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Summary
Philippines stingless bee (Tetragonula biroi Friese) pot-pollen are known for their advantageous effects on human health due to a 
high nutritional value and a broad range of beneficial physiological and pharmacological effects. However, safety aspects regarding 
this product were rarely examined. Therefore, pollen samples from the Philippines were analyzed for inorganic contaminants and 
microbiological quality. Obtained values for heavy metals (e.g., arsenic 0.015–0.032 mg/kg, cadmium 0.053–0.153 mg/kg and lead 
0.017–0.155 mg/kg) were generally lower compared to previous studies and most were within the safety limits. Further, microbial 
counts for total aerobic microorganisms, yeasts and molds, Enterobacteriaceae, E. coli, Salmonella, and Staphylococcus aureus were 
in accordance with the recommended values. Microbial population was diverse and the identified species were mostly endospore-
formers such as Bacillus spp. and Clostridium spp., and molds because of the low water activity and low pH of the pot-pollens. Results 
indicated that good practices in agriculture, hygiene and manufacturing in every step of the production chain must be implemented 
in order to enhance the quality and safety of this bee product. Overall, pot-pollens from T. biroi are safe for human consumption if 
hygienic principles are applied.
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Zusammenfassung
Pollen aus Cerumen von stachellosen Bienen (Tetragonula biroi Friese) sind für ihre positiven Effekte auf die menschliche Gesundheit 
bekannt, da sie eine hohe ernährungsphysiologischen Wertigkeit und eine Vielzahl an pharmakologischen Effekten ausüben. Bis dato gibt 
es jedoch kaum Daten zu sicherheitsrelevanten Aspekten. Daher wurden anorganische Kontaminanten und die mikrobiologische Belas-
tung von Cerumen-Pollen in unserer Studie beleuchtet. Generell konnten geringere Konzentrationen an Schwermetallen (z. B. Arsen 
0,015–0,032 mg/kg, Cadmium 0,053–0,153 mg/kg und Blei 0,017–0,155 mg/kg) im Vergleich zu bisherigen Studien nachgewiesen 
werden. Die Keimzahl der Pollenproben für Gesamtkeimzahl, Enterobacteriaceae, E. coli, Salmonella und Staphylococcus aureus lagen 
unter den Richtwerten. Es wurde eine hohe mikrobielle Diversität ermittelt, wobei vor allem Mikroorganismen, welche bei niedrigen pH-
Werten und Wasseraktivitäten persistieren können, nachgewiesen wurden. Dazu zählen Endosporenbildner der Gattungen Bacillus und 
Clostridium sowie Schimmelpilze. Die Resultate dieser Studie zeigten, dass Qualitätssicherungssysteme entlang der Produktionskette von 
großer Bedeutung sind, um die Produktqualität sowie Sicherheit zu gewährleisten. Insgesamt stellen die untersuchten Pollen aus Cerumen 
der Bienenart T. biroi Friese ein sicheres Lebensmittel dar. 
   
Schlagworte: Pollen, Stachellose Biene, anorganische Schadstoffe, mikrobiologische Qualität, Sicherheit
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1. Introduction 

Commercial bee pollen from honey bees (Apis mellif-
era) are collected by beekeepers from forager bees upon 
their entry to the hive by special pollen load traps while 
those from stingless bees are obtained from cerumen pots 
inside the hive. Similar to honey bee pollen, pot-pollen is 
an agglomerate of pollen grains from different botanical 
sources in combination with honey and glandular secre-
tions, which are incorporated by the bees. Pot-pollen is 
analogous to the bee bread of A. mellifera, which under-
goes lactic acid fermentation and thus is a matured and 
stabilized pollen product (Menezes et al., 2013). It is a 
product of great commercial interest due to its high nutri-
tional value and wide range of beneficial physiological and 
pharmacological activities (Belina-Aldemita et al., 2019). 
However, apart from the nutritional and bioactive com-
ponents, bee pollen may also contain undesirable compo-
nents, such as inorganic contaminants and harmful micro-
organisms. Contamination of bee pollen can be attributed 
to various factors and sources, such as the environment, 
weather, plant materials, insects and animals, humans and 
agricultural devices, and it can even be derived from bees 
themselves (Belhadj et al., 2012).
Most inorganic contaminants are widely distributed in 
nature. At the same time, rapid modernization and anthro-
pogenic activities have caused an increased pollution of 
our environment. Due to this fact, increased levels of inor-
ganic contaminants along the food chain can be observed. 
The presence of these substances in food such as bee pol-
len can promote potential public health concerns consider-
ing the frequency of oral exposure (Das et al., 2018). One 
group of these contaminants are heavy metals, which can 
cause adverse health effects in numerous organ systems of 
humans, such as reproductive, endocrine, nervous, and car-
diovascular systems, if the tolerable daily intake is exceeded 
(Rani et al., 2014; Wani et al., 2015; Baker et al., 2018).
Microbial contamination in bee pollen is inevitable due to 
the various habitats and enormous biodiversity of micro-
organisms, of which the ubiquitous occurring Bacillus spp. 
has to be pointed out. In addition, storage of pollen in 
the hive is associated with microorganisms, which promote 
biochemical changes that alter nutritional quality, enhance 
digestion and absorption of nutrients, and prevent spoilage 
and diseases (Menezes et al., 2013). Hence, some microor-
ganisms are inherent in this product. However, microbial 
population must be monitored to maintain its quality as 

a variety of harmful microorganisms may grow if the pot-
pollen is not properly handled (De-Melo et al., 2015). 
The Codex Alimentarius (2019) recommends maximum 
levels of contaminants and toxins in food and feed, which 
includes heavy metals, such as arsenic, cadmium, and lead. 
Moreover, the general quality criteria for honey bee pollen 
proposed by scientists of the International Honey Com-
mission (Campos et al., 2008) included limits for heavy 
metals and pathogenic microorganisms, which were based 
on national standards from different countries such as Bra-
zil, Bulgaria, Poland, and Switzerland. Hence, this view-
point on the bee pollen quality is as important as its phys-
icochemical, nutritional, and bioactive properties.
Data regarding safety of the Philippine stingless bee pot-
pollen is still scarce. The results of our previous studies 
already presented the high nutritive value and antioxidative 
potential of pot-pollen produced by T. biroi Friese (Belina-
Aldemita et al., 2019; Belina‐Aldemita et al., 2020). To 
examine the quality of these pot-pollen to a greater extent, 
the present study focused on inorganic contaminants and 
the microbiological quality. The findings of this work may 
contribute to the assessment of quality parameters for Phil-
ippine stingless bee pot-pollen with respect to its safety fea-
tures. Further, it may also provide useful information for 
beekeepers in the management of their apiary or meliponi-
ary, such as planning the beehive location and handling 
of bee products (e.g., bee pollen), in order to ensure con-
sumer safety.

2. Materials and methods

2.1. Samples

Eight polyfloral pot-pollen samples produced by T. biroi 
Friese were gathered from October 2016 to May 2017 
from seven apiaries in the Philippines. The detailed data 
about collection were presented in our previous paper 
(Belina-Aldemita et al., 2019). Samples were obtained 
directly from the cerumen pots of three independent hived 
colonies using a metallic spoon. These were air-dried and 
further dehumidified (Kolin KDM-18DHS dehumidifier, 
Philippines) for 12 h at 30°C and 80% relative humid-
ity. The dried samples (about 60 g) were placed in sealed 
plastic containers and transported to Austria at room tem-
perature. Pollen samples were homogenized and stored at 
-24°C for further analysis.
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2.2. Determination of inorganic contaminants in pot-
pollen

Pot-pollen samples (0.5 g) were solved using concen-
trated HNO3 (65% w/w) and H2O2 (30%, suprapure), 
before being subjected to acid assisted microwave diges-
tion (Anton Paar Multiwave 3000, Rotor 16MF100, Aus-
tria). ICP Multi Element Standard Solution VI (CertiPur, 
suprapure, Merck KGaA, Germany) were used to pre-
pare the external calibration. An indium ICP standard of 
1 ng/ g (Inorganic Ventures, Christiansburg, USA) was 
used for internal normalization with respective dilution of 
samples, standards and blank solutions.
Elements were analyzed on an inductively coupled plasma 
quadrupole mass spectrometer (ICP-MS; NexIon 2000 B, 
Perkin Elmer, USA) in duplicate with the following set-
tings: nebulizer gas flow rate: 0.96 L/min, auxiliary gas 
flow rate: 1.25 L/min, plasma gas flow rate: 18 L/min, 
lens voltage: 14.5 V, ICP radiofrequency power: 1500 W, 
analog stage voltage: -1825 V, pulse stage voltage: 1600 V 
according to Belina-Aldemita et al. (2019). Elemental con-
centrations were calculated according to the routine data 
evaluation procedures. Standard uncertainties U (k = 2) 
were estimated considering measurement precision (Hor-
sky et al., 2016).
Estimated daily intake (EDI) of the inorganic contaminant 
was calculated based on the recommended daily consump-
tion for pollen (10 g) and average adult body weight of 
60 kg using the formula of the Codex Alimentarius (2014) 
on evaluation of dietary exposure to food additives.

2.3. Microbiological quality of pot-pollen

Five grams of each pot-pollen sample were aseptically 
weighed into a Stomacher bag with filter and homogenized 
using a Stomacher Lab-Blender (Stomacher 400 Circula-
tor, Seward, UK) with 45 mL of sterilized buffered peptone 
water (BPW, Merck, Germany). Further, successive 10-fold 
dilutions were prepared using the same diluent (1:10 v/v). 
All growth media were prepared according to the manufac-
turer’s instructions. Aliquots (0.1 or 1 mL) of the respective 
dilutions were placed in duplicate on the respective growth 
media using pour plate or spread plate method. 
The following microorganisms were enumerated using the 
corresponding cultivation media according to the indi-
cated incubation temperature and time. Aerobic mesophilic 
microorganisms on plate count (PC) agar (Merck, Ger-
many) at 30°C for 72 h (ISO 4833-1), yeasts and molds on 

dichloran-glycerol-18 (DG-18) agar (Oxoid, UK) at 25°C 
for 5 d (ISO 21572-2), coliforms (Enterobacteriaceae) on 
violet red bile dextrose (VRBD) agar (Merck, Germany) at 
37°C for 48 h under anaerobic condition, coagulase-positive 
Staphylococcus on Baird-Parker (BP) agar (Merck, Germany) 
at 37°C for 48 h and lactic acid bacteria (LAB) on De Man, 
Rogosa and Sharpe (MRS) agar (Merck, Germany) at 30°C 
and 37°C for 48 h under anaerobic condition. For the enu-
meration of Bacillus species, sample homogenate, previously 
pasteurized at 80°C for 10 min, was used, which was fur-
ther incubated on tryptic soy (TS) agar (Merck, Germany) 
at 37°C for 48 h. Microbial counts were expressed as the 
negative decimal logarithm of the colony-forming units per 
gram of dehydrated pot-pollen (log10 CFU/g).
The occurrence of sulphite-reducing clostridia spores was 
determined using the most probable number (MPN) 
method. One mL sample of the first three dilutions was 
placed into sterilized test tubes containing differential rein-
forced clostridial broth (DRCM) (Merck, Germany) and 
paraffin, and further subjected to heating in a water bath 
at 80°C for 10 min. The paraffin was allowed to solidify 
on top of the mixture, creating anaerobic conditions. The 
tubes were incubated at 30°C for 5 d. A positive result was 
indicated by a color change to black and gas formation. 
The results were expressed as log10 MPN/g.
The detection for the presence of Salmonella was car-
ried out using the Vitek immunodiagnostic assay system 
(VIDAS UP Salmonella [SPT], bioMérieux). The enrich-
ment protocol was used as recommended by the manu-
facturer, with some modifications. Briefly, five grams of 
each pot-pollen sample were aseptically weighed into a 
Stomacher bag with filter and homogenized using a Stom-
acher Lab-Blender (Stomacher 400 Circulator, Seward, 
UK) with 45 mL of sterilized BPW (Merck, Germany). 
Salmonella supplement (bioMérieux, France) was added 
to the mixture, mixed manually and then incubated for 
24 h at 41°C. After incubation, 2 mL of enrichment broth 
were heated at 95°C for 5 min. An aliquot (0.5 mL) of the 
boiled suspension was placed into the sample well of the 
VIDAS reagent strip. The assay was performed in a mini-
VIDAS (bioMérieux, France). 

2.4. �Identification of microorganisms through Matrix-
Assisted Laser Desorption/Ionization Time-of-
Flight Mass Spectrometry (MALDI-TOF MS)

Colonies with different morphologies obtained from PC 
agar, VRBD agar, BP agar, and TS agar plates were streaked 
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on PC agar and incubated at corresponding temperatures 
and condition for 18 to 24 h. Typical colonies from MRS 
agar plates were streaked on MRS agar and incubated at 
corresponding temperatures anaerobically for 48 h. Sus-
pensions from DRCM tubes with positive results were 
streaked on reinforced clostridial agar (RSA, Merck) and 
incubated anaerobically at 30°C for 72 h. 
Identification of isolates was carried out in their exponen-
tial growth phase using the Microflex LT Benchtop MS 
(Bruker Daltonics, Germany) equipped with FlexCon-
trol 3.4 software and MALDI Biotyper Compass database 
(version 4.1.80). Sample preparation was done according 
to the manufacturer’s recommendation for the extended 
direct transfer method. A score above 2.00 indicated reli-
able identification at the species level.

2.5. Molecular identification of microorganisms 

For bacterial cultures, single colonies were suspended in 
nutrient broth (Merck, Germany) and incubated at their 
respective cultivation condition for 48 h. One milliliter 
of the cell suspension was centrifuged at 8000 rpm for 
6 min at 4°C. Total DNA from bacteria was isolated using 
the peqGOLD Bacterial DNA Kit (VWR International, 
Germany) according to the manufacturer’s instructions. 
Polymerase Chain Reaction (PCR) using the 16S rDNA-
universal primers bak4 (5’- AGGAGGTGATCCARC-
CGCA-3’) and bak11w (5’- AGTTTGATCMTGGCT-
CAG-3’) (Dasen et al., 1998) was carried out in a total 
reaction volume of 25 μL consisting of 12.5 μL AccuStart 
II Master Mix (Quanta BioSciences, USA), 9.5 μL sterile 
water, 1 μL of each primer and 1 μL of DNA. Fragments 
were amplified in a thermocycler (Eppendorf Mastercycler 
Nexus SX1, Germany) with the following reaction profile: 
initial denaturation at 94°C for 3 min; 30 cycles of dena-
turation (94°C for 30 sec), annealing (56°C for 30 sec), 
and extension (72°C for 2 min); and a final extension step 
at 72°C for 7 min. A no template control was performed 
with each run by replacing the template DNA with sterile 
water in the PCR mixture.
For fungal cultures, typical colonies from DG-18 agar 
plates were streaked on PC agar and incubated at 25°C for 
72 h. Total DNA was extracted using the Dneasy Blood 
and Tissue Kit (Qiagen, Germany) according to the man-
ufacturer’s instructions. The 26S rDNA-specific primers 
NL1 (5’-GCA TAT CAA TAA GCG GAG CAA AAG-
3’) and NL4 (5’-GGT CCG TGT TTC AAG ACG G-3’) 
(Waite et al., 2009) were used in PCR with the following 

program: initial denaturation at 94°C for 5 min; 28 cycles 
of denaturation (94°C for 1 min), annealing (52°C for 
30 sec), and extension (72°C for 40 sec); and a final exten-
sion step at 72°C for 10 min.
The presence of amplicons was verified through agarose 
gel electrophoresis. A double-tiered (2% w/v) agarose gel 
(Biozyme Scientific, Germany) was prepared. The gel was 
run at 80 V for 30 min in the SEA-2000 electrophore-
sis apparatus (Elchrom Scientific, Switzerland) at 20°C in 
0.75X TAE buffer (AppliChem, Germany). Results were 
visualized using GelRed (Biotium, USA) and GelDoc XR+ 
Gel Documentation System (Bio-Rad, USA).
The amplicons were purified using the peqGOLD Cycle 
Pure Kit (S-Line) (VWR International, Belgium) accord-
ing to the manufacturer’s instructions. Purified DNA was 
sent to Microsynth (Austria) for DNA sequencing service. 
For identification, sequences were further subjected to the 
National Center for Biotechnology Information (NCBI) 
database (GenBank) using the basic local alignment search 
tool (BLASTn) algorithm.

3. Results and discussion

3.1. Inorganic contaminants of pot-pollen

The contents of inorganic contaminants quantified in pot-
pollen samples are summarized in Table 1. Aluminum (Al) 
was present at the highest levels with sample 8 having an 
exceptionally high content compared to other samples. 
The respective sample was obtained from an urbanized 
area. Thus, its Al levels may reflect the environmental pol-
lution of the city. Obtained values were in the same range 
as those reported for Apis mellifera bee pollens from Ser-
bia (Kostić et al., 2015) and Turkey (Kalaycıoğlu et al., 
2017). Some bee pollen samples from Brazil (Morgano et 
al., 2010) and China (Yang et al., 2013) even contained 
higher amounts reaching up to 268.0 and 218.2 mg/
kg, respectively. Although, only approximately 5% of Al 
intake is absorbed, exposure to it should be kept at a mini-
mum since its possible effects on human health are still not 
fully understood (Stahl et al., 2017).
Barium (Ba) levels were high as well, but most obtained val-
ues were in agreement to those reported by Morgano et al. 
(2010), Kostić et al. (2015) and Sattler et al. (2016). The 
high level of Ba in sample 1 could be attributed to the con-
struction activities in the area, which may have released 
Ba from welding and cement. Ba toxicity depends on its 
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solubility and its main target in humans is the cardiovascular 
system. However, there is only limited data about its neuro-
logical and reproductive toxicity (Poddalgoda et al., 2017).
Nickel (Ni) and Chromium (Cr) concentrations were par-
tially in accordance to those reported by Morgano et al. 
(2010), but were generally lower compared to other stud-
ies (Yang et al., 2013; Kostić et al., 2015; Sattler et al., 
2016; Kalaycıoğlu et al., 2017). The trivalent form of Cr 
[Cr(III)] is an essential trace element and plays an impor-
tant role in glucose metabolism, while the hexavalent form 
[Cr(VI)] has toxic effects and is classified as carcinogen 
(Bhattacharya et al., 2016). Incorporation of both Ni and 
Cr into the pot-pollen can be attributed to the usage of 
stainless-steel equipment, coal combustion, and excessive 
application of chemical fertilizer (Ali et al., 2019).
Cadmium (Cd) levels fell within the range observed by pre-
vious studies (Kostić et al., 2015; Morgano et al., 2010; Sat-
tler et al., 2016), but those of lead (Pb) and arsenic (As) were 
generally lower compared to former reports (Morgano et al., 
2010; Sattler et al., 2016; Yang et al., 2013; Kostić et al., 

2015). According to Campos et al. (2008), the concentra-
tions of heavy metals (in mg/kg) should not exceed 0.1 for 
Cd, 0.5 for Pb, and 0.5 for As. The amount of these metals 
in all pot-pollen samples were within the safety limit, except 
for sample 3, which contained 0.153 ± 0.018 mg/kg Cd. 
However, this value is still lower than the maximum level set 
by the Codex Alimentarius (2019) for Cd in wheat, which is 
0.2 mg/kg. These metals may be incorporated into the pol-
len samples from various sources. Cd, Pb and As are emitted 
during coal combustion. Cd and As may even derive from 
fertilizers and pesticides, while Pb may come from either 
acid batteries, old plumbing systems or vehicular emissions 
from combustion Pb-containing gasoline (Ali et al., 2019). 
These heavy metals are considered as carcinogens and very 
toxic, causing adverse health effects in numerous organ sys-
tems of humans such as the reproductive, endocrine, ner-
vous, and cardiovascular (Rani et al., 2014; Wani et al., 
2015; Baker et al., 2018). 
This study is the second report on molybdenum (Mo) in 
bee pollen, which is in accordance with the first report by 

Element
1

Pollen sample

2 3 4 5 6 7 8

Aluminum Al 21.4 ± 1.4 9.5 ± 0.4 30.4 ± 2.8 93.6 ± 3.4 18.6 ± 1.1 14.9 ± 1.2 89.0 ± 7.0 132.8 ± 12.5

Vanadium V
0.122 ± 
0.016

0.064 ± 
0.006

0.098 ± 
0.005

0.224 ± 
0.020

0.091 ± 
0.009

0.083 ± 
0.007

0.167 ± 
0.015

0.246 ± 
0.013

Chromium Cr
0.683 ± 
0.109

0.371 ± 
0.045

0.299 ± 
0.031

0.643 ± 
0.095

0.312 ± 
0.040

0.439 ± 
0.055

0.888 ± 
0.071

0.485 ± 
0.056

Cobalt Co
0.155 ± 
0.023

0.154 ± 
0.008

0.071 ± 
0.005

0.058 ± 
0.004

0.138 ± 
0.010

0.044 ± 
0.004

0.108 ± 
0.005

0.069 ± 
0.012

Nickel Ni
0.874 ± 
0.087

0.469 ± 
0.058

0.442 ± 
0.041

0.481 ± 
0.056

0.511 ± 
0.075

0.451 ± 
0.055

0.994 ± 
0.079

0.792 ± 
0.096

Gallium Ga
0.061 ± 
0.018

0.076 ± 
0.012

0.080 ± 
0.010

0.075 ± 
0.002

0.077 ± 
0.006

0.079 ± 
0.011

0.082 ± 
0.009

0.086 ± 
0.007

Arsenic As
0.018 ± 
0.004

0.017 ± 
0.009

0.016 ± 
0.008

0.028 ± 
0.006

0.015 ± 
0.006

0.019 ± 
0.007

0.019 ± 
0.009

0.032 ± 
0.007

Molybdenum Mo
0.141 ± 
0.011

0.096 ± 
0.010

0.116 ± 
0.007

0.282 ± 
0.039

0.275 ± 
0.024

0.219 ± 
0.018

0.514 ± 
0.034

0.491 ± 
0.020

Cadmium Cd
0.091 ± 
0.014

0.053 ± 
0.006

0.153 ± 
0.018

0.078 ± 
0.013

0.057 ± 
0.013

0.085 ± 
0.012

0.074 ± 
0.012

0.070 ± 
0.007

Barium Ba
23.48 ± 

1.61
3.13 ± 
0.26

3.41 ± 
0.29

2.06 ± 
0.20

4.71 ± 
0.42

1.19 ± 
0.11

7.05 ± 
0.37

2.08 ± 
0.30

Thallium Tl
0.0030 ± 
0.0004

0.0089 ± 
0.0011

0.0031 ± 
0.0006

0.0007 ± 
0.0004

0.0083 ± 
0.0019

0.0040 ± 
0.0010

0.0017 ± 
0.0003

0.0033 ± 
0.0008

Lead Pb
0.017 ± 
0.003

0.022 ± 
0.001

0.033 ± 
0.002

0.108 ± 
0.009

0.025 ± 
0.002

0.072 ± 
0.006

0.052 ± 
0.006

0.155 ± 
0.004

a Values of inorganic contaminants are expressed as mean ± standard uncertainty (k = 2)
a Werte anorganischer Verunreinigungen ausgedrückt als Mittelwert ± Standartabweichung (k = 2)

Table 1. Inorganic contaminants in pot-pollen samples (mg/kga) produced by stingless bees (Tetragonula biroi Friese) from the Philippines
Tabelle 1. Konzentration an anorganischen Kontaminationen von philippinischen Pollenproben (mg/kga) produziert von Tetragonula biroi Friese
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Yang et al. (2013) who studied A. mellifera pollen from 
China. Mo can be integrated into the pot-pollen upon 
exposure to fossil-fuel combustion, welding activities, or 
usage of stainless-steel materials in the apiary. Mo is con-
sidered as an essential trace element as it is a cofactor in 
certain molybdoproteins but has an antagonistic effect 
against copper (Cu) (Bhattacharya et al., 2016). Further, it 
was found to be associated with increased concentrations 
of uric acid in the blood and urine (Smedley and Kinni-
burgh, 2017). 
Only two studies are known that analyzed vanadium (V) 
in bee pollen so far. Both revealed greater contents of V in 
their pollen samples (3.99–4.89 mg/kg and 0.759–3.943 
mg/kg) than in this study (Sattler et al., 2016; Kalaycıoğlu 
et al., 2017). Usage of stainless-steel equipment in the api-
ary may also incorporate V into the pot-pollen. There is 
little evidence about the toxicity of V in humans but ani-
mal studies have demonstrated that V can cause hema-
tological and biochemical changes and neurobehavioral 
injury (Ghosh et al., 2015).
Values obtained for cobalt (Co) fell within the range 
reported by Morgano et al. (2010) and Kostić et al. (2015) 
but were lower compared to those reported by Yang et al. 
(2013). Contamination of Co in pot-pollen may be caused 
by coal combustion, lithium-ion batteries and fertilizers 
(Farjana et al., 2019). The organic form of Co has a signif-
icant role in the human metabolism, whereas the inorganic 
form is toxic (Bhattacharya et al., 2016). 
This study determined gallium (Ga) and thallium (Tl) for 
the first time in bee pollen. Due to missing data, no com-
parison could be drawn. Ga has relatively low toxicity as it 
is used in medicine. However, it may cause side effects such 
as interruption to iron metabolism (Chitambar, 2010). Tl 
is considered to be very toxic but is not classified as human 
carcinogen (Staff et al., 2014).
The estimated daily intake (EDI) of the inorganic con-
taminants (shown in Table 2) was calculated based on the 
formula of the Codex Alimentarius (2014) on the evalua-
tion of dietary exposure to food additives. Based on EDI 
and the oral reference dose (RfD) or tolerable daily intake 
(TDI) as recommended by United States Environmen-
tal Protection Agency (US EPA), Risk Assessment Infor-
mation System (RAIS), Agency of Toxic Substances and 
Disease Registry (ATSDR), Health Canada (HC), Scien-
tific Committee on Health, Environmental and Emerg-
ing Risks (SCHEER), pot-pollens from T. biroi are safe 
for human consumption.

3.2. Microbiological quality of pot-pollen

3.2.1. Microbial ecology in pot-pollen samples
Since bee pollen is exposed to various possible sources of 
contamination, they are more susceptible to rapid degrada-
tion due to the growth of spoilage microorganisms when 
pollen is not properly handled. Analysis of its microbio-
logical quality is essential in order to assess the condition 
during production, storage, and distribution (De-Melo et 
al., 2015). Campos et al. (2008) recommended the fol-
lowing limits of the microbiological content in bee pol-
len: < 5 log10 CFU/g for total aerobic microorganisms, 
< 4.70 log10 CFU/g for yeasts and molds, maximum of 
2 log10 CFU/g for Enterobacteriaceae, absence in 1 g for 
Escherichia coli and Staphylococcus aureus, and absence in 
10 g for Salmonella. Table 3 summarizes the microbial 
population recorded for the pot-pollen samples. The aer-
obic mesophilic counts, yeasts and molds, and Entero-
bacteriaceae showed levels below the recommended lim-
its by Campos et al. (2008). Aerobic mesophilic counts 
were lower than reported for pollen samples originating 
from A. mellifera (Feás et al., 2012; Belhadj et al., 2012; 
Nogueira et al., 2012; De-Melo et al., 2015) and Melipona 
scutellaris (Oliveira Alves et al., 2018). Yeasts and molds 
were in the same range as previously reported by other 
authors (Feás et al., 2012; Belhadj et al., 2012; Nogueira 
et al., 2012; De-Melo et al., 2015), whereas the study con-
ducted by Oliveira Alves et al. (2018) showed no detecta-
ble growth of yeasts and molds. Based on the identification 
using either MALDI-TOF MS or DNA analysis (section 
3.2.2), E. coli was absent in all samples. E. coli was absent 
even in the examined samples of Feás et al. (2012) and 
Nogueira et al. (2012), whereas reported values for total 
coliforms of other studies were in the range of < 1.00 to 
4.00 log10 CFU/g (Belhadj et al., 2012; De-Melo et al., 
2015; Arruda et al., 2017). All samples exhibited values 
< 1.0 log10 CFU/g for coagulase-positive Staphylococcus. 
Based on the identification part (section 3.2.2), Staphylo-
coccus aureus was absent in all samples. Further, this species 
was not detected in any of the examined samples of Feás 
et al. (2012) and Nogueira et al. (2012) but present in the 
samples of other researchers with values in the range of 
< 1 to 4 log10 CFU/g (Belhadj et al., 2012; De-Melo et al., 
2015; Arruda et al., 2017).
Using the MPN method, only two (samples 2 and 6) out 
of the eight pot-pollen samples had no detectable sulphite-
reducing clostridia spores. However, other studies reported 



		  93

 
 

Safety aspects of stingless bee pot-pollen from the Philippines

Die Bodenkultur: Journal of Land Management, Food and Environment	 71 (2) 2020

the absence of clostridia in all the samples analyzed previ-
ously (Arruda et al., 2017; De-Melo et al., 2015; Feás et 
al., 2012; Nogueira et al., 2012). The concentrations of 
anaerobic spores of the examined samples within our study 
were in a range of 0.56 to 2.18 log10/g. No recommended 
values for these microorganisms are given for bee pollen 
legislation. However, compared to the recommended value 
(3 log10 CFU/g) for Clostridium perfringens in herbs and 
spices (Deutsche Gesellschaft für Hygiene und Mikrobiol-
ogie), results did not exceed the limits.
Salmonella could not be detected in any sample, which 
is in accordance with previous studies (De-Melo et al., 
2015; Feás et al., 2012; Belhadj et al., 2012; Nogueira 
et al., 2012). Salmonella is an important group of intes-
tinal pathogens that causes gastroenteritis and typhoid 
fever. Species are responsible for many food-borne diseases 
and causes significant morbidity and mortality worldwide 
(Ahmer and Gunn, 2011).
LAB and Bacillus spp. in pot-pollen were investigated as these 
microorganisms were previously reported to be responsible 
for the fermentation of bee pollen. Furthermore, Bacillus 

species are even considered to be vital for the survival of 
stingless bees. Although the role of these microorganisms 
related to bees is still undefined, they seem to be important 
in food digestion and disease defense of bees through secre-
tion of enzymes for pre-digestion of the pollen and secretion 
of antibiotic substances, respectively (Menezes et al., 2013). 
LAB counts were < 3 log10 CFU/g, while counts of Bacillus 
spp. ranged from < 2 to 4.11 log10 CFU/g. As there are no 
existing recommended limits or previously reported counts 
for these microorganisms in bee pollen, no direct compari-
son can be drawn. However, compared to the recommended 
values for presumptive B. cereus in herbs and spices, counts 
within the pollen sample (3 log10 CFU/g) did not exceed the 
safety level. Thus, the product can be considered as safe for 
human consumption (Deutsche Gesellschaft für Hygiene 
und Mikrobiologie).

3.2.2. �Identification of microorganisms isolated from 
pot-pollen samples

In recent years, MALDI-TOF MS has revolutionized rou-
tine identification of microorganisms, being a fast and 

Element Oral RfD or TDI (mg/kg-day)a Average EDI (mg/kg-day)b

Aluminum Al 0.3 (SCHEER) 8.54 × 10-3

Vanadium V V (+5): 0.009 (US EPA) 2.28 × 10-5

Chromium Cr Cr (+3): 1.5, Cr (+6): 0.003 (US EPA) 8.58 × 10-5

Cobalt Co 0.0003 (RAIS), 0.01 (ATSDR) 1.66 × 10-5

Nickel Ni 0.02 (US EPA) 1.04 × 10-4

Gallium Ga – 1.28 × 10-5

Arsenic As 0.0003 (US EPA) 3.39 × 10-6

Molybdenum Mo 0.023 (HC), 0.005 (US EPA) 4.45 × 10-5

Cadmium Cd 0.001 (HC), 0.0005 (US EPA) 1.37 × 10-5

Barium Ba 0.2 (US EPA) 9.81 × 10-4

Thallium Tl – 6.91 × 10-7

Lead Pb 0.0036 (HC) 1.01 × 10-5

a Oral reference dose (Oral RfD) or Tolerable daily intake (TDI) as recommended by agencies and committees such as United States Environmental Protection 
Agency (US EPA), Risk Assessment Information System (RAIS), Agency of Toxic Substances and Disease Registry (ATSDR), Health Canada (HC), and Scientific 
Committee on Health, Environmental and Emerging Risks (SCHEER); b Estimated daily intake (EDI) of inorganic contaminants calculated based on recom-
mended daily consumption for pollen (10 g) and average adult body weight (60 kg) using the formula of the Codex Alimentarius (2014) on evaluation of dietary 
exposure to food additives 
a empfohlene orale Referenzdosis (Oral RfD) oder tolerierbare tägliche Aufnahme (TDI) nach US EPA (United States Environmental Protection Agency), RAIS 
(Risk Assessment Information System), ATSDR (Agency of Toxic Substances and Disease Registry), HC (Health Canada) und SCHEER (Scientific Committee on 
Health, Environment and Emerging Risks); b geschätzte tägliche Aufnahme (EDI) anorganischer Kontaminanten, berechnet auf Basis des empfohlenen täglichen 
Verzehrs von Pollen (10 g) und des durchschnittlichen Körpergewichts von Erwachsenen (60 kg) nach Codex Alimentarius (2014) zur Bewertung der ernährungs-
bedingten Exposition gegenüber Lebensmittelzusatzstoffen 

Table 2. Reference dose for chronic oral exposure as recommended by agencies and average estimated daily intake of the determined inorganic contaminants in pot-
pollen samples produced by stingless bees (Tetragonula biroi Friese) from the Philippines
Tabelle 2. Referenzwerte zur chronisch oralen Aufnahme und geschätzten durchschnittlichen Tagesdosis der analysierten anorganischen Kontaminanten durch 
philippinische Pollenproben produziert von Tetragonula biroi Friese
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cost-effective technique (Singhal et al., 2015). MALDI-
TOF MS uses proteomics for bacterial identification. This 
technique has been shown to exceed conventional phe-
notypical methods as well as bacterial gene amplification, 
which remains the gold-standard for microorganism iden-
tification (Shafer et al., 2017). Although a higher number 
of species can be identified with 16S rDNA gene sequenc-
ing, MALDI-TOF MS constitutes a resource saving first-
line identification system (Biswas and Rolain, 2013). 
Table 4 summarizes the identified bacterial and fungal spe-
cies in the pot-pollen samples. The majority of bacterial 
species was identified through MALDI-TOF MS. Some 
bacterial colonies that were identified only up to the genus 
level (a score of 1.70–1.99) as well as fungal isolates were 
identified through DNA analysis. It was quite expected 
that endospore-forming bacteria were isolated from the 
samples as these can survive under extreme environmen-
tal conditions. Bacillus spp. were identified in all the pot-
pollen samples as these microorganisms are ubiquitous in 
nature. The genus Bacillus is one of the most common gen-
era of bacteria that was identified in stingless bee colonies. 
It was hypothesized that species within this genus play an 
important role in secreting extracellular enzymes that cause 
fermentation and conversion of pollen constituents for 
preservation and protection of stored pollen against spoil-
age microorganisms (Menezes et al., 2013). Though some 
of the identified Bacillus spp. were reported to be human 
pathogens (Ehling-Schulz et al., 2019; Celandroni et al., 
2016; Desai and Varadaraj, 2013), their counts were low 
and can therefore be considered to be at a safe level. Bac-
teria of the B. pumilus clade were not identified up to the 

species level using the MALDI-TOF MS analysis and par-
tial 16S rDNA sequencing. However, for the scope of this 
study, differentiation of species within the groups was not 
of importance. For an effective discrimination, sequenc-
ing of DNA gyrase β-subunit and/or RNA polymerase 
β-subunit genes has been proven to be more reliable in 
identifying these closely related species (Liu et al., 2013). 
Most of these Bacillus spp. are associated with plants and 
were reported to have potential application in biomedicine 
and biocontrol (Liu et al., 2019; Lu et al., 2017; Jouzani 
et al., 2017; Prazdnova et al., 2019; Wang et al., 2017) as 
well as potential probiotics (Elshaghabee et al., 2017) and 
biofertilizer (Pramanik et al., 2019).
Lysinibacillus and Paenibacillus are widespread bacteria 
usually considered as environmental contaminants and 
rarely connected to human diseases (Wenzler et al., 2015; 
Sannino and Angert, 2017). Some of these species were 
also reported to have biosorption capabilities (Mathivanan 
et al., 2016; Zhang et al., 2019) and insecticidal activities 
(Xu et al., 2015).
Most clostridia species are non-pathogenic (Patakova et 
al., 2019) but some virulent, toxin-producing strains may 
cause fatal infections especially Clostridium perfringens 
(Stelma, 2018). However, low counts of sulphite-reducing 
clostridia spores were recorded in the pot-pollen and con-
sidered to be at a safe level.
LAB are generally recognized as safe (GRAS) for humans 
and animals. Lactobacillus spp. were previously isolated 
from the digestive tract of honey bee A. mellifera, pollen, 
and bee bread, and were reported to dominate the micro-
biota (Asama et al., 2015). Lactobacillus coryniformis has 

Microorganism
Lowest Limit of 

Detection (LLOD)
Pollen sample

1 2 3 4 5 6 7 8

aerobic mesophilic organismsa 3.00 3.27 ± 0.04 3.02 ± 0.02 ND 4.54 ± 0.02 3.16 ± 0.11 3.41 ± 0.01 4.28 ± 0.02 4.73 ± 0.08

yeasts and moldsa 2.00 < 3.00 ND ND 2.57 ± 0.03 ND ND ND ND

lactic acid bacteriaa 2.00 < 3.00 ND ND ND ND ND ND ND

Enterobacteriaceaea 1.00 ND ND ND < 2.00 ND ND ND ND

coagulase-positive Staphylococcusa 1.00 ND ND ND ND ND ND ND ND

Bacillus spp.a 2.00 3.15 ± 0.03 3.06 ± 0.02 ND 3.95 ± 0.01 2.23 ± 0.13 2.29 ± 0.03 3.77 ± 0.13 4.10 ± 0.01

sulphite-reducing clostridia sporesb 0.48 1.63 ND 0.56 1.97 1.36 ND 1.88 2.18

Salmonella ND in 5 g ND ND ND ND ND ND ND ND
a Values are expressed as log10 CFU/g ± standard deviation; b Values are expressed as log10 MPN/g; ND – not detected or lower than the LLOD of corresponding 
microorganism 
a Keimzahlen werden angegeben als log10 KBE/g ± Standardabweichung; b Werte werden angegeben als log10 MPN/g; ND – nicht detektierbar oder unter der 
LLOD des zu nachweisenden Mikroorganismus 

Table 3. Average microbial counts of the analyzed pot-pollen samples produced by stingless bees (Tetragonula biroi Friese) from the Philippines
Tabelle 3. Durchschnittliche ermittelte Keimzahl der untersuchten philippinischen Pollenproben produziert von Tetragonula biroi Friese
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shown to decrease symptoms linked to respiratory infec-
tions in elderly people (Fonollá et al., 2019), whereas 
Pediococcus pentosaceus has been reported to exhibit poten-
tial probiotic properties and cholesterol-lowering activity 
(Damodharan et al., 2015).
Fungal species of the genera Alternaria, Aspergillus, Rhiz-
opus, and Monascus were previously isolated from com-
mercial bee pollens (Deveza et al., 2015; Belhadj et al., 
2014; González et al., 2005; Villalobos et al., 2010). These 

species play important ecological roles and have been used 
industrially for enzyme, organic acid, and traditional food 
production (Cong et al., 2017; Londoño-Hernández et al., 
2017; Meussen et al., 2012). The presence of Monascus 
ruber in 4 out of 8 pot-pollen samples may be due to its 
lactic acid tolerance (Weusthuis et al., 2017). Since these 
fungal species are commonly found in bee hive, they were 
derived mainly from primary sources (Kiš et al., 2018). 
Secondary sources of contamination may also contribute, 

Table 4. Bacteria and fungi identified in pot-pollen samples produced by stingless bees (Tetragonula biroi Friese) from the Philippines by partial 16S 
rDNA and 26S rDNA sequencing and/or MALDI-TOF MS
Tabelle 4. Identifizierung von Mikroorganismen isoliert aus Pollenproben von stachelloser Bienen (Tetragonula biroi Friese) von den Philippinen 
mittels 16S rDNA/26S rDNA Sequenzierung und/oder MALDI-TOF MS

Microorganism
Pollen samplea

1 2 3 4 5 6 7 8

Bacteria

Bacillus cereus groupb 13 3 2 3 3 4 3 3

Bacillus megaterium b 1   2 2 1 2 1  

Bacillus subtilisb 3   5 1 4 1 2 4

Bacillus amyloliquefacie b 1     3 1 2 1 1

Bacillus coagulansc           1    

Bacillus pumilus cladeb,c 2 2 1 2 1 2 1

Bacillus flexusb 1     2        

Fictibacillus halophilusc       1        

Lysinibacillus fusiformisb, c 1 1 1       1 2

Lysinibacillus macroidesc         1      

Lysinibacillus sphaericusc   2       1    

Paenibacillus spp.c     1          

Paenibacillus pabulic 1              

Paenibacillus thiaminolyticusb             1  

Virgibacillus halophilusc           1    

Lactobacillus coryniformisc               1

Pediococcus pentosaceusb       1        

Clostridium beijerinckiib 3       1   3  

Clostridium perfringensb       4        

Clostridium sordelliib     1         2

Enterobacter hormaecheib       2        

Fungi

Alternaria sp.c         1      

Aspergillus spp.c         1  1    

Monascus ruberc 1   1       1 1

Rhizopus spp.c       1        
a Scores refer to the number of colonies identified for each microorganism in each sample; b Microorganism was identified through MALDI-TOF MS analysis; 
c Microorganism was identified through DNA analysis
a Werte beziehen sich auf die Anzahl der identifizierten Isolate pro Mikroorganismus und Probe; b identifiziert mittels MALDI-TOF MS; c identifiziert mittels 
DNA Analyse
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which include post-harvest treatment by humans or equip-
ment (Pajor et al., 2018). Contrary to previous studies, 
yeasts were not isolated from any of the pot-pollen samples 
(De-Melo et al., 2015; Nogueira et al., 2012). 
An overall view of the results revealed that most of the 
identified species belonged to endospore-forming bacterial 
genera such as Bacillus spp. and Clostridium spp., or molds. 
This was attributed to the low water activity (aw) of the dried 
pot-pollen. Based on our previous study (Belina-Aldemita 
et al., 2019), aw values of these samples were about 0.6. 
Bacterial growth related to food spoilage is mostly inhib-
ited at aw values below 0.9 and foods with levels below 0.6 
are considered stable towards microbial growth. Moreover, 
pot-pollen samples have an acidic pH. The decrease in the 
pH value of stored pollen can be attributed to the activ-
ity of LAB and Bacillus spp., which are introduced into 
the pollen by bees (Menezes et al., 2013). The fermenta-
tion process carried out by these microorganisms resulted 
in the accumulation of various metabolites, decreasing the 
pH of the pollen and simultaneously reducing the num-
ber of pathogenic microorganisms (Vásquez and Olofsson, 
2009). Anderson et al. (2014) stated that the stored pol-
len is not a suitable growth medium for microorganisms. 
Results of the mentioned study revealed that the bacterial 
groups abundant in the stored pollen were acid resistant 
and osmotolerant. As known, endospores are more resist-
ant than vegetative cells to the action of chemical and 
physical factors. Thus, endospore-forming microorgan-
isms have a higher possibility to survive under harsh con-
ditions and persist for long periods in the environment. 
Furthermore, extracts of pollen and bee bread have shown 
to inhibit Gram-positive bacteria (e.g., Staph. aureus, B. 
cereus, C. perfringens), Gram-negative bacteria (e.g., E. coli, 
Salmonella enterica, Pseudomonas aeruginosa), yeasts (e.g., 
Zygosaccharomyces bailii, Candida magnoliae), and molds 
(e.g., Aspergillus flavus, Penicillium expansum) (Abouda et 
al., 2011; Hudz et al., 2019; Morais et al., 2011; Kacániová 
et al., 2012; Joo et al., 2015).
There is a tendency for the pot-pollens to exhibit greater 
microbial proliferation and diversity due to the tropical con-
ditions being characterized by high humidity and tempera-
ture. Additionally, the storage of pollen in the hive involves 
inoculation of microorganisms by the bees. Furthermore, 
considering the nutrient content of pollen, it is a reliable 
food source for a variety of microorganisms. Hence, it is 
obligatory that beekeepers adopt hygienic standards and 
proper handling of pot-pollen in every single stage of pro-
duction. Otherwise, it may result in products that could be 

harmful to the consumers. Harvest of pot-pollens should 
be done with clean devices and containers to avoid cross-
contamination. Drying should be carried out immediately 
after harvest and in a facility with controlled temperature, 
instead of natural drying (González et al., 2005; De-Melo 
et al., 2015). As recommended by the Codex Alimentarius 
(2019), in order to reduce the risk of food-borne illness 
and spoilage, good practices in agriculture, hygiene and 
manufacturing must be implemented.

4. Conclusion

This is the first in depth report on heavy metal contami-
nants and microbiological populations in Philippine sting-
less bee pot-pollen. Obtained values for heavy metals were 
generally lower compared to the previous studies and most 
were within the safety limits. The estimated daily intake 
of these elements was much lower compared to the toler-
able daily intake recommended by authorities. Microbial 
counts were less than the recommended values. The pot-
pollens had a generally low but varying microbial popula-
tion, most of which were endospore formers such as the 
Bacillus spp. and related genera, and Clostridium spp., or 
molds. The low pH and aw values of pot-pollens as well 
as refrigeration temperature effectively inhibited the ger-
mination of these microorganisms, thus low counts were 
recorded. Overall, pot-pollens from T. biroi can be con-
sidered as safe for human consumption as long as hygienic 
principles are applied. More samples should be analyzed to 
get a deeper insight about the influence of varying factors 
such as geographical and botanical origin, drying and stor-
age conditions, and beekeeper activities on the contents of 
inorganic contaminants and microbiological populations, 
as well as the presence of pesticide residues and toxins in 
stingless bee pot-pollen.
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