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Abstract: Ergot alkaloids (EAs) are a group of mycotoxins that are mainly produced from the plant 

pathogen Claviceps. Claviceps purpurea is one of the most important species, being a major producer 

of EAs that infect more than 400 species of monocotyledonous plants. Rye, barley, wheat, millet, 

oats, and triticale are the main crops affected by EAs, with rye having the highest rates of fungal 

infection. The 12 major EAs are ergometrine (Em), ergotamine (Et), ergocristine (Ecr), ergokryptine 

(Ekr), ergosine (Es), and ergocornine (Eco) and their epimers ergotaminine (Etn), egometrinine 

(Emn), egocristinine (Ecrn), ergokryptinine (Ekrn), ergocroninine (Econ), and ergosinine (Esn). 

Given that many food products are based on cereals (such as bread, pasta, cookies, baby food, and 

confectionery), the surveillance of these toxic substances is imperative. Although acute mycotoxico-

sis by EAs is rare, EAs remain a source of concern for human and animal health as food contamina-

tion by EAs has recently increased. Environmental conditions, such as low temperatures and humid 

weather before and during flowering, influence contamination agricultural products by EAs, con-

tributing to the appearance of outbreak after the consumption of contaminated products. The pre-

sent work aims to present the recent advances in the occurrence of EAs in some food products with 

emphasis mainly on grains and grain-based products, as well as their toxicity and control strategies. 

Keywords: ergot alkaloid mycotoxins; cereals; cereal-based product safety; quality; characteristics; 
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1. Introduction 

Cereals and related foodstuff are rich in nutrients and energy, and for this reason 

they play an important role in the diet. The abundance of nutrients contained in cereals 

such as fat, protein and minerals are also favorite nutrients for the growth of toxin-pro-

ducing fungal species [1–5]. Crops and especially cereals can be infected in both pre-har-

vest and post-harvest stage by phytopathogenic fungi [2], with many factors being re-

sponsible for their contamination such as temperature, water activity, and substrate com-

position [6]. Mycotoxins are toxic chemicals substances and arise as products of secondary 

fungal metabolism, posing a very serious risk to food safety worldwide [7]. Mycotoxins 

have low molecular weight and cannot be detected with the naked eye, smell, or taste. In 

addition, their presence in food does not cause changes in organoleptic characteristics 

[8,9]. The term “mycotoxicosis” was used for the first time about 60 years ago to describe 

all the toxic effects of mycotoxins on human and animal health [10]. The effects of myco-

toxins on human and animal health are carcinogenic, teratogenic, neurotoxic, hepatotoxic, 

and nephrotoxic [11]. 

Ergot alkaloids (EAs) is one class of mycotoxins, mainly produced by fungal Claviceps 

species, whose effects have been known since the fifth century AD. Ergotism, the oldest 

Citation: Agriopoulou, S. Ergot  

Alkaloids Mycotoxins in Cereals and 

Cereal-Derived Food Products: 

Characteristics, Toxicity, Prevalence, 

and Control Strategies. Agronomy 

2021, 11, 931. https://doi.org/10.3390/ 

agronomy11050931 

Academic Editors: Silvio Tundo, 

Carla Ceoloni and Ljiljana Kuz-

manović 

Received: 12 April 2021 

Accepted: 6 May 2021 

Published: 8 May 2021 

Publisher’s Note: MDPI stays neu-

tral with regard to jurisdictional 

claims in published maps and institu-

tional affiliations. 

 

Copyright: ©  2021 by the author. Li-

censee MDPI, Basel, Switzerland. 

This article is an open access article 

distributed under the terms and con-

ditions of the Creative Commons At-

tribution (CC BY) license (http://crea-

tivecommons.org/licenses/by/4.0/). 



Agronomy 2021, 11, 931 2 of 14 
 

 

known mycotoxicosis, is the human and animal disease historically known as St. An-

thony’s Fire, or holy fire, which occurs after consuming EAs contaminated food or feed 

[12–14]. The first documented ergotism epidemic occurred in 944–945 AD in France, and 

led to the deaths of about 10,000 people [15]. From the 9th to 14th centuries, the outbreak 

of ergotism was widespread in the eastern regions of France, Germany, and Russia [16]. 

Ergot is derived from the old French word “argot”, meaning the cock’s spur [17]. Cereal 

contamination and damage may also occur with other mycotoxins, such as aflatoxins 

(AFs); ochratoxin A (OTA); zearalenone (ZEN); fumonisins (FBs); enniatins (ENs); and 

trichothecenes (TCs) such as deoxynivalenol (DON), T-2, and HT-2 toxins (T-2, HT-2) 

[7,8], with AFs being extremely harmful to the health of humans and animals [12,18,19]. 

According to their structure, EAs are classified into three groups, namely, clavines, 

lysergic acid amides, and peptides (ergopeptines) [20]. EAs are classified as a tryptophan-

derived alkaloid, and their analytical classification has been reviewed by Arroyo-Manza-

nares et al. [21]. Although there are more than known 80 EAs, all having a tetracyclic er-

goline ring in their structure [6], the most commonly produced EAs for Claviceps species 

are the following 12: the ergometrine (Em), ergotamine (Et), ergocristine (Ecr), ergokryp-

tine (Ekr), ergosine (Es), and ergocornine (Eco), and their inine-epimeric forms ergotami-

nine (Etn), egometrinine (Emn), egocristinine (Ecrn), ergokryptinine (Ekrn), ergocroninine 

(Econ), and ergosinine (Esn) [2,3,22,23]. Ergotamine and ergosine are very stable alkaloids 

and their concentrations are not significantly affected by heating. In contrast, for ergocris-

tine, ergokryptine, ergocornine, and ergometrine, heating can decrease the concentrations 

of these alkaloids [24]. Each alkaloid coexists under two forms, the ergopeptines and er-

gopeptinines, which are different in terms of toxicity and biological and physicochemical 

properties [24,25], with ergopeptins being the left-hand rotation isomers of EAs (suffix: -

in) and ergopeptinines being the right-hand rotation isomers of EAs (suffix: -inin). Among 

them, ergopeptines are biologically active and ergopeptinines are less biologically active 

[26]. Aqueous acidic or alkaline solutions accelerate the conversion of ergopeptines to er-

gopeptinines. On the other hand, ergopeptinines can also be converted in ergopeptines in 

methanol, aqueous organic solvent, and acids [27]. Therefore, it is important that assays 

performed for EAs must include both epimers in order to avoid underestimation of the 

total quantity of EAs as rapid epimerization can occur [28]. Solvents, temperature, and pH 

are the main factors on which the isomerization depends [29,30]. Individual fungal strain, 

host plant, growth conditions, and geographical area are the main factors which signifi-

cantly affect the amount and pattern of EAs [31]. Convolvulaceae, Poaceae, and Polyga-

laceae are some families of higher plants in which EAs have also been detected [32]. Clav-

iceps purpurea, Claviceps fusiformis, Claviceps africana, Epichloë spp., and Neotyphodium spp. 

are some EA producers [12,33,34]. Moreover Blansia, Penicillium, and Aspergillus also pro-

duce some quantity of EAs [20]. Serious damage and losses can be caused to the produc-

tion of cereals by the aforementioned species. Recent damage to the cultivation of Sorghum 

bicolor caused by C. africana has led to financial losses due to reduced seed quality and 

yield, creating difficulties in harvesting and threshing and problems in the international 

trade in contaminated seeds [35]. Moreover, the poisoning of people through the con-

sumption of food contaminated with sclerotia (the over-wintering bodies of the fungus) 

in developing countries shows that the problem of ergotism has not been definitively 

solved and remains a significant threat. A total of 47 deaths were reported as having been 

due to ergotism during the spring of 1978 in Ethiopia after consumption of barley con-

taminated with C. purpurea sclerotia [36]. 

On the other hand, the proven pharmaceutical and therapeutic nature of EAs has 

focused research on their laboratory production for commercial purposes [37]. In the last 

20 years, EAs biosynthesis has achieved important progress [32]. Various fermentation 

techniques have been used to commercially produce EAs for the manufacture of medi-

cines. The addition of various organic and inorganic ingredients to a fermentation me-

dium has improved the industrial production of EAs [38]. For the past two decades, EAs 

have been utilized in the medical field for treatments related to migraines, brain diseases, 
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hypertension, central nervous system diseases, Parkinson’s disease, and in gynecology as 

prolactin inhibitors [15,35,39]. EAs show structural similarities to the neurotransmitters 

noradrenaline, dopamine, adrenaline, and serotonin, enabling binding to the biogenic 

amine receptor and the interruption of neurotransmission and linking their biological ac-

tivity to a number of drugs in the pharmatech industry [15,40]. 

Claviceps purpurea from the Clavicipitaceae family is the most widespread Claviceps 

species, with greatest concern, all over the Europe. During C. purpurea infection, healthy 

kernels are replaced by purple-black-colored sclerotia (also known as ergots, or ergot bod-

ies) that contain high concentrations of various EAs. Moreover, due to the color of sclero-

tia, the term purpurea has been adopted for the parasitic fungus C. purpurea [41–43]. 

Diseases caused by EAs producing fungi on cereals are also characterized by the term 

ergot [17]. Pure ergots are soluble in organic solvents while others such as those of the 

lysergic acid group show partial solubility in water [11]. The young and usually unferti-

lized ovary (the female parts of the flower) of the living host plant is parasitized by fungal 

hyphae at the time of flowering, and after about a month, alkaloid-containing sclerotia 

appear in the healthy kernels [44]. The size of sclerotia compared to the size of healthy 

grains can be up to 10 times larger [45]. The presence of sclerotia is linearly related to the 

detection and identification of EAs, reducing the quality of cereals, while their absence 

does not imply the absence of EAs since there are cases where EAs were detected without 

the presence of sclerotia [46,47]. Sclerotia are the final step of the disease, and they contain 

0.01–0.50% ergot alkaloids [25]. The number of ergots left in perennial cereal fields after 

harvest is a significant source of contamination [48] as each ergot has the potential to pro-

duce thousands of ascospores [49]. In the case of perennial grass seed crops, it is very 

difficult to implement ergot control agronomic practices related to deep tillage or crop 

rotation [50]. The chemical structure of the most common EAs and the structure of the 

tetracyclic ergoline ring system are presented in Figure 1. 

The period of rainfall and mainly the period of flowering are the two critical periods 

in which the fungus parasitizes the seed heads of living plants [51]. EAs could be detected 

in grains even when ergot bodies were removed by hand-cleaning procedure [52]. The 

sclerotia are harvested together with the cereals or grass and can thus lead to contamina-

tion of cereal-based food and feed products with EAs [53]. Moreover, during the milling 

of the cereals, sclerotia are not easily separated from the healthy grains, and instead they 

are fragmented and can be transferred to finished product, the flour [54]. Cleaning proto-

cols become even more unreliable when fungal sclerotia are produced in dry climates, 

having a similar size to the grains, making them difficult to remove [17]. Cleaning and 

processing of cereals can remove up to 82% of the sclerotia [55] without this meaning that 

they completely eliminate the problem of contamination of cereals with EAs, which can 

be detected at high levels [56], such as, for example, 7255 mg/kg that was reported in Ger-

man rye flours [17]. 

At least 400 species of the Poaceae family have been found to be parasitized by C. 

purpurea, among them the weedy grasses, with cereals such as rye, wheat, triticale, barley, 

millet, and oats being the most infected [57–59]. Some cereals such as rye become more 

frequently infected with Claviceps, while others such as maize become less infected [28]. 

Commission Regulation (EC) No. 1881/2006 sets maximum levels for certain contam-

inants in foodstuffs among them and main mycotoxins [60]. Commission Regulation (EC) 

No. 2015/2940 sets a limit of 0.5 g/kg for the ergot sclerotia content in unprocessed cereals, 

with the exception of corn and rice, for human consumption [61], and the EU Council 

Directive 2002/32/EC has established a maximum limit of 0.1% by body weight (b.w.) for 

all feed containing unground cereals [62]. According to the scientific opinion of the Euro-

pean Agency for Food Safety Authority (EFSA) for EAs in food and feed, which was es-

tablished in July 2012, the setting of a group acute reference dose (ARfD) of 1 µg/kg b.w. 

and a group tolerable daily intake (TDI) of 0.6 µg/kg b.w. per day for the sum of the EAs 

were reported [63,64]. Canada and the United States have set 300 mg ergot per kilogram 

grain as maximum permissible level, and 0.01% of the total ergot alkaloid content in grain 
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was established by China [51]. A 0.02% w/w limit on sclerotia content in cereals will be 

expected to be established by the EU, and its implementation is expected to begin in July 

2021 [65]. 

 

 

(A) (B) 

Figure 1. (A) Chemical structure of the most common ergot alkaloids (EAs). (B) The structure of the tetracyclic ergoline 

ring system. 

Among all available techniques, liquid chromatography-tandem mass spectrometry 

(LC–MS/MS), is the fundamental tool for quantitative mycotoxin analysis, especially in 

the case of multiple mycotoxin analysis. Given that many food categories are contami-

nated with more than one mycotoxin, this technique is constantly gaining the interest of 

researchers [66]. For EA analysis, in addition to LC–MS/MS technique [67], liquid chro-

matography coupled with fluorescence detectors (LC–FLD), is also used as a reliable al-

ternative [68] as well as QuEChERS techniques (Quick, Easy, Cheap, Effective, Rugged, 

and Safe) [69]. 

The main aim of this work is to describe the occurrence, toxicity, and control strate-

gies of major ergot alkaloids in cereal and cereal-based products. 

2. Occurrence of Major Ergot Alkaloid Mycotoxins 

According to the annual report of 2019 of the Rapid Alert System for Food and Feed 

(RARFF), mycotoxins are the most frequently reported hazard [70]. Although ergot alka-

loids mycotoxins were not included in the last annual report of RASFF (in 2019), this does 

not mean that there is no risk of this class of mycotoxins for human and animal health. In 

      Tetracyclic ergoline ring 
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actuality, for 2019, according to the last annual report of RASFF, only 1 of the 32 notifica-

tions for mycotoxins concerned cereals, specifically Belgian wheat flour with toxin T-2 and 

toxin HT-2. Moreover, very recently it was emphasized that the detection of mycotoxins 

worldwide has reached a very high level of 60–80%, and even the lowest presence and 

detection of mycotoxins should not be overlooked because of their combined action and 

their synergistic negative health effects on human and animal health [71]. 

EFSA has recommended that detailed data on ergot alkaloids in food and feedstuffs 

should be continued due to their high toxic effects. Available analytical results from food 

samples collected between 2011 and 2016 in 15 different European countries allowed 

EFSA to express its scientific opinion about human and animal dietary exposure to ergot 

alkaloids [46]. The products found with the highest contamination were “rye milling 

products”, “mixed wheat and rye bread and rolls”, “rye bread and rolls”, and “rye flakes”, 

proving that rye is more contaminated among cereals. In fact, rye is a cross-pollinator with 

large open florets, and this explains its great sensitivity to contamination by ergot alka-

loids [72]. The German Federal Institute for Risk Assessment (BfR) in 2013, taking into 

account the report of EFSA, reported that pregnant women and children are the two risk 

groups with the most serious adverse health effects. In addition, the value of 64 μg/kg of 

EAs is not safe for children aged two to five years, due to their low body weight in relation 

to bread consumption [73]. 

As well as the fact that Claviceps species can contaminate the most important cereal 

grains, the presence of these mycotoxins is expected in some cereal-based foods such as 

bread, pasta, pizza, breakfast cereals, noodles, cakes and sweet snacks, biscuits, savory 

fine bakery products, cookies, and baby foods. All these foods are part of the daily human 

diet that is consumed by infants, children, adolescents, and the elderly, and therefore must 

be safe. It has recently been shown that EA is more common in foods containing rye and 

wheat. Malysheva et al. reported high rates of contamination from EAs in rye- and wheat-

containing foods in northern Europe. Rye-containing foods were found to have 1121 

μg/kg and wheat-containing foods were found to have 591 μg/kg, respectively [74]. In a 

recent Swiss study, 16 Claviceps metabolites (ergine, ergocornine, ergocorninin, ergocris-

tine, ergocristinine, ergocryptine, ergocryptinine, ergometrine, ergometrinine, ergosine, 

ergosinin, ergotamine, ergotaminine, secalonic acid B, secalonic acid D, and secalonic acid 

F) were detected in 253 barley samples, originating from fields across Switzerland, record-

ing a small percentage of positive samples (3–17%) depending on the metabolite [75]. Ιn 

western Canada, six ergot alkaloids (ergocornine, ergocristine, ergocryptine, ergometrine, 

ergosine, and ergotamine) were detected in 49 out of 67 naturally contaminated cool-sea-

son barley grains, with the mean concentrations ranging from 121 to 555 μg kg−1 [52]. 

EAs have been reported both in European countries such as Italy [57], France [76], 

Slovenia [41], the United Kingdom [25], Albania [77], Poland [78,79], the Netherlands [80], 

and Germany [43], as well as in other countries around the world such as Canada 

[72,81,82], China [51], Brazil [83], and Australia [84]. The last 10 years have shown an in-

creased occurrence both in Canada [85,86] and the United States [87]. 

Recent representative studies with presence of EAs in different food products and in 

different countries are presented in Table 1. 
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Table 1. Presence of ergot alkaloids in different food products in different countries. 

Product  Country No. of Samples Positive Samples (%) Range (µg/Kg) Method Reference 

Rye-based prod-

ucts  

Wheat-based 

products 

Italy 
16 

55 
85 

2.6–188.6 

2.5–1142.6 
LC–MS/MS [57] 

Cereals Canada  228 n.a. 1 65–1140 LC–MS/MS [72] 

Barley 
Czech Re-

public 
15 n.d. 2 n.d. 2 UHPLC–MS [88] 

Cereal products China 123 n.d. 2 n.d. 2 LC–MS/MS [51] 

Cereal grains Slovenia 517 17 14–4217 LC–MS/MS [41] 

Winter rye 

German 

Austria 

Poland 

372 40 0.52–3673.9 HPLC [23] 

Cereals and ce-

real products 

European 

countries 3 
1065 59 1–12340  LC–MS/MS [74] 

Organic rye flour  

Conventional rye 

flour 

Denmark 
17 

17 

88 

88 

n.a-100 

n.a-230 
HPLC–FLD [53] 

Rye grain 

Poland 

18 83 0.8–25 

LC–IT–

MS/MS 
[78] 

Rye flour 34 94 0.9–1215.5 

Rye bran 12 100 1.5–46 

Rye flakes 1 100 114–136.5 

Cereal-based food 
The Nether-

lands 
113 54 n.a.–115.4  LC–MS/MS [80] 

Cereals and ce-

real products 
Belgium 122 85 1–1145  LC–MS/MS [13] 

Cereal samples  Algeria 60 20 3.7–76.0 

QuEChERS–

UHPLC–

MS/MS 

[89] 

Rye product 

samples 
Germany 39 92 n.d.–739.7  HPLC–FLD [90] 

Wheat and maize  

samples 

European 

countries 4 

13 wheat  

15 maize  

77 

n.d. 2 
n.a. 1 LC–MS/MS [91] 

1 n.a.: not available in the publication. 2 n.d.: not detected. 3 European countries: Belgium, Czech Republic, Denmark, Es-

tonia, Finland, France, Germany, Italy, Poland, Sweden, Switzerland, the Netherlands, the UK. 4 European countries: Bel-

gium, Spain, Italy, Switzerland, Lithuania, Hungary. 

3. Toxicity and Health Impacts of Major Ergot Alkaloid Mycotoxins 

EAs cause severe health problems both in humans and animals, leading mainly to 

ergotism disease that occurs in two forms: a convulsive form and a gangrenous form [92]. 

Ergotism is one of the oldest known human diseases caused by mycotoxins. Hallucina-

tions, convulsions, agalactia, burning sensation, vasoconstriction, and gangrenous loss of 

limbs are some of symptoms in humans after consuming foods contaminated with EAs 

[72,81,93]. Moreover, other symptoms such as nausea, alterations in endocrine function, 

vomiting, weakness, numbness, adverse effects to the cardiovascular system, and even 

death have also been reported [21,94–96]. In Ethiopia in 2001, a gangrenous ergotism out-

break was caused after consumption of contaminated barley [97]. 

Pigs, cattle, sheep, rabbits, and poultry have shown symptoms after being infected 

with EAs causing financial problems to both breeders and the meat industry [14,98]. Ani-
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mals can become infected with EAs after eating EA-contaminated grains, and various dis-

eases can affect any part of their body. In poultry in particular, both the comb of their legs 

and the beak can turn black. Some other general clinical signs whose expression may differ 

significantly between animal species concern disorders of the nervous system, dyspnea, 

and agalactia [45]. Necrosis of the extremities is another symptom that may not be seen in 

high-temperature environments, although animals suffer from overheating [99]. Altera-

tions in the liver and intestine of pigs have also been reported when the diets they received 

contained ergotia in quantities close to the established European limits (1 g sclerotia/kg), 

indicating the need to update these limits and the possible adoption of lower limits [96]. 

Despite the recognized toxic risk that is reported according to literature, EAs have 

been used for their biomedical applications, as they exhibit antibacterial, antiproliferative, 

and antioxidant effects. EAs are efficiently used as therapeutic agents in ocular pharma-

cology, particularly against glaucoma [94]. 

4. Control Strategies of Major Ergot Alkaloid Mycotoxins 

Generally, fungi are ubiquitous, and mycotoxin contamination is difficult to predict 

as many factors are responsible for annual fluctuations. Every year, climatic conditions, 

growing, harvesting, fungal growth, weather, and crop management are different, and 

the result in the appearance of mycotoxins in important agricultural products is also dif-

ferent [99]. Each strategy has its own effectiveness, as many parameters, such as cost, 

safety issues, and the initial contamination levels, determine its success [100]. Mycotoxins 

can infect crops at any stage of the growing process, including harvesting, transportation, 

and storage [101]. Control of EA mycotoxins in cereals should focus on two main stages, 

namely, pre-harvest and post-harvest. 

4.1. Pre-Harvest Ergot Alkaloid Prevention Strategies 

The adoption of Good Agricultural Practice (GAP), Good Manufacturing Practice 

(GMP), and Hazard Analysis and Critical Control Points (HACCP) practices play a signif-

icant role in the management of mycotoxins [11]. 

4.1.1. Biological Control 

Consumer concerns about the application of pesticides on the one hand and the de-

velopment of resistance of many phytopathogenic fungi to the use of fungicides on the 

other hand have led to the search for more environmentally friendly solutions to the prob-

lem of contamination of agricultural production with mycotoxins. Fighting many phyto-

pathogenic fungi using biological means can work collaboratively with chemicals, alt-

hough biological agents such as microorganisms have a limited range of targets compared 

to chemical fungicides [102]. 

Yeast, bacteria, fungi, and enzymes have been used as biocontrol agents in order to 

cause degradation or absorption of many mycotoxins [103–106]. Transformation, adsorp-

tion, degradation, or adsorption are some of the mechanisms by which agricultural prod-

ucts of plant or animal origin as well as animal feed can be detoxified from mycotoxins 

[103]. 

In fact, the number of published works on the biological control of EAs is limited. 

Bacteria Pseudomonas aureofaciens and fungus Trichoderma lignorum have been tested for 

biological control against EAs, but no significant effect on sclerotia germination was re-

ported [107]. Fungus Fusarium roseum has also been tested effectively against sclerotia in 

wheat [31]. 

Rhodococcus erythropolis bacteria have been used to degrade EAs, although the mech-

anism of reaction is not completely clear [108]. 
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4.1.2. Good Agricultural Practices 

The role of sclerotia in the survival of the fungus Claviceps is extremely important as 

they are the overwintering structures of the pathogen. Moreover, a period of cold temper-

atures is required in order to germinate in the next spring [109]. The use of calcium cyan-

amide as fertilizer in the spring proved to be very effective as it caused a reduction of 

germination of ergots that were in the soil by 40–50%. Agricultural practices related to 

crop rotation, weed control, and herbicide application, fertilizers for nutrient enrichment, 

could contribute to controlling EA mycotoxins by helping to maintain a robust and there-

fore non-vulnerable crop [31]. Given that sclerotia can survive from one to three years, 

crop rotation can reduce the amount of sclerotia produced. Weed control is extremely 

helpful as sclerotia can also be produced both from the grass weeds of the main crop and 

headlands of field [82]. 

The use of uninfected seeds should be the main preventive action against the cereal 

contamination by EAs. In case the sclerotia mature and fall to the soil, it is recommended 

that fungicides be applied to the soil in order to reduce or even prevent their germination 

[110]. Sclerotia can be also found in the soil during sowing as the seed is not completely 

clean but also contains sclerotia. In this case, the sclerotia should be treated with a fungi-

cide to minimize the possibility of producing large numbers of ascospores [31]. In both 

treatments, a reduction in the amount of ascospores as well as the primary inoculum avail-

able in the spring is achieved. A good cultivation practice that could also help to reduce 

the amount of sclerotia is to bury them through a deep plowing. The use of resistant or 

less susceptible varieties are some useful cultivation practices in order to reduce the con-

tent of sclerotia in cereal crops [31]. 

The treatment of many fungal diseases is achieved by many means, with the use of 

fungicides undoubtedly being the most widely used practice. The active ingredients 

found in fungicides vary and all primarily aim to reduce the growth of the pathogen as 

well as to prevent seeding [111]. The use of chemical fungicides could possibly contribute 

for the control of EAs. 

4.2. Harvest and Post-Harvest Ergot Alkaloids Prevention Strategies 

As the grains ripen and are ready for harvest, sclerotia control can be partially effec-

tive as long as they are visible. A harvesting practice that can lead to crops with low rates 

of sclerotia is late harvest because possible winds will favor the removal of sclerotia from 

the mother plants. In the case of parcels where visible contamination by sclerotia is im-

portant, it is preferable to harvest these pieces separately and not to mix the heavily con-

taminated grain seed with the uninfected seed, nor to use it as animal feed. Burial of sig-

nificantly contaminated grain is more appropriate in this case. Additionally, a post-har-

vest handling for the removal of sclerotia in loads with moderate contamination is the use 

of gravity sorters and the use of color sorters [112]. 

4.2.1. Decontamination 

The applied decontamination techniques are mainly aimed in two directions. The 

first aims to degrade mycotoxins to non- or less toxic compounds, and the second to pre-

vent the reduction of nutrients contained in agricultural products. Every degradation cre-

ates products that are often unknown and have unknown toxicity, and therefore the term 

decontamination is often not completely synonymous with the term detoxification 

[113,114]. 

Heating is a physical way to convert the toxic forms of EAs (ergotamine) to less toxic 

forms of EAs (ergotaminine). Among the basic six different alkaloids, ergotamine and er-

gosine are very stable ergot alkaloids in heat treatments, while on the contrary, ergocris-

tine, ergokryptine, ergocornine, and ergometrine are affected more from heating and their 

concentration may be reduced. Even in this case, however, the problem of contamination 
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of feed with EAs is not solved since conversion of contaminated feed into non-contami-

nated feed cannot be achieved. UV light (302 nm) has also been used for epimerization of 

EAs, but for ergotamine and ergosine there were no signs of any epimerization, whereas 

for ergocristine, ergometrine, ergokryptine, and ergocornine, epimerization was reported 

at 74–90%, 2–17%, 9–25%, and 39–70%, respectively [24]. In addition, the high cost of irra-

diation units often makes the use of this technology prohibitive [115]. 

For cases of minor infection by mycotoxins, some physical decontamination tech-

niques, such as sorting, washing, milling, and floating, could be a good choice, especially 

for the removal of heavy weight contaminated particles [116]. 

4.2.2. Fate of Ergot Alkaloids during Food Processing 

Grain processing is an approach by which EAs could be possible eliminate [117], alt-

hough common processing techniques such as boiling, cooking, baking, frying, and pas-

teurization fail to reduce most mycotoxins that are considered stable chemical compounds 

[10,118,119]. From the limited published data, relative with EAs decontamination, most 

of them are focused on rye and rye products, with differences in results. The different rate 

of degradation that occurs is attributed to the different nature of ergot contamination 

[120]. 

Cookies baked with rye flour were studied, and from the results the researchers 

proved a degradation of EAs (2–30%) during baking and a shift from ergopeptins to ergo-

peptinines for all EAs [29]. In a very recent study, Tittlemier et al. studied the fate of EAs 

during laboratory-scale durum processing and production and cooking of pasta. The au-

thors reported that the loss of EAs during the production or cooking of pasta was not fixed 

but changes were observed during the grinding and cooking of pasta between R-enantio-

mers and S-enantiomers [120]. In addition, the results of the study showed that a large 

percentage (84%) of the EAs were found in the outer regions of the seeds (bran, shorts, 

feeds), although S-enantiomers were identified in a larger proportion. The effect of bread 

baking on the stability of ergot alkaloids in wheat and rye flour was also investigated in 

two recent studies. From the results of the studies, baking of wheat flour reduced the al-

kaloid concentrations by 59% [121], whereas only 22% elimination of ergot alkaloids was 

reported by Bryła et al. after baking of rye flour [117]. 

5. Conclusions 

Food safety is a top priority for both the food industry and all stakeholders, with 

contamination of food with mycotoxins having been a concern for decades. In order for 

restrictive safety standards to be applied, it is necessary to follow good practices to avoid 

the growth of fungi and the production of mycotoxins in agricultural products. Cereals 

can be contaminated with mycotoxins in both pre-harvest and post-harvest stage. As ce-

reals are an important category of food in human nutrition and health, continuous moni-

toring is required at all stages of their production in order to avoid contamination by my-

cotoxins. The distribution of EAs vary between fungal strains, geographic regions, and 

host plants. EA contamination has sporadic incidence, with many factors involved in this 

food safety issue. Incidence and severity depends greatly on weather. Cool damp weather 

favors ergot by promoting germination of sclerotia. Today, ergot sclerotia can be removed 

from cereals by grain cleaning machines based on photocells, but this is not standard in 

all countries and milling companies. An integrated system management approach that 

includes all individual control strategies is important to mitigate EAs in cereals and cereal-

based foods. 
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