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Abstract
Background: A simple, rapid, and e�cient liquid chromatography tandem mass spectrometry (LC–
MS/MS) method, operated in electrospray ionization (ESI) and quadrupole linear ion trap modes, has
been developed for the identi�cation and structural characterization of zearalenone (ZEN) in corn oil.

Methods: Samples (5 g) were extracted with acetonitrile/water (80:20, v/v). After centrifugation and
dilution, the extracts were separated on a C18 analytical column by gradient elution (acetonitrile/water)
and analyzed by UPLC–MS/MS. Enhanced product ion mode was used for qualitative analysis, while
multiple reaction monitoring mode was used for quantitative analysis.

Results: Calibration curve showed good linearity with correlation coe�cients (r) higher than 0.995. Limit
of detection was determined to be below 0.20 μg kg-1 for ZEN. The recovery for ZEN was in the
acceptable range of 86.6% to 97.2%. 82.4 % of the samples were found to contain ZEN among the 51
samples.

Conclusion: The sample pretreatment and LC–MS methods developed in this research, from a
convenience and analysis time perspective, are simple, e�cient, cheaper, and less time-consuming than
existing methods.

Introduction
The mycotoxin zearalenone (ZEN) is a resorcylic acid lactone produced by several species of Fusarium
genus, such as Fusarium roseum, Fusarium tricinctum, Fusarium sporotrichioides, Fusarium oxysporum,
and Fusarium moniliforme1–4. In temperate and warm countries, these Fusarium species may colonize
various cereal grains, such as maize, sorghum, wheat, barley, and oats5, 6, mainly in the �eld but also
post-harvesting under poor storage conditions7, 8. Jiaxing, China, has a subtropical monsoon climate with
highest temperatures in summer of 38–40 °C and humid and rainy weather, which is bene�cial for
Fusarium genus breeding9, 10. Therefore, it is necessary to monitor ZEN levels in food in Jiaxing.

ZEN has shown to possess estrogenic activity due to its competitive binding to the estrogen receptor,
which consequently disrupts the reproductive system and causes abnormal fetal development in
animals11, 12. Besides the adverse hormonal effects, they have also been implicated in numerous
mycotoxicosis of farm animals associated with hepatic and renal lesions in rodents and the reduction of
milk production in cows13–15. The Joint FAO/WHO Expert Committee on Food Additives (JECFA) has
recommended a provisional maximum tolerable daily intake (PMTDI) of 0.5 µg kg−1g for ZEN.

Among cereals, corn stands out as a product with the highest rate and types of contamination5, 16, 17.
Also, corn is the main product of world agriculture and China is highlighted as the second largest
producer of corn, behind the USA. Corn oil was extracted from corn germ. The corn oil was widely used in
China, it is necessary to consider that the risk of ZEN in such products.
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Most current methods for quantitative ZEN determination involve chromatographic methods, such as thin
layer chromatography and high-performance liquid chromatography18, 19. Several immunology-based
semiquantitative and qualitative methods, including enzyme-linked immunosorbent assays and
immunoa�nity column assays, have also been developed for use at grain stations and silos.2, 7, 20

However, these methods are complex, inconvenient, and time-consuming. Therefore, development of a
simple and rapid method for ZEN determination is needed.

This study aimed to develop a liquid chromatography-coupled quadrupole tandem mass spectrometry
(LC–MS/MS) method for the simultaneous quanti�cation and detection of ZEN in corn oil in a single run.
Structural characterization of the ZEN was performed using the information-dependent acquisition (IDA)
method21–24. The IDA method with dynamic background subtraction (DBS) was con�gured to trigger a
sensitive enhanced product ion (EPI) scan when the survey scan signal exceeded the de�ned criteria25–27.
An EPI spectrum library was constructed and can be used for ZEN compound screening. This method
should be stable enough to avoid false negative or false positive results.

Materials And Methods

Sample collection and storage
Between March 2017 and September 2019, 51 samples of corn oil were obtained randomly from markets,
supermarkets, and local retailers in Jiaxing, China. The samples were transported to the laboratory in an
insulated container and analyzed upon arrival.

Chemicals and reagents
All standards and reagents used were of the highest purity commercially available. Reagent-grade water
was obtained using a Milli-Q Ultrapure Water Puri�cation System (Millipore, Bedford, MA, USA). HPLC-
grade methanol and acetonitrile were purchased from Merck (Darmstadt, Germany). ZEN in acetonitrile
(50 mg L-1), was purchased from ANPEL Laboratory Technologies (Shanghai, China), and used to prepare
calibration curves and recovery experiments. 13C-ZEN in acetonitrile (25 μg mL-1), was purchased from
ROMER(Beijing, China).

Apparatus
The LC–MS/MS system consisted of a 30AD LC instrument (Shimadzu, Kyoto, Japan) coupled with a
QTRAP5500 triple quadrupole mass spectrometer (AB SCIEX instruments, Foster, CA, USA). The LC-30AD
system had two interconnected pump units, one with an integrated degasser and the other with a mixer,
and was comprised of an UHPLC gradient system, a refrigerated autosampler, and a column oven
compartment. A Waters BEH C18 column (100 mm ´ 2.1 mm, 1.7 μm) was used as the analytical column.
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The mass spectrometer was equipped with an electrospray ionization source and spectra were acquired
in negative ion multiple reaction monitoring (MRM) mode and enhanced product ion (EPI) scan mode.
Nitrogen was used as the nebulizer, heater, and curtain gas, and the collision-activated dissociation gas.

LC–MS/MS conditions
The gradient elution solvent comprised acetonitrile (A) and water (B). The gradient was programmed as
follows: 0–1 min, 95–80% B; 1–4 min, 80–75% B; 4–6 min, 75% B; 6–8 min, 75–0% B; 8–8.5 min, 0% B;
8.5–10 min, 0–95% B; and 10–12 min, 95% B. The column temperature was set at 40 °C, the �ow rate
was 0.3 mL min-1, and the injection volume was 10 mL.

LC–MS/MS with electrospray ionization (ESI) was operated in negative mode. Tandem MS analyses were
performed in MRM acquisition mode, with two precursor-to-product ion transitions monitored for
simultaneous detection of all analytes. The optimized MS/MS parameters were as follows: Source
temperature, 500 °C; ion spray voltage (IS), 5500 V; ion source gas 1 (GS1) pressure, 50 psi; ion source
gas 2 (GS2) pressure, 50 psi; curtain gas (CUR) pressure, 20 psi; collision gas (CAD), medium. Table 1
shows the MRM parameters used in the optimized survey scan. The peak area of the most intense MRM
transition was used for quanti�cation.

Table 1
Retention time and MRM parameters of ZEN

Analytes Retention Time min Precursor Ions m/z Product Ions m/z DP v CE v

ZEN 7.48 317.1 175.1*/131.1 170 24/30

13C-ZEN 7.48 335.1 185.1 170 26

* Quantitative ion.

MRM: multiple reaction monitoring.

In this study, an IDA (information-dependent acquisition) experiment was used to automatically trigger
EPI scans by analyzing MRM signals. The EPI scans were operated in ESI- mode for product ions at a
scan rate of 10,000 Da/s, with dynamic �ll in the linear ion trap and a step size of 0.12 Da. The collision
energy (CE) spread of EPI was set at 40 eV, with a CE spread of 10 eV to provide rich EPI spectra. The CAD
was set to high. The IDA criteria included selecting the most intense peak after dynamic background
subtraction of the survey scan, for ions greater than m/z 50 and smaller than m/z 350 that exceeded
1000 counts per second (cps).

Calibration curve of the IDA–MRM–EPI method
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The ZEN standard was used to prepare standard solutions by pipetting appropriate volumes into a set of
20-mL calibrated volumetric �asks and diluting with acetonitrile/H2O(20:80, v/v) to volume. The ZEN

concentrations were 0.05, 0.1, 0.2, 0.5, 1.0, 2.0, 5.0, 10.0, and 20.0 ng mL-1. 13C-ZEN was diluting with
acetonitrile to 0. 1 μg mL-1. The internal standard 13C-ZEN(0.1 μg mL-1) 10 μL was added to each 990 μL
ZEN standard concentration respectively.

Calibration curves were established using peak area ratio ZEN/13C-ZEN  as the dependent variable (y-
axis) and the concentration of each analyte as the independent variable (x-axis). The linearity was
evaluated from the correlation coe�cient (r) value of each calibration curve. The LODs and LOQs for each
analyte were calculated at signal-to-noise (S/N) ratios of 3 and 10, respectively, by analyzing several
decreasing concentrations of each analyte until the relevant S/N ratio was reached.

Extraction
The sample preparation procedure was developed with reference to the method of Xu28. The corn oil (5 g)
was accurately weighed into a 50-mL centrifuge tube, 60 μL 13C-ZEN(1 μg mL-1) was added, vortexing, sit
for 5 mins. Then 20 mL extraction solvent (acetonitrile/water, 80:20 (v/v)) was added. ZEN was extracted
in a turbine mixer for 1 min, followed by vigorous vortexing for 30 mins in an automatic vibrator. The
extract was centrifuged for 5 min at 10,000 rpm and the resulting supernatant was collected. A 1-mL
aliquot of the supernatant was transferred into a 5-mL centrifuge tube and diluted to 3 mL with water.
The sample solution (1 mL) was transferred directly into vials for LC–MS/MS analysis.  

Quality assurance of the IDA–MRM–EPI method

Speci�city, selectivity, and accuracy
Corn oil samples were selected to evaluate the speci�city and selectivity of this method. To verify the
absence of interfering substances, the MRM chromatograms of the blank solvent, solutions of standard,
and sample solutions were compared with regard to the retention time of the target analytes.

The accuracy and precision of the method were measured using the intra- and inter-day recoveries and
RSDs. The standard solution of the ZEN was spiked into the corn oil samples to obtain spiked samples
(three concentrations, 0.6, 6, 60 μg kg-1). All spiked samples were detected three times a day on �ve
different days.

Results

Speci�city and selectivity of the IDA–MRM–EPI method
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The total ion chromatograms (TICs) of blank solution and ZEN standard are shown in Fig. 1 and Fig. 2.
TIC chromatograms of one positive corn oil sample are shown in Fig. 3, no interference peaks from other
constituents were observed at the retention time of the analyte for ZEN (7.48 min). Furthermore, the
response of the analyte in the MRM chromatogram was high enough for quanti�cation, demonstrating
the high speci�city and good sensitivity of the method. 

Calibration curve, LOD, and LOQ of the IDA–MRM–EPI
method
The limit of detection (LOD) was found to average 0.20 µg kg−1 for ZEN. Therefore, the method showed
good performance at low statutory limits. The limit of quanti�cation (LOQ) was acceptable. Within the
de�ned calibration range, the calibration curve for ZEN showed satisfactory linearity, with correlation
coe�cient (R) greater than 0.995.

Table 2
Calibration curve, linear range, correlation coe�cient (R), and limit of detection (LOD) and

quanti�cation (LOQ) of ZEN using the IDA–MRM–EPI method
Analyte Calibration Curve Linear Range

(ng ml-1)

R (1/X2) Corn oil

LOD (µg kg-1) LOQ (µg kg-1)

ZEN y = 0.87998 x + 0.18270 0.05-20.0 0.99550 0.20 0.60

Accuracy and precision of the IDA–MRM–EPI method
The average recovery and relative standard deviation for reproducibility (RSDR) of the analytical method
applied to ZEN in samples are shown in Tables 3 and 4. Recovery ranged from 86.6–97.2%. The RSDR

values ranged from 4.1–6.2%. All were within the acceptable ranges, indicating the good accuracy and
precision of this analytical method.

Table 3
Intra-day accuracy and precision (n = 3).

Compound Spiked(µg kg-1) Corn oil

Recovery(%) RSD(%)

ZEN 0.6 87.3 6.2

6 91.4 5.0

60 95.6 4.9
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Table 4

Inter-day accuracy and precision (n = 15)
Compound Spiked(µg kg-1) Corn oil

Recovery(%) RSD(%)

ZEN 0.6 86.6 5.8

6 91.5 4.9

60 97.2 4.1

Analysis of real samples using the IDA–MRM–EPI method
Among the 51 samples, 42 samples(82.4%) were contaminated with ZEN. The concentration was
between 1.71 to 179 µg kg−1. All were within the commission regulations in China. 12 samples 23.6%
were above 100 µg kg−1. 18 samples 35.3% were between 50 to 100 µg kg−1, 3 samples 5.88% were
between 10 to 50 µg kg−1, 9 samples 17.6% were below 10 µg kg−1.

Table 5
Occurrence of ZEN in foods in 2017–2019 in Jiaxing, China (µg

kg−1)
Corn oil

  Mean Min Max number of incurred samples

ZEN 57.0 1.71 179 42

Mean- the arithmetic mean value of the total sample

Con�rmation of target analytes
In the IDA experiment, MRM was used as the survey scan and EPI was used as the dependent scan for
the same injection. As a result, criteria used to identify target compounds in the samples provided a MRM
transition spectrum at the correct retention time, as obtained with both molecular and fragment ion data
that can be used for in-house library search-based identi�cation. The in-house library was constructed
using the pure standard solutions.

Using the IDA experiment, the UPLC–MS/MS MRM chromatograms of these samples regarding the ZEN
were triggered to obtain synchronous EPI spectra, which could be used to con�rm the targets. 10 corn oil
samples con�rmed to contain ZEN using this method. As shown in Fig. 4, ZEN at 7.48 min showed
obvious protonated molecular ions at m/z 317.0, 131.0, and 175.0.

The MS/MS spectra of ZEN in positive samples were searched against the library. The MS/MS spectrum
of ZEN in corn oil matched well with the standard spectrum in the library.
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Discussion
Corn oil was extracted from corn germ. The characteristic of this oil is that the proportion of unsaturated
fatty acid was up to 80% ~ 85% in the whole fatty acid. This oil does not contain cholesterol, which has a
dissolving effect on the accumulation of cholesterol in the blood. So it can reduce the hardening effect on
blood vessels, preventing and curing senile diseases such as arteriosclerosis and diabetes.

Sample preparation was performed using Xu’s method for cereals and products. This extraction method
was applied to corn oil. An e�cient and convenient UPLC–ESI-–MS/MS method using MRM–IDA–EPI
mode was developed for the determination of ZEN in these samples. The samples were extracted directly
using solvent, with no column puri�cation required. Using high-speed centrifugation allowed �ltration to
be omitted. Recoveries ranged from 86.6% to 97.2% and RSDR values were within acceptable ranges,
indicating the good accuracy and precision of this extraction method. Therefore, this method is suitable
for the extraction of ZEN from corn oil.

MRM-triggered EPI scans using IDA are effective for increasing the information obtained from a single
injection. In MRM–IDA–EPI mode, simultaneously qualitative and quantitative analyses of the target
analytes could be performed in one run to ensure accurate and reliable �nal data. Good performance was
obtained for the optimized method in terms of the LOQs, linearity, accuracy, and precision. False positives
and negatives were successfully avoided using MS/MS library searching.

ZEN was detected in 42 samples within all 51 samples, the detection rate was very high, demonstrating
the widespread pollution in the corn oil, although they were not exceeding the regulation. As corn oil are
widely used in China, perhaps more emphasis should be placed on their a�atoxin levels. The foodstuff,
production technology, processing, and storage conditions should also be examined.

Most current sample preparations of ZEN used clean-up methods based on solid-phase extraction, which
require column puri�cation that is costly and complex. Compared with previous studies, a more reliable
LC-MS/MS method for the simultaneous determination of ZEN in the corn oil was described. The analyte
was completely separated in less than 9 min, affording narrow peaks with good peak symmetry. The
Quantitative and qualitative analysis can be performed simultaneously in MRM–IDA–EPI mode. The
sample pretreatment and LC–MS methods developed in this research, from a convenience and analysis
time perspective, are simple, e�cient, cheaper, and less time-consuming than existing methods.

Abbreviations
LC–MS/MS: liquid chromatography tandem mass spectrometry; ESI: electrospray ionization; ZEN:
zearalenone; JECFA: Joint FAO/WHO Expert Committee on Food Additives; IDA: information-dependent
acquisition; MRM: multiple reaction monitoring; EPI: enhanced product ion; DBS: dynamic background
subtraction; TIC: total ion chromatogram; LOD: limit of detection; LOQ: limit of quanti�cation



Page 9/14

Declarations

Acknowledgments
This work was supported by all colleagues of Jiaxing Center for Disease Control and Prevention.

Funding
This research received no speci�c grant from any funding agency in the public, commercial, or not-for-
pro�t sectors.

Authors’ contributions
LV and ZHU conceived and designed the experiments. WU and GE collected the experiments data. LV
analyzed the data and wrote the �rst draft of the manuscript. YY, GUAN, ZHU contributed
reagents/materials/analytical tools. All authors read and approved the �nal manuscript.

Competing Interests
The authors declare no con�icts of interest.

Ethics approval and consent to participate
Not applicable.

References
1. Metzler M, Pfeiffer E and Hildebrand A. Zearalenone and its metabolites as endocrine disrupting

chemicals. World Mycotoxin Journal 2010; 3: 385-401. DOI: 10.3920/wmj2010.1244.

2. Cavaliere C, Antonelli M, Cerrato A, et al. A Novel Magnetic Molecular Imprinted Polymer for Selective
Extraction of Zearalenone from Cereal Flours before Liquid Chromatography-Tandem Mass
Spectrometry Determination. Toxins 2019; 11: 493. DOI: 10.3390/toxins11090493.

3. Lee Y-W. Auroregulation of zearalenone production in Fusarium graminearum. Toxicon 2019; 158:
S21. DOI: 10.1016/j.toxicon.2018.10.077.

4. Wang R-G, Su X-O, Fan X, et al. Liquid Chromatography-Tandem Mass Spectrometry for
Determination of A�atoxin B1, Deoxynivalenol and Zearalenone in Arti�cial Porcine Gastrointestinal
Digestive Juice. Chinese Journal of Analytical Chemistry 2015; 43: 1-6. DOI: 10.1016/s1872-
2040(15)60794-0.



Page 10/14

5. Paschoal FN, de Azevedo Silva D, von Sperling de Souza R, et al. A Rapid Single-Extraction Method
for the Simultaneous Determination of A�atoxins B1, B2, G1, G2, Fumonisin B1, and Zearalenone in
Corn Meal by Ultra Performance Liquid Chromatography Tandem Mass Spectrometry. Food
Analytical Methods 2016; 10: 1631-1644. DOI: 10.1007/s12161-016-0712-2.

�. Rempelaki IE, Sakkas VA and Albanis TA. The development of a sensitive and rapid liquid-phase
microextraction method followed by liquid chromatography mass spectrometry for the determination
of zearalenone residues in beer samples. Analytical Methods 2015; 7: 1446-1452. DOI:
10.1039/c4ay01754d.

7. Wu L, Li J, Li Y, et al. A�atoxin B1, zearalenone and deoxynivalenol in feed ingredients and complete
feed from different Province in China. Journal of Animal Science and Biotechnology 2016; 7. DOI:
10.1186/s40104-016-0122-8.

�. Li F, Jiang D, Zheng F, et al. Fumonisins B1, B2and B3in corn products, wheat �our and corn oil
marketed in Shandong province of China. Food Additives & Contaminants: Part B 2015; 8: 169-174.
DOI: 10.1080/19393210.2015.1028480.

9. Lv S, Wang H, Yan Y, et al. Quanti�cation and con�rmation of four a�atoxins using a LC–MS/MS
QTRAP system in multiple reaction monitoring, enhanced product ion scan, and MS3 modes.
European Journal of Mass Spectrometry 2019; 26: 63-77. DOI: 10.1177/1469066719866050.

10. Xu J, Wang H, Ji F, et al. Degradation of zearalenone by Bacillus amyloliquefaciens ZDS-1 from
wheat. Toxicon 2019; 158: S6-S7. DOI: 10.1016/j.toxicon.2018.10.031.

11. Bertero A, Moretti A, Spicer L, et al. Fusarium Molds and Mycotoxins: Potential Species-Speci�c
Effects. Toxins 2018; 10: 244. DOI: 10.3390/toxins10060244.

12. Andrade GCRM, Pimpinato RF, Francisco JG, et al. Evaluation of mycotoxins and their estimated
daily intake in popcorn and corn�akes using LC-MS techniques. Lwt 2018; 95: 240-246. DOI:
10.1016/j.lwt.2018.04.073.

13. Dong M, He XJ, Tulayakul P, et al. The toxic effects and fate of intravenously administered
zearalenone in goats. Toxicon 2010; 55: 523-530. DOI: 10.1016/j.toxicon.2009.10.004.

14. Han Z, Jiang K, Fan Z, et al. Multi-walled carbon nanotubes-based magnetic solid-phase extraction
for the determination of zearalenone and its derivatives in maize by ultra-high performance liquid
chromatography-tandem mass spectrometry. Food Control 2017; 79: 177-184. DOI:
10.1016/j.foodcont.2017.03.044.

15. Jiao-jiao X, Bai-fen H, Jian Z, et al. A dilute-and shoot approach using ultra high-performance liquid
chromatograph-mass/mass spectrometry for 16 mycotoxins analysis in cereals and products.
CHINESE JOURNAL OF FOOD HYGIENE 2017; 29: 708-715.

1�. Beltrán E, Ibáñez M, Portolés T, et al. Development of sensitive and rapid analytical methodology for
food analysis of 18 mycotoxins included in a total diet study. Analytica Chimica Acta 2013; 783: 39-
48. DOI: 10.1016/j.aca.2013.04.043.

17. Bai X, Sun C, Xu J, et al. Detoxi�cation of zearalenone from corn oil by adsorption of functionalized
GO systems. Applied Surface Science 2018; 430: 198-207. DOI: 10.1016/j.apsusc.2017.06.055.



Page 11/14

1�. Majerus P, Graf N and Krämer M. Rapid determination of zearalenone in edible oils by HPLC with
�uorescence detection. Mycotoxin Research 2009; 25: 117-121. DOI: 10.1007/s12550-009-0018-y.

19. Qian M, Zhang H, Wu L, et al. Simultaneous determination of zearalenone and its derivatives in
edible vegetable oil by gel permeation chromatography and gas chromatography–triple quadrupole
mass spectrometry. Food Chemistry 2015; 166: 23-28. DOI: 10.1016/j.foodchem.2014.05.133.

20. Sun S, Yao K, Zhao S, et al. Determination of a�atoxin and zearalenone analogs in edible and
medicinal herbs using a group-speci�c immunoa�nity column coupled to ultra-high-performance
liquid chromatography with tandem mass spectrometry. Journal of Chromatography B 2018; 1092:
228-236. DOI: 10.1016/j.jchromb.2018.06.012.

21. Cao X, Yang X, Liu Z, et al. Rapid Simultaneous Screening and Detection of 12 Anticoagulant
Rodenticides in Food by Ultra-performance Liquid Chromatography-Triple Quadrupole/Linear Ion
Trap Tandem Mass Spectrometry. Food Analytical Methods 2017; 10: 3538-3547. DOI:
10.1007/s12161-017-0922-2.

22. He Z, Wang Y, Xu Y, et al. Determination of Antibiotics in Vegetables Using QuEChERS-Based Method
and Liquid Chromatography-Quadrupole Linear Ion Trap Mass Spectrometry. Food Analytical
Methods 2018; 11: 2857-2864. DOI: 10.1007/s12161-018-1252-8.

23. Zeng Y, Quek Y-L, Kee C-L, et al. Analysis of 32 toxic natural substances in herbal products by liquid
chromatography quadrupole linear ion trap mass spectrometry. Journal of Pharmaceutical and
Biomedical Analysis 2015; 115: 169-173. DOI: 10.1016/j.jpba.2015.07.005.

24. Zhou Y, Guan J, Gao W, et al. Quanti�cation and Con�rmation of Fifteen Carbamate Pesticide
Residues by Multiple Reaction Monitoring and Enhanced Product Ion Scan Modes via LC-MS/MS
QTRAP System. Molecules 2018; 23: 2496. DOI: 10.3390/molecules23102496.

25. Attia KAM, Nassar MWI, Sharaf El-Din MMK, et al. A stability-indicating QTRAP LC-MS/MS method
for identi�cation and structural characterization of degradation products of indapamide. Analytical
Methods 2016; 8: 1836-1851. DOI: 10.1039/c5ay03075g.

2�. Lee J-Y, Lee SY, Lee K, et al. Determination of species-difference in microsomal metabolism of
amitriptyline using a predictive MRM–IDA–EPI method. Chemico-Biological Interactions 2015; 229:
109-118. DOI: 10.1016/j.cbi.2015.01.024.

27. Xing Y, Meng W, Sun W, et al. Simultaneous qualitative and quantitative analysis of 21 mycotoxins in
Radix Paeoniae Alba by ultra-high performance liquid chromatography quadrupole linear ion trap
mass spectrometry and QuEChERS for sample preparation. Journal of Chromatography B 2016;
1031: 202-213. DOI: 10.1016/j.jchromb.2016.07.008.

2�. Xu J-J, Zhou J, Huang B-F, et al. Simultaneous and rapid determination of deoxynivalenol and its
acetylate derivatives in wheat �our and rice by ultra high performance liquid chromatography with
photo diode array detection. Journal of Separation Science 2016; 39: 2028-2035. DOI:
10.1002/jssc.201501316.

Figures



Page 12/14

Figure 1

TIC chromatograms of blank solution. TIC: total ion chromatogram.

Figure 2

TIC and extracted ion chromatograms (XICs) of ZEN. TIC: total ion chromatogram.
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Figure 3

TIC and extracted ion chromatograms (XICs) of one corn oil sample. TIC: total ion chromatogram.
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Figure 4

EPI spectrum of ZEN in one corn oil sample. EPI: enhanced product ion.


