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Abstract . Alternaria toxin is a general term for a class of toxic metabolites produced by Alter-

naria, which widely exists in soil, grain, vegetables, and fruits. This mycotoxin is extremely
harmful to human health. It is well known that infant milk powder containing vegetable oil is
easily contaminated by Alternaria alternata. Alternaria toxins have thus become an increasingly
important focus in food. Rapid and accurate detection of Alternaria toxin residues in food is of
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great significance for food safety. This requires pretreatment to purify the target toxins and
maximize the accuracy and precision of the analysis. In this study, a rapid method based on
online solid phase extraction/purification and ultra-performance liquid chromatography-tandem
mass spectrometry (online SPE UPLC MS/MS) was established to detect seven Alternaria tox-
ins ( alternariol monomethyl ether, altenuene, tenuazonic acid, alternariol, tentoxin, alte-
nusin, and altertoxin [ ) in infant milk powder. First, the mass spectrometry and chromato-
graphic conditions were optimized. A BEH-C ; column (50 mmx2. 1 mm, 1.7 pm) was select-
ed, with 0. 1% formic acid aqueous solution-acetonitrile as the mobile phase. Then, the extrac-
tion conditions (extraction agent ratio and extraction method) and the solid phase extraction
process ( extraction column, type and volume of the eluent, and pH of the sample loading solu-
tion) were optimized. One gram of milk powder (accurate to 0. 01 g) was weighed into a 50 mL
tip and bottom plug centrifuge tube. Acetonitrile-water (84:16, v/v) was set as the extraction
agent for the first two cycles, and acetonitrile-methanol-water (45 :10:45, v/v/v) was set as
the third extraction agent. Horizontal shaking for 30 min was the best extraction method. The
sample was centrifuged at 9 500 r/min for 10 min, and the supernatant extracted many times
was mixed and blown with nitrogen at 40 C. The sample was redissolved in first-order water
(pH 5.5), purified on an HLB column, and successively activated with 6 mL methanol and 6
mL first-order water (pH 5.5). The solution was then loaded onto the column, and the SPE
was adjusted to ensure that the water sample flowed through the column at the rate of 1
mL/min so that the column did not dry up during the analysis process before the end of sample
loading. The column was rinsed with 12 mL of first-order water. After leaching, the negative
pressure filtration was continued for approximately 5 min, followed by elution with 10 mL
methanol, and the eluted solution was directly tested after passing through a 0.22 pm filter
membrane, without concentration. The analytes were determined by electrospray ionization
(ESI) with alternating positive and negative ions. Under the optimal analysis conditions, the
linear relationships of the seven Alternaria toxins were good in the mass concentration range of
0.5-200 pg/L, with coefficients of determination ( R*) >0.990 3. The limits of detection and
limits of quantification were 0. 15-0. 64 pg/kg and 0. 54-2. 24 ng/kg, respectively. The recover-
ies of the seven Alternaria toxins were 79. 1% —114. 3%, and the relative standard deviations
were less than 8. 87% at different concentrations. The method was applied to the determination
and analysis of 60 samples of infant milk powder, and the results showed that no toxin was
found in stage one or stage two of the milk powder. Only one sample of the stage three of milk
powder was detected, which was tentoxin, and the content was 4.97 pg/kg. The developed
method is accurate, rapid, simple, sensitive, repeatable, and stable. It can be used for the
practical determination of seven Alternaria toxins in infant milk powder.

Key words: solid phase extraction ( SPE); ultra-performance liquid chromatography-tandem
mass spectrometry ( UPLC-MS/MS) ; Alternaria toxins (ATs) ; infant milk powder
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1.3 UPLC-MS/MS 14+

k4 F . BEH C 354 (50 mmx2. 1 mm,
1.7 pm), FERN 40 C; MK R R (A)0. 1%
(v/v) WK WA (B) O 5 16 B BE R AR 7. 0 ~
5.0 min, 10% B ~95% B; 5.0~ 7.0 min, 95% B;
7.0~7.5 min, 95% ~10% B; 7.5~10.0 min, 10%
B, ¥ii# 0.4 mL/min; #FEE .3 pl,
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4.2 A BRSO E AU R O
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mg/L WA fEIR S5 100 pL Mt E R E
10 mL,71538] 1 mg/L MR SRR & R, % 55 &
F-20 CI-7F,
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r/min | &0 10 min, ] EE R, DIE EE 2 3
W, Ba—UARBUR A 15 mL 2 -1 EE-7K (45 :
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9500 r/min F&.0> 10 min, ZRIEHH FIFRIE S
J5T 40 CARMW, ZJ5HEET 12 mL — %K (pH
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EE A 7R AR S R S R A R D
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WL PRZIRA) 1 min, B 1 mLEAIWGT 0.22 um A
PLUEHE , FF
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Table 1 Mass spectrometric determination parameters of the seven Alternaria toxins (ATs)

Toxin Abbreviation Ionization . Parent . Daughter Pwell Cone Collision
mode ion (m/z) ion (m/z) time/s voltage/V energy/eV
Tentoxin Ten ESI* 415.4 199.2* 0.012 25 13
171.2 18
Alternariol monomethyl ether AME ESI* 273.2 258.2 0.012 25 25
128.1° 40
Alternariol AOH ESI* 259.2 213.2 0.012 25 25
185.1" 30
Tenuazonic acid TeA ESI* 198.2 125.1° 0.012 25 15
153.1 12
Altenuene ALT ESI* 293.2 257.2* 0.012 25 12
275.4 8
Altenusin ALS ESI* 291.2 255.2 0.012 25 18
199.2* 30
Altertoxin | ATX- 1 ESI™ 351.3 315.2" 0.0.12 25 8
333.3 10

#* Quantitative ion.
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TR R 7 ] 4 2 BRI ATs A 7847, 1 75
A [ S 2 S 8 By i DU RRUE B0 8 IC R0, Bt
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93.2% =[], Marina %" [A] B R BUK #8511 )7
PR L S i ATs 4R BUSCR B K R
90.05~1.25 pg/kg, A B E A 83% ~ 108% ,
XA RE AP R ST R SR P i ATs A
24 ERFENRZEHRL

Pk AR A BSR4 B, b o 5 T 4 3% [ A
WU INE BRI S5 AT AL, 55 2R B2 PR
FEJTORE AR O A T IR, B — E IR B ATs TR
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VW, TR S8 B DAk 5 ZE B UE A% B JBTRE & o A
50 ng 1 ATs IR G FrifE, Prasr— 3, X DLT B A A2 HL
KT RGN
241 EAEER/MENEEF

X T HLB /NFE | C o /MEFIT PSA /M A9 L
R A 3 s, PSA /NEXT TeA Mk SR 22, 10l
R 43. 6% , HEM R R 2 PSA HOEHT DL LB A
PLUERY ; HLB /MERURBELF T C o /NEE, BICR 7R
73. 1% ~92. 8% 2z [4], H. HLB /]NH:3&E FHPE9R , 76 FAE
AR N TR B 4 B AR, B THRAE
R HLB /ME g7k

120 -
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Fig. 3 Effect of different SPE columns on the
recoveries of the seven ATs (n=5)
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FRAL 2P [ R T LA R 7E 3 IRFEELZ I
BEXF R I AR A KA WY pH(4.4.5.5.5.5,
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WA 78. 9% ~92. 3%, [FIE Ry T 5 H AR —3k, #1
T AR S AP AR B R AR R BE pH 5. 5 1Y
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90 ] —A— Ten —— ALS seven ATs in milk powder (n=5)
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Fig. 4 [Effects of (a) eluent type and (b) methanol
dosage on the recoveries of the seven ATs in
infant milk powder (n=5)
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Fig. 5 Effect of water pH on the recoveries of
the seven ATs (n=5)

M A EIER 7 A ATs B [\ U Ry 77. 4% ~
91. 1%, EIBx AOH AME 4, HAh F R E R 5K L
EMES . IR EAEZ 10 mL FEEGER 2 5 A
WA, AR5 IR 4] 5 IR 1 mL Ve 0. 22
o JE S IE
2.5 FHEFEM
2,51 HE s (ME)

1£ UPLC-MS/MS 3 M7, e i Ak & 4 XF L g

ARIEIE Y 7 Fh ATs (9 DECRAE ¥ ME {553
%3 H KT 80% .80% ~ 120% F1 &5 T 120% ) , ME
{HAE 80% ~ 120% Z [8] R IR HE BTN , AT L 200, >4
ME {f 48 5F 120% B, 356 B 47 76 35 5 36 4 i
[Fl, ME (T 80% BEHI 77 LE S A AR, ME
AR

2_A1

ME= x100%

b A R Z AR AR R TR ) Al ) (WD IR
AR TP T A A, Sy BT A LV U R AR [
TR B R D EE R AR UE S T T AR

%% 2 Fi7R , TeA ) ME {H 78 80% ~ 100% Z [F]
UEHT TeA A9 B /E 1%/ ; Ten 1 AOH 1) ME {H
T 80% , FRIH FE BT Hi 2%, AHZ AME ALT

*2 #HRAESEEZYILIHHERERPOERBA
Table 2 Matrix effects (MEs) of the ATs in infant milk

powder sample matrixes

Target analyte ME/%
TeA 91.2+2.4
AME 132.6+1.8
AOH 73.5£2.1
ALT 145.5+3.1
Ten 78.2+2.2
ALS 158.7+3.8
ATX- 1 123.4+1.2
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ALS 1 ATX- | # ME {H /5 T 120% , 3= 90 i 2 F 4
SRASN . AR 2 BT SR P S A R AR ST R
FE T DT C A 5 0 B ST B N AT M B KRR
T 3 ST AN R M)
252 LMRESHEHR
TELME R RV A bR TAR WA AE 1.3
WS- AR T IE, DL oo AR EEE v R
=3

FRUETA AR HEA TS M (RT3 43 A, FH 6 o 25 b v A
VTR A e £, A5 RN 3 BR , R EERALE 0.5
~200 png/L MAERA RAFIIERERR , HE RE(R)
BIRTF 0.990, L& BIRfL &I (S/N) 451
93 110 A H R (LOD) Fl5E &R (LOQ) , 7
Flt ATs ) LOD 4 0. 15~0. 64 wg/kg,LOQ Jy 0. 54
~2.24 pg/ke.

B ILMT 7 MERAEBERNEIETER . &EHE R MR HRMESR

Table 3 Linear ranges, linear equations, coefficients of determination (R?), LODs, and LOQs of

the seven ATs in infant milk powder

Toxin Linear range/ ( ng/L) linear equation R*(n=9) LOD/ ( ng/kg) LOQ/ (ng/kg)
TeA 0.5-200 y=13176.92x-1758.45 0.9958 0.64 2.24
AME 0.5-200 y=2401.37x+356.275 0.9928 0.48 1.59
AOH 0.5-200 y=2078.12-1800.18 0.9979 0.37 1.13
ALT 0.5-200 y=39165.8x-11564.9 0.9996 0.32 1.22
Ten 0.5-200 y=14368.3x-5782.4 0.9982 0.15 0.54
ALS 0.5-200 y=4816.08x+766.478 0.9903 0.43 1.43
ATX- [ 0.5-200 Yy=2562.18x0-3766.9 0.9945 0.21 0.73

y: peak area; x: mass concentration, wg/L.

2.5.3 B E R ARE B A R AT

2 1.5 AL 6 T AR A 2 2l LR A
i, B8 GB/T 27404-2008"" 43 BILL 1 4% .2 £ A0
10 A5 BRI T = ACE AR I, A — R N0
e 5 A HERE 5 UK DU A i 1 RT3 SRS 8 B
RN 4 TR, 7 B ATs 092 B 79. 1%

F4 BYHILMHTR T MERAESEHNRME B ED
W (n=5)
Table 4 Recoveries and precisions of the seven Alternaria

toxins spiked in infant milk powder (n=5)

Toxin Spiked/ ( ng/kg) Recovery/% RSD/%

TeA 2.2 87.7 4.34
4.4 92.6 5.10

22.0 94.2 6.21

AME 1.6 89.9 6.33
3.2 96.3 7.13

16.0 114.3 5.11

AOH 1.1 86.4 4.67
2.2 100.2 5.81

11.0 94.1 3.68

ALT 1.2 79.1 6.54
2.4 88.4 5.49

12.2 82.6 7.13

Ten 0.5 93.1 4.98
1.0 87.4 4.17

5.0 106.1 3.16

ALS 1.4 86.6 3.69
2.8 85.7 4.64

14.0 80.5 5.21

ATX- 1 0.7 91.1 6.34
1.4 93.4 5.29

7.0 106.2 8.87

~114.3%, RSD<8. 87%,
2.5.4  SEPRAE G EY I E

iz 3R Oy v 0 S bR B A LR R i (— B
TB B 20 AR ) SEATRR N, 25 SRR B R AE
—Bt(0~6 F) T Bt (6~12 J#) W5k b A I Hy
HETR; B A 1 AFER K Ten,
FEN 4.97 pg/kg, iXJ&H Wik 5 22 15 4L i iE
Y &7 U BT LK 52 ATs 1175 Y R J3E A X SR
BRI A RUNZE S /N T RE A 2 LAT- 8 ) 4
Ko, Hky vk R Rh S 30 2, B ATs 15 441y JL &
U =N
3 Fig

AR T AR ZE AR & A 22 4 LWk vh 7 Feb
ATs, 31454 UPLC-MS/MS, & 1 & 2 il & 224 L
Wik ATs , 57 T —Fls 20kl 7 F ATs A 46
WIT7 ¥k, 2 R E TR | s e, D e,
ot PR Aotk 0 &R | ISR AN HE I A5 A AR AR
R 2 ATs INE , vT3E A T SCBRme Skl A A
TR BT AR TE Z R ATs 24t 748 R
HE, R R BE L L v BT AR L R B R A
SRR ER T HEAE RS ARG | LN, AR X T
TEAG B4 LA 68 W 22 4 KURS: AR B2 4l ) L gt e
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