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ABSTRACT
Maize constitutes more than 75% of the food base of the Inter-Andean Valleys and is one of the foods most at risk of
fumonisin and yet there is no information about the incidence level of fumonisins in this region. In this project we
collected 174 samples from organic maize producers communities of the inter-Andean valleys that work with the
Valles Foundation, the number of fumonisins was determined by the Elisa Method, with 0.05 ng/ml being the lowest
value obtained in the community of Alcalá and 12.05 ng/ml,Highest value obtained in the community of Mizque.
Keywords: Fumonisin, Organic maize, mycotoxins

INTRODUCTION
In the inter-Andean valleys of Bolivia, maize is the main crop of rotation with different crops such as peanuts and
potatoes. It is one of the bases of the feeding of Bolivian population especially in rural areas, being the main
departments producing corn in the country Santa Cruz, Chuquisaca, Cochabamba and Tarija.
Maize constitutes more than 75% of the food base of the peasant family in the inter-Andean valleys. 90% of the
maize is destined for consumption as a mote (cooked grain) or food prepared domestically. 1
Mycotoxins are toxins produced by the metabolism of some fungi present in the environment and which, consumed
in high concentrations, are dangerous to human and animal health. Like any dry grain, corn is commonly
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contaminated with Mycotoxins (Fumonisins). There are current studies that exist several fungi of the genus Fusarium
(F) that produce a series of toxic secondary metabolites (mycotoxins), being fumonisins B1, B2 and B3 the majority
isolated in foods. Fumonisins have been detected in maize and its by-products throughout the world and reported
relevant concentrations in maize-based foodstuffs 2,3
The main fumonisin-producing species are Fusarium verticillioides (synonymous with Fusarium moniliforme) and
Fusarium proliferatum, which are common soil fungi. Fusarium fungi are commonly found in cereals grown in
temperate regions around the world and are especially abundant in maize 4. Fusarium species infect grain before
harvest, hence the important role of field prevention during maize development, with adequate agronomic and
storage practices 5.
The toxicological effects of fumonisins are related to diseases in animals such as equine leukoencephalomalacia and
porcine pulmonary edema and to esophageal cancer in humans 6. Fumonisin B1 is a possible carcinogen in humans
(IARC Group 2B) 7 with maize being the most susceptible food.
MATERIALS AND METHODS
Project Explanation Seminars
In order to obtain the samples of maize, seminars have been carried out to the maize organic producers in relation to
the objectives of the Project, the seminars have been carried out by the technical staff of the Valles Foundation in
each community.
Collection of maize samples
The samples of corn on the cob were collected in manila envelopes correctly identified with the name of the farmer
or owner of the maize crop and the community to which the sample corresponds. Once they were obtained, they were
transferred to the Chagas disease and Immunoparasitology Laboratory- Biology Department– Science and
Technology Faculty San Simón University.
Number of samples analyzed
A total of 174 maize samples were collected from the organic maize producers participating in the project, which
were previously ground in a manual mill and sieved for later analysis.
Quantification of maize samples
The fumonisins (B1, B2, and B3) are a group of mycotoxins mainly produced by Fusarium moniliforme in maize
samples, these were determined using the commercial FUMONISIN ELISA ASSAY Helica Biosystems Inc., Santa
Ana, CA), which has been developed following the manual provided in the kit. Absorbance was measured at 450 nm
using a microplate reader (Stat Fax 303 plus). Standards and samples have been analyzed through an analysis of the
dose-response relationship for a toxic substance that can be plotted through a curve, where the point at which toxicity
appears is the "threshold dose" level. The shape and slope of the dose-response curve are extremely important in
predicting the toxicity of a substance at specific dose levels.
Direct Competitive Enzyme-Linked Immunosorbent Assay (ELISA) for the detection of Fumonisins B1, B2,
and B3 in maize.
Twenty grams of each sample of pre-milled maize were weighed, 60% ethanol was added in a ratio of 1 in 2, for the
extraction of fumonisins, then it was filtered with the Whatman No. 1 filter paper, later diluted in distilled water
deionized. Samples as standards have been analyzed in duplicate. The polystyrene wells were previously coated with
antibodies with high affinity for the detection of fumonisins B1, B2 and B3. A fumonisin-specific antibody optimized
to cross-react with the three types of fumonisins has been coated to the polystyrene microwells. The toxins were
extracted from the maize sample with 60% ethanol and diluted 1/40 with deionized distilled water. The extracted
sample and fumonisins conjugated with the enzyme Horseradish peroxidase (HRP) are mixed and added to the
microwells coated with antibodies. The fumonisins from the extracted sample and fumonisins conjugated to
Horseradish Peroxidase (HRP) compete to bind with the coated antibody to the microwell. The contents of
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microwells are decanted and non-specific reagents are removed by washing. An enzyme substrate-3,3 ', 5,5'Tetramethylbenzidine (TMB) is added and a blue color is developed. The intensity of the color is directly
proportional to the amount of Conjugate and inversely proportional to the concentration of fumonisins in the sample
or standard. Therefore, as the concentration of fumonisins in the sample or pattern increases, the blue color will
decrease. An acid stop solution is added which changes the color of the chromogen from blue to yellow. The
microwells are optically measured by a 450 nm absorbance microplate reader (OD450). The optical densities of the
samples are compared to the ODs of the kit standards and an interpretive result is determined expressed in ng/ml
which is calculated to obtain data in ppb or ppm.
Analysis of data
All the data have been placed in an EXCEL database, for later analysis. A dose-response curve was constructed using
the software, Gen5 software-Biotek with the OD values of fumonisin standards containing the following
concentrations of 0.0, 2.5, 7.5, 20. 0, 50.0, 150.0 ng/ml.
Once the standard curve or dose-response curve was constructed, the data from the samples were placed on the
template created for later interpretation in ng / ml subsequently transformed into ppb or ppm (figure 1).

Figure 1. Fumonisin dose response curve

Response variable
Incidence level (concentration) of fumonisins in ppm (parts per million) in native maize in the sample of this study.
RESULTS AND DISCUSSION
A total of 174 samples of ground corn were analyzed and placed in a manila envelope, in order to avoid wetting
them. Of the total samples analyzed, 51 samples correspond to the locality of Alcalá with an average of fumonisins
of 1.26 ppm, Padilla with 24 samples, with 3.16 ppm as average, Villa Serrano with 64 samples of maize and an
average of fumonisins of 1.59 ppm, Icla with 9 maize samples and an average of 2.07 ppm, Mizque with 26 samples
and an average of 3.39 ppm. The highest concentrations of fumonisins ranging from 12.05 ppm in the town of
Mizque, 11.75, 11.11 and 11.21 ppm were found in the towns of Alcalá, Padilla and Villa Serrano respectively.
Lower values of fumonisins of 0.12 ppm in Icla, 0.07 ppm in the localities of Padilla, Villa Serrano and Mizque, 0.05
ppm in Alcalá, as shown in table 1.
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Table 1. Values Table by Communities

The results of the Center for Food and Natural Products, 2013 in previous years regarding the presence and level of
fumonisin infection found that 87.5% of the samples were contaminated with this mycotoxin at incidence levels
above 200 ppm (parts per million). which was determined by the HPLC method, the permissible limit for
consumption being 1 ppm, unpublished data. In the present study, we found an incidence level of 3.39 ppm, in the
Municipality of Mizque. Although we found lower concentrations of fumonisins in this municipality is not without
concern as it reflects a risk for families and their animals.
Data reported by the Center for Food and Natural Products (CAPN), indicate that the level of incidence of
fumonisins in maize exceeds by more than 80 times the maximum level permissible for human consumption is 1
ppm. This information, by far, reflects that human and animal populations are at high risk of contracting diseases
associated with the consumption of these toxins. The CAPN states that the Municipality of Mizque is the one with
the highest average value, unlike the municipalities of Villa Serrano, which had the lowest average values in that
study. The fact is that the five municipalities have values above the allowable limit, placing fumonisins as the most
dangerous mycotoxins for the health of people and animals in these production areas.
Fumonisins are present in all municipalities, however, Mizque is the municipality with the highest incidence, both in
the present study and in the one carried out by CAPN, emphasizing that its concentration is low up to a mean of 3.39
ppm and its concentration was 12.05 ppm. It is a municipality that is characterized by being warm and of little
relative humidity, so apparently, in warm and dry climates, causal agents that produce fumonisins find better
conditions to increase their virulence or aggressiveness. However, this assertion must be backed up by more in-depth
research and using up-to-date climate information, which for now is a weakness in the study areas.

CONCLUSIONS
An average maximum level of 3.39 ppm was determined which is above the maximum allowed value of 1 ppm, but
below the results previously obtained in the CAPN in 2013, which shows that there is a decrease in the amount of
fumonisins present in the organic corn samples analyzed.
RECOMMENDATIONS
Proper crop rotation can be an effective way to reducing this inoculum in the field. Early sowing and harvesting in
temperate latitudes may reduce the risk of infection.
Perform favorable agronomic cultural practices to control the development of fungi in corn. An adequate, rigorous
selection before and during storage, control at moisture levels that prevent the activity of microorganisms, the
application of permanent ventilation. In addition to a fast and effective drying for later transport and storage, they can
contribute to an efficient control
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