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Abstract

Altogether 174 isolates of - Fusarium spp. were collected from crop plants (e.g.,
rice, corn, sorghum and sugarcane) and field soil in various districts of Taiwan. Four
Fusarium spp. were obtained. F. moniliforme (312;) was the most prevalent fungus
followed by F. oxysporum (29.32%), F. roseum ‘Graminearum’ (26.425), and F. solani
(13.222). Sixty-one random selected isolates of Fusarium species were examined for
mycotoxin production by thin-layer, gas liquid and high pressure liquid chromato-
graphy. About 212 of the tested isolates produced zearalenone, among them F.
oxysporum and F. roseum ‘Graminearum’ were predominant producers; 3 2% of
the Fusarium isolates were able to produce deoxynivalenol, which were confirmed
to be F. roseum ‘Graminearum’. Only one isolate of F. roseum ‘Graminearunt,
designated as PKH 5-1, produced T-2 toxin at the level of 2.8mg/kg. Two isolates
of F. moniliforme produced moniliformin. It was noticed that zearalenone producing
isolates were widespread among the crop plants and field soil but only syntheized
low quantity of this mycotoxin.

Key words: Fusarium spp.; T-2 toxin; zearalenone; deoxynivalenone; monili-
formin.

Introduction

Mycotoxins produced by Fusarium spp. in cereal grains cause .mycotoXicoses
in animals and human beings, such as estrogenic syndromes in farm animals,
alimentary toxic aleukia, akakbitoxicoses and scabby grain toxicosis in humans,
have been reported. The toxins implicated in these mycotoxicoses have been
jdentified as zearalenone and trichothecenes, they occur naturally on corn, barley,
wheat, rice and other cereal grains.

Zearalenone is a mnatural toxic metabolite mainly produced ‘by F. roseum
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‘Graminearum’, F. moniliforme, F. tricinctum, and F. oxysporum. It is usually
produced on corn and barley in storage. When fed to animals, particularly swine,
it causes hyperestrogenism (Mcnutt et al., 1928; Lelievre ef al., 1962; Ericken, 1968;
Bristol and Djurickovic, 1971). Trichothecenes, a group of sesquiterpenoids, are
the active secondary metabolites produced by Fusarium spp. and Myrothecium as
well as Trichoderma (Hsu et al.,, 1972; Ichinoe and Kurata, 1983). Hemorrhage is
a typical symptom which in acute case of toxicosis may lead to death. Many of
the fungi, particularly Fusarium spp., that produce trichothecenes also produce
zearalenone. Moniliformin, one of the Fusarium mycotoxins, was first isolated
from American strains of F. moniliforme, it is highly toxic to animals and may
involve in the incidence of cancer in rats (Cole et al., 1973; Springer et al., 1974;
Marasas ef al., 1979).

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 researches
related to Fusarium spp. were mainly restricted to the areas of ecology, potho-
genicity and disease control. This report deals with the ability of the fungi to
produce zearalenone, trichothecenes and moniliformin.

Materials and Methodé.

Isolation of Fusarium spp.

Crop plants of corn, rice, sugarcane and sorghum which were noticed pink
discoloration either on kernels or stems in field as well as field soils collected
from various locations of Taiwan were investigated mycologically for Fusarium
spp. Seeds and stems were surface sterilized for one min with 2% sodium
hypochloride. After being thoroughly rinsed in sterile distilled water, the materials
were directly transferred to the modified peptone-PCNB medium  (Papavizas, 1967).
Plates were incubated at 20°C with a 12-hour photoperiod and examined at regular
intervals, and the dominant fungi were isolated in pure culture for further
identification. Soil collected from the fields were dried, ground and examined for
the presence of Fusarium spp. A 0.5¢g of the mixed soil was put into a test tube
with 10ml of 01595 water agar. After shaking vigorously, a series of dilutions

(1:10) in the medium was made. One ml of each of dilutions was spreaded on the
surface of the modified peptone-PCNB medium of replicated dishes, and then the

plates were incubated at 20°C. The colonies were counted after 7 days incubation.

All cultures were from single spore. The single spore isolation technique
devised by H.N. Hansen (1946) was used. The Snyder and Hansen system (1940)
was adopted for identification and classification of Fusarium spp.

Screening for Fusarium Mycotoxin-Producing Strains
A total of 61 random selected isolates of Fusarium spp. were grown on
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autoclaced hulled rice (Oryzae sativa var. Taichung No. 6) with a moisture content
of 40%. The inoculated rice culture media were kept at room temperture (28+2°C)
for 7 days and at 12°C for 21 days, except for moniliformin analysis, the culture
media were incubated at 31:+2°C for 7 days. At the end of this peroid, the cultures
were dried at 85°C for 18 h and then ground by a mill. The dried rice cultures
were analyzed for zearalenone and trichothecenes by the method as previously
described (Tseng et al., 1985). The average recoveries of deoxynivalenol and T-2
toxin in rice cultures, based on gas-liquid chromatographical analyses, were 72.462 and
9995, respectively. Calibration curves of deoxynivalenol and T-2 toxin were estimated
by the same method using the authentic compounds spiked on uninoculated rice
cultures. The sensitivity of gas-liquid chromatography for detecting deoxynivalenol
and T-2 toxin was less than 10ng. The recovery of zearalenone measured by
high pressure liquid chromatography was 74.062; and sensitivity of the method for
zearalenone was estimated lower than 5ng. All of the experiments were carried
out in triplicate. Moniliformin was measured by the method of Rabie ef al. (1978).

Results and Discussion

Four species of Fusarium including F. moniliforme, F. roseum ‘Graminearum’,
F. solani and F. oxysporum +were isolated from crop plants (e.g., rice, corn,
sugarcane and sorghum) and from the field soils. F. moniliforme (31%) was the
most prevalent fungus followed by F. oxysporum (29.3%), F. roseum ‘Graminearum’
(26.423), and F. solani (13.2%2;) (Table 1). Fusarium moniliforme and F. roseum
‘Graminearum’ were isolated most frequently from sorghum; F. oxysporum was a
predominant species found on sugarcane, while F. solani was mainly isolated from
field soils.

Of the 174 PFusarium isolates collected, 61 random selected isolates were
examined for the production of zearalenone, T-2 toxin, deoxynivalenol and monili-
formin. As shown in Table 2, they are species difference in their abilitity to
produce varijous mycotoxins. For instance, 21.31% of the tested isolates of Fusarium
species were zearalenone producers, among them F. oxysporum and F. roseum
‘Graminearum’ were confirmed as predominat producers; 3.29 of the Fusarium
isolates were able to produce deoxynivalenol, which included two isolates of
F. roseum ‘Graminearumw’. Only one isolate of F. roseum ‘Graminearum’ (1.625)
produced T-2 toxin. Two isolates of F. moniliforme (3.22%) were moniliformin
producers. It was also noticed that zearalenone producing isolates were widespread
among crop plants and field soils (Table 3). Deoxynivalenol producing isolates
were obtained from rice and sugarcane (Table 4). Only one 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. 1) was further confirmed
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Table 1. Fusarium species isolated from crop plants and field soil
Isolate from No. of isolates
Source of isolates S°(ﬂsgs)e§’ F. roseum F. moni- F’ig;i}a

. 0xy- ¢ . .
plant (DP) spomjr,n Graminea- F. solani

rum’ liforme
Rice (Oryza sativa L.) Dp 6 12 1 11 30
S 5 0 6 0 11
Corn (Zea mays L.) DpP 0 10 1 10 21
S 7 0 5 1 13
Sugarcane . DP 20 5 0 i 32
(Szf')charum officinarum S 9 1 7 17
Sorghum DP 2 18 2 25 47
(Sorghum vulgare Pers.) S 9 0 1 0 3
Total (2) 51(29.3) 46(26.4) 23(13.2) 54(31) 174
Table 2. Fusarium mycotoxin producing species isolated in Taiwan
No. of Frequency of toxin—producing
Species iIs\Iool.atoefs tg"i‘.‘ isolates (72)*
examined pggol‘;ct;g 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 0 0
F. roseum 9 6 22.22 (2/9) 33.33(3/9) 11.11 (1/9) 0
‘Graminearum’ :
Total 61 18 0.032(2/16) 21.31(13/61) 0.016(1/61) 0.03(2/61)

* DON: deoxynivalenol

; F-2: zearalenone; Mo: moniliformin.

Table 3. Zearalenone producing isolates of Fusarium species isolated
from crop plants and field soil

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. reseum 2/4 1/2 0/2 0/1 3/9
‘Graminearum’ i
Total 5/16 3/12 4/26 1/7 13/61
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Table 4. Deoxynivalenol producing isolates of Fusarium species
isolated from crop plants and field soil

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 1/4 0/2 1/2 0/1 2/9
‘Graminearum’
Total 1/16 0/12 1/26 0/7 2/61

Table 5. 7T-2 toxin producing isolates of Fusarium species
isolated from crop plants and field soil

No. of toxinogenic isolates/No. of isolates

Species . e 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 0/4 0/2 0/2 1/1 1/9
‘Graminearum’
Total 0/16 0/12 0/26 1/7 1/61

by GC-MS method.

T-2 toxin produced by F. moniliforme has been reported by Ghosal ef al.
(1978). Vesonder et al. (1981) also indicated that the F. moniliforme (NRRL 3197)
producing T-2 toxin and deoxynivalenol. However, the strain’s taxonomic position
was reexamined, and latter it is shown to be a cultural variant of the species of
F. tricinctum (Cda.) Sacc. and not a strain of F. moniliforme. In our studies, 19
isolates of F. moniliforme were examined for T-2 toxin. Three isolates designated
as PRC 3-3, PRD 3-3 and PKH 5-3 were first suspected as T-2 toxin producers
based on gas-liquid chromatographic analyses. However, when the culture extracts
were further examined by GC-MS, it turned out that all three cultures were
negative for T-2 toxin. Latter, we found all of the cultures contained an unknown
compound which exhibits the same retention time as authentic T-2 toxin. Thus,
we suggest that it is important for us to be cautious to analysis trichothecene
particularly when it was produced by F. moniliforme. ,

Table 6 illustrated the 18 isolates of Fusarium mycotoxin producers which
obtained from crop plants and field soils. Two isolates of F. moniliforme, 1IBAS-5
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Fig. 1. Gas chromatograms of T-2 toxin-producing strain, Fusarium
roseum ‘Graminearum’ (PKH 5-1) isolated from sorghum
a. ->sample extract (2 pl)
b. —>sample extract (2ul)+TMS—T-2 toxin (0.945 ug)
Conditions:

1.

Moo e

Column: 32 OV-17 (6'x1/8")

N; gas: 30 ml/min

Injector temperature: 310°C

Column temperature: 200-280°C, 7.5°C/min

. Attenuation: 16

Range: 102

. Chart speed: 5 mm/min
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Table 6. Fusarium mycotoxin producing isolates collected
from crop plants and field soil

Toxins (uglkg)

Isolates

Iz]eﬁ’éﬁgi' Zearalenone T-2 toxin %(r)ﬁ:ll;
F. moniliforme 0 108 0 0
(PRD 3-3)
F. moniliforme 0 4.2 0 0
(PCG 2-2)
F. moniliforme 0 0 0 112,000
(IBAS-5)
F. moniliforme 0 0 0 131,000
(IBAS-6)
F. oxysporum ‘ 0 4.2 0 0
(SRB 6-6)
F. oxysporum 0 13.5 0 0
(SCM 3-3)
F oxysporum 0 17.6 0 0
(PSE 4-4)
F. oxysporum 0 121.5 0 0
(SSA 3-3)
F. oxysporum 0 48.3 0 0
(SKD 5-1)
F. oxysporum 0 2.1 0 0
(PRI 6-1) : i
F. oxysporum 0 859 Q 0
(PSD 4-1)
F. oxysporum 0 40.6 0 0
(PSI 6-5)
F. roseum ‘Graminearum’ 281 0 0 0
(PRI 6-6)
" F. roseum ‘Graminearum’ 215 0 0 0
(PSD 4-4)
F. roseum ‘Graminearum’ 0 13.3 0 0
(PRC 3-2)
F. roseum ‘Graminearum’ 0 27.6 0 0
(PRL 4-2)
© F. roseum ‘Graminearum’ 0 48.6 0 0
(PCM 7-1)
F. roseum ‘Graminearum’ 0 0 2,830 0
(PKH 5-1)

and IBAS-6, produced a considerable amount of moniliformin (e.g., 112 mg/kg and
131 mg/kg) but no other Fusarium toXins. About 722 (13/18) of the isolates
including F. moniliforme, F. oxysporum and F. roseum ‘Graminearum® are zearalenone
producers. Fusarium oxysporum (PSD 4-1) produced a highest amount of zearalenone
at the level of 859 ug/kg. Fusarium roseum can produce large quantities of zearale-
none (3,000-15,000 mg/kg) has been reported by Mirocha (1977). Our zearalenone
producers only synthesize low quantities of this mycotoxin. Whether it is due to
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the fact that: Fusarium. rosewm isolated from different geographic area exhibits
differing zearalenone producing ability, it remains to be a problem for further

investigation. Co
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