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Abstract

Genus, resp. species of microscopic fungi was observed in 20 samples of bee-collected pollen during storage. The main risk represents species of Aspergillus and Penicillium genus, which are harmful to pollen not only by mould infection, but also by production of mycotoxins and alergens. The highest occurence reached colonies of Alternaria sp. (52,8%) and Cladosporium sp. (30,6%). Less frequently were presented colonies of Aspergillus sp., Aspergillus flavus, Botrytis sp., Fusarium sp., Mucor circineloides, Mucor hiemali, Mucor racemosus, Mycelia sterilia, Penicillium sp., Rhizopus stolonifer and Trichoderma sp. 
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Introduction
Pollen is the male reproductive cell produced by anthers of flowering plants for the purpose of transmitting gametes to the stigma of receptive female flowers. Pollen is usually transmitted from one flower to another by pollination such as bees or by the wind. Bees visit flowers simply to harvest floral rewards to themselves and their larvae. Bee-collected pollen consist of a blend of pollen grains derived from many, often dozens, of plant species in a given locality, thus is not a uniform, distinct and easily characterized product. Protein is a major component of pollen with an average value of almost 24%, carbohydrates constitute about 27% of bee-collected pollen (Herbert and Shimanuki, 1978). Pollen has potential as an excellent human food source – contains over 50% more protein than beef and has great potential in human health and well-being (Schmidt and Buchmann, 1992). Only a few countries, such as Switzerland and Argentina, have legally recognized pollen as a food additive and established official quality standards and limits. The Argentinean standards require microbiological characteristics of not more than 150x10°UFC/g aerobic microbes, 10°UFC/g fungi and no pathologic microorganisms (Krell, 1996). 
 
Material and methods
 
For determinations of fungal colony-forming units (cfu) 20 g samples of ground pollen were soaked in 180 ml sterile tap-water containing 0,02 % Tween 80 and then 30 min shaked. Dilutions (from 10-1 to 10-5) in sterile tap water with 0.02 % Tween 80 was prepared and 1-ml aliquots were inoculated on each of three plates of Czapek-Dox agar with streptomycin (to inhibit the bacterial growth). Petri dishes were inoculated using the spread-plate technique and incubated at 25 °C. Total fungal cfu.g-1 counts in samples were determined after 5 days of incubation.
Malt agar and Czapek-Dox agar were used to isolate and identify individual genera and species. Incubation was carried out at 25oC for 5-10 days. Moulds were determined according to Domsch & Gams (1970); Fassatiova (1979) and Samson et al. (1988). Dry weight was determined after drying the samples 4 hours at 105 °C. Totally 20 samples of bee-collected pollen loads – fresh or chilled – were evaluated and total and relative number averaged. Pollen samples came from 5 localities of southern Slovakia. 
Results and discusSion

 
Results of fungal cultivations from pollen samples are summarized in the table 1.
 
Table 1: Total and relative number of isolated colony forming units (CFU.g-1) of microscopic fungi from bee-collected pollen (average n=20) 

	 
	Total number (No.)
	Relative number (%)

	Alternaria sp.
	204 200
	52,80

	Aspergillus sp.
	10 000
	2,60

	Aspergillus flavus
	100
	0,03

	Botrytis sp.
	1 100
	0,28

	Cladosporium sp.
	118 200
	30,60

	Fusarium sp.
	8 600
	2,20

	Mucor circineloides
	100
	0,03

	Mucor hiemalis
	200
	0,05

	Mucor racemosus
	1 100
	0,28

	Mycelia sterilia
	2 400
	0,60

	Penicillium sp.
	37 600
	9,70

	Rhizopus stolonifer
	600
	0,16

	Trichoderma sp.
	2 400
	0,60

	Total
	386 600
	100


 
Microscopic fungi are of a great interest, as many of them produce toxic metabolites – mycotoxins, which can endanger health of consumers of contaminated foodstuff (Greenberger et Flais, 2001). All specimens of pollen loads contained microscopic fungi, from 100 to 204 200 (Tab. 1), in average 19 330 CFU per gram of pollen. 

From total count 386 600 (100%) of microscopic fungi isolated from pollen samples, the highest occurrence reached colonies of Alternaria sp. (52,8 %) and Cladosporium sp. (30,6 %). Less frequently or sporadically were presented colonies of microscopic fungi as Aspergillus sp., Aspergillus flavus, Botrytis sp., Fusarium sp., Mucor circineloides, Mucor hiemali, Mucor racemosus, Mycelia sterilia, Penicillium sp., Rhizopus stolonifer, Trichoderma sp. These findings are comparable with results of Jesenska  (1985).

From ecological point of view is worth to note, that microscopic fungi from Cladosporium and Alternaria, which were isolated most frequently, often saprophytes on sugar products and honeydew issued on various plant parts. If these microscopic fungi find favorable conditions, can multiply on such substrates to huge amounts and can be seen by disengaged eye in the form of black smut-like coatings (Miller, 1992).

Honeybee and other pollinators are during foraging exposed to germs of these fungi and spores, respectively mycelia of so-called dark fungi are transmitted into pollen loads. Together with dark fungi also the spores of other fungal species can drift into pollen grains. Number of dark microscopic fungi is hence linked with their expansion on plant surfaces.  (Jesenska, 1985).

Fresh pollen loads water content varies between 20-25 % and thus is inclinable to mould infection, thus to prevent it is necessary to dry it or keep chilled or frozen. Pollen, like other protein rich foods, loses its nutritional value rapidly when stored incorrectly. Bee collected pollen has increased usage as a food supplement for human use. Our results show, that microscopic fungi are indispensable part of a bee collected pollen. Laboratory mycological investigations can contribute to clarify how microscopic fungal germs colonize the bee pollen brought into hives. Pollen is not only protein source for bee brood, but also upgrowing demand for pollen as a human food supplement is visible around the world. Pollen utilization in food industry is limited mainly by tracks of pollutants from pesticides and exhalants, as  well as biological contaminants, among which the fungal germs play the key role (Chlebo and Cermakova, 2001)
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