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Abstract: A method was established for the determination of ten mycotoxins (aflatoxin B; (AFB,), aflatoxin B, (AFB,), aflatoxin G
(AFG,), aflatoxin G, (AFG,), deoxynivalenol (DON), 3-acetyldeoxynivalenol (3-AcDON), zearalenone (ZEN), T-2 mycotoxin (T-2), HT-2 toxin
(HT-2), and ochratoxin A (OTA)) in fermented dark tea (Pu'er tea, Hunan dark tea, Guangxi Liupu tea, and Hubei old green tea) using
(QuUEChERS) ultra-high-performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS). The samples were extracted with
acetonitrile-water (84:16, V/V), and the extracted solutions were purified using the QUEChERS approach. The mycotoxins were then separated
on an Agilent Zorbax Rrhd SB-Cg column (2.1 mmx100 mm, 1.8 um) using (0.1% formic acid-5 mM ammonium acetate-water)/methanol as
the mobile phase and detected by MS/MS under multiple reaction monitoring (MRM) mode. The mass spectrometry measurement was
conducted using positive (ESI") and negative (ESI) electrospray ionization with an external standard. The results showed that ten mycotoxins
had a good linear relationship within their own linear response ranges, with correlation coefficients (r) all >0.9995. The limits of quantitation
(LOQ) (S/N>10) were 0.1~1.0 pg/kg, and the average recoveries at three spike levels of ten mycotoxins ranged from 61.9% to 120.3%, with a
relative standard deviation (RSD, n=3) of 3.2%~16.1%. This newly developed method was successfully applied for the assessment of 61
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commercial black tea samples, and mycotoxins were detected in several batches of samples. Based on these results, the developed method is

reliable, simple, and accurate, and is suitable for the rapid analysis of multiple mycotoxin contaminants in fermented dark tea.
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Fig.1 Chemical structures of the investigated compounds
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Table 1 Retention time and UPLC-MS/MS conditions for ten mycotoxins

AW HFEE ESI A£X, 8 F/(mlz) F & -F/(miz) AEAEREF/eV 2mE e EV #% % i} 18] /min
AFB, ESI® 313.1 [M+H]" 284.9%/240.9 24, 44 171 433
AFB, ESI® 315.1 [M+H]" 286.9%/258.9 28, 32 176 4.05
AFG, ESI® 329.1 [M+H]" 242.9%/199.6 28, 50 156 3.63
AFG, ESI® 331.1 [M+H]" 257.0/245.0% 30, 32 158 3.44
DON ESI® 297.1 [M+H]" 249%/203 4, 12 100 2.67

3-AcDON ESI® 339.1 [M+H]" 231%/203.1 8, 12 95 322
ZEN ESI 317.1 [M-HT 175.3/131.3* 32, 24 70 6.25
T2 ESI® 489.2 [M+Na]" 386.8/245% 24, 20 125 6.09
HT-2 ESI® 4422 [M+NH,]" 263%/215 4, 4 100 5.85
OTA ESI' 401.8 [M-HJ 358.1%/211.0 16, 26 120 6.21
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min, EOE ARG, #W)E 3 min J5, T 10000
r/min B> 5 min. B 5 mL WA 15 mL #1408,
Y2, WRHE 3 min, T 10000 r/min &0 5 min. B 1 mL
JERZTT 0.22 pm AALIEBGEJES, F UPLC-MS/MS
I3HT.
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Fig.2 Separation of ten mycotoxins by mobile phase
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23 HaERIEHHRL

23.1 REGH 69k

B VR S S KRR P2 AT R
BT A, F5 BRI m IR,
ANFVRE S B SRR BN B, B
A AP AL EE 7 1 R IR PR ISR A7 (142
HUAFIRNGE TS, 98> B ARG A PIEAS R S A b
PR IR . REFHRLE REY], CIFKIE R
eI A —FREGA . EAR B — CIEVE TR
TR 2 B FE R A TRIICR BT, (% pH 1A
PRV R R R R, SO TR RSO s
BRI (FRR. ZBRAHEESS) LUIEsRB A HEH
R AFFIERREFIF N 1%1 RIS T,
LA T AN R EE AR 27K e R - K VAR P R L
R TE OG- /KIS HEIGARF, BT M5
FE (RFREL) 43518 50% 79%- 84%H1 100%I} (13
AR, AR, WE CIERERRE, FF
VISR EISCR B DR R, 4 ORI 84%K,
PP EE R R RO B, IRCERAE 79.9%~100.3%
ZIH), GERIE 2. H, RFTCRHAE 1% LRI

ko)
02061.0 1418 222.6 3.03.438 4246 5054 5862 667.0 7478 &



MK EmBHL

Modern Food Science and Technology

2017, Vol.33, No.7

Ji&/7Kk=84:16 1 NHREGF] o RIS R [l B
BRI — % &) NaCl F1 MgSO, Z= 47771,

AT B & ZAE T eR2 .

7 2 FEHRBLFIXT 10 MEES BRI (%)
Table 2 Recoveries of ten mycotoxins using different extraction solvents

AW&EE TR :7K=50:50 THE:K=79:21 THE:7K=84:16 THE:7K=100:0 ¥ Bz:7K=84:16
AFB, 69.1 83.0 88.5 76.6 80.3
AFB, 753 774 94.7 80.2 79.6
AFG, 71.5 81.7 80.8 76.6 72.5
AFG, 63.2 79.9 85.5 78.0 70.1
DON 70.2 70.8 89.6 82.1 85.5

3-AcDON 64.6 80.5 100.3 77.2 76.0
ZEN 73.1 86.0 92.1 80.5 84.7

T-2 75.2 853 79.9 79.0 69.7
HT-2 80.0 81.9 87.0 78.4 833
OTA 75.9 70.6 81.5 83.9 81.4

232 By XegikdE
R 3 FRIBLAET 10 MEESRAIEMERLE %)
Table 3 Recoveries of ten mycotoxins using different
purification modes

AWAEFE  Spind00 FE A BFMEB  HLEC
AFB, 85.1 87.4 79.3 82.6
AFB, 75.0 83.6 72.1 73.5
AFG,; 95.6 98.1 80.0 79.7
AFG, 86.6 85.0 73.6 75.3
DON 62.3 90.2 70.3 84.7

3-AcDON 96.5 95.3 88.1 69.9
ZEN 89.0 101.6 71.7 62.8

T2 60.4 73.1 68.5 73.1
HT-2 88.3 82.9 77.2 80.6
OTA 82.6 86.8 74.5 88.7

PRI R I B A R SR BGRISE I ,  JE 5T R
boic®, SEEISEALE, 1 H E RS
IR ECR . T [E A5 (QUEChERS) A& —F
PIFRUAE AR, WA FE G, 2RI b —
Re, EE T, BRI, XA S|
TIRIFHI R E o

ARSI AN [F) B 2 R A B A R R AT
THE, HRERNE 3. SREI, 2 iE A
UG, ZHEFETFTRNECER . 5108 A&
{LAHEE, Mycospin 400 #UfEiF0)5, ik DON. T-2
Ab, KB BRI i s . SrEa %8S,
1% Fi & Bond Elut {#4bE A% 400.1 mg PSA.400.1 mg
Cis+ 45.0 mg Bulk Carbogragh Il 1199.8 mg Btk
FEREFR AT, [EUSCEALE 73.1%~101.6%Z [A],
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FRN & LC-MS/MS 5% BRI A A A2 rp
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MEAETFRNEELS . IR IR, TN AR
JCEBFRENFET A, FIFAE R R A 7772 ) 3
TIIABCHEF VR S FRUEA R (AFB,. AFB,. AFG, fil
AFG, < E A4 10 ug/L, DON. 3-AcDON. HT-2., T-2.
OTA Fll ZEN KRREEEIN 50 pg/L), WIE & EHEHTFR
TR AR (Ao 3335 DL 20% FY /K Y7510 1 R 2k
FERIRA AR, DE HIETAR (B). 4% Huang
& (2013) RIEM TIETEE RN, FE AN
ME(%)=B/Ax100.

ZE EMERY, AFB;. AFB,. AFG,. AFG,.
3AcDON . HT2. T2 Al ZEN [ % i % M N
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FHH 72.6%, EBACETHELRAN 124.7; OTA 1EHE7H
AN 135.8%, TR RSN 128.1%, £ 7E/N
AN 112.5%, TEMIEEH AN 146.8%. KA
LC-MS/MS 25k Bl e, K S R URC b
WG TIHE B, RERUF AN TR B RN, B it
TR .
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HIRESPRERR, DUREIREE (O Jkedety, EE & 7], R HLHC I A RV BE RTRARVA R, 225 A RE S
TR Cy) NAERR, ZxfilbrdE TAEMZ, 45 AN EAMEEY), 1G4 FER AL T b es s KT
FRAEER T 2R BBV A R R 8. 45 R EoR, 10 EHEATRITACE,  _EHLIE, LL SAN=10 THETEE R
MR FEERAE LE 97 EST BT B RAFIIEIER R, R (LOQ), iHHAFH! 10 FHEETERN LOQ 770
FHIE R 50(1)>0.9995 (L3 4), 0.1~10 pg/kg.
MR 10 P EC B B 2 72 5T 1 MRM B 1] 7 P A
R4 10 MEAESRNELMESIZFESIR
Table 4 Linear equations, correlations, and limits of quantitation (LOQ) of ten mycotoxins

AHFE K42 A% B 2(r) KMESE ) (ng/L) ZF MR /(ugkg)
AFB; y=1196x-2.3428 0.9999 0.05~25 0.1
AFB, y=845x+28.831 0.9997 0.05~25 0.1
AFG, y=467.17x+9.2968 0.9999 0.1~25 02
AFG, y=302.91x-45.41 0.9999 0.1~25 02
DON y=12.744x+47.691 0.9998 5~100 10

3-AcDON y=18.386x-54.525 0.9999 5~100 10
ZEN y=12.744x+47.691 0.9989 1~100 2

T2 y=46.667x+797.54 0.9998 2.5~100 5
HT-2 y=16.581x-30.235 0.9995 1~100 2
OTA y=12.744x+47.691 0.9997 0.5~100 1

2.6 JrikEy B E FR L
%5 KB 10 MERBRODBCERARGRERE 4, n=3)

Table 5 Recoveries and RSD of the analytes in fermented tea (%, n=3)

% B B

FELAR AeAF 1 Hek 2 kR 3 JAF 1 Hakz 2 AR 3
Ek& RSD  Ek%E RSD Epk% RSD  wmk%E RSD  EkE  RSD =D& RSD
AFB, 789 72 852 74 82.1 47 826 3.6 872 105 904 5.1
AFB, 85.1 32 1120 95 815 128 771 55 828 92 87.7 95
AFG, 933 45 785 9.0 792 103 69.0 10.8 928 86 783 76
AFG, 80.8 8.4 1066 6.6 820 5.1 852 44 720 41 956 72
DON 772 129 85.1 155 975 84 899 38 938 65 933 137
3-AcDON 925 10.5 903 43 80.6. 7.1 1055 79 917 6.0 984 82
ZEN 89.0 48 1024 7.1 914 162 866 175 956 44 89.6 63
T2 829 123 765 59 785 93 752 106 856 53 802 49
HT-2 736 65 827 62 819 125 850 16.1 784 38 1135 102
OTA 692 102 778 33 80.5 16.5 759 9.1 731 76 829 57

JESER B FR

HE AR AeAF 1 HoAF 2 HokF 3 AeAF 1 %2 AAE 3
=k RSD  Eik%E RSD Epk% RSD  mk%E RSD  @kE  RSD =D& RSD
AFB, 865 3.7 889 105 926 70 803 6.7 826 39 857 10.6
AFB, 764 49 753 56 89.7 5.6 814 73 766 8.1 90.1 6.0
AFG, 81.1 86 893 97 1123 8.1 698 55 854 54 796 55
AFG, 619 6.7 770 93 825 45 777 60 80.1 6.7 849 48
DON 792 55 833 8.1 952 55 638 89 715 62 782 93

BT
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ELER
3-AcDON 844 10.2 89.0 49 99.2
ZEN 703 93 66.2 5.4 79.1
T2 67.5 4.1 74.9 83 80.4
HT-2 83.0 125 87.1 6.1 105.3
OTA 758 713 83.4 39 87.6

9.3
7.6
8.5
4.0
9.9

82.6 8.1 96.7 9.3 120.3 7.2
76.5 4.4 79.3 11.5 85.5 7.8
79.6 32 80.0 7.1 82.1 42
74.9 7.6 88.6 8.8 89.0 39
85.1 53 79.2 6.3 83.6 8.7

DAIANE B2 AR 92 R 20 s I COm
Fr D Oimbs 2) Flm Oiids 3) =AKFIIREER,
THRE AR INbR FEICR RS 2 B, RN IR 3
AAT Ho, bR 1 hids 2 ks 3 4B
RERMRM 1 f%. 10 f5A1100 5. H1E 5 ATAHEH,
10 FPE B RMFEINCRN 61.9%~120.3%, AHXTFRAE
iz (RSD) N 3.2%~16.1%.

2.7 SEFTAF e AR

RHARTTFSHEAIA &R 61 1 KEEAHFE b
(= FEHZE 30 4y IR AR 15 T PE/SER S 10 4y
FNALEE A 6 40D BEAT A AT o ASINES SRR B,
A 9 rkea AFBy, HrhEEZ 7 4 (0.1~16.1
ug/kg) WIRTEA 14y (0.5 pgkg) WILEZEH R 14
(2.0 ng/kg); 3 UrFE i HH DON, HArEH 2R 1 43(8.6
ug/kg) JAFFEEAS 2 4y (70.1 ngkg, 299.5 ugkg); 5
MR OTA, HAEEE 2 1 (6.7 pgkg F12.5
ug/kg) WIRTEA 14y (4.0 pgkg). | PHNEZRR 2 40
(0.9 ug/kg 1 1.3 pgkg). S GB 27612011 (&
LA EFAMER P R RIRE) BRI AFB, .
DON Fl OTA FIFREZR S 79: 20 pngkg (FK il
i)y 1000 pgkg (PRI 5 pg/kg, FrilFEdh
TR I [ KPR R

3 Zhig

3.1 FPEER RS AP R A A BRI AR A
V), HuiCAKME R REES 300~400 Fh, WnEgh
H R (AFs). TARGREME (ZEN). HllES R A
(OTA). ARG & (fumonisins)- &3 &8k T # 1%
i (DON) FljEH % (PAT) %, ARHREGR
SRR TR, HA AFB, R ERGE, W E PR E
WHANIE N T R80=Y), HErEEsAMr 10
5. BRSNS OO B SRR S R %
e, WAt PAAL (WHO) F1 o &P Esms i
HEMRE. BAT, Tk, TEAEFVNEERYIHH] 5.

ISR B A DL L R R B R S E O RN
B A T TR A I ST E . R ACETER
A= IR AR B AT A Y, T AR
T R 5 BB AN R R R 5 Y. BRI

RIFEASEA T A FE R I v ok 5| A A B8 EE A,
RIINHE BB H . GB2761-2011 ARIE Fm-
TR 25 2 1R =
32 ASZI-RH] QuECHERS J5V2ahbe it i b3 5 v
AT, BT R, PuE. REUERTTE
A 5 2 B 25 v 2 P L T % 1Y) e RO - o
RISV o v ORI T LA T e 1 4%
PEFI RS, A& H A FERI 2 R R i 2T
Bt. QUEChERS $% AR/ H Anastassiades 27 3L Ji [#]
AR BCEERA LR _F 2 —FhEEPRIE (quick).
AT H. (easy) fHHE (cheap). AL (effective). AJHE
(rugged) FIZ24: (safe) A—RMIFEMSRI FibE;
Ko SEGIRBEACEARMLL, ZHARBA G
A BRI K AR BRI A 251 20 . AT
FURE 2Rt QUEChERS J7iEACEE 5, 25 FIRE iR [E]
WARIEAS 2 T B A HARE I EeR . S Tk AL fE
10 FPE TR 2 IR E & TR (LOQ) &3] 0.1~10
ng/kg, IEFIEL R RBUE, Aed 2 B 5 A seAr Al
FHIGP= b T IR A IR o AR ST B LA 5T N 5L
MR RRI, KRR TR R, B
X RIS WAL PRI 5 HPAAE BB 5 3R 1 e A
B, BERFBEMIR KR P SRR NS =2 ERM
AP . VORISR EE RV IR, e K&
P2 S AR o R R PR AR R

Bt I bR

GB 27612011, it &4 E 5 brE (i h RS R IRE
[S]
GB 2761-2011, National food safety standard limited

(1]

mycotoxins in food [S]
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