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1. INTRODUCTION 

Mycotoxins are toxic secondary metabolites which can contaminate a wide variety of foodstuffs. 
These are produced by several fungi species but most common are Penicillium, Fusarium and 
Aspergillus [1]. These fungi can grow on agricultural commodities both at harvesting stage as well as 
post-harvesting stage and on processed foods also [2]. In addition to it, ability to withstand high 
temperature (170°C to 350°C) has increased the probability of its occurrence even in cooked food 
[3]. The presence of mycotoxins in foods may cause a serious threat to animal and human health. 
These mycotoxins are carcinogenic, mutagenic, hepatotoxic and may result in kidney and liver 
disease [4]. There are about 300 known mycotoxins in nature. Mycotoxins are further classified as 
aflatoxins, trichothecenes, tremorgenic, zearalenone etc. 

Deoxynivalenol (DON) is one of the most occurred mycotoxins [5], classified as non-
macrocyclic trichothecenes [6], produced by Fusarium graminearum. DON was first discovered in 
1972 in Japanese men who had consumed Fusarium fungi contaminated mouldy barley [7]. After 
consumption, DON is transported into brain and cause strong emetic effects so it is also called 
vomitoxin [8]. It is considered extremely harmful as it can cause DNA damage resulting in inhibition 
of protein synthesis [9], intestinal paracellular permeability leading to intestinal damage [10], 
disruptions of central nervous system [11] and neuroinflammation [12]. 

The molecular formula of DON is C15H20O6 and its IUPAC name is 12, 13-epoxy-3α,7α,15-
trihydroxytrichothec-9-en-on. It is a member of type B trichothecenes and is a polar organic 
compound. The toxicity of DON is due the presence of three free hydroxy groups. Its consumption 
can cause various symptoms including loss of appetite, vomiting and weight loss in humans where as 
in animals the symptoms are feed refusal, intestinal haemorrhage, suppression of immune 
responses, lowered milk and egg production. In addition to the pathogenic nature of DON towards 
humans and animals, it is also causing a devastating effect on global economy by contaminating 
cereal crops, thus reducing the yield. So, it is quite crucial to establish cost effective and easy to 
operate methods to detect the presence of DON in foodstuff and that too with ultra-high sensitivity. 

This review paper aims to discuss the various methods used for the qualitative and 
quantitative analysis of DON in food and related stuffs. 
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2. METHODS FOR THE DETECTION OF DON 
 

2.1 Gas chromatography 
Gas chromatography (GC) is the primary method applied for the analysis of DON in cereals and other 
food stuffs [13-19]. In gas chromatography the components are separated based on the difference in 
their boiling points. Hence the derivatization of extracted samples is crucial so that these can be 
easily vaporized and separated using gas chromatography. Acylation [20] and silanization [21] are 
commonly used methods for derivatization. After separation the components are detected and 
based on methods of detection, GC is further categorised into two types: electron capture detection 
(GC - ECD) [22-24] and mass spectrometric detection (GC - MS) [25-27]. Eskola et al. successfully 
employed GC-ECD method for the determination of DON in cereals with limit of detection was 30 
µgkg-1. In this method mixture of acetonitrile-water was used for sample extraction and Tri-Sil-TBT, a 
silylation reagent, was used for derivatization [28]. 

Breda et al. validated GC - MS method for the determination of DON in cereals with limit of 
detection was 0.03 mg kg-1 [29]. For the purpose of sample extraction and derivatization, a linear 
shaker and a silylating reageant, Sylon BTZ, were used respectively. A gas chromatograph coupled 
with mass selective detector used in combination with column HP-5MS served as a detector. 
Mahmoud et al. also determined DON in chicken liver, with LODs ranging from 0.25 - 0.75 μg kg-1 
using gas chromatography coupled with tandem mass spectrometry based on a quick, easy, cheap, 
effective, rugged and safe extraction method [30]. 

The advantage of GC method is its rapidness and high sensitivity. The main limitation of this 
method is the requirement of off-line derivatization of DON and extensive cleanup procedure as 
well. Furthermore, as the identification of DON depends on retention time, most of the times it is 
beyond the expertise and resources of laboratories. 

 
2.2 Thin Layer Chromatography 

Thin-layer chromatography (TLC) is one of the oldest methods for the detection of DON [31-38]. It 
was quite a rapid and cost-effective detection technique in mycotoxicology before high performance 
liquid chromatography (HPLC) technique became popular. The normal phase TLC consists of two 
phases: a stationary phase (thin layer of silica or alumina coated on a glass plate) and a mobile phase 
(some suitable solvent). The sample either in liquid or solution state is applied as a spot on the 
stationary phase with the help of capillary tube. The plate is then developed by placing vertically in a 
solvent tank whereby different components are moved as different spots based on their extent of 
adsorption. The separated spots are visualized by UV, fluorescence or other techniques. In a study, 
TLC method was used for determination of DON in rice with LOD of 100 mg kg-1 [39]. The major 
limitation of this method is that it is semiquantitative as well as operator involvement can be 
intensive. So, the results obtained from TLC analysis need to be validated with other techniques [40]. 

The efficiency of TLC method can be further enhanced by decreasing the size of adsorbent 
particles known as high-performance thin-layer chromatography (HPTLC). In a study DON in rice was 
analyzed using HPTLC quantification along with solid phase extraction clean up with LOD ranging 
from 50-1600 μg kg-1 [41]. HPTLC with fluorescence detection was successfully employed to detect 
deoxynivalenol in wheat flour and malt with 0.2 mg kg-1 as the limit of quantification [42]. In this 
method water and ethylene glycol solution was used for extraction followed by clean up with 
immunoaffinity column and final analysis by high-performance thin-layer chromatography (HPTLC) 
with fluorescence detection. 

 
2.3 Liquid chromatography 

The problem of sample derivatization in gas chromatography can be overcomed by the use of liquid 
chromatography. Chang et al. have applied Liquid Chromatography Using Modified Romer Column 
Cleanup method for the rapid determination of DON in wheat with a detection limit of 30 ppb [43].  
DON was extracted from contaminated wheat samples using acetonitrile: water (21:4) solution, 
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purified by activated charcoal-alumina column chromatography, quantitated using liquid 
chromatography and detected by a UV detector. 

In an upgradation, ultra-performance liquid chromatography (reversed phase) tandem mass 
spectrometry method (electro spray-ionization interface) was employed for simultaneous detection 
of DON along with other mycotoxins in cereals with LOD ranged from 0.01 to 25 ng g-1 [44]. 
Mycotoxins were first extracted using acetonitrile: water: acetic acid (79:20:1) solution followed by 
purification. After that mycotoxins were separated by reversed phase liquid chromatography and 
analysed using tandem mass spectrometric method. The advantage of using liquid chromatography 
method is that there is no requirement of sample derivatization whereas extra clean-up step and 
expensive equipment are some of the limitations of liquid chromatography. 

 
2.4 HPLC detection 

The most commonly used method for the quantitative analysis of DON in foods and feed is High-
performance liquid chromatography (HPLC) [45-47]. HPLC is based on the principle that depending 
on the chemical structure of analyte, it is distributed between packing material of column (stationary 
phase) and solvent used as eluent (mobile phase). HPLC is further classified on the basis of detection 
techniques used. 
 

2.4.1 HPLC with Ultra Violet detection technique 
The HPLC–UV technique, based on an acidic mobile phase, is an early method used for the 
determination of DON in grains [48-52]. Ehrlich et al. employed high performance liquid 
chromatography to measure DON in a contaminated corn with detection limit of 2-5 ng. Methanol-
water solution was used to extract DON from contaminated corn, purified by thin layer 
chromatography and analyzed by reversed phase HPLC on Partisil 10 ODs-2 eluted with acetonitrile –
water followed by detection with UV at 214 nm [53].  

Gupta et al. also determined DON in wheat samples using a C18 column with LOD of 0.1 mg 
kg-1 [54]. Mixture of water-acetonitrile-methanol (5:4:1, v/v/v) was used as mobile phase along with 
ultraviolet detector at 254nm. Kotal and Radova have successfully deployed the method of HPLC-UV 
for determination of DON in cereals and flours with a detection limit of 0.02 mg kg-1 [55]. DON was 
isolated from contaminated samples using immunoaffinity column and analyzed by HPLC method 
along with UV detector at a wavelength of 218 nm. The advantage of the method is that the rapid 
and sensitive quantitative analysis of DON can be done without prior derivatization. The limitation of 
this method is that it does not provide for a high degree of analyte specificity because at low 
wavelength many potential sample interferences also absorb. 

 
 
 

2.4.2 HPLC with reductive electrochemical detection 
The conjugation of HPLC with reductive electrochemical detection allows direct quantitation of DON 
from crude grain extracts with a detection limit for DON of 25 pg pl-1 [56]. In this method, radially 
compressed octadecylsilane column was employed and de-oxygenated methanol-40 mM borate 
buffer (35:65) at a flow-rate of 1.0 ml/min was used as a mobile phase. 

In a slight modification, a UV light source was incorporated between the HPLC column and the 
electrochemical detector for making the analyte electroactive by the process of photolysis which 
was taken place in a Teflon tube. This method, known as High - performance liquid chromatography 
with online, post column photolysis and oxidative amperometric detection, was employed for the 
detection of DON with detection limit of 1-2 ng on-column (10 - 20 ppb) [57]. The advantages of 
HPLC-hv-EC include high sensitivity, selectivity (with three modes of specificity) and online, 
postcolumn technique thus enabling to use established chromatographic parameters. 
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2.4.3 HPLC with mass spectrometric detection method 
Stastny et al. utilized a highly specific and sensitive analytical method for the detection of DON in pig 
colostrum (milk) and serum. In this method, Ultra- HPLC equipped with C18 column with 1.7 μm-
particle size, using a water-methanol mobile phase, was used in conjugation with a HR-Orbitrap-
mass spectrometric analysis method. The tandem hybrid mass spectrometer Q Exactive, with a 
heated electrospray ionisation probe was utilized in the full scan mode with resolving power of 
140,000 and the parallel reaction monitoring mode. The limit of detection for DON was 0.48 μg L-1 
and 0.24 μg L-1, in pig colostrum (milk) and serum respectively [58]. 

In an improvement, HPLC in combination with an atmospheric pressure chemical ionization 
interface and a single quadrupole mass spectrometer method was used for the determination of 
DON with a detection limit to mg kg-1 level in wheat using selected ion monitoring of the [M–H] ions 
and the main fragments. The advantage of using this technique is its high specificity as well as 
sensitivity and elimination of laborious derivatization [59]. 

 
2.4.4 HPLC with diode array detection 

Fazekas et al. developed a HPLC-diode array detection method for the determination of DON in 
wheat and other cereals with detection limit of 0.05 mg kg-1 [60]. Acetonitrile/water (84:16) solution 
was used for extraction followed by purification on Florisil and activated charcoal column. DON was 
then separated by HPLC on C18 column with acetonitrile/water (8:92) solution used as an eluent and 
detected by diode array detection method at 218 and 236 nm.  

In other improvement, air assisted-dispersive liquid-liquid microextraction method, 
microextraction is achieved using a glass syringe and air bubbles were employed for dispersion of 
extractant in the sample solution, conjugated with high performance liquid chromatography with 
diode-array detection (HPLC-DAD) was used to determine DON with detection limit of 23.6 μg L-1 
[61]. The advantage of using this method is that it is simple, inexpensive, fast, accurate and effective. 

 
2.5 BIOSENSORS 

Biosensors are the highly selective and sensitive devices used for the detection of DON. In 
biosensors, a sensing device is in conjugation with a biological recognition element. In a study, 
aluminium metal-organic framework as biosensing platform offers a simple, rapid, selective and 
sensitive method for the detection of vomitoxin with LOD of 0.70 pg ml-1 [62]. These biosensors are 
advantageous as they exhibit superior electrochemical activity, fair biocompatibility, simple 
operation, good selectivity, high thermal and physiochemical stability. 
 

2.6 Immunoassay 
Immunoassay-based methods, a specific class of biosensors are based on the recognition of specific 
chemical groups present on DON called epitopes. These epitopes interact between the antigen 
(DON) and selected antibodies in the presence of another compound (called marker) to facilitate the 
determination of DON. Depending upon the type of marker, immunoassay method is further 
classified enzyme linked immunoassay, enzyme-Linked-Immunomagnetic-Electrochemical assay, 
chemiluminescence, and fluorescence polarization immunoassay (for fluorogenic marker). 
 

2.6.1 Fluorescence polarization immunoassays 
In this immunoassay technique the analyte was labelled with a fluorophore and there was an 
increase in fluorescence polarization value on interaction of epitope with antibody. Maragos and 
Plattner used Fluorescence polarization immunoassay method based on the competition between 
DON and a novel DON-fluorescein tracer for the detection of DON in wheat sample. This method is a 
rapid one with a combination of 3-minute extraction step and 2-minute detection step [63]. 
Valenzano et al. employed fluorescence polarization (FP) immunoassay method for the analysis of 
DON in wheat bran and whole-wheat flour with LOD of 120 μg kg-1 [64]. In case of raw wheat bran 
activated charcoal was used to remove matrix effect as a preliminary treatment whereas no such 
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treatment was needed for whole-wheat flour. The advantage of using this method is its rapidness, 
no initial clean up, sensitive and cost effectiveness. A rapid detection of DON was done by lateral-
flow fluorescence immunoassay method. This method used a colloidal gold-labelled monoclonal 
antibody with LOD of 250–500 µg kg-1 [65]. The advantage of this method is a simple and fast sample 
preparation, cost-effective and robust on-site screening tool for mycotoxin contamination. Using 
gold nanoparticles or quantum dots as detecting labels in lateral flow immunoassays have limitations 
including low sensitivity and their high cost. Zhang et al. employed an alternative for it by the use of 
amorphous carbon nanoparticles as detecting labels in above method for the detection of DON in 
maize with LOD value of 20 µg kg-1 [66]. 
 

2.6.2 Enzyme-linked immunosorbent assays (ELISA) 
Enzyme linked Immuno Sorbent Assay (ELISA) is a method in which immunoglobulin antibodies bind 
with their specific antigens and is widely used for DON detection [67-77]. The advantage of this 
method is its rapidity, stability, specificity, sensitivity and above all this method does not need extra 
clean-up or enrichment steps [78]. Table 1 presents the various studies using ELISA method for the 
detection of DON in wheat with LOD values and extraction solution. 
 
Table 1: Various studies using ELISA method for the detection of DON in wheat 
 

SAMPLE EXTRACTION SOLUTION LOD 

Wheat methanol/water(10/90% v/v) 10 to 100,000 ng ml-1 [79] 

Wheat phosphate buffered saline 0.2 µg L-1 [80] 

Wheat acetonitrile/water(10.5/89.5% v/v) 2 µg L-1 [81] 

Wheat methanol/water(10.5/89.5% v/v) 50 µg L-1 [82] 

Wheat kernels acetonitrile/water (85/15% v/v) 80 µg L-1 [83] 

 
Zhang et al. had utilized competitive direct enzyme-linked immunosorbent assay method for the 
detection of deoxynivalenol (DON) in food and feedstuff with a sensitivity and limit of detection 
values were 0.03 and 0.003 mg kg−1, respectively [84]. While employing this method, rabbits were 
immunized with 3-O-hemisuccinyl -DON-Bovine serum albumin conjugates to produce polyclonal 
antibodies. Kang et al. employed indirect competitive enzyme-linked immunosorbent assay method, 
based on monoclonal antibody, for the detection of DON in food and feed samples. The LOD values 
were 1.83–4.68 μg kg-1 and 0.241–0.664 μg kg-1 with 20% ethanol–PBS, and 60% ethanol–PBS 
extraction respectively [85]. 
 

2.6.3 Enzyme-Linked-Immunomagnetic-Electrochemical assay (ELIME) 
ELISA with electrochemical detection is an alternative method to the classical spectrophotometric 
ELISA assay with better performance in terms of increased speed, miniaturization and multiplexing 
[86]. In further improvement, electrochemical sensors are coupled with immunomagnetic beads in a 
method known as ELIME with remarkable enhancement in the performance of classical 
immunoassays. Romanazzo used ELIME method for the detection of DON in cereals and cereal based 
food samples with a detection limit of 63 ng ml-1 [87]. In this method immunomagnetic beads 
coupled with eight magnetized screen-printed electrodes were used as electrochemical transducers. 
The advantage of the method is its reliability and cost-effectiveness. 
 

2.6.4 Chemiluminescence enzyme immunoassays  
Chemiluminescence enzyme immunoassay (CLEIA) method offers enhanced selectivity compared to 
conventional colorimetric detection. Yanshen et al. And Zhang et al. used CLEIA, microplate as the 
immobile phase and monoclonal antibody, method for the detection of DON in rice samples and 
wheat samples with LOD value of 0.94 ng mL-1 [88] and 0.49 mg L-1 [89] respectively. In further 
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improvement replacing microplate with magnetic nanoparticles has greatly enhanced the selectivity 
of this method [90]. 

2.7 Electrochemical sensors 
Although Immunosensors have proven good analytical tools for the analysis of DON, yet they are 
associated with number of limitations namely high susceptibility to temperature, pH, costly bio-
recognition elements in the form of antibody and above all short span of life. In order to overcome 
these limitations, electrochemical sensors, using molecularly imprinting technique, are developed. In 
this technique, electro-polymerization has been used as to develop molecularly imprinted polymer 
film as sensors.  

Electrochemiluminescence immunosensor based on all-in-one bioprobe was used for the 
detection of deoxynivalenol (DON) detection limit of 3.3×10-7 ng/mL. The probe was composed of 
TiO2-B as carrier to load enhancer of Fluoro-coumarin silicon phthalocyanine and luminol. The large 
specific area of TiO2-B has greatly enhanced the loading makes it as a favorable carrier which led to a 
marginal increase of Electrochemiluminescence signal. The advantage of this method is its high 
sensitivity and stability [91]. 
For detection of vomitoxin using electrochemiluminescence method, gold nanoparticles combined 
with nanoporous cobalt/Co3O4 alloy was used to fabricate modified electrodes. These modified 
electrodes exhibited a high activity for DON with a low detection limit of 1 pg/mL in wheat samples 
and high stability [92]. 
 

2.8 Surface-enhanced Raman spectroscopy (SERS) 
No doubt the above-mentioned techniques offer high selectivity and sensitivity for the 

detection of DON in food and feed samples, but they come with the limitations of being expensive, 
time -consuming and above all require skilled manpower. In order to overcome these limitations, 
researchers are now focussing on a promising detection technique known as SERS, a molecular 
vibrational analytical tool, for the detection of DON. SERS is a non-invasive technique and its signal 
can be greatly enhanced either chemically or electromagnetically. For signal enhancement, the 
substrates are derived from free electron containing metals and core-shell nanostructures. Yuan et 
al. developed a silver colloidal based SERS sensor and detect DON in agricultural products with limit 
of detection of 10-7 M [93]. In other study Li et al. used 3D cauliflower SERS substrate to detect DON 
in maize with limit of detection of 10-8 M [94].  

 
TABLE 2: Advantages and limitations of various analytical methods used in the detection of DON in 
food stuff. 

 

ANALYTICAL METHOD ADVANTAGES DISADVANTAGES 

Gas chromatography Rapid and sensitive Off-line derivatization of 
DON and extensive 
cleanup procedure. 
Furthermore, as the 
identification of DON 
depends on retention 
time, most of the times 
it is beyond the 
expertise and resources 
of laboratories. 

Thin Layer 
Chromatography 

Low cost and simple Semiquantitative 

Liquid chromatography no requirement of sample Extra clean-up step and 
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derivatization use of expensive 
equipments  

High Performance Liquid 
chromatography 

rapid and sensitive quantitative 
analysis of DON can be done 
without prior derivatization 

Lack of high degree of 
analyte specificity 
because at low 
wavelength many 
potential sample 
interferences also 
absorb. 

Biosensors fair biocompatibility, simple 
operation, good selectivity, 
high thermal and 
physiochemical stability 

High susceptibility to 
temperature, pH 

Immunoassay rapid, no initial clean up, 
sensitive. 

High susceptibility to 
temperature, pH, costly 
bio-recognition elements 
in the form of antibody 
and above all short span 
of life. 

Electrochemical sensors high conductivity, high effective 
surface area, antibody-like 
molecular recognition and 
affinity in addition to its high 
sensitivity and selectivity 

Narrow temperature 
range, short shelf life. 

Surface-enhanced Raman 
spectroscopy 

high efficiency, sensitivity and 
selectivity 

Requires coupling with 
nanoparticles 

 
 

 
 
Conclusion 

Undoubtedly the food we consumed needs to be nutritious and safe. As a significant part of food we 
take have animal source so the feed provided to livestock should also follows safety standards. Due 
to high prevalence of DON in food all over the globe and its toxic effects, it is crucial to develop rapid 
and efficient analytical methods for analysis of DON in food and feed. The present review 
summarizes various analytical methods for qualitative and quantitative determination of DON in 
food and related stuffs along with their advantages and limitations. 
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