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Determination of 6 alternaria toxins in peanuts by solid phase purification column purification-
ultra high performance liquid chromatography tandem mass spectrometry
CHEN Jing, TAN Jinghui, XIA Yuxin
(Hengyang Municipal Center for Disease Control and Prevention, Hu’nan Hengyang 421001, China)

Abstract: Objective To establish an ultra high performance liquid chromatography tandem mass spectrometry method

for determination of 6 alternaria toxins in peanuts by solid phase purification column purification. Methods The sample
was extracted with acetonitrile-water-formic acid, purified through solid phase purification columns. Using a mobile phase
of methanol-1. 0 mmol/L. ammonium bicarbonate solution, a HSS T3 column for separation, and ESI- mode for detection, and
determined by UPLC-MS/MS, with internal standard quantification. Results The six types of alternaria toxins showed good
linear relationships within their respective determination ranges (all r values were greater than 0. 999) , the detection limit of
this method were in the range of 0. 02 to 0. 23 wg/kg, the relative standard deviation was less than 3. 5%, and the recoveries were
87.4%-117.7%. Conclusion This method is simple, fast, has good purification effects, high sensitivity, and good
reproducibility, making it suitable for the rapid detection of residues of six types of alternaria toxins in peanuts simultaneously.

Key words: Alternaria toxins; peanut; ultra high performance liquid chromatography-tandem mass spectrometry; solid

phase purification column
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XFRALPR T A AR ER A . EIRE L AR —
il T UL R H & TR AR — R T2
R VAR FEWEFRMME . BT A4S
iz i AR Al ) 32 R TR T R TR A A0 A T A
HEMEY ., BAr, X TALEPREGTERG R
FEEPEEMG SR M ER L ERFGEE
] 45 T 6 T 46 A= v B A% 1 R 00 A D AF o AR R B
ZUML I, a2 s A A A KU W B
Fo A I X G AN EE R AP AW Sk BOAE A= 4R S A
PG, i Hrp 6 Ff ATs(R TeA (AOH . TEN \AME .
ALT 2 ATX D,

H A, 0 T BE A% 75 = 00K D B2 R 32 25 i )2
RN R B R R R A R A
Horb vl )2 0 v ROBUREAR L E A M 2% IR A g
Bk ) 52 HE B T, 25 S 7 A AR B 6 5 R A 2%
by 52 B BE A5 B T W0 5 AOAA 833 7 R A5 B
AT BRER 2 R M2 R HE R B A
PR R A BT TORE PR R A AR T AR G 0 R AH
035 3 TS T A O A R R A TR R
RS HT o T[] 3R R - e RO AH 23 - £ 1K
TR O TG T TGS AN [ R i S A I 1 5 5 DG
T b o T2 R 05 A AR RS I A o, R O ik
TE PR AR A I Sk AR Y S T AN R S g L 1R
TR RES N

A BF 5% 38 3 PriboFast® MFC331 [& AH & 1k 4
(i 24 Z D Re i A AT ) ¥ AL R i, A 57 [ 460 3R 7 -
o R AH £ 3 - B R B VA AR A T 6 i RE A% 1R R
FHEAT I E A3 A, A AR A 5 AR G R Ab
PRJ7 B AH b, O I AL IR VR AR A AR A
A LR T AT — 25 BV AT S R B A R
Gl s B 2 T R R VRS, O VR AS B v A R R
F YT B AR RN R A TE S AT B B R SR

1 #RE5F®
L1 FEZAUE 5

R G AR 3% - E B B 1% X (UPLC-MS/MS)
2 [E Thermo fisher, TSQ QUANTIS; 4> H 3l & il & -
P 45 A AL LA 4R, M32; 1/ F L F K« b 5t
FELFIHT , TB-403 5 iR e PR % 2% - 18 1T AR DK, QL-
901 ; 75 I T VAN - B Ll B8 7 AU 4% , KQ-250DE 5 1y i
R B DML FEER K, Sorvall ST 8R; Z I REMHEAL « 7Kk
FREZLK PH ,2500C [ 4R ¥ Ak A - 35 5 7B, PriboFast®
MFC331,3E FH R 78 F B SR v () A L 5 R

br 7 & . TeA (ROMER, 100 wg/mL) . AOH
(ROMER, 100 pg/mL) .TEN(ROMER, 100 pg/mL) .
AME(ROMER, 100 pg/mL) \ALT(Pribolab, 10 pg/mL) |

ATX I(Pribolab, 10 pwg/mL) ; TeA-D,(TRC, 97%) .
AOH-D,(TRC, 96%) .TEN-D,(TRC, 97%) . AME-D,
(TRC,97%) ."C,-ALT (Pribolab, 5 wg/mL) . *C,-ATX I
(Pribolab, 10 pg/mL) , G FHES HH BEZE R R, H
[ (MERCK, 3% 4l) ; £ Jif (MERCK,, 83 410 ; ik 12
A4 (MERCK, (il 4 ) ; Z R B (CNW, 8 i 4l ) 5 &1
K (BB, (B3 al) s IR (BHEF I, (A3 4l) ; 1R
(CNW , 2335 4l ) 5 52 5 /K o0 88 4l 7K A% (Millipore,
Milli-Q Advantage A10) il £ 09— 2K .
1.2 ik
1201 ARy W T

IR A AR UEV W (TeA : 500 ng/mL, AOH : 200 ng/mL,
TEN: 100 ng/mlL, AME: 20 ng/mL, ALT:200 ng/mL, ATX
1:200 ng/mL) o & 5 P 4% % W (TeA-D,;: 500 ng/mL,
AOH-D,: 200 ng/mL, TEN-D,: 100 ng/mL, AME-D,:
20 ng/ml.,"C -ALT:200 ng/mlL, “C,-ATX 1:200 ng/mL) .

WOE b IR TE A bR v CFIR A N AR,
FH 2 R 7K T i b o R 51, e Te A TE i e B2 O
10.20.50.100,200 i 500 ng; AOH \ALT ATX I fi¢
il e BE 45 4 2 4.0.8.0,20,40 .80 1 200 ng; TEN Fit
e BE R :2.0.4.0.10,20.40 F1 100 ng; AME it 1
W4 :0.4.0.8.2.0.4.0.8.0 Fl 20 ng; b5 1 £ 51
& 5 A AL R N AR Ak B 43 0 & TeA-D13: 100 ng.
TEN-D3:20 ng.AME-D3:4. 0 ng, AOH-D2,"C,-ALT,
BCL-ATX 1%y 40 ng, L FHILALD
1.2.2 Ff S Ak 2

FE 2 5 R AE I B G B T MR
1 kg Z247) ,AF & FH 2 T BB A TR AL RS B8 140 5, P B e
if 40 B, DU 435 BORE A 45 43 5 AN T 500 ¢,
ST BRI RE - 243 R 2 0, 1 RIS L 5 1 T
F-20 °C VKA TR AE L A H

FEA AR I AR S g il #54F i, T 50 mL SN M ey
OB LA 200 L IR G NARE I GRS . A
20 mL [ 25 -7K -F iR (84+16+0. 1) U , 42 il Y
30 “CLA NS $2H 30 min, $2HUAF 4 °C 10 000 r/min
B0 10 min(Chy 24 328%g, 0248 8.5 em) , FIE K
(SR

FEAEAL B 8. O mL ¥ F PriboFast® MFC331
(] AH Ak A TiC 25 9 348 L B BT R AR A R AT
i 5t IR Ao A A, [ R AR P B A A B R
(B Pk AR PE Mo 8 7 A0 ¥ S Z R H e 2 ) , 4%
PEHCERE S RS B AR ERME G
BRI, B AR (6 P BE S 75 R ) BEFE WE o OB,
30 s P4 o8 PR AL R A L AL S RO DR R
FH T A0, JC 75 1 G 18 A0 28 By 2 vh 52 2 i T Ak
IR IR I 4 AL BR
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AR W B4 mL R DR 2] 10 mL RV B
LT ,50 CRAE FTASRRTEMN 1 mL 1Y 10% H
B K VWS 7, T 4 °C 10 000 r/min B0 15 min( B
A2 8.5 em), B WAL UPLC-MS/MS 4317 .
1.2.3 AR &M

3% . 034 . Waters ACQUITY UPLC HSS T3 4,
TEFE(2. 1 mmx100 mm, 1. 8 wm) ; W shAH . Ay HIEE,
B g 1. 0 mmol/L B R S E& %5 5 i34 : 0. 25 mL/min;
PERERE 10 pL; R 40 °CBp BEVR AR ) L 36 1.

T+ B U LT 25 B R 40 S U (EST-)
47 X 2 /O M (Multipule reaction monitoring,
MRM) ; {55 B3 JE (V) : 2 500 BS T8 8 & IR (°C) -

R UL VR

Table 1  Mobile phase gradient elution conditions
i [ /min ACHEE) /% B(1.0 mmol/L i R S ki W) / %
0.0 5 95
2.0 5 95
3.0 75 25
4.0 90 10
6.0 90 10
6.5 5 95
10 5 95

325 AL (°C) 350 M5 (Arb) : 50 5 B <
i HE (Arb) : 105 W /T (Arb) : 1501 40 B
0.7;Q3 4 HEHE . 0.7; #lf 7 <K J3 (mTorr) = 1.5
6 Fi ATs Jo Foxh 17 1 [ 7 28 P9 4 B 335 4 0 2 8L
W 2,

F2o BRI
Table 2 MS parameters

EY Mz HE T/ (m/2) RFHLE/V FET/(m/z) ilf 15 g it/ V L BRI} 8] /min
139.0% 18.98
TeA TeA-D, 196.1 93 4.60
112.0 23.45
i i 213.0% 21.76
AOH AOH-D, 257.1 163 5.72
147.0 31.83
141.1% 18.86
TEN TEN-D, 413.3 123 6.01
: 271.2 14.90
256.0% 21.68
AME AME-D; 271.1 131 6.61
228.0 28.59
o " o 228.8% 13.93
ALT ’Co5-ALT 291.0 105 5.62
246.9 14.52
" 314.9% 14.22
ATX I Ch-ATX I 351.0 83 5.93
332.9 9.42
TeA-D,, — 209.1 103 143.0% 20.50 4.56
AOH-D, — 259.1 148 215.0% 22,61 5.72
TEN-D, — 416.2 127 141.1% 19.11 6.01
AME-D, — 274.0 131 256.0% 22.35 6.60
BC,,-ALT — 306.0 105 243.0% 14.35 5.62
B0 -ATX T — 371.0 86 335.0% 14.35 5.93

VN R T

2 HERESW
2.1 PRI S Hh Ak

H A v A 5 15 2R 9 25 ) 5, E PRI 55 B T
P b 5 8 Ly F 88 T [ M-H -, HoR I 8 i 5 B
BEFERER 7 R, 40 WIHE ESI+ ESI-EE R R 47 Q1 4
Hiti w2 mi iR BB 7, 23 H AR Y 7E ESI-HE R i
IO LY EST+FE -, PR b 3 426 67 A5 A S R A X o
TR XA SR BB A S e B — o Y
SRE FFHEAT Q3 THH A, £ MRM B R Rk
RF Lens H & ARl 48 68 & , 76 F 1 Fa s vk fn T 4 72
J3E 7 T i Ry BEARL R 7 ) B T A O E i RLE
B BARR BTSRRI 2.
2.2 gAML
2.2.1 i HE LR

S A AT E W E T, AR F 4T BEH

C18 FE 55 HSS T3 KX H bR 1 2 B 50 R, & BLAEAH
5] 6 5 e AR F T L BEH C18 A 75 43 55 M 1k e it 1
W FE R TeA B, W 5 & A2 58 5 43 X H W [ AR
i, 1M 6 A ATs 7E HSS T3 41 I fig 3545 5 4 il 16
IR D) 52 50 B ke 08 8 T 3 5 A MERE 4 B Y HSS
T3 A REHE
2.2.2 UM R ke

ARG EE X ESI-BE T F A A9 B EE -1 mmol/L
LR R -1 mmol/L Bk R & £ A1 FF -1 mmol/L
K 3 P B AI R B X 6 Bl ATs A K i 17 4
HEAT T 5458, TeA J— IR BALE Y, 4549 25 ol
MRS S 2 OUAE RS XY 1 55 01 A% 1 i 45 4 T 1Y
M) 7 444 58 0 AR 4 o 48 SR % PR 48 FH P -1 mmol /1
LTREER R BT, TeA (IS0 Hi R, JF B4 H b5 ¥y
R B AR 5 P 5 -1 mmol/L & KR R I, TeA Hi g
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b B BAR A A 0 T B -1 mmol /L K R
B AR FR I, AW o B R N i ey AT A

A 5 A X i R S B MR 2 A 1~10 mmol/L 3
Rl E AT 0T 93, I o e TR &0 e Wk 2 34 K, i iy v A
00 A, (E R Eh vk R A OR TR B R B R P R )
BEIm A B FE 53 B & G000 U, DK iR 1% 6 PR B
25 5 T 83 K e 24 R B B -1 mmol /L Bk iR
AR WA S

SRR AR 6 B ATs BRI B
0T AR AR 7 568 B e o, B I TRD AR E (&1 1) 6
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Figure 1 ~Total ion cuttent chromatogram of six alternaria toxins
2.3 FEANETAL T A AL
2.3.1 #Hibr ik ket

LB 2R AL B R AL B A Tk 2k, Hoh
QuEChERS ¥ Hl [E A AL U # 94 0 A, {3 QuEChERS
I W B3 (PSA L C18 . GCB) Xif 4if 4% 71 7 2 #F
A7 AN () A2 B2 A W2 BT T S0 A IR, O S A 2 R
AR il T T AH 25 BOTE N AU T AR R & i L O AL
PRAE T R B . MR Z T, R 25 FURE RN AR v
b FE 7E Ab SHURE i R T i 0 & s PR R R A g
3o AH B2 SR R (9 B0AS AH X e, BRI T LA
SESE G A vz I o [ A R A e A R
K 2 55 4 bR B 2% 5T, T 4 B AR AR A
AR L ST ) o R D B 2R AN R BEE DA TG A 3
i B o R R T A A AT E AT A A B A g
T A G [ AH A BUE 2 0 TE AL R TR R R R Y,
F WD T AL BT AR D IR B UE
PR, 70 b 3 5L 0T 52 4% 0 R A B AR R A5 S B
YL A
2.3.2  HEn R BOR Y IERE

U R R LT A R R UL Y B U R L (H 2
U0 UE B T ACR L BT . IS A R OK AR A AT A
BRSSO NE XF AE KO B A 13 & g 0, DN A

Al 0 B O3 . TR AR Ry i L IR M 4R BB A B T
PEHOG pH B F A PE BB TeA o (HZKRNER & &2 i
1o S e i 22 B K RN R M % I T A 2 R T
RR e 46 30 % . A B G BT X 1k Bl 2B %% T Sk R
ELRH BE R R BORE T 2 -H R (99+1) L 2 i -/K -1
2 (84+16+0. 1) . ZJiF-/K -H R (70+29+1) — A 42 L
WXT 6 Fh ATs B4R HUIE I . 45 R RUI(E 2), -
K -H R (84+16+0. 1)VE R ERIBGR I, [T 99. 8%~
103. 5% , LA e AE 3R BORCR . Rk, AR ik e #
-7k -H R (84+16+0. 1)VE o BE i H2 BUk .

0 -1 (99+1)

i 77! Lﬂ%qk-ﬂa? (84+16+0.1)
120 N ZHE-K-HR (70+29+1)
00- BB B 7 7 7,
7 z 7 B B
g D EN B
X 1 i |
=N | 2N | AN | 2N | 2N 2N
= AN N A | A AT
18 | & 8
AN NN | N | N | O
«(N [ O (A A
N | N | N | A | N | N
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TeA AOH TEN AME ALT ATXI

P2 IS [m] R BB 1Y o] s 3 15 1A
Figure 2 Elution effect of different extraction solutions on the

recoveries of six alternaria toxins

2.3.3  REURMABL AL

P L TH 7 R R IO DR ) 2 2R AR R A —
AEHE R o BRI AR B D P RER R LK AT
SE A PRI K, i 2 WK R 9k 46 5 42 300R HLIR 9%
PR o ABFIEE XSRS BRAE S 5 g AR, 4
MHEEET 15,20 F1 25 mL A3 BUR AR FINT 6 Ff ATs
BRI, 455 WoR (& 3) 24 $2 BOR AR B
15 mL 54 fin %) 20 mL Bf, 6 Flt ATs 4 8]0 R T & f5
(99, 8%~103. 5%) , HE— LN & 25 mLL 15, BTk
B N T (T ) 91 R - O v B o ¢
BRI LE A5 08 FE il 5 g &M
T AR 20 mL AR BUR IR R .
2.3.4 AR

FEEAT ATs 42 U 68 7 s ) 17 3 428t JE 5 6
G DG A 00 AT AR S B AT SRR FE 45 1M
B[] 3 4, D0 AT BB VA Ao 22 2% 0T, DA I 48 i ik T AL
N TP, AR B ST 3 A T 15,30 .45 min Y
A B )X ATs [m] S S A0 52, 45 S SR R
8] K 15 min 3851 % 30 min B}, 6 Flh ATs (1 BRI
A (99. 8%~103. 5%) , 4k 22 1E K B[], £ BRI 27
B T RN 5 W) BT AN R o B TR S B A0 A
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Figure 3  Elution effect of different extraction liquid volume on

&
>

the recoveries of six alternaria toxins

o A B 5 R AR T R TR SE T P 4R IR R

30 min.

2.4 Jrkcr Rk
20401 J7 BRI R RTAS: R

X ST I R AT TR B E . F 10% R K
VS VLR RE © A ATs TR AR AL P A I R IT T VA
M bR e RV, DAL E A3 5] 6 Fl ATs J2 H N
P 1) €003 T 0 1 AL, L6 b AT Y R R B M B
AEFR L6 Tl ATs 5505 07 A s 1) U 1D AR U A R AR A
2 AR AR I £k o 250 R (3R 3),6 Fl ATs
TEAS F A 8 0 BN B R I PE A O R
¥1>0. 999, % BEFE 5L 40 07 00 20 B8 7E A5 FI AR ZE RE
FE T R N i AR T O R B 2~5 fE IR A
T 7 V5 TG T - A7 00 5 20 Yk, L3RS AT I SE Y
B v 25 T F 5507 9 B RG H B, 10 4% - 47000 2 A A o 22
IRk r e R . & RS 0.02~0. 23 pg/ke,
EREA 0.05~0.76 wg/kg(FeFRbER K 5 ¢ &,
e 3) UL I Oy B B B 1 R AR

3O AT BYLRIEIC AR (MBI AR OC R AR 1T PR E B PR

Table 3 Linear rangy, linear equation, coefficients of determination, detection limit and quantification limit of six alternaria toxins

&Y e PEVE I/ (ng/mL) BN PSS KR/ (pg/kg) E P/ (pg/kg)
TeA 1.0~50.0 y=1.289¢ 'x-4.395¢77 0.999 6 0.23 0.76
AOH 0.4~20.0 y=2.588¢ 'x-3.403¢7? 0.999 7 0.15 0.49
TEN 0.2~10.0 y=5.127¢ 'x-5.595¢72 0.999 5 0.05 0.18
AME 0.04~2.0 y=3.34¢"%-6.665¢7* 0.999 6 0.02 0.05
ALT 0.4~20.0 y=4.992¢7'x-1.35¢™" 0.999 1 0.11 0.37
ATX 1 0.4~20.0 y=4.84e'x-1.207¢”" 0.999 5 0.08 0.27

2.4.2 bR DR ARG %

h T i PP A% T A B AT RE M TR A LR R
IR TR AR R AT 1.2 A 10 175 2 BRI 3 K
JpRi g, I BAEAS bR vk B2 AP 43 AR [a] — R A4
26 REHEMAT 6 . H5HR (R ORWATLEA
- ) oA R RIORG 4% B, 6 Rl ATs A9 AR X [0 e
87.4%~117. 7% , ¥ XT ¥ #E i 2% (Relative standard
deviation, RSD)#4<3. 5%, 1] F T 5Z PRke i 19 I 5E o
2.4.3 TR EETEIEAL

Ry — 20 PPl RS T 5 vk 0 AT AT M R AR
25 A SCER T ATs R D0 i) Hof s L 48, i 5
Al UL, 7R 5 B e QuEChERS 125 5% fi i 08 v 8 42 1
AT, L [ A A B 2 SR B TR RE D L LR
W o AN A 9T 5 ik 4R PR Y R A BE L K Hh BRI
G, RS0 30 i R, R A B AROR T R, VA T B
TEAR AT G BORZR AT ] TAE AR b 6 F ATs
A DR S R M R AT
2.4.4  SLEBRAEAERE ST

FI R b3 S 50 1 2 08 AR 2% 1 X T B 21 Ak
A A S HEAT A BT, ol P IR A v - R 2O A €53 -
FRIDE I T 0 o, 25 SR B 6 Pl ATs s Yot B I v
3 ALT, K 358 100. 0%, 7 &84 1. 05~3. 84 pg/kg,

Fed 6P ATs Y AHXT MR TR % JE
Table 4 Recoveries and relative standard deviations of six

alternaria toxins in peanut

o . U
ntr i/ (pg/kg) FHXT KGR/ % RSD/%

1.0 87.4 1.0
TeA 2.0 111.6 1.5
10.0 97.7 2.3
0.4 90.4 3.0
AOH 0.8 112.9 2.0
4.0 97.6 3.0
0.2 106.8 2.9
TEN 0.4 112.1 1.7
2.0 98.0 1.9
0.04 95.8 1.3
AME 0.08 111.0 2.2
0.4 93.2 1.1
0.4 115.0 1.6
ALT 0.8 117.7 15
4.0 94.0 3.5
0.4 110.3 1.8
ATX 1 0.8 114.6 0.9
4.0 94.8 1.3

R 2017 pg/kg; HeAR O AOH I TeA , K i %
439 R 19. 0% FI 14, 3% , K 3 [ 4 51 A 0. 78~
1.71 wg/kg F1 0. 89~1.90 wg/kg, 3 & £ 5 5 K
1.21 pg/kg F1 1. 33 pe/ke, M TEN AME (ATX 1]
KKz o R 6 1T UL, 6 FhaE A% 61T K 0T E &
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Table 5 Comparison of different methods for the determination of alternaria toxins
LML/ et BR / %
T Al 28001 L& A6 75 122 AHXS W4/ % RSD/% .
(ng/mL) (pg/kg) SCifik
Syt R TeA . AOH . TEN AME QuEChERS-HPLC-MS/MS 0.07~5.0 0.3~1.5 84.60~108.39 1.03~6.39 [11]
o Bk TeA . AOH . TEN AME QuEChERS-UPLC-MS/MS 0.2~40.0 0.2~0.67 85.3~97.6 0.72~8.70 [17]
N TeA AOH .TEN .AME |
o)L e N QuEChERS-HPLC-MS/MS 0.1~200 0.1 73.8~118.0 2.3~8.5 [12]
LT
. TeA \AOH . TEN .AME |
Fgia QuEChERS-UPLC-MS/MS 0.5~200 1 78.3~104.8 1.2~7.4 [13]
ALT
A ol TeA  AOH . TEN AME SPE-HPLC-MS/MS 0.04~50.0 0.20~2.00 92.25~124.66 3.79~10.58 [16]
"k TeA . AOH . TEN AME SPE-UPLC-MS/MS 0.20~15.0 0.4~4.0 62.50~113.40 <7.89 [14]
SEHF I TeA . AOH . TEN AME SPE-HPLC-MS/MS 0.05~50 0.1~2.0 68.8~117.3 8.6~11.4 [15]
Filterable solid phase purifica-
" TeA .AOH.TEN .AME |
yixan tion column purification-- 0.04~50.0 0.02~0.23 87.4~117.7 0.9~3.5 —

ALT ATX I
UPLC-MS/MS

6 AEAERE N T 6 R ATs BRI 25

Table 6  Detection results of 6 alternaria toxins in peanut
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