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Introduction. 

Honeybee collected pollen, a traditional product of bee-keeping is used by people as a component of dietary cookery, a source of physiologically active elements. Commercial production of biologically active food supplements based on honeybee pollen has been growing these days. With physiological value of pollen well enough studied, researchers have limited access to publications concerning hygienic aspect of pollen which would involve microbiological analysis. This article will describe microbiological quality of pollen as a food substance in respect of the set sanitary standards.

Methods and materials.
 Analyses have involved over 70 samples, which were collected from commercial lots of pollen in various areas of Ural, Ukraine, Baltic area and China during 2001-2002. Russian State established methods were used to determine the following:

1. Number of mesophile aerobic and optionally anaerobic bacteria (NMaAOAB) - by seeding into
agarwith 0.1 % glucose for incubation at30°Cfor 72 hours.

2. Number   of   moulds   and   yeasts   -   by   seeding   in   Saburo   medium   with
benzylpenicillin and streptomycin for incubation at 24°C for 120 hours.

3. Availability of coliforms (Gram-negative aerobic and optionally anaerobic bacilli,
which do not form spores and may ferment lactose with accompanying formation
of acid and gas) in 0.1 gram - by accumulation in Kessler medium with lactose at
36°C for 48 hours followed by seeding into Endo medium for incubation at the
same temperature for 24 hours.

4. Availability of Escherichia coli in 1 gram - by accumulation in Kessler medium
with lactose at 44°C followed by seeding into Endo medium for incubation at
36°C for 24 hours.

5. Availability of Staphilococcus aureus in 1.0 gram - by accumulation in salt broth
at 36°C for 24 hours followed by seeding into salt-and-yolk agar and growing for
24-48 hours.

6. Availability of Salmonella bacteria in 10 grams   - by accumulation in buffered
peptone water at 36°C for 18-20 hours followed by reseeding into magnesium
and tetrationate media and incubation at 36°C and 42°C respectively.

7. Upon completion of 24 and 48 hours samples were seeded into dense media, i.e. Endo agar, Ploskirev agar and bismuth-sulphite agar.

Data obtained during the tests have been processed using Statistics 5.5 software. Correlation and cluster analyses have been based on normalized data of the following: logarithm of (NMaAOAB) number, moulds and yeast number, and coliforms titres.

Findings and considerations.
 Examination of samples did not show any presence of Staphilococcus aureus or pathogenic Salmonella bacteria. Coliforms have been found in 27% of samples, while E.coli in 7 % of samples. See more details in Table 1 below.

Table 1. Honeybee collected pollen - microbiological findings


Share in the total number of samples, % 

Semination value, CFU/g 
NMaAOAB
Moulds 
Yeasts 
Fungi 

<200 

3 
46 
10 

200-1,000 

23 
19 


1,000-5,000 
31 
34 
14 
37 

5,000-10,000 
24 
16 
6 
14 

10,000-50,000 
30 
16 
9 
24 

50,000-100,000 
9 
6 
6 
4 

100,000-500,000 
6 
3 
1 
10 

Detection results in sample, g 
Coloforms 
Entero-bactena 
E.coli 

Not found 
74 
44 
93 

1.0 
n.d. 
n.d. 
7 

0.1 
22 
26 
n.d. 

0.01 
4 
24 
n.d. 

0.001 
n.4 
3 
n.d. 

* n.d. - not determined.

These findings match the data obtained by the researches in China of the number of aerobic bacteria identified in pollen, which were 103-107 CFU/g (Yu Shaoyong et al., 1989). The level of pollen contamination with moulds has generally exceeded the values determined by researchers in fresh pollen in Spain (Serra Bonvehi, J.et al., 1997) and in French pollen (Fleche, C. etal., 1997). Combined with the distribution of pollen samples against logarithm value of moulds number close to normal with mean value of 3.7 and standard deviation of 0.7 (Fig.1), this indicates that moulds continue to multiply during commercial storage of pollen. 
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Fig.1. Distribution of samples against logarithm values of moulds number.

The specific feature of overall samples examination has been the correlation of moulds number logarithm of 1g(M) and yeasts number logarithm of 1g(Y) with factor 0.39 and probability of error p=0.001. Classification of tested samples by the set number of classes with maximum difference in mean value and minimum inner variation, has shown the most interesting results in case of classes number equal to 3. The greatest differences between grades in respect of absolute values have been seen upon division into clusters based on logarithm values normalized with regard to mean values of the aggregate set of tested samples (Fig.2). Normalization with regard to mean standard deviation and other characteristics of normal distribution have also been tested. See characteristics of grades in absolute values in Table 2 below.

Table 2. Characteristics of pollen grades


Grade 1 
Grade 2 
Grade 3 
Sanitary standard 

Share in overall number of samples 
50 
28 
22 


Aerobes, mean value, CFU/g 95 % confidence interval 
7.4x10J <2.5x104 
7.8x10" <2.9x105 
2.0 x104 <6.6x104 
1.0x10" 

Moulds, mean value, CFU/g 95 % confidence interval 
2.6x10" <7.0x103 
5.8x104 <2.3x105 
5.0x10J <1.8x104 
200 

Yeasts, mean value, CFU/g 95 % confidence interval 
1.3x10J <6.9x103 
2.1 x1f/ <9.6х104 
9.0x10J <6.2x104 
200 

Titre of conforms, mean value, g 95 % confidence interval 
0.0 
9.5 >1.4 
0.48 >0.11 
Not found in 0.1g 

Based on the above, the following grades (types) be selected from the overall number of honeybee collected pollen with regard to relative values of microbiological quality parameters:

1. Pollen of good quality;

2. Pollen spoiled during storage, with high level of aerobes, yeasts and moulds
semination;

3. Pollen contaminated with coliforms, with increased level of aerobes, yeasts and
moulds.

In 97% of cases, unprocessed honeybee collected pollen does not meet the Russian sanitary standards set in respect of moulds semination level. The number of aerobes, yeasts and coliforms exceeds permissible levels in 48%, 61%, and 27% of cases respectively. At the same time, European Pharmacopoeia ("General text", Clause 5.1.4) allows a much higher level of bacteria semination for galena medications prescribed for consumption without previous treatment by boiling water: i.e. 105 for aerobic bacteria, 104 for moulds, 103 for enterobacteria, no E.coli in 1g, and no Salmonella bacteria in 10g of pollen. With these standards applied, the share of good quality samples would exceed to 61% of the overall number of tested samples. Having stated that, it should be noticed that "enterobacteria test" in European Pharmacopoeia conceptually differs from methods of Enterobacteriaceae identification set by the local standards in respect of food, perfumes and cosmetic products. As such, researches based on foreign standards have to be continued.

Conclusion. 
It has been found that local sanitary standards set in respect of honeybee collected pollen as a biologically active food supplement do not consider traditional practice of this bee product consumption with regard to high level of semination with saprophytic moulds. Based on our findings, presence of moulds of up to 104 seems to be normal, which is a permissible level in Europe. In this connection studies of microflora content in relatively good quality pollen are required for the estimation of its risks for human health.
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