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chapter 4.  

Analysis of mycotoxins

Summary

The analytical methods for mycotoxin 
determination used in fully developed 
countries require sophisticated infra-
structure, stable electricity, ready 
availability of supplies, and qualified 
and experienced technicians for 
instrument maintenance. Simple 
and appropriately validated tools 
analogous to those used for the 
management of contaminated bulk 
commodities at the grain elevator 
level are needed at the rural level 
in developing countries. These 
tools are needed to promote public 
health and to manage emergency 
situations in subsistence farming 
communities with an immediate 
and severe problem of mycotoxin 
contamination of food grains, with 
the goal of working towards feasible 
reductions in exposure. Two general 
analytical approaches that require 

less infrastructure are described 
here. The first approach is thin-layer 
chromatography (TLC), which has 
been used for more than 50 years to 
analyse mycotoxins. The advantages 
of TLC include simplicity and 
proven reliability. Accuracy may be 
improved by using precision spotters 
to apply precise amounts of sample 
to TLC plates and optical readers. 
The costs of these refinements to 
TLC are far lower than those of gas 
or liquid chromatography systems. 
The disadvantages of TLC include 
the need for stable supplies of 
solvents and standards as well as 
safe conditions for their storage. The 
second approach described here is 
based on immunological methods 
using anti-mycotoxin antibodies. 
These tests are available as kits, 
have the necessary standards built 
in, use little or no organic solvent, 
and are generally easy to use. The 

disadvantages of these methods 
include the need to refrigerate the kits 
before use and the limited shelf-life. 
It has been proposed that companies 
and development agencies could be 
solicited to develop packages of kits, 
sampling equipment (e.g. grinders), 
and training models for deployment 
in the many areas where mycotoxins 
are a chronic problem.

1. Introduction

Determination of mycotoxin con-
centrations in staple crops is a 
challenging exercise because 
of the problems associated with 
sampling heterogeneously distributed 
compounds (see Chapter  3) and the 
fact that the analytical methods 
need to have low limits of detection, 
generally in the mg/kg (ppm) or µg/
kg (ppb) range, depending on the 
individual mycotoxin being analysed. 
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Analysis at these levels needs to 
be very specific to avoid analytical 
interferences and can produce 
large uncertainties. Given the many 
advances in analytical science since 
the discovery of the aflatoxins in the 
1960s, it is not surprising that a wide 
array of analytical methods have 
been used for mycotoxin testing; 
most fall into the general categories 
of either chromatographic methods 
or immunological methods based 
on antibody technology (for a tutorial 
review, see Shephard, 2008). All 
these analytical methods require 
solvent extraction of the mycotoxin 
of interest from the matrix, followed 
by key analytical steps, which, 
for chromatographic determination, 
typically involve extract clean-up and 
concentration before final deter-
mination. Another component of the 
complexity of mycotoxin analysis 
is the fact that the varied chemical 
structures of mycotoxins mean that 
specific methods are required for 
individual toxins. This constraint is 
now being overcome by the use of 
expensive and sophisticated mass 
spectrometric methods. Because of 
this plethora of methods and their 
individual characteristics, when select-
ing a method for mycotoxin analysis, 
one should consider the purpose for 
which the results are needed, the 
matrix to be analysed, the detection 
limit required, and the expertise and 
infrastructure available.

2. Analytical methods used in 
developed countries

For the survey and control of myco-
toxin levels and the implementation of 
mycotoxin regulations in developed 
countries, several official analytical 
methods have been validated by 
interlaboratory collaborative studies 
conducted under the auspices of 
international bodies such as AOAC 
International and the European Com-
mittee for Standardization (CEN). Most 

official methods are based on high-
performance liquid chromatography 
(HPLC) with various detectors, and 
the most recent of these methods 
use immunoaffinity columns (IACs) 
for sample extract clean-up before 
the HPLC analysis. More recently, 
the advances made in coupling mass 
spectrometry to HPLC have enabled 
analytical chemists to combine 
analytical steps with a confirmatory 
test by measuring the mass spectrum 
of the HPLC peak. The highly 
specific nature of mass spectrometry 
has also been used to avoid extract 
purification and to develop multitoxin 
methods, which can be applied 
to mixtures of mycotoxins in one 
analytical experiment. However, in 
addition to these official methods, 
rapid screening methods have been 
developed for situations where quick 
decisions are required, such as at 
granaries, silos, and factories, and 
such methods can be adapted for 
transfer to developing countries. Most 
of these rapid methods are based on 
immunological principles and use 
antibodies raised against specific 
mycotoxins. They include quantitative 
enzyme-linked immunosorbent as-
says (ELISAs), fluorometric methods, 
lateral flow devices, and a range 
of tests that give a yes/no result for 
contamination above or below a set 
control level. Whereas a full review of 
these methods lies outside the scope 
of this chapter, many recent reviews 
exist of methods for the analysis 
of mycotoxins in fully developed 
countries or in export certification 
laboratories set up in countries to 
certify bulk commodities for export 
(Krska et al., 2008; Solfrizzo et al., 
2009; Maragos and Busman, 2010; 
Shephard et al., 2012).

3. Analytical methods useful 
in developing countries

The techniques used in developed 
countries require sophisticated infra-
structure, stable electricity, ready 
availability of supplies, and qualified 
and experienced maintenance 
technicians. The facilities are 
expensive to build, require highly 
trained personnel, and generally 
have a low throughput unless 
staff numbers are large and spare 
instruments are available. The 
difficulties in meeting the challenges 
associated with mycotoxin testing 
in Africa, namely a lack of political 
commitment, infrastructure and 
trained personnel, sustainable 
supplies, instrument maintenance 
and repairs, and laboratory quality 
control, have been discussed by 
Waliyar et al. (2008). For these 
reasons, the extent to which such 
methods can be transferred to 
developing countries depends 
on the country’s exact stage of 
development and the importance 
attached to analytical determinations 
of mycotoxins. Usually, developing 
countries rely on less sophisticated 
methods, such as thin-layer 
chromatography (TLC) and antibody-
based methods. TLC remains a 
useful tool in developing countries, 
can be semi-automated with 
sample spotters and ultraviolet (UV) 
scanners for detection, and has the 
advantage of testing several samples 
simultaneously. Its potential use in rural 
settings is discussed in Section 4.1.

The wide range of commercial 
immunological methods has found 
broad application in laboratories that 
lack sophisticated instrumentation 
or in which access to such in-
strumentation is limited by high 
demand. Of these, quantitative or 
semiquantitative ELISAs, which do not 
require sample extract purification, are 
widely used and have the advantage 
of handling many samples in a 
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single experiment. The purification 
of sample extracts via IACs has 
also been commercialized for direct 
fluorescence measurements using 
proprietary calibrated fluorometers. 
In recent years, the technique of 
fluorescence polarization (FP) im-
munoassay has been successfully 
applied to mycotoxin determination. 
Rather than measuring the total 
fluorescence, FP measures the 
orientation of the fluorescence 
emission, which is related to the rate of 
molecular rotation. The advantage of 
FP is that it is performed entirely in the 
extract solution (Lippolis et al., 2006). 
Lateral flow devices can provide a 
yes/no result for contamination above 
or below a set control level, and they 
have also been commercialized with 
optical readers to provide quantitative 
results. It needs to be recognized 
that all antibody-based methods are 
liable to cross-reactivities and matrix 
effects, but they are extremely useful 
as a first line of analysis. Where it is 
possible, problematic samples can 
be confirmed by HPLC methods.

4. Analytical methods useful 
in rural areas

Methods of analysis suitable for use 
at the rural level are still a challenge to 
analytical scientists. Citing Sashidhar 
(1993), Fernández-Surumay et al. 
(2000) commented (in a rural Latin 
American context) that methods used 
in fully developed countries “require 
highly qualified personnel, as well as 
sophisticated   equipment   in   ad-
vanced laboratories.... [therefore,] 
simpler methods must be developed 
that do not require such infrastructure, 
are easier to manipulate, and at the 
same time do not compromise the 
quality of the analysis.” A decade 
earlier, in commenting on mycotoxin 
analysis in developing countries, 
Coker (1991) wrote: “It is therefore 
imperative that the development of 
efficient, cost-effective sampling and 

analysis methods is pursued with 
considerable urgency.” Unfortunately, 
the agenda set by these authors has 
not yet been addressed.

Appropriate and useful tools 
analogous to those used for the 
management of contaminated bulk 
commodities at the grain elevator 
level are needed at the rural level in 
developing countries. These tools are 
needed to promote public health and to 
manage emergency situations in rural 
areas with an immediate and severe 
problem of mycotoxin contamination 
of food grains. This is not a question 
of meeting Codex standards, but 
rather of working towards feasible 
reductions in exposure.

Analytical methods applied in 
rural settings need to relate to a 
comprehensive risk management 
strategy designed to address 
and reduce exposure to relevant 
mycotoxins. Therefore, the methods 
must be rapid and easy to perform 
and should require a minimum of 
local or transportable infrastructure. 
Methods should have a wide analytical 
range because determinations at the 
rural level mostly require a focus on 
removing or managing contaminated 
lots as opposed to determining small 
differences in contamination that 
might be relevant for compliance with a 
regulatory limit. For this purpose, TLC 
and some immunological methods 
would be suitable.

4.1 Thin-layer chromatography

Cognizant of the constraints in de-
veloping countries, Sashidhar (1993) 
described a portable mycotoxin 
analysis kit housed in a large fibreglass 
(or metal) suitcase-sized package 
as a suitable method for use at the 
village market level. The approach 
used was a simple, reliable, and 
inexpensive TLC method. The main 
components of the kit were a portable 
sample grinder, a robust domestic 
blender for toxin extraction, a TLC 

tank, and solvents. Chromatography 
was carried out using strips of silica-
coated plastic sheets for dipsticks 
and visualization with a handheld UV 
lamp. The author reported a detection 
limit of 10 ppb for aflatoxin B1.

TLC  methods  are  useful  for  the 
key toxins discussed in this book: 
aflatoxins and the Fusarium myco-
toxins fumonisins, deoxynivalenol, 
and zearalenone (Lin et al., 1998; 
Schaafsma et al., 1998; Shephard, 
1998; Shephard and Sewram, 2004). 
AOAC International has approved 
several TLC methods for aflatoxins in 
groundnuts and maize as well as for 
ochratoxin A in barley, deoxynivalenol 
in wheat, and zearalenone in maize 
(Table  4.1). These procedures are 
more accurate and reliable if carried 
out with precision spotters and 
optical readers (Nawaz et al., 1992); 
these units are relatively expensive 
but are far less costly and are 
easier to maintain than HPLC or gas 
chromatography (GC) instruments, 
particularly because of the absence 
of precision pumps and, in the case of 
GC, a constant supply of carrier gas.

Like all chemical analyses, TLC 
requires trained staff; individuals 
with college-level education need 
several weeks of intensive training 
in chemical analysis to perform 
reliable TLC analyses. Experience 
has been gained in providing such 
training in Asia and Africa (FAO, 
1990; Boutrif, 1995; Cardwell, 1996). 
Potential problems with TLC analysis 
include the acquisition of the essential 
mycotoxin standards, the preparation 
of fresh standards in solution, and 
the stability of the resulting solutions. 
Pure standards as solids are ex-
pensive and are perishable unless 
stored under very carefully controlled 
conditions. The preparation of 
standards in solution requires 
access to an accurate balance as 
well as weighing conditions with 
appropriately conditioned air (ca. 
25  °C, 30–40% relative humidity). 
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More typically, standards are 
purchased as certified solutions or 
access to a UV spectrophotometer is 
required for accurate determination 
of toxin concentration. The stability 
of standards in solution is limited 
unless they are kept refrigerated or 
frozen. Therefore, the challenges of 
TLC are training, solvent supplies, 
acquisition of standards, standard 
preparation, and standard stability.

4.2 Antibody-based methods

As noted previously, many pri-
mary testing laboratories in both 
developed and developing countries 
use antibody-based methods to 
assay mycotoxins. The sampling, 
grinding, blending, and extraction 
steps are similar to those for TLC, 
except that solvent use is much 
reduced and solvents are usually 
less expensive and less hazardous. 
Several studies have examined 
antibody-based tests and have 
shown that commercially available 

products from several companies 
are quite effective (Schaafsma et 
al., 2009). A comparison of TLC and 
antibody-based methods showed 
that the training needs are similar 
for the two kinds of systems but 
that for antibody-based methods 
the equipment and supply costs are 
lower, and the problems associated 
with standards are eliminated. Cross-
reactivity of related mycotoxins 
occurs with most ELISA methods 
and precludes their use as regulatory 
tools (Tangni et al., 2010). Although 
antibody-based tests can also suffer 
from the occurrence of various matrix 
effects, especially if they are used 
inappropriately or in matrices for which 
they were not validated, they could 
supply the rapid analyses needed in 
rural settings. The local development 
of antibodies and immunoassay 
kits has been proposed to obviate 
the commercial costs, but care 
needs to be exercised in adequately 
validating locally developed kits. 
The International Crops Research 

Institute for the Semi-Arid Tropics 
(ICRISAT) has developed a simple, 
robust, versatile, and cost-effective 
ELISA for the determination of afla-
toxins in groundnuts (ICRISAT, 2009).

After   appropriate   validation,   the 
United States Department of 
Agriculture Grain Inspection, Packers 
and Stockyards Administration 
(GIPSA) has approved several 
antibody-based tests for use as 
first-action tools at silos. Several 
companies produce very good 
dipstick methods based on antibodies 
with simple-to-use and relatively 
inexpensive readers. It would seem 
plausible to build on the portable 
mycotoxin analysis kit of Sashidhar 
(1993), replacing the TLC method 
with antibody-based dipsticks. The 
sensitivity of these methods can be 
improved by using nanoparticles 
to support the capture antibody 
(Posthuma-Trumpie et al., 2009; 
Maragos and Busman, 2010).

Table 4.1. AOAC International official TLC methods for some mycotoxins in cereals

Mycotoxin AOAC method Commodity Remarks

Aflatoxins 968.22 Groundnuts and groundnut products CB method

970.45 Groundnuts and groundnut products BF method

998.03 Groundnuts Alternative BF method

993.17 Maize and groundnuts

975.37 — Aflatoxin B1/aflatoxin G1 confirmation 
method

985.17 — Aflatoxin B1 confirmation method

Ochratoxin A 973.37 Barley

Deoxynivalenol 986.17 Wheat

Zearalenone 976.22 Maize

BF, United States Food and Drug Administration Best Foods; CB, United States Food and Drug Administration Contaminants Branch; TLC, thin-layer chromatography.
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5. Conclusions

The capacity to perform mycotoxin 
analysis is needed to manage emer-
gency situations and to promote 
public health. When a rural region has 
an immediate and severe problem 
of mycotoxin contamination of food 
grains, appropriate risk management 
practices (see Chapter  7) need to 
be implemented. Suitable portable 

and robust analytical equipment and 
methods are needed to identify the 
most severely affected rural areas 
and to provide feedback on the 
effectiveness of the management 
practices instituted. In addition to 
mycotoxin analysis for managing 
emergency situations, general public 
health can be promoted by regular 
monitoring of mycotoxin in rural areas, 
which may also identify priorities for 

improved agronomy, crop varieties, 
greater crop diversity, and improved 
storage. Many commercial ELISAs 
are available for mycotoxins, each 
with its strengths and weaknesses, 
including sensitivity, cross-reactivity, 
and shelf-life. Evaluating such tests 
for applicability for field use in rural 
areas of developing countries would 
be a useful and important project.
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