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ABSTRACT: Objective To compare the pretreatment methods for the determination of aflatoxin in tea by ultra

performance liquid chromatography-tandem mass spectrometry. Methods The 3 kinds of different pretreatment
methods, immunoaffinity column method, QUEChERS and multifunctional column were adopted to pretreat the tea,
the aflatoxin B; (AFB,), aflatoxin B, (AFB,), aflatoxin G; (AFG;) and aflatoxin G, (AFG,) in tea were detected by
ultra performance liquid chromatography-tandem mass spectrometry, and the effects of 3 kinds of different
pretreatment methods on the determination results were compared. The purification effect, matrix effect, stability,
repeatability, limits of detection and recovery rates of the 3 kinds of pretreatment methods were compared.
Results The immunoaffinity column method had low matrix effects and less impurities. The 3 kinds of different
pretreatment methods exhibited a good linear relationship for aflatoxin in the concentration range of 1-60 pg/L, the
correlation coefficients were not less than 0.999. The average recoveries ranged from 78.6%—107.1% with relative
standard deviations of 1.3%—3.1%. The limits of detection ranged from 0.04-0.22 pg/kg. There was no significant
difference in the limits of detection between immunoaffinity column method and multifunctional column method, but
the results of limit of detection showed that immunoaffinity column method and multifunctional column method were
better than QUEChERS method. The results obtained from the quality control samples of tea matrix after 3 kinds of
pretreatment methods were used, the difference was within the acceptable range. The 3 kinds of methods could meet
the experimental requirements in the detection of AFB;, AFB,, AFG;, AFG, in tea matrix. Conclusion These 3
kinds of methods are all suitable for the determination of AFB,, AFB,, AFG,, AFG, in tea. The immunoaffinity column
method has low matrix effects and high sensitivity, and therefore can be used to determine low concentration samples.
QuEChERS method is better in terms of simple operation and instrument maintenance cost saving than multifunctional

column. QUEChERS method is simple and efficient, and it is suitable for large-scale samples detection.
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A AT IR E RS PR 055 1R 0 B R R 3N R A R R AN R
Bk 2% 5 SEDRE, VRS R S A TR D, B PR
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T S5 5 HIC 751 A 4 B AR R [ AR A B AR (4 FE iy % Jr e
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QuEChERS 5] SEI 2R [R) 2R A B P 25 2 R R, 78
A5 R L R R A B AR B

AR e — T ZKTE, AP SR
SR XU W HLA B S AR AT J, AR N AT AL R
TERM A o B2, SRR . 2R biE
%55 QuEChERS /2 4 it v i iy 25 2 R Aol ¢ A9 3 #h
FIACBE I3k . T3 B H A0 X B 7 AR I AR HEA A
e, PUAFRUE R ZEER XM . LR . AR S, ER
PR GB 5009.22—2016 { Ffb &4 ZARME £ bl i il
FHEER B WA G AT ) & B A, &
]3035 I 2H S5 A G 000 s o R B s o . A
SEiE I R REE AL . 2T bAE L 5 QUEChERS
4 A 8 TR RUCTRORE L - R I B TR I A 4 RPN
FRMITIELLE, RT3 Pl AL B0 1 22 ik, 0
oS PR | AERR RIS o R IR R,
g2 vp Bl B 7 28 A0 KRS PR AL S B P R S, TR R
R 56 35 A% I o TR B 2R A v A R A v B4 ST AR L
SR

1 RS

L1 #MR5IKF
PNEEZEREARE A PR A XA AT 2R,
LR R AT RS R, RO IR A

AFB; .AFB; . AFG, . AFG, (9475 JiT 5 & & 9 25 mg/L,

REPRBER A RA ) 2. B PR(EEL,
% [# Thermo Fisher Scientific /A %]); QuEChERS #2HtEhfu
(4 g TRIREE . | g W ILEN. 1 g IR, 0.5 g FTIFMR A
£y, FHLAE (150 mg BREREE . 50 mg N-PA %2 — i (primary
secondary amine, PSA). 50 mg £ &4k ik B (graphitized
carbon black, GCB)(EIEAM A w]); mhil-20 B FR (53 Hr4li,
[ 25 4 AL 2R A R R ;3 Ak Oy Atk
1.2 UE5EF

LC-2050 & = &0 AH (4 7% % . Shim-pack XR-ODSII{A,
A (2.0 mmx75 mm, 2.2 um)( A HA F]); AB SCIEX
API3200 = PUZAT IR (SEE AB SCIEX A H);
XW-80A BEWRIRSIZF (T8 E IKA A Fl); TGL-20M =i Uk

BLOPLCR VAN AT BRA FD); HY-2A 500 2 R
Vit (&I EIF X)), N-EVAP111 & W AY (3£ [
Organomation 23 1) ); Aflatoxin Total IAC &% ffi 55 75 & A B
J3£ 25 FIAE(25 T/3 mL) . MEC226 ZIhRERAIEEAE(25 T/5 mL)
(S B B A TAREAT FRA 7)o
1.3 XWHE
1.3.1 ik Bl

TRERERE R 4> WL AFB, .AFB, AFG, .AFG,
FRUER WA 1 mL, FZIEESAZE S mL, HilA 5 mg/L brifE
B4R, —20 *CHREGARAE

RAFRERRI: WERBE 0.2 mL IREFREGEE
WA 10 mL AT, CHEESR, HA 100 pg/L IR A i
rhE ¥, —20 °CHRESCAFAT o

RAEPRUER B RS 4331 70% S IEK e A
BE VA O R A AR v TP AL, T A% 7 2 0 e R
J9 1.5, 10, 20, 40, 50 Fll 60 pg/L (IR SHRAER K
RO s (SR AR ER R R
132 HRmegaTaz

(VSR SR A

FRIBUR R 5 25 L 5 g(CRE1 3 0.01 g)%€ A 50 mL &
LEH, A 20 mL Zf5-7K(84:16, VIV)IFR, & TIRG#
FFEHE 20 min, 6000 r/min B> 10 min, B _F#E# 4 mL, fil
A 46 mL 1% I-20 (B EL 2 vhis W, TR, F BakkE
TRCHEE GRS RN U0 I A BV SR o f e SR AT, AR R
BAHARSWZEITT, 7 1.0 mL AT ShA, #RiE 30 s 5
FRERW, 0.22 um JENE G NE, R,

(2) QUEChERS ¥

FREUR R 5 2R i 5 gCRE 51 0.01 g)%6 A 50 mL &
L, A 10 mL /Kl 10 mL ZAE-Z 88 (99:1, V:VYIR K,
B TR AP IRFE 10 min, A QuEChERS R,
FUPRHE 1 min, 4200 r/min 2.0 5 min, B E3EW | mL B F
TR RAWIFIELE P, 125, 10000 r/min #5.0 10 min,
WG 0.22 pm VERE, R,

) ZhREG LT

FREBUM A5 25 0T RE A 5 gCRE 1% 0.01 g)%e A 50 mL &
LY, A 20 mL Zfi5-7K(84:16, VIV)IFR, & TIRG#
FEIE 20 min, 6000 r/min 250> 10 min, B 8 mL FiERE
TR EH, Pt FATbRE, Bugb/E3RER 4 mL
FAAMEIET, il 1.0 mL WIAATR S, TRIE 30 s sk
B9, 0.22 um JEBELE, FF.
133 &isfu

{63 Shim-pack XR-ODSII (2.0 mm=75 mm, 2.2 um),
WA A R 0.1%AB A BOF RIET, B ML, Wi
0.3 mL/min, F:i 40 °C, ¥EFEHEE 5.0 pL, BSEEPENLRE
&1,
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Tab.1 Procedure of gradient elution

134 JFriEgfe
HLBE % B IR, 1E B £ I Wi (multiple reaction

i [A]/min WA A/% WA B/% monitoring, MRM)4i; HUBEEHIE 5.5 kV; & FUiRE
0.01 98 2 550 °C; HifA#E Medium; “H Utk J1 55 Psi; ZFA RS
1.00 08 2 55 Psi; HIINFATE T 55 Psic HABTIESHULE 2.
5.00 25 75 14 HiRALHE
550 ’s 7 it AB SCIEX API3200 {5 e & LA uli R G744

i RAE, {fiH] Microsoft Office Excel 2007 #k{7: . SPSS #k {4
500 % ’ 18.0 RSETT 4 4B, Origin Pro 2021 HAT IR .
*2 EHMBSRERRESNTEH
Table 2 Mass spectrometry detection parameters for aflatoxins
=gy R B I} 8] /min BB T (m/2) THET (M2 ey i NEAY M RER eV
AFB, 5.83 313.1 285.0%,241.3 75.0, 74.6 36.0, 38.2
AFB, 5.70 315.2 259.3%,287.4 80.3, 80.0 30.5,31.2
AFG, 5.55 3293 243.3*,311.3 90.4,91.2 30.2,34.1
AFG, 5.42 3313 245.3%,313.4 85.2,84.3 24.0,33.2

o NERE T
2 HEREHR

21 RiERAIEEEME

IR AEOLAL: B 300 pg/L A 4 Fhis ih &5 F i
WER AW, A RN, FIEEFRUF T QL &4
i, BRSRERNE T, W& AT ZRER A
5, BN & TN 2 A8 2 BIE S A
B F o R MRM #E2X, 54k & #% B JE (declustering
potential, DP)AIfilf i A & (collision energy, CE), tifk /)5 &
WSELE 2.

gL LLZHS . BEEMA P, K 0.1%H
BRI TR R K AH A IR B AH 25 42 . B SRR W] I -0.1% R
WM B, WA 0.3 mL/min i, 4 Ffi il 255 240 Bk
J L TR EIETE R BT I N (5 S B AT, 4 P i B 2 v
IR 1,

50000 AFB
1
40000
& AFB,
i L
2 30000 AFG,
1=
E 20000}
AFG,
10000 F
0 ; . ; ; ; . ; )

0 1 2 3 4 5 6 7 8
P83 B[] /min
Bl 1 RSHRER K MRM i [E
Fig.l MRM chromatogram of the mixed
standard solution

22 AERICEG AR RELE

2 1.3.2 RN J7 0 25 2R AE b T Ab B, bB A 3
PR R T AL 7 028 LSRR i AR . 3 FORTRIHTAR
BT R RO e UL 2. G R AR ug L s,
e T B, Z2oRed bR Bus b s, #E a6 ik
o TP G AAEIN E W it R BT IR BT AR R 1%, 5 v i
ER A SHENDERSE RS S, BRREERRESN
HAbwy o, J5 PR &SR R NI, S EME
RALIRIRE S, 2B TH . QUEChERS AL IR A 5 5T
& b Z I REF LA AL BERE €27, #2B] QUEChERS %
FIRIBR R & > F 2 U ae b i g A B A AR A o
QuEChERS #:H bl PSA 2550 i 132 W 551, AT
PIEBRZEM AP ANIR . B2, MRMEaRES.

AR QUECHhERSE:  ZIRES LA

B2 ASTRIRTAR BE D7 D 2R i SR BCROCR LA
Fig.2 Comparison of tea extracts using different
sample treatment methods
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o4 MR IR TR RGO R, A E Ry
AL TR, 28 U RE AL RO B T s I s 3. L
B3 PR A By B U R SR M, SRR AR Ak
MR T R, Z0REEERER,
QuEChERS £k Z o 3R SR FAT L A A 3 A4 5 T30
Yyt d/b, ZIReE AL AT AR ST R
Z . N 3a FTLAER i, SfE R LA # L3R T4k
I, 8 3b 1 3¢ ', AFB,. AFB,. AFG, il AFG, $2H 2T
G B R QUEChERS A Z T REEH AT L 7E 25 3L i T
WY ERRITmZE SRR, B3 AFG, £t b+
W2, 16 5~7 min A PAER T 004

a 6000
., S000F
5 4000 bt AFG,
2 ot —
B I AFB
iﬁ:; 1000 F :
0 1 1 1 1 1 1 “ 1 IAFB]
o 1 2 3 4 5 6 7 8
R B B} 1] /min
b 15000
72}
& 10000 | ..
= — el AFG,
juss) S w2
= AFG
= 5000 !
= e i AFB,
0F—= . s —— . , AFB,
0o 1 2 3 4 5 6 7 8
c {3 B B} 18] /min
25000
20000
v
&
i 150001
2 A
E} 10000 - 99, SN NN AFG,
) so00F ) AFG,
o et AFB,
0b— VI N AFB,

o 1 2 3 4 5 6 7 8
4 83 Bt B /min
i a. PEEMAEERTALPE; b. QUEChERS ¥k HijAbH;
c. ZYIREE LRI BE
B3 KRREFTARE ik mas AR o 4 R ih &R R W
PR T @i A

Fig.3 Extracted ion chromatogram of 4 kinds of aflatoxins in blank
tea sample after different sample treatment methods

MIEL MR | 0] 4 ol i 7 2R 152 L £
WA LRI, S SR AL IR AL B A RE S B 5 T A/,

WL ARE Y /b o o SE ML A QUEChERS A 3438 A+
Z0PH 4 A i EE R E, ZUe RS
SRR I QUEChERS 34, {HXFASHFE &L (15 AL R R
il 2 v i R R R ER
2.3 ERMMN

FL RN (matrix effects, ME)J&45 3Lt A BRIl 4 2
BN At 85 X6 15 0 400 43 T P S 0, 6 5 S 5 25
R SRV T R, R W A 0 5 SR S R B DY)
1.3.2 HETAHE I, ARl AE AEER S 70%EKE
TRECHIAL 1. 5. 10, 20, 40, 50 1 60 pg/L AYFLBVCHIAR
Y ARV ORIV BRI ARV FEAE RS0 T SR T Rk
WA O3 - BRI BT A T, A oy S TR o A iih
FRFIRRE TAEMZE

SR FH AR AE Bl 26 3R L AR T ME, ME/%=(%5 M
L JT G FE B o A a2 0 A8 3R 0 SR b o AR R g )
H_1)x100%, 0<|ME|<20%, FFxHES T, T2
AT, 20%<|ME[<50%, % B A o 45 0 B 4G 3 5 T 3
IME|=50%, M5S0 5L T4, ME WL3& 3. 45540,
4 P A 2 K ARAE AR ME BYS2I . S 36 FrRE ik
IME|{E A 1.7%~9.2%, ME 55 . £ 2h#g§ ik kM
QuEChERS 40 B HE 5, IMEE H 20.3%~30.6%, 2%
ME, 4 Fii i85 88 % R SL IR0 o Seyse s A vk Ak
FEMBRCRBEE, Jeiiide /b, X MEihEH R i Sk s
PEEEAA K. /> ME SEMRE SR I ZS SR kb, £
IHAEGEAE LTI QUEChERS 3257 i 1o B i 3 o b o T
YEM&HATER, ML ME [5200

Fz3 4MEMBESEHER MEs
Table 3 MEs of 4 kinds of aflatoxins

. MEs/%
ik
AFB, AFB, AFG, AFG,
EAVIAE S R SRS -29.7 -26.6 -30.6 -22.3
SR -1.7 3.7 -9.2 -6.0
QuEChERS #: -30.0 272 -20.3 21.8

24 ZMSEE, RERSEER

Bol Bk A 1. 5, 10, 20, 40, 50 F1 60 pg/L
B 28 A3 PR A PR EVE IR Y, 0 BAES TR a2,
VLHE M 5 R 0 TR B O B AR BR (X, pg/L), BT U I
BURP AR T AR 2R, LbERIE R . K H R
ERMRILFE 4. 45K, AFB,. AFB,. AFG, fll AFG,
# 1~60 pg/L SERHINE RIFLMEXR, HEXREANF
0.999., ZFHLL 3 FEEMELLAN 10 f550E LT As IR A2
wR. 2o bR B BRSY 0.05~0.06 pg/ke, N
FFEIER HI PR 4 0.04~0.05 pg/kg, QUEChERS 7465 HiFR
0.20~0.22 pg/kg, ¥ £ 250t AFB, . AFB,.AFG, fl AFG,
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B H BRI TR o S sE R A Hh R AR, W RER b
PELEFAE AL RE ) 0T, W RBRRF A Tk, (HE2Th
REVHb AL R G 2 SR AR A H PR A 8 PR 22 7 AR,
¥J 1 QUEChERS ik HH BRFN & f BRAS, 3 2 (I
FE SR QuEChERS 5 HLAT T3,

&% E A EOA 56
PRGE S AR, BRIE . P @ 3 AR TRKF Y

PO EETE R, M 1.3.2 JriRAR B, BEATANRR DR S,
B IARAREE KB ME 6 Uk, THE DA A E (8 1Y

2.5

X b5 U 22 (relative standard deviation, RSD), %55 I3
5o M PEE KR VL A R R 80.7%~95.5%, RSDs 4
1.5%~2.6%, £ I ALH: ik 1 IR R 78.6%~101.8%,
RSDs N 1.6%~3.1%, QuEChERS 7% # [F Wit X Ny
79.8%~107.1%, RSDs 4 1.3%~3.0%, UiH 3 Rk # 7 v
[ A FIAE 25 B AT, 7T R 25 AFB,. AFB,. AFG,
i AFG, Kl oK o R ARE SR AAE IR AT AL R, FERT A,
LA R 2, QUEChERS VR4 /R R it 75/t
RSN ERY, 2R A R EICR | BB MR . AW
Z 3%, QUEChERS B,

F4 ZMHRE RERMESR
Table 4 Linear equations, limits of detection and limits of quantitation
&Y ik iy FHIC R EL i H B/ (ng/kg) & R/ (pg/kg)
Z I ReE Lk Y=165.19X+587.3 0.9992 0.05 0.16
AFB, R VRIS Y=231.11X+738.93 0.9993 0.04 0.13
QuEChERS ¥ Y=164.5X+570.37 0.9992 0.20 0.50
ZIRed itk Y=110.39%X+56.096 0.9991 0.05 0.16
AFB, B g2 SR AT Y=144.92X+512.33 0.9993 0.04 0.13
QuEChERS Y=109.43X+237.32 0.9990 0.20 0.50
Z I RedE Lk Y=59.197X+178.39 0.9990 0.06 0.20
AFG, o SRR Y=77.442X+183.9 0.9991 0.05 0.16
QuEChERS #: Y=67.951X+322.55 0.9990 0.22 0.60
Z I Re sk Y=20.432X+74.861 0.9990 0.06 0.20
AFG, GBE SRR I Y=24.707X+105.67 0.9993 0.05 0.16
QuEChERS Y=20.555X+81.691 0.9995 0.22 0.60
=5 EBERRMFEELER(N=6)
Table 5 Results of test for recovery and precision (n=6)
J—— PRI ZINBEFAAE R QuEChERS
IR/ (ng/kg) SR /% IR/ (ng/kg) [l /% IR/ (ng/kg) [m] 1 /%
0.5 82.7+1.96 0.5 97.4+2.67 0.5 91.3+2.33
AFB, 1.0 91.7+2.16 1.0 98.7+1.62 1.0 80.1+1.58
5.0 95.1+1.53 5.0 84.142.21 5.0 84.4+1.98
0.5 80.8+1.18 0.5 79.7+2.26 0.5 79.8+1.22
AFB, 1.0 91.3+1.82 1.0 101.8+1.69 1.0 80.9+1.02
5.0 95.5+2.48 5.0 88.5+2.4 5.0 83.1%1.36
0.5 90.3+1.54 0.5 90.3+2.67 0.5 87.6+1.90
AFG, 1.0 84.0+2.12 1.0 78.6+1.71 1.0 92.2+2.27
5.0 92.7+1.66 5.0 87.8+2.73 5.0 107.1£2.47
0.5 80.7+1.48 0.5 93.9+2.71 0.5 105.3+2.48
AFG, 1.0 93.242.22 1.0 87.3+1.60 1.0 91.6+2.71
5.0 92.0+2.36 5.0 90.8+2.15 5.0 103.9+1.84

2.6 SCRRAESRAEN

PEHC 1 By 25 M B AE A, R SR R AT I
QuEChERS & M Z TR b AL 7L X HLRT & AFB, . AFB,.
AFG| fl AFG, 47 3 R EATIN A, 45 RECEHME, k6,

SERRYI, 3 i ab BE 5 L XA 0 vh 4 T 2 2 R A
SE L RARLEAR WA SOV I 2205 R A . BT 3 i Ak 27
HEH T A 4 s il 25 2 2R AR DI R LR A, T
AT A2 A I 225K
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Table 6 Determination results of quality control samples by 3 kinds of methods (ng/kg)
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