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Extraction of a Fusarium mycotoxin zearalenone in edible oils 
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Abstract 

A simple, fast, accurate analytical method of Fusarium mycotoxin zearalenone (ZEA) from edible oils was 
developed by analyte-extension of the method for aflatoxins in oils. Oil samples were extracted with a mixture of 
acetonitrile and water (9 + 1, v/v) followed by the clean-up with a multifunctional column. ZEA content was deter
mined by high-performance liquid chromatography with fluorescence detector (HPLC-FLD). The method was in-house 
validated for two matrices, blended oil and olive oil. The recovery rates were between 100 .4 % and 105. 2 %, while 
relative standard deviations (RSDs) were between 0.9% and 2.3%. 

Zearalenone (ZEA) is one of the major Fusarium mycotoxins, causing infertility, abortion and other 

breeding problems1
' 
2
l. There is a tentative regulatory limit of ZEA (1 mg/kg) in animal feed in Japan3

) (Fig. 1. 

right). ZEA is heat-stable and is found worldwide in a number of cereal crops and cereal-based products of 

maize, barley, oats, wheat, rice, and sorghum4l. ZEA has been also detected in oil products5l. There had been 

some attempts to establish analytical methods for ZEA in oils using gel permeation chromatography or 

hexane extraction, which were time- and solvent- consuming 6
' 7). We thus looked for an alternative sample 

preparation procedure. Recently, an analytical method from edible oils was developed for aflatoxins and 

benzopyrene8
) (Fig. 1. left). Here we describe the application of the extraction method for aflatoxins in oils to 

that for ZEA in oils, using a blank sample and two kinds of oil samples as follows. 

1. Sample materials and reagents Two kinds of edible oils, blended salad oil (plant origin: 

rapeseed, soybean) (Nisshin Oillio, Tokyo, Japan), and extra virgin olive oil (plant origin: olive) (Echioliva, 

Spain), were purchased in commercially available size from food stores. Standard ZEA solution (100 µg/mL 

in acetonitrile) was purchased from Wako Co. (Osaka, Japan). All other reagents were of analytical or HPLC 

grade. Stock solutions of analyte (10 µg/mL) were prepared in acetonitrile and diluted to the desired concen

tration in acetonitrile and water (65 + 35, v/v). 

2. Sample extraction and cleanup of ZEA For sample preparation (shown in Scheme 1), 2.5 g of 
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oil was extracted for 30 min with 10 mL of acetonitrile and water ( 9 + 1 , v/v) in a 50 mL centrifuge tube 

using a shaker (Recipro Shaker SR-2W) (TAITEC, Saitama, Japan). The mixture was centrifuged (l,470 x g) 

for 10 min to achieve phase separation and ca. 9 mL of the upper acetonitrile-water layer was loaded onto a 

MultiSep #226 multifunctional column (Romer Labs, Inc. Union, Mo, USA) for purification of ZEA. The first 

3 mL of elute was discarded, and the following 5 mL was collected in a new test tube. A 2.0 mL aliquot of the 

collected solution was evaporated at 40°C under a gentle flow of nitrogen. The purified residue was dissolved 

in 0.5 mL of acetonitrile and water (65 + 35, v/v) and served as the sample solution for direct injection into 

the HPLC-ftuorescence detection (FLD) system. 

3. Spike and recovery tests of ZEA For simple in-house validation of the analytical method for 

ZEA, spike and recovery tests were performed for a blank (without matrix) and two oil samples in triplicate 

(n=3). The spike level was set as 0.2 and 0.4 mg/kg, one-fifth and two-fifth of 1 mg/kg (the regulatory limit of 
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Fig. 1. Chemical structures of aflatoxin Bl (left) and zearalenone (right) 

Blank sample (Without oil) or 2.5 g of edible oil sample 

I (add 0.05 mL, or 0.1 mL of ZEA (10 µg/mL) : spike and recovery test) 

I vortex for 3 min 

I wait for 30 min 

I add 10 mL of acetonitrile-water (9+ 1, v/v) 

I shake for 30 min 

I centrifuge for 10 min at 1,470 x g 

Acetonitrile/water layer (upper) 

apply ca. 9 mL of extract to Multisep#226 cartridge 

following flow 5 mL eluate 

I evaporate 2 mL of eluate 

I dry under Nz flow at 40 °C 

I redissolve in 0.5 mL of acetonitrile-water (65+35,v/v) 

HPLC-FLD 

Scheme 1. Analytical method for ZEA in oils 
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Fig. 2. HPLC-FLD chromatograms of a standard solution and the extract of each sample. A) ZEA standard ( 1.0 µg/mL). 
B) Blank sample + ZEA (0.4 mg/kg). C) Blended oil sample + ZEA (0.4 mg/kg). D) Olive oil sample + ZEA (0.4 mg/ 
kg). Arrows indicate the retention time of ZEA (5.9 min). 

ZEA in feed), respectively. In order to spike, 0.05 mL or 0.1 mL of the ZEA standard (10 µg/mL in acetoni

trile) solution was added to 2.5 g of each oil sample (blend oil, olive oil). Then the sample was vortexed for 3 

min and 10 mL of the acetonitrile-water ( 9 + 1 , v/v) solution was added to each sample after 30 min. The 

procedure after extraction was the same as described in 2. Sample extraction and cleanup of ZEA (Scheme 

1). This procedure was also conducted without oil matrix (blank sample) to compare the recovery rates. 

4. Apparatus and determination condition for HPLC-FLD analysis of ZEA HPLC- FLD 

analysis was performed using a reverse-phase Cl8 column, Shodex, Cl8M 4E (Showa Denko, Tokyo, Japan), 

250 mm x 4.6 mm (i.d.) with 5 µm particle size. The composition of the mobile phase was acetonitrile-water 

(65+35, v/v) and the flow rate was 1.0 mL/min. The column heater was set at 40 °C, and the injection amount 

was 10 µL. ZEA was detected by FL absorption using wavelength of 276 nm (excitation) and 460 nm 

(emission) (Fluorescence Detector RF-lOAXL FL)(Shimadzu, Kyoto, Japan). Six standard concentrations of 

ZEA working solution, covering a range from 0.05-2.5 µg/mL (0.05, 0.1, 0.2, 0.5, 1.0 and 2.5 µg/mL), were 

employed for daily measurements, and the calibration curves were plotted with the peak heights against the 

concentration of ZEA (µg/mL). The linearity of the calibration plot was demonstrated by a correlation coeffi

cient. The limit of detection (LOD) was defined as the concentration that was three times higher than the 

standard deviation of the blank signal, and the limit of quantification (LOQ) was defined as twice the LOD. 

The LOD of ZEA was defined as 0.029-0.040 mg/kg and the LOQ as 0.058-0.080 mg/kg. 
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Table 1. Recovery of ZEA from a blank sample and oil samples 

Spiked amount (mg/kg) Mean Rcovery (%) Relative standard deviation (RSD) (%) 

Blank sample 0.2 101.3 2.0 

0.4 104.3 1.0 

Blended oil 0.2 105.2 0.9 

0.4 100.6 1.2 

Olive oil 0.2 102.2 2.3 

0.4 100.4 1.0 

Conclusions 

An analytical procedure for ZEA in grains and grain products is currently being normalized in the world. 

In contrast, the procedure for the extraction and purification of ZEA in edible oils has been lacking. In this 

study, we applied the procedure, which allows the determination of aflatoxins and benzopyrene in oils, to that 

of ZEA in oils. 

Table 1 shows the ZEA recovery data for a blank (without oil) and two oil samples. For all samples, the 

mean recovery rates were from 100 . 4 % and 105 . 2 %, at spike levels of 0 . 2 and 0 .4 mg/kg. If there were 

remaining ZEA in oil (lower layer after extraction), the recovery rates of a blank sample should be higher 

than those of two oil samples. There were no substantial differences in the recovery rates between a blank 

sample and two oil samples, indicating that almost all of ZEA were extracted with a mixture of acetonitrile 

and water ( 9 + 1, v/v) (upper layer after extraction) from oil samples. The RSDs were between 0. 9 % and 

2.3 %, which were in accordance with the validation criteria (below 10 %) 9l. These results show that the 

extraction procedure for aflatoxins in oils is applicable for the practical determination of ZEA in oils (Fig. 2). 
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