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Abstract: A simple and rapid analytical method was established for the determination of six zeranols (o-zearalanol, S-zearalanol,
a-zearalenol, s-zearalenol, zearalanone, and zearalenone) in biscuits by dispersive solid phase extraction (d-SPE) coupled with high performance
liquid chromatography-tandem mass spectrometry (HPLC-MSMS). After the addition of the isotopic intemal standard, the sample was
dispersed in water, and zeranols were extracted using a solvent mixture of acetonitrile/formic acid (99:1). Subsequently, the sample was mixed
with sorbents PSA, Cig, and M gSO4 to conduct d-SPE. The solution was concentrated under a nitrogen stream and reconstituted in a 30%
acetonitrile (vA) solution. After being defatted with n-hexane, the sample was separated and analyzed by HPLC-M SM S. Negative electrospray
ionization was used on a quadrupole mass spectrometer operating under multiple reaction monitoring (M RM) mode. The quantitation was
carried out using the internal standard method. The calibration curves of the zeranols were linear in the range 0.20-50.0 pg/L with correlation
coefficients higher than 0.996. The limits of detection (LODs) and the limits of qualification (LOQs) of the method varied from 0.03 to 0.11
pgkgand from 0.11to 031 pg/kg, respectively. The mean recoveries of the zeranols ranged from 70.9% to 107.1%, with intraday precisions (n
= 6) and interday precisions (n = 5) less than 12%. This method provides good purification and accurate quantification, and is sensitive, rapid,
and suitable for the identification and quantification of the six zeranols in biscuits.
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Table 1 MRM optimized parameters of six zeranols

) ~ Declustering Collision
Precursor ion Daughter ion

No. Analyte mi2) [i2) potential  energy
N N
1 o-ZAL 3212  277.3°,303.4 -66 -32,-30
2 p-ZAL 321.2 277.3°,303.3 -57 -30,-30
3 o-ZEL 319.2 275.3",301.3 -63 -27,-27
4 pB-ZEL 319.2  275.3°,301.3 -58 -30,-30
5 ZAN 319.2  275.3",205.3 -78 -29,-33
6 ZEN 317.3 273.2°,175.3 -55 -28,-35
7 o-ZEL-ds 3232  279.3,305.3 -64 -27,-27

“E: *quantitative ion.
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Table 2 Factors and the lewels of the orthogonal experiment

Factors PSA Cis A& MgSOs
Level 1 100 25 400
Level 2 200 50 700
Level 3 400 75 1000
Level 4 600 100 1500

R 3 EXTHEMBERTHER
Table 3 Results of the orthogonal experiment

Factors PSA Cis F7K MgSO4
K1 55.0 53.7 55.2
K2 64.3 58.8 55.8
Ks 55.8 57.3 59.6
K4 51.6 57.0 56.1
R 12.7 51 4.4
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Table 4 Linear equations, correlation coefficients (R?), LODs,

and LOQs of the six zeranols

Analytes Linear equation R?

LOD/(ug/kg) " LOQ/(ug/kg)

HIR (WFE 4), 258 0.03~0.11 pgkg 1 0.11~0.31  o-ZAL y=0.436x+0.2186 0.9981 _ - 0.04 0.12
ng/kg, U7 BA BE B R BUE B-ZAL y=0.315x+0.0973 0.9991 . 0.08 0.26
= X . a-ZEL y=0.1707x+0.0828 0.9981 0.03 0.11
2.5 % % g L&$ 5 7%% fg\ p-ZEL ))::0.1412x+0.0423 0.9990 0.11 0.31
NBAETVE R UER B, ARSI INEN AT ZAN y=0.2903x+0.2217 0.9960  0.05 0.12
FE T 7 0.3, 064 3.0 ug/kg ZASKSER bR [l s ZEN y=0.2277x+0:1635 0.9968 0.04 0.17
x5 TAGTHAT 6 MERFBEX SR MITENEREEE
Table 5 Recoveries and repeatabilities for six zeranols in biscuits
Intra-day RSD/(%, n=6) Inter-day RSD/(%, n=5)
Analytes 0.3 ugkg 0.6 ngkg 3.0 ugkg 0.6 ngkg
Recovery RSD Recovery RSD Recovery’ RSD  Recovety RSD
R/% St/% R/% st/% R/% St/% R/% St/%
a-ZAL 83.4 6.6 86:2 5.7 92.8 04 85.7 6.7
p-ZAL 81.7 9.3 89.4 6.8 96.4 3.6 90.2 7.5
o-ZEL 76.9 11.2 84.1 1.7 90.6 25 82.5 11.6
p-ZEL 80.8 9.8 85.3 9.6 100.3 34 85.9 10.2
ZAN 72.0 10.3 83.0 8.2 107.1 4.8 84.4 7.8
ZEN 70.9 114 78.9 7.3 104.9 6.1 80.6 8.4
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Fig.3 MRM chromatogram of a biscuit sample
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