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ORIGINAL RESEARCH ARTICLE

Protein and phenolic content and antioxidant capacity of honey bee-collected
unifloral pollen pellets from Finland

Anneli Salonen�†, Anu Lavola, Virpi Virjamo and Riitta Julkunen-Tiitto

Natural Product Research Laboratories, Department of Environmental and Biological Sciences, University of Eastern Finland,
Joensuu, Finland

(Received 2 April 2020; accepted 15 September 2020)

Protein and phenolic compound content and antioxidant capacity were determined from honey bee collected unifloral
pollen pellets from Ranunculus, Brassica, Filipendula, Rubus, Vicia, Trifolium, Epilobium, and Taraxacum species of boreal con-
iferous zone in Finland. The aim of the study was to investigate the relation between the chemical composition and the
botanical origin of the pollen pellets. The protein content of pollen pellets ranged between 18.2 and 29.3%. One hun-
dred and twenty phenolic components were detected from the samples and their total amount was highest in Brassica
and the lowest in Taraxacum pollen pellets. Cinnamic acid content was high in Brassica and T. repens compared to other
species. Most of the flavonoids in pollen pellets were flavonols, which were highest in Ranunculus, Filipendula and
Epilobium originated pollen pellets. The pollen pellets of Ranunculus, Brassica, Filipendula, and T. repens had an antioxidant
activity of over 80%. The lowest activities, about 40%, were measured in Taraxacum and Epilobium samples.

Keywords: honey bee-collected pollen; protein; phenolic compounds; antioxidant activity

Introduction

Plants produce pollen grains for sexual reproduction and a
great deal of plant species need some cooperation with ani-
mals in the pollination. Honey bees are regarded as excellent
pollinators. During the foraging flight, pollen grains

accumulate on the body hairs of the honey bees and thereby
are transported from flower to flower, but also, as nectar
moistened pollen pellets, to the hive for the primary food for
broods and offspring (Thorp, 2000). Pollen is known to be a
honey bee’s main source for protein, fats, mineral nutrients,
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and many other compounds (Keller et al., 2005). Honey bees
can utilise a wide spectrum of plant species as a source of pol-
len, but during one foraging flight they visit only the flowers of
one plant species. As a result of this, unique unifloral pollen
pellets, containing pollen grains mainly of one plant species
with a characteristic colour, size, shape, flavour, and chemical
composition are loaded to the pollen baskets of a honey bee
and transported to the hive (Di Paola-Naranjo et al., 2004).
These pollen pellets can be collected by the beekeepers from
the entrance of a hive.

Pollen grains are loaded with proteins, other
nutrients, and necessary compounds that are needed
for the germination and fertilisation process of pollen
(e.g., Roulston et al., 2000). Phenolic compounds, like
flavonoids, are common in the pollen grains of seed
plants and they act there as colourants by making the
pollen visible to pollinators and as protectants by pre-
venting overheating and the penetration of mutagenic
ultraviolet light (Lunau, 2000). Furthermore, it has been
shownthat some flavonols are essential stimulants in the
growth of pollen tubes (Vogt et al., 1995).

On the other hand, proteins and phenolic compounds
of the pollen grains may be regarded as plants’ valuable
reward for the pollinating insects, like honey bees. Much
protein is needed for successful honey bee colony devel-
opment and rearing the broods, especially in the spring
(Herbert et al., 1977). However, honey bees are not able
to choose pollen sources on the basis of protein content
(Keller et al., 2005). It has been suggested that the odour
of pollen, contributed by phenolic or volatile compounds
may help the pollinators to find and choose the best kind
of pollen (Arenas & Farina, 2012; Gronquist et al., 2001;
Liu et al., 2006). Furthermore, Liu et al. (2006) suggested
that honey bees can detect and estimate the composition
diversity of phenolic compounds in pollen and they tend
to prefer floral species of the most suitable phenolic con-
tent for the nutrition of broods.

In this study, we analysed the chemical composition of
unifloral pollen pellets, which were collected by honey
bees from the boreal coniferous zone in Finland. The
main interest was in the possible origin-specific differen-
ces in the chemical composition and nutritive value of the
pollen pellets. Therefore, we determined the content of
protein, the composition of individual phenolic com-
pounds, and the antioxidant activity from the pellets. We
hypothesise that (1) the protein and phenolic content and
antioxidant capacity of the unifloral pollen pellets vary in
relation to the botanical origin of the pollen, and (2) pol-
len pellets are composed of a mixture of multifunctional
types of compounds, which may give a high nutritive and
bioactive value to the pellets.

Materials and methods

Botanical identification of the pollen pellets

In summer 2013 honey bee-collected pollen pellets
were received from the beekeepers of seven different

locations in Finland (Table 1). All these beekeepers col-
lect pollen for commercial purposes. The samples were
stored at �18 �C until analysis. The botanical origin of
the pollen pellets was identified by their colour, which
can be used as a preliminary indication of species com-
position (Kirk, 1994), and further verified from the pel-
lets with the light microscope (400 x magnification) by
comparing the pollen grains with reference samples
(Sawyer, 1981).

Crude protein analysis

For the evaluation of the total protein content in the
pollen pellets, the nitrogen content of the pollen sam-
ples was analysed by ISO 13878-based method using a
nitrogen analyser LECOVR FP-528 (Leco Corporation
Svenska AB, Uplands V€asby, Sweden). Two replicate
sub-samples of dried and ground pollen pellet samples
were used for the measurements. Protein content was
calculated by multiplying nitrogen% by 6.25. Results are
presented in percentage of dry weight.

HPLC-analysis of phenolic compounds and some
amino acids

The extraction and analyses of phenolic compounds
were conducted as described in Nybakken et al., 2012.
In brief, 8mg of grounded pollen powder was homoge-
nised for 30 seconds at 5,500 rpm (PrecellysVR ), four
times with 800 ml of cold methanol (MeOH) and incu-
bated in an ice bath for 15minutes. After this, the
MeOH-pollen extract was centrifuged at 13,000 rpm for
threeminutes (EppendorfVR Centrifuge 5415 R) and the
supernatants were collected to glass vials. MeOH was
evaporated to dryness (EppendorfVR concentrator) and
dried samples stored in a freezer until HPLC analysis.
Three subsamples were prepared and analysed from
every pollen pellet sample.

For HPLC analyses, the dried phenolic fraction was
suspended with 300 ml of methanol and 300 ml of Milli-Q
water. The used HPLC device (1100 series, Agilent)
consists of ALS autosampler (G1329A), a binary pump
(G1312A), a vacuum degasser (G1322A), a diode array
detector (G1315B), a column compartment (G1316A),
and a C18 reverse-phase column (Zorbax SB-C18,
4.6� 75mm, particle size 3.5lm, Agilent). The injection
volume was 10 ml. Aquatic 1.5% tetrahydrofuran þ
0.25% orthophosphoric acid solution (¼A) and HPLC
grade methanol (¼B) were used as elution solvents.
The samples were eluted with flow rate of 2ml/min
according to the following gradient: 0-5min 100% A; 5-
10min 85% A, 15% B; 10-20min 70% A, 30% B; 20-
50min 50% A, 50% B; 50% B; 50-55min 100% B. The
temperature of the column was þ30 �C and of the
injector þ20 �C. The HPLC runs were monitored at
220 nm and 320 nm. Analysed phenolic compounds
were quantified against commercial standards. The iden-
tification of the compounds was based on a comparison
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of retention times and spectral characteristics as
described in Julkunen-Tiitto and Sorsa (2001) or by
using a UHPLC-quadrupole time-of-flight liquid chroma-
tography/mass spectrometer as described in Nissinen
et al. (2016).

Analysis of the antioxidant activity

Antioxidant activity was determined from the MeOH-
extracted HPLC samples by using a DPPH (2,2-
diphenyl-1-picrylhydrazyl) radical scavenging assay with
slight modifications according to M�arghitaş et al. (2009).
This assay is based on a single electron donation of anti-
oxidants to neutralise DPPH radical. An aliquot of
400ml of MeOH and 100 ml of the sample was mixed
with 1000 ml of DPPH (75mg/1 L). Samples were vor-
texed and kept for fiveminutes at room temperature
before the discolouration of the DPPH is measured at
517 nm. The blank sample contained MeOH instead of a
pollen sample. The percentage of inhibition at 517 nm
was calculated as follows: Inhibition% ¼ (1 –

Absorbancesample/Absorbanceblank) x 100.

Statistics

Differences between botanical origins in phenolic pro-
file, protein content, and antioxidant activity were inves-
tigated by univariate ANOVA using IBM SPSS statistics
for Windows (Version 25.0.0.2). The botanical origin of
the pellet was used as a fixed factor and the amount of
protein content (log[1-x] modified to meet require-
ments of parametric tests), and antioxidant activity
([x]�2) were used as a dependent variable. Tuke�ys HSD
test was selected as post-hoc test. Multiple List
Comparator (http://www.molbiotools.com) was used to
identify the number of compounds shared by the pollen
pellets of different botanical origins.

Microsoft Office Excel was used for evaluating the
correlation between phenolic compounds and antioxi-
dant activity.

Results

The botanical origin of the pollen pellets

The botanical origin of the pollen pellets was identified
by light microscope and thereby the plant species were
classified into nine different groups according to their
colour: Ranunculus, Brassica, Filipendula, Rubus, Vicia,
Trifolium repens, T. pratense, Epilobium and Taraxacum
(Table 1). These genera were chosen for the chemical
analyses, and they are also among those plant species,
whose pollen can be found in the greatest quantity in
Finnish honey samples (Salonen et al., 2009). For some
species, the colour of pollen pellets was variable, such
as in the pollen pellets from E. angustifolium where the
colour varied from a deep, dark blue or violet to a dark
grey, and the pollen pellets from F. ulmaria were col-
oured by several shades of green. The pollen pellets inT

ab
le

1.
Bo

ta
ni
ca
lo

ri
gi
ns
,c
ol
ou

rs
an
d
co
lle
ct
in
g
pl
ac
es

of
po

lle
n
pe
lle
t
sa
m
pl
es
.

C
ol
ou

r
of

th
e

po
lle
n
pe
lle
t

Lo
ca
tio

ns

Sa
m
pl
e
na
m
e

Po
ss
ib
le

pl
an
t
sp
ec
ie
s

n
Ilo

m
an
ts
i

K
ir
kk
on

um
m
i

Le
pp
€ av
ir
ta

Jo
en
su
u

La
pp
aj
€ ar
vi

Ja
na
kk
al
a

N
ed
er
la
pp
fo
rs

Ra
nu
nc
ul
us

Ra
nu
nc
ul
us

ac
ris

L.
R.
re
pe
ns

L.
4

ye
llo
w
-o
ra
ng
e

x
x

x
x

Br
as
sic
a

Br
as
sic
a
ra
pa

su
bs
p.

O
le
ife
ra

(D
C
.)
M
et
zg

B.
na
pu
s
su
bs
p.

O
le
ife
ra

(M
oe

nc
h)

M
et
zg
.

Ba
rb
ar
ea

vu
lg
ar
is
W

.T
.A

ito
n

7
br
ig
ht

ye
llo
w

x
x

x
x

x
x

x

Fi
lip
en
du
la

Fi
lip
en
du
la
ul
m
ar
ia
L.

M
ax
im
.

5
ol
iv
e
gr
ee
n

x
x

x
x

x
Ru
bu
s

Ru
bu
s
id
ae
us

L.
4

gr
ey
is
h
be
ig
e

x
x

x
x

Vi
cia

Vi
cia

cr
ac
ca
,L

.,
V.

fa
ba

L.
4

gr
ey

or
br
ow

n
x

x
x

x
T.

re
pe
ns

Tr
ifo
liu
m

re
pe
ns

L.
5

br
ow

n
x

x
x

x
x

T.
pr
at
en
se

T.
pr
at
en
se

L.
5

da
rk

gr
ey

x
x

x
x

x
Ep

ilo
bi
um

Ep
ilo
bi
um

an
gu
st
ifo
liu
m

L.
7

da
rk

bl
ue
,v
io
le
t
or

gr
ey

x
x

x
x

x
x

x
Ta
ra
xa
cu
m

Ta
ra
xa
cu
m

sp
p
G
.H
.W

eb
er

ex
W

ig
ge
rs

4
or
an
ge

x
x

x
x

Pollen pellets from Finland 3

http://www.molbiotools.com


the genera Trifolium were identified at species level due
to their distinctly different colours, the pellets of T.
repens and T. pratense being brown and dark grey,
respectively.

The protein content in pollen pellets

The protein contents in the pollen pellets of different
plant species are presented in Table 2. Protein content
as a percentage of dry weight ranged from 18%
(Taraxacum and Ranunculus) to 29% (Rubus and Brassica).

Phenolic compounds in pollen pellets

Altogether, 120 different phenolic compounds were
detected in the pollen pellets, not all fully identified
(Tables S1 and S2). The composition of the compounds
depended highly on the botanical origin of the pollen
pellets, so only a few of the compounds were found in
all the samples. The chemical structures and their
amounts in phenolic groups are presented in Figure 1(A
and B) and the amounts of individual compounds are
presented in supplementary data.

The phenolic acid composition in pollen pellets was
wide and included almost 50 different compounds of
caffeic, cinnamic, and p-hydroxycinnamic acids and two
benzoic acid derivatives. However, the flavonoid com-
position in the pollen pellets was even wider, and most
of the 56 different flavonoids detected were from the
class of flavonols. Of the flavonols, twenty were identi-
fied as the derivatives of kaempferol, fifteen as deriva-
tives of quercetin, and six as derivatives of myricetin. In
addition, compounds from other flavonoid classes were
found in minor quantities in some samples, such as erio-
dictyol, ampelopsin, luteolin, naringenin, and their deriv-
atives. Fourteen compounds in samples were identified
only at the group level as stilbenes (Table S1).

Antioxidant capacity

Antioxidant activities were different among the pollen
pellet samples from different botanical origins (Figure
2). Pollens of Ranunculus, Brassica, Filipendula, and T.
repens had quite high antioxidant capacities as their
inhibition percentages were over 80%. The lowest anti-
oxidant activities were measured from Taraxacum and
Epilobium samples, at 40% and 38%, respectively.

In this study, the antioxidant activity did not correl-
ate totally with the total content of phenols in pellets
(Figure 3), nor with any of the phenolic compound
groups (results not shown).

Discussion

The protein content in pollen pellets

The protein content in the pollen pellets varied widely
according to plant species; 18% of the protein was found
in Taraxacum and Ranunculus samples to 29% in Rubus and
Brassica samples (Table 2). These values are close to the
amounts found in Polish pollen pellets of these species
(Szczesna, 2006). However, in the pollen pellets collected
from Argentina, the measured protein contents have been
lower e.g., for Taraxacum (13.3%), Brassica (21.3%), T. pra-
tense (22.9%) (Forcone et al., 2011).

The diet of mixed pollens is suggested to be better
for honey bees as it provides more extensively all the
essential amino acids and nutrients (Alaux et al., 2010).
In unifloral pollen pellets, some nutrients may be absent;
for instance, the pollen pellets of Taraxacum lack several
essential amino acids (Keller et al., 2005). Because the
protein and amino acid content of the pollen that honey
bees collect varies widely depending on the plant spe-
cies and locations of collection, it means that also pol-
len’s nutritive value may vary greatly according to the
origin (Roulston et al., 2000).

Phenolic compounds in pollen pellets

Flavonols and their glycoside derivatives are the most
common compounds in pollen because they are essential
in the plant fertilisation process as they are stimulants for
the growth of the pollen tube (Markham & Campos,
1996). Kaempferol and quercetin and their derivatives
have been recognised to be important compounds in
inducing pollen germination (Vogt et al., 1995).
Furthermore, it has been suggested that flavonoids may
play a role in the restriction of the cross-pollination
between plant species (Markham & Campos, 1996).
However, the role of phenolic acids or stilbenes in pollen
grain is still uncertain, as they do not tend to affect the
germination process (Vogt et al., 1995). Both flavonoids
and cinnamic acids are known to be effective antioxidants
(e.g., Shahidi & Ambigaipalan, 2015), and thereby, they
may also act as protectants of pollen against the oxidative
action of intensive sunlight and ultraviolet radiation.

The total amount of different compounds was the
lowest in Taraxacum and the highest in Brassica pollen
pellets (9.39 and 49.68mg g�1, respectively) (Table S1),
but the amount was not in direct relation to the num-
ber of compounds found in pollen pellets. For example,
in Taraxacum pollen pellets, the amount of the phenolics
was about a quarter of the amount in T. repens,
although the number of different compounds detected
in their pollen pellets was equal (Figure 1B).

Table 2. Protein (% DWþ s.e.) content in pollen pellet samples. Statistically significant differences at p< 0.05 (Tukey HSD) are
marked with letters a-b.

Sample name Ranunculus Brassica Filipendula Rubus Vicia Trifolium repens T. pratense Epilobium Taraxacum
Protein content 18.8 ± 0.3 27.8 ± 0.3 19.0 ± 0.2 29.3 ± 0.3 27.4 ± 0.7 27.7 ± 0.3 27.1 ± 0.2 21.1 ± 0.1 18.2 ± 0.2

a b a b b b b a a
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Cinnamic and hydroxycinnamic acids were the most
abundant compounds in Brassica pollen pellets, compris-
ing 84% of the total amount of the phenols, while in
Epilobium the amount of phenolic acids was very low,
and Ranunculus pollen had no phenolic acids at all. In
Trifolium pollen pellets, all the cinnamic acid derivatives
belong to caffeic acids derivatives and they composed
about 90% of all the phenolics.

With regard to flavonoids, their number and the
amount were high in Ranunculus, Epilobium and
Filipendula, compared to the pollen pellets of other botan-
ical origins. In the pollen pellets of Ranunculus and
Epilobium over 97% of phenolics were composed of flavo-
noids, mainly different kaempferol derivatives. In
Ranunculus, methylated kaempferol glycosides comprised
67% of the flavonoids, while in Epilobium, just one com-
pound (kaempferol 3-rhamnoside) constituted 66% of the
total phenol content in pollen pellets. Quercetin deriva-
tives were most abundant in Filipendula pollen pellets, and
the proportion of flavonoids to phenolic acids was almost
equal (48% and 52%, respectively). Myricetin derivatives
were found only in Taraxacum and Filipendula pollen pel-
lets while kaempferol derivatives were found in all pollen
groups. In Taraxacum, stilbenes and flavonoids comprised
half of the amounts of phenols (27% and 20%, respect-
ively) and phenolic acids the rest at 53%. The most vari-
able composition of different kinds of phenols was found
in the pollen pellets of Rubus and Vicia origins. The highest
amounts of stilbenes were found in Rubus species pollen.

Moreover, it is obvious that pollen grains contain the
same kind of phenolic composition as the herbal plant
itself. For instance, kaempferol 3-O-rhamnoside, which
was the main flavonol in the pollen pellets of Epilobium

Figure 1. A) Distribution of detected phenolics in different phenolic groups (mg g�1 FW) and B) total number of individual com-
pounds and number of identical compound levels in the pollen pellets of different botanical origins.

Figure 2. The percentage of inhibition of the pollen pellets extract in DPPH assay (mean ± s.e.). Statistically significant differences at
p< 0.05 (Tukey HSD) are marked with letters a-d.

Figure 3. Correlation between total amounts of identified
phenolic compounds (mg g�1 FW) and antioxidant activity (%).

Pollen pellets from Finland 5



(Table S1), is also found in the nectar and honey collected
from E. angustifolium flowers (Salonen, 2011). In accord-
ance with the previous pollen pellet analyses, E. angustifo-
lium plant extracts have contained phenolic compounds
of different derivatives of flavonols (mainly quercetins and
kampferols), phenolic acids, and ellagitannins (Schepetkin
et al., 2016; T�oth et al., 2009). Also, the aerial plant-part
extracts of Filipendula, T. pratense and T. repens have con-
tained similar flavonols and phenolic acids as the pollen
pellets in this study (Esmaeili et al., 2015; Katani�c et al.,
2015; Kicel & Wolbi�s, 2013). In our study, the main fla-
vonoid components in the pollen pellets of Filipendula
were the two derivatives of quercetin and kaempferol
(Table S1). Isorhamnetin and an unidentified quercetin
derivative constituted 54% and kaempferol 3-rhamnoside
and an unidentified kaempferol derivative constituted
31% of the amount of flavonoids.

Antioxidant capacity

Several compounds in pollen can act as antioxidants, which
help to eliminate the dangerous free radicals by preventing
the oxidation of molecules. It has been suggested that the
composition of phenolics rather than their concentration
is affecting the antioxidant activity of the pollen pellets
(Almaraz-Abarca et al., 2004; M�arghitaş et al., 2009). The
potency of a compound depends much on its chemical
structure. Both hydroxybenzoic and hydroxycinnamic acids
are known to be effective antioxidants due to the
hydroxyl substituents in their aromatic rings (Natella et al.,
1999). In all flavonoids the 30, 40-dihydroxy configurations
in their B-ring possess antioxidant activity. According to
Shahidi and Ambigaipalan (2015), quercetin has shown the
highest antioxidative activity against oxygen radicals among
different flavonoids, while myricetin has been most effi-
cient in protecting alpha-tocopherol from decomposition,
suggesting that different flavonoids may have different tasks
in antioxidation. Also, some stilbenes, especially the deriva-
tives of resveratrol, have turned out to be as efficient as
the well-known tocopherols and ascorbic acid in antioxi-
dation. In this study, the phenolic composition in Epilobium
pollen pellets was mainly comprised of one compound
(kaempferol 3-rhamnoside, Table S1), and kaempferols
tend not to be as powerful antioxidants as quercetin
derivatives (Shahidi & Ambigaipalan, 2015). However, if
kaempferols are abundant, as in Ranunculus in this study
(Table S1), they represent high antioxidant activity.

Vicia and Rubus pollen pellets had almost the same
antioxidant activities and the amount of total phenols,
although the individual compounds in them are totally
different, Rubus being rich in stilbenes and Vicia in phen-
olic acids. Also, the pollen pellets of Ranunculus (con-
taining mainly methylated kaempferols), Brassica
(containing mainly cinnamic and hydroxycinnamic acids),
Filipendula (containing both quercetins and caffeic acids),
and Trifolium (containing mainly caffeic acids) have large
differences in their phenolic content (Figure 1), and yet,
their antioxidant activity is almost the same (Figure 2).

In this study, the antioxidant activity did not correl-
ate totally with the total content of phenols in pellets
(r2 ¼ 0.560; Figure 3), nor with any of the phenolic
compound groups (results not shown). The same kind
of observations has been made by other researchers as
well (Campos et al., 2003; M�arghitaş et al., 2009).
Antioxidant activity of the pollen pellets may also be
caused by other compounds such as active biological
antioxidants vitamins C and E, which are abundant in
pollen grains (Bogdanov, 2017). Recent studies have
also suggested that flavonols act synergistically with
other cellular oxidants, e.g., alpha-tocopherol (e.g.,
Shahidi & Ambigaipalan, 2015).

DPPH antioxidant activity assay has many limitations.
Nevertheless, it is one way of showing differences and
diversity in the antioxidant capacity of biological materi-
als. Other antioxidant capacity assays like ORAC or
ABTS would have given more information when evaluat-
ing the antioxidant capacity of unifloral pollen pellets in
this study.

Conclusions

The pollen pellets examined in this study were collected
from the plant species in the boreal coniferous zone by
honey bees. Both our hypotheses, that the protein and
phenolic content and antioxidant capacity of these uni-
floral pollen pellets vary in relation to the botanical ori-
gin of the pollen, and that these pollen pellets are
composed of a mixture of multifunctional types of com-
pounds, which give a high nutritive and bioactive value
to the pellets, were confirmed. Thus, bee collected pol-
len pellets might be considered as a source of functional
food for humans as well. This could be a big marketing
advantage for the Finnish beekeeping industry.
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