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Ergot alkaloids are secondary metabolites resulting from fungi of the genus Claviceps that have proven to be highly

toxic. These mycotoxins commonly infect cereal crops such as wheat, rye, barley, and oats. Due to the increase

worldwide consumption of cereal and cereal-based products, the presence of ergot alkaloids in food presents a

concern for human safety. For this reason, it is essential to develop several analytical methods that allow the

detection of these toxic compounds. 

ergot alkaloids  analytical methods  decontamination  cereals  mycotoxins

1. Introduction

Mycotoxins are natural, toxic contaminants resulting from the metabolism of fungi of the genus Aspergillus,

Penicillium, Alternaria, and Fusarium. Nowadays, hundreds of mycotoxins are known. Aflatoxins (AFs), ochratoxin

A (OTA), patulin (PAT), fumonisins (FUMs), trichothecenes (TCs), zearalenone (ZEA), citrinin (CIT), and ergot

alkaloids (EAs) are those with the more relevance .

Ergot alkaloids are secondary metabolites produced by Claviceps species (principally C. purpurea) and can

contaminate seeds and cereal products such as barley, oats, rye, triticale, and wheat, among others . Their

production depends on many factors, such as temperature, humidity, insect damage in crops, nutrients, and fungal

concentration . Depending on the concentration of mycotoxins ingested and the frequency of ingestion, these

toxins can cause acute and chronic toxic effects on human health. These effects can be aggravated and dangerous

if more than one mycotoxin is ingested because of the synergistic or potentiating toxic effects .

Mycotoxins can contaminate food and feed in many phases of the food chain, and this contamination can occur

pre-harvest (by crop contamination with fungi in the field) or post-harvest (during storage, transportation, and

industrial food processing) . These compounds are very stable and resistant to degradation , so good

agricultural and manufacturing processes and industrial or home food processing are not enough to eliminate them

.

The presence of these toxic compounds in food and feeds needs to be considered because they can cause health

concerns, are stable and resistant to decomposition, and at determined concentrations can be associated with

acute and chronic health problems .

2. Ergot Alkaloids
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Production of these compounds depends on the geographic region, as C. purpurea is mainly responsible for its

production in Europe . Moreover, the production of EAs depends on multiple factors, such as the type of fungi

and plants, the concentration of fungus, temperature, humidity, and nutrients, among others; those factors related

to climatic conditions are most influential because EAs production is favored in wet soils and rainfall conditions 

. Presence of these toxic compounds is noticed essentially in seed and cereals products such as rye, wheat,

barley, triticale, oat, and millet, of which rye, triticale, and barley are the most affected .

To date, more than 80 EAs are known and can be divided into three main groups: clavinet-type (hydroxyl- and

dehydro-derivatives of 6,8-dimethylergoline), simple lysergic acid amines, and peptide-type (which have an

additional cyclic tripeptide linked through an amide bond to the lysergic acid) . All EAs have an ergoline ring as

the main structure and a nitrogen atom at position 6 (that can be methylated in some structures), differing in the

substitution on the C8 position of the ergoline ring, and the possession of a double bond between C8 and C8 or C9

and C10, as shown in Figure 1 .

Figure 1. Ergot alkaloid common chemical structure .
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EFSA published a scientific opinion on ergot alkaloids in food and feed where the clavine type is described as the

most common and toxic EAs, with ergometrine, ergosine, ergotamine, ergocornine, ergokryptine, and ergocristine

and their -inine forms being the most important ones . The suffix -inine is a result of the epimerization process of

the C8 position of the ergoline ring to C8 (S)-configuration, and the suffix -ine corresponds to the (R)-configuration

.

The epimerization process of ergot alkaloids is still not yet totally understood, but several factors that influence this

process are known. Factors like temperature, humidity, light, pH, and solvent characteristics can affect this process

. Many studies reveal that temperature of −20 °C or lower, non-protic solvents, and the use of amber glass

or aluminum foil can minimize the epimerization process .

Epimerization can occur rapidly, especially in aqueous solutions, and the conversion on -inine forms can also

convert back into -ine forms or vice versa . Some studies evaluated the activity of the -inine forms and

concluded that this form is biologically active , although -ine forms are considered more active in regard to

toxicity .

3. Factors Associated with Contamination by Ergot Alkaloids

After infection of the host plant, filamentous fungi invade the ovule of the plant and colonize the whole ovary, and

after some weeks, when the wintering body of the fungus turns visible, the wintering body containing alkaloids is

replaced on the developing grain or seed . This wintering body is known as the ergot body or sclerotium, which

has a dark color and crescent, tubular shape . The content of ergot alkaloids in the sclerotia depends on

many factors, such as the maturity of the ergot bodies, the fungal strain, the host plant, the geographical region,

and the climatic conditions .

Sclerotia can be harvested together with grain, seeds, and grasses, resulting in contamination of food and feed

cereal-based products. Ergot alkaloid contamination can also occur in different phases of the food chain since

sclerotia can be broken during transportation, which facilitates their entrance into the food chain .

Nowadays, a considerable amount (up to 80%)  of EAs can be eliminated by effective cleaning and milling

techniques such as grading, sieving, and sorting . However, their presence cannot be totally eliminated even with

fungicides, which makes methods for their determination very relevant .

4. Toxicity and Mechanisms of Action

The effects of ergot alkaloids consumption depend on the amount ingested and the frequency of ingestion and can

vary from acute to chronic diseases and in several cases can cause death. These effects can be manifested in

several forms, as these compounds are known to interact with adrenergic, serotonergic, and dopaminergic

receptors (Figure 2) . One of the effects caused by excessive ingestion of EAs is vasoconstriction, mediated by

α-adrenergic receptors interaction, which is characterized by cramps, swelling, red marks, necrosis, loss of
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extremities, and death. Interaction with serotoninergic and dopaminergic receptors affects the central nervous

system, causing symptoms such as hallucinations, giddiness, formication, nausea, paralysis, psychosis, dementia,

dizziness, pins and needles, limb seizure, and death .

Figure 2. Effects of excessive ingestion of ergot alkaloids.

Intoxication by EAs is known as ergotism; this condition has been known since the Middle Ages, when intoxications

occurred for ingestion of contaminated grains, flour, and bread . These intoxications were known as St. Anthony’s

Fire or Holy Fire because of the intensive pain caused by the vasoconstriction effect as well as the neurotoxic

effects . There are two symptomatic forms of ergotism (gangrenous and convulsive); in the gangrenous form,

tingling effects are felt in peripheral tissues and can lead to loss of limbs, while the convulsive form is characterized

by tingling followed by hallucinations, delirium, and epileptic-type seizures .

5. Legislation with Focus on EU

Due to the health problems caused by mycotoxins, governmental authorities such as the WHO, FAO, and EFSA

are paying attention to these toxic compounds. Some controlling strategies have been reported by the authorities,

and regulatory levels of mycotoxins in foodstuffs have been established around the world, including for ergot

alkaloids.

In Europe, the European Commission has established a maximum level for the most frequent mycotoxins in

foodstuffs. In Commission Regulation (EU) no. 2023/915 of 25 April 2023, the maximum levels for mycotoxins,

including for ergot sclerotia and ergot alkaloids, are established in certain foodstuffs .

[11][16]

[8]

[9]

[19]

[20]



Ergot Alkaloids on Cereals and Seeds | Encyclopedia.pub

https://encyclopedia.pub/entry/52316 5/12

Although a maximum level of 500 μg/kg was established in European Union for EAs, on 1 July 2024, there will be a

reduction of the maximum levels of EAs for some categories of foods to provide a high level of human health

protection. To safeguard human and animal health, the CONTAM panel of the EFSA has established a group acute

reference dose of 1 μg/kg body weight and a group tolerable daily intake (TDI) for total ergot alkaloids of 0.6 μg/kg

of body weight/day .

The limits established by the European Commission are more restrictive when compared to other countries around

the world. In 2004, the FAO published “Worldwide regulations for mycotoxins in food and feed in 2003”, where legal

mycotoxin limits can be accessed in several countries around the world . Australia has established 500 mg/kg

for the maximum limit for ergot alkaloids, which is extremely higher than the actual limits in Europe .

6. Determination of Ergot Alkaloids

6.1. Sampling

Sampling is a crucial step in ergot alkaloids determination, as their heterogeneous distribution influences the

precision of the determination. Concerning cereal samples, matrices can contain tiny fragments of sclerotia or

bulks of EAs, making sampling a step of higher importance .

6.2. Sample Pre-Treatment

Extraction is a step of great importance, as it is responsible for the separation of the analyte from the matrix and

sometimes can be followed by a clean-up procedure to eliminate possible interference with the analysis. This pre-

treatment of samples is required not only to remove interferences but to pre-concentrate the analytes .

Some pre-treatment techniques such as Quick, Easy, Cheap, Effective, Rugged, and Safe (QuEChERS) 

procedures and solid–liquid extractions  have been applied over the years to ergot alkaloids.

Independently of the extraction technique,  the choice of the extraction solvent and optimisation of the procedure

conditions are critical to obtain satisfactory results .

6.3. Analytical Methods

Many methods have been reported for ergot alkaloids determination, such as liquid chromatography (LC), enzyme-

linked immunosorbent assay (ELISA), capillary electrophoresis (CE), gas chromatography (GC), and thin-layer

chromatography (TLC) . Gas chromatography is usually coupled with electron capture detection (ECD), and

liquid chromatography can be coupled with different detectors, such as ultraviolet light (UV), fluorescence detector

(FLD), evaporative light scattering detector (ELSD), and mass spectrometry (MS) .

Chromatographic methods are based on the separation of components depending on their affinity to a mobile or

stationary phase. These different affinities make different movements in the column, leading to a possible

separation of the compounds . This method makes possible the determination of the major EAs individually and
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summary of them in order to obtain the total ergot alkaloid content; however, this requires a lot of standards,

making this process costly. A more cost-effective approach is to transform the EAs into a common structure before

the analyses, which can be achieved by a hydrolysis process where EAs and their epimers are cleaved to an

uniform lysergic acid hydrolyze .

Since EAs are non-volatile and can decompose in the injector once they are susceptible to heat, gas

chromatographic (GC) techniques have become less applied to these compounds. On the other hand, liquid

chromatographic methods are commonly used for polar, non-volatile, or thermally labelled mycotoxins such as EAs

.

Liquid chromatographic methods such as thin-layer chromatography (TLC), high-performance liquid

chromatography (HPLC), and ultra-high-performance liquid chromatography (UHPLC) have been applied for EAs

determination. With its technological advances, UHPLC has shown to be rapid and efficient for compounds

separation, which can be justified for the use of columns packed with submicron particles, making this technique

more applied to mycotoxin determination . In respect to detectors, UV is used for EAs quantification; however,

UV light conducts the epimerization process, interfering with quantification. Thus, FLD detectors began to be

applied not only to offer more specificity and sensitivity but because some EAs are naturally fluorescent. However,

mass spectrometry (MS) detectors have become widely used for EAs quantification .

Although chromatographic methods are important for official and reference laboratories to control EAs

concentration, it seems to be necessary to develop a fast and cost-effective test system for application in the

production locations to make a primary screening for EAs possible. In this sense, the enzyme-linked

immunosorbent assay (ELISA) has been applied as solid basis for rapid and sensitive screening of ergot alkaloids.

This method is based on the interaction between the mycotoxin and antibodies marked with a conjugate toxin

enzyme, as binding of the mycotoxin to the conjugate produces color depending on the amount of binding.

7. Rapid Alert System for Food and Feed (RASFF)
Notifications

In the European Union, a safety tool named the Rapid Alert System for Food and Feed (RASFF) was established in

order to facilitate the rapid notification and response in case of risk to human health related to food and feed .

This is an important tool that shares rapid information about direct or indirect risk to humans between the member

states, the commission, and the authority .

When a member state identifies a risk and reports it to the RASFF, the first notification is received by the European

Commission, which verifies the notification and immediately transmits it to the other members, allowing them to

take the necessary actions .

To date, only nine RASFF notifications for ergot alkaloids contaminations have been generated, all of them in very

recent years (between September 2021 and March 2023). Looking at the results, it can conclude that from all the
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cereal and cereal-based products, there is a higher incidence of notifications for rye-flour products. A notification

from a product from Ireland was the only one whose notification was not related to cereal or cereal-based products

but to dietetic foods, food supplements, and fortified foods. Additionally, all the samples were originally from EU

countries, with France having with most notifications. The highest values were found in Belgian and German rye

flours, and in addition to this, six of the nine notifications were classified as serious risk; however, two of the

notifications are still undecided.

8. Decontamination of Mycotoxins

Since mycotoxins contamination leads to economic losses and health concerns, the search for effective

decontamination and detoxification has been of great interest . Decontamination and detoxification methods for

mycotoxins should be effective, simple, and inexpensive; use existing technology; and not alter the nutritional value

. The search for an efficient and effective process for the decontamination of mycotoxins from food and feed still

remains a practical and scientific global challenge . When talking about controlling the levels of EAs in cereals, it

need to take into account two main stages. The first stage includes pre-harvest practices, which focus on

prevention of mycotoxin production or contamination and are mainly based on good agricultural practices (GAP),

good manufacturing practices (GMP), and favorable storage practices . Pre-harvest strategies are the best

way to prevent mycotoxin production in the field, but once mycotoxin contamination occurs, these strategies might

not eliminate them, so post-harvest strategies must be applied . Therefore, post-harvest strategies are the

second stage and are based on processing, chemical, physical, and biological techniques, and application of these

strategies aims to decontaminate contaminated products . At both stages, hazard analysis and critical control

points (HACCP) plays an important role, which involves strategies for mycotoxin prevention, control, and GMPs for

all stages of product management; storage strategies; and sorting, segregation, and cleaning procedures .

A compilation of the pre- and post-harvest strategies applied to mycotoxins decontamination is shown at Figure 3.
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Figure 3. Pre- and Post- Harvest Mycotoxin Decontamination Techniques; GAPs, good agricultural practices;

GMPs, good manufacturing practices.

Specifically concerning ergot alkaloids decontamination, pre-harvest strategies remain the most important stage,

as they are based on GMPs, GAPs, and favorable storage practices. Relative to post-harvest strategies, only a few

have been applied to ergot alkaloid decontamination, namely sorting and cleaning as a physical strategy; frying,

baking, and peeling as processing techniques; and ammonization as a chemical strategy .

9. Conclusions

Cereals and seeds have a high risk of contamination by mycotoxins, namely by ergot alkaloids. Due to climate

change and the increase in cereal and cereal-based product consumption, it is one of today’s worldwide food

safety concerns. For that reason, monitoring, prevention, and control are imperative to minimizing their occurrence.

Good agricultural and manufacturing practices and controlled storage and transport conditions can prevent ergot

alkaloid contamination. These preventive strategies together with control analysis of critical points are fundamental.
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However, when products are already contaminated, physical, chemical, and biological processes are needed for

mycotoxins decontamination. Although decontamination processes can be used, many of them can only reduce the

toxicity of the ergot alkaloids by promoting the epimerization process. Therefore, the quantification of both epimers

must be taken into account.

Many methods have been developed for the determination and quantification of ergot alkaloids in the search for an

efficient, sensitive, and cost-effective method for the quantification of both epimers. QuEChERS has been the

preferred method for extraction and purification steps, along with chromatographic methods for quantification, like

HPLC and UHPLC. The preference for the tandem mass spectrometry (MS/MS) detector is well known over the

years due to its unequivocal advantages.
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