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Abstract 
Capsicum products, such as chilli powder, paprika, sauces, and spice mix, have highly been consumed world-

wide. In Chile, berry fruits of Capsicum annuum L. cv. “Cacho de Cabra” are used for the manufacture of a 
traditional pepper powder known as Merkén. Two alert notifications regarding the presence of Ochratoxin A 
in Merkén have been reported by the Chilean Ministry of Health. These alerts have triggered concern mainly 
due to the food safety of Capsicum derivative products and the health risks to which the Chilean population 
consumers of Merkén may be subjected. In this context, the main aim of this work was to review the critical 
points of mycotoxin contamination in the Capsicum production chain used for Merkén manufacture in Chile; 
outlining the possible causal agents of mycotoxin contamination in Merkén production chain. Current nation-
al and international legislation on mycotoxin contamination in pepper and its derivative are here discussed. 
Moreover, preventive and corrective measures adopted by the Chilean regulators’ agencies to control mycotoxin 
in this spice are also discussed.
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1. Introduction
Capsicum pepper is the second largest consumed spice throughout the world, after black pepper. Its exotic 

characteristics of taste, aroma, colour and pungency, as well as the multivariate forms of consumption, have 
made this spice widely used in gastronomy.

As with any other crops, Capsicum pepper is also susceptible to fungal infection and mycotoxin contami-
nation. The control of water activity (aw), temperature and moisture content are essential to avoid the growth 
of potential mycotoxigenic spoilage fungi, such as Aspergillus and Penicillium species (Mandeel, 2005; Ruiz-
Moyano et al., 2009).

Concerning classes of mycotoxins, aflatoxins (AFs) and ocratoxina A (OTA) are among the most important 
contaminants from a consumer point of view. In addition, citrinin (CIT), deoxynivalenol (DON), patulin 
(PAT), sterigmatocystin (ST) and zearalenone (ZEN) have also been detected in Capsicum products (Santos et 
al., 2010; Santos et al., 2011; Jeswal and Kumar, 2015).

In Chile, pepper powder consumption per capita reaches 5 g/day/person (Universidad de Chile, 2011). The 
variety of Capsicum annuum L. cv. “Cacho de Cabra”, one of the most consumed in the country is traditionally 
produced by Amerindian Mapuche Ethnicity. The Mapuche culture and their gastronomic influence is of great 
importance for the identity of Chile as a country (FIA, 2010).

The production of this commodity on an industrial scale, associated with the widespread acceptance 
of this product in the Chilean market, has made Capsicum-based products economically relevant for agri-
business. However, there is still a lack of information, especially on mycobiota and possible mycotoxins in 
Capsicum pepper.

This chapter aims to discuss the food safety of peppers in Chile, highlighting the impact of spoilage fungi and 
mycotoxin contamination on human health and agribusiness. Current national and international legislation on 
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mycotoxin contamination in pepper and its derivative will be discussed. Moreover, preventive and corrective 
measures adopted by the Chilean regulators’ agencies to control mycotoxin in this spice will also be discussed.

2. Capsicum annuum L. cv. “Cacho de Cabra”: Cultural importance to Chile
Merkén is a product intrinsically associated to the ancestral Mapuche Ethnicity. Mapuche is an Amerindian 

Ethnicity with its communities mainly living in south-central Chile and some communities living in south-west-
ern Argentina. According to the data reported by the National Institute of Statistics of Chile, in 2016 about 
1.5 million of its habitants (c.a. 8% of the whole Chilean population) identified themselves as members of the 
Mapuche Ethnicity (INESTAT, 2016). Although the Mapuche Communities are disappearing at an accelerated 
rate, their cultural and gastronomic influence is of great importance for the identity of Chile as a country.

Moreover, the Mapuche’s Culture has been hegemonised through the centuries, losing part of their tradi-
tion and cultural habits. To recover their Cultural Intangible Heritage, the Mapuche Communities have often 
claimed the loss of their Culture, which is under risk.

Merkén is produced by families of the Mapuche Ethnicity in the central-south region of Chile, mainly in 
the Region of La Araucanía and is commercialised on the national and international market (FIA, 2010). The 
production of Merkén by these families has been carried out mainly in an artisan form.

3. Capsicum peppers in Chile
Red peppers are among the most popularly consumed spices around the world. In the American continent, 

Capsicum is described as one of the oldest cultivated plants, regarded as a prehistoric crop (Govindarajan and 
Salzer, 1985).

Capsicum is a horticultural crop produced worldwide, includes more than 30 species, from which C. annu-
um, C. baccatum, C. frutescens, C. chinense and C. pubescens are the most common ones. These species encom-
pass cultivars producing a wide variety of shapes and sizes of peppers, both pungent and non-pungent, ranging 
among bell peppers, jalapenos and cayenne peppers. Plants are bushy, about 60-80 cm height and semi-peren-
nials, that are grown as annuals in cultivation; usually produced in tropical and sub-tropical areas (Govindarajan 
and Salzer, 1985; Mueller et al., 2005).

In Chile, the main species of cultivated pepper is C. annuum, wich are popularly known as “aji”. In addition, 
in other countries, it is also commonly known as “chilli”, “red pepper”, “pepper”, “hot red pepper”, “tabasco”, 
“paprika”, and “cayenne” (Suzuki and Iwai, 1984; Cichewicz and Thorpe, 1996).

Chilean varieties of C. annuum include pungent and non-pungent peppers. The spiciness differences in pep-
per are due to capsaicinoids presence, a secondary metabolite group that is exclusively produced in their fruits 
and present throughout its development and maturity (Figure 1).

Sweet peppers varieties (e.g., Hungarian sweet wax), although less common are useded for the preparation of 
pickles and paprika. Pungent varieties (e.g., Crystal, Cacho de Cabra, Cayenne S Largo, Anaheim and Chilean) 
are the most cultivated and consumed due to their aroma and spiciness (FIA, 2006).

Capsicum annuum L. cv. “Chilean” is the variety with the largest cultivated area. Berry fruits of this variety 
are used in agribusiness for the preparation of sauces, pasta, and dehydrated products. Cristal variety is intended 
for fresh consumption and pickles (FIA, 2006).

C. annuum L. cv. “Cacho de Cabra” variety are a key element for the creation of Mekén, which is a condi-
ment widely used in Chilean gastronomy. Besides its economic importance, this variety is the one with the most 
cultural impact, as it is traditionally produced by native Chilean Communities (FIA, 2006).
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3.1. Capsicum production

Red pepper is the second largest consumed spice throughout the world, after black pepper. According to the 
Food and Agriculture Organisation (FAO), in 2016, the worldwide production area for dried Capsicum was 
1.798.847 ha, with a production of 3.918.159 tonnes of harvested product per year (FAOSTAT, 2018). China 
is an important supplier of crushed and ground peppers. In 2016, China produced the highest amount of pep-
pers, followed by Mexico and Turkey.

In Chile, data available for production, importation and exportation are general and consider the entire 
Capsicum genus in different forms (e.g., fresh, dried, ground or powdered). Capsicum cultivation extends from 
Region of Arica to Araucanía Region (northern to central-south, respectively), covering approximately 522 
hectares of the planted area. The Chilean Regions of Coquimbo and Maule are the main producers of sweet 
pepper, with 131.4 and 213.6 hectares, respectively, dedicated to this crop (FIA, 2006).

Capsicum annuum L. cv. “Chilean” is the most produced pepper at national level, corresponding to 88% of 
the cultivated surface. While C. annuum L. cv. “Cacho de Cabra” is the second most-produced variety, corre-
sponding to 9% of the cultivated surface in Chilean territory. The susceptibility of this variety to spoilage fungi 
is pointed to as one of the factors that can reduce production yields (FIA, 2006). 

C. annuum L. cv. “Cacho de Cabra” is mainly produced in the Chilean Region of La Araucanía by small local 
producers. In addition, Chilean Production Development Corporation (CORFO) financed ventures such as 
Chilean gourmet e Chili from Chile to promotes the production and export of Merkén (e.g., C. annuum spice). 
Merkén is also sold on an industrial scale by Marcopolo, Gourmet, Sabu, and Surco, which are the leading 
brands in the Chilean market. 

Peppers are amongst the spices that are most susceptible to fungal contamination, especially by potentially 
mycotoxigenic species. Several authors have highlighted the need for managed carefully throughout pepper 
production as a strategy to prevent fungal infection.

Figure 1. Capsicum annuum processing chain, highlighting the composition and Capsicum derivative products. Adpated: 
ODEPA, 2013.
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3.2. Process Production of C. annuum L. cv. “Cacho de Cabra”

Capsicum annuum L. cv. “Cacho de Cabra” corresponds to a local ecotype of the Region of Araucanía, main-
ly destined for Mekén production. Production can be done on an artisanal and industrial scale (FIA, 2010).

The production of C. annuum L. cv. “Cacho de Cabra” begins with the selection of seeds from previous 
harvests. Selected seeds are sow in a nursery from May to June (end of autumn to early winter in the Southern 
Hemisphere). The selection criteria for pepper seeds must be rigorous as this step will be crucial for good pro-
duction outcome.

Unlike the industrial process, artisanal production has no strict criteria for seed selection and disinfection. 
The seeds of the cultivar “Cacho de Cabra” are saved from the previous harvest to make new sowing.

Then, from August to September (end of winter to early springer), plants are transplanted to the field for 
plant growth and berry fruit production. Then, from March to April (beginning of autumn), berry fruits are 
harvested. Harvesting of Capsicum fruits takes place at different stages during maturation. For the agro-industry 
sector, they are usually harvested fully mature (FIA, 2010).

At this stage of advanced maturity, the pod is susceptible to mechanical damage and the action of phytoph-
agous insects, sometimes vectors of fungal spores. The advanced maturity of the pods, open wounds and rot 
are considered serious damages for the elaboration of Merkén, once it can diminish the quality of the product.

Figure 2. Semi-industrial and artisanal production chain of C. annuum for Merkén production.
*Adding salt and toasted coriander Adpated: FIA, 2010.

After harvested, it is recommended that red pepper moisture content (65-80% = 0.995 aw) should be im-
mediately reduced to around 13% (=0.50 aw) by drying to inhibiting enzyme activities, fungal growth, and 
mycotoxin contamination (Toontom et al., 2012; Sanzani et al., 2016). 

Berry fruits are usually dried by direct sun exposure or mechanical heat. Traditionally, peppers are dried dry-
ing by sun exposure or inside “Rucas”, that are typical Mapuche’s houses made of wood and straw. After peppers 
being placed on the floor and turned several times to obtain an even drying. Artisanal drying of pepper can take 
between 5 and 15 days, depending on the hours of sun and weather conditions (FIA, 2010).
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Mechanical dehydration is used at an industrial scale; the temperature, air velocity and humidity-con-
trolled conditions reduces the time for microbial contamination and improves pepper quality. The high costs 
of investing in equipment, maintenance, and energy costs make this approach inaccessible to small producers 
(Kaleemullah and Kailappan, 2005).

Capsicum annuum can be sold whole fresh, crushed, and mixed with other spices, expanding business pos-
sibilities for Chilean traders (Figure 2). After drying, the farmers smoke the fruits, for a period close to half 
an hour on a native wood fire. This process gives it a darker colour and a certain smoky flavour that, once 
transformed, generates a chili pepper known as Merkén. Moreover, after grinding C. annuum L. cv. “Cacho de 
Cabra” some communities add other spices to obtain the final Merkén with the producer characteristic.

The final Merkén has about 70% of pepper (with or without pepper seeds, depending on each producer), 
20% of coriander seeds and other spices, and 10% sea salt. Overall, these added spices give to the Merkén a 
darker colour, while the smoke process gives it a smoky flavour (FIA, 2010).

4. Merken: Internal Trade and Current Risks
Due to its high demand, nowadays Merkén is also processed industrially by Chilean Industries and sold on 

the national and international market mainly by the following brands: Marcopolo, Gourmet, Sabu and Surco. 
These 4 brands share about 90% of the national production and national and international markets. In addi-
tion, the Chilean startup called Chili, funded by the Corporation for the Promotion of Production (CORFO, 
Chile), received financial support for the production of traditional and gourmet Merkén.

The industrialisation of the Merkén production aims to promote its standardisation and obtain a commer-
cial product of higher quality and local identity (FIA, 2010). In the year 2015, the total Chilean exportations 
of Merkén reached 4.4 million US dollars, an increase of 11.3% compared to 2014 (ProChile, 2016). In that 
same year, Chile produced 58% of the Merkén imported by Argentina. The production of dehydrated chili and 
by-products such as Merkén, paprika, sauces, spice mix is a sector of high economic potential.

However, in recent years, the decline in domestic production, low yields in the last seasons, and high energy 
costs associated with processing have resulted in a low export index of processed chili products. To try to reverse 
the situation, Chile has sought to improve its competitiveness and regain its participation in the international 
market, especially in Europe and the United States of America, where there is a great demand for this agrifood 
product (ACHIPIA, 2018).

Among the strategic measures adopted by Chile, search for the development of more productive Capsicum 
varieties, tolerant to both frosting and phytopathogens. In addition to high productivity and sensory properties, 
in demanding markets, it is essential to ensure the food safety of the marketed product.

In 2017, the Chilean Ministry of Health reported two cases of Merkén contamination with mycotoxin, 
mainly with OTA (Minesal, 2017). It put the market of this commodity under risk (ACHIPIA, 2018), which 
has directly affected Mapuche communities’ revenues. Such communities have in this spice an important source 
of income for their families’ subsistence.

In addition, agribusiness sector also suffers economic losses, with the blockade of its products and mainly 
the credibility lost in the international market. Similarly, the Pakistani pepper agroindustry despite the excellent 
sensorial characteristics of its pepper, suffered economic regression. The high levels of mycotoxins detected in 
their products have diminished their business relations. Peppers and by-products are prone to fungi contamina-
tion, including mycotoxigenic species (Iqbal et al., 2010; Iqbal et al., 2011; Iqbal et al., 2013).

5. Mycobiota and Mycotoxin in Chilean Capsicum 
Mycotoxins are low molecular weight metabolites produced by fungi that can confer risks to human and an-

imal health. Peppers and industrialised derivatives have been reported to be frequently contaminated with afla-
toxins (AFs), OTA, fumonisins (FBs), zearalenone (ZON), trichothecenes (TCTs), and patulin (PAT). Among 



34

these, OTA has been one of the major fungal toxins found in pepper samples (Yogendrarajah et al., 2014; Cabral 
et al., 2016; Khazaeli et al., 2017; Gambacorta et al., 2018).

Ochratoxins are a group of fungal secondary metabolites whose structure derives from a dihydromethyl-iso-
coumarin linked to phenylalanine using a peptide-like bond. OTA is the most abundant and the most toxic of 
the ochratoxins’ group, which also includes ochratoxins B (OTB) and C (OTC), and other derivatives (Almela 
et al., 2007). OTA is a nephrotoxic, cytotoxic, carcinogenic, teratogenic, and immunosuppressive compound. 
It may also induce gene mutation, although the mechanism of genotoxicity is not clear yet. Moreover, some in-
dividual human exposure to OTA has been related to Balkan Endemic Nephropathy (BEN) syndrome (Creppy 
et al., 1998; Jiménez et al., 1999; Abouzied et al., 2002; Blank et al., 2003).

The warm and humid climate in the production areas, poor hygienic conditions during production, trans-
port, packaging and storage may increase the risk of fungal proliferation and OTA contamination in peppers 
(Mandeel, 2005; Paterson and Lima, 2011; Taniwaki et al., 2018). In recent years some authors have referred 
to the impact of climate changing on the increasing of mycotoxin production by food mycotoxigenic fungi 
(Paterson and Lima, 2010; Battilani et al., 2016; Leggieri et al., 2017).

According to the OECD, the Chilean agriculture production has been dealing with warmer temperatures 
and extreme events that are likely to be more frequent and severe (OECD/ECLAC 2016). In this context, cli-
mate changing appear as a main concerning for production of food safety, regarding mycotoxin contamination 
in Chile.

In the field, proper fertilizer use and proper irrigation are key to decreasing soil-born fungi (e.g., Mucor, 
Cladosporium, Harzia and Rhizopus). In addition, the implementation of good agricultural practices is import-
ant to prevent the proliferation of field pathogens as Alternaria and Fusarium. Species of both genera can cause 
rot and wilt in living plants and can infect fresh fruits, especially after injury by insects or chilling, mechanical 
damage (Hochmuth and Hochmuth, 2010; Yang et al., 2011).

The drying stage of the pods is characterised by long periods of exposure to the sun (e.g., between 5-15 days), 
where pods can be affected by changes in temperature, exposure to dust, wind and insect infestation. This time-
frame allows fungal colonisation to occur, especially by xerophilic/xerotolerant fungi (Aspergillus and Penicillium 
species). In addition, poor post-harvest hygiene in storehouses can lead to further fungal colonisation and an 
increase in the risk of mycotoxins contamination (Santos et al., 2008).

In the industrial sector, the drying stage is automated, despite the high energy costs, the controlled condi-
tions of temperature, air velocity and humidity reduce the microbial contamination and improve chili quality. 
However, OTA is very stable and can remain in the substrate even after the grinding and baking process. It is 
noteworthy that, quality of Mekén is directly related to quality pods collected in the field (Costa et al., 2019a).

OTA is mainly produced by some species of Aspergillus and Penicillium. Aspergillus ochraceus, species be-
longing to Aspergillus section Nigri (especially A. carbonarius, but in less extension (10%) by A. niger too) and 
Penicillium verrucosum, have been found as important OTA producers. Within these, A. carbonarius have been 
identified as the key species responsible for OTA contamination in agri-food products. They contaminate differ-
ent crops with different distribution depending on climate conditions. Aspergillus species predominate in warm 
and temperate regions while Penicillium species are frequent in colder regions. OTA production is higher at 0.98 
aw, regardless of the temperature level, but its production tends to rise at the optimum temperature, between 25 
and 30 ºC in A. ochraceus (EFSA, 2006; Wang et al., 2016).

A few years ago, A. ochraceus was considered to be the main source for OTA production in relatively warmer 
regions, while P. verrucosum being in colder ones. However, A. westerdijkiae, a potential OTA producing fungus 
that is phylogenetically similar to A. ochraceus, is frequently found in tropical regions, and although it does not 
grow at 37 ºC, it is still considered to be one of the important OTA producers (Almela et al., 2007; Wang et al., 
2016). Mycotoxin production depends on each fungal strain (Rodrigues et al., 2011). Those fungal species not 
considered OTA producer become included in the “OTA producer list” if there is found the genetic requirement 
for OTA biosynthesis in one of their strain. In addition, a fungal species become considered potentially ochra-
toxigenic when one of its strain is found producing OTA.
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OTA has previously been reported in red pepper samples (Santos et al., 2010; Ham et al., 2016), dried chilli 
pod (Thirumala-Devi et al., 2000; Jalili and Jinap, 2012; Yogendrarajah et al., 2014), chilli powder (Iqbal et al., 
2013; Ozbey and Kabak, 2012; Rotsisen et al., 2016) red pepper flakes (Tosun and Ozden, 2015), chilli sauce 
(Iqbal et al., 2011), sweet pepper (Gambacorta et al., 2018; Çagindi and Gürhayta, 2016), and paprika (Ahn et 
al., 2010; Santos et al., 2010).

Up to now, an initial overview of the mycobiota associated with C. annuum L. cv. “Cacho de Cabra” and 
Merkén was realized by Costa et al. 2019b. The authors showed that 225 fungal strains were isolated from pep-
per samples obtained at the field, dried, and smoked phases. Merkén samples were also analysed.

Fusarium spp. (23%) and Alternaria spp. (14.7%) were predominant in the field (n = 61). Species of both 
genera are considered field pathogens, growing better on substrates with aw ≥ 0.9.  According to the authors, 
Penicillium spp. (drying = 52.1%; smoked = 74.1%; n = 43) and Aspergillus (drying = 26%; smoked = 21.17%; 
n = 85) were predominant in post-harvest. The drying and smoking phases are performed to decrease the levels 
of moisture content (11.0% to 16.3%) and aw (0.513 to 0.611) of the pepper pods. However, some species of 
Penicillium and Aspergillus can grow in low aw conditions. 

Adebanjo and Shopeju (1993) showed that in fresh C. annuum, Fusarium equiseti was the main species 
found, while in stored samples the incidence of both A. alternata and Fusarium spp. was low.

Casquete et al. (2017) isolated 67 fungal species from smoked paprika samples. Both potential aflatoxigenic 
Aspergillus species and PAT-producer Penicillium (P. expansum and P. thomii) were found. In these samples, my-
cotoxins were not detected, agreeing with other studies that had already stated that aw conditions required for 
the production of mycotoxins are slightly more restricted than for growth (Magan and Aldred, 2008). 

The long periods of drying and poor sanitary conditions where pepper products are stored can contribute to 
this gradual increase in fungal contamination levels. 

Similarly, red pepper samples, even after drying, can have an increase in populations of spoilage fungi with A. glau-
cus, A. niger and A. fumigatus being dominant (Seenappa et al., 1980; Adebanjo and Shopeju, 1993; Iqbal et al., 2011).

Costa et al. 2019b also analysed Mérken samples obtained at fairs and markets. Penicillium (43.47%), 
Aspergillus (17%), Fusarium (4%) strains were predominant (n = 23).

Pepper powder products are very hygroscopic. Overall, where pepper powder is sold in markets in bulk, re-
hydration can occur which would allow mycotoxigenic fungi to become active and produce mycotoxins (Santos 
et al., 2010). Thus, after drying they need to be effectively packaged to prevent any increase in aw.  Besides that, 
high-quality of Merkén is directly linked to a selection of high-quality pods.

In 2018, the Chilean Agency for Food Quality and Safety (ACHIPIA) has prepared a risk profile for Ochratoxin 
A in Capsicum pepper and Merkén. However, due to scarce information available on Capsicum production and 
OTA contamination levels in this product, it was not possible to carry out a risk assessment with representative 
data. Recently monitoring data for mycotoxin in Capsicum from 2008-2017 were published by Foerster et al. 
(2019), paying special attention to the contamination of Capsicum consumed and produced in Chile. 

According to the Chilean Mycotoxin Surveillance Program data so far, the highest level of OTA in Capsicum 
(e.g., 416.3 μg/kg) was detected in a sample collected from the local market.

Similarly, Ikoma et al. (2015) showing contamination range of 163.4-1059.2 μg/kg with an average OTA 
amount of 355.6 μg/kg in dried red peppers from Chile. These concentrations exceed also the OTA limits es-
tablished by the European Commission (EC).

Contamination of Capsicum and derivative products as Merkén also causes concern as OTA levels detected 
reached levels of 71.77 μg/kg (Chilean Ministry of Health- Minsal, 2017).

Rodriguez (2018) analysed mycotoxins contamination of Merkén from the farmers and markets of the La 
Araucania region, Chile. The authors reported that Merkén samples showed a 100% OTA contamination, 
ranged between 0.79±0.05 to 19.81±0.70 μg/kg. The authors point out that only one sample has a higher OTA 
concentration (19.8 ±0.70 μg/kg) than those established by the EC.



36

However, even at low concentration, the constant presence of OTA/AF may be a risk as it may act in synergy 
with other mycotoxins. The simultaneous occurrence of different mycotoxins may increase, decrease or not act 
on the toxicity of these metabolites. 

In Chile, Capsicum products are also reported as highly susceptible food matrix to aflatoxins contamination. 
Foerster et al. (2019) reported that the co-occurrence of OTA and AFs in Capsicum samples corresponded to 
20.6% of the samples analysed by the Chilean Mycotoxin Surveillance Program. Up to now, the highest level of 
aflatoxins detected in Chilean Capsicum has been 176.4 μg/kg. 

Regarding AF contamination in Merkén, up to now, only AFB1 was detected (57%; n= 13) in very low con-
centration (0.29±0.37 to 1.67±0.32 μg/kg) (Rodriguez, 2018). 

The consumption of pepper by the Chilean population is high, which is estimated to be approximately 
140 g/month/person. Heretofore there is no history of outbreake due to OTA or AF from Capsicum products 
in Chile. However, protracted consumption of foods contaminated with OTA/AF is a risk factor for human 
health. Several authors have been reported consume the Capsicum as an important risk factor for gallbladder 
cancer (GBC) in Chilean women (Serra et al., 2002; Tsuchiya et al., 2011; Asai et al., 2012; Ikoma et al., 2015; 
Nogueira et al., 2015). 

Overall, data on potentially mycotoxigenic mycobiota and the presence of Capsicum mycotoxins consumed 
in Chile already indicate the susceptibility of this substrate. The data reported by Foerster et al. (2019) reaf-
firmed that in Chile food contamination with mycotoxins is real and more severe than projected, especially in 
Capsicum. Therefore, it is urgent to update the regulation of mycotoxins in this country. In addition, a study 
across all production points of Capsicum will be essential to understand the general framework of the action of 
mycotoxins on this substrate. All this information is important to ensure the competitiveness of agricultural 
producers in the international market and especially for the health of the Chilean population itself.

6. National and International Legislation
Maximum limits for mycotoxins in foods are determined by the legislation of own country. In Brazil, current 

legislation includes MTL established for total AFs (20 μg/kg) and OTA (30 μg/kg) in Capsicum spp. (dry fruit, 
whole or crushed, and mixtures of spices). In Pakistan, the regulation for AFs in chilli powder fixes maximum 
tolerable limits (MTL) in 15 μg/kg for total AFs, 10 μg/kg for AFB1 and, 7 μg/kg for OTA. As for Capsicum 
fruits, the MTL is set at 30 μg/kg for total AFs (FAO, 2018).

The European Commission (EC) established the strictest legislation for mycotoxin in food and feed for all 
countries of the European Union. The regulations for AFs in Capsicum fruits with MTL set at 10 μg/kg for total 
AFs (AFB1 + AFB2 + AFG1 + AFG2) and at 5.0 μg/kg for AFB1 (Commission Regulation EU No. 1881/2006). 
The regulation was recently updated with the maximum levels of OTA in spices of 20 μg/kg for Capsicum pow-
der and 15 μg/kg for mixtures of Capsicum with other species (Commission Regulation EU No 2015/1137). 
No maximum tolerable Fusarium toxin or PAT concentration has been established for pepper powder to date.

Although it is a risk factor, up to now the Chilean legislation does not regulate the maximum limits of OTA 
in spices. In Chile, the regulation for mycotoxin in spice, including Capsicum, establishes MTL set at 10 μg/kg, 
only for total AFs. Similarly, in Uruguay, the legislation is established only for AFs, with MTL set at 10 μg/kg 
for total AFs and at 5.0 μg/kg for AFB1.

7. Conclusions
Alternaria, Aspergillus, Fusarium, and Penicillum species were predominant in Caspsicum samples collected 

in Chile. In addition, spoilage fungi from Capsicum samples were obtained from all points of the production 
chain. Pointing out the susceptibility of this commodity to fungal contamination. 

In the international domain, mycotoxins such as AFs, OTA, ZEN, FMs and PAT, DON, AME and AOH 
have been widely detected in paprika, chilli sauce, and seasonings made out of Capsicum. OTA and AF were the 
only mycotoxins analysed in Chilean peppers. In investigations carried out so far, both toxins were frequent and 
were present in concentrations that exceeded the limits established by international regulation (e.g., EC, FDA). 
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Despite its economic relevance and high intake, there is a lack of information about the Chilean consumer 
profile of Capsicum. Up to now, there is no outline of the frequency, seasonality and amount of consumption of 
Capsicum, by country regions, rural and urban areas, age groups, gender and risk population.

The consumption profile, mycobiota dominate and possible mycotoxins present are essential information to 
establish an action plan, which aims to contribute both to the business of the small and medium producer and 
the population health. In addition, this information is essential to improve national legislation.
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