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TOOLS FOR FUSARIUM MYCOTOXIN REDUCTION IN FOOD AND FEED CHAINS
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Summary. Fumonisins are considered among the important mycotoxins associated with human esophageal cancer
and livestock diseases. These mycotoxins are mainly produced by Fusarium verticillioides in tropical and subtropi-
cal regions such as the Philippines and Egypt and humid temperate regions of the world. The classical taxonomy
of fumonisin-producing fungi is challenging, and species-specific PCR reactions are commonly used to clearly
identify species within these complexes. The aim of this study was to isolate, identify and quantify fumonisin-
producing species in maize, wheat and soil samples from Egypt and the Philippines, and to test Eppendorf-Agar as
along term preservation method. We isolated 44 single spore isolates (39 from Egypt and five from the Philippines)
from the collected samples (25 isolates from maize, five from wheat and 14 from soil). In addition, we quantified
the content of fumonisin-producing fungi DNA from 15 maize samples and six wheat samples from Egypt, and
from six maize samples from the Philippines. morphological and microscopic identification indicated that 21 iso-
lates from Egypt and five from the Philippines were F. verticillioides, one isolate was F. proliferatum and two isolates
were F. nygamai. Molecular identification indicated that all these isolates belonged to F. verticillioides. Most were
from maize, four were from soil and only one was from wheat. Other Fusarium species isolated included F. oxyspo-
rum and F. solani. No F. graminearum isolates were found. The quantitative PCR (qPCR) results obtained using the
Tagfum-2f, Vpgen-3R primer pair and the FUMp probe for quantification of fumonisin-producing Fusarium spe-
cies showed that fumonisin-producing Fusarium isolates were present in four maize samples from the Philippines
and eight maize samples from Egypt. The Fusarium DNA levels from fumonisin-producing isolates were in the
range of 13 x 10 to 61 x 10" ng ng™ total DNA in positive samples, except in one maize sample from the Philip-
pines with high concentration of >0.5 ng ng™ total DNA. This indicates that >50 % of all DNA was Fusarium DNA.
No fumonisin-producing Fusarium DNA was detected in the wheat samples and in the remaining maize samples.
These results showed that PCR-techniques based on qPCR can be used to identify fumonisin-producing Fusarium
species and quantify risks of mycotoxin contaminated grains.
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Introduction

Maize is one of the most important world food
crops, and is very susceptible to fungal contamina-
tion which can occur during pre- and post-harvest.
The identification of the Fusarium fujikuroi species
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complex based on morphological characteristics is
challenging, even for experts (Leslie and Summerell,
2006; Rossi et al., 2009). Species-specific PCR is com-
monly used to clearly identify species inside fungus
complexes such as Fusarium verticillioides and F. pro-
liferatum (Rahjoo et al., 2008, Waalwijk et al., 2008).
These are the main species producing fumonisins
(FBs), a group of mycotoxins related to several hu-
man and animal diseases (Desjardins, 2006).
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Many types of FBs, including FB1, FB2 and FB3,
are known to contaminate maize (Sydenham et al.,
1991), wheat and barley (Aziz et al., 2004). Fumoni-
sin B1 is a highly toxic FB and it is also teratogenic
(Marasas ef al., 2004) and carcinogenic (Lemmer et
al., 1999; Gelderblom et al., 2001). The International
Agency for Research on Cancer (IARC) classified
FB1 in Group 2B (IARC, 2002). Recent surveys have
raised concerns about the extent of FB1 contamina-
tion and its implications for animal health and pro-
ductivity (Rodrigues and Naehrer, 2012; Boutigny
et al., 2014; Cendoya et al., 2014; Abd-El Fatah et al.,
2015). Aziz et al. (2004) reported that FB1 was detect-
ed in Egyptian wheat, maize and barley seeds. The
early detection and quantification of grain contami-
nation by fumonisin-producing Fusarium species is
necessary to reduce food-borne illnesses. Consump-
tion of fumonisin-contaminated maize leads to dis-
ruption of sphingolipid metabolism, associated with
human esophageal cancer and several toxicoses in
livestock animals, and increases risk for neural tube
defects in children (Marasas, 1995; Marasas et al.,
2004). The regulatory limit for fumonisins in maize
and by-products established by European Union
and Food and Drug Authority to prevent exposure
of individuals to these fungal toxins is 200 to 4,000
ug kg (van Egmond et al., 2007).

Fumonisin biosynthetic (FUM) gene clusters have
been reported in F. verticillioides, F. proliferatum, and
a single strain of F. oxysporum (Proctor et al., 2003;
2008; Waalwijk et al., 2004). The gene FUM1I encodes
a polyketide synthase necessary for the production
of fumonisins, which catalyses the initial steps in fu-
monisin biosynthesis (Bojja ef al., 2004). This gene can
be used to detect FB1 production by F. verticillioides
(Lépez-Errasquin et al., 2007). In developing coun-
tries such as Egypt and the Philippines, it is advanta-
geous to find simple, easy and inexpensive methods
to detect, quantify and preserve the toxigenic fungi.
The objectives of the present study were to isolate,
identify and quantify fumonisin-producing species
in maize, wheat and soil samples from Egypt and
the Philippines, and to test PDA-Eppendorf as a long
term preservation method for F. verticillioides isolates.

Materials and methods
Fungal isolation, and phenotypic identification

Isolations were performed onto potato dextrose
agar (PDA) or Aspergillus flavus and parasiticus agar

Fumonisin-producing Fusarium in Egypt and the Philippines

(AFPA). For individual grain samples, grains were
surface disinfected with 5% sodium hypochlorite
(NaOCl) for 1 min followed by rinsing three times
with sterile water. The disinfected grains (five of
maize and 10 of wheat grains per Petri plate, and
three plates per sample) were placed onto PDA or
AFPA and then incubated for 3-5 d at 25°C. For soil
samples, 2 g of each sample was suspended in 6 mL
of sterile distilled water in sterile polystyrene tubes
and mixed on a rolling mixer for 20 min. (Donner
et al., 2009). Resulting supernatant was inoculated
onto Petri plates (100 pL on each plate) containing
PDA or AFPA. After incubation, Fusarium colonies
were transferred to PDA plates and single spore
isolates were obtained through serial dilution of
a spore suspension of each isolate, and spreading
subsamples onto water agar in Petri plates, fol-
lowed by incubation for 12 h. Three single spore
microcolonies were then transferred onto PDA me-
dium and incubated for 24 h. These colonies were
used as sources for Eppendorf-agar storage (see
below).

All isolates were identified based on macroscopic
and microscopic characteristics according to Bar-
nett and Hunter (19720 and Nelson et al., 1983), at
the Laboratory of Mycology and Phytopathology,
All-Russian Institute of Plant Protection (VIZR), St.
Petersburg-Pushkin, Russia.

Eppendorf-agar long term preservation of isolates

The single spore F. verticillioides isolates were
each cultured in an Eppendorf tube containing 0.5
mL PDA for 1 week at 25°C, and then moved to cold
storage at 4°C. The viability of the isolates was tested
by subculturing them onto PDA in Petri dishes at 3
month intervals for 27 months.

DNA extraction and PCR

DNA extraction

The Fusarium isolates were cultured on malt ex-
tract medium (30 g L™ malt extract, 5 g L™ peptone)
at 25°C for 3 d. A mycelial disk of each isolate was
then transferred into an Eppendorf tube. DNA was
extracted by the octanol/ isopropanol method, as
described by Paavanen-Huhtala et al. (1999). The
quality of DNA was confirmed by using ITS (Table
1) primers amplifying Fusarium DNA (Yli-Mattila et
al., 2004).
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Fumonisin- and species-specific primer PCRs

The primer pair Verprof/VERTI-R (Table 1) was
used for identification of fumonisin-producing F.
verticillioides isolates, while the primer pair Tagfum-
f 2/VPgen- R3 (Table 1) was used for identification
of E verticillioides, F. proliferatum, F. globosum and F.
nygamai isolates. These fungi are the most important
fumonisin-producing species (Waalwijk et al., 2008;
Table 1). The primer pair Fgll/Fgllr was used for
detection of F. graminearum DNA in the maize sam-
ples, as described by Doohan et al. (1998).

A PTC-200 DNA DNA Engine Thermal cycler
(MJ Research, Inc.) was used for PCR amplification.
Aliquots (5 pL) of each PCR product were analyzed
by electrophoresis in TBE buffer in 1.0% agarose gels
and visualized using the ChemiDoc MP Imaging
System (Bio-Rad).

Quantitative PCR

The total amounts of F. verticillioides, F. prolifera-
tum, F. globosum or F. nygamai DNA were quantified
by qPCR from 15 maize samples and six wheat sam-
ples from Egypt, and from six maize samples from
the Philippines, as described by Waalwijk et al. (2008).
This used the Tagfum-2f, Vpgen-3R primer pair and
the FUMp probe (CAATGCCATCTTCTTG). A Bio-
Rad IQTMS5 Real-Time PCR Detection System (Bio-
Rad) was used for running qPCR samples. Fusarium
species DNA amounts in grain samples was deter-
mined as total DNA, quantified using a Qubit fluo-

rometer (Invitrogen), as described by Yli-Mattila et
al. (2011).

Results

Forty-four single spore isolates (39 from Egypt
and five from the Philippines) were obtained from
the collected samples. Twenty-five isolates were
from maize grains, 14 were from soil and five were
from wheat grains.

All E. verticillioides isolates in addition to several
Aspergillus flavus and A. parasiticus isolates, one iso-
late of Bacillus subtilis, two isolates of B. amyloliquefa-
ciens and one Streptomyces isolate showed significant
viability during the 27 month preservation using the
Eppendorf-agar method.

Morphological identification (using microscopic
characters) indicated that 21 isolates from Egypt and
five from the Philippines belonged to F. verticillioides,
one isolate was F. proliferatum and two were nygamai
(Table 2). Other Fusarium species included two F. ox-
ysporum isolates and five of F. solani.

Molecular identification showed that all fumoni-
sin-producing Fusarium isolates, including the F. pro-
liferatum isolate, two F. nygamai isolates and one F.
oxysporum isolate identified by morphological char-
acters, belonged to F. verticillioides (Table 2). Most of
the F. verticillioides isolates were from maize. Two F.
verticillioides isolates, from Egypt and from Philip-
pines, the only F. oxysporum isolate and all F. solani
isolates were collected from soil. Only one F. verticil-

Table 1. Primer sequences used in PCR: ITS1/ITS4 for confirming the quality of DNA, Tagfum-2F/Vpgen-3R for detecting
four Fusarium species producing fumonisins, Verpro-F/VERTI-R for detecting fumonisin-producing E. verticillioides,, and

Fgl1/Fgllr primer pair used for detection of F. graminearum.

; Y . Amplicon
Primer 5'> 3'sequence Target sequences and species size(bp) Author
ITS1 TCCGTAGGTGAACCTGCGG Fungal ribosomal DNA 650-700  Yli-Mattila et al. (2004)
ITS4 TCCTCCGCTTATTGATATGC
Tagfum-2F ATGCAAGAGGCGAGGCAA All fumonisin producers 180 Waalwijk et al. (2008)

Vpgen-3R

GGCTCTCA/ GGAGCTTGGCAT" F. wverticillioides, F. proliferatum, L.

globosum and F. nygamai

Verpro-F  GCCATGCGTCACGGCCAC F. verticillioides fumonisin 235 Waalwijk et al. (2008)
VERTI-R  GGAGTAGACAGGGTATTTGC producers

Fgll CTCCGGATATGTTGCGTCAA F. graminearum 400 Doohan et al. (2008)
Fgllr GGTAGGTATCCGACATGGCAA
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Table 3. The concentrations of DNA of fumonisin-produc-
ing fungi maize (M) and wheat (W) grain samples from the
Philippines and Egypt.

Sample  Total DNA
code (ng ng™)

M1 Not detected
M2 0.0027

M3 Not detected
M4 0.0014

M5 >0.5

M6 0.0052

Mi1b Not detected
M2b <0.001

M3b 0.006

M4b 0.021

M5b <0.001

Méb <0.001

M7b 0.0122

M8b 0.018

M9 Not detected
M10b Not detected
M1l1b Not detected
M12b Not detected
M13b Not detected
M14b Not detected
M15b 0.061

W1 Not detected
W2 Not detected
W3 Not detected
W4 Not detected
W5 Not detected
W6 Not detected
w7 Not detected
W8 Not detected
W9 Not detected

lioides isolate was obtained from wheat grains, and
no other Fusarium spp. were isolated.

Fumonisin-producing Fusarium in Egypt and the Philippines

The qPCR results obtained using the Tagfum-2f,
Vpgen-3R primer pair and FUMp probe for quantifi-
cation of the fumonisin-producing Fusarium isolates
(Table 3) showed that these fungi were present in
four maize grain samples from the Philippines and
eight samples from Egypt. The Fusarium DNA lev-
els were in the range of 13 x 107 to 61 x 10" ng ng
total DNA in positive samples, except in one maize
sample from the Philippines with a concentration >
0.5 ng ng™" total DNA. This indicates that more than
50% of all DNA was Fusarium DNA. No fumonisin-
producing Fusarium DNA was detected in the wheat
samples and in the remaining maize samples, al-
though in four of these maize samples and in one
wheat sample F. verticillioides isolates were found.
No F. graminearum DNA was detected in the maize
samples from the Philippines. On the other hand,
DNA of fumonisin-producing Fusarium was detect-
ed in two maize samples (M4 and M5), and but there
are no fungi isolated from these samples.

Discussion

This study isolated fumonisin-producing Fusari-
um strains from maize, wheat and soil samples from
Egypt and the Philippines. This is in accordance with
several reports, which have indicated the presence
of these species in Egyptian maize and feed samples
(El-Habbaa, et al., 2003; Abo El Yazeed, et al., 2011
and Abd-El Fatah et al., 2015) and also in the Philip-
pines samples (Cumagun ef al., 2009, Magculia and
Cumagun, 2011).

The molecular detection of fumonisin production
based on the Verprof, VERTI-R primer pair for F. ver-
ticillioides and the Taqfum-f2, VPgen-R3 primer pair
for all fumonisin-producing species (Waalwijk et al.,
2008) showed that all Fusarium isolates were positive
for FBs production. Similar results were reported by
Abd-El Fatah et al. (2015). The fungus identifications
based on morphological characteristics were mainly
in agreement with the PCR results using species-
specific primers, except for five isolates (one was
identified as F. proliferatum, another as F. oxysporum
and two as F. nygamai). This highlights the difficul-
ty in identification of Fusarium species using tradi-
tional methods (Leslie and Summerell, 2006; Rossi et
al., 2009). Our results showed that use of PCR-based
identification methods as a fast and cheap way for
detection of contamination of grain samples with
fumonisin-producing fungi.
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The Eppendorf-agar method is suitable for pre-
serving F. verticillioides for more than 2 years. This
method was also effective for long-term storage of
several Aspergillus flavus and A. parasiticus isolates,
Bacillus subtilis, B. amyloliquefaciens and Streptomyces
isolates. This method is easy to perform and reduces
the time, cost and the risk of contamination. Several
methods have been used for microorganisms, in-
cluding repeated subculturing on agar slants (On-
ions, 1971), preservation under mineral or paraffin
oil (Perrin, 1979), freeze-drying (lyophilization) (Tan
etal., 2007) and cryopreservation (Homolka and Lisa,
2008). All of these methods are more time consum-
ing and expensive than the Eppendorf-agar method
described here. However, further research should
be carried out to assess effects of this storage stor-
age method on the genetic stability of preserved mi-
crobes and suitability for different microbial species.

The qPCR results showed that DNA of fumonisin-
producing fungi was detected only in maize grain
samples. This was in agreement with number of Fusa-
rium isolated from maize, indicating that maize grain
is very susceptible to F. verticillioides and F. proliferatum.
In addition, no F. graminearum was isolated from the
samples, and DNA of this species was not detected in
any sample. This is probably due to the unfavourable
weather conditions that occur in Egypt and the Philip-
pines for growth of this species. The presence of DNA
offumonisin-producing Fusarium in samples M4 and
M5, although no fungi were isolated from these sam-
ples, demonstrated the stability of DNA for detection
and quantification of potential mycotoxin contamina-
tion, even after death of mycotoxin-producing fungi.

In conclusion, the Eppendorf-agar method is suit-
able for long-term preservation of F. wverticillioides.
PCR-based techniques could be used to identify
fumonisin-producing Fusarium species and quantify
the risk of contaminated cereal grains, especially in
the developing countries.

Acknowledgements

This research was financially supported by the
Egyptian Mission Department, the Turku Univer-
sity Foundation. Travel grants were awarded to PhD
student Taha Hussien (to attend the University of
Turku) byThe Centre for International Mobility, Fin-
land (CIMO), and to PhD student Ana Liza Carlobos-
Lopez to attend the University of Turku by Erasmus
Mundus Action 2.

152 Phytopathologia Mediterranea

Literature cited

Abd-El Fatah S.I, M.M. Naguib, E.N. El-Hossiny, Y.Y. Sultan,
T. H. Abodalam and T. Yli-Mattila, 2015. Molecular ver-
sus Morphological Identification of Fusarium spp. isolated
from Egyptian corn. Research Journal of Pharmaceutical, Bio-
logical and Chemical Sciences 6(4),1813-1822.

Abo El Yazeed H., A. Hassan, R.E.A. Moghaieb, M. Hamed
and M. Refai, 2011. Molecular Detection of Fumonisin-
Producing Fusarium Species in Horse feeds in Egypt using
Polymerase Chain Reaction (PCR). Journal of Applied Sci-
ences Research 7, 420-427.

Aziz N.H., L.A.A Moussa and FM.E. Far, 2004. Reduction of
fungi and mycotoxins formation in seeds by gamma-radi-
ation. Journal of Food Safety 24, 109-127.

Barnett H.L. and B.B. Hunter, 1972. Illustrated Genera of Imper-
fect Fungi . 3rd edition, Burgess Publishing Co., Minneapo-
lis, MN, USA, 273 pp.

Bojja R.S., R.L. Cerny, R.H. Proctor and L. Du, 2004. Determin-
ing the biosynthetic sequence in the early steps of the fu-
monisin pathway by use of three gene disruption mutants
of F. verticillioides. Journal of Agricultural and Food Chemistry
52, 2855-2860.

Boutigny A., T.J. Ward, N. Ballois, G. Iancu and R. Ioos, 2014.
Diversity of the Fusarium graminearum species complex
on French cereals. European Journal of Plant Pathology 138,
133-148.

Cendoya E., M. Monge, S. Palacios, S. Chiacchiera, A. Torres,
M. Farnochi and M. Ramirez, 2014. Fumonisin occurrence
in naturally contaminated wheat grain harvested in Ar-
gentina. Food Control 37, 56-61.

Cumagun CJ.R, J.S. Ramos, A.O. Dimaano, F. Munaut and
F. Van Hove, 2009. Genetic characteristics of Fusarium ver-
ticillioides from corn in the Philippines. Journal of General
Plant Pathology 75, 405-412.

Desjardins A.E., 2006. Fusarium Mycotoxins: Chemistry, Genet-
ics, and Biology. APS, St. Paul, MN, USA, 268 pp.

Donner M., J. Atehnkeng, R.A. Sikora, R. Bandyopadhyay and
PJ. Cotty, 2009. Distribution of Aspergillus section Flavi in
soils of maize fields in three agroecological zones of Nige-
ria. Soil Biology and Biochemistry 41, 37—44.

Doohan EM., D.W. Parry, P. Jenkinson and P. Nicholson, 1998.
The use of species-specific PCR-based assays to analyse
Fusarium ear blight of wheat. Plant Pathology 47, 197-205.

El-Habbaa G.M., E.G. Mohamed, M.F. Abou-El-Ella and I.A.
Sabek, 2003. Evaluation and control of yellow corn grain
deterioration caused by Fusarium spp. 10th Congress of the
Egyptian Phytopathology Society. 7-10 December 2003. Giza,
Egypt, 77-96.

Gelderblom W.C., S. Abel, C.M. Smuts, J. Marnewick, W.F.
Marasas, E.R. Lemmer and D. Ramljak, 2001. Fumonisin-
induced hepatocarcinogenesis: mechanisms related to
cancer initiation and promotion. Environmental Health Per-
spectives 109 Suppl. 2, 291-300.

Homolka L. and L. Lis4, 2008. Long-term maintenance of fun-
gal cultures on perlite in cryovials - An alternative for agar
slants. Folia Microbiologica 53, 534-536.

IARC Working Group on the Evaluation of Carcinogenic
Risks to Humans, 2002. Some traditional herbal medi-



cines, some mycotoxins, naphthalene and styrene. JARC
Monographs on the Evaluation of Carcinogenic Risks to Hu-
mans | World Health Organization, International Agency for
Research on Cancer 82, 1-556.

Lemmer E.R., P. de la Motte Hall, N. Omori, M. Omori, E.G.
Shephard, W.C. Gelderblom, J.P. Cruse, R.A. Barnard, W.F.
Marasas, R.E. Kirsch, S.S. Thorgeirsson, 1999. Histopathol-
ogy and gene expression changes in rat liver during feed-
ing of fumonisin B1, a carcinogenic mycotoxin produced
by Fusarium moniliforme. Carcinogenesis 20, 817.

Leslie J.F. and B.A. Summerell, 2006. The Fusarium Laboratory
Manual. (1st edn.) Blackwell Publishing, Iowa, USA, 388 pp.

Lépez-Errasquin E., C. Vazquez, M. Jiménez and M.T.
Gonzélez-Jaén, 2007. Real-Time RT-PCR assay to quantify
the expression of fum1 and fum19 genes from the fumon-
isin-producing Fusarium verticillioides. Journal of Microbio-
logical Methods 68, 312-317.

Magculia N. and C.J.R. Cumagun, 2011. Genetic diversity and
PCR based identification of fumonisin producing isolates
of Fusarium verticillioides in corn. Tropical Plant Pathology
36, 225-232.

Marasas W.E.O., 1995. Fumonisins: their implications for hu-
man and animal health. Natural Toxins 3, 193-198.

Marasas W.E.O., R.T. Riley, K. Hendricks, V.L. Stevens, T.W.
Sadler, J. Gelineau-van Waes, S.A. Missmer, J. Cabrera,
O. Torres, W.C.A Gelderblom, J. Allegood, C. Martinez, J.
Maddox, J.D. Miller, L. Starr, M.C. Sullards, A.V. Roman,
K.A. Voss, E. Wang and A.H. Merril, 2004. Fumonisins dis-
rupt shingolipid metabolism, folate transport and neural
tube development in embryo culture and in vivo: a po-
tential risk factor for human neural tube defects among
populations consuming fumonisin-contaminated maize.
Journal of Nutrition 134, 711-716.

Nelson PE., T.A. Toussoun and W.F.A. Marasas, 1983. Fusa-
rium species: an Illustrated Manual for Identification, Pennsyl-
vania State University Press, USA, 193 pp.

Onions A.H.S., 1971. Preservation of fungi. In: Methods in mi-
crobiology, Vol. 4. (C. Booth, ed.), V Academic Press, Lon-
don, UK, 113-151.

Paavanen-Hubhtala S., J. Hyvonen, S. Bulat and T. Yli-Mattila,
1999. RAPD-PCR, isozyme, tDNA RFLP and rDNA se-
quence analyses in identification of Finnish Fusarium ox-
ysporum isolates. Mycological Research 103, 625-634.

Perrin PW., 1979. Long-term storage of cultures of wood-in-
habiting fungi under mineral oil. Mycologia 71, 867-869.

Proctor R.H., D.W. Brown, R.D. Plattner and A.E. Desjardins,
2003. Co-expression of 15 contiguous genes delineates a
fumonisin biosynthetic gene cluster in Gibberella monili-
formis. Fungal Genetics and Biology 38, 237-249.

Proctor R.H., M. Busman, J. Seo, Y.W. Lee and R.D. Plattner,
2008. A fumonisin biosynthetic gene cluster in Fusarium

Fumonisin-producing Fusarium in Egypt and the Philippines

oxysporum strain O-1890 and the genetic basis for B ver-
sus C fumonisin production. Fungal Genetics and Biology
45, 1016-1026.

Rahjoo V., J. Zad, M. Javan-Nikkhah, A.M. Gohari, S.M. Ok-
howat, M.R. Bihamta, J. Razzaghian and S.S. Klemsdal,
2008. Morphological and molecular identification of
Fusarium isolated from maize ears in Iran. Journal of Plant
Pathology 90, 463—468.

Rodrigues I. and K. Naehrer, 2012. A Three-Year Survey on the
Worldwide Occurrence of Mycotoxins in Feedstuffs and
Feed. Toxins 4, 663—-675.

Rossi V., A. Scandolara and P. Battilani, 2009. Effect of environ-
mental conditions on spore production by Fusarium verti-
cillioides, the causal agent of maize ear rot. European Journal
of Plant Pathology 123, 159-169.

Sydenham E.W., G.S. Shephard, P.G. Thiel, W.EO. Marasas
and S. Stockenstrtrom, 1991. Fumonisin contamination of
commercial corn-based human foodstuffs. Journal of Agri-
cultural and Food Chemistry 39, 2014-2018.

Tan C.S., C.W. van Ingen and J.A. Stalpers, 2007. Freeze-dry-
ing fungi using a shelf freeze-drier. Methods in Molecular
Biology (Clifton, N.J.) 368, 119-125.

van Egmond H.P, R.C. Schothorst and M. A. Jonker, 2007. Reg-
ulations relating to mycotoxins in food: perspectives in a
global and European context. Analytical and Bioanalytical
Chemistry 389, 147-157.

Waalwijk C., S. Koch, E. Ncube, J. Allwood, B. Flett, I. de Vries
and G. Kema, 2008. Quantitative detection of Fusarium
spp. and its correlation with fumonisin content in maize
from South African subsistence farmers. World Mycotoxin
Journal 1, 39-47.

Waalwijk C., R. van der Heide, I. de Vries, T. van der Lee,
C. Schoen, G. Costrel-de Corainville, I. Hiuser-hahn,
P. Kastelein, J. Kohl, P. Lonnet, T. Demarquet and G.H.
Kema, 2004. Quantitative Detection of Fusarium Species
in Wheat Using TaqMan. European Journal of Plant Pathol-
ogy 110, 481-494.

Yli-Mattila T., R.L. Mach, I.A. Alekhina, S.A. Bulat, S. Koskin-
en, C.M. Kullnig-Gradinger, C.P. Kubicek and S.S. Klems-
dal, 2004. Phylogenetic relationship of Fusarium langsethiae
to Fusarium poae and Fusarium sporotrichioides as inferred
by IGS, ITS, beta-tubulin sequences and UP-PCR hybridi-
zation analysis. International Journal of Food microbiology 95,
267-285.

Yli-Mattila T., T. Ward, K. O’'Donnell, R.H. Proctor, A. Burkin,
G. Kononenko, O. Gavrilova, T. Aoki, S.P. McCormick
and T. Gagkaeva, 2011. F. sibiricum sp. nov; a novel type
A trichothecene-producing Fusarium from northern Asia
closely related to E. sporotrichioides and F. langsethiae. Inter-
national Journal of Food Microbiology 147, 58-68.

Accepted for publication: February 16, 2017
Published online: May 10, 2017

Vol. 56, No. 1, April, 2017 153



