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Abstract: Problem statements: Fumonisin was a mycotoxin produced mainly by fungi belonging to 
the genus Fusarium in various foods and feeds. They occurred worldwide and were found 
predominantly in corn and in corn-based animal feeds and also can be found in other crops. 
Contamination of food and feed with fumonisins has been implicated in and associated with a number 
of diseases in both livestock as well as human beings. Approach:  A review was done on the effect of 
fumonisins on animal and human and detoxification method for the prevention. ScienceDirect, Scopus, 
PubMed, Google and Yahoo were used in the preparation of this review. Results: This review clarified 
that the major forms of fumonisins found in food were the B series, fumonisin B1, B2 and B3. 
Fumonisin B1 (FB1) was the most common and the most thoroughly studied. FB1 caused toxicities in 
animals including Equine Leukoencephalomalacia (ELEM), Porcine Pulmonary Edema (PPE) in pigs 
and nephrotoxic, hepatotoxic and hepatocarcinogenic in rats. Furthermore, FB1 had been implicated to 
be associated with high rates of human esophageal cancer. In addition to their natural occurrence in 
corn-based animal feeds and in home-grown corn used for food, fumonisins were frequently found in 
commercial corn-based foods. Methods for prevention and detoxification for fumonisins included 
prevention of plants contamination at the field level and harvest and post-harvest control of 
fumonisins. Furthermore, the diseases occurred in livestock will pose the additional economic losses in 
livestock farmers. Conclusion: Due to economic losses engendered by fumonisin, several strategies 
for detoxifying and preventing contaminated foods and feeds had been described in the literature 
including physical and biological process. However these methods still in demonstrated. Awareness of 
fumonisin-related animal diseases, contamination of fumonisin in foods and feeds and adherence to 
guidance recommendation in prevention methods were important for reducing fumonisin-induced 
diseases in agriculturally important species.  
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INTRODUCTION 

 
 Fumonisins are mycotoxins produced by a variety of 
fungi of the Fusarium genus, Fusarium verticillioides 
(formally F. moniliforme; telemorph Gibberella fujikuroi), 
F. proliferatum and other Fusarium species[1]. 
Fumonisins were first isolated in 1988 by Gelderblom 
and colleagues from cultures of F. verticillioides strain 
MRC 826[1]. 
 Fumonisins are natural contaminants of cereal 
grains worldwide and are mostly found in corn and 
products derived from corn[2]. There is also evidence 

that fumonisin occur in other crops such as sorghum[3], 
white beans, adzuki beans, mung beans[4], wheat, 
barley, soybean, black tea and medicinal plants[5]. 
Fumonisins are important naturally-occuring 
mycotoxins and the most abundant species in nature is 
Fumonisin B1 (FB1), followed by Fumonisin B2 (FB2) 
and Fumonisin B3 (FB3).  
 Experts at the Food and Agriculture Organization 
(FAO) of the United Nations have estimated that over 
25% of the world’s food crops are lost each year due to 
mycotoxin contamination, with the Fusarium species 
contributing substantially to food contamination[6]. 
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Several species of Fusarium that are important field or 
pre-harvest   pathogens,   namely,   F.   graminearum, 
F. culmorum, F. verticillioides and F. proliferatum 
cause substantial crop damage due to root, stalk and ear 
rot[7]. In addition to the structural damage to crops, 
these Fusarium species are capable of producing a 
variety of fungal toxins, such as zearalenone, 
zearalenols, trichothecenes, fumonisins, fusarins and 
moniliformin which threaten the health of humans and 
animals that consume them. 
 The most investigated fumonisin is FB1, which can 
cause severe disorders in animals such as Equine 
Leukoencephalomalacia (ELEM)[8], pulmonary edema 
syndrome and hydrothorax in pigs[9] and it is 
nephrotoxic, hepatotoxic and hepatocarcinogenic in 
rats. Furthermore, FB1 has been implicated to be 
associated with high rates of human esophageal cancer 
in South Africa, the United States and China[10]. 
 The current review outlines the role of fumonisin 
as  food  toxin.  More  over it shed light on the 
Fusarium species that produce fumonisin B1 namely, 
Fusarium verticillioides and Fusarium proliferatum. 
The goal of the current review is to address the 
properties of the fumonisin contaminated foods and 
feeds especially corn and corn-based products and 
toxicological effect that cause diseases in horse and 
pigs that give impact in economy. Furthermore, the 
health impact of fumonisin on human is highlighted 
too. The other purpose is to explore the potential 
methods that can be used in detoxification fumonisins. 
 
Chemical and physical properties of fumonisins: 
Fumonisins are family of more than ten mycotoxins 
produced by Fusarium verticillioides and related 
species in corn worldwide. They are polar compounds 
and soluble in water and aqueous solutions such as 
methanol and acetonitrile, but they are not soluble in 
non-polar solvents. The physical or chemical properties 

of the fumonisins can have been clarified by some 
previous reports[11,12].  
 Fumonisins do not have a cyclic structure which is 
found in most  mycotoxins. They are characterized by a 
19- or 20-carbon aminopolyhydroxyalkyl chain that is 
diesterified with propane-1, 2, 3-tricarboxylic acid 
groups (tricarballylic acid)[13] (Fig. 1 and Table 1). 
 Fumonisins that have been isolated from cultures 
of F. verticillioides and/or corn-based food are 
chemically related groups or series (A, B, C and P). 
Among the forms that have been characterized, are 
Fumonisin B1 (FB1), Fumonisin B2 (FB2) and 
fumon.isin B3 (FB3) (the B series of fumonisins)[14,17]. 
 Fumonisin B1 is also known as macrofusin and the 
most abundant of the fumonisin family and usually 
accounts for 70-80% of the total fumonisin content of 
F. verticillioides cultures and naturally contaminated 
foods[18] (Fig. 2). Fumonisins B2 and B3 usually make 
up 15-25 and 3-8%, respectively, of the fumonisin 
content of food. 
 

 
 
Fig. 1: Chemical structures of the fumonisin[14-16] 

 
Table 1 Chemical structures and molecular weight of the fumonisins.  
 Group 
 --------------------------------------------------------------------------------------------- 
Fumonisin R1 R2 R3 R4 R5 R6 Formula MW Sources 
FA1 TCA TCA OH OH NHCOCH3 CH3 C36H61NO16 763 [14] 
FA2 TCA TCA H OH NHCOCH3 CH3 C36H61NO15 747 [14] 
FA3 TCA TCA OH H NHCOCH3 CH3 C36H61NO15 747 [14] 
FAK1 = O TCA OH OH NHCOCH3 CH3 C30H53NO11 603 [14] 
FB1 TCA TCA OH OH NH2 CH3 C34H59NO15 721 [14] 
FB2 TCA TCA H OH NH2 CH3 C34H59NO14 705 [14] 
FB3 TCA TCA OH H NH2 CH3 C34H59NO14 705 [14] 
FC1 TCA TCA OH OH NH2 H C33H57NO15 707 [14] 
FP1 TCA TCA OH OH 3HP CH3 C39H62NO16

+ 800 [14] 
FP2 TCA TCA H OH 3HP CH3 C39H62NO15

+ 784 [14] 
FP3 TCA TCA OH H 3HP CH3 C39H62NO15

+ 784 [14] 
*PH1a TCA OH OH OH NH2 CH3 C28H53NO10 563 [14] 
*PH1b OH TCA OH OH NH2 CH3 C28H53NO10 563 [14] 
*NCMFB1 TCA TCA OH OH NH(C2H3O2) CH3 C36H61NO17 779 [15] 
*NDFB1 TCA TCA OH OH NH(C6H11O5) CH3 C40H69NO20 883 [16] 
*: Forms of fumonisin formed during processing  



Am. J. Infect. Dis., 5 (4): 273-281, 2009 
 

275 

 
 
Fig. 2: Biosynthetic origins of FB1. Adapted from[12]  
 
 The A series of fumonisins, isolated from cultures 
of F. verticillioides and from whole corn, differs from 
the B series by the presence of a N-acetyl amide group 
rather than an amine group at C-2 position[17]. The C 
series of fumonisins, which has been isolated from 
moldy corn, is chemically similar to B series, except 
that C-1 terminal methyl group is missing in the C 
series off fumonisins[13]. Musser et al isolated and 
characterized a new series of fumonisins, designated the 
P series, from cultures of F. proliferatum grown on 
corn. These compounds contain a 3-hydroxypyridinium 
moiety at the C-2 position in the backbone instead of 
the amine found in the B series of fumonisins[19].  
 Several fumonisin-related derivatives have been 
found in corn or are created as a result of chemical 
and/or thermal processing of food (Table 1 and Fig. 1). 
Heating purified fumonisins or naturally contaminated 
corn meal in the presence of alkali, in a process known 
as nixtamilization, results in partial and complete 
hydrolysis of the tricarballylic acid ester groups from 
the aminopolyol backbone (AP1)[11]. Two different 
fumonisin derivatives, N-(carboxymethyl) FB1 
(NCMFB1) and N-(deoxy-D-fructos-1-yl) FB1 
(NDFFB1), have been isolated from thermally treated 
solutions of FB1 and fructose or glucose, or in foods 
containing fumonisins and reducing sugars[15,16]. 
 
Occurrence of fumonisins in foods and feeds: 
Fumonisin B1 and B2 has been reported in ‘black oats’ 
feed from Brazil[20] and forage grass in New Zealand[21]. 
In forage grass, the occurrence of fumonisin was 
accompanied by mono- and dimethyl ester that may not 
have been artifacts[21]. In rural areas of Transkei, 
Southern Africa, FB1 and FB2 have been found in 
home-grown corn that produced and consumed by 
people whole living in there areas[10]. 
 Fumonisin have also been found in feeds that were 
associated with ELEM that obtained from South Africa, 
the United States and Brazil[18,20,22,23]. Wilson et al have 

reported that the level of FB1 and FB2 were as high as 
122 and 23 µg g−1[23]. The concentration of FB1 that 
studied in the United States (US) suggest that it was 
greater than 10 µg g−1 in horse feed that could be 
involved with ELEM[18]. Most of the time, non-problem 
feeds contained below 6 µgFB 1 g−1.  
 Fumonisin B1 also has been found in corn, corn 
screening and other feeds in the US and Brazil that 
cause Porcine Pulmonary Edema (PPE)[20,22]. These 
cases occurred because samples contained FB1 in 
excess of 10 µg g−1 with a maximum of 330 µg g−1[22]. 
 In several countries, commercial corn-based human 
foodstuffs from retail outlets contain fumonisin[24,25]. 
The fumonisin B1 and B2 that have been found in corn 
meal up to 2.98 µgFB1 g−1 and 0.92 µgFB2 g−1 and in 
corn grits up to 2.55 µgFB1 g−1 and 1.07 µgFB2 g−1 
appear to be the biggest problems to corn meal and corn 
grits[25]. The incidence and levels of FB1 (<0.06 µg g−1) 
that have been reported for cornflakes breakfast cereal 
in Switszerland, the United State and South Africa were 
very low[24,25].  
 
Prevention of plants contamination with fumonisins 
at the field level: Prevention methods that can be used 
to prevent the fumonisins contamination at the field 
level are crop rotation and tillage because crop rotation 
and tillage are recommended to control plant 
contamination with Fusarium sp.[26]. Besides these 
methods, fertilizers also can be used because it can alter 
the rate of residue decomposition, act on the rate of 
plant growth and change the soil structure and its 
microbial activity. These will affect Fusarium sp. 
contamination of crops. The symptoms of 
contamination observed when urea was used instead of 
ammonium nitrate are fewer[27] because the incidence of 
Fusarium-infected grain increased when the nitrogen 
has been supplied to the grain[27]. 
 Mycotoxin risk can be reduced by enhancing the 
resistance to insect attack, induce the processes or 
detoxification pathway that inhibit the production of 
mycotoxin in the grain and increase the resistance of 
the plant to infection by using genetic engineering[28]. 
An enzyme from fungi and bacteria growing on stalk 
tissues and maize kernels which are able to degrade 
fumonisins have been isolated. Transgenic maize Bt 
maize that express Bt-toxin can be used to reduce 
fumonisin level in grains[29]. 
 Biological control can also be used to control the 
infection and struggle against toxigenic Fusarium 
sp.[30]. The growth of toxin producer can be eradicated 
or limited by spraying microbial antagonist or 
competitors on plants at the flowering stage[31] such as 
Bacillus subtilis which can inhibit fungi growth during 
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endophytic growth phase[32]. Fumonisin production can 
be predicted by framework that produce from Fusarium 
proliferatum and Fusarium verticillioides in the field 
and provide early warning for an unacceptable risk of 
mycotoxin level[33]. 
 
Harvest and post-harvest control of fumonisins: 
Physiological stage of plants: Due to the earlier maize 
ear development, the risk of fumonisin contamination 
may begin and increase throughout the physiological 
maturation of the infested maize ear. The level of 
fumonisin B1 that on dent stage kernel maize was 
highest while on the blister stage kernels, the level of 
fumonisin B1 was lowest[34]. Production of Fumonisin 
B1 in maize kernels by Fusarium moniliforme can 
continue after harvest prior to drying during the 
prestorage period of harvested and moist grains[35]. 
 
Humidity level before and during storage: 
Atmospheric humidity in the morning dew and the 
sunny afternoon can vary greatly and it influences the 
water content of grains. Therefore the best time for 
harvesting is during the day because it is another 
essential factor for the evolution of Fusarium sp. in 
grains on the post-harvest period.  
 The  effect  of  two  moisture  contents, 110 and 
140 g kg−1 on mycoflora and toxin contamination was 
monitored  bimonthly  in  36  maize samples during a 
12 month storage period. All freshly harvested corn was 
found to contain fumonisin and the content of 
fumonisins did not change in the 12 month stored corn. 
So, the moisture content at the crop harvesting 
predrying stage was important for determining the 
ultimate fungal and fumonisin level in maize[36]. 
 
Physical treatment of contaminated grains: Usually, 
the fumonisin levels in broken corn kernels are about 
10 times more than intact corn kernels. Cleaning the 
external surface of grains and eliminating the physically 
damaged kernels can minimize or avoid spore 
containing material and reduce the infection of healthy 
grains by contaminated ones[37]. Fumonisins 
contamination decreased about 70-90% by association 
with hand picking and density segregation 
techniques[38] while screening and gravity sorting 
techniques reduced the Fumonisin B1 and Fumonisin 
B2 about 60% that were applied to maize grains being 
discharged from a storage silo . 
 Most of mycotoxin can be considered as heat 
stable. Fumonisin B1 content was followed the first 
order decomposition kinetecs as temperature increased 
has been reported by[39] and the possible partial loss of 
fumonisins during industrial processes involved has 

been confirmed by carrying out several experiment on 
contaminated food[40]. 
 After heating the Fumonisin B1 and Fumonisin B2 
at 190°C for 60 min, the contamination of both 
fumonisins losses exceeded 70% in maize meal 
contaminated at the level of 2.5 mg kg−1 and when 
heated at 220°C for 25 min, the losses reached 
100%[41]. It was reported that fumonisin contamination 
decreased 60% when maize meal muffins were baked at 
220°C for 25 min but there was no effect on Fumonisin 
B1 content after baking at 204°C for 20 min[42].  
 The fate of fumonisins has been studied throughout 
corn flakes processing including cooking, flaking and 
toasting maize contaminated by direct adding or 
culturing grits with Fusarium proliferatum, 35-53% of 
Fumonisin B1 were lost from cultured and spiked grits 
at the end of the process. After the addition of glucose 
to the contaminated maize, Fumonisin B1 
disappearance reached 86 and 89%[43]. 
 Fumonisins that found mainly in the solid fraction 
made of germ, fiber and gluten were insoluble. The 
distribution of mycotoxins among milling fractions in 
commercially dry milled food products depends on the 
fungal penetration of the endosperm. So, the milling 
grain with surface contamination contains lower 
contamination level in flour and higher in germ, bran 
and fines[44].  
 
Biological treatments: Enzymes from a filamentous 
saprophytic fungus growing on maize that capable to 
degrade fumonisins have been isolated and the 
corresponding genes have been cloned and transferred 
in transgenic maize[28]. Mycotoxins could be degraded 
by an alternative strategy by promoting gut microbes. 
Firstly, the identification of these microbes is needed to 
be done and after that the ecology of these microbes 
should be studied to know the best conditions for 
growth in the gastrointestinal tract. For example, rumen 
protozoa play a significant role in degrading some 
mycotoxins[45]. 
 
The toxicological effects of fumonisins: Since the 
isolation and characterization of fumonisins in 1988, 
considerable efforts have been made to study the 
toxicological properties of purified FB1, the most 
abundant and toxic of the fumonisin homologues. FB1 
is responsible for various toxicoses in domestic 
animals. Purified FB1 was first shown to cause Equine 
Leukoencephalomalacia (ELEM) when the toxin was 
administered intravenously[8] or orally to horses which 
is characterized by the presence of liquefactive necrotic 
lesions in the matter of the cerebrum[46] and Porcine 
Pulmonary Edema (PPE) which is characterized by 
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dyspnoea, weakness, cyanosis and death and 
hydrothorax in pigs[9]. Daily intake of fumonisin that 
induced PPE is 4.5-6.3 mg fumonisin kg−1 bw day−1 and 
the “No Observed Adverse Effect Level” (NOAEL) is 
thus  lower  than 4.5 mg fumonisin kg−1 bw day−1[47] 
while the minimum dose that can cause ELEM in horses 
are between 0.2-0.44 mg fumonisin kg−1 bw  day−1  and 
the NOAEL for horses is estimated at 0.2 mg fumonisin 
kg−1 bw day−1[8].  
 There are several studies with fumonisin performed 
in rodents for the sub-acute oral toxicity[1,48]. The 
fumonisin was found to be a rodent carcinogen that 
caused hepatic tumors in female mice[49] and rats[50] and 
induced renal tubule tumors in male rats[49]. There are 
also several studies of sub-acute toxicity that performed 
with other animal species such as poultry, rabbits, 
hamsters, non-human primates, lambs, mink and cattle. 
One of these studies, feeding of FB1 to broiler chicks 
caused reduced weight gains, mortality and lesions in 
several organs including the liver, kidney, heart and 
lung[51]. The liver and kidney are the main target organs 
for FB1 in almost all animal species especially in 
mouse and rat because they are the most sensitive 
organs that might even depend on the strain or 
gender[52]. 
 The toxicity of several forms of fumonisin (FB1, 
FB2, FB3, FP1, AP1, FA1 and NCMFB1) was 
compared in a 28-day feeding study with female 
mice[53]. FB1 was the only fumonisin derivative to have 
hepatotoxic effects in this study. The primary amine 
group, found in the B and C series of fumonisins is 
necessary for the fumonisin to elicit toxicity[54]. 
 FB1 has been implicated to be associated with high 
rates of human esophageal cancer in South Africa 
where high intake of maize was contaminated with 
fumonisins[10], the United States and China[55] where 
natural occurrence of fumonisins in corn grown in these 
regions[56]. Exposure to fumonisin or F. verticillioides-
contaminated corn has also been implicated as a 
possible risk factor for neural tube defects in South 
Africa, China and in the Southwestern USA[57].  
 Most of the toxicities resulting from exposure to 
fumonisins can be explained by the ability of the toxin 
to alter sphingolipid metabolism by inhibiting the 
enzyme synthase, an enzyme responsible for the 
acylation of spingosine and sphinganine and palmitate 
or another fatty acid. The consequences of ceramide 
synthase inhibition are increase in cellular sphinganine 
and to a lesser degree, sphingosine concentrations, 
elevated sphingoid base breakdown products such as 
sphinosine-1-phosphate and decrease in cellular complex 

sphingolipids (Fig. 3). Since fumonisins disrupt 
sphingolipid biosynthesis, the resulting elevation in the 
sphinganine/sphingosine ratio in serum, plasma, or urine 
has been used as a biomarker for estimating dietary 
exposure to fumonisin in animals[56]. 
 
Economic impact of fumonisins: The economic impact 
of mycotoxins on humans and animal agriculture can be 
assessed by multiple criteria such as the loss of human 
and animal life, health and veterinary care costs, loss of 
livestock production, forage crops and feeds, regulatory 
costs and research cost focusing on relieving the impact 
and severity of the mycotoxin problem[59].  
 The total field maize production in 2005 was 
estimated at 10.6 billion bushels, or 3.73 hectoliters and 
the price of maize for the animal feed was US$ 1.73 per 
bushel, or US$ 0.61 per hectoliter. Regulations for 
fumonisins in animal feed currently exist elsewhere 
worldwide were very few. Therefore, from now the 
trade-related losses will focus on domestic market 
losses[60]. 
 The estimation of economic value of horse deaths 
causes by ELEM due to fumonisin contaminated feeds 
required information on horse market prices as well as 
number of annual deaths that both have a fair amount of 
variability and uncertainty. For example, the average 
price of horses sold in 1998 in US was US$ 3150 with a 
range from US$ 1000 for horses sold in Montana to 
US$ 10,000 for horses sold in Maryland. However, 
show horses can be sold at very expensive rates in the 
range from thousands to tens of thousands dollars but 
racehorses can be sold in the range thousands to 
millions of dollars[60]. 
 

 
Fig. 3: Fumonisin (FBx) inhibit ceramide synthase 

which catalyzes the formation of ceramide[58] 
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 The losses in a Fusarium ear rot outbreak could be 
far more severe. At least 55 documented ELEM cases 
in horses resulted in the 1989 outbreak[22], in which 
about 75% of their feed samples was found 
contaminated with 10 mg fumonisin kg−1 (ranging from 
1-126 mg kg−1). The exact number of horse deaths was 
probably    much     higher.     There    were   at   least 
42 documented cases of PPE in pigs in that same year 
and 71% of the cases involved feed contaminated with 
10 mg fumonisin kg−1[22]. In Kentucky and Virginia 
alone, there were at least 38 horses deaths resulted in 
the 1995 outbreak when the maize used for their feed 
was contaminated with fumonisin at 15 mg kg−1. 
 Fusarium ear rot outbreak in Indiana in 1991 was 
43% of ears sustained damage in over 3% of their 
kernels. About 101 samples from 113 samples tested 
were detected contaminated with fumonisin and 50 of 
these samples had concentration of fumonisin greater 
than 50 mg kg−1 and this will certainly cause adverse 
health effects in horses, pigs and variety of other animal 
species if consumed. Assuming that 15-25% of maize 
from the case above, the expected marketplace losses 
would range from US$ 27.5-45.8 million in maize 
rejected domestically for excessive contamination. The 
horse mortality loss would be about US$ 315,000 if the 
100 horse deaths arise nationwide from fumonisin-
induced ELEM in outbreak year[60].  
 The average price of pigs that sold wholesale in the 
market in the US was US$ 44.40 per hundredweight 
(cwt; 112 lb) in US$ 2005 while the average price of 
hogs that sold in the US was £108 and a Standard 
Deviation (SD) of 30 (49 kg, SD 14 kg). The pig 
mortality loss would be about US$ 5000 if there were at 
least 100 pig deaths due to PPE in outbreak a year. 
Thus this will pose an additional economic loss to 
livestock farmers[60].  
 

CONCLUSION 
 
 Since their discovery in 1988, fumonisins have 
been the subject of numerous toxicological 
investigations. Fumonisins are natural contaminants of 
cereal grains worldwide and are mostly found in corn 
and corn-based products. The high levels of fumonisins 
that occur in foods and feeds, along with the ability of 
FB1 that causes certain diseases in farm animals such 
as ELEM, PPE and liver cancer in rats resulted in 
serious problems in both health and economy. 
Fumonisin has also been reported to cause esophageal 
cancer in human in some countries such as China, the 
United States and South Africa. There are various 
strategies that being pursued to develop methods to 
reduce fumonisins in corn or in corn-based animal feed 

products during both pre- and post-harvest periods in 
attempt to minimize the risk of feed contamination such 
as physical and biological processes but the effectiveness 
and commercial feasibility of these methods remain to be 
demonstrated. The current technology and studies 
pursued for the detection of fumonisin and prevention of 
fumonisin-related diseases need further development and 
refining. The awareness of the animal diseases associated 
with fumonisin exposure combined with reducing 
exposures through feed monitoring and adherence to 
appropriate USFDA or European Union guidances is 
important to minimize fumonisin-related diseases and 
production problems in animals. 
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