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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in fulfilment 

of the requirement for the degree of Master of Science 

 

 

METHOD DEVELOPMENT FOR DETERMINATION OF 

MULTI-MYCOTOXIN IN VEGETABLE OIL USING QuEChERS 

TECHNIQUE AND LIQUID CHROMATOGRAPHY TANDEM 

MASS SPECTROMETRY 

 

 

By 
 

SHARMILI D/O KUPPAN 

 

December 2015 

 

 

Chairman :  Prof. Jinap Selamat, PhD 

Faculty :  Food Science and Technology 

 

 

In recent years, vegetable oils were reported to be contaminated by mycotoxins. At 
the same time, demand for vegetable oils has been increasing due to its health 

benefit and also for its direct use or as ingredients in food. The objectives of this 

study were to develop and validate the QuEChERS (Quick, Easy, Cheap, Effective, 

Rugged and Safe) extraction and clean-up procedures for mycotoxins in vegetable 

oil by liquid chromatography tandem mass spectrometry (LC-MS/MS) and to 

verify the established method in vegetable oils in Malaysian market. In this study, 

a new, fast, cost efficient, sensitive and accurate assay method was developed, 

optimized and validated for the determination of aflatoxins (AFB1, AFB2, AFG1 

and AFG2), ochratoxin A (OTA), zearalenone (ZEA) and deoxynivalenol (DON) in 

vegetable oil by a modified QuEChERS approach, which was conventionally 

developed for pesticides analysis. A quick procedure of mycotoxins extraction and 

clean-up was achieved in two steps. Firstly, target analytes were extracted into the 
optimized solvent acetonitrile and followed by dispersive solid phase extraction (d-

SPE) clean up with the optimized sorbents to remove the co-extracts. Three types 

of d-SPE sorbents; C18, primary secondary amine (PSA) and graphitized carbon 

black (GCB) and four combination ratios of two selected d-SPEs were evaluated to 

achieve an optimum and acceptable result. The maximum co-extracts were 

removed when d-SPE C18 and GCB were used at ratio 3:1 with MgSO4 anhydrous 

followed by LC-MS/MS analysis, using an electro spray-ionization interface (ESI).  

Methanol as an organic phase and formic acid (0.1%) with 5 mM ammonium 

acetate as a polar phase, with total run of 16 minutes and flow rate 300 µLmin -1 

were applied. The validation study indicated the seven mycotoxins could be 

detected in the concentration range of 0.01 ngg-1 to650.17ngg-1 with correlation 
coefficient > 0.98. The limit of quantitation (LOQ) ranges from 0.04 ngg

-1
 to 2000 

ngg-1. The recoveries were in the range of 87.9% to 106.6%. The repeatability and 

reproducibility of the analysis were within the acceptable level (0.5 – 1.3) for 

precision using HORRAT ratio. Significant matrix effect was compensated using 
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the matrix matched calibration curves. After validation, the method was 

successfully applied to 25 vegetable oil samples including corn oil, palm oil and 

sunflower oil. ZEA, AFG2, AFG1 and AFB1 were among the detected mycotoxins. 

A new fast, cost efficient, sensitive and accurate assay method was successfully 

developed, validated and applied for the determination of seven mycotoxins in 

vegetable oils. 
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Sejak kebelakangan ini, minyak sayuran dilaporkan dicemari oleh mikotoksin. 

Pada masa yang sama, permintaan bagi minyak sayuran telah meningkat 
disebabkan oleh manfaat kesihatan dan sebagai bahan dalam makanan. Objektif 

kajian ini adalah untuk membangunkan dan mengesahkan kaedah pengekstrakan 

teknik QuEChERS (Quick, Easy, Cheap, Effective, Rugged and Safe) dan prosedur 

pembersihan sampel untuk mengekstrak mikotoksin dari minyak sayuran dan 

menganalisis menggunakan kromatografi cecair spektrometri jisim (LC-MS/MS) 

serta untuk mengesahkan kaedah yang dikembangkan melalui penentuan 

pencemaran mikotoksin dalam minyak sayuran di pasaran. Dalam kajian ini, satu 

kaedah yang baru, cepat, cekap, sensitif, murah dan tepat telah dibangunkan, 

dioptimumkan dan disahkan bagi menentukan aflatoksin (AFB1, AFB2, AFG1, 

AFG2), ochratoxin A (OTA), zearalenone (ZEA) dan deoxynivalenol (DON) 

dalam minyak sayur-sayuran oleh pendekatan teknik QuEChERS yang diubahsuai 

dari analisis racun perosak. Prosedur yang cepat bagi pengekstrakan mikotoksin 
dan pembersihan sampel telah dicapai dalam dua langkah. Pertama, analit sasaran 

diekstak ke dalam pelarut asetonitril dan diikuti oleh pengekstrakan dari serakan 

fasa pepejal (d-SPE) untuk mendapatkan nilai kejituan mikotosin dan nilai sisa 

ekstrak yang optimum. Tiga jenis penjerap d-SPE; C18, primary secondary amine 

(PSA) dan graphitized carbon black (GCB) dan empat nisbah gabungan dua 

penjerap telah dinilai untuk mencapai hasil yang optimum dan boleh diterima.  

Keputusan yang maksimum iaitu nilai kejituan bagi mikotoksin yang tinggi serta 

nilai sisa ekstrak yang minimum dicapai apabila penjerap C18 dan GCB telah 

digunakan pada nisbah 3: 1 dengan MgSO4 kontang diikuti oleh analisis LC-

MS/MS, menggunakan antara muka elektro semburan-pengionan (ESI). Metanol 

sebagai fasa organik dan asid formik (0.1%) dengan 5 mM ammonium asetat 
sebagai fasa cecair, dengan jumlah jangka masa 16 minit dan kadar aliran 300 

μLmin-1 telah digunakan. Kajian pengesahan menunjukkan tujuh mikotoksin dapat 

dikesan dalam julat kepekatan terendah (LOD) antara 0.01 ngg-1 hingga 650.17 

ngg-1 dengan pekali korelasi > 0.98. Had kuantifikasi (LOQ) adalah di antara 0.04 
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ngg-1 hingga 2000 ngg-1. Nilai kejituan adalah dalam lingkungan 87.9% kepada 

106.6%. Kebolehulangananalisis adalah dalam tahap yang boleh diterima iaitu di 

antara 0.5-1.3 untuk ketepatan menggunakan nisbah HORRAT. Kesan matriks 

yang ketara telah diatasi menggunakan matriks sepadan dengan keluk 

penentukuran. Selepas pengesahan, kaedah yang telah berjaya digunakan untuk 

menganalisa 25 sampel minyak sayur-sayuran termasuk minyak jagung, minyak 

sawit dan minyak bunga matahari. ZEA, AFG2, AFG1 dan AFB1 adalah antara 

mikotoksin yang dikesan. Satu kaedah baru yang cepat, efektif kos, sensitif dan 

tepat telah dibangunkan, divalidasi dan digunapakai dengan jayanya untuk 

menentukan kandungan tujuh mikotoksin dalam minyak sayuran. 
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CHAPTER 1 

INTRODUCTION 

 

1.1 Background of study 

Mycotoxins are toxic chemical products produced as secondary metabolites by certain 

filamentous fungal that can contaminate many agricultural commodities and processed 

food, either in the field or during storage wherever humidity and temperature are 

adequate especially in tropic areas (Cavaliere et al., 2010). These mycotoxins have 

wide range of toxic effects due to their largely diversified chemistry and toxicology 

properties (Ibanez-vea et al., 2011). Among hundreds of mycotoxins, aflatoxins (AFs), 

ochratoxin A (OTA), zearalenone (ZEA), deoxynivalenol (DON), fumonisins (FBs), T-

2 and HT-2 toxins are the major health concern (Soleimany et al., 2012).  

 

Human exposure to mycotoxins is inevitable and despite many years of study, applying 

good manufacturing practices during food production, storage and distribution, 

mycotoxins continue to contaminate a wide range of food and feed. Commodities and 

products frequently contaminated with mycotoxins include wide range of vegetable 

commodities such as cereals like wheat, maize, rye, rice, oat, and barley, nuts, peanuts, 

fruits, oilseeds, dried fruits, cocoa, spices, beer, herbal teas and coffee (Anukul & 

Vangnai, 2013). Recently, occurrence of some mycotoxins in vegetable oil has been 

reported worldwide and has received a great deal of attention by the regulatory bodies 

(Marin et al., 2013). 

 

1.2 Statement of problems 

Corn germ and sunflower seeds are very vulnerable to mycotoxins contamination and 

studies have showed number of occurrence of mycotoxins in corn and sunflower oils 

(Qian et al., 2015; Schollenberger et al., 2008). However, there is no data been 

collected to identify the level of mycotoxins contamination in palm oil produced by 

palm fruit which is at high risk of mycotoxins contamination due to its cultivation in 

tropical country such as Indonesia and Malaysia.  This is important since Malaysia is 

known as the second largest producer of palm oil in the world after Indonesia.  

 

With increasing findings on mycotoxins contamination in vegetable oil and its health 

hazard to human, total AFs in oilseeds before human consumption and intended for 

direct consumption have been regulated. In addition, ZEA level also been regulated 

particularly in refined maize oil by European Commission (EU) Regulatory body 

(European Commission Regulation, 2007) due to its highest occurrence in this 

commodity but in Malaysia, regulation yet been implemented under Food Act 1983 and 

Food Regulation 1985 for mycotoxins in vegetable oil. It is important to assess the 

presence and amount of mycotoxins to ensure safety and quality of vegetable oil 

produced and consumed in Malaysia thus reliable, fast and cost effective analytical 

method is important for an effective monitoring. 
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Numerous methods have been developed for the determination of single or multi-

mycotoxin in vegetable oil employing different type of extraction  and quantification 

techniques such as liquid-liquid extraction (Elzupir et al., 2010), immunoaffinity 

column (IAC) (Bao et al., 2010), matrix solid phase dispersion (MSPD) (Cavaliere et 

al., 2007), dispersive liquid-liquid microextraction (DLLME) (Afzali et al., 2012), acid 

base extraction (Majerus et al., 2009) and gel permeation chromatography (GPC) (Qian 

et al., 2015). Most of the researchers quantified using chromatographic methods 

including high performance liquid chromatography (HPLC) coupled with fluorescence 

detectors (FLD) (Majerus et al., 2009) or mass spectrometry (MS) (Cavaliere et al., 

2007), and gas chromatography (GC) coupled with MS detectors (Qian et al., 2015). 

Though the methods are reliable and reproducible, the procedure are limited to single 

mycotoxin analysis or time consuming, require large volume of solvents and costly. In 

addition, oil which is a lipid  poses a challenging task in extraction of mycotoxins 

which have a wide range of different physicochemical properties in term of pH, 

stability, solubility, diversity of chemical structure and molecular weight. 

 

1.3 Importance of study 

Recently many methods have been developed using QuEChERS (Quick, Easy, Cheap, 

Effective, Rugged and Safe) technique in mycotoxin analysis in matrixes like cereal, 

spices, egg, wine, dairy product, beer and rice (Jia et al., 2014), yet there is no method 

been developed to analyse mycotoxins in vegetable oil. It is known for its simplicity, 

quickness in extraction and cheaper compared to solid phase extraction (SPE) and 

immunoaffinity column (IAC) and does not require supporting equipment such as 

vacuum manifold. For the very first time, QuEChERS technique will be employed to 

extract multi-mycotoxin from vegetable oil and this will open opportunity to conduct 

preliminary study on the mycotoxins in vegetable oil; particularly in corn oil, sunflower 

oil and palm olein which are highly consumed by Malaysian and also in other 

countries. Since the extraction will be employing new QuEChERS’s technique 

optimizing various types of dispersive solid phase extraction (d-SPE) sorbents and 

extraction solvents, the optimized method will be tested for its performance by 

conducting detailed method validation including comparison with IAC extraction 

technique.  

 

This study involves three major components namely method development for seven 

mycotoxins, followed by method validation of the developed method of the specific 

compounds and next, determination of multi-mycotoxin in three vegetable oils. 

 

1.4 Objectives 

The objectives of this study are as follows: 

i. To develop and validate a reliable, fast and cost effective QuEChERS based 

extraction and clean-up procedures for multi-mycotoxin in vegetable oil  

ii. To determine the contamination of multi-mycotoxin in three different 

vegetable oils using the developed method 
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