
Neth. J. PI. Path. 96 (1990) 187-198 

Fusarium head blight and mycotoxin contamination of 
wheat, a review 

C.H.A. SNIJDERS 

Centre for Plant Breeding Research (CPO), P.O. Box 16, 6700 AA Wageningen, the Netherlands 

Accepted 26 March 1990 

Summary 

An infection of bread wheat by fusarium head blight contaminates the crop with mycotoxins, 
particularly deoxynivalenol (DON) and nivalenol (N1V). The toxicity and natural occurrence 
of these mycotoxins in wheat are reviewed. Based on 8 years data of fusarium head blight epidemics 
of wheat in the Netherlands, DON contamination of the grain was estimated. Fusarium head 
blight ratings averaged an infection of 1.7% of all spikelets; estimates for DON contamination 
averaged 0.9 mg kg -1. Taking a guideline level for DON in uncleaned bread wheat of 2 mg kg -I , 
in 1979 and 1982 a wheat crop was produced with estimated DON concentrations above the limit 
of tolerance. Human and animal exposure to mycotoxins in the Netherlands appears to be small 
but chronic. The information presented in this paper illustrates the need for an annual evalua- 
tion of the crop for fusarium head blight incidence and mycotoxin content, and the necessity 
of fusarium head blight resistant wheat cultivars. 

Additional keywords: fusarium head blight, Fusariurn culmorum, F. graminearum, wheat, 
mycotoxin, deoxynivalenol, nivalenol 

Introduction 

In wet summers, fusarium head blight can be an important problem in wheat. In the 
Netherlands, the species isolated from Fusarium-infected heads are mainly E culmorum 
(W. G. Smith) Sacc. (teleomorph unknown) and E graminearum Schwabe (teleomorph 
Gibberella zeae Schw.). Several forms of damage can be distinguished. An infection 
of the head by Fusarium can reduce kernel set and kernel weight, causing a yield reduc- 
tion. Invasion of the kernel by Fusarium destroys the starch granules, storage proteins 
and cell walls, resulting in a poor quality product (Bechtel et al., 1985; Meyer et al., 
1986). The embryo is usually not infected except in heavily invaded kernels. However, 
slightly infected kernels with apparently uninfected embryos exhibit reduced germina- 
tion and vigour (Bechtel et al., 1985). As a result, a Fusarium epidemic can be a serious 
problem for seed production. 

Various Fusarium species including E culmorum and E graminearum are capable 
of producing mycotoxins in crops. The most notorious mycotoxins of E culmorum 
and E graminearum in wheat are of the trichothecene class: deoxynivalenol (DON, 
vomitoxin), acetyldeoxynivalenol (the isomers 3-ADON and 15-ADON) and nivalenol 
(NIV) (Kurata and Ueno, 1984; Marasas et al., 1984), amongst which DON occurs most 
frequently. Quality loss because of mycotoxin content is an underestimated form of 
damage. Data on mycotoxin contents of West European wheat crops are scarce. The 
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objective of this study was to review the toxicity and occurrence of DON and NIV in 
wheat, and to estimate the DON contamination of wheat grown in the Netherlands 
based on 8 years data of fusarium head blight epidemics. 

Toxicity of  Fusarium toxins 

Fusarium toxins are harmful to human and animal health. The toxicity of the isomers 
3-ADON and 15-ADON is comparable, and is about twice that of DON (Mirocha et 
al., 1989). From the toxicity tests summarized by Joffe (1986), it can be concluded that 
NIV is about i0 times more toxic than DON. 

Several papers report the effects on pigs fed on diets of DON-contaminated wheat 
(Bryden et al., 1987; Friend et al., 1986; Tobin, 1988). Swine diets of wheat naturally 
contaminated with Fusar ium containing only 0.3 mg kg ~ DON resulted in decreased 
feed consumption and weight gain (Trenholm et al., 1981). Foster et al. (1986) conclud- 
ed that 4.7 mg kg -~ DON added in pure form to the diet did not have any lasting ef- 
fect on feed consumption and weight gain, while a diet of naturally contaminated wheat 
with the same concentration of DON had significantly lower feed intake and weight 
gain values. Apparently other toxic metabolites in Fusariurn contaminated feed con- 
tributed to the poor performance. The reason for pigs refusing the feed is not known; 
there is little evidence that smell, taste, or a combination of the two is responsible (Friend 
and Trenholm, 1988). Toxin contaminated feed will lead to poor performance and health, 
and as a consequence economic losses. 

Poultry can tolerate larger concentrations of DON in their diet (Bryden et al., 1987; 
Hamilton et al., 1985; Manley et al., 1988; Trenholm et al., 1981). Young chickens and 
turkey poults can tolerate diets that contain DON up to at least 5 mg kg -~ from wheat 
(Hamilton et al., 1985). 

Ill effects can occur also in humans because of the dietary intake of DON or its 
metabolites. The acute symptoms of trichothecene poisoning are characterized by: skin 
irritation, food refusal, vomiting, diarrhea, hemorrhages, neural disturbance, miscar- 
riage and death (Joffe, 1986; Kuiper-Goodman, 1985). Human toxicoses due to inges- 
tion of mycotoxin-contaminated food are welt-documented (Bhat et al., 1989). Chronic 
ingestion of small amounts of trichothecenes may result in an important secondary 
effect: the predisposition to infectious diseases through suppression of the immune 
system (Kuiper-Goodman, 1985; Miller and Atkinson, 1987). Precautions should be 
taken to avoid inhalation of mycotoxin-containing spores and dust, and direct skin con- 
tact with infected kernels (Trenholm et al., 1989). 

Carry over of  D O N  into food for human consumption 

Deoxynivalenol present in the rations of Leghorn chickens, laying hens and broiler 
chickens at dietary levels of 5 mg kg -~ was not detected in eggs or tissues at a detec- 
tion limit of 10/xg kg -1 tissue (El Banna et al., 1983). None of the eggs collected from 
White Leghorn hens given a DON-contaminated wheat diet (18 mg kg -1) contained 
detectable quantities (detection limit: 10 txg kg -~) of DON (Kubena et al., 1987). 
Studies on the presence of DON-derived residues in milk of sheep indicated that only 
trace amounts (<  10 k~g 1 ~ ) were transmitted following either oral or intravenous ad- 
ministration of the toxin (Prelusky et al., 1987). 
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Milling did not remove DON from naturally contaminated wheat (Lee et al., 1987), 
but the toxin was distributed in the milling fractions (Scott et al., 1983). On average, 
baking and cooking reduces DON in wheat or wheat products by 40~ (Abbas et al., 
1988; Besling et al., 1983; Carvajal et al., 1987; Isohata et al., 1986; Young et al., 1984). 
Therefore, wheat products made from DON-contaminated wheat will still contain DON. 

Current regulations 

'Agriculture Canada' advises that animals should be fed diets containing less than 1 
mg kg -1 DON and that clean grain should be fed to pregnant and lactating animals 
(J.D. Miller, Plant Research Centre Ottawa, personal communication). Sweden has a 
regulation advising a maximum of 0.5 mg kg ~ in the diets of swine and 2 mg kg -~ 
in cows (Pettersson and Wennberg, 1988). 

For human nutrition, a tolerable daily DON intake of 3.0/xg kg 1 body weight for 
adults, and 1.5/xg kg ~ body weight for infants was established in Canada (Kuiper- 
Goodman, 1985). The guideline level for DON in uncleaned wheat and in the flour 
portion of finished foods made from bread wheat are therefore 2 mg kg -1 and 1.2 mg 
kg -1, respectively. For the USA the tolerance levels advised by 'Food and Drug Ad- 
ministration' are 2 and 1 mg kg -~, respectively (Van Egmond, 1989). In Europe only 
Rumania and the USSR have specified tolerance levels for DON: 0.005 mg kg ~ food 
and 0.5 mg kg ~ wheat, respectively (Van Egmond, 1989). 

Fusarium head blight epidemics in the Netherlands 

Fig. 1 illustrates the fusarium head blight occurrence in the Netherlands for the years 
1979-1986, expressed in prevalence, i.e. the percentage of infected farmer fields, and 
the percentage infected spikelets of affected fields. The data were collected from the 
EPIPRE program (Anon. 1985b, 1987b; Daamen et al., 1990) and illustrate the irregular 
pattern of epidemics over the years. The period 1979-1982 had a higher prevalence and 
heavier spikelet infections than the subsequent four years. As the relative acreage of 
cultivars grown did not change in the period 1979-1986 (Fig. 2; Anon., 1987c), different 
resistance levels cannot explain the pattern of epidemics. Also, there was no qualitative 
change in the use of fungicides and seed coatings (Anon., 1979; 1981; 1985a; 1987a). 
Correlations coefficients for fusarium head blight prevalence and percentage infected 
spikelets of affected fields versus weather conditions of the year concerned and the 
preceding year, and versus fusarium head blight prevalence and percentage infected 
spikelets in the preceding year are given in Table 1. As in the Netherlands winter wheat 
(which covered in 1979-1986 92% of the total wheat acreage) flowers in the second half 
of June, data on temperature, relative humidity and precipitation were gathered for 
the period 11 June - 11 July (Anon., 1978-1986). The positive correlation between 
fusarium head blight prevalence and prevalence in the preceding year cannot be ascribed 
to the occurrence of soil-borne inoculum, as the crop rotation system prevents this. 
However, Fusariurn winters on infected debris of cereals, corn or weeds, and wind and 
rain will further spread conidia and mycelium (Logrieco et al., 1988; Sutton, 1982). 
Another explanation for the correlation might be that a high head blight prevalence 
resulted in seed infections of sowing-seed for the following year. Seed infection therefore 
could also explain the correlation between head blight prevalence and relative humidity 
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Fig. 1. Fusarium head blight prevalence (percentage infected farmer fields) and percentage in- 
fected spikelets of affected fields in the Netherlands for the years 1979-1986. Source: EPIPRE 
(Anon., 1985b; 1987b; Daamen et al., 1990) 

of the period 11 June to 11 July in the preceding year (Table 1). The high correlation 
between percentage infected spikelets and precipitation in the period 11 June to 11 July 
is explained by the fact that Fusarium culmorum and E graminearum are favoured 
by wet conditions (see also Daamen et al., 1990). Above all, they are typical splash- 
borne pathogens (Sutton, 1982). 

Natural occurrence of  Fusarium toxins 

Table 2 illustrates the natural occurrence of DON in wheat samples of recent years. 
All the wheat samples were randomly collected from several growing areas, grain- 
elevators or graded lots. Average DON concentrations varied from 0.03 mg kg-I to 1.78 
mg kg -~. Maximum DON concentrations varied from 0.09 mg kg 1 to 8.53 mg kg 1 
For the Netherlands data exist only for the crops of 1982, 1983 and 1984 (Besling et 
al., 1983; Besling, 1985; Tanaka et al., 1990). Samples from Austria, Hungary and Poland 
were also analyzed for 3-ADON, but none was detected (Ueno et al., 1985). Some of  
the authors cited analyzed the wheat samples also for the more toxic nivalenol (NIV). 
Sundheim et al. (1988) detected NIV in 53 out of 53 Norwegian samples with an average 
of 0.06 mg kg -] and a maximum of 0.89 mg kg i. Ueno et al. (1985) detected NIV in 
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Fig. 2. Relative acreage of wheat cultivars in the Netherlands in the years 1979-1986. 

4 out of 5 Austrian samples with an average of 0.02 mg kg- 1 and a maximum of 0.04 
mg kg ~; in 37 out of 42 Polish samples an average of 0.05 mg kg -1 with a maximum 
of 0.35 mg kg 1 was detected. Tanaka et al. (1986) found NIV in 17 out of 31 UK 
samples with a mean of 0.10 and a maximum of 0.67 mg kg ~. Tanaka et al. (1990) 
detected NIV in 12 out of 13 Dutch samples with a mean of 0.04 mg kg -~ and a max- 
imum of 0.20 mg kg -~. Osborne and Willis (1984) did not detect any NIV in UK 
samples at a detection limit of 0.05 mg kg -1. 

Lepschy-v. Gleissenthal et al. (1989) analyzed 'suspect' field samples of the 1987 
Bavarian wheat crop for DON and NIV: 92 out of 106 DON-positive samples contained 
an average of 3.96 mg kg ~ with a maximum of 43.80 mg kg -L. In samples with higher 
DON concentration NIV was detected with a concentration between 0.10 and 0.29 mg 
kg -1. 

From the fusarium head blight prevalence PRE (o70) and the percentage infected spikelets 
of affected fields SPI, a fusarium head blight rating (%) can be calculated for each 
year as PRE • SPI/100. For the years 1979-1986 the fusarium head blight ratings averag- 
ed an infection of 1.7 % of all spikelets. From the data reported by Snijders and Perkowski 
(1990) based on artificial inoculation of ten wheat genotypes with one pathogenic strain 
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Table 1. Correlation coefficients for fusarium head blight prevalence a and percentage infected 
spiketets of affected fields versus weather conditions b of the year concerned and the preceding 
year, and versus fusarium head blight prevalence and percentage infected spikelets in the preceding 
year. 

Fusarium head blight 
prevalence 

Percentage infected 
spikelets 

year concerned 
temperature - O. 16 - 0.24 
relative humidity 0.64 0.67 
precipitation 0.70 0.77* 

preceding year 
temperature - 0.48 - 0.34 
relative humidity 0.74* 0.29 
precipitation 0.48 - 0.03 

prevalence 0.76* 0.52 
percentage infected spikelets 0.67 0.16 

" Based on the percentage infected farmer fields. 
b Temperature (sum of the daily average over the 30 days), relative humidity (sum of the daily 
average over the 30 days) and total precipitation (mm) in the period 11 June to 11 July of the 
years 1978-1986. Presented values are means over 5 stations in the Netherlands, viz. De Kooy, 
Eelde, de Bilt, Vlissingen and Beek. Source: Anon., 1978-1986. 
* Significant at P ~< 0.05. 

of  F. cu lmorum (1PO 39-01), a linear regression of  D O N  concentrat ion (mg kg -~) on 
head blight rating (%) was estimated with a regression coefficient/3 o f  0.54 (constant 
= 0; df  = 9; R 2 = 93%). The yearly fusarium head blight ratings and the estimated 
DON levels in the kernels o f  the crops o f  the years 1979-1986 are given in Table 3. 
Estimates for D O N  contaminat ion  averaged 0.9 mg kg ~. The estimates for kernel 
DON content in wheat grown in the Netherlands for the 1984 crop (Table 3) and the 
results f rom the toxin analysis (Table 2) both show low concentrations.  Regarding the 
current regulations mentioned above, the estimated DON concentrat ions o f  the wheat 
crops of  1979 and 1982 were too high. 

Estimates of DON-contaminated food intake in the Netherlands 

During 1979-1986, the Netherlands produced annually an average o f  946 276 tonnes 
o f  wheat, o f  which 23% was used for human  consumption,  36% for feed and the rest 
for export and food aid (Anon., 1979-1987). Of  the feed wheat, 55 % was used for poultry 
and 39% for swine (Anon.,  1988). 

Indirect intake o f  D O N  by man through the consumpt ion  of  animal tissues and pro- 
duce f rom animals that were fed DON-contamina ted  feed is assumed to be essentially 
zero. Therefore, estimates o f  human  exposure to DON are based on the direct intake 
by consumpt ion of  wheat products. Using a figure of  14.5 million people as the popula-  
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Table 2. Average and maximum deoxynivalenol contents (mg kg -1) in positive samples from 
home-grown wheat. 

Country Crop Number DON DON Reference 
year of samples mean max. 

out of total (mg kg -1) (rag kg ~) 

Australia 1983 20/25 0.14 1.7 Blaney et al., 1987 

Austria 1984 3/4 0.36 0.91 Ueno et al., 1985 

Canada 1980 36/77 1.06 8.53 Trenholm et al., 1983 
1986 8/8 0.27 0.45 Teich et al., 1987 

FRG 1982-1983 3/5 0.11 0.22 Besling et al., 1983 
1984 5/9 0.06 0.09 Besling, 1985 

France 1984 8/18 0.06 0.14 Besling, 1985 
1982-1983 22/25 0.09 0.27 Besling et al., 1983 

Hungary 1984 2/2 0.70 1.29 Ueno et al., 1985 

The Netherlands 1982-1983 12/18 0.05 0.16 Besling et al., 1983 
1984 8/20 0.06 0.14 Besling, 1985 
1984 13/13 0.12 0.51 Tanaka et al., 1990 

Norway 1984 32/53 0.35 3.19 Sundheim et al., 1988 

Poland 1984 13/42 0.09 0.31 Ueno et al., 1985 

Sweden 1984 8/14 0.40 1.18 Pettersson et al., 1986 

UK 1984 20/31 0.03 0.31 Tanaka et al., 1986 
1980-1982 32/200 0.20 0.40 Osborne & Willis, 1984 

USA 1984 7/11 0.06 0.14 Besling, 1985 
1982-1983 11/13 0.22 0.50 Besling et al., 1983 
1982 31/33 1.78 5.50 Hagler et al., 1984 

Table 3. Fusarium head blight rating (percentage infected farmer fields • percentage infected 
spikelets of affected fields/100) and estimated kernel DON content for the wheat crop of the 
years 1979-1986 in the Netherlands. DON concentration was estimated by a linear regression of 
DON mg kg -l on head blight rating (%) with/5 = 0.54 and constant = 0. 

Crop year Fusarium head blight DON content 
rating (%) (mg kg-l) 

1979 3.80 2.05 
1980 3.23 1.74 
1981 1.41 0.76 
1982 4.61 2.49 
1983 0.26 0.14 
1984 0.03 0.02 
1985 0.30 0.16 
1986 0.12 0.07 
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Table 4. Percentage of imported wheat that was imported from EC countries (EC%), and 
estimated daily DON intake per person in the Netherlands for the years following the wheat 
crops of 1979-1986. 

Crop year EC% Intake per 
person per day 
(#g) 

1979 63 129.5 
1980 67 114.2 
1981 67 49.9 
1982 76 176.3 
1983 73 9.7 
1984 83 1.2 
1985 89 12.6 
1986 95 5.5 

tion of the Netherlands, it can be calculated that the human consumption of wheat 
grown in the Netherlands is _+ 16 kg per person. The total consumption of wheat flour 
per person in 1986 was 53 kg (Anon., 1988). Averaged over the years following the crops 
of 1979-1986, the sources of  imported wheat used in the Netherlands were: 77% im- 
ported from EC countries (Table 4) (of which 69% from France), 20% from the USA 
and 3% from Canada (Anon. 1979-1987). Assuming (i) 53 kg total consumption of 
wheat flour per person, of which 70% imported, (ii) all EC-grown wheat had the 
estimated DON concentration of the Dutch home-grown wheat, (ill) the American and 
Canadian wheat contained no DON, and (iv) cooking or baking reduced DON by 40%, 
the daily intake of DON per person can be estimated (Table 4). Exposure to DON was 
small, but chronic. In the year following the crop of 1982 as much as 176.3 #g DON/per-  
son/day was consumed. Given the tolerable daily DON intake of 3 /xg kg 1 body 
weight and a mean human body weight of  60 kg, the estimated daily intake in 1982 
was about equal to the limit of  tolerance advised in Canada and the USA. 

Conclusions 

This analysis indicates the need for more information on the problem of F u s a r i u m  
mycotoxins in wheat grown in Western Europe. More epidemiological data should be 
collected to develop a better model of the relation between climatic factors, fusarium 
head blight infection and mycotoxin content. The irregular pattern of the fusarium 
epidemics has led to an underestimation of the potential danger of a toxin contaminated 
wheat crop. In consideration of human and animal health, inspection of the crop and 
harvest is necessary. Breeding for resistance to fusarium head blight is of the utmost 
importance. 
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Samenvatting 

Het van nature voorkomen van deoxynivalenol in tarwe in relatie tot aaraantasting 
door Fusarium-soorten 

Aaraan ta s t i ng  van tarwe doo r  Fusariurn culmorurn en Fusariurn graminearum leidt  
to t  vorming  van mycotoxinen  in her graan,  waarvan deoxyniva lenol  (DON) en niva- 
lenol  (NIV) de be langr i jks te  toxinen zijn. In dit ar t ikel  wordt  een overzicht  gegeven 
van de toxicologische aspecten,  en het voo rkomen  van deze toxinen in tarwe. In fo rma-  
tie over D O N  en NIV in tarwe in Wes t -Europa  is schaars.  Gebaseerd  op gegevens van 
Fusarium epidernieen in de ja ren  1979-1986 wordt  een schat t ing gegeven van de con- 
centrat ie  D O N  in Neder landse  tarwe. Rekening houde nd  met de herkornst  en verwer- 
king van tarwe, b l i jken  zowel in dierli j  k als mensel i jk  voedsel lage concentra t ies  D O N  
chronisch voor te komen.  Op  basis van een max imaa l  toe laa tbare  dagel i jkse dosis D O N  
van 3 ~g kg J l ichaamsgewicht  is de schat t ing  van de dagel i jkse  o p n a m e  van D O N  in 
het j a a r  volgend op de oogst  van 1982 net op de grens. Zowel een j aa r l i jk se  inventar isa-  
tie van Fusarium aan tas t ing  en D O N  besmet t ing  van het graan,  als de on twikke l ing  
van Fusarium-resistente rassen zijn noodzake l i jk .  

References 

Abbas, H.K., Mirocha, C.J., Rosiles, R. & Carvajal, M., 1988. Decomposition of zearalenone 
and deoxynivalenol in the process of making tortillas from corn. Cereal Chemistry 65: 15-19. 

Anonymous, 1978-1986. Maandoverzicht van het weer in Nederland 75-83. Uitgave 94A. Ko- 
ninklijk Nederlands Meteorologisch Instituut, De Bilt, the Netherlands. 

Anonymous, 1979. Gids voor ziekten- en onkruidbestrijding in land- en tuinbouw. Akkerbouw- 
tuinbouw openbaar groen. Ministerie van Landbouw en Visserij, Directie Akkerbouw en Tuin- 
bouw, Plantenziektenkundige Dienst. 7e uitgave - maart 1979. Consulentschappen voor Plan- 
tenziektenbestrijding, Wageningen, the Netherlands, 448 pp. 

Anonymous, 1979-1987. Annual Report of the 'Produktschap voor granen, zaden en peulvruch- 
ten'. 's-Gravenhage, the Netherlands. 

Anonymous, 1981. Gids voor ziekten- en onkruidbestrijding in land- en tuinbouw. Akkerbouw- 
tuinbouw openbaar groen. Ministerie van Landbouw en Visserij, Directie Akkerbouw en Tuin- 
bouw, Plantenziektenkundige Dienst. 8e uitgave maart 1981. Consulentschappen voor Plan- 
tenziektenbestrijding, Wageningen, the Netherlands, 456 pp. 

Anonymous, 1985a. Gewasbeschermingsgids. Handboek voor de bestrijding van ziekten, pla- 
gen en onkruiden en de toepassing van groeiregulatoren in de akkerbouw, veehouderij, tuin- 
bouw en het openbaar groen. CAD Gewasbescherming/Plantenziektenkundige Dienst. 9e, 
herziene druk. Wageningen, the Netherlands. 551 pp. 

Anonymous, 1985b. Stichting Nederlands Graan-Centrum (NGC). Jaarverslag 1984. Wagenin- 
gen, the Netherlands. 56 pp. 

Anonymous, 1987a. Gewasbeschermingsgids. Handboek voor de bestrijding van ziekten, pla- 
gen en onkruiden en de toepassing van groeiregulatoren in de akkerbouw, veehouderij, tuin- 
bouw en het openbaar groen. CAD Gewasbescherming/Plantenziektenkundige Dienst. 10e, 
herziene druk. The Netherlands. 575 pp. 

Anonymous, 1987b. Stichting Nederlands Graan-Centrum (NGC). Jaarverslag 1986. Wagenin- 
gen, the Netherlands. 47 pp. 

Anonymous, 1987c. 62e Beschrijvende Rassenlijst voor Landbouwgewassen 1987. Leiter-Nypels, 
Maastricht, the Netherlands. 336 pp. 

Anonymous, 1988. Landbouwcijfers 1988. Landbouw-Economisch Instituut. Centraal Bureau 

Neth. J. Pl. Path. 96 (1990) 195 



voor de Statistiek, 's-Gravenhage, the Netherlands. 247 pp. 
Bechtel, D.B., Kaleikau, L.A., Gaines, R.L. & Seitz, L.M., 1985. The effects ofFusarium grami- 

nearum infection on wheat kernels. Cereal Chemistry 62: 191-197. 
Besling, J.R, 1985. Mycotoxinenrapport 85-1. Deoxynivalenol (DON) in graanproducten. Keu- 

ringsdienst van Waren, Rotterdam, the Netherlands. 18 pp. 
Besling, J.R, Haar, J.H. van der & Westerbeek, J.J.M., 1983. Mycotoxinenrapport 83-1. Deoxy- 

nivalenol (DON) in graanproducten. Keuringsdienst van Waren, Rotterdam, the Netherlands. 
35 pp. 

Bhat, R.V., Beedu, S.R., Ramakrishna, Y. & Munshi, K.L., 1989. Outbreak of trichothecene my- 
cotoxicosis associated with consumption of mould-damaged wheat products in Kashmir Valley, 
India. The Lancet Vol.I, 8628: 35-37. 

Blaney, B.J, Moore, C.J. & Tyler, A.L., 1987. The mycotoxins - 4-deoxynivalenol, zearalenone 
and aflatoxin in weather damaged wheat harvested 1983-1985 in South-eastern Queensland. 
Australian Journal of Agricultural Research 38: 993-1000. 

Bryden, W.L., Love, R.J. & Burgess, L.W., 1987. Feeding grain contaminated with Fusarium 
graminearurn and Fusarium moniliforme to pigs and chickens. Australian Veterinary Journal 
64: 225-226. 

Carvajal, M., Rosiles, M.R., Abbas, K.K. & Mirocha, C.J., 1987. Mycotoxin carryover from grain 
to tortillas in Mexico. In: M.S. Zuber, E.B. Lillehoj & B.L.J. Renfro (Eds), Aflatoxin in maize. 
A proceedings of the workshop, E1 Batan, Mexico, April 7-11, 1986. CIMMYT, Mexico D.E, 
pp. 318-319. 

Daamen, R.A., Langerak, C.J. & Stol, W., 1990. Surveys of cereal diseases and pests in the 
Netherlands. 3. Monographella nivalis and Fusarium spp. in winter wheat fields and seed lots. 
Netherlands Journal of Plant Pathology, in press. 

E1-Banna, A.A., Hamilton, R.M.G., Scott, P.M. & Trenholm, H.L., 1983. Nontransmission of 
deoxynivalenol (vomitoxin) to eggs and meat in chickens fed deoxynivalenol-contaminated 
diets. Journal of Agricultural and Food Chemistry 31: 1381-1384. 

Foster, B.C., Trenholm, H.L., Friend, D.W., Thompson, B.K. & Hartin, K.E., 1986. Evaluation 
of different sources of deoxynivalenol (DON) fed to swine. Canadian Journal of Animal Science 
66: 1149-1154. 

Friend, D.W. & Trenholm, H.L., 1988. Mycotoxins in pig nutrition. Review Article. Pig News 
and Information 9: 395-401. 

Friend, D.W., Trenholm, H.L., Thompson, B.K., Prelusky, D.B. & Hartin, K.E., 1986. Effect of 
deoxynivalenol (DON)-contaminated diet fed to growing-finishing pigs on their performance 
at market weight, nitrogen retention and DON excretion. Canadian Journal of Animal Science 
66: 1075-1085. 

Hagler, W.M. Jr., Tyczkowska, K. & Hamilton, P.B., 1984. Simultaneous occurrence of deox- 
ynivalenol, zearalenone, and aflatoxin in 1982 scabby wheat from the Midwestern United States. 
Applied and Environmental Microbiology 47: 151-154. 

Hamilton, R.M.G., Trenholm, H.L., Thompson, B.K. & Greenhatgh, R., 1985. The tolerance 
of White Leghorn and broiler chicks, and turkey poults to diets that contained deoxynivalenol 
(vomitoxin)-contaminated wheat. Poultry Science 64: 273-286. 

Isohata, E., Toyoda, M. & Saito, Y., 1986. Studies on chemical analysis of mycotoxin. (XVI). 
Fate of nivalenol and deoxynivalenol in foods and contaminated wheat during cooking, cleaning 
and milling processes. Bulletin of National Institute of Hygienic Sciences (Eisci Shikenkjo 
Hokoku) 104:144-147 (Abstract). 

Joffe, A.Z., 1986. Fusarium species: their biology and toxicology. Wiley & Sons, New York. 588 pp. 
Kubena, L.F., Harvey, R.B., Corrier, D.E., Huff, W.E. & Phillips, T.D., 1987. Effects of feeding 

deoxynivalenol (DON, vomitoxin)-contaminated wheat to female White Leghorn chickens 
from day old through egg production. Poultry Science 66: 1612-1618. 

Kuiper-Goodman, T., 1985. Potential human health hazards and regulatory aspects. In: P.M. 

196 Neth. J. PL Path. 96 (1990) 



Scott, H.L. Trenholm & M.D. Sutton (Eds), Mycotoxins: a Canadian perspective. NRCC 
No.22848. 185 pp. pp. 103-111. 

Kurata, H. & Ueno, Y., 1984. Toxigenic fungi, their toxins and health hazard. Developments in 
food science 7. Elsevier, Amsterdam. 363 pp. 

Lee, U.S., Jang, H.S., Tanaka, T., Oh, Y.J., Cho, C.M. & Ueno, Y., 1987. Effect of milling on 
decontamination ofFusarium mycotoxins nivalenol, deoxynivalenol, and zearalenone in Korean 
wheat. Journal of Agricultural and Food Chemistry 35: 126-129. 

Lepschy-v. Gleissenthal, J., Dietrich, R., Mfirtlbauer, E., Schuster, M., S~f3, A. & Terplan, G., 
1989. A survey on the occurrence ofFusarium mycotoxins in Bavarian cereals from the 1987 
harvest. Zeitschrift f/Jr Lebensmittel-Untersuchung und Forschung 188: 521-526. 

Logrieco, A., Bottalico, A. & Altomare, C., 1988. Chemotaxonomic observations on zearalenone 
and trichothecene production by Gibberella zeae from cereals in Southern Italy. Mycologia 
80: 892-895. 

Manley, R.W., Hulet, R.M., Meldrum, J.B. & Larsen, C.T., 1988. Research Note: Turkey poult 
tolerance to diets containing deoxynivalenol (DON) and salinomycin. Poultry Science 67: 
149-152. 

Marasas, W.EO., Nelson, RE. & Toussoun, T.A., 1984. Toxigenic Fusarium species, identity and 
mycotoxicology. The Pennsylvania State University Press. University Park and London. 328 pp. 

Meyer, D., Weipert, D. & Mielke, H., 1986. Beeinflussung der Qualitfit von Weizen dutch den 
Befall mit Fusarium cuhnorum. Getreide, Mehl und Brot 40: 35-39. 

Miller, K. & Atkinson, H.A.C., 1987. The in vitro effects of trichothecenes on the immune system. 
Mechanisms and models in toxicology. Archives of Toxicology Suppl. 11: 321-324. 

Mirocha, C.J., Abbas, H.K., Windels, C.E. & Xie, W., 1989. Variation in deoxynivalenol, 
15-acetyldeoxynivalenol, 3-acetyldeoxynivalenol, and zearalenone production by Fusarium 
graminearum isolates. Applied and Environmental Microbiology 55: 1315-1316. 

Osborne, B.G. & Willis, K.H., 1984. Studies into the occurrence of some trichothecene mycotox- 
ins in UK home-grown wheat and in imported wheat. Journal of the Science of Food and 
Agriculture 35: 579-583. 

Pettersson, H., Kiessling, K.H. & Sandholm, K., 1986. Occurrence of the trichothecene mycotoxin 
deoxynivalenol (vomitoxin) in Swedish-grown cereals. Swedish Journal of Agricultural Research 
16: 179-182. 

Pettersson, H. & Wennberg, O., 1988. High content of mycotoxins in 1986 crop from weed trials. 
Vfixtskyddsrapporter Jordbruk 49: 184-189. 

Prelusky, D.B., Veira, D.M., Trenholm, H.L. & Foster, B.C., 1987. Metabolic fate and elimina- 
tion in milk, urine and bile of deoxynivalenol following administration to lactating sheep. 
Journal of Environmental Science and Health, B22: 125-148. 

Scott, P.M., Kanhere, S.R., Lau, P~Y., Dexter, J.E. & Greenhalgh, R., 1983. Effects of experimental 
flour milling and breadbaking on retention of deoxynivalenol (vomitoxin) in hard red spring 
wheat. Cereal Chemistry 60: 421-424. 

Snijders, C.H.A. & Perkowski, J., 1990. Effects of head blight caused by Fusarium culmorum 
on toxin content and weight of wheat kernels. Phytopathology, in press. 

Sundheim, L., Nagayama, S., Kawamura, O., Tanaka, T., Brodal, G. & Ueno, Y., 1988. 
Trichothecenes and zearalenone in Norwegian barley and wheat. Norwegian Journal of 
Agricultural Sciences 2: 49-59. 

Sutton, J.C., 1982. Epidemiology of wheat blight and maize ear rot caused by Fusarium 
graminearum. Canadian Journal of Plant Pathology 4: 195-209. 

Tanaka, T., Hasegawa, A., Matsuki, Y., Lee, U.S. & Ueno, U., 1986. A limited survey of Fusarium 
mycotoxins nivalenol, deoxynivalenol and zearalenone in 1984 UK harvested wheat and barley. 
Food Additives and Contaminants 3: 247-252. 

Tanaka, T., Yamamoto, S., Hasegawa, A., Aoki, N., Besling, J.R., Sugiura, Y. & Ueno, Y., 1990. 
A survey of the natural occurrence of Fusariurn mycotoxins, deoxynivalenol, nivalenol and 

Neth. J. Pl. Path, 96 (1990) 197 



zearalenone, in cereals harvested in the Netherlands. Mycopathologia 110: 19-22. 
Teich, A.H., Shugar, L. & Staid, A., 1987. Soft winter wheat cultivar field-resistance to scab 

and deoxynivalenol accumulation. Cereal Research Communications 15: 109-114. 
Tobin, N. E, 1988. Presence of deoxynivalenol in Australian wheat and triticale - New South 

Wales Northern Rivers region, 1983. Australian Journal of Experimental Agriculture 28: 107-110. 
Trenholm, H.L., Cochran, W.P., Cohen, H., Elliot, J.I., Farnworth, E.R., Friend, D.W., Hamilton, 

R.W.G., Neish, G.A. & Standish, J.E, 1981. Survey of vomitoxin contamination of the 1980 
white winter wheat crop in Ontario, Canada. Journal of the American Oil Chemists' Society 
58: 992A-994A. 

Trenholm, H.L., Cochran, W.P., Cohen, H., Elliot, J.I., Farnworth, E.R., Friend, D.W., Hamilton, 
R.W.G., Standish, J.E & Thompson, B.K., 1983. Survey of vomitoxin contamination of 1980 
Ontario white winter wheat crop: results of survey and feeding trials. Journal of the Associa- 
tion of Official Analytical Chemists 66: 92-97. 

Trenholm, H.L., Prelusky, D.B., Young, J.C. & Miller, J.D., 1989. A practical guide to the prevention 
of Fusarium mycotoxins in grain and animal feedstuffs. Archives of Environmental Contamina- 
tion and Toxicology 18: 443-451. 

Ueno, Y., Lee, U.S., Tanaka, T., Hasegawa, A. & Strzelecki, E., 1985. Natural co-occurrence of 
nivalenol and deoxynivalenol in Polish cereals. Microbiologie - Aliments - Nutrition 3: 
321-326. 

Van Egmond, H.P., 1989. Current situation on regulations for mycotoxins. Overview of tolerances 
and status of standard methods of sampling and analysis. Food Additives and Contaminants 
6: 139-188. 

Young, J.C., Fulcher, R.G., Hayhoe, J.H., Scott, P.M. & Dexter, J.E., 1984. Effect of milling 
and baking on deoxynivalenol (DON) content of Eastern Canadian wheats. Journal of 
Agricultural and Food Chemistry 32: 659-664. 

198 Neth. J. Pl. Path. 96 (1990) 


