™, sigirk
HA R iR ARG %, Rl e H R IR 2,

2.6 ZERFEMEFmME AFB, By

KA SRS T, MR 33 Rk i B AFB, (& BRI, 252, W2 0T
B, AR R AFB, S BRI, 2012 AEFER 4. KRR B AFB, S E S5 0.71,
1.00, 0.80 pg/kg; KAy, CAEEHRIEZER:, HFEZHH AFB, SEW AR, JFEN FEGBEA,
BB, AFB, SrEdiis, k4 2011, 2015 12016 H AFB, ()& &40510 1.28, 1.22, 0.72 pg/
kg, fE7K 2009, 2012 12015 H AFB, (& &5 4 1.05, 0.75. 0.64 pe/kg; MFEAFEG AR KM%
M AFB, B& BT, W42 2015 e (1), 3855 (2) o AFB, H& 843514 0.62,
0.71 pg/kg.

IR BT AN ) 33 A2 3G Y AFB, , HAg 6 Fhsim (k42 2011, 1.28 pg/kg) (1) AFB, & &
1.0 ug/kg, {HETA ZR M R S 3 A BR B AR 98/53/EC $84 Hhpl i ANZRAETE T e dh i AFB, [RFR
H(2 pg/kg) o XA AFB, BEREER, (HIMNRE KN, KRS AE I ERE RS 2 232 5]
AFB, M54y, fifE—EMEmEaRE,

#2 33 AFB, I E (ne/ke)
Table 2 Contents of AFB, in 33 kinds of tea( pg/kg)

Sample Content Sample Content Sample Content
Tronbox chocolate 0. 66 Tianjian 2011 1.28 Bailiang 2012 0.93
61 0.74 Tianjian 2015 1.22 Qianliang 2016 0. 86
C-Q-0 0.83 Tianjian 2016 0.72 Chuangchen 2009 1. 05
41 0.74 Jinjian 2012 0.71 Chuangchen 2012 0.75
Dachangchuan 2014 1. 06 Jinjian 2015(1) 0.62 Chuangchen 2015 0. 64
51 0.74 Jinjian 2015(2) 0.71 Yaxi 2008 0.68
Yongjuchuan 2015 1. 05 Chunjian 2012 0. 80 46 0.74
14 -2 0.74 Fuzhuan 2012 1. 00 Special No. 1 2014 0.91
Dongzhuang Tea 0.78 Funzhuan 2013 0. 64 27 0.74
3 0.74 Funzhuan 2016 0.83 Qingzhuan Tea 2010 0.75
Xiaojintuo 0.90 Kangzhuan 2012 0.93 63 0.74

‘
3 #F it

HF UPLC - Q - TOF - MS HoR, i fifbieimbe st @ik U&J\ %‘#F HESL T R BRI
AFB, BYPREN T % ZTTiEHR ﬁﬁh_\ HIPALBETT i 6 BRI A5 SR ERR S0 R, AT AFB, BOREINH A
TREBEY S, PR H AFB, 58 DL K it 3 [ 2k AFB, FE%*T{EE’]%'JEj’Ef TUiik
%%o

S 30k
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