165 414 B 2 4 o iR A A Vol. 16 No.14
2025 47 H Journal of Food Safety & Quality Jul., 2025

DOI: 10.19812/j.cnki.jfsq11-5956/ts.20250402004

SIAME: BEE, TREEE, AHE, S5 FORMT 3 B EOKOR B I B RE R ARG K LR B e XU (0], B4
JER I 2AR, 2025, 16(14): 24-29.

WEI YX, ZHANG SJ, ZUO J, et al. Development of determination procedure and dietary exposure risk assessment for 3 kinds

of zearalenone mycotoxins in maize flour [J]. Journal of Food Safety & Quality, 2025, 16(14): 24-29. (in Chinese with English
abstract).

FARB 3 BT R AR 750 b L A 5 25 PRV e
i £ % o AU PP

wER, KEH, £ B, L % IAE, F L KT, T 0
(Abzr AT N X g g i e, bRt 101100)

/

W OE: BR g S RORO - A 6T [ B ARSI R KA Hh T OK IR B T (zearalenone, ZEN) | a- K
IR E MW (a-zearalenol, a-ZOL) . f- T KRB (B-zearalenol, f-ZOL) & & AT ¥E, Fx) H A BER 58 UEA T XU
i Tk T KBFENZ 70%0E-K(V/VPR% I, QUEChERS-[E A BUSHL, #8 & 0B AH (23 - #f Bk
[EIAHIAE 3 Al ZEN K82, HERICHLAMRIL &, K5 YL H8 BOM XU 7 (hazard quotient, HQ)MEF T/ (& #: 75
K& T4l . 458 ZEN. a-ZOL. B-ZOL 435I7E 0.2~100.0. 0.2~100.0. 0.5~100.0 pg/L )70 B P21t B 4T o
ZEN. a-ZOL Fl B-ZOL [ i BR53 512 0.5, 0.5 F 1.5 pglkg; &5 FR4H1 1.5, 1.5 F1 4.5 pg/kg. 7E 5.0~60.0
ng/kg HIAS N EE VL FE P, 3 b B AR B R AE 80.4%~103.0%2 8], EAGSERI/NT 15%. K% 5 A
30 3B KRR, ZEN K H A 80%, a-ZOL I f-ZOL Joki i . ZEN 75 485U T 0.7, HQ<I, I
AR, X NAGERR RN, B& 2 JrRE ah A TR | MERR . R BRI R BREARMEZOR, FTHTE
KA s RGN, A SR — 2B 0 T TR B AU R i v 3 A ZEN 2R RE R 19 23 A

KA LK, a-FOKIRTEIGIE, f-FOKIRTRIRI, 8 S ROBAH 3% - R BT i% 5 QUEChERS; JiE & %
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Development of determination procedure and dietary exposure risk
assessment for 3 kinds of zearalenone mycotoxins in maize flour
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LI Ya, ZHANG Zi-Tong, LEI Kai

(Beijing Tongzhou District Center for Disease Prevention and Control, Beijing 101100, China)
ABSTRACT: Objective To develop a method for the determination of zearalenone (ZEN), a-zearalenol (a-ZOL)

and fS-zearalenol ($-ZOL) in maize flour by ultra performance liquid chromatography-tandem mass spectrometry, and

assess the dietary exposure risk. Methods The samples were extracted by 70% acetonitrile-water (V/V), purified by
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QuEChERS, then detected by ultra performance liquid chromatography-tandem mass spectrometry in multiple
reaction monitoring mode and quantified by matrix matching curve. The pollution index and hazard quotient (HQ) are
ZEN, a-ZOL and S-ZOL showed good linearity within the
ranges of 0.2—100.0, 0.2—100.0 and 0.5-100.0 pg/L respectively. The limits of detection of ZEN, a-ZOL and f-ZOL
were 0.5, 0.5 and 1.5 pg/kg, respectively; the limits of quantitation were 1.5, 1.5 and 4.5 pg/kg respectively. Within

used for dietary exposure risk assessment. Results

the addition concentration range of 5.0-60.0 pg/kg, the recovery rates of the 3 kinds of target substances were
between 80.4% and 103.0%, and the precisions were all less than 15%. This method was used to test 30 commercially
available maize flour samples. The detection rate of ZEN was 80%, while a-ZOL and f-ZOL were not detected. The
pollution index of ZEN was less than 0.7 and the HQ of ZEN was less than 1, it indicated that there was no risk and
the threat to human health was small. Conclusion The method is sensitive, accurate and effective for routine
monitoring of ZEN, a-ZOL and £-ZOL in maize flour. This method can be expected to use for the determination of
the ZEN, a-ZOL and f-ZOL in other grain and its products.

KEY WORDS: zearalenone; a-zearalenol; f-zearalenol; ultra performance liquid chromatography-tandem mass

spectrometry; QUEChERS; dietary exposure risk assessment
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F K IR B 45 Wi (zearalenone, ZEN)J&4k 7] i )@ B 14 7
A — PR B =, B AR R e i RO
PEUST ZEN FEGY Tk /N | SRR SEAY, H5iH
75, S RAEERA Y2 B AR R R AR A5 Y,
GB 2761—2017 { &M E & ERbrME &M EHE RN
W) HUE, INERUNER . BN ZEN BIRR AR
WER 60 pg/kg; W45 4 B HL il S IR AT T HEAN A X 4,
FRAERTE 20~400 pg/kg = fa)lo-1,

ZEN G850 o- FOKIR Bl (a-zearalenol, a-ZOL)
M p-F K TR TG (S-zearalenol, f-ZOL), H o-ZOL HYEEIHETR
F ZEN, p-ZOL HIBE1E S ZEN A4 B [RHA DA B £ b
W% ZEN, a-ZOL. B-ZOL #4743 ki, fRIEE S 4.

GB 5009.209—2016 { & ftZ 2 E KR E il E
K R EE W T A0 2 YR T 2R S ZEN 9 AR R
Ji . GB/T 21982—2008 2 I £ il 1 T K IR 55 B
B-ERTEE . o- ERFEHE . p-ERGFEEE. £
DK % B ) R K R B T 5 R A v YRR €T - I
R ) FLE T R B I Sh IR & S a-ZOL
B-ZOL IV AH o3 - BRI i 3% vk, Hh GB 5009.209—
2016 10 GB/T 21982—2008 H+ ZEN f{#6: I 5 . A SCHik
R SR FH TROR €003 - H IO R TG I A Ry A A 4512 iy
A2 AR A1) RUSTIAERE S o () ZEN BRI
CL 338 A SCk HR R Al ek R A T QUECKERS! ), fas
LRI AR A AR ORI AR B O T Tk, o
PESE AN AL, | [ AE A IBORT I A RO AT BILIS 554 P ok L
PAEWIB . QUEChERS HikHAfH . Pkl S4e 8, I4E
e A R A A 8] Tk BTz R . H R,

il

X TR B ZEN B AR i IR R, A
PR SO PR RN i, SCRRHE AR . Bk, ABSR
$EH R A QUEChERS #FFTHE Sl £5, 8 A0 AH (615 - 5
BRSO, DR TIEAE: ol RURGH NN ) S L o o
N FH T ACHE R AR I A R N R R OK AR ZEN
o-ZOL Fl B-ZOL WK J7 3k, F4 732 bRt S A 332047 %
1 2 5 AU A o AIIAE CHE B AR 43 B W A5 31 0
1 RS RE*®
1.1 UFE5EF

Waters Acquity UPLC-TQS & AH (i - B i Bk FH X (38
E Waters 24vH]); IKA MS3 JHRIEA A (HEE KA 2AH);
3-18K B .LL(FEE Sigma /A w]); AFS 8OE H4li/K{Y (3
Millipore 7 f]); UW4200H H F K (d=0.01 g, H A
SHIMADZU 73 l); SHZ-B /KR EIRIRG#( Hi R A
PSRRI A PR D), LT/ E A AL BGA L .0.22 um JE
PR RS R A R A D
1.2 #R5RF

b TR T F R RE A, S 30 R, Hopi
716 4, Ty 1114, W 3 4.

2N . WEs (el S5 Fisher /AR, MRR(Aigal, HE
GAEINTF]); ZEN FRERTR(TTRHRE 100 pg/mL). o-ZOL FRAERE
WROF R 10 pg/mL) , f-ZOL ARUEZ K - 10 pg/mL)
(3% [E Romer 23 )); Waters ACQUITY BEH C5 f63%41:(100 mmx
2.1 mm, 1.7 um)(3E[E Waters /A F]); K HEBAIK,

1.3 SKWHE
1.3.1 #emaras
FREL(5.00+£0.05) g AYFESL T 50 mL .04, MIA 20 mL
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0% LG KR, WHERS], #&% 30 min 2L, 4 °C
10000 t/min 250> 10 min, B 2 mL F3&% & T QuEChERS
[E A ZE BOAHL AT, IRTE. 4 °C 10000 t/min .0 5 min, I
WL 0.22 pm BYUERE, LHLINRE
132 ARAfeisik B

(DIRA AR A

Ay SMER R I —E &t ZEN. a-ZOL F B-ZOL ARt
W, ACERmBRIFES, BHl 1 ng/mL FVRAAREA T -

QbRHE RN

HEBR R IBGE R A An T R, 2l -K@E:7, viv)
FER, EHlA 0.1, 02, 0.5, 1.0, 2.0, 5.0, 10.0, 20.0,
50.0. 100.0 ng/mL MRS ARAE RSN, IR

(3)HL B VE B AR RN

R W I — 2 B IR A R e I, AR oKk
T A B IR (R A AT AR BRI AR 1.3.1 B ME AT, Bkl
A 0.2, 0.5, 1.0, 2.0, 5.0, 10.0, 20.0, 50.0. 100.0 ng/mL
MRS ARIE RS
133 & i

()RR 335 451

FF Acquity UPLC BEH Cig (il H: 485 JRahtf
A=5 mmoL ZREZKVE, WaAHB=2F; HiEk: 0.3 mL/min;
AR 3 pl; AR 40 °C; MEWEMLAE R 0~0.5 min
(95% A)~1.0 min (30% A)~6.0 min (0% A).

Q)4

JIE 2 W AR Xk H 88 55 B - I (electrospray
ionization, ESI)f ¥4 RS E: 1000 L/Hr;, 4t
FLELE: 22 V; R E: —1.5 KV, FALSES: 7 bar; B
TR : 550 °Co Al Jr=: 22 500 Wl (multiple reaction
monitoring, MRM), Z5IL% 1,

%1 ZEN, a-ZOL #1 -ZOL #] MRM £#{
Table 1 MRM parameters of ZEN, a-ZOL and $-ZOL

ey  BET  TET  BLLE  WRUE

(m/z) (m/z) /V /V
130.91 4 32

ZEN 317.16
174.95 4 26
159.85 2 20

a-ZOL 319.16
275.10 2 26
275.10 2 32

p-ZOL 319.16
159.85 2 20

1.3.4 R rakf
ABFFER IS RHHOFH ZEN 107550 5520, He/
(1)~ SRR, ZEAUAR 2 2 YU
P=C,/S; (1)

Py= \/(Piﬁvc + Pirznax) /2 (2)

A PRy ZEN SR V5 QL4845 Py LR TS YR 5
Ci o ERBH ZEN U, ng/kg; S b F KM ZEN (1) [
FINAE PR FRIE; Piaye Fl Pinax 73591103 ZEN 1 P, 1 F3491E
FRRAE

R2 ERERERESER

Table 2 Classification table of product contamination risk

Gl SERIN 5y SRR
<0.7 A P REES
0.7~1.0 B 15 P BRI, FEE T
1.0~2.0 C Bom g
2.0~3.0 D RIS g
>3.0 E GiNERCEs

FH R 7 (hazard  quotient, HQ)¥: AT 1 2 8% KUK
PR, ARAEA NGRS HQP P, HQ Rl g 4%
A ZEN B2 A R R0, BIR i i £ FH KB 3 A
ZEN K45 A Afiliit#t (estimated daily intake, EDI) 545 H
K 52 %/\i(provisional maximum tolerable daily intake,
PMTDD)Z I, HQ<1, JCKF:; HQ>1, A X, H HQ %A
55 XU B 1 L o

CxK

EDI= 3
BW 3)

EDI
HQ= 4
Q PMTDI @

KX HQ MK ; EDI 4 H# A &2,
ng/(kg * day); PMTDI A% H f KTt 52 &, pg/(kg * day); C
ARG ZEN V53 S, ng/keg; KO ATH 26,
g/d; BW S BT, kg
1.4 BUELIE

WG RTALBESAEAAL A 3 A FATRE I, ks
ISR 6 YREATINAE o % FH Masslynx V4.2 8447 80 Ak
H, SR Excel 2013 i1 7RG ER AL B AN 2 &

2 HR55H

2.1 REVFRMHEAAL

TERE SRR 254 GB 5009.209—2016 FISCHRIRE )7
P SRRSO P A —E He K, $ES ZEN K
FLACH ) 4R BGHOR . AT 50 R FIBE BUARAE &, LA
RONFERR, MK ELE T LU AR B i B BUSCR (1)
ZNE-7K-F R (70/29/1, VIVIV)FIZNE-7K(70/30, VIV)PERHE
BUR; QBRI AR ER (4 ¢ MgSO,, 1 g NaCl, 1 g
TSCD, 0.5 g DHS)FIASINEL A5 (3)FR3 FlE 7= B 6] (1) 5200
gEIRLEE 3, mFE 3 AL, HZIE-7K(70/30, VIV) MR,
PR¥ 30 min AUFEBICR A
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®3 FEERFHT 3 # ZEN AFSRHEEER
Table 3 Recovery rates of 3 kinds of ZEN mycotoxins under
different extraction conditions

el ZEN a-ZOL  B-ZOL
/% % %
NE-K-H R 91.4 72.1 71.0
PR ZNE-K 108.0 83.2 84.4
ZIE-K(nERAR) 89.2 64.5 713
o #EA 10 min 97.2 78.5 80.4
R i 30 min 110.0 86.2 77.7
=% 30 min 110.0 89.1 84.9

22 BUERERERE

QuEChERS [ AHZE B i FH A IR 77 =224 Cre A
BB . 2 ZHE-N-TN 54 I8 (primary  secondary amine,
PSA) LK ZRERRANKAT S5 . Cg BEA R BRIE i A2 A5 45
ek, PSA FEA T RBRBAKMEY . B2k, I8l
bR RS | B BT B KPP ZRERRY K
EARBREOR . AR, EAEETEMEPO, AR
AT 8 MiR[AIAY QUEChERS [EIAHACIUAS (R ILBCR, 45
SR 1.8 Bl fbAt kAR o B B 1 AT UL, ZEN #£ 50 mg
PSA/50 mg C,5/100 mg MgSO, H 5L AR e i, a-ZOL Fll
B-ZOL £ 50 mg PSA/150 mg MgSO, H b % i &, 50 mg
PSA/50 mg C,¢/100 mg MgSO, IKZ . L3 &2 [ & MEL-& I
HALRCR, 1%4% 50 mg PSA/50 mg Cig/100 mg MgSO, #1715t
b %Ak s 2 I A SR AR RE B A A
M 22 U NG A RARE S A i — 3

140 -

m ZEN = ¢-ZOL - B-ZOL
120

1

3 4 5 8
NG S S
7E: 1. 50 mg PSA/150 mg MgSOs; 2. 50 mg Cys; 3. 50 mg PSA/50 mg

C,5/100 mg MgSOy; 4. 50 mg PSA/50 mg C,¢/50 mg Carb/150 mg
MgSOy4; 5. 50 mg PSA/50 mg Carb/150 mg MgSOy; 6. 50 mg
PSA/100 mg MWCNTS/100 mg MgSOy; 7. 50 mg PSA; 8. 50 mg

PSA/100 mg Cyso
1 ORFEERET 38 ZEN BT R Y DR

Fig.l Recovery rates of 3 kinds of ZEN mycotoxins under
different purification conditions

2.3 REeE-RIE &R

R 500 pg/L ARSI, @A IESZE L) 20 pl/min
RIviH, KM Intellistart 3F, 4351004k ZEN, a-ZOL i
B-ZOL MBS 50 o WOAH 154325 P L 5 mmoL ZFREK I
W/ HE AT, MR EBR Ve A, 7585 AEsTn
PR AL S I g LA 2.

i 1: MRM of 3 Channels ES-
w9 4.89 317.16 > 130.912 (ZEN)
& [ /\ 1.88¢
J’:E' -1 Il 1 1 1
4.0 6.0 8.0 10.0
{5 B i 8] /min

1: MRM of 3 Channels ES-

% 9 4.89 317.16 > 174.956 (ZEN)
g o [ . L . . I2.71e
4.0 6.0 8.0 10.0
B3 15t ] /min
=y
g B . . . 6.63¢
= 4.0 6.0 8.0 10.0
£ B8 B5F ] /min
2: MRM of 3 Channels ES-
% 9,311 319.16 > 159.857 (B-ZOL)
4::1 4, [J 1 . . ]3.166:
= 4.0 6.0 8.0 10.0
£ 83 b5} ] /min
=, P
g 4, [ ]\‘\ . ] 9.08¢
= 4.0 6.0 8.0 10.0
B3 st ] /min
I 3: MRM of 3 Channels ES-
= 9 3.79 319.16 > 159.859 (a-ZOL)
g 4, [ ]L . . 3.70e
= 4.0 6.0 8.0 10.0
{5 B4 st 18] /min

B2 28 AR BUMPRRE Al ) 25 L5 ) 35 (5.0 ne/ke)
Fig.2 Chromatograms of each compound in the spiked
samples of the blank matrix (5.0 pg/kg)

24 FEEER
241 AMEXA, BHERFETEMR

Oy P 5 T R i 2R S R D e 2k, AR RIA R
o' ZEN. a-ZOL # B-ZOL (£ F¥h 0.1~100.0 pg/L,
r ¥IKTF 0.998, HJFEITHHIZEH ZEN, a-ZOL F1 g-ZOL
PRI 1Y FBL 23514 0.2~100.0, 0.2~100.0 1 0.5~100.0 pg/L,
AR B r KT 0.998.

K FAAS R TTINARAE S 6T RBUE M E, ZEN .a-ZOL
1 B-ZOL fer iy BR(S/N=3)43 51 4y: 0.5.0.5 Fl 1.5 pg/kg; &
B IR(S/N=10)73514: 1.5, 1.5 1 4.5 pg/kg. W /& ZEN [R&
PRUEMIEER
242 K@K EESAEEE

BUas R ORI RS, #E 5.0, 15.0 F1 60.0 pg/kg 3 AN
[k B KT, B RIBCR SR, R 4 a0, R, d .
1 3 AR R B IAR 254 FORBIFE L ZEN | a-ZOL il
S-ZOL [N ZRAE 80.4%~103.0% 2 W], 5 /NT 15%.
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Table 4 Recoveries and precisions (#=6)

E JnFRE/ (ng/kg) ISR/ % RSDs/%
5.0 91.4 12.0
ZEN 15.0 92.5 4.6
60.0 92.3 12.0
5.0 80.4 12.0
a-ZOL 15.0 98.9 48
60.0 95.7 4.6
5.0 84.6 12.0
B-ZOL 15.0 103.0 9.0
60.0 95.6 6.5

243 KRB

B it ISR (A7 AE S5 R oM BARD B g, T
LTV (matrix effects, ME)., HR4EZ(5)HE MEP*30,
FE IR VRO bR v 25t AR

TEFIRRAE 2R AR

IME|>50% R 58 K F U ; 20% < |ME|< 50% J 45 5
JB AN ; IME|<20% 4 585 3 AN « 208, A i ZEN,
a-ZOL Fl B-ZOL ) ME 4 33.5% . 41.5%F1 39.1%, AH %5
B K A S T A X & I ol R vie 2 S g U LT
P BT RGN B4 T SR
2.5 SRR

KA EXTTE 30 4 T AR T T 204 I e,
S5 30 PFEEA I RAG Y a-ZOL Fl B-ZOL, 24 PFEEN
G ZEN, K 80%, Ho—MFEdh A 1.12 pe/ke,
TEAS B AN i B 2 BT, Ly 23 (R RE AL A Y TR A
1.5~30.1 pg/kg, 23 FFESIE3ME R 11.2 pg/kg, HHi%L
7 8.39 pg/kg.
2.6 BRERXEITM

ARG 3 25 A 15 Yl B0 AR XU R R R A A
) ZEN 75 4L K- Fa B R 2517 3EAs . ZEN #°F305
YRR PAE N 0.151, #&RAYT5 Y3850 Py oM 0.370, B/hF
0.7, J&FIi5YL,

P TR (60 k)R L (16.5 kg) 345 K 2 £k
16.8 g il 7.34 P72 1B 453 (i s A FILEE (19 EDI 4351
A10.00246 Fi1 0.00202 pg/(kg *day), 454 ZEN A4 H Al fi
ZHAR 0.5 pg/kg * day)P, AR AFIILE K HQ
4392k 0.00492 F1 0.00404, Z5RIB/NF 1, REKAFIL
FE TR A ZEN R EXK . 58 K EP Ik
TR B B R KPR O 78 45 TR — 3. (BA R BEAS T
REFEAEMIATIE B R (DIEBETTE M IR, WET
R, T A S IEE, (HEEAR R /N, BRI RO
i ZEN MSEBRis ek E T gE S A s . QU T IHA

ME/%=( —1) x 100% %)

VPG, SRATAAE A ML E R TR S e A . 7
FORMYSEBRTF B h R T EKHK), IEAATEFORTER . FOKH
a LA, TRES S ECEDI i, MG R HQ EMH K . (3)
DA H R B K B iR IR A T [ SRS ETE 5T )
DA, AR S A AR P, AT RES S EOFAG A R A
P 2% -

3 4 i

WIS T [FIAHNE F KA H ZEN | a-ZOL -ZOL
V14 R8O €3-S IR R A AP i o FH SR /7K B,
50 mg PSA/50 mg C,5/100 mg MgSO, J 5t 435 [F] A 2 B
Ak, 8 1= AR A €63 - R R B R A BRI, L ST UL LA R
Vet o OTIEFEAL R L DR, RS BT . DR
R = FeoE PTHRE O N F KRR R 3 B ZEN
FKEFE R NI FEA B — AR S S &
H 3 Al ZEN ZEETIRBE R 1Y /00T A2 o SR T Jeda BRI
FIOEATIE & B8R KU VT AG, &5 5 R XU
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