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Abstract

Bee pollen is a very important bee product with its wide biological content as well as
being a protein source in the nutrition of larvae and young bees. In our study,
palynological, antioxidant and some physicochemical analyses were performed on bee
pollen loads taken from some provinces of the Eastern Anatolia Region of Turkey.
According to the palynological analysis, pollen grains belonging to 62 plant taxa were
observed. The highest and the lowest value of total phenolic content were determined
as 15.05+0.46 and 9.81+0.59 pug GAE/ mg, respectively. Antioxidant analysis of DPPH
radical scavenging activity was performed. As a result, the best activity was found at
16.93+0.92 pg TE/mg. The pH, electrical conductivity and L, a b values of the samples
were found to be 4.62+0.015-4.8610.005, 2371.0+22.6-3008.0+22.9 mS/cm, 56.6+0.02-
59.94+0.01, 11.5+0.01-12.2+0.02, 50.9+0.01-53.1+0.03, respectively. In this context, it
can be said that the physicochemical and biological activities of bee pollen samples vary
depending on the plant and geographical origin.

Introduction

Interest in the biological activity of foods is
increasing day by day. Considering the polyphenol,
vitamin and mineral content, the importance of the
biological activities of bee products has been known
from past to present (Bobis et al., 2010). In addition, the
value of them increased because of the viral pandemic
that society faced after 2019. The immune-enhancing
effect of bee products is emphasized (Lima et al., 2021).

Pollen load is one of the crucial bee products for
young worker bees and larvae because of its high
protein content and as a food supplement for human
beings (LeBlanc et al., 2009). The honey bee (Apis
mellifera L.) collects pollen from flowers’ stamens of
seed plants and combines this pollen with their oral
secretions into pellets. Each pollen load has
characteristic features such as color, size, morphology

and aroma specific to the flower type (Yang et al., 2013).
The botanical source and chemical composition of
pollen load have a significant impact on its color. Bee
pollen is named unifloral when it’s derived from a single
botanical source and its biochemical and organoleptic
features are similar to those of the plant where it was
collected. When bee pollen consists of several plants’
pollen, it is called multifloral (Modro et al., 2009).
Palynological analysis is the best method for
determining the plants used by honey bees as pollen
sources. The results of palynological evaluation also
make it possible to determine the plant taxa that are
used by bees as pollen forage in the regions (Atanassova
& Lazarova, 2010).

Bee pollen content varies depending on
geographical origin, botanical source and beekeeping
practices. In addition, storage conditions significantly
affect this. Bee pollen contains carbohydrates, lipids,
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fatty acids, polyphenols, carotenoids, vitamins and
minerals (Genc & Dodologlu, 2002). Considering the
chemical content, pollen loads are accepted as a
complete food source in terms of nutrition. Pollen loads
have a variety of activities, including antioxidants,
antimicrobial, anti-inflammatory, and anticancer
properties. Biological activities of pollen loads effects
from phenolic compounds, flavonoids, vitamins and
carotenoids (Kostic¢ et al., 2020). Studies have found that
bee pollen contains polyphenol groups such as
guercetin, myricetin, rutin, tricetin, luteolin, selagin,
isorhamnetin (Carpes et al., 2008; Freire et al., 2012 ).

In vivo studies the positive effects of pollen loads
on health have increased. It was determined that they
support the antioxidant system by increasing the levels
of superoxide dismutase and glutathione in the blood
and brain (Khalil & El-sheikh, 2010). Considering the
chemical content that changes depending on the
geographical and floral source, it is important to
determine the biochemical activities and
physicochemical properties of bee pollen.

With oxygen respiration, molecules known as free
radicals are formed in the body. Free radicals carry
unpaired electrons in their outer orbitals. Therefore,
they tend to bond easily. Antioxidants can prevent many
possible damage in the body by reacting with free
radicals. For example, antioxidants; It is effective in
preventing oxidative stress, which is one of the leading
causes of important diseases such as cancer,
cardiovascular problems, diabetes, gastrointestinal
diseases (Tsao & Deng, 2004)

In this study, it was aimed to determine the
palynological, antioxidant and some physicochemical
properties of bee pollen samples taken from the
provinces of Bitlis, Mus and Tunceli in the Eastern
Anatolia Region of Turkey.

Materials and Methods

Bee pollen samples that were used in this study
were obtained from the provinces of Bitlis, Mus and
Tunceli from Eastern Anatolia Region of Turkey in 2021.
Pollen loads were ground into powder before analysis.
Bee pollen powders were stored at -20°C before
analysis.

Palynological Analysis of Bee Pollen

Palynological analysis of pollen loads was
performed with minor revisions to the method
proposed by Barth et al. (2010). 2 g pollen load was
dissolved in 13 mL 70% ethanol solution. After resting
the solution for 30 minutes to homogenize the pollen
loads it was kept in the sonicator for 5 minutes. Pollen
loads containing substantial oil, were subjected to
ethanol extraction twice after centrifugation. The
sediment was diluted in a 1: 1 water / glycerin mixture.
A drop was taken from the well mixed pollen suspension
and that was applied to the microscope slide by glycerin
gelatin with basic fuchsin. Microscope slides were

examined using a Leica DM 2500 brand microscope and
pollen grains were determined by 60x and immersion
objectives (100x). More than 500 pollen grains were
counted on each slide in order to provide an evaluation
of the relative abundance for every pollen type (number
of pollen grains from species /total number of pollen
grains). Pollen types were classified as predominant
pollen (PP) (245%), secondary pollen (SP) (>16-44%),
important pollen (IP) (3—15%), and minor pollen (MP)
(<3%) based on relative abundance (Barth et al., 2010).

pH and Electrical Conductivity of Bee Pollen

2.5 g of bee pollen powder dissolved in 10 mL of
distilled water. The solution was homogenized by mixing
well and left it for 30 minutes. Then, pH and electrical
conductivity values were recorded with a digital pH
meter (Adaskevicitte et al., 2019).

Color Analysis of Bee Pollen Samples

Color analysis of bee pollen samples was carried
out using the Minolta color measurement device. The
powder form of pollen samples was placed in the device
chamber and the results were recorded. Color results
are given with L, a, b values (Adaskeviciate et al., 2019).

Extraction of Bee Pollen Samples

Extraction of bee pollen samples was carried out
for antioxidant and total phenolic analyses. 2 g of
powdered pollen sample was weighed into falcon tubes
and dissolved in 20 mL of 70% ethanol. The prepared
solutions were incubated at 40°C for 1 hour in an
ultrasound device. After 1 hour, the solutions were
centrifuged at 3600 rpm for 15 minutes. The
supernatant was removed and passed through filter
paper. Filtered extracts were stored at -80°C until
analysis (Almeida et al., 2017).

Determination of Total Phenolic Content

The total phenolic content of bee pollen samples
was determined spectrophotometrically based on the
Folin-Ciocalteu method. It was prepared using 0.2 N
folin reagent and 7.5% Na,CO; distilled water. The
solutions of bee pollen samples obtained as a result of
extraction were diluted and 25 mg/mL concentration of
pollen samples was used. Gallic acid was used to prepare
the standard curve. Dilutions in the range of 7.8 ug/mL-
500 pg/mL were prepared using 1 mg/mL gallic acid
stock solution. After the solutions were pipetted into the
falcon tubes, they were kept in the dark for 2 hours, and
absorbance values were recorded at 760 nm
wavelength. The procedure was repeated three times.
The gallic acid equivalent of bee pollen samples was
calculated using the gallic acid curve (Saroglu, 2018).

DPPH Analysis

DPPH radical scavenging assay was used to
determine the antioxidant activity of bee pollen
samples. A 0.1 mM DPPH solution was prepared with
ethyl alcohol. The dilution process was applied to the
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solution obtained by bee pollen extraction. Pollen
solutions with a concentration of 5 mg/mL were used in
the analysis by dilution. According to different trolox
concentrations, standard curve was generated. The
prepared solutions were kept in the dark for 45 minutes
after pipetting. Finally, absorbance values were
recorded with a spectrophotometer at a wavelength of
517 nm. The procedure was carried out in 3 repetitions.
Results are given as trolox equivalent (Freire et al.,
2012).

Statistical Analysis

Each bee pollen sample was analysed in triplicate.
Results are shown as arithmetic mean values + standard
deviation. Statistical analyses were carried out using R

studio (R Core Team, 4.1 Version, 2020).
Results and Discussion

Palynological analysis was performed to determine
the plant sources of pollen loads. As a result of the
analysis bee pollen loads were classified into 4 groups
according to the relative abundance (RA): predominant
pollens (PP) (245%), secondary pollens (SP) (16—-44%),
important pollens (IP) (>3—-15%) and minor pollens (MP)
(<3) (Table 1). If pollen grains RA 280%, this indicates the
botanical origin of bee pollen and it is named unifloral.
In this study all pollen samples were accepted as
heterofloral. In total, 64 pollen taxa distributed into 30
families were found in the pollen samples (Table 1).

Table 1. Pollen taxa identified from pollen loads and their RA

Mus

Tunceli

Bitlis 1

Bitlis 2

Adoxaceae

Sambucus 1.02 (MP)
Asparagaceae

Muscari

Amaryllidaceae

Allium

Apiaceae 1.27 (MP)
Chaerophyllum 3.81(IP)
Daucus

Eryngium

Ferula

Heracleum

Pimpinella 0.25 (MP)
Asteraceae

Achillea

Anthemis 0.25 (MP)
Artemisia

Centaurea

Centaurea urvillei

Cirsium

Cyanus 1.27 (MP)
Carthamus 0.25 (MP)
Inula 2.03 (MP)
Silybum

Taraxacum

Brassicaceae 7.61 (IP)
Brassica

Isatis 0.76 (MP)
Boraginaceae

Echium 0.25 (MP)
Caryophyllaceae

Silene

Cistaceae

Cistus 12.69 (IP)
Helianthemum 5.08 (IP)

1.41 (MP)

0.20 (MP)

6.02 (IP)

9.04 (IP)

0.20 (MP)
0.20 (MP)
1.41 (MP)
21.29 (SP)
2.41 (MP)

0.80 (MP)

12.05 (IP)

2.28 (MP)

2.54 (MP)
0.51 (MP)

0.25 (MP)
0.25 (MP)

0.76 (MP)
5.08 (IP)
0.25 (MP)
0.76 (MP)

0.25 (MP)

1.02 (MP)

5.95 (IP)

0.37 (MP)
1.12 (MP)

1.12 (MP)
0.37 (MP)

1.86 (MP)

0.37 (MP)

0.74 (MP)
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Table 1. Pollen taxa identified from pollen loads and their RA (continued)

Mus Tunceli Bitlis 1 Bitlis 2
Convolvulaceae
Convolvulus 0.51 (MP) 1.12 (MP)
Crassulaceae
Sedum 2.61 (MP)
Ericaceae 0.25 (MP)
Fabaceae
Astragalus 0.51 (MP) 3.01(IP)
Lathyrus 0.25 (MP) 0.20 (MP) 0.37 (MP)
Melilotus 1.00 (MP) 0.76 (MP) 7.43 (IP)
Onobrychis 16.87 (SP)
Trifolium pratense 1.12 (MP)
Trifolium 2.79 (MP) 0.20 (MP)
Fagaceae
Quercus 15.74 (SP) 0.60 (MP) 3.81(IP) 5.95 (IP)
Fumariaceae
Fumaria 1.02 (MP)
Hypericaceae
Hypericum 9.14 (IP) 15.61
Juglandaceae
Juglans 0.20 (MP) 2.03 (MP) 1.86 (IP)
Lamiaceae 0.25 (MP) 0.20 (MP)
Lamium 4.31 (IP) 0.37 (MP)
Moraceae
Morus 0.51 (MP) 1.02 (MP) 0.74 (MP)
Papaveraceae
Papaver 22.59 (SP) 2.21 (MP) 0.37 (MP)
Plantaginaceae
Plantago 0.76 (MP) 0.20 (MP) 0.51 (MP)
Polygonaceae
Rumex 0.51 (MP) 0.20 (MP)
Poaceae 0.80 (MP) 0.25 (MP)
Poa 0.76 (MP)
Ranunculaceae
Nigella 0.37 (MP)
Ranunculus 2.28 (MP) 0.37 (MP)
Rhamnaceae
Paliurus spina christi 0.76 (MP)
Rosaceae 0.76 (MP) 4.02 (IP) 0.74 (MP)
Crataegus 1.52 (MP)
Potentilla 0.51 (MP)
Pyrus 5.08 (IP) 3.72 (IP)
Rosa 0.20 (MP)
Sanguisorba 0.51 (MP) 0.20 (MP) 0.51 (MP)
Rutaceae
Citrus 1.27 (MP)
Salicaceae
Salix 3.30 (IP) 12.05 (IP) 60.41 (PP) 47.96 (PP)
Scrophulariaceae
Verbascum 2.28 (MP)
Xanthorrhoeaceae
Eremurus 0.20 (MP) 2.03 (MP)
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In this study, the most common pollen grains from
the plant families of Salicaeae (30.93%), Fabaceae
(8.63%), Brassicaceae (8.37%) and Cistaceae (7.45%)
were found in pollen samples, respectively. The results
found are compatible with the literature (Bay et al,,
2021). Taxa of Salix sp., Papaver sp., Cistus sp. appear
with high incidence in bee pollen samples. The pollen
diagram shows the percentage of pollen grains found for
each taxa. According to the diagram, pollen loads was
divided into two groups according to the similarity
between the plant taxa determined as a result of the
melissopalynological analysis. The first group consists of
Bitlis 1 (1), Bitlis 2 (2) and the greatest similarity was

" Cyanus
Brassica
Cislus
Onobrychis

I Quercus

I Hypericum

Sample

found in this group. The second group Mus (3) and
Tunceli (4) pollen loads, contained 15 common plant
taxa.. Salix sp., Hypericum sp. and Quercus sp. plant taxa
pollen grains were most common in Bitlis 1 and Bitlis 2.
Pollen grains of Cyanus sp., Brassica sp., Cistus sp.,
Onobrychis sp., Quercus sp., Papaver sp., Salix sp. plant
taxa were found in Mus and Tunceli. Pollen grains
belonging to the Cistus taxon were found in the pollen
loads taken from Mus and Tunceli (Figure 1). This
suggests that the beekeepers who produce these
pollens can do wandering beekeeping. Because Cistus
taxon does not belong to the Eastern Anatolian bee
flora.

Papaver
Salix

Tl e |
cwg weowg w
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Figure 1. Pollen diagrams of pollen loads

According to PCA of melissopalynological analysis,
there are two significant axes. The first principal
component (PC1) explains 57.1% of the total variance,
while the second component (PC2) explains 40.7%. Fig.2
shows that Onobrychis, Brassica, Cyanus, Cistus,

PCA - Biplot
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“Hypericum
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Figure 2. PCA biplot for melissopalynological analysis
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Papaver taxa constitute the positive part of PC1. All
plant taxa except, Quercus, Papaver, Cistus constitute
the positive part of PC2.

The pH, electrical conductivity and color values of
bee pollen samples are summarized in Table 2.

Onobrychis
Brassica
_—— — Cyanus

Col

———_Cistus
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Table 2. Physicochemical parameters of bee pollen sample

Electrical

Bee Pollen . . .

pH Conductivity L a b
Samples

mS/cm

Bitlis 1 4.86 £ 0.005 2830.7 £ 48.7 58.3 £0.02 11.5+£0.01 51.6 £0.01
Bitlis 2 4.80 £0.015 2933.7 £55.3 57.4£0.01 11.8 £0.02 51.3£0.03
Mus 4.62 £0.015 2371.0+22.6 56.6 £0.02 12.2+£0.02 50.9+0.01
Tunceli 4.70 £ 0.006 3008.0 £ 22.9 59.9+£0.01 12.0 £ 0.00 53.1+0.03

The pH values of pollen samples varied between
4.62+0.015 - 4.86+0.005. The lowest pH was observed in
the pollen sample from the province of Mus, while the
highest pH was observed in the pollen sample from the
province of Bitlis. However, the pH values of the pollen
samples were very close to each other and the pollen
showed acidic properties. The highest electrical
conductivity (EC) value was found to be 3008.0 mS/cm
in the Tunceli sample. The EC of the pollen samples was
in the range of 2371.0-3008.0 mS/cm and the lowest EC
was determined in the pollen sample of Mus province.
EC value is a concept related to the presence of organic
acids, proteins, sugars and minerals. The EC values of the
analyzed pollen samples were found to be relatively
high. This suggests that pollen samples may be a good
source of organic acids and minerals. In the study
investigating the physicochemical properties of bee
pollen samples collected from countries such as Italy,
Denmark, Poland, Spain, and Lithuania, pH values were
found in the range of 4.3-5.2, similar to our study. The
EC values were found to be 444-836 uS/cm and these

values were found to be well below the pollen samples
examined in our study (Adaskeviciaté et al., 2019). In a
study examining bee pollen samples from Portugal, pH
values were close and found in the range of 4.5-5.1 (Feas
et al., 2012). Color analysis of bee pollen samples using
the Minolta color device. The results are given in Table
2. in terms of L*, a*, b*. The L* value was found to be
between 56.6+0.02 - 59.9+0.01, the a* value was
between 11.5+0.01 - 12.2+0.02, and the b* value was
between 50.9+0.01 - 53.1+0.03. The L* value is related
to lightness-darkness, and it was found to be higher than
50 in all of the pollen samples examined, so it can be said
that all of the samples are light colored. A* is red (+)-
green (-), and b* is yellow (+)-blueness (-). It can be said
that the color of the pollen samples is close to red
according to the a* value, and the color of the samples
is close to yellow according to the b* value. As a result,
in general, pollen samples can be said to be red-yellow
light colored. It is seen that the color values of the pollen
samples belonging to the provinces examined are close
to each other (Figure 3).

COLOR CHART

L*
m Bitlis 1

Figure 3. Color chart of bee pollen samples

a*

Bitlis 2

b*

Mus = Tunceli
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This situation can be associated with the fact that
the pollen samples were obtained from nearby
provinces and those provinces belonged to the same
region. In a study examining the color values of 9
different pollen samples taken from the Eastern Black
Sea Region Bayburt province, the L* value was
determined in the range of 73.1-74.9. These values were
higher than the pollen samples that were examined in
our study. In addition, the a* value was determined in
the range of 1.05-2.44, and the b* value was

Table 3. TPC and DPPH activity of bee pollen samples

determined as 56.13-58.47. According to these values,
it can be said that the samples have less redness and
more yellowness than the pollen samples in our study
(Saroglu, 2018). Thus, it can be thought that the color
values of pollen samples may change depending on the
changing regional differences.

Total phenolic contents (TPC) of bee pollen
samples were determined as gallic acid equivalents and
DPPH free radical scavenging activity was determined as
trolox equivalents and is given in Table 3.

Total Phenolic Content (TPC)

Bee Pollen Samples
P 1.8 GAE/ mg bee pollen

DPPH
ug TE/ mg bee pollen

Bitlis 1 15.05 £ 0.46
Bitlis 2 14.41 £ 0,59
Mus 9.81+0.59
Tunceli 11.57 £0.48

15.94 +0.15

16.93 £ 0.92

13.38+0,64

15.42 £0.93

The phenolic contents of the pollen samples were
found to be between 9.81+0.59 pg GAE/mg and
15.0540.46 pg GAE/mg. Among the pollen samples, the
lowest and the highest total phenolic content belonged
to Mus and Bitlis 1 respectively. In a study examining the
pollen samples obtained from Bayburt province, the
highest total phenolic content was found to be 7.69 mg
GAE/g, and this value is lower than in our study (Saroglu,
2018). For B. napus subsp. napus L. pollen, the TPC value
was found to be 1383.67 mg.kg-! (Fatrcova-Sramkova et
al., 2013). In another study examining the bee pollen
from Portugal and Spain, TPC was detected in the range
of 18.55-32.15 mg GAE/g (Pascoal et al., 2014).
Considering the studies, it can be thought that the total
phenolic content varies depending on the plant and
geographical source of the bee pollen. In addition,
within the scope of our study, it is seen that the phenolic
content of pollen changes very little with regional

Variables - PCA

1.0-

-1.0 - b v
' ' = 1
-1.0 -0.5 0.0

proximity. The DPPH free radical scavenging activities of
bee pollen samples were between 13.38+0.64 and
16.9340.92 pg TE/mg bee pollen. While the Mus sample
showed the lowest activity, the Bitlis 2 sample showed
the highest activity. In parallel to the total phenolic
content of the Mus sample, DPPH activity was also
found to be low. In a study examining bee pollen from
Portugal and Spain, DPPH activities were found in the
range of 2.98-6.69 mg/g extract. It is seen that the DPPH
activities of the pollen samples we used in our study
were higher than in this study (Pascoal et al., 2014).
According to the PCA of physicochemical analysis, there
are two significant axes. The first principal component
(PC1) explains 63.9% of the total variance, while the
second component (PC2) explains 30.9%. Fig.4 shows all
parameters except a* constitute the negative part of
PC1. TPC, pH, DPPH constitute the positive parts of PC2.

contrib

ﬁ 15.0

145
14.0

13.5

0.5 1.0

Dim1 (63.9%)

Figure 4. PCA biplot of physicochemical analyses of pollen loads
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Conclusion

Bee pollen load content varies depending on
geographical origin, botanical source and beekeeping
practices. According to palynological analysis, the pollen
content of the samples obtained from Bitlis reflects the
Eastern Anatolian flora, but the samples obtained from
Mus and Tunceli do not. Mus and Tunceli samples were
purchased from the market and Bitlis’samples were
obtained from beekeepers. In our study, the pollen
grains belonging to Cistus sp. were determined in the
pollen loads from Mus and Tunceli provinces. Cistus
taxon is not one of the bee plants belonging to the
Eastern Anatolia region. It has been proven once again
with our study that it can be determined whether the
bee products sold in the market belong to that region or
not by palynological analyzes. Many different test
methods were used to determine the antioxidant
activity of pollen samples. Each of these methods is a
very important indicator for determining the
antioxidant activity of the bee pollen loads. According to
the results obtained in this study demonstrated that bee
pollen possesses good antioxidant activity suggesting
that it could be useful in prevention of diseases in which
free radicals are implicated.
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