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Abstract
Bee pollen is known to possess many nutritional and therapeutic properties due to high nutritional value and important
content of bioactive compounds. The aim of this study was to identify the most representative monofloral pollen types
from south Romania and to characterize them in terms of phenolic content and antioxidant activity. Pollen
identification was based on morphological characteristics examined under scanning electron microscope (SEM) and
screening of bee pollen phenolic compounds were performed using capillary electrophoresis method. Antioxidant
activity investigated using DPPH and ABTS radicals showed that scavenging activity of Brassica sp. pollen extract was
superior to all extracts tested after both methods. A complete characterization of different monofloral pollen types from
various geographical regions could be useful to develop analytical standards of bee pollen and also to perform the
efficacy of this bee product in apitherapy.
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INTRODUCTION
Flowers pollen constitutes the raw material
from which bees produce pollen loads after mix
it with their own secretions. Bee pollen is
composed of essential nutritive substances
(carbohydrates, proteins, amino acids, lipids,
minerals etc.) (Campos et al., 2008) and also
important bioactive elements (polyphenols and
flavonoids) (Morais et al., 2011; Xesús et al.,
2012). The complex chemical composition has
been used both as food and medicine (Guiné,
2015; Linskens et al., 1997).
Chemical constituents of bee pollen may vary
due to the geographical origin and plant source
in special.
Numerous nutritive constituents of bee pollen
create a unique profile of a pollen type, each of
which
has
an
own
fingerprint
(flavonoid/phenolic profile) (Campos et al.,
2015; Sagona et al., 2017) independent from
species (hybrids and transgenic) (Campos et al.,
2015). Despite this complex and highly
variable composition, one of the most
important biological activities of bee pollen is
its antioxidant activity (Freire et al., 2012)
which may be differently expressed according

to botanical sources (Almeida da Silva et al.,
2013). Many researches have reported a
positive correlation between antioxidant
activity and total phenolic contents occurring in
bee pollen composition (Gabriele et al., 2015;
Pèrez, 2012; Bárbara, 2015). Thus, for further
development and utilization of bee pollen is
necessary a complete characterization and
evaluation of health benefits.
The aim of this study was to identify and
quantify the phenolic compounds and
antioxidant capacity of the most important
pollen resources of south Romania. As a result,
it will be contributed to create a database with
potential analytical markers for a better
characterization of monofloral bee pollen.
MATERIALS AND METHODS
Bee pollen samples
The samples of bee pollen were harvested by
bee colonies kept in the stationary apiary from
south Romania. An enough amount of pollen
was collected from each pollen type and stored
in individual polypropylene bags at - 18°C
before further analysis.
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pollen colors. Totally nine samples were
selected following the Loveaux method and
using reference collection of the author
(Loveaux, 1978). For scanning electron
modifications. The radical cation was prepared
by mixing 7 mM ABTS aqueous stock solution
with 2.45 mM potassium persulfate for 12
hours, in the dark at room temperature. 250 μL
of ABTS and 10 μL pollen extract was
vortexed with 40 μL distilled water. The
absorbance of obtained mixture was measured
after 6 min at 734 nm against a blank sample.
The antioxidant capacity was expressed as µg
Trolox g -1 BPE.
Determination of phenolic compounds using
capillary zone electrophoresis (CZE)
The determination of phenolic compounds was
performed as described previously (Matei et al.,
2016) with slight modifications. An Agilent
capillary electrophoresis instrument equipped
with diode array detector was used for analysis;
data acquisition and processing were done using
ChemStation software. The compounds were
separated using a fused-silica capillary column of
72 cm total length and 50 µm internal diameter.
The BGE consisting of 45 mM tetraborate
buffer with 0.9 mM SDS (pH = 9.35 adjusted
with HCl 1 M) was used (Gatea et al., 2015).
The capillary was rinsed between runs with
BGE for 2 min. The sample was hydrodynamically injected for 12 s (35 mbar), the system
was operated under positive voltage (30 kV)
and the cassette temperature was maintained
constant at 30°C. Electropherograms were
recorded at 280 nm.
Statistical analysis
All values represented the mean of three
repetitions.

Microscopy analysis
Botanical origin of bee pollen was determined
using the palynological analysis and was
performed separately for each harvest dates and
microscopy (SEM), bee pollen grains were
mounted on the SEM stubs provided with
double adhesive carbon tape. Uncoated samples
were examined in low vacuum mode (130 Pa),
at 5 kV accelerating voltage.
Bee pollen extract (BPE)
For determination of phenolic compounds and
antioxidant activity, BPE was prepared by
extracting 5 grams of bee pollen in 50 mL of
ethanol (1:10) (w:v).
Total Phenolic and Flavonoid Content
For total phenolic content (TPC), a
modification of method reported by Rebiai and
Lanez was employed (Rebiai et al., 2012). 100
μL of pollen ethanolic extract were combined
with 0.5 mL Folin-Ciocalteau reactive and 2
mL of 20% Na2CO3. The absorbance was
measured at 760 nm after 30 min. of incubation
in the dark at ambient temperature. The results
of total phenolic contents were reported as
Gallic acid equivalents.
The content of total flavonoids (TFC) was
determined by the colorimetric method with
AlCl3 described by (Rebiai et al., 2013). An
aliquot of 1 mL pollen extract was mixed with
the same volume of 2% AlCl3, methanolic
solution. After 30 min at ambient temperature,
the absorbance was measured at 430 nm against
a blank sample. The total quantity of flavonoids
was calculated as quercetin equivalents.
Antioxidant Capacity
The antioxidant capacity of bee pollen
ethanolic extract was measured using two
methods: DPPH and ABTS assays.
DPPH radical scavenging activity
Antioxidant capacity of bee pollen extract was
tested for its ability to bleach the stable 1.1difenil-2-picril-hidrazil radical (Kedare et al.,
2011) 10 μL of various concentration of bee
pollen ethanolic extract was mixed with 190 μL
methanol and 100 μL DPPH methanolic solution
(25 mmol/L). The decreases of the absorbance
were measured at 517 nm after the samples were
maintained 30 min at room temperature.
Scavenging activity of ABTS radical cation
Scavenging activity of ABTS radical cation
was conducted in accordance with the method
described by Erel O. (Erel, 2004) with slight

RESULTS AND DISCUSSIONS
The microscopic examination of pollen
samples revealed that all analyzed bee pollen
samples could be considered monofloral due to
frequency of a predominant pollen type (over
45%). The morphological features of pollen
grains presented in Figure 1(A-I), confirmed
the botanical origin of bee pollen samples.
The SEM images depict various shape of
pollen grains samples (spheroidal-suboblate:
Zea mays; oblate-spheroidal: Helianthus
annuus, Carduus sp., Taraxacum officinalis;
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prolate: Brassica sp., prolate-spheroidal:
Aesculus sp., Prunus sp.; suboblate: Tilia sp.,
Crataegus
monogyna),
apertures
type
(monoporate: Zea mays; tricolporate: the rest of
the samples), exine ornamentation (echinate:

Helianthus annuus, Carduus sp., Taraxacum
officinalis; foveolate: Tilia sp.; striate: Prunus
sp.; striate-perforate: Crataegus monogyna;
scabrate: Zea mays; reticulate: Brassica sp.,
Papaver sp.).

A

B

C

D

E

F

G

H

I

Figure 1. A - I Morphological features of pollen types identified in bee pollen loads X 20 μm (scanning electron
microscopy). A-Brassica sp.; B-Carduus sp.; C-Taraxacum officinalis; D-Papaver sp.; E-Tilia sp.; F-Helianthus
annuus; G-Prunus sp.; H-Crataegus monogyna; I-Zea mays

values found for TPC of Crataegus monogyna
bee pollen samples (16.26 ± 0.86 mg GAE/g
pollen) were very close to those obtained by
Cheng N. for Crataegus pinatifida (17.65 ±
0.97 mg GAE/g pollen) (Cheng et al., 2013),
the content of TPC being probably independent
by species. In the case of Brassica sp. samples,
our TPC results were higher than that of Sun
L., who reported a value of 11.76 ± 0.04 mg
GAE/g pollen for free phenolic extract of rape
bee pollen (Sun et al., 2017). In a Romanian
study regarding dynamics of total flavonoids of
bee pollen collected from Moldavia area,
Prelipcean A., has been investigated the
flavonoid contents from a mixture of polyfloral
bee pollen extracted with methanol (Prelipcean,
2012).

Phenolic compounds are regarded as the major
constituents of bee pollen responsible for
antioxidant activity (Harif et al., 2017).
In the present study the total phenolic and
flavonoid contents of bee pollen ethanolic
extracts showed high levels (Figure 2) and a
wide range of variations, especially for
phenolic content (TPC). Brassica sp. pollen
type samples presented the highest quantities of
TPC (26.8 ± 0.9 mg GAE/g pollen), and the
lowest TPC were observed for Zea mays pollen
samples (11.0 ± 0.4 mg GAE/g pollen). The
minimum value for TFC ranged from 6.9 ± 1.3
for Brassica sp. BPE and the maximum value
of 15.1 ± 2.0 mg/g of dry weight, expressed as
gallic acid equivalents (GAE), obtained for
Helianthus annuus BPE. Furthermore, the
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The author reported that flavonoid contents of
fresh bee pollen registered maximum values
(20.44 mg QE/g pollen) and are comparable
with our results (max. 15.11 mg QE/g pollen)
but extracted with ethanol and other pollen
type. In Transylvania, the same solvent was
used for bee pollen extraction with a

predominant pollen type over 45% and total
flavonoids reveal the highest concentration for
Malus domestica pollen followed by Prunus
spp. pollen (Mărgăoan et al., 2013), while in
our study Prunus spp. recorded 13.65 mg QE/g
pollen, a higher amount.

Figure 2. Total phenolic content (TPC) and total flavonoid content (TFC) for different bee pollen types

antioxidant capacity of bee pollen varies with
their botanical sources. The DPPH radical
scavenging was expressed as IC50 values and
defined as extract concentrations required to
scavenge DPPH radical by 50%.

Due to the complex matrix of bee pollen, the
antioxidant activity was evaluated by two
methods: DPPH assay expressed in term of
IC50 and ABTS method. The experimental
results presented in Table 1 suggest also that

Table 1. Antioxidant activities of different bee pollen types (ABTS and DPPH assay)
Pollen type
Brassica sp.
Carduus sp.
Taraxacum officinale
Papaver sp.
Helianthus annuus
Tilia sp.
Prunus L. sp.
Crataegus monogyna
Zea mays

Antioxidant activities
ABTS (µg Trolox/g pollen)
DPPH (IC 50 µg/mL)
791.46 ± 45
2.78 ± 0.03
183.01 ± 19
16.80 ± 0.2
206.58 ± 26
22.06 ± 0.15
363.17 ± 33
5.54 ± 0.06
200.95 ± 29
13.33 ± 0.09
109.82 ± 23
14.52 ± 0.1
763.54 ± 40
3.22 ± 0.08
526.44 ± 39
5.69 ± 0.08
73.45 ± 10
16.49 ± 0.07

al., 2014). Regarding antioxidant activity by
ABTS assay, the same fraction of Brassica sp.
pollen recorded the highest antioxidant activity
(791.46 ± 45), although reasonable activity was
also found for Prunus L. sp. (763.54 ± 40) and
Crataegus monogyna (526.44 ± 39). Despite
DPPH values, ABTS screening of free radical
scavenging capability revealed that Zea mays
ethanolic extract possess a lower antioxidant
potential than Carduus sp. pollen extract.
Crude extract of Taraxacum officinale bee
pollen (206.58 ± 26 µg Trolox/g pollen)
showed similar activity with Helianthus annuus
pollen extract (200.95 ± 29 µg Trolox/g
pollen).

The scavenging activity of Brassica sp. pollen
extract by DPPH (IC50 µg/mL) and ABTS
method was superior to all extracts. The results
of DPPH scavenging activity of chinese
Brassica sp. pollen ethanolic extracts were
superior to those found in our study. The
authors obtained values ranged from 0.25 to
0.38 µg/mL extract (Dai et al., 2013).
Our results showed that antioxidant activities of
Brassica sp. bee pollen expressed as IC50 (2.78
± 0.03 µg/mL) were lower to a recent study
about Brassica sp. also from China (1.27 ±
0.00) with a better activity (Sun et al., 2017),
but significantly higher DPPH scavengers than
Indian Brassica juncea bee pollen (Ketkar et
308
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2045.27±10.0

178.03±2.8

435.89±5.7

ND

58.41±3.2

150.09±6.9

142.01±3.5

ND

ND

ND

ND

ND

ND

ND

ND

ND

Rutin (µg /mL )

Naringenin (µg /mL-1)

Isoquercetin (µg /mL-1)

Umbelliferone (µg /mL-1)

Cinnamic acid (µg /mL-1)

Chlorogenic acid (µg /mL )

Galangin (µg /mL )

Sinapic acid (µg /mL )

Syringic acid (µg /mL )

Ferulic acid (µg /mL )

Kaempferol (µg /mL )

Luteolin (µg /mL )

Coumaric acid (µg /mL )

Quercetol (µg /mL )

Caffeic acid (µg /mL )

Gallic acid (µg /mL )

-1

-1

-1

-1

-1

-1

-1

-1

-1

-1

-1

506.00±5.1

Chrysin (µg /mL )

-1

463.36±8.7

Acacetin (µg /mL )

-1

110.28±5.1

-1

Pinostrobin (µg /mL )

-1

52.28±3.3

Brassica sp.

Resveratrol (µg /mL-1)

Phenolic compound

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

280.73±5.3

ND

3.23±0.4

83.45±3.9

ND

Carduus sp.

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

10.25±3.3

47.19±1.9

25.26±3.0

4.10±1.0

16.02±1.1

115.71±6.0

ND

Taraxacum
officinale

120.87±5,6

ND

ND

ND

238.87±7,2

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

180.28±3.6

3.23±0.6

200.04±7.2

76.46±4.0

Papaver sp.

ND

ND

89.68±4,4

16.91±1,6

ND

ND

ND

ND

ND

62.12±2.6

29.22±1.8

17.10±1.9

ND

877.64±8.1

ND

ND

21.89±2.7

ND

197.81±6.9

ND

Helianthus
annuus

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

2.26±4.0

ND

22.58±2.9

ND

97.61±4.9

22.47±3.1

ND

129.13±5.7

ND

Tilia sp.

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

21.70±3.0

1622.49±9.1

241.46±5.5

208.52±5.5

107.61±5.9

ND

Prunus L. sp.

Table 2. Phenolic compounds present in ethanol fractions of different bee pollen types from south Romania by CZE

ND

ND

27.8±3.2

ND

ND

ND

438.62±5.5

ND

ND

ND

ND

ND

ND

ND

242.57±6.,0

5652.42±10.2

ND

ND

1046.15±9.8

ND

Crataegus
monogyna

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

43.54±3.6

54.43±4.1

99.05±7.2

294.45±6.0

ND

122.43±7.1

ND

Zea mays

The CZE technic was used to confirm and
quantify the targeted major compounds using
analytic standards. The CZE analysis showed
the presence of pinostrobin in all analyzed bee
pollen samples, independent of the botanical
origin. This is the first report of pinostrobin in
Romanian bee pollen.
Chrysin and rutin were also presented in major
monofloral samples with some exceptions:
Carduus sp. and Crataegus monogyna for
chrysin, respectively Papaver sp. and
Helianthus
annuus
for
rutin.
The
concentrations of rutin (5652.42 ± 10.2) and
pinostrobin (1046.15 ± 9.8) were found to be
highest in Crataegus monogyna sample, while
acacetin (463.36 ± 8.7) was found in highest
amount in Brassica sp. bee pollen sample. The
isolated phenolic compounds from bee pollen
ethanolic extracts indicated by the observation
that the pollen samples which exhibit the
highest antioxidant activity tend to be those
that contain the most numerous phenolic
compounds and also the most abundant. A wide
range of phenolic compounds has been
determined previously from pollen of different
botanical and geographic origin. Freire K. et al.
identified
flavonoids
like isoquercetin,
quercetin and isorhamnetin in more than 90%
of the northeastern Brazilian bee pollen
samples
In a recently reviewed study, the most common
flavonoids from phenolic extracts of bee pollen
collected from different country were
flavonoids such as quercitrin, kaempferol or
isorhamnetin (Ares et al., 2018). In the
northeast region of Portugal were characterized
phenolic compounds of bee bread and the most
abundant compounds identified were mainly
quercetin, kaempferol, myricetin, isorhamnetin
and herbacetrin glycoside derivatives (Sobral et
al., 2017) On the contrary, in our study, none of
pollen types, were registered the presence of
kaempferol in composition, as can be seen in
Table 2.
Rutin was also identified in pollen samples
from seven botanical species in quantities
ranging from 25.26 ± 3.0 to 5652.42 ± 10.2
(µg/mL-1). Indeed, the presence of rutin has
been reported in bee pollen from several
countries including Egypt (Hala et al., 2016),
Turkey (Ulusoy et al., 2013) and Taiwan (Yen
et al., 2011). In addition to the above

mentioned, it is interesting to note that
resveratrol and luteolin were poorly
represented in bee pollen phenolic profile.
Resveratrol was found in Brassica sp. and
Papaver sp. pollen type and luteolin was
identified in high amount in Papaver sp. bee
pollen. Sun L. et al. reported also the presence
of resveratrol in different Brassica sp. bee
pollen fractions (Sun et al., 2017) and in
methanol extract of Papaver rhoeas bee pollen
from Korea was confirmed the presence of
luteolin (Lee et al., 2016).
CONCLUSIONS
All the above results indicate that most of
monofloral Romanian bee pollen differs from
pollen to other world regions. After both
antioxidant evaluation system applied, the most
effective pollen extracts were Brassica sp.
followed by Prunus sp. and Papaver sp. This is
the first Romanian report quantifying phenolic
compounds from bee pollen by capillary zone
electrophoresis. Fifteen phenolic compounds
and their derivatives, such as pinostrobin,
acacetin, chrysin, rutin and quercetin were
identified in Romanian bee pollen samples.
Pinostrobin and chrysin were the most common
compounds present in pollen samples.
The present study outcome will be useful to
establish a national standard for different types
of bee pollen as a regulatory way to sustain
nutritional and medical applications of bee
pollen.
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