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ABSTRACT RESUMEN

The genus Fusarium produces mycotoxins that are metabolites 
of low molecular weight that affect the quality of crops, and 
even more importantly, they affect the health of humans and 
animals. Among those that cause damage to health are tricho-
thecenes, fumonisins, and zearalenones. The objective of this 
study was to quantify the mycotoxins produced by species of 
the genus Fusarium from a population of isolates obtained from 
different crops and locations in Colombia. From 206 isolates, 
only 14 amplified to regions associated with mycotoxins de-
oxynivalenol (DON) belonging to the group of trichothecenes, 
fumonisin (FUM) and zearalenone (ZEA) using PCR. Each 
isolate with the presence of mycotoxins was conserved in potato 
dextrose agar (PDA) medium. Eight days after seeding in corn 
kernel medium, the samples were processed to perform the 
quantitative analysis of DON, ZEA and FUM using an ELISA 
kit based on enzyme-linked immunosorbent assays. The results 
show that mycotoxins were present in the evaluated isolates and 
their levels were above the standards regulated by Mercosur 
and the European Union. The use of immunosorbent assays 
using the ELISA technique becomes a useful tool to detect and 
quantify mycotoxins of species of the genus Fusarium that af-
fect different crops in Colombia.

El género Fusarium produce micotoxinas que son metabolitos 
de bajo peso molecular que afectan la calidad de los cultivos 
y especialmente la salud de humanos y animales. Entre las 
que causan daños a la salud se encuentran los tricotecenos, 
las fumonisinas y las zearalenonas. El objetivo de este estudio 
fue cuantificar las micotoxinas producidas por especies del 
género Fusarium de una población de aislamientos obteni-
da de diferentes cultivos y localidades de Colombia. De 206 
aislamientos, sólo 14 amplificaron regiones asociadas a las 
micotoxinas deoxinivalenol (DON), que pertenece al grupo 
de los tricotecenos, fumonisina (FUM) y zearalenona (ZEA) 
usando PCR. Cada uno de los aislamientos con presencia de 
micotoxinas se conservaron en medio papa dextrosa agar 
(PDA). Ocho días después de la siembra en medio de granos 
de maíz, las muestras se procesaron para realizar el análisis 
cuantitativo de DON, ZEA y FUM utilizando un kit de ELISA 
basado en ensayos de inmunoabsorción ligados a una enzima. 
Los resultados revelan la presencia de micotoxinas en los ais-
lamientos evaluados cuyos niveles se encuentran por encima 
de los estándares regulados por Mercosur y la Unión Europea. 
El uso de ensayos de inmunoabsorción por medio de la técnica 
de ELISA se convierte en una herramienta útil para detectar y 
cuantificar micotoxinas de especies del género Fusarium que 
afectan diferentes cultivos en Colombia.
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Introduction

The study of mycotoxins has been an object of interest 
for the world in the last twenty years, not only because of 
the large losses in crop and animal productivity but also 
because of their deleterious effects. Mycotoxins are con-
sidered the secondary metabolic product of a large number 
of fungi that in small amounts are capable of triggering 
alterations and pathological conditions in both humans and 
animals. The intake of food contaminated with mycotox-
ins may cause acute or chronic mycotoxicosis. Depending 
on the degree of toxicity, the central nervous, digestive, 
cardiovascular, and pulmonary systems can be affected. 

Mycotoxins can also trigger cancerous diseases, produce 
mutagenic and teratogenic damages and, in some cases, 
can behave as immunosuppressants (Bennett and Klich, 
2003; Bertero et al., 2018).

Mycotoxins are produced by fungi capable of growing on a 
wide variety of substrates, so they often contaminate food. 
The biosynthesis is performed by a few precursors derived 
from intermediates of its primary metabolism. Production 
occurs during the stationary phase of growth with little 
or no production of these mycotoxins during the active 
growth phase (Berthiller et al., 2013; Pitt and Miller, 2017).
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Since mycotoxins were recognized as a public health 
problem, quantification by analytical techniques has 
continuously improved. Gas chromatography (GC) and 
high-performance liquid chromatography (HPLC) are the 
most used analytical techniques today. These techniques 
determine several trichothecenes simultaneously with low 
concentration levels (ng g-1) of evaluated samples, requiring 
high stringency, especially in the cleaning processes. The 
ELISA technique allows a large number of samples to be 
measured routinely with high precision compared to CG 
and HPLC methods, which are expensive and take longer to 
get results (Escobar and Fragas, 2004; Pleadin et al., 2012).

One of the first reports on food contamination by Fusarium 
mycotoxins in human and animal health mentions the T-2 
toxin produced by alimentary toxic aleukia (ATA), which 
was reported in Russia in the 1940s and fumonisins that 
cause equine leukoencephalomalacia, reported in several 
countries in the 1980s (Pitt and Miller, 2017). 

Mycotoxin production is stimulated by oxidative and 
nutritional stress, environmental factors such as pH, 
temperature, water activity, fungicides and secondary me-
tabolites produced in these environments (Martínez et al., 
2010). Evaluations in some regions of Europe showed that 
80-100% of grains were contaminated with trichothecenes 
(Reverberi et al., 2010). These high incidences occurred in 
regions where crops were affected by drought, infested by 
insects, or inadequately maintained using inappropriate 
harvesting equipment or storage facilities (Pohland, 1993).

In the case of Fusarium, which is essentially regarded 
as a field pathogen, mycotoxins are synthesized mainly 
during plant infection; in the case of cereals they can ac-
cumulate in the grain during the production, harvesting 
and storage stages (Desjardins and Hohn, 1997). Species 
of this genus, which are contaminants of these plants, can 
produce a large variety of mycotoxins. The mycotoxigenic 
profile may vary at inter- and intra-specific levels and 
often includes a wide range of mycotoxins. Fumonisins 
and trichothecenes are the most frequent and toxic my-
cotoxins produced by Fusarium, although this genus can 

produce other important mycotoxins such as zearalenone, 
enanthines, and moniliformina (Chakrabarti, 2013; 
Zhang et al., 2013). 

Environmental conditions, susceptible hosts, and virulence 
of the pathogen are the factors that promote fungus growth 
and, consequently, the production of toxins. Therefore, 
agricultural products affected by these microorganisms 
may be susceptible to contamination in the production, 
harvesting, transport, and storage processes (Nelson et al., 
1993; Desjardins and Hohn, 1997; Desjardins and Proctor, 
2007; Zhang et al., 2013).

In Colombia, resolution 4506 of October 30 establishes the 
maximum levels of food contaminants intended for human 
consumption (Ministry of Health and Social Protection, 
2013). The maximum permissible limit for deoxynivalenol 
(DON) is 100-1750 μg kg-1, for fumonisins (FUM) it is 
200-4000 μg kg-1 and for zearalenone (ZEA) it is 20-350 
μg kg-1. These ranges depend on the food type, the size of 
particles generated in the industrial process, and the age 
of the consumers. These values are remarkably similar to 
those managed by the European Union (EU) and Mercosur 
(WHO/FAO, 2003).

The overall objective of this study was to quantify the 
mycotoxins present in Fusarium isolates from a collec-
tion of samples belonging to the Universidad Nacional de 
Colombia located in Palmira (Valle).

Materials and methods 

This study was conducted in the laboratory of Plant diag-
nostics of the Universidad Nacional de Colombia located 
in Palmira. 

Fourteen isolates previously evaluated by PCR (Tab. 1) with 
the trichothecene (TRI), fumonisin (FUM) and zearalenone 
(PKS) genes were selected and amplified for trichothecene 
(DON), fumonisin (FUM) and zearalenone (ZEA) detec-
tion (Tab. 2).

TABLE 1. Primers used to detect mycotoxins in Fusarium isolates from the collection of the Universidad Nacional de Colombia - Palmira campus.

Mycotoxin Primer Sequence 5’-3’ Amp (bp)+ °T hybridization Genotype Reference

Deoxynivalenol TRI 5 F
TRI 5 R

5´-AGCGACTACAGGCTTCCCTC -3´
5´-AAACCAATCCAGTTCTCCATCT-3´ 545 59 TRI Li et al., 2005

Fumonisin FUM 1F
FUM 4R

5´-GAGGCCCGAGCGAGCACTGG-3’
5´-CCAGCCGCGGAAATTAGGGATGTG-3’ 1456 58 FUM Bluhm et al., 2004

Zearalenone PKS13F
PKS13R

5’-CCCAGCCAAGCCCAGTACGC-3´
5´-ACAGCGGCTGACCTGGGTCA-3´ 532 59 PKS Stępień et al., 2011

Amp (bp)+ = expected amplicon size in base pairs.



199Salazar-González, Velásquez-Ortiz, and Gómez-López: Detection of mycotoxins produced by Fusarium species in Colombia

Mycotoxin quantification methods
The isolates were cultured in Petri dishes with potato dex-
trose agar (PDA) medium. Then, to determine the amount 
of mycotoxin, the isolates were introduced to corn kernel 
medium with a concentration of 1 x 108 ml-1 conidia. These 
isolates were preserved and incubated with a photoperiod 
of 12 h of light and 12 h of darkness. Once the mycelium 
reached growth for 15 d, the conidia count was carried out 
in a Neubauer chamber at a concentration of 1 x 106 ml-1 
conidia; then, it was separated with a stirring rod adding 
10 ml of 70% methanol. The mix was then filtered with 
Watman No. 1 paper and 100 μl of the solution was added 
with a micropipette to the controls and samples following 
the protocol of the NEOGEN® Veratox commercial kit 
according to the established concentration for each myco-
toxin. Finally, the reading was performed in a Neogen 4700 
microwell reader 9303 (NEOGEN© Corporation, Lansing, 
MI, USA) with a length of 650 nm wave. Calibration curves 
for the quantification of deoxynivalenol, zearalenone and 
fumonisins were performed with the controls established 
for each kit (Tab. 3).

Statistical analysis
The absorbance values and the concentration of the samples 
were performed using the regression formula established by 
the Elisa reader program (Eq. 1) (NEOGEN© Corporation, 
Acumedia, Lansing, MI, USA) through the optical densities 
of both the controls and the samples to be evaluated. 

Y= log i t (Abs) X=log (Conc)	 (1)

where X and Y are the axes.

Results and discussion

Deoxynivalenol 
The results show that the evaluated isolates (32, 67, and 
113) have concentrations ranging between 0.6 and 2 mg L-1, 
corresponding to F. graminearum and F. equisetti (Fig.1). 
This method demonstrates there is a high sensitivity for 
the test that is the most used for trichothecene detection in 
different foods for both human and animal consumption 
(Meneely et al., 2011).

TABLE 2. Mycotoxin detection present in isolates obtained by phylogenetic analysis from the collection of the Universidad Nacional de Colombia - 
Palmira campus.

Isolate Species Host Mycotoxin Locality

32 F. graminearum Corn TRI-ZEA Las piedras/Tolima

38 F. verticillioides Corn FUM Tierralta/Cordoba

40 F. verticillioides Corn FUM San Agustin/Huila

42 F. napiforme Corn FUM Palmira/Valle

61 F. proliferatum Corn FUM Bolivar/Valle

67 F. graminearum Corn TRI-ZEA Versalles/Valle

73 F. verticillioides Corn FUM Cerrito/Valle

75 F. verticillioides Corn FUM Guacari/Valle

80 F. verticillioides Corn FUM Riofrio/Valle

83 F. verticillioides Corn FUM Palmira/Valle

113 F. equiseti Melon TRI-ZEA Roldanillo/Valle

132 F. verticillioides Grape FUM Roldanillo/Valle

144 F. verticillioides Blackberry FUM Ginebra/Valle

202 F. oxysporum Pepper FUM Yumbo/Valle

*TRI: Trichothecene; FUM: Fumonisin; ZEA: Zearalenone.

TABLE 3. Values of controls used in mycotoxin quantification assays.

Mycotoxin Concentration C1 C2 C3 C4 C5

Deoxynivalenol mg L-1 0 0.5 1 2.0 5.0

Fumonisin mg L-1 0 1.0 2 4.0 6.0

Zearalenone μg L-1 0 25 75 150 500

C= X=log (Conc).
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Studies of trichothecene quantification are performed using 
methods universally accepted by the International Official 
Association of Analytical Chemists (AOAC International), 
recognized by the Food and Drug Administration (FDA) 
for the determination of mycotoxins (Yoshizawa et al., 
2004). 

The results obtained in this evaluation indicate that the 
values for the presence of trichothecenes in food for hu-
man consumption are above the levels allowed in Colombia 
and the EU (Rojas and Wilches, 2011). Values greater than 
750 μg kg-1 (0.75 mg kg-1) found in F. graminearum isolates 
in corn indicate a high mycotoxin concentration in the 
evaluated samples. In Argentina corn samples with a high 
incidence of DON contamination of 0.93 mg kg-1 have been 
found (Pacin et al., 1997). In Brazil, the values of this toxin 
did not exceed 0.6 mg kg-1 (Furlong et al., 1995). There are 
no universal values for measuring the damage caused by 
DON in foodstuffs for human consumption. However, 
each country or group of countries, such as the EU and 
Mercosur, manage ranges between 300-2000 μg kg-1 with 
the lowest values being those of the EU (Pleadin et al., 2012).

In Colombia, studies on the detection and quantification of 
DON have been recorded since 1995 (Diaz and Cespedes, 
1997; Duarte and Villamil, 2006; Rojas and Wilches, 2011; 
Rojas et al., 2015). These studies show a high concentration 
of DON in foodstuffs for human consumption, especially 
processed products from corn and wheat. This fact is wor-
rying since to date controls and application of normativity 
are not carried out in the Colombia despite the resolution 
of the Ministry of Health and Social Protection issued in 
2014 (Ministry of Health and Social Protection, 2013). 

Risks caused by DON are initiated when it enters the food 
chain, and it is transmitted to humans directly through 
consumption of cereals and cereal products. Foods such as 
corn and wheat are the most susceptible to be contaminated 
with DON. The toxin can remain in processed foods made 
from contaminated cereal, such as bread, pasta, cookies, 
etc. Toxicity may occur by contact (causing skin, eye and 
throat irritation) or by direct ingestion. Depending on 
the amount ingested, it may cause vomiting, diarrhea, 
tachycardia, leucopenia (immunosuppressive effect due 
to leukocyte reduction), or teratogenic effects (associated 
with congenital diseases) (Sudakin, 2003; Pietsch et al., 
2014; Yang et al., 2014).

On the other hand, it is important to highlight that 
trichothecenes such as DON are translocated in the plant 
tissues before any symptoms of the disease and signs of 
the fungus occur. Metabolites act by decreasing the plant 
protein synthesis and are able to suppress or delay the 
defense response. It has been found that isolates that do 
not produce trichothecenes are less pathogenic and affect 
the productive development of the plant to a lesser extent 
(Desjardins and Hohn, 1997; Desjardins, 2006).

Zearalenone 
In isolates 32 and 67 (F. graminearum) and 113 (F. equiseti) 
amplified with the PKS gene by PCR, there was also the 
presence of mycotoxin zearalenone through the serolo-
gical ELISA test (Fig. 3). F. graminearum predominates 
in environments with temperatures of 25°C and relative 
humidity greater than 88%. In contrast, F. equiseti develops 
in tropical and subtropical areas affecting several crops, 
appearing mainly in harvest and post-harvest time. Several 
studies show that zearalenone production in stored food 
increases with water activity, i.e., the amount of free water 
that is available for microorganisms’ growth. The optimum 
amount is 0.98 mg kg-1 which facilitates toxin biosynthesis 
(Lacey and Magan, 1991, Velluti et al., 2000). 

The maximum permissible values of this mycotoxin in 
human food are 0.1 mg kg-1 (Ministry of Health and Social 
Protection, 2013). However, the values found in the evalu-
ated isolates are above the established ranges for Colombia 
(Fig. 2).

It is observed that the DON and ZEA mycotoxins appear 
simultaneously in the species F. graminearum and F. eq-
uiseti, and this condition is further aggravated due to the 
possible synergistic effects associated with ingestion of 
food contaminated with various mycotoxins. In Kenya, the 
simultaneous ocurrence of DON, ZEA, OTA (ochratoxin) 
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lenol produced by isolates.
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and AFs (aflatoxins) obtained from wheat crops has been 
reported (Muthomi et al., 2008; Li et al., 2014).

In studies conducted by Rojas et al. (2015) on mycotoxin 
co-occurrence in food for infants, it was found that ZEA 
shows high concentrations between 421.34 and 1518.22 
μg kg-1 (0.421-1.5 mg kg-1), which exceed the legal values 
established for Colombia and the EU (20 μg kg-1). In a study 
carried out in 1999 (Díaz, 2005), values ranging from 35 
to 134 μg kg-1 (0.035-0.134 mg kg-1) were found in corn, 
which are above the current ranges, as well as those found 
in this study.

The zearalenone toxin is thermostable which allows it to 
survive under adverse conditions. Once it enters the body 
it is rapidly metabolized, producing estrogenic substances 
such as α-zearalenol and β-zearalenol. These substances 
have in their structure a lactone that initiates estrogenic 
activity capable of competing and interacting with estrogen 
receptors which activate and deactivate metabolic pathways 
(Li et al., 2014).

Information about damages caused by ZEA in humans is 
poor. However, studies concerning high ZEA concentra-
tions in foods and the emergence of diseases associated with 
estrogen such as precocious puberty and breast cancer have 
led to the belief that this toxin triggers a series of events 
that cause the formation of cancer cells and also affects the 
immune system (EFSA, 2011).

The World Health Organization (WHO) and the Interna-
tional Agency for Research on Cancer (IARC) categorize 
ZEA and DON produced by F. graminearum into group 3, 
i.e. they are not classified as carcinogenic to humans (IARC, 
2016). However, damage caused by these toxins to humans 
is reflected in estrogenic damage (Rojas and Wilches, 2011).

Fumonisin
High concentrations of FUM were found in F. verticillioides 
isolates 38, 40, 73 and 75 from corn exceeding the control 
values of 6 mg kg-1 (Fig. 3). In Colombia, the permitted 
limits for this toxin are 3 mg kg-1; however, for the EU the 
values range from 0.2 to 4 mg kg-1. For the species F. pro-
liferatum values also exceed the permitted ranges. In the 
species F. napiforme, F. oxysporum and F. verticillioides 
(isolates 80, 83 and 144), the concentration of FUM does 
not exceed those ranges.

Since corn is a daily food in Colombia, concentrations 
found in culture medium are high compared to the esti-
mated ranges for direct and processed food. Studies carried 
out in Mexico, where FUM concentration in corn both 
under field and controlled conditions were evaluated, a 
high amount of fumonisins (5 mg kg-1) is found above the 
established standards, becoming a potential risk for hu-
man and animal health (Gallardo-Reyes et al., 2006). In a 
study conducted in Brazil by Ono et al. (1999) high relative 
humidity and temperature are key to fungus growth and 
subsequent fumonisin contamination in the field. The 
period close to cob maturity or grain filling generates the 
highest FUM levels (Martínez et al., 2010). Dry periods 
before and during the grain filling also promote the dis-
ease severity and increase the fumonisins accumulation 
(Munkvold, 2003).

Fumonisins are also produced by some species of the F. 
fujikuroi species complex (FFCS) such as F. proliferatum 
and F. napiforme and the F. oxysporum species complex, 
with the toxin amount playing an important role in plant 
pathogenicity (Winter et al., 1996; Braun and Wink, 2018). 
FUM formation is caused by the expression of the FUM 
gene (Waalwijk et al., 2004; Stępień et al., 2011). The FUM 
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gene cluster is highly correlated between F. oxysporum, 
F. verticillioides and F. proliferatum given by number of 
genes, orientation and order (Proctor et al., 2008). FUM 
FB1 amount depends on the substrate, the genotype and 
the environmental conditions; these conditions play an 
important role in the transcription factors of the FUM gene 
(Jurado et al., 2008).

The species F. verticillioides is well known worldwide as 
the largest FUM producer. In addition, toxicity in corn 
has been documented for more than 100 years (Desjar-
dins and Hohn, 1997). Studies about FUM toxicity were 
initiated in 1988 when a devastating disease occurred 
affecting farm animals especially horses, donkeys, mules 
and rabbits. Research in South Africa determined that F. 
verticillioides was the causal agent of leukoencephaloma-
cia. This research led to conduct relevant studies with this 
mycotoxin, demonstrating that oral and intravenous doses 
lead to the disease development in horses and liver cancer 
in rats (Marassas, 1988).

The World Health Organization (WHO) and the Interna-
tional Agency for Research on Cancer (IARC) categorize 
this mycotoxin into group 2B, i.e., possibly carcinogenic. 
However, it is believed that there is a relationship between 
the occurrence of F. verticillioides and esophageal cancer 
(IARC, 2016; WHO/FAO, 2019). Epidemiological studies 
conducted in Italy, Iran, Zimbawue, China, the United 
States and Brazil relate this type of cancer to high concen-
trations of FUM B1, B2 produced by F. verticillioides. Ad-
ditionally, the high intake of corn and wheat in diets with 
low content of minerals such as manganese, molybdenum, 
selenium, folate and vitamins A, C, E and B12 may also 
promote disease development (Cao et al., 2013). In regions 
such as China, South Africa, and the Texas-Mexico border, 
neural tube defects are associated with high corn intake 
(Mutchinick et al., 1999; Guéant-Rodriguez et al., 2006).

For Colombia, mycotoxin detection studies are required in 
food for direct consumption, raw materials and processed 
products to generate the necessary information to deter-
mine the safety of the food consumed.

The ELISA technique used in this study allowed the quanti-
fication of mycotoxins DON, ZEA and FUM in the isolates 
previously detected by PCR.

The high levels of mycotoxins detected and quantified with 
the extraction method used and the immunoabsorption test 
allowed the obtention of permissibility levels above those 
established for Colombia.

Literature cited
Bennett, J.W. and M. Klich. 2003. Mycotoxins. Clin. Microbiol. Rev. 

16(3), 497-516. Doi: 10.1128/CMR.16.3.497-516.2003
Bertero, A., A. Moretti, L.J. Spicer, and F. Caloni. 2018. Fusari-

um molds and mycotoxins: potential species-specific effects. 
Toxins 10(6). Doi: 10.3390/toxins10060244

Berthiller, F., C. Crews, C. Dall’Asta, S.D. Saeger, G. Haesaert, P. 
Karlovsky, I.P. Oswald, W. Seefelder, G. Speijers, and J. Stroka. 
2013. Masked mycotoxins: a review. Mol. Nutr. Food Res. 57(1), 
165-186. Doi: 10.1002/mnfr.201100764

Bluhm, B.H., J.E. Flaherty, M.A. Cousin, and C.P. Woloshuk. 2004. 
Multiplex polymerase chain reaction assay for the differential 
detection of trichothecene- and fumonisin-producing species 
of Fusarium in cornmeal. J. Food Prot. 65(12), 1955-1961. Doi: 
10.4315/0362-028x-65.12.1955

Braun, M.S. and M. Wink. 2018. Exposure, occurrence, and chem-
istry of fumonisins and their cryptic derivatives. Compr. Rev. 
Food Sci. Food Saf. 17(3), 769-791. Doi: 10.1111/1541-4337.12334

Cao, A., R. Santiago, A.J. Ramos, S. Marín, L.M. Reid, and A. Butrón. 
2013. Environmental factors related to fungal infection and 
fumonisin accumulation during the development and drying 
of white maize kernels. Int. J. Food Microbiol. 164(1), 15-22. 
Doi: 10.1016/j.ijfoodmicro.2013.03.012

Chakrabarti, A. 2013. Fusarium oxysporum: a “moving” view of 
pathogenicity. pp. 157-189. In: Horwitz, B.A., P.K. Mukherjee, 
M. Mukherjee, and C.P. Kubicek (eds.). Genomics of soil- and 
plant-associated fungi. Springer-Verlag, Berlin, Heidelberg. 
Doi: 10.1007/978-3-642-39339-6_7 

Desjardins, A. 2006. Fusarium micotoxyns: chemistry, genetics 
and biology. American Phytopathology Society Press, St. 
Paul, USA. 

Desjardins, A. and T. Hohn. 1997. Mycotoxins in plant pathogen-
esis. Mol. Plant Microbe Interact. 10(2), 147-152. Doi: 10.1094/
MPMI.1997.10.2.147

Desjardins A. and R. Proctor. 2007. Molecular biology of Fusarium 
mycotoxins. Int. J. Food Microbiol. 119(1-2), 47-50. Doi: 
10.1016/j.ijfoodmicro.2007.07.024

Díaz, G. 2005. Micotoxinas y micotoxicosis de importancia en 
salud humana en Colombia. VII Congreso Latinoamericano 
de Microbiología e higiene de alimentos COLMIC. 2005, May 
18-25, Bogota.

Diaz, G. and A. Céspedes. 1997. Natural occurrence of zearalenone 
in feeds and feedstuffs used in poultry and pig nutrition in 
Colombia. Mycotoxin Res. 13, 81-87. Doi: 10.1007/BF02945070

Duarte, S. and L. Villamil. 2006. Micotoxinas en la salud pública. 
Rev. Salud Pública 8(1), 129-135.

EFSA. 2011. Panel on contaminants in the food chain (CONTAM). 
Scientific opinion on the evaluation of contaminants in the 
food. URL: www.efsa.europa.eu/sites /default/files/scien-
tific.../2482.pdf (accessed 4 January 2016).

Escobar, A. and I. Fragas. 2004. Determinación de deoxinivalenol 
(vomitoxina) en muestras de trigo por cromatografía líquida 
de alta resolución (HPLC). Rev. Salud Anim. 26(2), 116-120.

Furlong, E.B., L.M.V. Soares, C.C. Lasca, and E.Y. Kohara. 1995. 
Mycotoxins and fungi in wheat harvested during 1990 in test 
plots in the state of São Paulo, Brazil. Mycopathologia 131, 
185-190. Doi: 10.1007/BF01102899



203Salazar-González, Velásquez-Ortiz, and Gómez-López: Detection of mycotoxins produced by Fusarium species in Colombia

Gallardo-Reyes, E.D., G.M. Ibarra-Moreno, R.I. Sánchez-Mariñez, 
G. Cuamea-Cruz, D. Molina-Gil, N.V. Parra-Vergara, E.C. 
Rosas-Burgos, and M.O. Cortez-Rocha. 2006. Micobiota de 
maíz (Zea mays L.) recién cosechado y producción de fumoni-
sina B1 por cepas de Fusarium verticillioides (Sacc.) Nirenb. 
Rev. Mex. Fitopatol. 24(1), 27-34.

Guéant-Rodriguez, R.M., J.L. Guéant, R. Debard, S. Thirion, L.X. 
Hong, J.P. Bronowicki, F. Namour, N.W. Chabi, A. Sanni, G. 
Anello, P. Bosco, C. Romano, E. Amouzou, H.R. Arrieta, B.E. 
Sánchez, A. Romano, B. Herbeth, J.C. Guilland, and O.M. 
Mutchinick. 2006. Prevalence of methylenetetrahydrofolate re-
ductase 677T and 1298C alleles and folate status: a comparative 
study in Mexican, West African, and European populations. 
Am. J. Clin. Nutr. 83(3), 701-707. Doi: 10.1093/ajcn.83.3.701

IARC. 2016. Agents classified by the IARC Monographs, Volumes 
1-116. URL: http://monographs.iarc.fr/ENG/Classification/ 
(accessed 26 October 2018).

Jurado, M., P. Marín, N. Magan, and M.T. González-Jaén. 2008. 
Relationship between solute and matric potential stress, tem-
perature, growth, and FUM1 gene expression in two Fusarium 
verticillioides strains from Spain. Appl. Environ. Microbiol. 
74(7), 2032-2036. Doi: 10.1128/AEM.02337-07

Lacey, J. and N. Magan. 1991. Fungi in cereal grains: their occur-
rence and water and temperature relations. pp. 77-118. In: J. 
Chelkowski (ed.). Cereal grain: mycotoxins, fungi and qual-
ity in drying and storage. Elsevier Science Publishers B.V., 
Amsterdam.

Li, H.P., A.B. Wu, C.S. Zhao, O. Scholten, H. Löff ler, and Y.C. 
Liao. 2005. Development of a generic PCR detection of 
deoxynivalenol-and nivalenol-chemotypes of Fusarium 
graminearum. FEMS Microbiol. Lett. 243(2), 505-511. Doi: 
10.1016/j.femsle.2005.01.015

Li, R., X. Wang, T. Zhou, D. Yang, Q. Wang, and Y. Zhou. 2014. 
Occurrence of four mycotoxins in cereal and oil products in 
Yangtze Delta region of China and their food safety risks. Food 
Control 35(1), 117-122. Doi: 10.1016/j.foodcont.2013.06.042

Marassas, W.F., T.S. Kellerman, W.C. Gelderblom, J.A. Coetzer, P.G. 
Thiel, and J.J. Van der Lugt. 1988. Leukoencephalomalacia 
in a horse induced by fumonisin B1 isolated from Fusarium 
moniliforme. Onderstepoort J. Vet. Res. 55(4), 197-203.

Martínez, M., R. Moschini, D. Barreto, J. Bodega, R. Comerio, H. 
Forjan, F. Piatti, D. Presello, and O. Valentinuz. 2010. Factores 
ambientales que afectan el contenido de fumonisina en granos 
de maíz. Trop. Plant Pathol. 35(5), 277-284. URL: https://www.
engormix.com/micotoxinas/articulos/modelos-predictivos-
complejos-fungicos-t41308.htm (accessed 7 December 2017).

Meneely, J.P., F. Ricci, H.P. van Egmond, and C.T. Elliott. 2011. Cur-
rent methods of analysis for the determination of trichothecene 
mycotoxins in food. Trends Anal. Chem. 30(2), 192-203. Doi: 
10.1016/j.trac.2010.06.012

Ministry of Health and Social Protection. 2013. Resolution 4506. 
Colombia. URL: https://www.minsalud.gov.co/sites/rid/Lists/
BibliotecaDigital/RIDE/DE/DIJ/resolucion-4506-de-2013.pdf 
(accessed 1 April 2018).

Munkvold, G.P. 2003. Epidemiology of Fusarium diseases and their 
mycotoxins in maize ears. Eur. J. Plant Pathol. 109, 705-713. 
Doi: 10.1023/A:1026078324268

Mutchinick, O.M., M.A. López, L. Luna, J. Waxman, and V.E. 
Babinsky. 1999. High prevalence of the thermolabile methy-
lenetetrahydrofolate reductase variant in Mexico: a country 
with a very high prevalence of neural tube defects. Mol. Genet. 
Metab. 68, 461-467. Doi: 10.1006/mgme.1999.2939

Muthomi, J.W., K.K. Ndung’u, J.K. Gathumbi, E.W. Mutitu, and 
J.M. Wagacha. 2008. The occurrence of Fusarium species and 
mycotoxins in Kenyan wheat. Crop Prot. 27(8), 1215-1219. Doi: 
10.1016/j.cropro.2008.03.001

Nelson, P.E., A.E. Desjardins, and R.D. Plattner. 1993. Fumonisins, 
mycotoxins produced by Fusarium species: biology, chemistry, 
and significance. Annu. Rev. Phytopathol. 31(1), 233-252. Doi: 
10.1146/annurev.py.31.090193.001313

Ono, E., Y. Sugiura, M. Homechin, M. Kamogae, E. Vizzoni, Y. 
Ueno, and E. Hirooka. 1999. Effect of climatic conditions on 
natural mycoflora and fumonisins in freshly harvested corn 
of the State of Paraná, Brazil. Mycopathologia 147, 139-148. 
Doi: 10.1023/A:1007171701245

Pacin, A.M., S.L. Resnik, M.S. Neira, G. Moltó, and E. Martínez. 
1997. Natural occurrence of deoxynivalenol in wheat, wheat 
flour and bakery products in Argentina. Food Addit. Contam. 
14(4), 327-331. Doi: 10.1080/02652039709374534

Pitt, J. and D. Miller. 2017. A Concise history of mycotoxin research. 
J. Agric. Food Chem.  65(33), 7021-7033. Doi: 10.1021/acs.
jafc.6b04494

Pietsch, C., C. Schulz, P. Rovira, W. Kloas, and P. Burkhardt-Holm. 
2014. Organ damage and hepatic lipid accumulation in carp 
(Cyprinus carpio L.) after feed-borne exposure to the my-
cotoxin, deoxynivalenol (DON). Toxins 6(2), 756-778. Doi: 
10.3390/toxins6020756

Pleadin, J., M. Sokolović, N. Perši, M. Zadravec, V. Jaki, and A. 
Vulić. 2012. Contamination of maize with deoxynivalenol 
and zearalenone in Croatia. Food Control 28(1), 94-98. Doi: 
10.1016/j.foodcont.2012.04.047

Pohland, A. 1993. Mycotoxins in review. Food Addit. Contam. 10(1), 
17-28. Doi: 10.1080/02652039309374126

Proctor, R.H., M. Busman, J.A. Seo, W.L. Yin, and R.D. Plattner. 
2008. A fumonisin biosynthetic gene cluster in  Fusarium 
oxysporum strain O-1890 and the genetic basis for B versus C 
fumonisin production. Fungal Genet. Biol. 45(6), 1016-1026. 
Doi: 10.1016/j.fgb.2008.02.004

Reverberi, M., A. Ricelli. S. Zjalić, A. Fabbri, and C. Fanelli. 2010. 
Natural functions of mycotoxins and control of their biosyn-
thesis in fungi. Appl. Microbiol. Biotechnol. 87(3), 899-911. 
Doi: 10.1007/s00253-010-2657-5

Rojas, C., F. Wilches, and C. Darghan. 2015. Co-occurrence of 
microorganisms and toxic metabolites in food for children. 
Revista UDCA Actualidad y Divulgación Científica 18(1), 3-12.

Rojas, L. and A.M. Wilches. 2011. Coexistencia de aflatoxinas, zeara-
lenona y deoxinivalenol en alimentos de consumo infantil. 
@Limentech Ciencia y Tecnología Alimentaria 10(1), 73-79.

Stępień, Ł., G. Koczyk, and A. Waśkiewicz. 2011 Genetic and phe-
notypic variation of Fusarium proliferatum isolates from dif-
ferent host species. J. Appl. Genet. 52, 487-496. Doi: 10.1007/
s13353-011-0059-8

Sudakin, D.L. 2003. Trichothecenes in the environment: relevance 
to human health. Toxicol. Lett. 143(2), 97-107. Doi: 10.1016/
S0378-4274(03)00116-4



204 Agron. Colomb. 38(2) 2020

Velluti, A., S. Marín, L. Bettucci, A.J. Ramos, and V. Sanchis. 2000. 
The effect of fungal competition on colonization of Maíze grain 
by Fusarium moniliforme, F. proliferatum and F. graminearum 
and on fumonisin B1 and zearalenone formation. Int. J. Food 
Microbiol. 59(1-2), 59-66. Doi: 10.1016/S0168-1605(00)00289-0

Waalwijk, C., T. van der Lee, I. de Vries, T. Hesselink, J. Arts, and 
G.H.J. Kema. 2004. Synteny in toxigenic Fusarium species: the 
fumonisin gene cluster and the mating type region as examples. 
Eur. J. Plant Pathol. 110, 533-544. Doi: 10.1023/B:EJPP.0000
032393.72921.5b

Winter, C.K., D.G. Gilchrist, M.B. Dickman, and C. Jones. 
1996. Chemistry and biological activity of AAL toxins. pp. 
307-316. In: Jackson L.S., J.W. DeVries, and L.B. Buller-
man (eds.). Fumonisins in food. Advances in experimen-
tal medicine and biology. Springer, Boston, USA. Doi: 
10.1007/978-1-4899-1379-1_26

WHO/FAO. 2003. Diet, nutrition, and the prevention of chronic 
disease. WHO, Geneva..URL: http://www.who.int/dietphysi-
calactivity/publications/trs916/en/ (accessed 12 April 2018). 

WHO/FAO. 2019. Safety evaluation of certain food additives and 
contaminants: Prepared by the seventy fourth meeting of 

the Joint FAO/WHO expert committee on food additives 
(JECFA). URL: https://apps.who.int/iris/bitstream/han-
dle/10665/171781/9789240693982_eng.pdf;jsessionid=79EF
FBD803B75293027EDA351F998A18?sequence=3 (accessed 7 
June 2019). 

Yang, W., M. Yu, J. Fu, W. Bao, D. Wang, L. Hao, P. Yao, A.K. 
Nüssler, H. Yan, and L. Liu. 2014. Deoxynivalenol induced 
oxidative stress and genotoxicity in human peripheral blood 
lymphocytes. Food Chem. Toxicol. 64, 383-396. Doi: 10.1016/j.
fct.2013.12.012

Yoshizawa, T., H. Kohno, K. Ikeda, T. Shinoda, H. Yokohama, K. 
Morita, O. Kusada, and Y. Kobayashi. 2004. A practical method 
for measuring deoxynivalenol, nivalenol, and T-2 + HT-2 toxin 
in foods by an enzyme-linked immunosorbent assay using 
monoclonal antibodies. Biosci. Biotechnol. Biochem. 68(10), 
2076-2085. Doi: 10.1271/bbb.68.2076

Zhang, J., J.H. Wang, A.D. Gong, F.F. Chen, B. Song, X. Li, H.P. Li, 
C.H. Peng, and Y.C. Liao. 2013. Natural occurrence of Fu-
sarium head bligt, micotoxins and micotoxin-producing isolate 
of Fusarium in commercial fields of wheat in Hubei. Plant 
Pathol. 62(1), 92-102. Doi: 10.1111/j.1365-3059.2012.02639.x




