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The effect of pollen grainmorphology on sugars content of bee-collected
pollen: the significance of size and exine ornamentation

MARIA DIMOU , VASILIOS LIOLIOS , MARIA-ANNA RODOPOULOU &
CHRYSOULA TANANAKI

Laboratory of Apiculture & Sericulture, Faculty of Agriculture, Aristotle University of Thessaloniki, Thessaloniki, Greece

Abstract
Sugars constitute the main component of bee-collected pollen, which may vary significantly among different pollen taxa
according to their botanical origin and the surrounding vegetation. In this study, we investigated the significance of the
pollen grain volume and exine sculpture on the sugars content of bee-collected pollen. We analysed the sugar content of 30
monofloral pollen pellets using high-performance liquid chromatography and we measured the volume of the pollen grains.
The content of total sugars of pollen pellets was on average 421.0 g kg−1.We found that the volume of pollen grain affects
the total content of sugars in bee-collected pollen in a statistically significant way and smaller size pollen grains had
comparatively higher sugar values. On the contrary, we found no clear evidence regarding the significance of the exine
ornamentation on sugar content. The results revealed that the presence of sugars in bee-collected pollen is a multifactorial
issue as several parameters such as the volume of pollen grains, the botanical origin, the flowering season and surrounding
vegetation may influence the results.

Keywords: pollen nutrition, Apis mellifera, pollen grain volume, exine, nectar, pollen loads

Pollen has been a subject of extensive study not only
due to its importance in bee nutrition but also due
to its value as a food supplement in human diets
(Campos et al. 1997; Denisow & Denisow-Pietrzyk
2016). Bee-collected pollen is characterised by a
high concentration of proteins and amino acids as
well as reducing sugars, fatty acids, vitamins and
minerals (Campos et al. 1997; Villanueva et al.
2002); and it is essential for the survival and repro-
duction of the bee colonies (Dietz 1978).
The sugar content of bee-collected pollen

depends strongly on its botanical origin (Szczęsna
2007; Dominguez-Valhondo et al. 2011; Liolios et
al. 2018). Bees themselves also affect the sugar pro-
file and increase the total sugar content of bee-col-
lected pollen when they add nectar or honey to form
the pollen loads (Szczęsna et al. 2002; Liolios et al.
2018). When worker bees visit flowers for pollen
collection, they get dusted with pollen, and during
the grooming process, they add liquid to moisten the

grains and then press them into the form of small
pellets, which are stored in their pollen-baskets situ-
ated on the hind legs (Thorp 2000). This liquid
consists of nectar when the foraging takes place in
plant taxa where both pollen and nectar are har-
vested, or honey – brought from the hive – when
the pollen foraging concerns nectarless plant species
(Parker 1926). As the various types of honey or
nectar sources differ in their carbohydrate composi-
tion, it is apparent that the sugar concentration in
bee-collected pollen is influenced by the type of
nectar or honey that is available to the bees during
the formation of the pellet (Szczęsna et al. 2002;
Liolios et al. 2018).
The sugar profile of hand-collected pollen is char-

acterised by high values of sucrose (Heslop-Harriso
1971; Pressman et al. 2012). On the contrary, the
main sugars found in bee-collected pollen are the
monosaccharides glucose and fructose (Day et al.
1990; Szczęsna 2007; Dominguez-Valhondo et al.
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2011; Liolios et al. 2018). The reduction of sucrose
and increase of glucose and fructose in bee-collected
pollen could be explained by the activity of the
enzyme invertase which is present both in bees’
secretions and pollen, and during the addition of
nectar for the formation of pollen pellet, it activates
and converts the sucrose to the monosaccharides
glucose and fructose (Heslop-Harriso 1971; Ejiri et
al. 1977; Singh & Knox 1984; Oddo et al. 1999;
Pressman et al. 2012).
Previous studies have shown that the structure

and the size of the pollen grains may affect the
pollen grooming process and collection by the bees
(Vaissière & Vinson 1994; Vossler 2015). Consider-
ing that the pollen grain morphology may also affect
the quantity of nectar or honey added by the bees
during the grooming and packaging of the pollen
loads, in this study, we investigated the significance
of the pollen grain volume and exine sculpture on
the sugar content of bee-collected pollen.

Materials and methods

The pollen samples were harvested from the apiary of
Apiculture-Sericulture Laboratory of Aristotle Uni-
versity of Thessaloniki, located into the University
Farm at the area of eastern Thessaloniki (north
Greece). Pollen collection and sugar analysis is
described by Liolios et al. (2018). Briefly, the pollen
was harvested from pollen traps fitted in the entrance
of three beehives, every 1–2 days. The pollen pellets
were cleaned of debris, classified according to their
colour and kept in glass jars at −21 °C until their
analysis. Sugar analysis of bee-collected pollen was
performed by high-performance liquid chromatogra-
phy refractive index detector (HPLC-RID) using Agi-
lent Technologies 1200 series system (Agilent
Technologies, Santa Clara, CA, USA). Elution was
performed using acetonitrile/water (80:20) as the
mobile phase, at a flow rate of 1.3 ml min−1. The
sugars were separated on a Zorbax column for carbo-
hydrate analysis (150 mm × 4.6 mm, particle size
5 μm; Agilent Technologies). The column and the
RID were maintained at 30 °C. The injection volume
was 10 μl. Furthermore, the HPLC method was vali-
dated for linearity, limit of detection (LOD), limit of
quantification (LOQ), precision and accuracy. All the
results were expressed as grams per kilogram of dry
matter of bee pollen (Liolios et al. 2018).
For the microscopic identification of the pollen

types, pollen reference slides prepared from plants
of the study area were used (Dimou & Thrasyvoulou
2007). In order to estimate the volume of the pollen
grains of each taxon, the measurement of 20 grains
was applied in polar (p) and equatorial (e) view and

the average of 20 values was calculated. Subse-
quently, their approximate volume (v) was deter-
mined according to mathematical formulae that
corresponded to their shape such as sphere (v = πe3/6)
or ellipse (v = πe2p/6) (Silveira 1991).
Non-parametric Spearman’s correlation coeffi-

cients were calculated between the sugar content
and pollen grain volume. The non-parametric test
was preferred since the normality and homogeneity
of variance assumptions did not hold in all cases. A
T-test was used to compare the sugar content
between pollen grains with spine exine sculpturing
(i.e. Asteraceae family) and to those without, of
similar size. The normality assumption was tested
using the Kolmogorov–Smirnov test and the homo-
geneity of variance was tested using Levene’s test.
Additionally, the principal component analysis
(PCA) was performed to identify variability and to
reduce the dimensions of the dataset of the different
bee-collected pollen types. The analyses were car-
ried out using the SPSS v.25 (SPSS, Inc., Chicago,
IL, USA) and the Minitab v.18 (Minitab, Coventry,
UK) software. The significance level of all the sta-
tistical tests was set at α = 0.05.

Results

In total, 30 pollen types belonging to 24 families that
were collected in significant amounts were identified
and analysed. The size and volume of pollen loads
varied significantly and ranged from 14.2 to
111.4 μm and from 0.7 to 244.8 μm3 × 103 for Casta-
nea sativaMill. and Pinus halepensisMill., respectively.
The results of sugar analysis also showed a great varia-
tion between the taxa (Table I). The average content
of total sugars was 421.0 g kg−1 and ranged from
347.1 g kg−1 for Hedera helix L. to 635.3 g·kg−1 for
Actinidia chinensis Planch. bee-collected pollen. The
most important sugars in all unifloral bee-collected
pollen samples were the monosaccharides fructose
and glucose, constituting 94.0% of the total sugar
content. The average content of fructose ranged
from 155.3 g kg−1 to 334.8 g kg−1, while the average
content of glucose fluctuated from 135.9 g kg−1 to
276.9 g kg−1. Sucrose was not detected in almost half
of the samples while bee-collected pollen from Inula
viscosa had the highest value (Table I).
The effect of the volume of the pollen grains on

the total sugar content of pollen pellets showed sta-
tistically significant negative correlation (r = −0.395,
p < 0.001, Spearman’s rho). Statistically significant
negative correlation was also found between the
volume of the pollen grains and fructose or glucose
content (rfr = −0.312, p = 0.003; rgl = –0.317,
p = 0.002) but not sucrose (p = 0.081). The analysis
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regarding the sugar content between pollen grains
with spine ornamentation on their exine and those
without did not show statistically significant differ-
ences (pmin = 0.145).
The PCA results indicated that 80.9% of the

total variance can be explained by four components
(Table II). The first component (PC1) accounted
for 30.2% of the total variance and it was positively
associated with higher values on total sugars, fruc-
tose and glucose. The second component (PC2)
accounted for 21.4% of the total variance and it
was correlated to pollen grains’ polar size and
volume. The third component (PC3) explained
16.0% of the total variance and it could be defined
by sucrose, exine ornamentation and season
(autumn). Lastly, the fourth component (PC4)
accounted for 14.3% of the total variance and it
was related to seasonal factor. The loading plot
confirmed the negative correlation between the
volume of pollen grains and the total sugars, fruc-
tose and glucose content, as found in the Spear-
man’s correlation test but the analysis did not show
any significant deviation among the pollen taxa
(Figure 1). Finally, the score plot of the first two
components did not show any significant deviation
among the pollen taxa (Figure 2).

Discussion

As carbohydrates constitute the main component of
bee-collected pollen, the knowledge of the sugar
profile is of great importance for both the beekeepers

Table II. The matrix of principal components (PCs), the eigenva-
lues for each PC, the variance (%) and the cumulative proportion
of common variance (%) extracted by each PC.

Components

1 2 3 4

Exine sculpture −0.188 −0.244 −0.574 −0.434
Pollen gain polar size −0.255 0.833 0.203 −0.369
Pollen gain volume −0.203 0.860 0.213 −0.336
Total sugars 0.935 0.001 0.145 0.120
Fructose 0.869 0.078 −0.091 0.186
Glucose 0.868 0.216 −0.009 0.246
Sucrose 0.078 −0.425 0.760 −0.177
Spring −0.635 −0.045 0.290 0.623
Summer 0.499 −0.344 0.136 −0.760
Autumn 0.240 0.543 −0.615 0.139
Nectarless taxa −0.284 −0.462 −0.504 −0.083
Eigenvalue 3.319 2.354 1.758 1.571
Variance (%) 30.2 21.4 16.0 14.3
Cumulative variance
(%)

30.2 51.6 67.6 81.9

Figure 1. Principal component analysis loading plot of 11 variables.
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and the human consumers. Comparative studies
between hand-collected and bee-collected pollen
have shown the importance of the added nectar
during pollen load formation to the sugar content.
Particularly, whereas the sugar profile of hand-col-
lected pollen is characterised by high values of
sucrose and low content in reduced sugars, the
sugar profile of the bee-collected pollen is charac-
terised mainly from glucose and fructose (Todd &
Bretherick 1942; Stanley & Linskens 1974; Nicolson
2011), as we found in our work.
Previous studies have so far demonstrated that the

sugar content of bee-collected pollen depends on its
botanical origin as well as on the seasonal changes in
the surrounding vegetation (Liolios et al. 2018). As
the carbohydrate composition of nectar from differ-
ent plant sources varies, the nectar that is available
to the bees from the surrounding vegetation during
the formation of the pellet also affects the sugar
concentration in bee-collected pollen (Szczęsna et
al. 2002; Dominguez-Valhondo et al. 2011; Liolios
et al. 2018). This study showed that the volume of
pollen grains also affected statistically significantly
the sugar content of bee-collected pollen, with the

larger pollen grains having comparatively lower
values of sugars. This is probably attributed to the
fact that pollen grains of smaller size require higher
quantity of nectar or honey for the formation of the
pellet.
However, we found no clear evidence that the pol-

len grain exine morphology may affect the sugar con-
tent in bee-collected pollen. Previous studies have
pointed out the significance of the pollen grain mor-
phology during the pollen grooming and packing by
the bees. For example, pollen collection of taxa such as
those from theMalvaceae is more laborious compared
to other pollen types, as the long spines of these pollen
grains seem to physically interfere with the pollen
aggregating process (Vaissière & Vinson 1994; Azo’o
et al. 2011; Lunau et al. 2015). The results in this
study did not show significant differences between the
sugar content between pollen grains with spine exine
sculpturing such as those from Asteraceae and other
families. This, however, could be due to the size of
spines. Indeed, García-García et al. (2004) did not
notice significant differences during pollen collection
by honeybees regarding the weight of pollen loads
between Carduus meonanthus Hoffmanns. et Link

Figure 2. Principal component analysis score plot of 30 bee collected pollen taxa.
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and other pollen types without spine exine sculptur-
ing. Vaissière and Vinson (1994) also reported that the
grooming process of pollen grains from Helianthus
annuus L. did not differ significantly compared to
other pollen types that lacked spines in their exine
sculpture, such as Rubus L. or Zea mays L.
Finally, the statistical multivariate analysis (PCA)

confirmed that sugar content is not the only factor
that characterises the bee-collected pollen taxa but
interacts with other important parameters as well,
such as the volume of pollen grains, the botanical
origin, the flowering time and the surrounding vege-
tation.

Conclusions

Carbohydrates constitute the main component of bee-
collected pollen and its content may vary significantly
among different pollen types. This variability depends
on several parameters such as the botanical origin, the
surrounding vegetation and the pollen grain size.
These parameters can interfere with each other pro-
viding therefore a unique result regarding the sugars
content of bee-collected pollen. Hence, further studies
including different unifloral pollen taxa may shed
more light on the significance of the parameters that
affect the sugars content of bee-collected pollen.
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