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Abstract 

Raw feed ingredients contamination with micromycetes species (fungi or moulds) is a 

current issue. The presence of fungi contributes to raw feeds degradation affecting thus 

their nutritive quality, while the toxic secondary metabolites they release accumulate and 

are endanger animal health. The toxic matter (mycotoxins) released by species of 

Aspergillus, Penicillium and Fusarium genera forms the major risk of intoxication for farm 

animals. Furthermore, some mycotoxins may pass unchanged chemically from the forages 

to animal food (meat, milk, eggs) being thus a risk to human health. The use of antifungal 

or fungistatic substances destroys the micromycetes but they have no effect on the 

mycotoxins released before the treatment. 73.68% of the analysed product samples were 

positive for Aspergillus species, of which A. flavus accounted for 63.15%. Penicillium 

species have been identified in 52.63% of the analysed samples, while Fusarium species in 

32.15%. Species of Rhizopus, Mucor, Alternaria and Mirothecium have been identified in 

proportions ranging from 2 to 11%. In the absence of adequate treatments which to control 

the adverse effect of mycotoxins on the animal, the mycological examination, the 

identification and quantification of the active mycotoxins are the main methods of assessing 

the quality of raw and finished feeds.
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Introduction

Bacteria and fungi are the main active biodegradation agents producing major 

physical and chemical changes in the media they colonise.

Micromycetes (fungi and moulds) are microorganisms with a very complex 

enzymatic equipment that allow them to grow on very diverse media with large 

variations of pH, temperature and moisture (Bennet 2003, Botton 1990).

The raw feed ingredients (cereal grains, seeds, meals), are an optimal media for 

fungi development due to their high level of nutrients. Certain environmental 

conditions, particularly the moisture, temperature, pH and light favour fungi 

growth and development. Infestation may occur in the fields, upon harvesting, 

during storage and even during processing leading to the loss of nutrients and to 

the development of toxic matters known as mycotoxins (Pitt 2000).
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Mycotoxins are toxic secondary metabolites of the micromycetes; they have a 

complex chemical structure and are very resistant to heat treatments and to the 

action of chemical agents (Jouany et al., 2001). This is why mycotoxins remain long 

time active in the media they were released, being a serious danger to animal 

health. On the other hand, some of these mycotoxins can easily pass from the 

forages to meat, milk or eggs posing thus serious health hazards to the people 

consuming products from contaminated animals (Conkova 2003, Di Mello 1999, 

Hussein 2001).

The use of antifungal or fungistatic products limits the infestation with 

micromycetes but it has no effect on the mycotoxins released before the time of 

treatment.

Under these conditions, the mycological examination, the identification and 

quantification of the active mycotoxins are the main methods of assessing the 

degree of salubrity of the feed ingredients before using them to manufacture 

animal feeds and give them to the animals. Animal health and performance and 

product quality and safety to human health depend ultimately on these 

investigations (Al Julaifi 2001, Frayssinet 1991).

Of the 200,000-300,000 species of micromycetes occurring in their natural 

environments, the species belonging to Aspergillus, Penicillium and Fusarium genera 

are the most spread and with the highest toxicogenic potential.

The World Health Organisation assessed that aflatoxins, trichotecene, ochratoxin 

and zearalenone are the major mycotoxins due to their toxicity. Table 1 shows the 

species of Aspergillus, Penicillium Fusarium, the main mycotoxins they release and 

their effects on the animal organism.

Table 1. Main mycotoxins released by fungi species and their effects

Species

Released 

mycotoxin

Effect on the organism

Aspergillus candidus

Xanthoascin

Candidulin

Hepatotoxicosis

Liver degeneration

Aspergillus flavus Aflatoxins Serious toxicoses, Cancer

Aspergillus niger Aflatoxins Serious toxicoses, Cancer

Aspergillus parasiticus Aflatoxins Serious toxicoses, Cancer

Penicillium variabile Aflatoxins Serious toxicoses, Cancer

P. brevicompactum Mycophenolic acid Hepatotoxicosis

Fusaruim culmorum

Trichotecene 

Zearalenone 

Dermonecrosis, 

Nausea, Vomiting, Oestrogenesis

Fusarium graminearum

Trichotecene 

Zearalenone

Moniliformin 

Dermonecrosis, 

Nausea, Vomiting, Oestrogenesis

Breathing disorders

Fusarium moniliforme

Trichotecene 

Fumonisine

Moniliformin 

Dermonecrosis, 

Nausea, Vomiting,

Pulmonary oedema,
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Zearalenone Breathing disorders, Oestrogenesis

Fusarium oxysporum Zearalenone Oestrogenesis

This paper assessed the frequency of Aspergillus, Penicil  fungi 

observed in soybean, sunflower and rape seeds and meals analysed in IBNA 

during 2002-2004 and identified and quantified the mycotoxins detected in the 

samples.

Materials and methods

A total of 76 samples of soybean, sunflower and rape seeds and meals used in 

compound feed manufacture were collected during 2002-2004. The breakdown of 

samples is as follows: 17 soybeans, 20 soybean meal, 10 sunflower seeds, 14 

sunflower meal, 7 rapeseeds, 8 rapeseed meal.

Sabouraud, Czapek-Dox, CGA and malt media were used to grow, isolate and 

identify the fungi general.

Ridascreen Fast (Darmstadt, Germany) kits were used to assess mycotoxin level. 

The mycological examination assessed the level of sample infestation with moulds, 

the isolation and identification of Aspergillus, Penicillium Fusarium genera.

The laboratory investigations were conducted observing the usual steps of a 

mycological examination (STAS 9597/12-80): 5 g of finely ground sample were 

added to 45 ml sterile saline; the mixture was stirred for homogenisation and then 

left to settle for 10-15 minutes; decimal dilutions in sterile saline (up to 10
-4

) were 

produced from the obtained suspension, in agreement with the acting standards; 1 

ml suspension from each of the last 2 dilutions were pipetted into 4, 10 cm Petri 

plates each; we than added culture media melted and cooled to 40-45
0

C; the plate 

content was homogenised by slight horizontal rotations in both directions; after the 

culture media cooled down and solidified, the plates were packed in paper and 

incubated for 5-7 days at 25-27
0

C; after incubation we assessed the total fungi count 

existing in the samples and identified the genera using a binocular magnifier. 

Pure cultures were first produced for species identification, by successive picking 

and seeding in 3 points on selective media: malt medium for the Aspergillus and

Penicillium species and CGA medium for Fusarium species. The species were 

identified by their morphological traits using an optical microscope on wet 

preparations stained with cotton blue or lactofucsine (Botton 1990 determinator). 

The ELISA immunoenzymatic method (the competition variant) and Ridascreen 

Fast kits were used to identify and quantify sample mycotoxins.

Mycotoxin extraction from the samples was done in distilled water 

(deoxinivalenol) or in a methanol-distilled water mix (aflatoxins, zearalenone); 

after stirring energetically for 3-5 minutes and filtration through Whatman no.1 

filter paper, the mycotoxin extract was used as such (deoxinivalenol) or diluted 

50% with distilled water (aflatoxins, zearalenone) according to kit instructions.
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After all the kit components (wells, standards, reagents) were brought to the 

temperature of 20-25
0

one well a

and let to settle for 5 minutes at room temperature; the wells were thereafter rinsed 

they were stirred and left for 10 minutes at room temperature and in darkness; 

ded to each well, stirred and read within 10 

minutes for the optical density f the standards and samples with a Uniskan II plate 

reader; the values of optical density were used to determine mycotoxin 

concentration.

Results and discussion

The data from the mycologic examination showed that only 32.89% of the 

surveyed samples were in agreement with the acting norms (MO 362 

bis/28.05.2003), the balance of 67.11% showing a mycotic load in excess of 5,000 

colonies/g product.

Aspergillus species were identified in 73.68% of the analysed samples, A. flavus

accounting for 63.15%. Penicillium species were identified in 52.63% of the analysed 

samples, while Furasium species were identified in 32.15% of the samples. %. 

Species of Rhizopus, Mucor, Alternaria and Mirothecium have also been identified, in 

proportions ranging from 2 to 11%.

Table 2. Mycotoxin-releasing species of Aspergillus, Penicillium and Fusarium

Surveyed feed ingredients

Species

Soybeans

Soybean 

meal

Sunflower 

seeds

Sunflower 

meal

Rapeseeds

Rapeseed 

meal

Total 

strains

Aspergillus candidus 3/17 3/20 1/10 2/14 1/7 1/8 11/76

Aspergillus flavus 14/17 14/20 5/10 8/14 3/7 4/8 48/76

Aspergillus niger 6/17 5/20 4/10 10/14 2/7 2/8 29/76

Aspergillus parasiticus 3/17 11/20 1/10 3/14 1/7 1/8 20/76

Penicillium griseofulvum 7/17 6/20 4/10 4/14 3/7 1/8 25/76

P. brevicompactum 2/17 3/20 1/10 4/14 2/7 1/8 13/76

Penicillium variabile 6/17 4/20 3/10 3/14 2/7 3/8 21/76

Fusaruim culmorum 2/17 3/20 1/10 2/14 1/7 2/8 11/76

Fusarium graminearum 1/17 3/20 1/10 3/14 - 1/8 9/76

Fusarium moniliforme 2/17 2/20 1/10 3/14 2/7 2/8 12/76

Fusarium oxysporum 1/17 3/20 - 1/14 1/7 2/8 8/76

The microscopic examination revealed the presence of 4 Aspergillus species 
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cumulating 108 strains, of which 48 strains of A. flavus, 29 strains of A. niger, 20 

strains of A. parasiticus, 48 strains of A. candidus; 3 Penicillium species cumulating 59 

strains, of which 25 strains of P. griseofulvum, 21 strains of P. variabile, 13 strains of

P. brevicompactum; 4 Fusarium species cumulating 40 strains, of which 12 strains of

F. moniliforme, 11 strains of F. culmorum, 9 strains of F. graminearum, 8 strains of F. 

oxysporum. (Table 2).

52,17% of the total identified species were Aspergillus, 28.5% were Penicillium and 

19.33% were Fusarium. All identified species are known to release mycotoxins.

Of the identified species, 4 release aflatoxins, 3 release trichotece and zearalenone, 

mycotoxins with high intoxication potential for the animal organism; therefore, 

these mycotoxins have been identified and quantified by ELISA. The results show 

that mycotoxins were present in the analysed samples within the limits admitted 

by the acting EU regulations: maximum 50 ppb for aflatoxin, 500 ppm for 

deoxinivalenol and zearalenone. (Table 3).

Table 3. Minimal and maximal mycotoxin levels 

Soybeans

Soybean 

meal

Sunflower 

seeds

Sunflower 

meal

Rapeseeds

Rapeseed 

mealMycotoxin

min max min max min max min max min max min max

Aflatoxin 14.0 47.6 21.3 48.0 4.5 12.8 6.6 24.4 3.9 7.0 6.3 18.2

Deoxinivalenol 101.9 304.3 211.7 396.8 86.0 131.5 91.4 235.0 1.1 8.3 14.3 81.9

Zearalenone 36.4 87.2 43.9 114.0 12.0 121.6 23.5 261.8 2.0 9.0 3.3 41.7

Conclusions

1. The high frequency of the fungi species belonging to Aspergillus, Penicillium

and Fusarium general in the feed ingredients show the necessity of conducting 

mycological and mycotoxicological examination of the feed ingredients before 

being used in forage manufacture;

2. Mycotoxin identification and quantification in the feed ingredients is a 

compulsory stage in assessing feed ingredients quality;

3. Mycotoxin identification and quantification in the feed ingredients is an 

essential conditions for maintaining a proper health state of the animals.
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