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Mycotoxins produced by Fusarium spp. of Taiwan'
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Abstract. Fusarium spp. are commonly found in Taiwan, and cause disease in many economic crop
plants such as corn, rice, sorghum, and sugarcane. Many Fusarium spp. are known to produce mycotox-
ins, but little research has been done on them in Taiwan. This work reports the production of mycotox-
ins by some species. Fusarium spp. were isolated from crop plants and soil from various districts of
Taiwan and examined for their ability to produce mycotoxins. A total of 174 Fusarivm isolates were
obtained. Fusarium moniliforme was found to be the most common fungus (31%), followed by F.
oxvsporiwm (299), F. voseum ‘Graminearum’ (26%), and F. solani (13%). Sixty-one randomly selected
isolates were tested for their ability to produce toxins on rice. Extracts of rice cultures inoculated with
each Fusarium isolate were analyzed for mycotoxins by thin-layer-, gas-, and high-performance liquid
chromatography. Zearalenone was produced by approximately 21% of the Fusarim isolate tested.
Among them, F. oxysporium and F. roseiom ‘Graminearum’ were the predominant producers. Three
percent of F. vosewm ‘Graminearum’ isolates produced deoxynivalenol. One isolate of F. roseum
‘Graminearum’, designated as PKH 5-1, produced T-2 toxin at a rate of 2.3 mg/keg. Two isolates of /|
montliforme produced moniliformin. Twelve moniliforme isolates from corn were screened for fusar-
in C. All isolates were cultured on corn kernel at various temperatures and for various incubation
periods. The toxin was analyzed by thin-layer-, gas-, and high-performance liquid chromatography,
and further confirmed by mass spectrometry. Results revealed that more than 83% of the izolates were
able to produce fusarin C on corn culture in amounts ranging from 50 to 4,830 pg/kg dry weight. All of
the toxin producers synthesized a large amount of fusarin C over a 4- week period at 32°C. This is a new
report of a subtropic species of F. moniliforme producing fusarin C.
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Introduetion

Mycotoxins produced by Fusarium spp. in cereal
grains cause mycotoxicoses in animals and human
beings. Estrogenic syndromes in farm animals, and ali-
mentary toxic aleukia, akakbitoxicoses, and scabby

"This paper was presented at the Symposium on Botany (Decem-
ber 7-11, 1992), in commemoration of the 30™ anniversary of the
re-establishment in Taipei of the Institute of Botany, Academia
Sinica. The abstract of the paper will also be published in The
Institute of Botany, Academia Sinica Monograph Series No. 13
(1993).

grain toxicoses in humans have been reported. The
toxins implicated in these mycotoxicoses have been
identified as zearalenone and trichothecenes; they
occur naturally on corn, barley, wheat, rice, and other
cereal grains.

Zearalenone is a natural, toxic metabolite
produced mainly by F. rosewm ‘Graminearum %
moniliforme, F. tricinctiom, and F. oxysporum. It is usu-
ally produced on corn and barley in storage. When fed
to animals, particularly swine, it causes hyperes-
trogenism (Mcnutt ef al, 1928; Lelievre ef al., 1962;
Ericken, 1968: Bristol and Djurickovie, 1971). Trichoth-
ecenes, a group of sesquiterpenoids, are the active sec-
ondary metabolites produced by Fusarium spp. and
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Myrothecium, as well as T¥vichoderma (Hsu et al., 1972;
Ichinoe and Kurata, 1983; Ueno ef al, 1973). Hemor-
rhage is a typical symptom, which in acute case of tox-
icosis may lead to death. Many of the fungi, particular-
ly Fusarizon spp., that produce trichothecenes also pro-
duce zearalenone. Moniliformin, one of the Fusarium
mycotoxins, was first isolated from American strains
of F. moniliforme; it is highly toxic to animals and may
be involved in the incidence of cancer in rats (Cole ef
al., 1973: Springer ef al, 1974; Marasas ef al., 1979).
Fusarin C is a polyketide produced by a F. moniliforme
strain isolated [rom corn kernels in areas of China and
South Africa with high incidences of esophogeal cancer
(Marasas ef gl., 1984 and Marasas ¢f «al., 1981).

In Taiwan, Fusarium spp. are the most prevalent
pathogens on rice, corn, sorghum, and many other crop
plants. In the past decade, most of the research related
to Fusarim spp. was restricted mainly to the areas of
ecology, pathogenicity, and disease control. This report
deals with the ability of the fungi to produce zear-
alenone, trichothecenes, moniliformin, and fusarin C.

Materials and Methods

Isolation of Fusarium spp.

Crop plants of corn, rice, sugarcane, and sorghum,
which had pink discoloration either on the kernels or
stems, as well as field soils, were collected from vari-
ous locations in Taiwan and investigated mycological-
ly for Fusariiom spp. Seeds and stems were surface ster-
ilized for one min with 2% sodium hypochloride. After
being thoroughly rinsed in sterile distilled water, the
materials were directly transferred to a modified pe-
ptone-PCNB medium (Papavizas, 1967). Plates were
incubated at 20°C with a 12-hour photoperiod and
examined at regular intervals; the dominant fungi were
then isolated in pure culture for further identification.
Soil samples collected from the fields were dried,
ground, and examined for the presence of Fusarium
spp. One-half gram of the mixed soil was put into a test
tube with 10 ml of 0.15% water agar. After shaking
vigorously, a series of dilutions (1:10) of the medium
was made. One ml of each of dilutions was spread on
the surface of the modified peptone-PCNB medium in
replicate dishes and then incubated at 20°C. The col-
onies were counted after a 7-day incubation

All cultures formed were single spore. The single
~spore isolation technique devised by H. N. Hansen
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(1964) was used. The Snyder and Hansen system (1940)
was adopted for identification and classification of
Fusarinm spp.

Sereening for Fusarium Mycoloxin- Producing Strains

A total of 61 randomly selected isolates of Fusar-
fwm spp. were grown on autoclaved hulled rice (Oryzae
saliva var. Taichung No. 6) with a moisture content of
4094. The inoculated rice cultures were kept at 28°C for
7 days and at 12°C for 21 days, except during monilifor-
min analysis, the culture media were incubated at 31°C
for 7 days. At the end of this period, the cultures were
dried at 85°C for 18 h and then ground with a mill. The
dried rice cultures were analvzed for zearalenone and
trichothecenes by a previously described method
(Teeng ef wl, 1985). The average recoveries of deox-
ynivalenol and T-2 toxin from rice cultures, based on
gas-liquid chromatographical analyses, were 72.46%
and 999, respectively. Calibration curves for deox-
vnivalenol and T-2 toxin were estimated authentic
compounds. The sensitivity of gas-liquid chromatogra-
phy for detecting deoxynivalenol and T-2 toxin was
less than 10 ng. The recovery of zearalenone, measured
by high performance liquid chromatography, was 74.06%;
the sensitivity was estimated to be lower than 5 ng. All
of the experiments were carried out in triplicate.
Moniliformin was measured by the method of Rabie ef
al. (1978).

Twelve F. moniliforme isolates from corn were
screened for fusarin C. All isolates were cultured on
corn kernels at various temperatures and for various
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Fig. 1. Chemical structures of some Fusarim mycotoxins.
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incubation periods. The toxin was analyzed by thin-
layer, gas and high-performance liquid chromatogra-
phy, and further confirmed by mass spectrometry as
previous described (Tseng et al., 1990). The chemical
structures of zearalenone, deoxynivalenol, T-2 toxin,
moniliformin, and fusarin C are illustrated in Figure 1.

Results and Discussion

Four species of Fusarium, including F. monilifor-
me., F. rvosewm ‘Graminearum’, F. solani, and F.
oxysborim, were isolated from crop plants (e. g. rice,
corn, sugarcane, and sorghum) and from the field soils.
F. moniliforme was the most prevalent fungus (31%),
followed by F. oxvsporum (29.3%), F. roseum
‘Graminearum’ (26.4%), and F. solant (13.2%) (Table
1). Fusarium moniliforme and F. rosewm ‘Graminear-
wm’ were isolated most frequently from sorghum, F.
oxysporn was isolated most frequently from sugar-
cane, while F. solani was isolated mainly from field
soils.
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Zearalenone, Thiochothecenes and Moniliformin Pro-
ducers

Of the 174 Fusarium isolates collected, 61 random-
ly selected isolates were examined for the production
of zearalenone, T-2 toxin, deoxynivalenol, and
moniliformin. As shown in Table 2, the species differ in
their ability to produce various mycotoxins, Twenty
~one percent of the tested isolates of Fusarium species
were zearalenone producers, among which I, oxyspor-
wm and F. roseuwm ‘Graminearum’ were confirmed as
the predominant producers. Two isolates of F. roseum
Graminearum’ (3.2%) were able to produce deox-
ynivalenol. One isolate of F. roseum ‘Graminearum’
(1.69%) produced T-2 toxin. Two isolates of F. monilifor-
me (3.29%) were moniliformin producers. Zearalenone
producing isolates were widespread among crop plants
and field soils (Table 3). Deoxynivalenol producing iso-
lates were obtained from rice and sugarcane (Table 4).
The T-2 toxin producer, designated as F. roseum
‘Graminearum’ PKH 5-1, was isolated from sorghum
(Table 5). The peak “a” on the gas chromatogram (Fig.
2) was further confirmed by a GC-MS method (Miro-

Table 1. Fusarium species isolated from crop plants and field soils

B bk Isolate f"_om s0il (S) No. of isolates Total
Listatas or diseased plant o )
solates (DP) F. F. voseum F g 2 ) Fusaria
o . ; . solani sl
] oxysporim  'Graminearim wmoniliforme
Rice DP 6 12 1 11 30
(Orvza sativa 1..) S 5 4] 6 ] 11
Corn DpP 1] 110 1 10 21
(Zea mavs L.) S 7 0 5 1 13
Sugarcane DF 20 5 0 7 32
(Saccharum officinarim L.) S 9 1 7 0 17
Sorghum DP 2 18 2 25 47
(Sorghum vlgare Pers.) o) 2 0 1 ] 3
Total (%) 51(29.3) 46(26.4) 23(13.2) 54(31) 174
Table 2. Fusarium mycotoxin producing species isolated in Taiwan
No. of No. of toxin Frequency of toxin-producing
S . ; isolates (%)*
Species isolates producing
examined isolates DON F-2 T=2 Mo
F. moniliforme 19 4 0 10.52(2/19) 0 10.52(2/19)
F. oxysporum 21 8 0 38.09(8/21) 0 0
F. solani 12 () 0 ] 0 0
F. voseuwm ‘Graminearum’ 9 6 22.22(2/9) 33.33(3/9) 11.11(1/9) 0
Total (%) 61 18 0.032(2/16) 21.31(13/61)  0.016(1/61) 0.03(2/61)

*DON, deaxynivalenol; F-2, zearalenol; Mo, moniliformin.



264 Botanical Bulletin of Academia Sinica, Vol. 34, 1993

Table 3. Zearalenone producing isolates of Fusarium species tsolated from crop plants and field soils

No. of toxinogenic isolates/No. of isolates

Species Total
Rice Corn Sugarcane Sorghum
F. moniliforme - 1/5 1/5 0/5 0/4 2/19
F. oxysporum 2/4 1/4 4/12 1/1 8/21
F. solani 0/3 0/1 0/7 0/1 0/12
F. roseum ‘Graminearum’ 2/4 1/2 0/2 0/1 3/9
Total 5/16 3/12 4/26 1/7 13/61
Table 4. Deoxynivalenol producing isolates of Fusarium species isolated from crop plants and field soils
No. of toxinogenic isolates/No. of isolates
Species Total
Rice Corn Sugarcane Sorghum
F. moniliforme 0/5 0/5 0/5 0/4 0/19
F. oxysporum 0/4 0/4 0/12 0/1 0/21
. F. solani 0/3 0/1 0/7 0/1 0/12
F. roseum ‘Graminearum’ 1/4 0/2 1/2 0/1 2/9
~ Total 1/16 0/12 1/26 0/7 2/61
Table 5. T-2 Toxin producing isolates of Fusarium species isolated from crop plants and field soils
No. of toxinogenic isolates/No. of isolates
Species - Total
Rice Corn Sugarcane Sorghum
F. moniliforme 0/5 0/5 0/5 0/4 0/19
F. oxysporum 0/4 0/4 0/12 0/1 0/21
F. solani 0/3 0/1 0/7 0/1 0/12
F. roseum ‘Graminearum’ 0/4 0/2 0/2 1/1 1/9
Total 0/16 0/12 0/26 1/7 1/61

cha et al., 1976).

T-2 toxin produced by F. moniliforme has been
reported by Ghosal et al. (1978). Vesonder et al. (1981)
also indicated that F. moniliforme (NRRL 3197) pro-
duces T-2 toxin and deoxynivalenol. However, the
strain’s taxanomic position was reexamined, and was
shown to be a cultural variant of the species of F.
tricinctum (Cda.) Sacc. and not a strain of F. monilifor-
me. In our studies, 19 isolates of a F. moniliforme were
examined for T-2 toxin. Three isolates designated as
PRC 3-3, PRD 3-3, and PKH 5-3 were frist suspected
of being T-2 toxin producers based on gas-liquid
chromatographic analyses. However, when the culture
extracts were further examined by GC-MS, all three
cultures were negative for T-2 toxin. Later, we found
that all of the cultures contained an unknown com-
pound that exhibites the same retention time as authen-
tic T-2 toxin. Therefore, we suggest that it is impor-

tant to be cautious in the analysis of trichothecene, par-
ticularly when it is produced by F. moniliforme.

Table 6 illustrates the 18 isolates of Fusarium
mycotoxin producers that were obtained from crop
plants and field soils. Two isolates of F. moniliforme,
IBAS-5 and IBAS-6, produced a considerable amount
of moniliformin (112 mg/kg and 131 mg/kg respective-
ly) but no other Fusarium toxins. About 72% (13/18) of
the isolates including F. moniliforme, F. oxysporum and
F. voseum ‘Graminearum’ are zearalenone producers.
Fusarium oxysporum (PSD 4-1) produced the largest
amount of zearalenone, at the level of 859 xg/kg. Miro-
cha (1977) has reported that Fusarium roseum can pro-
duce large quantities of zearalenone (3,000-15,000 mg/
kg). Our zearalenone producers synthesized only small
quantities of this mycotoxin. Thus Fusarium roseum
isolated from different geographic areas may exhibit
different zearalenone-producing abilities; this remains



Tseng — Fusarium mycotoxins 265
Table 6. Fusarium mycotoxin producing isolates collected from cvop plants and field soils
Toxins (ug/kg dry weight)

Isolates : -

Deoxynivalenol Zearalenone T-2 toxin Moniliformin
F. moniliforme (PRD 3-3) o° 108® 0 0
F. moniliforme (PCG 2-2) 0 4.2 0 0
F. moniliforme (IBAS-5) 0 0 0 112,000
F. moniliforme (IBAS-6) 0 0 0 131,000
F. oxysporum (SRB 6-6) . 0 4.2 0 0
F. oxysporum (SCM 3-3) 0 13.5 0 0
F. oxysporum (PSE 4-4) 0 17.6 0 0
F. oxysporum (SSA 3-3) 0 121.5 0 0
F. oxysporum (SKD 5-1) 0 48.3 0 0
F. oxysporum (PRI 6-1) 0 2.1 0 0
F. oxysporum (PSD 4-1) 0 859 0 0
F. oxysporum (PSI 6-5) 0 40.6 0 0
F. roseum ‘Graminearum’ (PRI 6-6) 281 0 0 0
F. roseum ‘Graminearum’ (PSD 4-4) 215 0 0 0
F. roseum ‘Graminearum’ (PRC 3-2) 0 13.3 0 0
F. roseum ‘Graminearum’ (PRL 4-2) 0 276 0 0
F. roseum ‘Graminearum’ (PCM 7-1) 0 48.6 0 0
F. roseum ‘Graminearum’ (PKH 5-1) 0 0 2,830 0

@ Average of triplicate determinations.
®Not detectable.

a problem for further investigation.

Fusarin C Producers
Twelve randomly selected isolates of F. monilifor-

Table 7. Production of fusarin C by the isolates of Fusar-
ium moniliforme growing on corn at various
temperatures and incubation periods

Fusarin C (ug/kg dry weight)

Isolates

28°C 32°C
2 3 4 2 3 4WK

PCA 2-1 82.6° 132.2 360.7 84.6 186.3  399.2
PCA 2-2 50.0 72.3 87.5 576 82.7 98.2
PCA 2-3 3464 756.5 980.4 484.4 810.6 1080.2
PCA3-1 7353 1860.4 3240.3 890.3 2600.7 3980.4
PCA 3-2 2203 237.3 9362 380.2 841.5 900.8
PCA5-1 790.2 1846.2 2802.1 690.3 1900.4 4830.2
PCA5-3 9961 2604.1 3420.7 930.2 2730.2 3612.0
PCA5-4  460.5 12456 3243.6 7100 2130.1 4210.0
PCA5-5 3028 822.1 12422 247 936.0 1510.6
PCA 5-6 ND* ND ND ND ND ND

PCA6-1 7657 14884 2976.5 8004 1610.5 3120.5
PCA 6-2 ND ND ND ND ND ND

8 Average of triplicate determinations.
®Not detectable.

me were examined for the production of fusarin C. Pre-
liminary experiments showed that the extracts of F.
moniliforme isolates contained fusarin C, based on the
presence of a bright yellow spot on the TLC plate
under visible light, with an R; value ranging from 0.31
to 0.35 (Fig. 3). Similar results were reported by Farber
and Sanders (1986).

The presence of fusarin C in a TLC- purified
extract of F. moniliforme PCA 5-1 was further con-
firmed by mass spectrometry (molecular ion M*=431,
C,3H2sNO,) (Fig. 4). Attempts were made to analyze
fusarin C from purified extract of sample PCA 5-1 by
gas chromatography. The TMS derivatives of the sam-
ple showed a peak (R;=3.0 min) in the same position as
authentic fusarin C (Fig. 5). Upon spiking the extract
with authentic fusarin C, and analysis by GC, we again
detected an increased, single, symmetrical peak in the
position of fusarin C. The limit of detection was about
0.01 xg/g. This analytical method, developed in our lab-
oratory, will be a useful technique for fusarin C analy-
sis, both in cultural extracts as well as in cereal prod-
ucts.

The fusarin C content of samples of F. monilifor-
me isolates was quantified by comparing the height of
fusarin C peaks in HPLC chromatograms with those of
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Fig. 2. Gas chromatograms of the TMS derivatives of T-2

toxin produced by Fusariwm rosewm ‘Graminearion’
(PKH 5-1) isolated from sorghum. a, sample extract (2
wl); b, sample extract (2 xl)+standard TMS- T-2 toxin
(0.945 pg). Conditions: 1. Column: 3% OV-17 (1/8" X 6'); 2.
N, gas: 30 ml/min; 3. Injector temperature: 310°C; 4. Col-
umn temperature; 200-280°C, 7.5°C/min.

standard fusarin C solutions. HPLC analysis of purified
extract of PCA 3-2 showed a peak eluting in the same
position as that of fusarin C. (Fig. 6).

The amounts of fusarin C produced by the twelve
isolates of F. smoniliforme are shown in Table 7. Ten of
the twelve isolates tested were able to produce fusarin
C when growing on corn, in amounts ranging from 50 to
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4830.2 ug/kg dry weight. Isolate PCA 5-1 was the best
fusarin C producer. The effect of temperature on fusar-
in C biosynthesis was significant. All of the toxin pro-
ducers except PCA 3-2 produced larger amounts of
fusarin C over a 4-week period at 32°C than they did at
28°C.

A previous study, also performed with corn cul-
tures, demonstrated the ability of 14 isolates of North
American F. moniliforme to produce fusarin C at 28°C
(3 weeks), in amounts ranging from 18.7 to 332 ug/g dry
weight (Farber and Sanders, 1986). Also, Gelderblom ef
al. (1984) reported that 20 strains of F. moniliforme
were able to produce fusarin C on corn in amounts ran-
ging from 63 to 724 ug/g dry weight, when the corn
cultures were incubated for 2 weeks at 25°C, followed
by 2 weeks at 15°C. Apparently, the isolates of Ta-
iwanese F. moniliforme used in this study produced
lower amounts of fusarin C than do South African and
North American strains. Also, the optimal temperature
for the production of fusarin C by our isolates was

B

Fig. 3. Thin-layer chromatograms of extracts of F. monilifor-
me isolates. Developing solvents: CHCl, @ CHLOH(9:1: v
v); lanes 1-8, F. moniliforme PCA 2-3, PCA 3-1, PCA 3-2,
PCA 5-1, PCA 5-1, PCA 5-2, PCA 5-3. PCA 5-4, PCA 5
-5, PCA 6-1; Std=fusarin C.
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Fig. 5. Gas Chromatograms of the TMS derivatives of fusarin C
standard (0.034 mg/ml) (A) and the purified (B) and spi-
ked purified extracts of sample PCA 5-1 (C). Conditions:
1. Column: SE-30 (3 mm X1 m, 10% Chromosorb W, 80
-100 mesh); 2. N, gas: 30 ml/min; 3. Injector temperature:
190°C; 4. Column temperature: 170°C.

higher than that in the previous reports. The signifi-
cance of this is unclear at present. Farber and Sander
(1986) have indicated that slight changes in aeration,
temperature, and pH can have drastic effects on the

[ Y I N O O B
2

3 4 5 0 1 2 3 4 5 0 1 2 3 4 5
Retention Time (min)

Fig. 6. LC chromatograms of 1 xl fusarin C standard (0.027 mg/
ml)(A) and the purified (B) and spiked purified extracts
of sample PCA 3-2 (C). Conditions: 1. Column: LiChrosorb

RP-18 (4 mmx25 cm); 2. Mobile phase: CH;OH: CHCI,
(1:19); 3. Flow rate: 1.0 ml/min; 4. Detector: U. V. at 365
nm, sensitivity at 0.1 AUFS.

biosynthesis of fusarin C by Fusarium spp. However,
that the difference is due to the geographical origin of
the fungi still cannot be ruled out. Recently, 39 isolates
of F. moniliforme from crop plants were examined for
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fumonisins, About 649 of the isolates were proved to
produce fumonisin (unpublished data).

In summary, the production of Fusarium mycotox-
ins by isolates of Fusarium spp. in Taiwanese crop
plants and field soils was studied. Sixty-one randomly
selected isolates were examined for the toxins. Zear-
alenone was found to be produced by approximately
21% of the Fusarium isolates tested. Among them, F.
oxysporium and F. rosewm 'Graminearum’ were the
predominant producers. Three percent of F. roseum
‘Graminearwm ' isolates produced deoxynivalenol. One
isolate of F. roseum ‘Graminearum’', designated as
PKH 5-1, was a T-2 toxin producer at a low level of
2.3 mg/kg. Two isolates of F. moniliforme produced
moniliformin. Zearalenone producers were common in
our crop plants and soil, but they produced a much
lower quantity of mycotoxin than did other zear-
alenone producers. When twelve F. moniliforme iso-
lates from corn were screened for fusarin C, more than
839 of the isolates were able to produce fusarin C on
corn cultures in amounts ranging from 50 to 4,830 wg/
kg dry weight. Apparently, the Fusarium mycotoxin
producers are widespread in our crop plants and soil.
Further investigation will focus on the mycotoxins in
Taiwanese cereal grains, which may cause
mycotoicoses in animals and human beings.
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