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Introduction

Honeybees use bee bread rather than honey and pollen for their nutrition. Because both nectar and pollen undergo some biochemical 
changes before being consumed by honey bees. While the pollen brought to the hive by the bees is filled into the honeycomb cells, 
honey, organic acids in the salivary gland secretions of the bees and digestive enzymes are added to the pollen (Deveza et al. 2015). 
Then, lactic acid fermentation caused by Lactobacillus bacteria takes place under anaerobic conditions. An important reason for 
fermentation is the dissolution of the outer layer (exine) of the pollen and the easy absorption of the nutrients in the pollen interior. 
Thus, the fermentation process serves not only to preserve the pollen content but also to form new compounds. During fermentation, 
bee pollen proteins are broken down into peptides and amino acids. DeGrandi - Hoffman (2013) reported that the protein concentration 
of pollen is higher than that of bee bread, while the amino acid concentration is lower. In another study, the lactic acid concentration in 
bee bread was found to be 6 times higher than in pollen (Nagai et al. 2005). It is also reported that bee bread contains vitamin K, which 
is not found in fresh pollen and is richer in B vitamins (Gilliam 1979a,b).

ABSTRACT
Bee bread is fermented and naturally preserved pollen that is enriched with 
digestive enzymes and organic acids from both honey and the salivary gland 
secretions of honeybees. As yet, there is insufficient information concerning 
which bacteria and yeasts are involved in the fermentation. This study 
seeks to determine the contents of microorganisms in fresh and dry bee 
bread samples and to ascertain the antimicrobial resistance of these isolated 
microorganisms. Fresh and dry bee bread samples were obtained from 8 
different colonies that were cultivated in suitable medium to reproduction 
the aerobic microorganisms, anaerobic microorganisms, and fungi. The 
isolated strains in bee bread samples were identified by conventional and 
MALDI-TOF MS methods. The minimal inhibitory concentrations (MIC) of 
the antimicrobial agents for strains were determined according to the Clinical 
and Laboratory Standards Institute (CLSI). The 34 strains were isolated from 
fresh bee bread samples. There were no microrganisms reproduced in the 
dried bee bread samples. The 34 isolated strains were; Aspergillus spp. (12), 

Rhizopus oryzae (6), Mucor circinelloides (1), Bipolaris (2), Trichoderma (3), 
Paecilomyces variotii (1), Penicillium chrysogenum (1), Kodamaea ohmeri 
(1), Bacillus altitudinis/pumilus (3), Bacillus licheniformis (1), B. megaterium 
(1), Micrococcus luteus (1) and Serratia marcescens (1). The MIC values of 
itraconazole (IT), voriconazole, anidulafungin (AND), and caspofungin (CS) 
for Mucor and Rhizopus strains were higher (≥32 μg/mL), with the exception 
of amphamphotericin B posaconazole. All antifungal agents had lower MIC 
values compared to the Aspergillus, Bipolaris, P. variotii, and K. ohmeri strains. 
The trichoderma strains had low MIC values (≤0.50 μg/mL), with the exception 
of IT. The P. chrysogenum strains were found to have low MIC value (≤0.25 
μg/mL) compared to posaconazole, AND, and CS. In this study, there were no 
microorganisms reproduce in the dried bee bread samples stored under suitable 
conditions. In addition, it was concluded that yeast, mold, and bacteria isolated 
in fresh bee bread samples may be resistant to antibiotics and antifungal drugs.
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Bee bread has higher nutritional value, better digestibility, and richer chemical composition than bee-collected pollen (Habryka et 
al. 2016). Bee bread contains carbohydrates (24-34%), proteins (14-37%), lipids (6-13%), and other nutrients such as minerals and 
vitamins (Stanciu et al. 2009; Tomas et al. 2017; Kieliszek et al. 2018; Belina-Aldemita et al. 2019). In addition, it provides the essential 
amino acids humans cannot synthesize (Bonvehi & Escola 1997; Human & Nicolson 2006). However, the chemical composition of bee 
bread varies depending on the botanical origin, geographical location, climatic condition, soil type, beekeepers’ activities, or storage 
treatments in commercial production (Pascoal et al. 2014; Ares et al. 2018). Since it contains easily digestible sugars, oil, mineral 
components, and higher free amino acids compared to bee pollen, it has a higher bioavailability and is easily digestible (Nagai et al. 
2005). The antibacterial and antioxidant activity, immune system benefits, intestinal regulator, anti-fatigue, lipid regulator in blood and 
tissue, and antiaging effects of bee bread has been discussed in various studies (Villanueva et al. 2002; Nogueira et al. 2012; Kaplan et 
al. 2016; Urcan et al. 2018; Bakour et al. 2019).

The fact that fresh bee-collected pollen contains 21-30% water causes the development of microorganisms and the deterioration of the 
pollen. For this reason, it is recommended to dry it at the appropriate temperature (40 oC) and store it in a deep freezer to preserve its 
biological activity (Barene et al. 2015). Bee bread is more acidic than pollen and is more durable because it is a fermented product. 
Therefore, bee bread and pollen products should be dried, and water activity should be reduced to prevent microbial growth. In the 
studies carried out to date, Candida parapsilosis, Cryptococcus neoformans, Pichia dispore, Saccharomyces heterogenicus, Torulopsis 
etchellsii, Torulopsis magnoliae, Torulopsis stellata, Zygosaccharomyces bailii, Bacillus subtilis, B. pumilis, B. licheniformis, 
Penicillium spp. Assporiformis cladosporioides, and Scopulariopsis brevicaulis are among the microorganisms isolated from bee bread 
(Egorova 1971; Gilliam et al. 1989; Sinpoo et al. 2017). Although the fresh form of Bee bread, which is a fermented product, is the best 
way of consumption. It is necessary to find out the microbial content of both fresh and stored forms of bee bread. 

This study seeks to determine the contents of microorganisms in fresh and dry bee bread samples, and to identify the antimicrobial 
resistance of these isolated microorganisms.

2. Material and Methods

2. 1. Bee bread samples

Bee bread samples were obtained from bee colonies in Erciyes University Agricultural Research Center and Erciyes Technopark 
(Nutral Therapy, Co), Kayseri. Fresh bee bread samples collected from 8 different colonies were brought to the laboratory under 
hygienic conditions. Half of each sample (one colony) was divided into two. The first half (fresh bee bread) was analyzed as soon 
as collected, and the second half (stored bee bread) was kept in a deep freezer for three months after being dried at 40 °C (Figure 1). 
Afterwards all samples were analyzed. 

Figure 1- Bee bread samples
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2. 2. Microbiological analysis

A microbiological analysis of each bee bread (fresh and stored) was performed according to the method described by Gilliam et 
al. (1989). Each sample was divided into four sub-samples of approximately 1 g and studied in 4 replicates. Each of these four 
replicates was homogenized in 2.5 mL of sterile 0.85% NaCl on a glass shredder, taking care of sterilization at each stage of the 
study. The homogenates (100 µl) were incubated in Sabouraud’s dextrose agar (SD, Oxoid, UK) medium with and without antibiotics 
(cycloheximide and chloramphenicol) in incubators adjusted to 37 °C and 25 °C to determine the fungi contents of samples. When yeast 
and mold colonies appeared, their purity was checked. 

The identification of yeasts were performed according to phenotypical methods with macroscopic morphology on SDA, microscopic 
morphology on corn meal agar, germ tube test, growth ability at 37 ºC, urea hydrolysis, and a carbohydrate assimilation test using API 
20C AUX (BioMérieux, France) kits. 

Mold identification was performed according to phenotypical methods with macroscopic morphology on SDA, microscopic morphology 
on corn flour agar and potato dextrose agar, growth ability at 37 ºC, and sensitivity to cycloheximide.

Molecular identification of all isolates at the species and genus level was performed with MALDI-TOF MS (VITEK® MS, BioMérieux, 
Marcy l’Etoile, Made by France) (Mutlu Sariguzel et al. 2016). The strains were tested by depositing one colony on a steel MALDI 
target slide by loop and a drop of formic acid was placed on the slide. The spot was dried and then overlaid with 1 µl MALDI matrix 
solution (VITEK MS-CHCA) and air-dried. For the mold colony, the colony was mixed with 70% alcohol. After centrifugation at 
10000 rpm for 2 minutes, the upper liquid was poured out, 40 microliters of 70% formic acid and 40 microliters of 99% acetonitrile 
was added to the bottom sediment and 1 microliter of the top liquid was added after centrifugation at 10000 rpm for 2 minutes. The 
top liquid was dropped into the slide well and after a steel MALDI target slide dried, the Matrix was dropped. The prepared slide was 
inserted into the VITEK®MS system. Identification of yeast, mold and bacteria was analysed using the VITEK® MS database. The 
peaks from these spectra were compared to the characteristic pattern for a particular species, genus or family of microorganisms and 
this allowed for organism identification. The quality control strains were C. albicans ATCC 90028. E. coli ATCC 8739 was used to 
calibrate the instrument for each run (Mutlu Sariguzel et al. 2016).

To investigate aerobic and anaerobic bacteria microorganisms, 100 µl of homogenate was inoculated on 5% sheep blood agar (Oxoid, 
UK), chocolate agar, MacConkey agar (Oxoid, UK), Schaedler +5% sheep blood agar (BioMérieux, Marcy, France). Schaedler Neo 
Vanco +5% sheep blood agar (BioMérieux, Marcy, France) followed by plates were incubated under aerobic and anaerobic conditions 
in 37 °C and 25 °C incubators. The bacterial isolates were identified using conventional microbiological methods (Gram stain, oxidase, 
catalase, aerotolerance testing), automated systems with VITEK2 cards (BioMérieux, France), and MALDI-TOF MS (VITEK® MS, 
BioMérieux, Marcy l’Etoile, France).

2. 3. Antimicrobial susceptibility tests of strains

2. 3. 1. Antifungal susceptibility tests of strains

The gradient diffusion test (E-test strips) and broth microdilution method were used for antifungal susceptibility testing. The MIC 
values of itraconazole (IT), voriconazole (VO), amphotericin B (AP), fluconazole (FLU) and ketoconazole (KTZ) (Sigma Chemical 
Co, St. Louis, USA) were determined using the the broth microdilution method. The MIC values of posaconazole (POS), anidulafungin 
(AND), and caspofungin (CS) were determined via the gradient diffusion test (EtestR, bioMerieux, Marcy Etoile, France). FLU and 
KTZ susceptibility were investigated only in yeast strains. The in vitro efficacy of antifungal drugs has been studied according to the 
recommendation of the CLSI M27-S4 for yeast and CLSI M38-A2 for molds (Clinical and Laboratory Standards Institute 2008; 2017).

1. 3. 1. 1. Broth microdilution method

RPMI 1640 medium with 34.53 g MOPS (3-N-morpholinepropanesulfonic acid) (PanReac & AppliChem, USA) containing L-glutamine, 
free of sodium bicarbonate and phenol red (Sigma-Aldrich, UK) was used for the broth microdilution method. Two-fold dilutions of 
drugs were made and dispensed into 96-well flat-bottom plates at concentrations ranging from 64-0.125 μg/mL for FLU, 16-0.03 μg/
mL for AP, IT, VO, and KTZ. These plates were incubated at 35 °C for 24-48 hours. The fungal inoculum was prepared from a 24-
hour culture of SDA (Oxoid, UK) incubated at 35 °C, and mold suspensions were prepared from well-spored cultures grown on potato 
dextrose agar and adjusted spectrophotometrically to a turbidity.

The MIC of the antifungal agents used were determined according to the CLSI recommendations. 
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2. 3. 1. 2. Gradient diffusion test (E-test strips)

The suspension of fungal strain (0.5 MacFarland) was spread on Mueller-Hinton agar (BD Diagnostics, France), and POS, AND, 
and CS MIC gradient E-test strips were applied. All media were then incubated at 37 °C. The diameters of the inhibition zones were 
measured after 24-48 hours of incubation.

2. 3. 2. Antibacterial susceptibility tests of strains

2. 3. 2. 1. Disk diffusion method

In vitro, antibiotic susceptibility patterns of bacterial isolates were determined by the disk diffusion method, and the results were 
interpreted according to CLSI (Clinical and Laboratory Standards Institute, 2015). Sterile swabs were dipped in bacterial suspensions 
(0.5 MacFarland) and plated on Müller Hinton agar. Antibiotic discs were placed on the plate, and all media were incubated at 37 °C. The 
diameters of the inhibition zones were measured after 24 hours of incubation. The antibiotics were investigated: penicillin (1 µg/mL), 
ampicillin (2 µg/mL), amoxicillin-clavulanic acid (20/10 µg/mL), levofloxacin (5 µg/mL), erythromycin (15 µg/mL), clindamycin (2 
µg/mL), co-trimoxazole, cefoxitin (30 µg/mL), ceftriaxone (30 µg/mL), cefuroxime (15 µg/mL), gentamicin (10 µg/mL), vancomycin 
(30 µg/mL), meropenem (1 µg/mL). Meropenem has been studied only for gram-negative strains. All discs are Oxoid, a UK brand.

2. 4. Quality control strains

C. albicans ATCC 90028. and E. coli ATCC 25922 were used as quality control strains.

3. Results

All 34 microorganisms, 7 bacteria, 1 yeast, and 26 molds, were isolated from fresh bee bread samples (n=8). Anaerobic microorganisms 
were not detected in the samples. Bacteria, yeast, and mold did not grow in stored bee bread samples (n=8). Bacteria, yeast, and mold 
species isolated from fresh bee bread are shown in Table 1. Bee bread samples are shown in Figure 1. The number of strains isolated 
from bee bread samples collected from different colonies is shown in Figure 2a. A. niger colonies is shown in Figure 2b.

Molds isolated from fresh bee bread were Aspergillus niger (5), Aspergillus fumigatus (1), Aspergillus nidulans (2), Aspergillus terreus 
(2), Aspergillus flavus (2), Rhizopus oryzae (6), Mucor circinelloides (1), Bipolaris spp. (2), Trichoderma spp. (3), Paecilomyces variotii 
(1), Penicillium chrysogenum (1); yeast: Kodamaea ohmeri (1); bacteria: Bacillus altitudinis/pumilus (3), Bacillus licheniformis (1), 
Bacillus megaterium (1), Micrococcus luteus (1) and a yeast; Serratia marcescens (1). Figure 3 shows the MALDI-TOF MS protein 
spectra of A. fumigatus strain.

The yeast fungus Kodamaea ohmeri was isolated and obtained from only one of the eight colonies. Rhizopus oryzae, which is the 
most common mold fungus, was isolated from six different colonies. and Aspergillus niger was isolated from 5 different colonies. 
The majority of microorganisms were isolated from fresh bee bread of colony 1, including seven molds (3 Aspergillus spp., Rhizopus, 
Mucor, Bipolaris spp., Trichoderma spp.), a yeast (Kodamaea ohmeri), and one bacteria (Serratia marcescens). In addition, three 
Aspergillus spp., one Rhizopus, and one Bacillus altitudinis/pumilus strains were isolated in colony 5. In colonies 2 and 3, four different 
microorganisms as mold and bacteria were isolated. In the other colonies, three different microorganisms as mold and bacteria were 
isolated (Table 1). 

Bacillus altitudinis/pumilus strains were isolated from colonies 2, 5, and 7. Bacillus licheniformis was isolated from colony 2, and 
Bacillus megaterium from colony 4. Micrococcus luteus strain was only isolated from colony 3.

All Aspergillus and Bipolaris strains had low MIC values for all tested antifungal drugs. Trichoderma strains isolated from colonies 1 
and 2 had low MIC values, with the exception of ITR. The Paecilomyces variotii strain isolated from colony 3 had low MIC values for 
other antifungal drugs, except CS and VO (8 µg/mL). 

The MIC values of antifungal drugs compared to the Mucor and Rhizopus strains were determined to be high, with the exception of 
AP-POS (MIC ranges 2-0.125 µg/mL). For the Penicillium chrysogenum strain isolated from colony 2, the MIC values of POS, AND, 
and CS were found to be low (MIC range 0.008-0.25 µg/mL)

Kodamaea ohmeri was sensitive to all the antifungal drugs studied, including KTZ and FLU. The FLU and KTZ MIC values for the 
Kodamaea ohmer strain were 8 µg/mL and 0.064 µg/mL, respectively. Table 2 shows the Minimal Inhibitor Concentrations (µg/mL) 
for six antifungal agents of fungal strains isolated from fresh bee bread samples. 
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Table 1- Bacteria, yeast and mold species isolated from fresh bee bread samples collected from eight different colonies

Microorganisms
Colonies
1 2 3 4 5 6 7 8

Molds
Aspergillus fumigatus +
Aspergillus niger + + + + +
Aspergillus nidulans + +
Aspergillus terreus + +
Aspergillus flavus + +
Rhizopus oryzae + + + + + +
Mucor circinelloides +
Bipolaris spp. + +
Trichoderma spp + + +
Paecilomyces variotii +
Penicillium chrysogenum +
Yeast
Kodamaea ohmeri +
Bacteria
Bacillus altitudinis/pumilus + + +
Bacillus licheniformis +
Bacillus megaterium +
Micrococcus luteus +
Serratia marcescens +
+: There was growth

Figure 3- MALDI-TOF MS protein spectra of A. fumigatus strain

Figure 2- a)- The number of isolated strains from bee bread samples collected from different colonies, b) A. niger colonies

a) b)
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The epidemiological value (ECV) for six antifungal drugs (IT, VO, POS, AND, AP and CS) of the Aspergillus strains were found to 
be below the values determined according to CLSI. However, the six antifungal drugs’ MIC values of the Mucor and Rhizopus strains 
were found to be higher than the Aspergillus strains. The Mucor circinelloides strain isolated from colony 1 was found to be 0.125 µg/
mL for AP, but high MIC values were determined for other antifungal drugs. The Rhizopus oryzae strains were found to have high MIC 
values for other antifungals with the exception of AP and POS. The MICs (µg/mL) for IT, VO, POS, AND, AP, and CS of fungal strains 
isolated from bee bread samples are shown in Table 2.

Serratia marcescens was observed to be sensitive to ceftriaxone, meropenem, gentamicin and cotrimoxazole. The Bacillus spp. and Micrococcus 
luteus strains do not have susceptibility limit values determined in CLSI, only the zone diameters of antibiotics are given (Table 3). 

4. Discussion

There is a heterogeneous microorganism community consisting of bacteria, yeast and molds in the ripening stage of bee bread (Haydak 
1958; Di Cagno et al. 2019; Disayathanoowat et al. 2012). During intense incubation activities, bee bread is consumed in a few days, 
while the surplus can be stored in the honeycomb cells for several months (vanEngelsdorp et al. 2009; Podriznik & Bozic 2015). 
However, consumption of 21-day-old bee bread compared to 14-day-old bee bread has been reported to cause harm to the colony health 
and gut microbiome (Maes et al. 2016).

Table 2- Minimal inhibitor concentrations (µg/mL) for six antifungal agents of fungal strains isolated 
from fresh bee bread samples

Colonies Microorganisms IT VO POS AND AP CS
µg/mL

1 Aspergillus fumigatus 0.50 0.125 0.064 0.002 0.25 0.016
Aspergillus niger comp. 0.50 0.064 0.125 0.002 0.25 0.004
Aspergillus nidulans 0.125 0.004 0.016 0.032 1 0.125
Rhizopus oryzae comp. >32 >32 2 >32 2 >32
Mucor circinelloides >32 >32 2 >32 0.125 >32
Bipolaris spp. 0.50 1 0.002 0.002 0.125 0.016
Trichoderma spp. 4 0.25 0.50 0.004 0.016 0.064
Kodamaea ohmeri 0.25 0.064 0.032 0.25 0.008 0.50

2 Trichoderma spp >32 0.25 0.50 0.008 0.25 0.032
Penicillium chrysogenum >32 >32 0.25 0.002 12 0.008

3 Aspergillus niger com. 0.5 0.50 0.25 0.002 0.25 0.006
Rhizopus oryzae com. >32 32 2 >32 1 >32
Paecilomyces variotii 0.016 8 0.032 0.002 0.064 8

4 Aspergillus terreus 0.064 0.125 0.016 0.008 0.5 0.5
Bipolaris spp. 0.008 0.064 0.002 0.008 0.008 0.002

5 Aspergillus niger comp. 0.50 0.125 0.064 0.002 0.25 0.004
Aspergillus terreus 0.064 0.125 0.016 0.008 0.50 0.50
Aspergillus flavus 0.125 0.125 0.064 0.002 1 0.064
Rhizopus oryzae comp. >32 >32 2 >32 2 >32

6 Aspergillus niger comp. 1 0.25 0.002 0.002 0.125 0.008
Rhizopus oryzae comp. >32 >32 0.50 >32 2 >32
Trichoderma spp 32 0.25 0.50 0.002 0.125 0.064

7 Aspergillus nidulans 0.125 0.008 0.002 0.002 0.25 0.002
Rhizopus oryzae comp. >32 >32 0.50 >32 1.5 >32

8 Aspergillus niger comp. 1 0.025 0.008 0.002 0.25 0.002
Aspergillus flavus 0.50 0.125 0.064 0.002 0.50 0.032
Rhizopus oryzae comp. >32 >32 0.50 >32 1 >32
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In our study, molds were found to be the most frequently detected microorganism in bee bread samples. Molds are multicellular fungi 
that are common in nature on air, soil, water and organic materials and form mycelium. Molds have low water activity and optimum 
breeding temperatures are between 22-32 °C. Although the optimum pH requirements for molds vary between 5-6, some species of 
molds can grow in highly acidic environments such as pH 2.5. Molds have become industrially important due to both positive and 
negative changes in foods. The Aspergillus species are the most common molds and are used in the production of citric and gluconic 
acid from sucrose, as well as in the production of essential enzymes for the food industry such as amylase and pectinase. The Aspergillus 
species are used in the production of lipase and protease enzymes and in the ripening of cheeses in fermented food production. Although 
the pathogenic and toxic effects of molds in foods are negligible, some molds are important because they make mycotoxins and are 
pathogenic. The Aspergillus flavus and A. parasiticus species produce a deadly mycotoxin known as aflatoxin, which is a health risk. 
Mucor is a class of mold that is abundant in soil, plants, rotting fruits and vegetables. Rhizopus oryzae is used in the production of 
prebiotic and probiotic fermented soy products and lipase enzyme production (Matthews et al. 2017). 

In one of the earliest studies on the microbiological content of bee bread, Burnside reported that some molds (Cladosporium, Mucor, 
Penicillia and Aspergillus) were found in the honeycombs and in the pollen stored in the hive (Burnside 1929). Penicillium was found 
to be the most common mold, Aspergillus less common and Mucor spp. was not isolated in their study. Yoder et al. (2013) reported 
that Aspergillus, Penicillium, Rhizopus and Cladosporium were the most commonly isolated strains in bee bread. Also, the researchers 
reported that it was found the presence of molds such as Absidia, Alternaria, Aureobasidium, Bipolaris, Fusarium, Geotrichum, Mucor, 
Nigrospora, Paecilomyces, Scopulariopsis and Trichoderma. In our study, while the Aspergillus species was the most frequently 
isolated in fresh bee bread, followed by Rhizopus spp. A study, it was reported that molds such as Cladosporium, Aspergillus and 
Penicillium were found in pollen but disappeared after six weeks of storage in the hive (Sinpoo et al. 2017).

In this study, only one yeast was isolated from the bee bread samples. Gilliam (1979 a) reported that yeast strains isolated from bee 
bread were less than pollen due to the different chemical and physical properties of bee products. Since the acidic character of bee 
bread creates a suitable environment for the development of yeast, yeast is crucial in transforming pollen into bee bread. The pH of 
the environment is important in the transformation of pollen into bee bread. Yeasts are the ones that provide this acidic environment. 
At the same time, yeasts play a role in the synthesis of B vitamins found in bee bread. It has been reported that bacteria such as lactic 
acid bacteria found in bee bread benefit from amino acids and vitamins produced by yeast strains in bee bread (Egorova 1971). It has 
been reported that different genus and types of yeasts were isolated in different studies investigating microorganisms in bee bread 
(Gilliam et al. 1977; Čadež et al. 2015). To our knowledge, Kodamaea ohmeri was first isolated from bee bread in our study, and this 
strain was found to be susceptible (a low MIC value) to all antifungals, including FLU (8 µg/mL) and KTZ (0.064 µg/mL). In a study 
done in 2020, a yeast isolation protocol was developed in pollen samples stored with bees from two apiaries in Belgium. Yeast isolates 

Table 3- Zone diameters for various antibiotics of Bacillus spp. and Micrococcus luteus strains
≤10 mm 11-24 mm ≥25 mm

Bacillus altitudinis/pumilus Clindamycin Vancomycin
Cefuroksim
Ceftriaxone

Penicillin Erythromycin, 
Co-Trimoxazole, Levofloxacin, 
Ampicillin, Cefoxitin, 
Amoxicillin, Gentamicin

Bacillus licheniformis Penicillin
Clindamycin

Vancomycin 
Cefuroksim
Ceftriaxone
Ampicillin

Erythromycin, Co-trimoxazole, 
Levofloxacin, Cefoxitin, 
Amoxicillin, Gentamicin,

Bacillus megateriumw Clindamycin Vancomycin 
Penicillin
Ampicillin

Erythromycin, Co-trimoxazole, 
Cefoxitin, Amoxicillin, 
Gentamicin, Ceftriaxone,

Micrococcus luteus - Vancomycin Erythromycin, Co-trimoxazole, 
Cefoxitin, Amoxicillin, 
Gentamicin, Ceftriaxone, 
Ampicillin, Ceftriaxone, 
Clindamycin
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were grouped according to their macro and micromorphology and representative isolates were identified using DNA sequences. Most 
of the 252 isolates identified were found to belong to the genera Starmerella, Metschnikowia, and Zygosaccharomyces. According to 
the results of this study, Detry et al. (2020) reported that high yeast abundance in fresh bee bread decreased rapidly with storage time, 
Candida species were dominant in fresh bee bread, and Zygosaccharomyces members were mostly isolated from aged bee bread. 

While studies on the microbiological analysis of bee bread are limited, it is clear that there is an relationship between bacteria, yeast, 
and molds. This study detected only 7 bacteria (5 Bacillus species) in the bee bread samples Vasquez and Olofsson reported that the lack 
of pathogenic microorganisms in bee bread may be due to the accumulation of various metabolites during fermentation by lactic acid 
bacteria. These metabolites reduce the number of microorganisms by lowering the pH of the environment (Vasquez & Olofsson 2009). 
The group of microorganisms remaining in the finished product are Gram-positive aerobic bacilli and some molds that can survive in 
adverse environmental conditions (Audisio et al. 2005). Some lactic acid bacteria produce hydrogen peroxide at a concentration that 
inhibits the growth of many pathogenic microorganisms (Bang et al. 2003). DeGrandi-Hoffman et al. (2013) reported that bee bread 
contains bactericidal compounds, as well as carbohydrates and lactic acid, that are effective in reducing the growth of microorganisms, 
which include mold, and spoilage bacteria. Bifidobacterium and Lactobacillus inhibitor the growth of Staphylococcus aureus, Gram- 
negative bacteria like Listeria monocytogenes, Escherichia coli, and Camplylobacter jejuni, rods like Salmonella, Shigella, Vibrio, and 
Klebisella species and yeast like Candida albicans. Lowering the pH value during fermentation is attributed to the activity of lactic 
acid bacteria that are introduced into the pollen from the gastrointestinal tract of the bees. Moreover, it has been reported that lactic 
acid bacteria isolated from the honeybee digestive tract inhibit the growth of the pathogen Paenibacillus larvae (Vásquez et al. 2012). 
The reason why no pathogenic microorganisms were detected in bee bread is thought to be a result of the accumulation of various 
metabolites by the fermentation process carried out by lactic acid bacteria. These metabolites reduce the number of microorganisms 
by lowering the pH of the environment (Vásquez & Olofsson 2009). In addition, some lactic acid bacteria are reported to produce 
hydrogen peroxide at concentrations that inhibit the growth of some pathogenic species (Bang et al. 2003). After the fermentation of 
the pollen, Bacillus spp. spores and fungi have been the dominant microorganism group in the pollen (Gilliam 1979 a,b). Fungal growth 
causes degradation of the outer wall of the pollen, potentially changing the nutritional value of the pollen (Gilliam 1979a). In addition, 
bacteria and fungi isolated from pollen contribute to the stabilization and transformation of pollen by producing enzymes, vitamins, 
antibacterial substances, organic acids, and lipids (Anderson et al. 2014). Bee pollen and bee bread inhibit the growth of antibiotic-
resistant microorganisms. This effect is higher in gram positive bacteria than in Gram-negative bacteria. In studies with ethanol extract 
of pollen, it has been shown that it is effective against many bacteria such as Pseudomonas aeruginosa, Staphylococcus aureus, 
Paenibacillus larvae (Carpes et al. 2007; Fatrcovaa-Sramkovaa et al. 2016). Lactic acid bacteria accepted in GRAS status gain energy 
with the transformation of saccharides in the environment with typical fermentation metabolism, and was produced bacteriocins and 
metabolic products such as organic acids, diacetyl, acetoin, acetaldehyde (Forsgren et al. 2010; Wasko et al. 2012). 

Bobis et al. (2010) reported that raw pollen contains 5.105 cfu/g of aerobic mesophilic microorganisms and about 1.102 cfu/g yeast and 
mold. A 2015 study by De-Melo et al. (2015) demonstrated mesophilic bacteria’s presence at a level of <10 to 1.1 104 cfu/g in dried 
Brazilian pollen. Nogueira et al. (2012) showed that psychrophilic bacteria and bacilli, respectively, ranged from <10 to 1.1 103 cfu/g, 
<10 to 2.8 103 cfu/g, while the number of yeasts and molds in pollen ranged from <10 to 7.6 103 cfu/g. Zygosaccharomyces rouxii yeast 
was found in commercial samples of dried bee pollen from Portugal and Spain (Nogueira et al. 2012). Deveza et al. (2015) showed the 
presence of Aspergillus and Cladosporium, among the most common molds, in Brazilian bee pollen. 

Pollen contamination by microorganisms is deppendent on the harvesting practices, cleaning, drying, and storage of the crop as well as 
its nutrient composition. As yet, there are no international microbiological limits on bee bread. In addition, according to International 
Honey Commission (IHC) and quality control standards, acceptable microorganism load in pollen can be <10 cfu/g for aerobic 
microorganism, <5 104 cfu/g for yeast and mold, and max 1 cfu/g for Enterobacteriaceae. Pollen should not contain E. coli, Salmonella 
spp. and Staphylococcus aureus (Campos et al. 2008; De-Melo et al. 2015).

In our study, mold was isolated in all bee bread samples. Detry et al. (2020) found mold and yeast in their study on bee pollen in 
50% of 28 samples. Mold fungi such as Aspergillus, Penicillium, Rhizopus, and Mucor are inflammatory pathogens, especially in 
immunocompromised individuals, and can potentially cause severe diseases. Aspergillus spp. affects patients with asthma, cystic 
fibrosis, sinusitis, and acute invasive aspergillosis in some cancer patients and chemotherapy patients (Chen et al. 2015). Rhizopus and 
Mucor are found in soil and decayed plant and organic material. The routes of transmission to humans are respiratory, digestive, and 
cutaneous. Thrombus formed due to vascular invasion in immunocompromised individuals causes distal necrosis and infarcts. Since 
these strains are resistant to antifungals, they are difficult to treat, and because deep debridement is required in their treatment, patients 
experience tissue and organ losses such as the eyes and nose (Garcia-Hermoso et al. 2015).
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It has been reported that there was a significant difference in antifungal susceptibility between the strains isolated from patients and the 
strains isolated from the Aspergillus medium (Sabino et al. 2016). However, in our study, the epidemiological threshold value (ECV) 
of Aspergillus strains for six antifungal drugs (IT, VO, POS, AND, AP and CS) was found below the values   determined by CLSI. The 
MIC values   of the Mucor and Rhizopus strains for six antifungal drugs were found to be higher than those of the Aspergillus strains. 
While the AP value for the Mucor circinelloides strain isolated from colony 1 was 0.125 µg/mL, high MIC values   were detected for the 
other antifungal agents. We found that the Rhizopus oryzae complex strains have high MIC values   for other antifungals compared to 
AP and POS. The results of our study are similar to the antifungal susceptibility of the Mucor and Rhizopus strains, which were isolated 
from clinical samples of immunocompromised patients and considered infectious agents (Sağıroğlu et al. 2019). The Bipolaris strains 
were found to have low MIC values   for all antifungal drugs. The Trichoderma spp. strains were found to have low MIC values   for other 
antifungal drugs except for IT. 8 µg/mL, VO and CS MIC values were found for Paecilomyces variotii, but the MIC values   of other 
antifungal drugs were below 0.064 µg/mL. IT ve VO MIC values for Penicillium chrysogenum was >32 µg/mL, AP MIC value was 12 
µg/mL, but the MIC values   of the POS, AND, and CS drugs were below 0.25 µg/mL (Table 2).

This study isolated five Bacillus strains from four fresh bee bread samples. The colony-isolated Bacillus strains were identified as 
Bacillus alttitudinis/pumilus, Bacillus licheniformis, and Bacillus megaterium. The sensitivity limit values   for CLSI were not determined 
according to CLSI criteria, only zone diameters were given and no sensitivity-resistance distinction was made. The susceptibility of the 
Bacillus alttitudinis/pumilus strains isolated from three different colonies was the same. The Food and Drug Administration states that 
Bacillus subtilis, Bacillus licheniformis, and Bacillus pumilus are safe to use as probiotics (Salminen et al. 1998; Schallmey et al. 2004). 
Gilliam et al. (1979 b) reported that Bacillus subtilis, Bacillus licheniformis, and Bacillus pumilus were isolated from bee bread stored 
in honeycomb cells for periods of one, three, and six weeks. Bee bread is used more and more as a food supplement due to its beneficial 
effects on health and probiotic properties, and in the treatment of infectious diseases due to its immune system strengthening properties.

In this study, M. luteus and S. marcescens were isolated from fresh bee bread samples, but they were not detected in stored bee 
bread. The sensitivity breakpoints for M. luteus were not determined according to CLSI criteria, only zone diameters are given 
(Table 3). S. marcescens was found susceptible to CRO, MER, CN, SXT, and resistant to AMP and CXM, according to CLSI criteria. 
Disayathanoowat et al. (2012) investigated bacterial and fungal communities in corbicular pollen and colony-preserved bee bread of two 
commercial honeybees (Apis mellifera and Apis cerana) in China. During pH reduction in bee bread stored in the hive, they observed 
that the bacterial population (Enterobacteriaceae bacterium) decreased with both traditional culture methods and next-generation 
sequencing. The fungal population, however, remained stable (especially Cladosporium) and filamentous fungi had the potential to 
inhibit the growth of both common/contaminant bacteria and pathogens by releasing organic acids. Our study results were consistent 
with Disayathanoowat’s study; for fresh bee bread samples, the bacterial population in our study is very low compared to the fungi.

As a result, bee bread can be easily contaminated with mold spores, considered opportunistic pathogens, by environmental factors 
(climate, temperature, oxygen level) in which the hive is located. For this reason, it is necessary to prevent contamination during the 
production and storage of bee bread samples and to eliminate the conditions that create an environment for the growth of fungi and 
other microorganisms. Therefore, it is recommended to store bee bread in a deep freezer or by drying.

5. Conclusions

Most molds, a few yeasts, and bacteria were isolated from fresh bee bread samples in this study. The clinically important Aspergillus 
species were the most common mold species detected in all but one of the samples (colony 2). To increase the quality and safety of all 
bee products, not just bee bread, the optimization of hygienic procedures throughout the production chain should be ensured. Hygiene 
is essential to reduce the risk of food spoilage and accompanying disease and poisoning.

It was determined that the yeast, mold, and bacteria isolated may be resistant to antibiotics and antifungal drugs. Another striking point 
in our study, the bee bread sample stored under appropriate conditions such as keeping in a freezer for maturation and reducing the 
microorganism load was the absence of yeast, mold, and other microorganisms.

The development of new technologies in food production, processing, and storage conditions are critical elements in the global market. 
Systems for the control of production practices are provided by continuous monitoring for consumer protection against microbiological 
risks that may occur at all stages of bee bread production.
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Deveza M V, Keller K M, Lorenzon M C A, Nunes L M T, Sales É O & Barth O M (2015). Mycotoxicological and palynological profiles of commercial 

brands of dried bee pollen. Braz J Microbiol 46(4): 1171-1176. doi.org/10.1590/S1517-838246420140316
DeGrandi-Hoffman G, Chen Y & Simonds R (2013). The effects of pesticides on queen rearing and virus titers in honey bees (Apis mellifera L.). 

Insects 4(1): 71-89. doi.org/10.3390/insects4010071

Detry R, Simon-Delso N, Bruneau E & Daniel H M (2020). Specialization of yeast genera in different phases of bee bread maturation. Microorganisms 
8: 1789. doi.org/10.3390/microorganisms8111789

Di Cagno R, Filannino P, Cantatore V & Gobbetti M (2019). Novel solid-state fermentation of bee-collected pollen emulating the natural fermentation 
process of bee bread. Food Microbiol 82: 218-230. doi.org/10.1016/j.fm.2019.02.007

Disayathanoowat T, Yoshiyama M, Kimura K & Chantawannakul P (2012). Isolation andcharacterization of bacteria from the midgut of the Asian 
honey bee (Apis cerana indica). Journal of Apicultural Research 51(4): 312-319. doi.org/10.3896/IBRA.1.51.4.04

Egorova A L (1971). Preservative microflora in stored pollen. Veterinariya 8: 40-41.



Mutlu Sarıguzel et al. - Journal of Agricultural Sciences (Tarim Bilimleri Dergisi), 2023, 29 (2): 534-545

 

544

Fatrcovaa-Sramkovaa K, Noozzkova J, Maariaassyova M & Kaccaniova M (2016). Biologically active antimicrobial and antioxidant substances in the 
Helianthus annuus L. bee pollen. J Environ Sci Health B 51(3): 176-181. doi.org/10.1080/03601234.2015.1108811

Forsgren E, Olofsson T C, Vásquez A & Fries I (2010). Novel lactic acid bacteria inhibiting Paenibacillus larvae in honey bee larvae. Apidologie 
41(1): 99-108. doi.org/10.1051/apido/2009065

Garcia-Hermoso D, Alanio A, Lortholary O & Dromer F (2015). Agents of Systemic and subcutaneous Mucormycosis and Entomophthoromycosis. 
Manual of Clinical Microbiology, 11th Edition. Versalovic J, Carroll K C, Funke G, Jorgensen J H, Landry M L, Warnock D W. Warnock. pp. 2087-
2108.

Gilliam M, Morton H L, Prest D B, Martin R D & Wickerham L (1977). The mycoflora of adult worker honeybees, Apis mellifera: E ects of 2,4,5-T 
and caging of bee colonies. The Journal of Invertebrate Pathology 30: 50-54. doi.org/10.1016/0022-2011(77)90036-2

Gilliam M (1979a). Microbiology of pollen and bee bread: The yeasts. Apidologie 10(1): 43-53. doi.org/10.1051/apido:19790106
Gilliam M (1979b). Microbiology of pollen and bee bread: The genus Bacillus. Apidologie 10(3): 269-274. doi.org/10.1051/APIDO:19790304
Gilliam M, Prest D B & Lorenz B J (1989). Microbiology of pollen and bee bread: taxonomy and enzymology of moulds. Apidologie 20: 53-68. doi.

org/10.1051/apido:19890106
Habryka C, Kruczek M & Drygas B (2016). Bee products used in apitherapy. WSN 48: 254-258.
Haydak M H (1958). Pollen-pollen subtitutes- bee bread. American Bee Journal 98: 145-146.
Human H & Nicolson S W (2006). Nutritional content of fresh, bee–collected and stored pollen of Aloe greatheadii var. davyana (Asphodelaceae). 

Phytochemistry 67(14): 1486-1492. doi.org/10.1016/j.phytochem.2006.05.023
Kaplan M, Karaoglu O, Eroglu N & Silici S (2016). Fatty acid and proximate composition of bee bread. Food Technology and Biotechnology 54(4): 

497-504. doi.org/10.17113/ftb.54.04.16.4635
Kieliszek M, Piwowarek K, Kot A M, Błażejak S, Chlebowska-Śmigiel A & Wolska I (2018). Pollen and bee bread as new health-oriented products: 

a review. Trends in Food Science & Technology 71: 170-180. doi.org/10.1016/j.tifs.2017.10.021
Maes PW, Rodrigues PA, Oliver R, Mott BM, Anderson KE (2016). Diet-related gut bacterial dysbiosis correlates with impaired development, 

increased mortality and Nosema disease in the honeybee (Apis mellifera). Mol Ecol 25(21): 5439-5450. d doi.org/10.1111/mec.13862
Matthews K R, Kniel K E & Montville T J (2017). Food Microbiology: An Introduction, 4th Edition. WILEY, New Jersey.
Mutlu Sariguzel F, Berk E, Nedret Koc A, Sav H, Aydemir G (2016). Erratum: Evaluation of CHROMagar Candida, VITEK2 YST and VITEK® MS 

for identification of Candida strains isolated from blood cultures. Infez Med 24(1): 90. Erratum for (2015): Infez Med 23(4): 318-322.
Nagai T, Nagashima T, Suzuki N & Inoue R (2005). Antioxidant activity and an- giotensin I–converting enzyme inhibition by enzymatic hydrolysates 

from bee bread. Z Naturforsch C J Biosci 60(1-2): 133-138. doi.org/10.1515/znc-2005-1-224
Nogueira C, Iglesia A, Feás X & Estevinho L M (2012). Commercial bee pollen with different geographical origins: a comprehensive approach. Int J 

Mol Sci 13(9): 11173-11187. doi.org/10.3390/ijms130911173
Pascoal A, Rodrigues S, Teixeira A, Feas X & Estevinho L M (2014). Biological activities of commercial bee pollens: antimicrobial, antimutagenic, 

antioxidant and anti-inflammatory. Food Chem Toxicol 63: 233-239. doi.org/10.1016/j.fct.2013.11.010
Podriznik B & Bozic J (2015). Maturation and stratification of antibacterial activity and total phenolic content of bee bread in honey comb cells. 

Journal of Apicultural Research 54: 81-92. doi.org/10.1080/00218839.2015.1090774
Sabino R, Carolino E, Veríssimo C, Martinez M, Clemons K V, Stevens D A (2016). Antifungal susceptibility of 175 Aspergillus isolates from various 

clinical and environmental sources. Med Mycol 54(7): 740-756. doi.org/10.1093/mmy/myw024
Salminen S, Deighton M, Benno Y & Gorbach L (1998). Lactic acid bacteria in health and disease. In: Salminen S, Von Wright A. Lactic acid bacteria: 

microbiology and functional aspects. 2nd ed. 1998. New York: Marcel Dekker Inc pp. 211-254.
Sağıroğlu P, Koc A N, Atalay M A, Altinkanat Gelmez G, Canöz O & Mutlu Sarıgüzel F (2019). Mucormycosis experience through the eyes of the 

laboratory. Infect Dis (Lond) 51(10):730-737. doi.org/10.1080/23744235.2019.1645962
Schallmey M, Singh A & Ward O P (2004). Developments in the use of Bacillus species for industrial production. Canadian Journal of Microbiology 

50: 1-17. doi.org/10.1139/w03-076
Stanciu O G, Marghitas L A& Dezmirean D (2009). Macro and oligo-mineral elements from honeybee-collected pollen and beebread harvested 

from Transylvania (Romania). Bulletin UASVM Animal Science and Biotechnologies 66(1-2): 276-281. doi.org/10.15835/BUASVMCN-
ASB:66:1-2:3368

Sinpoo C, Williams G R & Chantawannakul P (2017). Dynamics of fungal communities in corbicular pollen and bee bread. Chiang Mai J Sci 44(4): 
1244-1256. 

Tomas A, Falcao SI, Russo-Almeida P& Vilas-Boas M (2017). Potentialities of beebread as a food supplement and source of nutraceuticals: botanical 
origin, nutritional composition and antioxidant activity. Journal of Apicultural Research 56(3): 219-230. doi.org/10.1080/00218839.2017.1294526

Urcan A C, Criste A D, Dezmirean D S, Margaoan R, Caeiro A & Campos M G (2018). Similarity of data from bee bread with the same taxa collected 
in India and Romania. Molecules 23: 2491. doi.org/10.3390/molecules23102491



Mutlu Sarıguzel et al. - Journal of Agricultural Sciences (Tarim Bilimleri Dergisi), 2023, 29 (2): 534-545

 

545

vanEngelsdorp D, Evans JD, Donovall L, Mullin C, Frazier M, Frazier J, Tarpy DR, Hayes J Jr & Pettis JS (2009). “Entombed Pollen”: A new condition 
in honey bee colonies associated with increased risk of colony mortality. J Invertebr Pathol 101(2): 147-149. doi.org/10.1016/j.jip.2009.03.008

Vásquez A, Forsgren E, Fries I, Paxton RJ, Flaberg E, Szekely L & Olofsson TC (2012). Symbionts as major modulators of insect health: lactic acid 
bacteria and honeybees. PLoS One 7(3): e33188. doi.org/10.1371/journal.pone.0033188

Vaasquez A & Olofsson T C (2009). The lactic acid bacteria involved in the production of bee pollen and bee bread. Journal of Apicultural Research 
48(3): 189-195. doi.org/10.3896/IBRA.1.48.3.07

Villanueva M O, Marquina A D, Serrano R B & Abellán G B (2002). The importance of bee–collected pollen in the diet: A study of its composition. Int 
J Food Sci Nutr 53(3): 217-224. doi.org/10.1080/09637480220132832

Wasko A, Kieliszek M & Targoński Z (2012). Purification and characterization of a proteinase from the probiotic Lactobacillus rhamnosus OXY. Prep 
Biochem Biotechnol 42(5): 476-488. doi.org/10.1080/10826068.2012.656869

Yoder Y A, Jajack A J, Rosselot A E, Smith T J, Yerke M C & Sammataro D (2013). Fungicide contamination reduces beneficial fungi in bee bread based 
on an area-wide field study in honeybee, Apis mellifera, colonies. J Toxicol Environ Health A 76: 587-600. doi.org/10.1080/15287394.2013.798846

Copyright@Author(s) - Available online at https://dergipark.org.tr/en/pub/ankutbd.
Content of this journal is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License.




