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Identification of Biotoxin

A biotoxin is a poisonous substance that is a specific 
product of the metabolic activities of a living 
organism (plant, animal, fungus, bacteria). 

Unlike most other biohazards, biotoxins do not 
replicate and, in some senses, are more analogous to 
chemical toxins. 
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Food Safety Effects

Biotoxins are extremely common, and they can grow 
on a wide range of substrates under a wide range of 
environmental conditions. 

Biotoxins can enter the food chain in the field, during 
storage, or at later points. 

Ranks mycotoxins as the most important chronic 
dietary risk factor, higher than synthetic contaminants, 
food additives, or pesticide residues.
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Human health effects

Biotoxins have the potential for both acute and 
chronic health effects via ingestion, skin contact, 
and inhalation. 

These toxins can enter the blood stream and 
lymphatic system; they inhibit protein synthesis, 
damage macrophage systems, inhibit particle 
clearance of the lung, and increase sensitivity to 
bacterial endotoxin.

Depending on specific substances and 
concentration, they are cancerogenic, mutagenic, 
teratogenic and immunosuppressive. 
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Classification of Biotoxin

Microbial toxins 

Phytotoxin

Animal toxins

Marine toxins
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Microbial toxins 

Microbial toxins are toxins produced by micro-
organisms, including bacteria and fungi. 

Microbial toxins promote infection and disease by 
directly damaging host tissues and by disabling the 
immune system. 

Mycotoxin 

Bacterial toxin
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Mycotoxin 

Mycotoxins are secondary metabolites produced by 
microfungi that are capable of causing disease and death in 
humans and other animals. 

With regard to the widespread distribution of fungi in the 
environment, mycotoxins are considered to be one of the 
most important natural contaminants in foods and feeds. 

According to an estimate of FAO, roughly 25 % of the world's 
food production contains mycotoxins. The main source for 
mycotoxins entering the food chain are cereals, but many 
other food items such as fruits and nuts may be contaminated 
with mycotoxins as well.

Currently, more than 500 different mycotoxins are known; 
however, sufficient knowledge has been collected only for a 
limited number of them. 
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Types of Mycotoxins

Aflatoxins (produced by Aspergillus) - includes Aflatoxin B1, B2, 
G1, G2, M1 and M2 
Ochratoxin - includes Ochratoxin A, B, and C
Trichothecene (produced by Stachybotrys) - includes Satratoxin-
H, Vomitoxin and T-2 mycotoxins
Fumonisins - includes Fumonisin B1 and B2
Zearalenone
Citrinin 
Ergot Alkaloids 
Patulin 
Fusarium toxins
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MRL of mycotoxins in food

GB 2761—2011 MRL of mycotoxins in food
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MRL of mycotoxins in food
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Aflatoxins

The four major aflatoxins are called B1, B2, G1, 
and G2. 

Aflatoxin B1 is the most potent natural 
carcinogen known and is usually the major 
aflatoxin produced by toxigenic strains..
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Aflatoxins
Many substrates support growth and 
aflatoxin production by aflatoxigenic 
molds. Natural contamination of cereals, 
figs, oilseeds, nuts, tobacco, and other 
commodities.

Crops-in the field before harvest

Crops-in storage-moisture content

Animals –use grains as an animal feed 

Milk products -When cows consume 
aflatoxin-contaminated feeds, they 
metabolically biotransform aflatoxin B1 
into a hydroxylated form called aflatoxin 
M1.
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Aflatoxins

Aflatoxin is associated with both toxicity and 
carcinogenicity in human and animal populations. 

Acute aflatoxicosis results in death; chronic 
aflatoxicosis results in cancer, immune suppression, 
and other “slow” pathological conditions. 
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Citrinin

Citrinin was identified in over a dozen species of 
Penicillium and several species of Aspergillus. 

More recently, citrinin has also been isolated from 
Monascus ruber, industrial species used to produce 
red pigments.
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Citrinin

Citrinin acts as a nephrotoxin in all animal species 
tested, but its acute toxicity varies in different species. 
The 50% lethal dose for ducks is 57 mg/kg; for 
chickens it is 95 mg/kg; and for rabbits it is 134 mg/kg.

Citrinin can act synergistically with ochratoxin A to 
depress RNA synthesis in murine kidneys. 

Wheat, oats, rye, corn, barley, and rice have all been 
reported to contain citrinin.
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Fumonisins

Fumonisins were first described and characterized in 
1988. The most abundantly produced member of the 
family is fumonisin B1. 

The major species of economic importance is 
Fusarium verticillioides
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Fumonisins

Fumonisins affect animals in different ways by interfering 
with sphingolipid metabolism. They cause 
leukoencephalomalacia in equines and rabbits; 
pulmonary edema and hydrothorax in swine; and 
hepatotoxic and carcinogenic effects and apoptosis in the 
liver of rats.

In humans, there is a probable link with esophageal 
cancer. 

The occurrence of fumonisin B1 is correlated with the 
occurrence of a higher incidence of esophageal cancer 
in regions of Transkei (South Africa), China, and northeast 
Italy. 
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Ochratoxin

Ochratoxin A was discovered as 
a metabolite of Aspergillus 
ochraceus in 1965. 

Members of the ochratoxin family 
have been found as metabolites 
of many different species of 
Aspergillus, including Aspergillus 
alliaceus, Aspergillus auricomus, 
Aspergillus carbonarius, 
Aspergillus glaucus, Aspergillus 
melleus, and Aspergillus.
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Ochratoxin

Ochratoxin A is a nephrotoxin to all animal species 
studied to date and is most likely toxic to humans, 
who have the longest half-life for its elimination of any 
of the species examined. 

In addition to being a nephrotoxin, animal studies 
indicate that ochratoxin A is a liver toxin, an immune 
suppressant, a potent teratogen, and a carcinogen. 
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Ochratoxin

Ochratoxin has been detected in blood and other 
animal tissues and in milk, including human milk. It is 
frequently found in pork intended for human 
consumption. 

Ochratoxin is associated with disease and death in 
poultry.
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Patulin

Patulin, 4-hydroxy-4H-furo[3,2c]pyran-
2(6H)-one, is produced by many 
different molds but was first isolated as 
an antimicrobial active principle during 
the 1940s from Penicillium patulum (later 
called Penicillium urticae, now 
Penicillium griseofulvum). 
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Patulin

Patulin is regularly found in unfermented apple juice. 

Patulin is toxic at high concentration in laboratory 
settings, but evidence for natural poisoning is indirect 
and inconclusive.

A provisional maximum tolerable daily intake for 
patulin of 0.4 mg/kg of body weight per day.
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Trichothecenes

The trichothecenes constitute a family of 
more than sixty sesquiterpenoid 
metabolites produced by a number of 
fungal genera, including Fusarium, 
Myrothecium, Phomopsis, Stachybotrys, 
Trichoderma, Trichothecium, and others. 

They are commonly found as food and 
feed contaminants, and consumption of 
these mycotoxins can result in alimentary 
hemorrhage and vomiting; direct 
contact causes dermatitis
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Zearalenone

Zearalenone (6-[10-hydroxy-6-oxo-trans-1-
undecenyl]-B-resorcyclic acid lactone), a secondary 
metabolite from Fusarium graminearum (teleomorph 
Gibberella zeae). 
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Bacterial toxin

Bacterial toxins are by-products produced by 
pathogenic microbes that have taken up residence in 
the body. 

Bacteria generate toxins which can be classified as 
either exotoxins or endotoxins. 

Some bacterial toxins can be used in the treatment of 
tumors.
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Bacterial toxin

Most cases of food poisoning are infections caused 
by bacteria such as Salmonella and Campylobacter. 

Only three bacterial species are considered 
important causes of the intoxication type of food 
poisoning. 

Bacillus cereus
Clostridium botulinum
Staphylococcus aureus
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Bacillus cereus

Bacillus cereus is a Gram-positive 
spore-forming bacterium, which 
can produce two different types 
of toxin.

Foods involved in B. cereus
emetic food poisoning cases are 
usually starchy, such as boiled or 
fried rice, potatoes, pasta and 
noodles. The toxin is extremely 
heat-stable and will withstand 
cooking. 
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Clostridium botulinum

The Gram-positive anaerobic bacterial 
species Clostridium botulinum is the 
causative organism for the very severe 
illness, botulism. 

Botulism is caused by highly potent 
neurotoxins, which can be pre-formed in 
food during growth of Cl. botulinum cells. 

There are at least seven different types of Cl. 
botulinum (A – G), each forming a different 
toxin. These can be divided into four groups, 
but only two, Groups I and II, are important 
in food safety. 
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Staphylococcus aureus

Staphylococcus spp. are Gram-positive, non-sporeforming 
cocci. The most important toxigenic species in food 
microbiology is Staph. Aureus.

Staphylococcal enterotoxins are heat-stable proteins and 
pre-formed in foods. Ingestion of food containing at least 
0.1-1 μg of toxin can cause a mild form of food poisoning 
with a rapid onset of symptoms. 
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Staphylococcus aureus

Foods associated with staphylococcal food poisoning 
include dairy-based products, such as cream and 
custard, cured and cooked meats and cheeses. 
Outbreaks have also been linked to pasta, 
sandwiches and sausages. Staphylococcal 
enterotoxins are heat resistant and will withstand 
cooking. 
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Web sites for biotoxin information

www.cast-science.org

www.mycotoxicology.org

www.mycotoxin.de

www.aocs.org

www.fao.org

www.iupac.org

www.chujo-u.ac.jp/myco/index.html

www.fda.gov
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Analysis procudure
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Methods
for Mycotoxins Analysis 

Sampling

Extraction of analytes from the matrix (usually with 
mixtures of water and polar organic solvents) 
possibly followed by an extract purification

Final detection and quantitative determination. 
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Sampling
Sampling - Your first step towards correct analytical results
Sampling is the largest source of variability associated with the 
mycotoxins analysis procedure, and the most crucial step in obtaining 
reliable results. 
The European Commission issued the Commission Regulation (EC) 
401/2006 laying out the sampling methods. 
Generally, it is possible to recommend that the most effective way to 
reduce the overall variability of results is to increase the size of the 
laboratory sample, ensure the proper milling, and homogenization. 
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Sampling

Two types of mistakes cause inconsistency among 
mycotoxin test results: 

First, good lots (in the range of regulatory limits) that 
may be rejected; the so-called sellers’ risk (false-
positives). 

Sec- ond, bad lots (over the regulatory limits) that 
may be accepted by the sampling program; the so-
called buyers’ risk (false-negatives). 

Increasing the size of a sample decreases both the 
buyers’ and sellers’ risks but it will be very expensive. 
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Extraction Method

Extraction can be performed by liquid–liquid extraction 
(LLE) or solid phase extraction (SPE) using a solid and a 
liquid phase. 
liquid–liquid extraction (LLE)

Polar analytes favor polar solvents and pH plays a key role during 
extraction. 

solid phase extraction (SPE) 
One of the most significant recent improvements in the 
purification step is the use of SPE. Test extracts are cleaned up 
before instrumental analysis to remove co-extracted materials 
that often interfere with the determination of target analytes. 

In some cases, multiple extractions are necessary for the 
analysis of mycotoxins. 
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Extraction Method

Accelerated solvent extraction (ASE). 

In ASE, solvents are used at relatively high pressure 
and temperatures at or above the boiling point. In this 
case, parameters like temperature, pres- sure, static 
time, cell size, and solvent used are very important. 
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Clean-up methods

In mycotoxins analysis, purification of extracts is 
important, especially in case of their determination at 
trace levels. 

Solid-phase extraction (SPE) 

Immuno- affinity columns (IACs) 

Multifunctional columns 
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QuEChERS Approach

QuEChERS approach (Quick, Easy, Cheap, Effective, 
Rugged, and Safe)

Due to the acidic nature of some mycotoxins (e.g. 
fumonisins) and the risk of their binding on the sorbent, 
this approach is not recommended. 
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Instrumental analysis 

Thin layer chromatography（TLC）

Gas chromatographic

HPLC-systems incl. fluorescence and UV-detection

HPLC-MS/MS systems

Immunoaffinity Chromatography 

Enzyme-linked immunosorbent assays (ELISA) 

Biosencors
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Instrumental analytical procedures 
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Methods of Biotoxin 
Analysis——TLC

Thin Layer Chromatography (TLC)

Thin-layer chromatography (TLC) is a technique that 
can be used for the separation, purity assessment, 
and iden- tification of organic compounds. 

Aflatoxin B1, B2, G1, G2，T-2 Toxin， Ochratoxin A，
Zearalenone
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Methods of Biotoxin 
Analysis——GC 

In the past, methods based on GC approach were 
routinely used for determination of trichothe- cenes, 
zearalenone, ochratoxin A, patulin, and citrinin. 

Draw- back：need to carry out derivatization of 
analytes prior to sample analysis. 

GC–MS 
GC–ECD
GC×GC–TOFMS
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Methods of Biotoxin Analysis—
—HPLC

HPLC has become the main method for mycotoxin 
analysis. Coupled with a variety of detectors, 
practically all mycotoxins have been separated and 
detected by HPLC. 

Fluorescence detector (FLD)
UV detector
Diode-array detector (DAD)
Photodiode array detector (PDA). 
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Methods of Biotoxin 
Analysis——HPLC–MS 

HPLC–MS/MS has become the most rising analytical tool for the 
determination of mycotoxins and their metabolites. 

without the need of derivatization

low detection limits

the ability to generate structural information of the analytes

the minimal requirement of sample treatment

mass spectrometers are general detectors that are not so 
dependent on chemical characteristics.
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Methods of Biotoxin 
Analysis——Biosensor

A biosensor is a device for the detection of an 
analyte that combines a biological component with a 
physicochemical detector component..
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Methods of Biotoxin 
Analysis——ELISA

Enzyme-Linked Immunosorbent Assay (ELISA) Procedure

Nowadays, ELISA have also become widespread in 
biotoxin determination. 

ELISA techniques are based on a coupling reaction 
between a specific mycotoxin and antibodies specific for 
those biotoxins. 

ELISA tests can be performed in shorter time periods and 
provides relatively accurate screening results. 

Aflatoxins, Fumonisins, Ochratoxin, T-2 Toxin, Vomitoxin, 
Zearelenone (F-2 Toxin)
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Methods of Biotoxin 
Analysis——ELISA
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Recommendations

Following recommendations should always be 
considered within multi-mycotoxin analysis: 

1. Blank matrix

In mycotoxins analysis, matrix-matched standards 
should be used whenever possible. 

Higher background mycotoxin concentration tends to 
increase the analytical bias of the results. 
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Recommendations

2. Internal standards

As a general rule, internal standard employed for 
mycotoxins analysis must not be present in the sample, 
and should combine physiochemical properties chro-
matographically similar to those of target mycotoxins. 
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Recommendations

3. Clean-up

When immunoaffinity columns are used for purifica-
tion of sample extract and/or pre-concentration of 
analytes, exceeding of the column capacity has to be 
avoided. Breakthrough of analytes may occur when 
antibodies binding sites are saturated. 
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Recommendations

4. LC determinative steps 

For checking the signal stability during the sequence, 
running of analytical standards at the beginning and 
the end of each (longer) sequence is recom- mended. 

Analyses have to be performed within the linear range. 

In case of highly contaminated samples possibly 
exceeding the calibration range, they have to be 
diluted before the analysis. 
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Recommendations

5. Instrument’s maintenance

When a significant decrease in signal of analytes is 
observed, instrument’s maintenance including 
cleaning of the ion source and ion optic is required. 

Replacing of a pre-column or the LC column is 
recommended. 

Filtration of the final extract by a syringe filter (0.22 or 
0.45 mm for U-HPLC or HPLC, respectively). 
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Analysis Method

AOAC Official Method 993.06: Staphylococcal 
Enterotoxins in Selected Foods
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Analysis Method

Literature Reference for Microcystins (Analyst. 1994. 
119(7): 1525—1530)
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Analysis Method

Literature Reference for Abrin and Ricin (Analytical 
Biochemistry. 2008. 378(1): 87-89)
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Analysis Method
Analysis Purpose: Presumptive and confirmatory Analytical Technique: Immunoassay (column) and HPLC-FL

Method Developed for: Aflatoxins (Type B1) in corn, raw peanuts and peanut butter Method Selected for: SAM lists this 
method for presumptive and confirmatory analyses in aerosol, solid, particulate, liquid and water samples. Further 
research is needed to adapt and verify the procedures for environmental sample types. See Biotoxin Methods Query 
for additional methods that should be used for this analyte.

Method Description: This method is for the detection of aflatoxins in agricultural products. The sample is extracted with 
methanol-water (7 + 3), filtered, diluted with water, and applied to an affinity column containing mAbs specific for 
aflatoxins B1, B2 (CAS RN 22040-96-6), G1 (CAS RN 1385-95-1), and G2 (CAS RN 7241-98-7). Antibody-bound aflatoxins 
are removed from the column with methanol. For detection and quantitation of total aflatoxins, fluorescence 
measurement after reaction with bromine solution is performed. For individual aflatoxins, fluorescence detection and 
postcolumn iodine derivatization are performed and quantitation is by LC. Method performance was characterized 
using various commodities (e.g., corn) at aflatoxin levels over a range of 10 to 30 ng/g. This method was originally 
designed for the analysis of aflatoxins (B1, B2, G1, and G2) in samples where cleanup was necessary to remove food 
components, such as fats and proteins; the cleanup procedure may not be necessary for analysis of water samples.

Special Considerations: AOAC Official Method 994.08: Aflatoxin in Corn, Almonds, Brazil Nuts, Peanuts, and Pistachio 
Nuts, (AOAC International. 1998. Official Methods of Analysis of AOAC International, 16th Edition. 4th Revision, Vol. II. 
http://www.aoac.org/) may be used as a complementary HPLC-FL method in order to provide more flexibility for 
analyses.

Source: AOAC International. 1994. "Method 991.31: Aflatoxins in Corn, Raw Peanuts, and Peanut Butter." Official 
Methods of Analysis of AOAC International. 16th Edition. 4th Revision; Vol. II. http://www.aoac.org/
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Analysis Method
Analysis Purpose: Confirmatory Analytical Technique: HPLC-PDA

Method Developed for: Microcystins-LA, -LR, -LW, -RR, -YR in raw and treated waters Method 
Selected for: SAM lists these procedures for confirmatory analysis in aerosol, solid, particulate, liquid 
and water samples. Further research is needed to adapt and verify the procedures for 
environmental sample types other than water. See Biotoxin Methods Query for additional methods 
that should be used for this analyte.

Method Description: Procedures are discussed to test the presence of microcystin-LR, -LY, -LW, -LF 
(CAS RN 154037-70-4), and -RR in treated and untreated water samples. Cyanobacterial cells are 
separated from the water by filtration through 110-mm glass fiber grade C (GF/C) discs. The cellular 
components collected on the discs are extracted three times with methanol; the collected 
extraction fluids are combined and dried. The residue is resuspended in methanol and analyzed by 
HPLC-PDA. The liquid portion of the filtered water sample is subjected to trace enrichment using a 
C18 SPE cartridge, followed by identification and determination by HPLC-PDA. This procedure can 
detect microcystin concentrations as low as 250 ng/L and is the basis of the World Health 
Organization (WHO) method for the detection of microcystins.

Source: Lawton, L.A., Edwards, C. and Codd, G.A. 1994. "Extraction and High-Performance Liquid 
Chromatographic Method for the Determination of Microcystins in Raw and Untreated Waters." 
Analyst. 119(7): 1525—1530. 
http://www.rsc.org/Publishing/Journals/AN/article.asp?doi=AN9941901525
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Analysis Method
Analysis Purpose: Confirmatory Analytical Technique: HPLC-FL (precolumn 
derivatization)

Method Developed for: Anatoxin-a in potable water Method Selected for: SAM lists 
these procedures for confirmatory analysis in aerosol, solid, particulate, liquid and 
water samples. Further research is needed to adapt and verify the procedures for 
environmental sample types other than water. See Biotoxin Methods Query for 
additional methods that should be used for this analyte.

Method Description: Procedures are described for HPLC analysis with fluorimetric 
detection of anatoxin-a in water samples after derivatization with 7-fluoro-4-nitro-
2,1,3-benzoxadiazole (NBD-F). Samples are extracted at pH 7 with SPE using a weak 
cation exchanger. The toxin is eluted with methanol containing 0.2% trifluoroacetic 
acid (TFA). Samples are evaporated, reconstituted with acetonitrile, and re-
evaporated prior to derivatization. This procedure detects anatoxin-a at 
concentrations of 0.1 µg/L with a good linear calibration.

Source: James, K.J. and Sherlock, I.R. 1996. "Determination of the Cyanobacterial 
Neurotoxin, Anatoxin-a, by Derivatisation Using 7-Fluoro-4-nitro-2,1,3-benzoxadiazole 
(NBD-F) and HPLC Analysis With Fluorimetric Detection." Biomedical Chromatography. 
10(1): 46—47. http://www3.interscience.wiley.com/journal/18562/abstract
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Analysis Method
Analysis Purpose: Presumptive Analytical Technique: Immunoassay (ELISA)

Method Developed for: Cylindrospermopsin in ground water, surface water and well water Method 
Selected for: SAM lists these procedures for presumptive analysis in aerosol, solid, particulate, liquid 
and water samples. Further research is needed to adapt and verify the procedures for 
environmental sample types other than water. See Biotoxin Methods Query for additional methods 
that should be used for this analyte.

Method Description: Cylindrospermopsin is detected using a colorimetric immunoassay 
(competitive ELISA) procedure. A sample (0.05 mL), enzyme conjugate (cylindrospermopsin-HRP), 
and an antibody solution containing rabbit anti-cylindrospermopsin antibodies are added to plate 
wells containing immobilized sheep anti-rabbit antibodies. Both the cylindrospermopsin (if present) 
in the sample and cylindrospermopsin-HRP conjugate compete in solution to bind to the rabbit anti-
cylindrospermopsin antibodies in proportion to their respective concentrations. The anti-
cylindrospermopsin antibody-target complexes are then bound to the immobilized sheep anti-
rabbit antibodies on the plate. After incubation, the unbound molecules are washed and decanted. 
A specific substrate is then added which is converted from a colorless to a blue solution by the HRP 
enzyme conjugate solution. The reaction is terminated with the addition of a dilute acid. The 
concentration of cylindrospermopsin in the sample is determined photometrically by comparing 
sample absorbance to the absorbance of the calibrators (standards) at a specific wavelength (450 
nm). The applicable concentration range is 0.4 - 2.0 µg/L, with a minimum detection level of 0.4 
µg/L.

Source: NEMI. 2006. 
http://infotrek.er.usgs.gov/pls/apex/f?p=119:38:7526698938332159::::P38_METHOD_ID:9507
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Analysis Method
Analysis Purpose: Confirmatory Analytical Technique: High performance liquid chromatography -
Photodiode array detector (HPLC-PDA)

Method Developed for: Cylindrospermopsin in eutrophic waters Method Selected for: SAM lists 
these procedures for confirmatory analysis in aerosol, solid, particulate, liquid and water samples. 
Further research is needed to adapt and verify the procedures for environmental sample types 
other than water. See Biotoxin Methods Query for additional methods that should be used for this 
analyte.

Method Description: Cylindrospermopsin is detected using HPLC with photodiode array detector 
(PDA) in environmental waters. The suggested solvent range for cylindrospermopsin is below 50% 
methanol and 30% acetonitrile. Complex samples (culture medium) are purified on a C18 column 
with a linear gradient of 1 to 12% (v/v) methanol/water over 24 minutes at 40°C, with monitoring at 
262 nm. The use of C18 columns for environmental waters is suggested for removal of the large 
number of organic compounds that may be present. This method detects and recovers 
cylindrospermopsin from spiked environmental water samples at 1 µg/L.

Source: Metcalf, J.S., Beattie, K.A., Saker, M.L. and Codd, G.A. 2002. "Effects of Organic Solvents on 
the High Performance Liquid Chromatographic Analysis of the Cyanobacterial Toxin 
Cylindrospermopsin and Its Recovery From Environmental Eutrophic Waters by Solid Phase 
Extraction." FEMS Microbiology Letters. 216(2): 159—164. 
http://cat.inist.fr/?aModele=afficheN&cpsidt=14002569
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Analysis Method
Analysis Purpose: Complementary presumptive for abrin Analytical Technique: LC-MS-MS

Method Developed for: Abrine in beverages Method Selected for: SAM lists these procedures for complementary presumptive 
analysis of abrin by abrine detection in aerosol, solid, particulate, liquid and water samples. Abrine, an alkaloid present in equal 
concentrations with abrin in rosary peas (Abrus precatorius L.), is found in crude preparations of abrin and may be an indicator of 
abrin contamination. Further research is needed to adapt and verify the procedures for environmental sample types.

Method Description: Procedures are described for sample extraction by SPE or liquid-liquid extraction, followed by tandem mass 
spectrometry. The method was verified in beverages (bottled water, cola, juice drink, 1% low fat milk, bottled tea) spiked with 
abrine at either 0.5 µg/mL or 0.05 µg/mL. These samples were prepared for LC-MS-MS by either an optimized SPE procedure or a 
liquid-liquid extraction procedure. For SPE, optimal abrine recoveries were achieved with sample pH adjusted to 2 - 6 with formic 
acid, inclusion of a water/methanol (95/5, v/v) washing step prior to elution, and use of a Strata-X SPE cartridge. Liquid-liquid 
extraction was with an equal volume (2 mL) of acetonitrile/water (75/25, v/v). Differences in recovery between the two extraction 
methods were determined using the two-sided Student's t test, assuming equal variance. At 0.5 µg/mL, recovery of abrine by SPE 
was significantly higher (P < 0.01) for water and juice drink as compared to liquid-liquid extraction, but no significant differences 
were observed for cola and tea. At 0.05 µg/mL, the differences in recovery of abrine in water, tea, cola, and juice drink were 
highly statistically different (P < 0.001), with better recoveries for the optimized SPE procedure. The method had a MDL of 0.025 
µg/mL and LOQ of 0.05 µg/mL. Storage stability was also tested for abine at 10 µg/mL in a water/methanol stock solution (90/10, 
v/v) at three temperatures (0 °C, 4 °C, and 23 °C). Aliquots were analyzed in triplicate at 0, 1, 7 and 21 days after sample 
preparation. There was no statistically significant difference between abrine standards stored at the three temperatures at 21 days 
and no loss of abrine concentration.

Special Considerations: The biotoxin methods points of contact listed in Section 4.0 of SAM should be consulted for additional 
information regarrding water and drinking water analyses.

Source: Owens, J. and Koester, C. 2008. "Quantitation of Abrine, an Indole Alkaloid Marker of the Toxic Glycoproteins Abrin, by 
Liquid Chromatography/Tandem Mass Spectrometry When Spiked into Various Beverages." Journal of Agriculture and Food 
Chemistry. 56(23): 11139-11143. http://pubs.acs.org/doi/pdf/10.1021/jf802471y
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Analysis Method
Analysis Purpose: Presumptive  Analytical Technique: Immunoassay (ELISA)

Method Developed for: α-Amanitin, ricin and T-2 mycotoxin in food and beverages Method Selected for: SAM lists 
these procedures for presumptive analysis of α-amanitin and T-2 toxin in aerosol, solid, particulate, liquid and water 
samples and for confirmatory analysis of ricin in aerosol, solid, particulate, liquid and water samples. Further research 
is needed to adapt and verify the procedures for environmental sample types. See Biotoxin Methods Query for 
additional methods that should be used for this analyte.

Method Description: Commercially available ELISAs are described and assessed for detection of ricin, amanitin and T-
2 toxin at levels below those described as a health concern in food samples. Solid food samples are prepared by 
washing the sample with sodium phosphate buffer followed by dilution with phosphate-buffered saline. Liquid 
beverage samples are prepared by dilution in sodium phosphate buffer. Amanitin samples are similarly prepared 
using water instead of buffer, and T-2 toxin samples are similarly prepared using 35% methanol in water instead of 
buffer. The prepared samples are used with commercially obtained ELISA kits according to the manufacturer's 
directions, except for the incorporation of an eight-point calibration curve and reading the plates at both 405 and 650 
nm after 26 minutes of incubation at 37 °C. This assay detects ricin in food products at 0.01 µg/mL with acceptable 
background levels. Amanitin can be detected in food products at 1 µg/g with the ELISA. Background responses 
occurred, but at less than the equivalent of 0.5 ppm for amanitin. The ELISA kit will successfully detect T-2 toxin at 
targeted levels of 0.2 µg/g. The ELISA kit successfully detects T-2 toxin at targeted levels of 0.2 µg/g; the immunoassay 
for T-2 toxin, however, shows significant background responses and varies up to 0.1 ppm.

Source: Garber, E.A.E., Eppley, R.M., Stack, M.E., McLaughlin, M.A. and Park, D.L. 2005. "Feasibility of 
Immunodiagnostic Devices for the Detection of Ricin, Amanitin, and T-2 Toxin in Food." Journal of Food Protection. 
68(6): 1294—1301. http://www.ingentaconnect.com/content/iafp/jfp/2005/00000068/00000006/art00027
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Analysis Method
Analysis Purpose: Presumptive Analytical Technique: Immunoassay (ELISA, ECL-based)

Method Developed for: Abrin in food Method Selected for: SAM lists these procedures for presumptive analysis in 
aerosol, solid, particulate, liquid and water samples. Further research is needed to adapt and verify the procedures for 
environmental sample types other than water. See Biotoxin Methods Query for additional methods that should be used 
for this analyte.

Method Description: Procedures are described for using mouse monoclonal antibodies (mAbs) and rabbit-derived 
polyclonal antibodies prepared against a mixture of abrin isozymes for three separate ELISA and ECL-based assays in 
food products. The three assays vary by use of antibody combination (e.g., assay configuration): (1) polyclonal 
(capture)/polyclonal (detection) ELISA, (2) polyclonal/monoclonal ELISA and (3) polyclonal/monoclonal ECL assay. 
The LODs, with purified Abrin C and various abrin extracts in buffer are between 0.1 and 0.5 ng/mL for all three assays. 
The LOD for abrin spiked into food products ranged from 0.1 to 0.5 ng/mL, using the ECL assay. The LOD for abrin 
spiked into food products for the ELISA assays ranged between 0.5 and 10 ng/mL depending on the antibody 
combination. In all cases, the LODs were less than the concentration at which abrin may pose a health concern.

Special Considerations: Crude preparations of abrin may also contain agglutinins that are unique to rosary peas and 
that can cross-react in the immunoassays. Addition of non-fat milk powder to the sample buffer may eliminate false-
positive results (Dayan-Kenigsberg, J., Bertocchi, A. and Garber, E.A.E. 2008. "Rapid Detection of Ricin in Cosmetics 
and Elimination of Artifacts Associated With Wheat Lectin." Journal of Immunological Methods. 336(2): 251—254). 
http://www.sciencedirect.com/science/journal/00221759

Source: Garber, E.A.E., Walker, J.L. and O'Brien, T.W. 2008. "Detection of Abrin in Food Using Enzyme-Linked 
Immunosorbent Assay and Electrochemiluminescence Technologies." Journal of Food Protection. 71(9): 1868—1874. 
http://www.ingentaconnect.com/content/iafp/jfp/2008/00000071/00000009/art00015
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Analysis Method
Analysis Purpose: Confirmatory Analytical Technique: LC/APCI-MS

Method Developed for: DAS and T-2 mycotoxin in food Method Selected for: SAM lists these 
procedures for confirmatory analysis in aerosol, solid, particulate, liquid and water samples. Further 
research is needed to adapt and verify the procedures for environmental sample types. See 
Biotoxin Methods Query for additional methods that should be used for this analyte.

Method Description: A LC/APCI-MS procedure based on TOF-MS, with a real-time reference mass 
correction, is used for simultaneous determination of Fusarium mycotoxins (to include DAS and T-2 
mycotoxin) in foodstuffs. Mycotoxin samples are extracted with acetonitrile/water (85:15) and 
centrifuged, and the supernatant is applied to a column for cleanup. Prepared samples are 
separated by liquid chromatography with an aqueous mobile phase of ammonium acetate and 
methanol detection is provided in exact mass chromatograms with a mass window of 0.03 Th. The 
limits of detection range from 0.1 to 6.1 ng/g in analyzed foodstuffs.

Source: Tanaka, H., Takino, M., Sugita-Konishi, Y. and Tanaka, T. 2006. "Development of Liquid 
Chromatography/Time-of-Flight Mass Spectrometric Method for the Simultaneous Determination of 
Trichothecenes, Zearalenone, and Aflatoxins in Foodstuffs." Rapid Communications in Mass 
Spectrometry. 20(9): 1422—1428. http://cat.inist.fr/?aModele=afficheN&cpsidt=17697070
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Analysis Method
Analysis Purpose: Confirmatory Analytical Technique: HPLC-MS-MS

Method Developed for: Brevetoxins in shellfish Method Selected for: SAM lists these procedures for 
confirmatory analysis in aerosol, solid, particulate, liquid and water samples. Further research is 
needed to adapt and verify the procedures for environmental sample types. See Biotoxin Methods 
Query for additional methods that should be used for this analyte.

Method Description: Shellfish sample homogenates are extracted with acetone, and centrifuged. 
The supernatants are combined, evaporated, and re-solubilized in 80% methanol. Following a wash 
with 95% n-hexane, the methanolic layer is evaporated, and the residue re-solubilized in 25% 
methanol and applied to a C18 SPE column. Analytes are eluted with 100% methanol, evaporated,
and re-solubized in methanol for analysis. Analysis of prepared samples is performed using HPLC-
MS-MS with a mobile phase of water and acetonitrile with acetic acid. Analytes are detected by an 
MS with ESI interface. Brevetoxins are extensively metabolized, with many sub-forms. This method 
describes multiple liquid chromatography/electrospray ionization mass spectrometry (LC-ESI-MS) 
profiles for metabolites of brevetoxins from oysters.

Source: Wang, Z., Plakas, S.M., El Said, K.R., Jester, E.L., Granade, H.R. and Dickey, R.W. 2004. "LC/MS 
Analysis of Brevetoxin Metabolites in the Eastern Oyster (Crassostrea virginica)." Toxicon. 43(4): 
455—465. http://cat.inist.fr/?aModele=afficheN&cpsidt=15668117
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Procedures for the Analysis of 
Biotoxins

Determination of aflatoxins B1, B2, G1 and G2 in food and feed  prEN 14123, modified, 2007-05

Determination of aflatoxins B1, B2, G1 and G2 in infant and dietary food AOAC 84, No . 4, 2001, 
modified, 2005-03

Determination of aflatoxins M1 and M2 in milk and dairy products by HPLC ISO 14501, modified, 
1998-11

Determination of ochratoxin A in cereal products and coffee DIN EN 14132, modified, 2003-09

Determination of ochratoxin A in beverages DIN EN 14133, modified, 2003-10

Determination of ochratoxin A in baby food, AOAC 84, No. 5, 2001, modified, 2004-03

Determination of ochratoxin A in dried fruits, AOAC 86, No. 6, 2003, modified, 2004-02

Multitoxin methods: determination of about 60 different mycotoxins by LC-MS/MS, Food Addit. 
Contam. 2005, 22, 752-760

Determination of fumonisins B1 and B2 in food and feed by HPLC, E DIN EN 14352, modified, 2002-
02

Determination of patulin in apple juice and other fruit preparations, Eurofins Method 2005-10

Determination of ergot alkaloids in cereal products by HPLC-MS/MS, Eurofins Method 2009-06
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