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ABSTRACT

Species within the genus Fusarium produce a diverse range of mycotoxins, many of which have signifi-
cant impacts on human health. Of the five generally recognised major mycotoxins, three (fumonisins, de-
oxynivalenol (DON) and zearalenone (ZON)) are produced by Fusaria. Apart from DON, other trichothecenes
such as T-2 toxin, have received considerable international attention due to their impact on human health. The
fumonisins, which occur ubiquitously in maize and its products, have been linked to oesophageal cancer, liver
cancer and neural tube defects. DON, a frequent contaminant of maize, wheat and their products, although
showing no carcinogenic potential, is immunomodulatory and produces emesis and growth retardation in
animals. ZON is a naturally occurring endocrine disrupting chemical. Acute exposure to these mycotoxins has
in each case been linked to outbreaks of human disease — gastro-intestinal effects in the case of fumonisins
and DON, and precocious pubertal changes in the case of ZON. Concern over their toxicological effects has
led to risk assessments by the Joint FAO/WHO Expert Committee on Food Additives (JECFA), which has set
maximum tolerable daily intakes (TDI) of 2 pg/ kg body weight (bw) for fumonisins and 0.5 pg/kg bw for
ZON. The initial TDI set for DON, namely 1 pg/kg bw has recently been updated by JECFA to include both 3
- and 15-acetyIDON. Apart from the above mycotoxins, a number of other secondary metabolites
(moniliformin, beauvericin and fusaproliferin) are produced by different Fusaria and their effects on human
health, either alone or in combination with other mycotoxins, is largely unexplored.
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INTRODUCTION

Fungal species within the genus Fusarium occur widely, mainly in cereal
crops grown in a range of different climatic zones. Many of these species pro-
duce a specific mycotoxin or suite of mycotoxins, the ingestion of which, on an
acute or chronic basis, has been implicated in a variety of animal and human
health problems. Consequently, Fusarium mycotoxin contamination is a poten-
tial concern for the quality of all the various commercial grains. It has been
suggested that there are five agriculturally important mycotoxins whose known
or suspected health effects are of a nature to warrant significant attention
(Miller, 1998). These are aflatoxin, fumonisin, deoxynivalenol, ochratoxin A
and zearalenone. Of these, aflatoxins are produced by Aspergillus species,
ochratoxin A by both Aspergillus and Penicillium species, whereas the other
three are Fusarium mycotoxins. Deoxynivalenol is the most widespread of the
trichothecenes, a major group of mycotoxins.

The aim of this review is to highlight the implications for human health
caused by consumption of food supplies contaminated with specific Fusarium
toxins.

FUMONISINS

The fumonisins are mainly produced by Fusarium verticillioides (Sacc.) Ni-
renberg and F. proliferatum (Matsushima) Nirenberg and are universal contami-
nants of maize and maize-based products (Shephard ef al., 1996). Little data has
been produced for their natural occurrence on other cereals and, in some cases,
initial reports have failed to be confirmed (Shephard ez al., 2005). Although at
least 28 chemical analogues have been identified (Rheeder ef al., 2002), the ma-
jor fumonisins belong to the B series. Fumonisin By (FB,) is the most abundant
(generally about 70% of the total fumonisin contamination) and it normally co-
occurs with lesser amounts of fumonisin B, (FB,) and B; (FB3) (Shephard et a!.,
1996).

The acute ingestion of fumonisins from mouldy maize and sorghum has been
linked to an outbreak in the Deccan Plateau in southern India of food-borne dis-
ease characterized by borborygmy, abdominal pain and diarrhoea (Bhat ef al.,
1997). Chronic ingestion of fumonisins has been linked as one possible risk fac-
tor for the occurrence of oesophageal cancer in areas such as the former Tran-
skei region of South Africa, where fumonisin exposure from contaminated
maize is high (Rheeder et al.,1992). Similar associations have been reported in
maize grown in Linxian County, Henan Province and Cixian County, Hebei
Province, China (Zhang et al., 1997), maize grown in Huaian County, Jiangsu
Province, China (Sun et al., 2007), maize grown in Santa Catarina state, south-
ern Brazil (Van der Westhuizen ef al., 2003) and in polenta produced in north-
ern Italy (Pascale et al., 1995). Fumonisins have also been linked as a risk factor
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for primary liver cancer in China (Sun ef al., 2007; Ueno et al., 1997). The In-
ternational Agency for Research on Cancer (IARC) has classified FB; as a pos-
sible human carcinogen (group 2B) (IARC, 2002).

A cluster of cases of neural tube defects in infants in southern Texas has pro-
vided epidemiological evidence that fumonisins may have played a role in these
cases in which mothers are presumed to have consumed fumonisin contami-
nated food (Missmer et al., 2006). It is also known that other areas of the world
where fumonisin exposure is high, such as former Transkei region in South Af-
rica and regions in northern China, have elevated incidences of neural tube de-
fects (Marasas et al., 2004). Support for this association has come from evi-
dence that fumonisins, via their depletion of sphingolipids, interfere with the
folate receptor, inhibiting uptake of folate, the cellular deficiency of which is a
known cause of NTDs (Stevens and Tang, 1997). Further evidence for these
interactions comes from a dose-dependent rise in NTDs in experimental mice,
an effect that could be prevented by folate supplementation (Gelineau-van
Waes et al., 2005).

The Joint FAO/WHO Expert Committee on Food Additives (JECFA) has
evaluated fumonisins and have established a provisional maximum tolerable
daily intake (PMTDI) of 2 pg/kg body weight/day for FB;, FB, and FBj;, either
alone or in combination, based on a no observed effect level (NOEL) of 0.2 mg/
kg body weight/day for renal toxicity and a safety factor of 100 (Bolger et al.,
2001). Based on this criterion, many African communities reliant on subsistence
farming of maize, have fumonisin intakes above this internationally recognized
value (Shephard et al., 2007a). These excessively high exposures are due both
to relatively high contamination levels and the culture of a mono-cereal diet in
which maize is consumed on average at levels of 400-500 g/per person/day.
Investigations of the health implications of these high exposures have been
hampered by the lack of an adequate individual biomarker of fumonisin expo-
sure. Fumonisins are potent inhibitors of de novo sphingolipid biosynthesis, via
their inhibition of the enzyme sphinganine (sphingosine) N-acyl transferase
(ceramide synthase), which acylates the amino group of the sphingoid base
sphinganine (Sa) with a fatty acid moiety to yield dihydroceramide. This inter-
mediate is converted to ceramide and finally to the more complex sphingolipids,
such as sphingomyelin and glycosphingolipids, by the addition of the appropri-
ate headgroup (Merrill 1991). The turnover of these complex sphingolipids
leads to the formation of the base sphingosine (So). In this biochemical path-
way, fumonisin exposure leads to an elevation in sphinganine levels and in the
ratio of sphinganine to sphingosine, which can be measured in urine and serum
and used as a biomarker of fumonisin exposure (Shephard et al., 2007b). This
disruption of the sphingolipid biosynthetic pathway has been observed to occur
in a dose- and time-dependent manner in cell cultures and animal studies, but
has been shown to be insensitive at the exposure levels encountered in subsis-
tence farming communities (Van der Westhuizen et a/., 2010). More recently, a
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urinary biomarker, FB; in urine, has been developed for assessing fumonisin
exposure in humans (Gong et al., 2008).

TRICHOTHECENES

Deoxynivalenol (DON)

DON is a type B trichothecene and is a common contaminant of many cereals
including wheat, where it is produced by Fusarium graminearum Schwabe and
F. culmorum (W.G. Smith) Saccardo, and maize, where it is produced by F.
graminearum. The primary toxic effect of trichothecenes including DON is the
inhibition of protein synthesis, the potency depending on structural features of
the trichothecene moiety. Ingestion of DON by animals can lead to acute gastro-
intestinal symptoms such as vomiting (emesis) (and hence its common name of
vomitoxin), feed refusal and bloody diarrhoea (CAST, 2003). The acute effects
of DON in humans are similar to those in animals and involve adverse gastro-
intestinal symptoms such as nausea, vomiting, diarrhoea, abdominal pain, head-
ache, dizziness and fever, which can appear 30 minutes after exposure. DON
has been implicated in a number of incidents of human intoxication in Asia. In
the period 1961 to 1985, about 35 outbreaks of acute food-borne illness were
attributed to exposure to DON present in scabby wheat and mouldy maize (Luo,
1988). In the Kashmir valley of India in 1987, an outbreak of illness involving
vomiting and dizziness among approximately 50 000 people was attributed to
consumption of bread made from rain-damaged wheat that contained several
trichothecenes, including DON (Bhat ef a/., 1989). Reports of scabby grain in-
toxication or red mold toxicosis in India, Japan and Korea involving gastro-
intestinal symptoms have been associated with ingestion of Fusarium-infected
grain, particularly F. graminearum and hence with Fusarium mycotoxins, in-
cluding DON (Canady et al., 2001a). More recently, a number of mycotoxins,
including the Fusarium toxins fumonisin, DON and T-2 toxin, have been sug-
gested as potential risk factors for induction or persistence of chronic intestinal
inflammatory diseases such as celiac disease, Crohn’s disease and ulcerative
colitis (Maresca and Fantini, 2010).

The interaction of DON with the immune system is complex as it can be both
immunostimulatory and immunosuppressive, depending on dose, exposure fre-
quency and timing of the functional immune assay (Pestka, 2008). The dysregu-
lation of serum IgA levels and deposition of [gA immune complexes in the kid-
ney of mice fed DON closely resembles the common human glomerulo-
nephritis, [gA nephropathy. The evaluation of DON by IARC concluded that
there was insufficient evidence for the carcinogenicity of DON in experimental
animals, a conclusion supported by the two JECFA evaluations described below
(IARC, 1993).
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JECFA evaluated DON in 2001 and determined a PMTDI of 1 pg/kg body
weight/day, based on a NOEL OF 100 pg/kg body weight/day based on absence
of biologically significant toxicological changes in a 2-year feeding study in
mice and a safety factor of 100 (Canady et al., 2001a). Consideration of the
WHO GEMS/Food regional diets by this JECFA and some national surveys
indicated that this exposure level is approached and surpassed in a number of
regional and specific population categories. DON was re-evaluated by JECFA
in 2010 (JECFA, 2010). The previous findings of a lack of evidence for carcino-
genicity and for the level of the PMTDI were confirmed. In addition, evidence
for the natural occurrence of 3-acetyl-DON and 15-acetyl-DON and their rapid
hydrolysis to DON in the gut was considered sufficient for the inclusion of the
acetyl derivatives in the previously established PMTDI to form a group PMTDI
for DON and its acetylated derivatives. In addition, JECFA established an acute
reference dose for DON and its acetylated derivatives of 8 pug/kg body weight/
day based on a BMDL,, of 0.21 mg/kg body weight/day for emesis in pigs and
a safety factor of 25.

A human biomarker of exposure to DON has been established by urinary
analysis of excreted DON (Turner ef al., 2008a). This biomarker has been used
to indicate a significant reduction in DON exposure in participants of a study in
the UK in which wheat intakes were restricted (Turner et al., 2008b).

T-2 Toxin

T-2 toxin is a type A trichothecene produced by several Fusarium species,
the most important being F. sporotrichioides Sherb., F. langsethiae Torp & Ni-
renberg and F. poae (Peck) Wollenw., which may occur on cereals and grasses
in the temperate and cold areas of the world (Marasas and Nelson, 1987a). HT-2
toxin is a hydrolyzed (de-acetylated) naturally occurring analogue of T-2 toxin
and is frequently analyzed and evaluated together with T-2 toxin. T-2 toxin is
one of the most acutely toxic of the trichothecenes. It is a potent inhibitor of
protein, RNA and DNA synthesis and its toxic effects include digestive disor-
ders, haemorrhage in many organs, oral lesions, dermatitis, leucopenia, and
blurred and painful vision. It has even been considered as a potential chemical
weapon. Its acute effects in humans are most frequently described by a haemor-
rhagic syndrome, alimentary toxic aleukia (ATA). A similar effect in animals is
referred to as mouldy corn toxicosis (Marasas and Nelson, 1987a). It has been
reported that ATA occurred in the former USSR during the first half of the
twentieth century and caused hundreds of thousands of deaths. In particular,
severe outbreaks were experienced during World War Il when grain, which was
not harvested due to manpower shortages, was left to overwinter in the fields
and subsequently consumed in the spring. The main causative agent for ATA is
assumed to be T-2 toxin based on subsequent toxigenic studies of the Fusaria
implicated in the outbreaks and reproduction of the disease symptoms in ani-
mals by pure T-2 toxin. Diacetoxyscirpenol, a group A trichothecene co-
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occurring with T-2 toxin and also produced by the same Fusarium species, may
also have contributed to the outbreaks of ATA, as in pure form it produces simi-
lar effects in animals.

Other outbreaks of acute human disease, particularly gastrointestinal effects,
have been reported, although frequently the etiological agent is difficult to as-
certain as the grain responsible is frequently infected with a number of Fusa-
rium species and co-contaminated with a number of trichothecene mycotoxins,
including DON (Canady ef al., 2001a,b). T-2 and HT-2 toxins were evaluated
by JECFA on the basis of haematotoxicity (Canady ef al., 2001b). The commit-
tee was unable to find a suitable long term study to set tolerable intakes, but
considered a short term study of changes in white and red blood cell counts in
pigs to be sufficient to set a group PMTDI for the two toxins at 60 ng/kg body
weight/day, based on a lowest observed effect level (LOEL) of 0.029 mg/kg
body weight/day. Because no NOEL was available, the safety factor used was
500. Estimates of human intake were not expected to exceed this level.

ZEARALENONE

Zearalenone (ZON) is produced on cereals by F. graminearum and F. cul-
morum. It is not acutely toxic, but has strong hormonal properties. In animals,
particularly pigs, it can produce an estrogenic syndrome (hyperestrogenism or
vulvo-vaginitis) and at low levels it can have anabolic properties. It can be me-
tabolized by mammalian phase I enzymes in which the ketone group is reduced
to a hydroxyl to form two stereoisomers, o- and B-zearalenol. The a-isomer is
about 10-fold more estrogenic than the B-isomer and ZON. The chemically-
reduced derivative a-zearalanol (zeranol), which is also more active hormonally
than ZON, has been patented and used as an animal growth stimulant, particu-
larly in north America (Marasas and Nelson, 1987b). ZON itself was patented
as a human oral contraceptive. Clear evidence of its negative effects from food
ingestion has not been obtained, although its involvement with human cervical
cancer and premature thelarche has been suggested (Hsich, 1989). It has been
associated with clinical manifestations of hyper-oestrogenism in humans, in-
cluding an outbreak of precocious pubertal changes (premature thelarche) in
young children in Puerto Rico (Saenz de Rodrigues et al., 1985) and in south-
eastern Hungary (Szuetz et al., 1997) and gynecomastia with testicular atrophy
in rural males in southern Africa (Campbell, 1991). More recently, evidence has
been presented that central precocious puberty in girls from Tuscany, Italy
could have been triggered by exposure to ZON and that this may also have
caused anabolic growth increase in the exposed individuals (Massart et al.,
2008).

The JECFA evaluated ZON on the basis of the NOEL for hormonal effects in
pigs, the most sensitive species (JECFA, 2000). A PMTDI of 0.5 pg/kg body
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weight/day was established and the JECFA recommended that the combined
intake of ZON and its metabolites should not exceed this level.

Other Fusarium mycotoxins

Other Fusarium mycotoxins such as moniliformin, beauvericin and fusapro-
liferin also co-occur on many cereals. Of these, moniliformin, which causes
acute degenerative lesions in the myocardium, particularly in poultry, is the
most important. It has recently been suggested that ingestion of moniliformin is
a risk factor for Kashin-Beck disease, a chronic deformative osteoarthrosis, en-
demic in parts of China (Zhang et al., 2010). However, the implications for hu-
man health of these mycotoxins are not clear. Beauvericin itself has found ap-
plication as a cholesterol lowering agent and a mixture (known as fusafungine)
of the group of mycotoxins of which beauvericin is a member (the enniatins)
has demonstrated antibiotic properties in successfully relieving the symptoms in
patients with upper respiratory tract infections (Feudjio et al., 2010).

CONCLUSION

The Fusarium mycotoxins discussed in this review represent a diverse range
of chemical structures, all of which can have important adverse health effects in
humans. Current efforts to reduce Fusarium contamination of cereal grains and
to reduce mycotoxin contamination of food supplies are of importance due to
the health burden produced in many populations by ingestion of these com-
pounds.

REFERENCES

Bhat R.V., Beedu S.R., Ramakrishna Y., Munshi K.L., 1989. Outbreak of trichothecene mycotoxicosis associ-
ated with consumption of mould-damaged wheat production in Kashmir Valley, India. Lancet 1: 35-37.

Bhat R.V., Shetty P.H., Amruth R.P., Sudershan R.V., 1997. A foodborne disease outbreak due to the con-
sumption of moldy sorghum and maize containing fumonisin mycotoxins. J. Toxicol. Clinical Toxicol.
35:249-255.

Bolger M., Coker R.D., DiNovi M., Gaylor D., Gelderblom W., Olsen M., Paster N., Riley R.T., Shephard G.,
Speijers G.J.A., 2001. Fumonisins. In: Safety Evaluation of Certain Mycotoxins in Food. WHO Food
Additives Series 47, FAO Food and Nutrition Paper 74, Prepared by the 56™ Meeting of the Joint FAQ/
WHO Expert Committee on Food Additives (JECFA). WHO, Geneva, Switzerland, pp. 103-279.

Campbell, G.D., 1991. Trichothecene mycotoxicosis — a new entity? South Afr. Med. J. 80: 361-362.

Canady R.A., Coker R.D., Egan S.K., Krska R., Kuiper-Goodman T., Olsen M., Pestka J., Resnik S., Schlatter J., 2001a.
Deoxynivalenol. In: Safety Evaluation of Certain Mycotoxins in Food. WHO Food Additives Series 47,
FAO Food and Nutrition Paper 74, WHO, Geneva, Switzerland, pp. 419-555.

Canady R.A., Coker R.D., Egan S.K., Krska R., Olsen M., Resnik S., Schlatter J., 2001b. T-2 and HT-2 tox-
ins. In: Safety Evaluation of Certain Mycotoxins in Food. WHO Food Additives Series 47, FAO Food
and Nutrition Paper 74, WHO, Geneva, Switzerland, pp. 557-680.

CAST, Council for Agricultural Science and Technology, 2003. Mycotoxins: Risks in Plant, Animal, and
Human Systems. CAST, Ames, IA, USA.

Feudjio F.T., Dornetshuber R.,Lemmens M., Hoffmann O., Lemmens-Gruber R., Berger W., (2010). Beau-
vericin and enniatin: emerging toxins and/or remedies? World Mycotoxin J. 3: 415-430.



120 Gordon S. Shephard

Gelineau-van Waes J., Starr L., Maddox J., Aleman F., Vos K.A, Wilberding J., Riley R.T., 2005. Maternal
fumonisin exposure and risk for neural tube defects: mechanisms in an in vivo mouse model. Birth De-
fects Res. (part A) 73: 487-497.

Gong Y.Y., Torres-Sanchez L., Lopez-Carrillo L., Peng J.H., Sutcliffe A.E., White K.L., Humpf H.-U.,
Turner P.C., Wild C.P., 2008. Association between tortilla consumption and human urinary fumonisin
B1 levels in a Mexican population. Cancer Epidemiol. Biomarkers Prev. 17: 688-694.

Hsieh D.P.H., 1989. Potential human health hazards of mycotoxins. In: Mycotoxins and Phycotoxins 1988,
Natori, S., Hashimoto, K., Ueno, Y., (Eds.), Elsevier, Amsterdam, The Netherlands, pp. 69-80.

TIARC, International Agency for Research on Cancer, 1993. WHO IARC Monographs on the Evaluation of
Carcinogenic Risks to Humans. Some Naturally Occurring Substances: Food Items and Constituents,
Heterocyclic Aromatic Amines and Mycotoxins. Toxins derived from Fusarium graminearum, F. cul-
morum and F. crookwellense: zearalenone, deoxynivalenol, nivalenol and fusarenone X. IARC, Lyon,
France, 56: 397-444.

IARC, International Agency for Research on Cancer, 2002. WHO IARC Monographs on the Evaluation of
Carcinogenic Risks to Humans. Some Traditional Herbal Medicines, Some Mycotoxins, Naphthalene
and Styrene. Fumonisin B;. IARC, Lyon, France, 82: 301-366.

JECFA, 2000. 53" Meeting of the Joint FAO/WHO Expert Committee on Food Additives. http://
www.inchem.org/documents/jecfa/jecmono/v44jec14.htm Accessed 13 April 2010.

JECFA, 2010. 72" Meeting of the Joint FAO/WHO Expert Committee on Food Additives. http://
www.who.int/entity/foodsafety/chem/summary72 rev.pdf Accessed 8 April 2010.

Luo X.Y., 1988. Outbreaks of moldy cereals poisoning in China. In: Issues in Food Safety, Toxicology Fo-
rum, Inc., Washington DC, USA, pp. 56-63.

Marasas W.F.O., Nelson P.E., 1987a. Hemorrhagic Syndrome. In: Mycotoxicology. Pennsylvania State Uni-
versity Press, University Park, PA, USA, pp. 41-44.

Marasas W.F.O., Nelson P.E., 1987b. Estrogenic Syndrome. In: Mycotoxicology. Pennsylvania State Univer-
sity Press, University Park, PA, USA, pp. 45-48.

Marasas W.F.O., ef al., 2004. Fumonisins disrupt sphingolipid metabolism, folate transport, and neural tube
development in embryo culture and in vivo: A potential risk factor for human neural tube defects among
populations consuming fumonisin-contaminated maize. J. Nutrition 134: 711-716.

Maresca M., Fantini J., 2010. Some food-associated mycotoxins as potential risk factors in humans predis-
posed to chronic intestinal inflammatory diseases. Toxicon 56: 282-294.

Massart F., Meucci V., Saggese G., Soldani G., 2008. High growth rate of girls with precocious puberty ex-
posed to estrogenic mycotoxins. J. Pediatr. 152: 690-695.

Merrill A.H. Jr., 1991. Cell regulation by sphingosine and more complex sphingolipids. J. Bioenergetics
Biomembranes 23: 83-104.

Miller J.D., 1998. Global significance of mycotoxins. In: Mycotoxins and Phycotoxins — Developments in
Chemistry, Toxicology and Food Safety, Miraglia, M., Van Egmond, H.P., Brera, C., Gilbert, J., (Eds.),
Alaken, Fort Collins, CO, USA, pp. 3-15.

Missmer S.A., Suarez L., Felkner M., Wang E., Merrill,A.H. Jr., Rothman K.J., Hendricks K.A., 2006. Expo-
sure to fumonisins and the occurrence of neural tube defects along the Texas-Mexico border. Environ.
Health Perspect. 114:237-241.

Pascale M., Doko M.B., Visconti A., 1995. Determination of fumonisins in polenta by high performance
liquid chromatography. In: Proceedings of the 2" National Congress on Food Chemistry, Giardini-
Naxos, 24-27 May 1995, La Grafica Editoriale, Messina, Italy, pp. 1067-1071.

Pestka J.J., 2008. Mechanisms of deoxynivalenol-induced gene expression and apoptosis. Food Addit. Con-
tam. 25: 1128-140.

Rheeder J.P., Marasas W.F.O., Thiel P.G., Sydenham E.W., Shephard G.S., Schalkwyk D.J. van, 1992. Fusa-
rium moniliforme and fumonisins in corn in relation to human esophageal cancer in Transkei. Phytopa-
thology 82: 353-357.

Rheeder J.P., Marasas W.F.O., Vismer H.F., 2002. Production of fumonisin analogs by Fusarium species.
Appl. Environ. Microbiol. 68: 2101-2105.

Saenz de Rodrigues C.A., Bongiovanni A.M., Conde de Borrego L., 1985. An epidemic of precocious devel-
opment in Puerto Rican children. J. Pediatr. 107: 393-396.

Shephard G.S., Thiel P.G., Stockenstrém S., Sydenham E.W., 1996. Worldwide survey of fumonisin contami-
nation of corn and corn-based products. J. AOAC Int. 79: 671-687.

Shephard G.S., Westhuizen L. van der , Gatyeni P.M., Katerere D.R., Marasas,W.F.O., 2005. Do fumonisin
mycotoxins occur in wheat? J. Agric. Food Chem. 53: 9293-9296.

Shephard G.S., Marasas W.F.O., Burger H.-M., Somdyala N.I.M., Rheeder J.P., Westhuizen L. van der,
Gatyeni P., Schalkwyk, D.J. van, 2007a. Exposure assessment for fumonisins in the former Transkei
region of South Africa. Food Addit. Contam. 24: 621-629.




Fusarium mycotoxins and human health 121

Shephard G.S., Westhuizen L. van der, Sewram V., 2007b. Biomarkers of exposure to fumonisin mycotoxins:
A review. Food Addit. Contam. 24: 1196-1201.

Stevens V.L., Tang J., 1997. Fumonisin B;-induced sphingolipid depletion inhibits vitamin uptake via the
glycosylphosphatidylinositol-anchored folate receptor. J. Biol. Chem. 272: 18020-18025.

Sun G., Wang S., Hu X., SuJ., Huang T., Yu J., Tang L., Gao W., Wang J.-S., 2007. Fumonisin B, contami-
nation of home-grown corn in high-risk areas for esophageal and liver cancer in China. Food Addit.
Contam. 24: 181-185.

Szuets P., Mesterhazy A., Falkay G., Bartok T., 1997. Early thelarche symptoms in children and their rela-
tions to zearalenone contamination in food stuffs. Cereal Res. Comm. 25: 429-436.

Turner P.C., BurleyV.J., Rothwell J.A., White K.L.M., Cade J.E., Wild C.P., 2008a. Deoxynivalenol: Ration-
ale for development and application of a urinary biomarker. Food Addit. Contam. 25: 864-871.

Turner P.C., Rothwell J.A., White K.L.M., Gong Y., Cade J.E., Wild C.P., 2008b. Urinary deoxynivalenol is
correlated with cereal intake in individuals from the United Kingdom. Environ. Health Perspect. 116: 21-
25.

Ueno Y., lijima K., Wang S.D., Sugiura Y., Sekijima M., Tanaka T., Chen C., Yu S.Z., 1997. Fumonisins as a
possible contributory risk factor for primary liver cancer; a 3-year study of corn harvested in Haimen,
China by HPLC and ELISA. Food Chem. Toxicol. 35: 1143-1150.

Westhuizen L. van der, Shephard G.S., Scussel V.M., Costa L..L.F., Vismer H..F., Rheeder J.P., Marasas
W.F.O., 2003. Fumonisin contamination and Fusarium incidence in corn from Santa Catarina, Brazil. J.
Agric. Food Chem. 51: 5574-5578.

Westhuizen L. van der, Shephard G.S., Rheeder J.P., Burger H.-M., 2010. Individual fumonisin exposure and
sphingoid base levels in rural populations consuming maize in South Africa. Food Chem. Toxicol. DOI:
10.1016/5.£ct.2010.03.047.

Zhang H., Nagashima H., Goto T., 1997. Natural occurrence of mycotoxins in corn samples from high and
low risk areas for human esophageal cancer in China. Mycotoxins 44: 29-35.

Zhang A., Cao J.-L., Yang B., Chen J.-H., Zhang Z.-T., Li S.-Y., Fu Q., Hugnes C.E., Caterson B., 2010.
Effects of moniliformin and selenium on human articular cartilage metabolism and their potential rela-
tionships to the pathogenesis of Kashin-Beck disease. J. Zhejiang Univ. — Sci. B 11: 200-208.



