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Determination of 8 kinds of fungal toxins in rice noodles by high
performance liquid chromatography-tandem mass spectrometry

ZHANG Lai-Ying', ZHANG Zhi-Rong', WANG Ju', YANG Ming-Xi’,
LI Yun-Bing', WANG Yu-Jiang"’

(1. Fengtai Centerfor Disease Control and Prevention, Beijing 100071, China;
2. College of Public Health, North China University of Science and Technology, Tangshan 063210, China)

ABSTRACT: Objective To establish a method for the determination of 8 kinds of fungal toxins in rice noodles
with liquid-liquid dispersion extraction and multifunctional purification by high performance liquid
chromatography-tandem mass spectrometry. Methods Rice noodle samples were added with isotopic internal

standards, and extracted by shaking with acetonitrile water (80:20, V:V) for 25 min. After liquid-liquid dispersion
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extraction, a multifunctional purification column was used for purification. The 8 kinds of target compounds were
separated on HSS T3 column, with acetonitrile-water (0.1% formic acid) used as the mobile phase for gradient elution,
and detected under positive and negative ionization and multiple reaction monitoring mode, determined with retention
time and characteristic ion pairs, quantified with internal standard method. Results This method had a good linear
relationship in detecting 8 kinds of fungal toxins within the corresponding range. The correlation coefficients (r) of the
target compounds were 0.9954—0.9998. The limits of detection were 0.10-10.00 pg/kg, and the limits of
quantification were 0.30-30.00 pg/kg. The average recoveries of rice noodle samples at low, middle and high standard
additions were 75.8%—112.0%, and the relative standard deviations were 2.9%—-5.9%. The detection and analysis of 8
kinds of fungal toxins in 21 kinds of rice noodle samples in the market showed that all the toxins were detected

except HT-2. Conclusion The pretreatment of sample is simple, the method is accurate and sensitive, which can be

used to determine the content of 8 kinds of fungal toxins in rice noodles.
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LI R F 2R B e s YL il o AR
A", REZL, MAEHAEW . BUE. B3R
A E . ERERIE . R BRI TS A IR
Al e AN AR RS W S 0 B Y, R
FIETEXK . IOk, NEREAM SR L= M, il
7 & B, (aflatoxin B,, AFTB )2 AL 2= Hh 20
o —Fh, Xt AFIsh Y HA SR AL SR, B,
HEom, B sSmrrEy e 0, B TREsuEm .
E K IR B 1 (zearalenone, ZEN)J& F BAATE T LK EW
IS Y, BOREFTR, S5l RN AE, AR
Sl e AT WK G, AR 2 T i ™ E R
8 45025 55 Hik 71 B 4 % (deoxynivalenol, DON, X FRAX it
#BR)GHT2 HE . T2 #EB THRmAEHEEER, 1
o T-2 FE R, HT-2 3 2 W AE sh i oy fe £ 2L
fRBHE), AR, 2Bk 72 ANEEREN 18757 R
e AR Z B ARG Y, RERR T2 2R, WihE#
#(B,. B,. G,. G,). DON, {k &3 & (fumonisin, FB) (FB, .
FB,. FB;). ZEN, #4125 2% A (ochratoxin, OTA)ZE# H
R 25%, TRATT Y F B R, FOK Bk R AE
— R el A A G A Y R T 6k
HEEMIRERN, HETFR gy Em M, Atk
93 B o) i ) R SRR S A TR SR AT AL B, N — By
PRBEAER AN i, X W22 S S 1 LR B RS YR
BIL N EE

K B FL) S A TR B & O b A R L),
HRER EARIAEE MR E7 X, Yibfm REZERE
AR, XG0 TR R 1T YR BORT AR R 1Y 5
Wi (A S TR TR ) R A o (S X 1 5
O EA AR M TR AR E RN, WEE T R
Ky AFTB, #x i BRHE R 20 pg/kg, DON i ey B B

9 1000 pg/kg, ZEN f = BRAE N 60 pgikg, LRI K
AFTB, 5% & R 0 10 pg/kg, % oAb 7 28 A fil PR 40 2,
[R] IH S ST — R | R A1 P B R ARSI T i,
EHEEZE R E2REREFmAERNEL., BT
BF X BT T 2 ARG Iy vk 3 R b AL R k)
WM TSR kU0 R o i P R il
HR G2 W BRI 5 3 P4 R (kiR A . WA
PRV LM 2%, IR G g% R BRI vk A B R
{HICIE MR B, Al 5 32 36 T4 AR A B 1
150 BT A % - R I U R vk LA R M Rk B v
F 20 NE T 22 20 45 R s E A M, R T I A R
e 2 B A 3 IR AR T AR XA R
(T RE R E S 8 RN LI #E R RIS MF, SR R 4y
B, ZIhfgd b/ IMES 2R T B0 ORI EGSH b
AT BRSSP PR ECICR, 8 2 %R B 2 e
BTG o B S RN SRS S5 AR R T AR, ST AE TR A 8
Tl LA 2 28 A 2RI e, AU A Ky v BB 1 M
MRS

1 MR5ERZE

1.1 MR WSS

21 AR R BIoR B A HUE TT AR R, Hp
12 P e, 9 (ke

ZNE . W (figa, £E Supelco 2AF]); (A%
4li, 5[ Thermo Fisher Scientific 2\¥]); Fr#fEdh: AFTB,
(CAS: 1162-65-8, 4l 99.9%). AFTB, (CAS: 7220-81-7,
4l i 99.9%) . AFTG, (CAS: 1165-39-5, 4liJ¥ 96.1%) . AFTG,
(CAS: 7241-98-7, 4l 99.9%) . ZEN (CAS: 17924-92-4, 4l
¥ 99.9%). DON (CAS: 51481-10-8, #[i/& 98.3%). HT-2 7
# (CAS: 26934-87-2, 4l & 99.9%) . T-2 # & (CAS:
21259-20-1, 4liJ¥ 99.0%).AFTB, [Al{i £ PM45(1°C,7-AFTB,,
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CAS: 1217449-45-0, 4liJ¥ 99.0%). AFTB, [f]{i & N AR
("*C,,-AFTB,, CAS: 1217470-98-8, 4liJ¥ 99.0%). AFTG,
[ 2 £ W b5 (°Ci-AFTG,, CAS: 1217444-07-9, #fi &
99.0%) . AFTG, [d] fi £ W & (°Ci-AFTG,, CAS:
1217462-49-1, 4% 99.0%). ZEN [ % A #5("Cys-ZEN,
CAS: 911392-43-3, 4i if 99.5%) ., DON [{] fii £ N #»
("*C15-DON, CAS: 911392-36-4, 4l 99.2%)(FK HLb /K%
BHEABRA A

SCIEX QTRAP 6500+ = %5 1 AR £ 31 - Jof 1% A (3¢ [
SCIEX 23 Fl); SIGMA 3K15 i BAKIE 2.0 HL(FEE SIGMA
Zvdl); Multi Reax JE I 4k ¥ w1 (15 [ V3 18 R A H]); RVC
2-33 CDplus LA HLAEE CHRIST 24 7); Milli-Q #lizk
% (7% [ Merck Millipore A #]); JYL-D025 EHHEHL(LLZR JLIH
WA BRZS E]); MCA225S-2CCN-1 S0t RSE-(HH vz —,
Fit LA TR 228 |l); Waters HSS T3 4341 (100 mmx
2.1 mm, 1.8 um)(ZE[E Waters A w]); Nylon66 0.22 um 1=
& WE AT uE AR (K H B A Al ); Mycosep® 226
AflaZon+Multifunctional Columns Z I E5 LA (3E [E Romer
Labs A #]).
1.2 ZWFFE
12,1 ik 6 B

fEA 8 PR EE 2 MR AR 2 AT TR,
WER RS B — 2 AR, T 2 B il 1 — 22 8 b o il £ 1A
VR  MERA LI 40 pL 25.00 pg/mL Y ZEN #5(13C 5-ZEN)
VAW 160 pL 25.00 pg/mL /) DON P45(13C,s-DON)A W
F 1.5 mL AREARA, INAZIEZE 1.00 mL, BCllREAR
PR bR TAER . 8 P EL R R ARME M MR R 1,

#1 S MERSRITEMZIKE |g/mL)

Table 1 Standard curve concentrations of 8 fungal toxins
(ng/mL)

HEHZ S1 S2 S3 S4 S5 S6

DON 10.00 20.00 40.00 80.00 160.00 240.00

AFT* 0.10 0.50 1.00 2.00 4.00 8.00
HT-2 5.00 10.00 20.00 40.00 80.00 160.00
T-2 1.00 5.00 10.00 20.00 40.00 100.00
ZEN 0.50 5.00 10.00 20.00 40.00 100.00

Cy,-AFT*  1.00  1.00 1.00 1.00 1.00 1.00

Cs-ZEN 10.00 10.00 10.00 10.00 10.00 10.00

3C,s-DON  40.00 40.00 40.00 40.00 40.00 40.00

T 4 Flag i 2228 3 AR i S AR R i

122 #Henaras

FE S G2 TR R B THE 2R/ N T 2 mm,
REHS], B 50 mL B.08 T, irric & M o Xk
MRS VR AT, WS R4/ N T 2 mm,

RS, 250 mL &.08 T, Mlrbrics . HEmFR
1 2.00 g IEECEH 2 0.01 )T 50 mL .08,

FEShAL: 4350 20 uL 9 °Cis-ZEN FI °C,5-DON
HTRA [F Z NFR T AW 40 pL 0.05 pg/mL B EHEIR
AR R NFRESRINA 50 mL B0, SRIGHIA 20 mL Z,
15-7K (80:20, V:V) BB, o6 b2 08 5, IRHETRT 25 min.
AESSH, 104 & AR5 IR 5], 8000 r/min LG
B0 10 min, f# 7 Mycosep® 226 £ W g b K HEH % 7
10 mL FJ2AEHHE 15 mL E.08F, BSKRGEEIET,
A 1 mL ZJiE-7K(20:80, V:V)IE W v, B35 o o
0.22 pum ALIER S VE R 1.5 mL BEAH, 1 EHLEI
123 MELEH

B sE: AIEF: Waters HSS T3 &3541:(100 mmx
2.1 mm, 1.8 um); WahAH: ZNE-/K(0.1%F BR); Wi k:
0.40 mL/min; #:if: 35 °C; #EAEH: S pL.

WROAH T U S A BE VR AR 7 DL 2 2.

®2 REGEBEXRER
Table 2 Gradient elution program of liquid chromatography

i 18] /min 1% 0.1%H 2 7K /%
0.00 10.0 90.0
1.00 10.0 90.0
6.00 95.0 5.0
7.00 95.0 5.0
8.00 10.0 90.0
11.00 10.0 90.0

JRIE A R L BESE B T (electrospray ionization,
ESI), iEfus PRI, B IR 550 °C; mE
FHE: 5.5 kV(+), 4.5 kV(-); FASETI: 50.0 psi; i)
TS E 70 55.0 psi; AT 35.0 psi; TR 200
5l (multiple reaction monitoring mode, MRM)# =, HA&
ZHILE 3.

1.3 HKELE

AW 5T R BCHE O M & 4 Bt fF SCIEX
DataManger #{4 Hh5e i, SRR SR IME 25 RBILL 3 KFAT
0 R A5 B S YE . EiE 53 A Microsoft Excel 2023 34 7
Bl AR, R A IBM SPSS 22.0 {14024
Mo EEARYZ0 H OriginPro 2016 5E A% .

2 ER5HH

2.1 FEEHFRMK

¥ DON. ZEN, T-2, HT-2, AFTB,., AFTB,. AFTG, ,
AFTG, 8 FhELBHEEZ 3 FIMEHI A 200 ng/mL (9 TAEWK, il
TTEFREIERE, A ESI &M T rafail, mEEmmiE.
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s, TR R 8 A E R R M BE
T B, iR 1R R R B A T T S b A 5
FETFER &S B EA R MR E S LR E,
H b & IR AL)E 1 ik S 50034 3.
22 BIEHMNRE

BEH Cg i 70 4 6 R 22 b RIS B0k, 35 6 AR
PERIFR SRR AL A1, HSS T3 (13 42 78 ik A e o 3 ik
e, BRI A R, W HUKEREWRE, 5
100%/KAH5E e 4s; CSH Cyg (i AE R A i Ak, s
B 5 B Sh A 1 R RE T AT, EE B AT AT
%40 B %#% BEH Ci5 (100 mm=2.1 mm, 1.7 pm). HSS T3
(100 mmx2.1 mm, 1.8 um)F1 CSH C;5 (100 mmx2.1 mm,
1.7 pm) 3 R EGEAEIEATHEGE, HTIX 3 Rl @ R H bR
e W53 B AR - AR5 BTk I ) 8 A B B R )8 T
WAL &Y, TEZHE-0.1%H BR/K KR H, 4T BEH Cig
1A CSH Cg (%4, HSS T3 ittt 8 fl Hirib&
oy v 7 A S 45 R, A B AR AT . M, #EFE HSS
T3 it

2.3 REUERME
TIGHEE T 4 FMEBUARI(CIE . 80%LIE-/K . 50%

LK. 80%H -k ) B S IUBCR, MIELRAS E FEJE 70 A,
50%ZiE-7K . 80% I EE- /K Pl 1A R B A S, DON (5
TEIEALTEL; IESREET, L. 80% - /K b 14 5
A RERF IR, M2, &5 R 80% LN
SKERBEAE T E . T, FHRETRES . Hi,
HEFE 80% LN -7KAE A B I )
2.4 FLHEENERERMLK

A WF R BT A (Mycosep® 226  AflaZon+
Multifunctional Columns) . B (PRiME HLB Extraction
Cartridges) . C (MCX Extraction Cartridges) . D (HLB
Extraction Cartridges) . E (Captiva EMR) . F (Dispersive SPE:
Vet Drugs in Foods). G (Dispersive 15mL Universal kit)% 7
Ty AT OB SO . eVl By, ] F A0
G PR AL R RE b i i RO i A . (I DL B F 3
T AL, FERMRINIGERIZE | THLAZ; B, C MRAfLEE
LB NATEE;, A, G FAGLAXT AFTB,. AFTB,.
AFTG,, AFTG, & DON 5 it ELT& 7 K (5L BORA Y, {5
XF ZEN, T-2, HT-2 3 R R, A L EE R ORI 5
T G, ZEHE, B®E A (Mycosep® 226 AflaZon+
Multifunctional Columns)FAT4b¥EHk, 8 FhEH K MR
B3GR, HERERE . A RR.

®3 BRUANRESH

Table 3 Mass spectrometric parameters of the target compounds

Y4 R P B AR 2 BEE T (mV2) TE (M2 LR /Y Tl 1 BE /e V

175.0% -32.02

ZEN ESI- 316.9 -60
130.9 -38.01
13Cs-ZEN ESI- 335.1 185.0 -60 -33.92
249.1%* 15.67

DON ESI+ 297.2 80
203.0 19.00
13C5-DON ESI+ 312.1 263.2 80 14.97
387.0% 28.22

T2 ESI+ 489.2 80
245.4 36.95
345.0% 23.22

HT-2 ESI+ 4472 80
285.1 26.89
284.9% 32.92

AFTB, ESI+ 313.0 80
268.8 43.80
13C,;-AFTB; ESI+ 330.0 284.2 80 44.52
287.0% 35.17

AFTB, ESI+ 315.1 80
258.9 42.80
13C,,-AFTB, ESI+ 332.0 273.1 80 41.99
243.0% 36.76

AFTG;, ESI+ 328.9 80
214.8 45.65
13C,7-AFTG;, ESI+ 346.0 2572 80 40.79
285.0% 40.70

AFTG, ESI+ 339.0 80
245.0 48.15
3C17-AFTG, ESI+ 348.1 259.1 80 42.10

TEERE T
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2.5 [EFFIE. EMEESKRER

DIE 8 FhELRRE R AbRIE RSN, USRI AR
AEFR(X, ug/L), VIR IARAR(YNZ bR IERZR, 7531 8
PSP RZAERIE R | ARG R B SRR 25 FAR
B PRSI BT R A HAT AP IR G &R, RPEASE R

$h 0.9954~0.9998. LA 3 fH{EME LL(SN)THELAS 1 FR, 10 %
fHEMR (SN E R IR, KRR 0.10~10.00 pg/kg, &
FRA 0.30~30.00 pgrkg, 255 W% 4 127 EAG H PR AN G 2R
T GB 27612017 { &R L EFRE S FREFHER
PR ) OB ER, REASHE L H H R TR

#4 BRUAYHEESE. HXRER. RERREER

Table 4 Regression equations, correlation coefficients, limits of detection and limits of quantification of the target compounds

YIm£4 Bk EVEY:¥ AR REL G HH PR/ (ng/kg) FEHBR/(ng/kg) LRVl (ng/kg)
AFTB, Y=707158X+33813 0.9964 0.10 0.30 0.10~8.00
AFTB, Y=788283X+216324 0.9954 0.10 0.30 0.10~8.00
AFTG, Y=921544X+146290 0.9979 0.10 0.30 0.10~8.00
AFTG, Y=275479X+73868 0.9971 0.10 0.30 0.10~8.00

T-2 Y=20507X-2375.3 0.9998 0.50 1.50 1.00~100.00
HT-2 Y=1548.5X+8356.7 0.9997 1.00 3.00 5.00~160.00
DON Y=2936.8X+29288 0.9984 10.00 30.00 10.00~240.00
ZEN Y=37013X+42733 0.9965 0.50 1.50 0.50~100.00

2.6 EWERFBEEE

] S B SRR S R RIS L R YR TR A AR
VAT E, B 6 AFATRES . TSI
AR S 8 B HAR BT ibr iR . 55 oR, 3 Fh
TARAE T 8 Bl HARY B E R IR 75.8%~ 112.0%,
TR 2 (relative standard deviation, RSD) 4 2.9%~5.9%.
K EMEN R R IR 5, R EFEHFEAREZRR, fE
B AR L i TR R R AR I K
2.7 SEPRtEmRAEM

Jof AR FF 5% 38 57 BRI ik k) 21 AT R R AT
K, A4 RGBT 1 FR . 21 PERBHRE S R
i m B JE DON, £ R 76.2%, K ¥k T [l
11.44~300.63 pg/kg; FLUIE ZEN, ¥t 71.4%, ¥k
FF 0.98~46.17 pg/kg; FRRJE T-2 R, K& 61.9%, 1
MM E 0.59~1.12 pg/kg; AFTB, KitH 3R 52.4%,
0.18~4.15 pg/kg; AFTB, ¥ & 14.3%, # 1 ¥ &
0.12~0.26 pg/kg; AFTG, il AFTG, (VA 1 RS 1, #
R 4.8%, KBS 0.34 pg/kg 1 0.12 pg/kg;
HT-2 R LK B8 GB 2761—2017, XFHL4A# K I
P EFH R E, AFTB,. ZEN, DON RI[REFriE, A&
VORI BEAE R S A B AR

A FESEBRRT I 21 FERE A, o 8 (- ZE kAR
URAERC R BER DR, 3275 Y 053 1K R 414
TFAERCRRE S, EAL TR E R, S RIRE & LA H)
25 °CAAT, HEDNHE IRAF AR S A R RE B IR 45 e i A
HEE, HEEEN A SR IARER,

x5 FRMFRET 8 MERESRHHEEEMEILE(=6)
Table 5 Precisions and standard recoveries experiment of 8
kinds of fungal toxins at different standard addition
concentrations (N=6)

2 Fx I Rt e [l ER /% RSDs/%
/(ug/L)

0.50 102.5 3.3
AFTB, 2.00 112.0 42
8.00 105.0 5.1
0.50 89.0 5.0
AFTB, 2.00 95.1 3.3
8.00 99.6 5.0
0.50 98.9 3.3
AFTG, 2.00 93.4 3.5
8.00 100.9 3.9
0.50 102.0 4.6
AFTG, 2.00 75.8 5.7
8.00 75.8 42
5.00 101.3 43
T-2 20.00 98.3 42
100.00 102.7 43
10.00 101.8 48
HT-2 40.00 104.6 5.9
160.00 105.0 5.5
20.00 112.0 3.8
DON 80.00 111.7 5.8
240.00 102.0 5.1
5.00 98.9 2.9
ZEN 20.00 106.0 3.1
100.00 102.0 5.7
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AL A Dy SRS I A Ry v 8D L 1 3R (R
Fig.1 Chromatograms of 8 kinds of fungal toxins detected in rice noodles using this method
3 25 i’e YANG H, CAO WM, CHEN HY, et al. Risks and their prevention and

AT 5 38 22 %o KR A Ak B R R A R D R
S AT AL, EESE T R E KA AFTB,. AFTB,.
AFTG,;. AFTG,, DON, T-2, HT-2 f ZEN 8 Rl EL[H B 5
4 R 0 5 5 - B IR B O vk o R P VRV A IR L,
Mycosep® 226 AflaZont+Z g5 fbAtifk, HSS T3 if
A8, LLZIE-0.1%F AR shAH, 1T BREE e, R
FH = 8O AH (6 7% - R I BTSN, IE B F MRM, RV E N
PRk e & o At iR I, %O AR E AR, M A
I, RGBS, SHTRHTZHHRNHER TR
il o AR KO S i v 22 ECTRT B R (R B E Y
EZARETT i, 2Ok B3 TSR M
PO AR 5 2 TR L AR 5 1 R K S % IR
BRI v 58, 2kl i EL A T Ve 1) SR OB R, Yo
FARAA A et 9 KB 2 i LR 7 R AT 55 A DU AL
TR, REAE PR = Ao oK U 3R AT A0 %0, NN R # E
SPER
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