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Simultaneous determination of 16 kinds of mycotoxins content in noodles by
ultra performance liquid chromatography-tandem mass spectrometry
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ABSTRACT: Objective To establish a method for the simultaneous determination of 16 kinds of mycotoxins in
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noodles by ultra performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS). Methods
Samples were ground into powder and extracted with an acetonitrile-formic acid-water solution (70:1:29, V:V:V). The
extract was centrifuged, diluted, filtered and analyzed by UPLC-MS/MS. Chromatographic separation was performed
on an ACQUITY UPLC® BEH Cig column (2.1 mmx100 mm, 1.7 um) using a gradient elution with mobile phases
consisting of acetonitrile and 0.2% formic acid-water solution. Detection was carried out using electrospray
ionization in positive/negative switching mode with multiple reaction monitoring, and quantification was performed
using the external standard method. Results The 16 kinds of mycotoxins showed good linearity within their
respective concentration ranges, with correlation coefficients (r) ranged from 0.9986 to 0.9999. The limits of
quantitation ranging from 0.0516 to 105.2628 pg/kg. The recovery rates in their corresponding pg/kg-level spiked
samples ranged from 92.7% to 124.4%, and relative standard deviations ranged from 1.95% to 9.32%. Among 30
samples of fresh wet noodles and 30 samples of dry noodles, the detection of rate deoxynivalenol was 100%, the
concentration ranged from 21.200 to 229.000 pg/kg, with no significant difference (P>0.05) between fresh wet and
dry noodles. The contamination level of aflatoxin B in dry noodles was significantly higher than that in fresh wet
noodles (P<0.05). Conversely, the contamination levels of fumonisin B, and zearalenone were significantly higher in
fresh wet noodles than in dry noodles (P<0.001). Conclusion This study establishs a method for the simultaneous
and rapid detection of 16 kinds of mycotoxins in noodles. Compared with previously reported methods and national
standard methods for mycotoxins detection in food, this method is characterized by simpler operation, faster analysis,
lower cost, higher sensitivity and better accuracy. It is well-suited for rapid screening in noodles and their raw

materials (wheat flour), providing reliable technical support for contamination monitoring and risk assessment of

related foods.
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%5 13 3] TRIGHE, S50 B OB (R - A 0 vk ) I T 46 P 16 FP LT RE R 5 4 71
*1 FRERTBRNFRERE ng/mL)
Table 1 Mass concentration of the standard series solutions (ng/mL)

AR #511 #4112 #5413 #7414 #5915 #5916 EX]
AFTB, 0.05 0.10 0.20 0.50 1.00 2.00 4.00
AFTB, 0.05 0.10 0.20 0.50 1.00 2.00 4.00
AFTG, 0.05 0.10 0.20 0.50 1.00 2.00 4.00
AFTG, 0.05 0.10 0.20 0.50 1.00 2.00 4.00

OTA 0.05 0.10 0.20 0.50 1.00 2.00 4.00

ST 0.05 0.10 0.20 0.50 1.00 2.00 4.00
NIV 5.00 10.00 20.00 50.00 100.00 200.00 400.00
DON 5.00 10.00 20.00 50.00 100.00 200.00 400.00

3Ac-DON 5.00 10.00 20.00 50.00 100.00 200.00 400.00
15Ac-DON 5.00 10.00 20.00 50.00 100.00 200.00 400.00

ZEN 0.50 1.00 2.00 5.00 10.00 20.00 40.00

T2 0.50 1.00 2.00 5.00 10.00 20.00 40.00

HT2 1.00 2.00 4.00 10.00 20.00 40.00 80.00

FB, 1.00 2.00 4.00 10.00 20.00 40.00 80.00

FB, 1.00 2.00 4.00 10.00 20.00 40.00 80.00

FB; 1.00 2.00 4.00 10.00 20.00 40.00 80.00

*R2 BERRRERF 133 HSaras®
Table 2 Gradient elution program 7 SR SRR 1 kg, TR J5 P e R ML O
T 1/min A% B/% BB /NT | mm (B0RL, B 100 g TRER b8 B3
0 800 200 1. MERRFREL S gORSTAE) 0.001 @)iRET S0 mL B0,

0.5 80.0 200 A 20 mL I Z.Ji5-H R /K F I (70:1:29, V:VV)IEFTI i

23 7.0 30.0 TRA#HES] 1 min, B TFRIR FPRGHEI 30 min, £ 4°CF

>0 >0 950 L 10000 r/min &.0> 5 min, #EGHBEC 1.0 mL F#®ETF 5 mL

8.0 50 950 BT, A 2.0 mL K, RIERAIE, 164 °C R 1410000 tmin

8.1 80.0 200 BP0 Smin, B 1.5 mL B 0.22 pm BB, JE R R

10.0 80.0 20.0 1.0 mL, f#{)‘(%ﬁﬁﬁo

®3 16 HMEESEHNREMBMRESH
Table 3 Retention times and mass spectrometry parameters for 16 kinds of mycotoxins
Lty e it T RERFmn SRRV RNV R
AFTB,; 313.0 285.0°, 269.0 3.97 100 30,43 ESI"
AFTB, 315.0 287.0",259.0 3.73 100 34,38 ESI'
AFTG, 329.0 243.0°,311.0 3.71 100 35,38 ESI
AFTG, 331.0 313.07,245.0 3.29 145 32,40 ESI*

OTA 404.0 239.0°, 358.0 4.74 60 30,26 ESI"

ST 325.0 281.0°,310.0 4.87 100 36,33 ESI

DON 296.9 249.1%,231.1 0.90 60 12,18 ESI*

3Ac-DON 339.0 231.0°,203.0 2.17 40 15,19 ESI'
15Ac-DON 339.1 321.3%,137.2 2.11 40 11, 15 ESI

T2 484.1 305.07, 184.9 4.65 33 18,25 ESI"

HT2 442.1 263.1%,215.0 4.24 30 15,15 ESI'

FB, 722.5 334.3%,352.3 3.93 100 54,49 ESI*

FB, 706.5 336.3",318.2 4.09 100 50, 43 ESI

FB; 706.5 336.3",318.2 4.19 100 50, 43 ESI'

ZEN 317.0 175.0°, 131.0 4.80 -110 -30,-35 ESI”

NIV 357.0",311.0 281.0 0.70 -30,-70 -16,-15 ESI
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Fig.l Chromatograms of 16 kinds of mycotoxins under different mobile phase component
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'3‘.;.‘;( 20 % wlll m  —pon wi, VERE FIARIE R A 4, AT AR UG ER, TR IR
E 0 sas Do U m — :;)SAX;}PDOgN gEREIR, 16 ﬁlﬁﬁ%?@ 7 YRS VT INBR A 700 R 25
= iy — FB, R RSDs #/NT 10%, MARFE S [EICRR 92.7%~124.4%.
N el T R A Y VR U I L SRR A
2 15450 A “L wlll = 2E% MR, AR S,
% ; i ; 2.4 SEERHERRA
PR H1)/min T FHA 7 Pt 60 153 T 85 B it GHT S8 T 2% e T THI 4 4%
K2 16 FEREHEETIEZNE-0.2%H Bk B R s iy 30 O)EA TR, VSYLRRIEANT o S5 AN 6, FE RN IA i
Ay ik SR K T DON, FB,. FB,. FB;, ZEN, }f' DON
Fig.2 Ion chromatograms of 16 kinds of mycotoxins in the mobile

phase of acetonitrile-0.2% formic acid-water solution

4 16MEESHEWLMTEE. LODs 5 LOQs
Table 4 Linear ranges, LODs and LOQs of 16 kinds of mycotoxins

K th 5t 100%; By fEBTSF IR AH T 1R A5 G 0

LT [/ , g LOD L L
fka p R pE LR s CI O O v
AFTB, 0.05~4.00 Y=4.11e5X+9515.31 0.9993 0.0624 0.2064 29.0
AFTB, 0.05~4.00 Y=3.77e5X+2625.41 0.9997 0.0324 0.1080 553
AFTG, 0.05~4.00 Y=1.70e5X+326.19 0.9992 0.0576 0.1920 31.2
AFTG, 0.05~4.00 Y=1.32e5X-266.35 0.9998 0.0840 0.2808 214
OTA 0.05~4.00 Y=6.06e5X+2579.25 0.9999 0.0156 0.0516 116.8
ST 0.05~4.00 Y=3.87e5X+6503.95 0.9992 0.0480 0.1608 37.4
DON 5.0~400.0 Y=1.59¢6X-800.16 0.9998 1.2480 4.1604 144.2
3Ac-DON 5.0~400.0 Y=5.18e5X+632.68 0.9998 1.9668 6.5568 91.5
15Ac-DON 5.0~4000 Y=2.28e5X+2986.90 0.9997 31.5792 105.2628 5.7
T2 0.5~40.0 Y=1.03e5X-89.43 0.9986 0.3228 1.0752 55.8
HT2 1.0~80.0 Y=1.96e5X-298.11 0.9990 3.5640 11.8812 10.1
FB, 1.0~80.0 Y=1.79¢6X-117.41 0.9998 0.0780 0.2604 460.5
FB, 1.0~80.0 Y=2.27¢6X+1.34e5 0.9998 0.1296 0.4332 276.8
FB; 1.0~80.0 Y=2.94e6X+1.12e5 0.9997 0.1284 0.4272 280.8
ZEN 0.5~40.0 Y=5.50e5X+1771.73 0.9999 0.0840 0.2808 213.5
NIV 5.0~400.0 Y=2.38e5X+1033.67 0.9998 1.3860 4.6188 129.9
RS IMERSENBEEESERE
Table 5 Precision and accuracy of 16 kinds of mycotoxins
oy bR (ug/ke) ﬁmi‘i‘i{)@ % RsDs%(n=7) | B bR (ugke) ﬁuﬁ(ﬁ”f)%/ % RSDs?% (n=7)
AFTB, 6 114.2~116.2 6.36 15Ac-DON 600 97.8~107.1 6.68
AFTB, 6 107.6~124.4 7.23 T2 60 107.6~115.9 9.32
AFTG, 6 105.8~116.1 8.67 HT2 120 103.8~108.7 5.39
AFTG, 6 112.6~120.5 5.62 FB, 120 99.3~104.3 2.90
OTA 6 101.1~110.4 2.75 FB, 120 100.4~103.0 3.81
ST 6 92.7~102.4 1.95 FB; 120 101.8~104.0 2.32
DON 600 117.9~121.6 3.35 ZEN 60 107.1~109.4 3.58
3Ac-DON 600 105.3~109.4 2.67 NIV 600 99.8~108.6 522
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Table 6 Detection rates and content of 16 kinds of mycotoxins in actual samples
H IR 1A 45 (n=30) T 45 (n=30)
fein ol 2/% i (ng/kg) FIRERF dh 2 {1 o 2 /% R (ng/kg) FIPERE AR (]
/(ng/kg) (uglkg)

AFTB, 0 ND / 20.0 0.092~0.813 0.336
AFTB, 0 ND / 10.0 0.087~0.220 0.174
AFTG, 0 ND / 0 ND /
AFTG, 0 ND / 0 ND /

OTA 0 ND / 0 ND /

ST 0 ND / 0 ND /
DON 100.0 67.900~169.000 114.000 100.0 21.200~229.000 104.000

3Ac-DON 0 ND / 0 ND /
15Ac-DON 0 ND / 0 ND /

T2 0 ND / 0 ND /
HT2 0 ND / 0 ND /
FB, 93.3 0.112~0.677 0.290 83.3 0.096~1.670 0.505
FB, 60.0 0.023~1.500 0.495 133 0.120~0.455 0.239
FB; 10.0 1.600~1.830 1.730 3.3 1.820~1.820 1.820
ZEN 100.0 0.259~3.420 1.280 66.7 0.119~2.020 0.607
NIV 0 ND / 0 ND /

1 ND AT LOD. /4 ARA7 M 5.

93.3%71 83.3%, H N FBs HYEZI5YLY); ZEN 7E5 e
T 45T T8 45 h A HE %8 100.0% 1 66.7%; AFTB, . AFTB,
IFETFHAFER PR . HAD PR ARAG
25 FHEARXRTERTERESRSLEER

AHIFFE XS SRR S A Y 7 R EE R AT A 25 5
4387 o FIFH Shapiro-Wilk #:5, & B DON £5& IEZS 434,
BXFPIA R T4 H ) DON ST REA t 165, X
FB,.FB,.FB;.ZEN. AFTB, . AFTB, %i}{1} Mann-Whitney
UK. 4558 %7K, AFTB,. DON. FB,. FB; & 1EHifif
T THT 250 T T 45 P 175 Y G B 3 22 5 (P>0.05), AFTB, .
FB,. ZEN & &7 PHFP 2SR ] 55 H0 1475 Ye A7 FE bl il 3 22
F(P<0.001). Z55ILA 3.
2.6 [FEIRTTERELE

AT 7, WFESHRTAREE . LOD. Al sl A<
ROy BIRCREZ I, 5084 STk 2 X% R ARk
AT T84 s A5 R R, AR T o B S PR ) 0
PIBRIEREI/INZZE F ROk 19 FPECE & R MBS, A7
DA B TR A A B, L i A B R R G R K
W AW BE, ik TERERR, A T A
BristiE], S84 T RReE, JEAECRIE S R R RTHE NREIT
TR, KAh, GB 5009.22—2016 { £k 2% B 1l
G JEMINE ) . GB 5009.96—2016 { &b ERE A 1Y
MEY K GB 5009.111—2016 (£35S 5k T T K

HLTRACATEE DI RE ) SR 3 AR RIS S AL
Hik, HIREE | A, 1T GB 5009.118—2016 (&fhH
T-2 HEMIWE Y 5 GB 5009.209—2016 { &5 EHKFE
SR A ) B RGN E T T AR B i Y S TR (-
S0 QN e alll e

175 A8

150 FeNSIATTE S

1251 Wl Tk
100 -
75 L
25

2.0 |

kkok

iIJL

DON ZEN

t/(ng/kg)

=)
L

[&]

1.5

1.0 ns Hk ok
r

05F ﬁ
I

— ns
AFTB, AFTB, FB, FB, FB

L T3
HREHR

1:: DON & 5 MR A t ki 365387, AFTB, . AFTB,. FB,
FB,. FB;. ZEN # % {#i [l Mann-Whitney U #:3670#7. ns FRA
HAG 525, * 3R HA B2 5, P<0.05;

*r o HA R B3 25 17, P<0.001,

K3 BRI 4% 5 T i Ak h B T R I P iE 22 57
Fig.3 Differences in the characteristics of mycotoxin contamination
between fresh wet noodles and dry noodles
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i, JoF R RO NS5 e R s, AR R T
b 3 R ol PO ols sl EZ 3 7 e N T ol 3 € B2
BeA, SESEELT 16 FhEL G EER A R, RE RS
T ATl AR I AR R, R S PR A I U A
R B LR A I
3 % it

ARG T —Fi ] [ E P 2 E 4 16 FhELpE
FHE M UPLC-MS/MS Jrik, AWFFEIET 28 B KR
A3 TR AR A 7 o — 2R I 90 25 240, 8 H b A
HRYRE 16 Fh, TLITH— . MRS A0k
K ASMREE R, HARRIRBOR T R e Mg b, 2
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e, ke BB TR miz 357.0/281.0, HAEE T (mvz

357.0) 8 R ING B 1, XAl RE S A& 95 sl A b
PR ES T45 A Ko

A FEAGIN T BB T 30 {45B I I 455 30 14T 1k
ZH 16 FREHBRMISOKT . 457 ExR, DON Fl FB,
SEPIASTE ] s e 1 #E R . Hoh, DON RS
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A AR, T 1E 45 DON K H 2R 1K 100%(3
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S S PO 3 2017—2021 4F 1T 5 /N il i R DON £
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IRT =k RAEMILS LS 474 DON
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Xt XSRS, HITA FE AR AR AR .

EHARER M, BRI R FBs E8I5 Y £k &I
Tl 200 AT D1 D1 A DO S TG ok b FBy R
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N 100%5H AHA RIS, DS T 6 T S I 1T 455 T 1T 4k A
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T A%
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