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The aim of this work was to study and characterize the microbial transit among the
honey-bee gastrointestinal tract microflora and bee hive environment, that are the
primary sources for the honey microbial community. Therefore, an exhaustive
microbial analysis in honey, adult honey-bee gastrointestinal tract, and bee hive
environment from different Slovakian regions, was conducted. Our microbial
screening revealed that the primary sources of microbial community present in
Slovakian honey are the bee hive environment and the honey-bees digestive tract
microflora, mainly due microorganisms normally present in dust, air and flowers.
We found that the digestive tract of Slovakian adult honey-bees is highly populated
by anaerobic, rather than aerobic bacteria, where coliforms, enterococci,
staphylococci, Bacillus sp., Pseudomonas sp., microscopic fungi and yeast were
found. The bee hive environment revealed the presence of microscopic fungi. Among
these, the most representative genera were Aspergillus, Cladosporium and
Penicillium. The counts of total anaerobes, total aerobes, coliforms, enterococci,
bacilli, microscopic fungi and yeast were monitored in honeys. The most frequently
microscopical fungi belonging only to genera Penicillium, Cladosporium and
Alternaria were found.
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Introduction

Many authors have reported studies on honeys, some based on
physico-chemical and sensorial analysis (Esti et al., 1997), the chemical
identification of certain compounds in honeys from different sources and regions
(Martos et al., 2000) and, in recent years, studies on the antimicrobial properties of
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honeys (Taormina et al., 2001). However, except for Clostridium botulinum limited
quantitative data of bacteria in honeys have been reported in scientific literature
(Piana et al., 1991).

Honey is a natural food, mainly composed of a complex mixture of
carbohydrates and other minor substances, such as organic acids, amino acids,
proteins, minerals, vitamins, and lipids. In almost all honey types, fructose
predominates, glucose being the second main sugar. These two account for nearly
85-95% of the honey carbohydrates. More complex sugars made up of two or more
molecules of glucose and fructose constitute the remaining carbohydrates, except
for a trace of polysaccharide. Honey also contains volatile substances which are
responsible for the characteristic flavor (Finial et al., 2006).

Microbes of concern in post-harvest handling are those that are commonly
found in honey (i.e., yeasts and spore-forming bacteria), those that indicate the
sanitary or commercial quality of honey (i.e., coliforms and yeasts), and those that
under certain conditions could cause human illness. The primary sources of
microbial contamination are likely to include pollen, the digestive tracts of honey
bees, dust, air, earth and nectar, sources which are very difficult to control. The
same secondary (after-harvest) sources that influence any food product are also
sources of contamination for honey. These include air, food handlers, cross-
contamination, equipment and buildings. Secondary sources of contamination are
controlled by good manufacturing practices. The microbes of concern in honey are
primarily yeasts and spore-forming bacteria. Total plate counts from honey
samples can vary from zero to tens of thousands per gram for no apparent reason.
Most samples of honey contain detectable levels of yeasts. Although yeast counts
in many honey samples are below 100 colony forming units per gram (cfu.g™),
yeasts can grow in honey to very high numbers (Snowdon and Cliver, 1996).

Materials and Methods

The Worker-bees of Apis mellifera from the apiary of the west, middle and
east Slovakia were used for experiments. For the experiment 7 winter and 7
summer bees were taken from the honey combs from the same healthy colony. The
worker-bees were decapitated and their midgut (ventriculus and anterior intestine)
and rectum (posterior intestine) were weighed to obtain 0.1 g of material. The
specimens of worker-bees were obtained from the hive before evacuation of feces
outside the hive. Microorganisms of 30 samples of honey were examined, collected
from various areas of Slovakia. Samples of honey were collected only during summer
time, during winter time bees in Slovakia are not working for production, because of
winter climatic conditions. Microorganisms of 30 samples of bee hive environment
dross were collected only during summer time.

Determination of cfu counts in gastrointestinal tract

The plate diluting method was applied for quantitative cfu counts
determination of respective groups of microorganisms in 0.1 g of substrate.
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Gelatinous nutritive substrate in Petri dishes was inoculated with 1 ml of chyme
samples by flushing and on surface in three replications. Homogenized samples of
rectum and midgut chyme (chyme was taken to sterile Petri dishes) were prepared
in advance by sequential diluting based on decimal dilution system application.
Basical dilution (107) was prepared as follows: 0.1 g of cecum content was added
to the test tube containing 9.9 ml of distilled water. The cells were separated from
substrate by scutching in shaking machine (30 minutes). In this way prepared basic
substance was diluted on to reduce the content of microorganisms on the level
below 300 cfu.

Determination of cfu counts in honey samples

The plate diluting method was applied for quantitative cfu counts
determination of respective groups of microorganisms in 1 g of honey. Gelatinous
nutritive substrate in Petri dishes was inoculated with 1 ml of honey samples by
flushing and on surface in three replications. Basical dilution (10™") was prepared as
follows: 5 g of honey content was added to the test tube containing 45 ml of
distilled water.

Media and culture conditions

Total anaerobes were grown in Meat Peptone agar (anaerobiosis), at the
temperature 37 °C during 72 hours. Total aerobes were grown in Meat Peptone
agar (aerobiosis), at 37 °C during 72 hours. Lactobacilli were grown in Rogosa
agar (microaerophillia), at 37 °C during 72 hours. Total facultative anaerobes were
grown in yeast extract with glucose 1% (aerobiosis), at 37 °C during 72 hours.
Coliforms bacteria were grown in Mac Conkey agar (aerobiosis), at 37 °C during
24 hours. Staphylococci were grown in Baird-Parker agar (aerobiosis), at 37 °C
during 24 hours. Enterococci were grown in Slanetz-Bartley agar (aerobiosis), at
37 °C during 48 hours. Bacillus sp. were grown in Nutrient agar (aerobiosis), at 37
°C during 24 hours. Pseudomonas sp. were grown in Endo agar (aerobiosis), at 37
°C during 24 hours. The composition of these nutritive substrates was according to
the directions for use declared by the producer (Biomark laboratories). Bacterias
were determined according to (Holt et al., 1994).

For determinations of fungal colony dross of bee hive enviroment were
soaked in 9.9 ml sterile tap-water containing 0.02% Tween 80 and then 30 min
shaked. Petri dishes were inoculated using the spread-plate technique and
incubated at 25 °C. Fungal species in samples were determined after 5 days of
incubation. The yeasts were grown in Glucose Yeast Peptone agar (aerobiosis), at
25 °C during 72 hours. Malt agar and Czapek-Dox agar were used to isolate and
identify individual genera and species. Incubation was carried out at 25 °C for 5-10
days. Moulds were determined according to Hoog et al., (2000) and Samson et al.,
(2002).
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Results and Discussion

The honey has two sources of contamination with microorganisms:
primary sources include pollen, the digestive tracts of honey bees, dust, air, soil
and nectar; secondary sources are those arising from honey manipulation by
people, they include air, food handlers, cross-contamination, equipment and
buildings. The primary sources of honey contamination are very difficult to
control. Conversely, secondary sources of honey contamination can be controlled
by good manufacturing practices.

Microbial analysis of honey

The same groups of microorganisms as in the gastrointestinal tract of the
bees were tested in honey, but in the honey were detected as microscopic fungi. We
found the presence of microscopic fungi in all analysed honeys samples (from
1.000 to 25.000 cfu.g™) (Tab. 1).

Table 1.

Microscopic fungi (cfu.g") in honey

Species of microscopic fungi  Absolute number cfu.g”’ Relative number (%)

Acremonium sp. 2 000 2.46
Aspergillus flavus 3 000 3.77
Aspergillus fumigatus 2 000 2.46
Aspergillus candidus 1 000 1.22
Aspergillus niger 1 000 1.22
Aspergillus ochraceus 1 000 1.22
Aspergillus versicolor 1 000 1.22
Cladosporium sp. 25000 30.85
Cheatomium sp. 2 000 2.46
Mucor racemosus 3 000 3.77
Mycelia sterilia 5000 6.16
Penicillium sp. 25000 30.85
Rhizopus stolonifer 10 000 12.34
Total number 81 000 100

The microbes of concern in honey were fungi, yeasts and spore-forming
bacteria. Fungi and yeasts are responsible for honey fermentation when the
moisture content is high (i.e., above 21%). Penicillium and Mucor are
microorganisms usually found in honey. Moreover, the presence of strains of
Bettsya alvei, Acosphaera apis and Acosphaera major may be indicative of bad
bee-hive management practices. On the other hand, strains of Saccharomyces,
Schizosaccharomyces and Torula predominate among yeasts (Migdal et al., 2000).
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Bacterial spores, particularly those of the Bacillus and Clostridium genus, are
regularly found in honey. Sulfite-reducing Clostridium is an indicator organism,
whose presence in honey provides evidence of contamination or pollution (Collins
et al., 1999). Spores of C. botulinum may be found in honey, usually at low levels
(Monetto et al., 1999). The presence of spores of Clostridium is specially
dangerous for infants and small children (Centorbi et al., 1999). Infant botulism is
mainly caused by the consumption of honey contaminated with C. botulinum.

Honey-bee gastrointestinal tract microflora

Bacterial and microscopic fungi counts from the honey-bees
gastrointestinal tract, during summer and winter-time period, are summarized in
Table 2.

Table 2.
Bacteria (log cfu.g) in the summer and winter of bees
Summer bees Winter bees
Microbiological group mean min  max mean min  max
Total anaerobes 571 000 811 7.67 6.00 9.69
Total aerobes 538 400 6.66 624 498 774
Coliforms bacteria 364 393 548 333 0.00 540
Enterococcus sp. 267 0.00 400 349 148 4.10
Pseudomonas sp. 438 3.65 529 392 0.00 533
Lactobacillus sp. 3.64 0.00 811 1.07 0.00 7.48
Staphylococcus sp. 337 0.00 541 155 0.00 3.60
Bacillus sp. 387 212 440 388 3.17 4.20
Microscopic fungi 1.o0 0.00 330 157 0.00 3.21
Yeasts 1.30  0.00 4.18 340 0.00 447

All specimens analyzed (n=14) showed the presence of anaerobic and
aerobic microorganisms. Among bacteria, total anaerobic rods, total aerobic rods,
coliforms, enterococci, staphylococci, Bacillus sp., Pseudomonas sp. were found,
indicating they are constitutive components of the Slovakian honey-bee microflora.
Lactobacilli were not found in each of the examined bees. Total anaerobes levels
were higher in winter bees (0.00 to 9.69 log cfu.g™). Total aerobes rods varied
between 4.00 log cfu.g’ of summer bees to 7.74 log cfu.g” of winter bees.
Coliforms levels varied between 0.00 log cfu.g” (winter bees) and 5.48 log cfu.g’
(summer bees). Staphylococci were detected from 0.00 log cfu.g” (winter) to 5.41
log cfu.g” (summer). Enterococci varied between 0.00 log cfu.g” (summer) and
4.10 log cfu.g” (winter). However, independently of the season, enterococci are
uniformly distributed along the gut. The Bacillus genera were presented between
2.12 log cfu.g” (summer) and 4.40 log cfu.g” (summer). Genera Pseudomonas spp.
was found from 0.00 log cfu.g” (winter) to 5.33 log cfu.g” (winter). The number
of microscopic fungi was between 0.00 log cfu.g™ (summer and winter, too) to 3.30
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log cfu.g’ (summer). The number of yeasts was between 0.00 log cfu.g”
(summer) to 4.47 log cfu.g” (winter).

The symbiotic microflora of the digestive tract of adult honeybees (Apis
mellifera) consist of Gram-negative, Gram-positive and Gram-variable bacteria,
moulds, and under some conditions also yeasts (Gilliam, 1987). The normal
microflora is obtained from consumption of pollen, other food, and through
contacts with older bees in the colony. Earlier works states that from typical
honeybee gut are often isolated microbes belonging to the genus Lactobacillus,
Bacillus and Bifidobacteria (Rada et al., 1997) The intestinal flora of the honeybee
is susceptible to various chemotherapeutics and its species composition varies
seasonally (Smolska-Szymczewska, 1989). Bees, by nature, are vegetarians and
consume only flower nectars and pollen, which are during winter season presented
in a conserved form of honey and beebread storages. In over wintering bees, the
rectum is greatly distended as to occupy a large part of the abdominal cavity before
defecation occurs. The rectum is a storage chamber for the retention of feces during
winter months. In the rectum (posterior intestine) of wintering bee is presented
around 10 millions of microorganisms, which helps to decompose and detoxicate
of non-digested food (Kacaniova et al., 2004).

Bee hive environment microflora

Microscopic fungi were found in all samples of bee hive environment,
from 1 cfu.g” to 354 cfu.g”, being the genus Aspergillus sp., Cladosporium sp. and
Penicillium sp. the most abundant (12.66%, 13.27% and 72.24% respectively),
representing the 98.17% of the total (Tab. 3).

Table 3.

Microscopic fungi (cfu.g™") in bee hive environment

Species of microscopic fungi  Absolute number cfu.g”  Relative number %

Acremonium sp. 5 1.02
Fusarium sp. 1 0.20
Mucor sp. 2 0.41
Alternaria sp. 1 0.20
Cladosporium sp. 65 13.27
Penicillium sp. 354 72.24
Aspergillus sp. 62 12.66
Aspergillus flavus 31 6.33
Aspergillus niger 31 6.33
Total number 490 100

Many microorganisms are associated with specific foods or components of
the ecosystem. Organisms found in the environment around honey (i.e. bees, hives,
pollen, flowers, soil, etc.) are also likely to occur in honey. Air and dust are
important sources of Bacillus, Clostridium and Micrococcus species. Bacillus and
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Clostridium species are important bacterial contaminants of cane and beet sugars,
Saccharomyces and Torula yeasts can be found in high-moisture sugars, and
Leuconostoc mesenteroides has been found in sugar refineries. Nectar, the body of
the bee, apiary soil and honey-house air and equipment are all considered possible
sources of yeast. Next they suggests that the ultimate reservoir for yeasts in honey
may be the hive and that the worker bees distribute the yeast to the nectar as it is
collected. The roles of the hive and nectar as primary sources of microbial
contaminants in honey are undetermined, while the sweeteners used to feed bees
may be a source of spores in honey. More research is needed to determine the
relative importance of these various routes. Mold is associated with the intestinal
contents of bees, the hive, and the environment in which the bees forage.
Aspergillus has been recovered from the intestines of honey bee larvae. One
industry report recorded the absence of mold in 40 out of 50 batches of honey, with
the other 10 batches containing no more than 15 cfu.g”. High mold counts may be
indicative of the recent addition of mold, perhaps from growth in the foraging
environment of the bee, in the hive, or on processing equipment. The conditions in
the hive will have some influence on the microbial quality of the honey. The
practices that keep bees healthy will also influence the type and number of
microbes to which honey is exposed. Moldy combs, for example, could be a source
of mold spores in honey (Snowdon and Cliver, 1996).

Conclusions

A routine microbiological examination of honey might include several
different assays. A standard plate count provides general information. Specialized
tests, such as a count of yeasts and an assay for bacterial spore-formers, may also
be useful. An indicator of sanitary quality as provided by coliform counts might be
included. Additional tests, to explain unusually high counts or address a certain
problem, may be needed. The use of honey in products that receive no or limited
heat treatment may require additional tests. More information on the source and
control of microbes in honey is needed to answer the concerns currently facing the
industry.
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