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Abstract – The nutritional needs of bees are receiving renewed attention in the context of declining bee
populations and changes in land use that threaten floral resources. We present a comprehensive analysis of the
nutritional composition of sunflower (Helianthus annuus L.) pollen, comparing hand-collected, bee-collected
and stored pollen. As found in previous studies, the protein content of sunflower pollen was relatively low
compared to other important bee forage plants. In the cultivars tested, two essential amino acids, methionine
and tryptophan, are likely to be below the minimum requirements for honeybees. Fatty acid composition
showed lauric acid to be most abundant, followed by palmitic and α-linolenic acids. While sunflower offers
abundant and accessible pollen, its quality may hinder bee development when it is an exclusive pollen source,
and the cultivars of such mass-flowering crops may vary in value for pollinators.
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1. INTRODUCTION

Bees are essential pollinators, but their
populations are declining at the same time as
demand for pollination services increases. The
nutritional needs of bees are currently receiving
increased attention: for example, will land use
changes permit bees to maintain nutritional
balance on available floral resources, and what
are the interactions between nutrition and the
impact of diseases and pesticides? Pollen is
more crucial than nectar because it provides the
nutritional requirements of developing bees
(larvae and young adults) in terms of protein,
lipid, vitamins and minerals. Most analyses of
the chemical composition of pollens have been
broad surveys of a range of plant species (Todd
and Bretherick, 1942; Somerville and Nicol,
2006; Weiner et al. 2010). Because it is often

difficult to collect sufficient pollen for analyses,
many researchers have used bee-collected pol-
lens (but see Roulston et al. 2000; Weiner et al.
2010). In addition, the focus has been on the
protein content of pollen, and more recently the
amino acid profile, because of the importance
for brood rearing.

We have previously provided a detailed
analysis of the pollen chemistry of Aloe great-
headii var davyana (Asphodelaceae), an impor-
tant indigenous bee plant in South Africa,
comparing hand-collected, bee-collected and
stored pollen (Human and Nicolson, 2006).
Here we present a comparable analysis of the
pollen of sunflower, Helianthus annuus L.
(Asteraceae). This species, native to North
America (Neff and Simpson, 1990), is a major
annual oilseed crop worldwide, and pollination
by honeybees improves seed production, seed
mass and oil content (Krause and Wilson,
1981; Nderitu et al. 2008; Carvalheiro et al.
2011). In his study of honeybee behaviour on
sunflowers, Free (1964) suggested that bees
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visit the florets mainly for nectar and discard
excess pollen because it is less attractive than
other pollens. The unattractiveness of sunflow-
er pollen to honeybees has been commented on
by other authors (Tepedino and Parker, 1982).
Sunflower pollen is assumed to be of poor
quality for bees because of its low protein
content (Pernal and Currie, 2000; Somerville
and Nicol, 2006; Tasei and Aupinel, 2008).
Here we reassess the quality of sunflower
pollen by analysing samples collected during
a study investigating the benefits of patches of
natural habitat and weeds for sunflower polli-
nation in South Africa (Carvalheiro et al.
2011).

2. METHODS

2.1. Study site and plant species

Sunflower pollen was obtained from commercial
sunflower fields near Bela Bela in Limpopo Province,
South Africa, during the 2009 flowering season.
Beekeepers move their hives to these fields during
flowering but are not paid for pollination services.
Bee-collected and stored pollen from the Monsanto
6822 cultivar was collected from three adjacent hives:
a bottom-fitting pollen trap was used to obtain bee-
collected pollen directly from bees returning to the
hives, while stored pollen was removed from 10–15
adjacent cells in frames of the three hives, giving two
samples per hive. At the same time sunflowers were
picked in the field and brought back to the laboratory
so that fresh pollen could be collected by gently
brushing the anthers with a paintbrush. Fresh pollen
was also obtained from flowers of a second cultivar,
Monsanto DK4040, grown on the experimental farm
at the University of Pretoria. These two hybrids do
not share a parent line (Wikus Boshoff, unpublished
data). All pollen samples were stored frozen for
1 year before analysis.

2.2. Water content

Pollen samples (0.3 g) were dried to constant
weight at 65 °C in order to obtain water content as a
percentage of fresh weight (AOAC, 2000).

2.3. Protein

The Dumas method (AOAC, 2000) was used to
determine crude protein content (in duplicate)
through the determination of total nitrogen content
using an elemental analyser (model FP-428; Leco
instruments, Mississauga, Canada), calibrated against
known standards. Pollen samples (0.2 g) weighed
into a combustion boat were combusted at 950 °C.
Nitrogen values obtained were multiplied by a
conversion factor of 6.25 in order to determine total
crude protein.

2.4. Amino acids

Pollen samples (0.02 g) were analysed in duplicate
for protein-bound amino acids by the PicoTag®
method (3.9 mm×15 cm column) using a Waters
HPLC amino acid analyser (Waters, Millipore Corp.,
Milford, MA). Samples were hydrolysed with 6 N
HCl, derivatised with phenylisothiocyanate to pro-
duce phenylthiocarbamyl amino acids and then
analysed by reverse-phase HPLC. Water/acetonitrile
(60:40) and 0.14 M sodium acetate trihydrate were
used as buffers. A UV spectrophotometer was used to
detect absorbance at 254 nm, the column operating at
46 °C with a flow rate of 1 mL/min (Bidlingmeyer et
al. 1984).

Methionine and tryptophan could not be mea-
sured by this method owing to their instability
during acid hydrolysis, and were analysed sepa-
rately. For the sulphur amino acids cystine and
methionine, samples were pre-oxidised with per-
formic acid at 0 °C overnight, the reaction
stopped with hydrogen bromide, then treated as
above. For tryptophan, samples were hydrolysed
with saturated barium hydroxide at 110 °C for
16 h, then analysed by reverse-phase HPLC using
a Symmetry column (4.6×150 mm) with detection
at 285 nm.

2.5. Lipid content

The total lipid content of dried pollen was
obtained, in duplicate, through the chloroform–

methanol extraction method described by Folch et
al. (1957) and the lipid fraction was estimated from
the difference in mass.
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2.6. Fatty acids

Standard procedures were used for methylation
of lipids, using 0.7 g pollen per analysis, prior to
determination of fatty acid composition (Genet et
al. 2004). Fatty acids were identified using a
Varian (Varian Ass Inc 1985, USA) 3300 FID
chromatograph, with WCOT fused silica capillary
columns (CPSIL 88; 100 m, 0.25 mm). Column
temperature was 140–240 °C, while the injector
port and FID were maintained at 250 °C. The
carrier gas was helium at a flow rate of 50 mL/min.
Fatty acids were identified by comparison with the
relative retention times of fatty acid methyl ester
peaks in standards obtained from Sigma (Tauf-
kirchen, Germany).

2.7. Ash

Pollen samples (0.2 g) in porcelain crucibles were
placed in a temperature-controlled furnace, preheated
to 600 °C, for 2 h and afterwards transferred to a
desiccator, cooled and weighed immediately (AOAC,
2000).

2.8. Statistical analysis

Nutritional data for hand-collected, bee-collected
and stored pollens did not meet the assumptions for
parametric statistics; variances were not homoge-
neous and data did not conform to a normal
distribution. Statistical comparisons were made using
Kruskal–Wallis ANOVA with multiple comparisons
of mean ranks for all groups. Values are given
throughout as means ± SD (n=6), with the exception
of methionine, cystine and tryptophan (n=2), which
were excluded from statistical analysis.

3. RESULTS

3.1. Nutritional composition

The nutritional composition of the three
categories of sunflower pollen (Monsanto
6822) is presented in Table I, together with that
of hand-collected pollen for the second cultivar
(Monsanto DK4040). For all samples the

quantity of carbohydrate was obtained by
difference.

Hand-collected pollens of the two cultivars
did not differ in any of the parameters mea-
sured. However, there were significant differ-
ences between hand-collected, bee-collected
and stored pollen of cultivar Monsanto 6822 in
all components except ash. The water content of
hand-collected pollen was significantly lower
than that of bee-collected (P<0.001) and stored
pollen (P<0.05), but the latter pollen types did
not differ. Protein and lipid levels were lower in
stored pollen than in hand-collected pollen, while
carbohydrate levels were higher (P<0.05); bee-
collected pollen did not differ significantly from
hand-collected pollen in these parameters, prob-
ably because of the low sample size.

3.2. Amino acids

Table II presents data on the amino acid
composition of sunflower pollen. Because
these data are given as grams per 100 g
protein, amino acid concentrations are not
diluted by the addition of nectar to the pollen
during collection by bees. Proline was the only
amino acid that differed between hand-
collected pollens of the two cultivars (P<
0.05). Another seven essential amino acids
did not differ in concentration between hand-
collected, bee-collected and stored pollen of
Monsanto 6822, with the exception of arginine,
where bee-collected and stored pollen differed
(P<0.05). The levels of these amino acids in
stored pollen all met the requirements for
honeybees as determined by de Groot (1953).
The last two essential amino acids, methionine
and tryptophan, were well below the minimum
requirements for honeybees (but only two
samples were available and additional analysis
is needed).

Three non-essential amino acids (proline,
serine and tyrosine) were higher in stored than
in fresh pollen (P<0.05), but the levels in bee-
collected pollen did not differ significantly from
the other types. The total concentrations of
essential and non-essential amino acids did not
differ across pollen types.

146 S.W. Nicolson and H. Human



Table I. Nutritional composition of fresh, bee-collected and stored pollen of Helianthus annuus.

Cultivar Monsanto DK4040 Monsanto 6822

Pollen type Hand collected Hand collected Bee collected Stored

Water content (g/100 g wet mass) 8.36±1.63 6.78±1.07a 19.78±0.58b 16.05±0.31b

Crude protein (g/100 g dry mass) 25.65±0.15 26.49±1.45a 14.21±0.28a,b 13.31±0.31b

Lipids (g/100 g dry mass) 9.40±1.42 7.46±1.66a 5.47±0.59a,b 4.98±0.46b

Ash (g/100 g dry mass) 5.59±1.68 3.45±0.54 1.61±0.06 1.54±0.11

Carbohydrates (g/100 g dry mass) 59.36±2.96 62.61±1.93a 78.71±0.83a,b 80.17±0.78b

Carbohydrate was obtained by difference. Values are means±SD of six samples. Statistical comparisons were made using
Kruskal–Wallis ANOVA with multiple comparisons of mean ranks for all groups. Different letters within a row indicate
significant differences between the three types of Monsanto 6822 pollen

Table II. Amino acids (g/100 g protein) in pollen of two cultivars of Helianthus annuus.

Monsanto
DK4040

Monsanto 6822 Minimum
requirementsa

Hand collected Hand collected Bee collected Stored

Essential amino acids

Arginine 4.35±0.18 4.38±0.26a,b 4.18±0.26a 4.77±0.28b 3.00

Histidine 5.52±0.27 5.44±0.36 5.66 ±0.55 5.75±0.21 1.50

Isoleucine 3.95±0.12 3.93±0.21 3.88±0.25 4.01±0.22 4.00

Leucine 6.55±0.18 6.35±0.47 6.32±0.38 6.55±0.59 4.50

Lysine 6.85±0.24 6.38±0.67 6.29±0.27 5.98±0.49 3.00

Methionine 0.54, 0.34 0.54, 0.57 0.31, 0.34 0.27, 0.30 1.50

Phenylalanine 3.90±0.09 3.91±0.21 3.9±0.26 3.94±0.26 1.50

Threonine 4.30±0.15 4.29±0.17 4.38±0.41 4.51±0.21 3.00

Tryptophan 0.26, 0.26 0.26, 0.25 0.17, 0.18 0.14, 0.16 1.00

Valine 4.63±0.25 4.33±0.21 4.34±0.32 4.44±0.3 4.00

Non-essential amino acids

Alanine 5.58±0.42 5.41±0.33 5.37±0.46 5.51±0.33

Aspartic acid 9.23±0.68 8.44±0.34 8.7±0.42 8.98±0.49

Cystine 0.45, 0.56 0.89, 0.80 0.42, 0.45 0.40, 0.43

Glutamic acid 10.29±0.3 10.03±0.36 9.7±0.52 9.95±0.61

Glycine 5.44±0.14 5.28±0.21 5.31±0.33 5.44±0.21

Proline 6.57±0.241 5.79±0.312a 6.19±0.5a,b 6.58±0.4b

Serine 4.70±0.09 4.56±0.19a 4.71±0.37a,b 4.94±0.27b

Tyrosine 3.57±0.17 3.30±0.37a 3.77±0.4a,b 4.15±0.42b

Values are means ± SD of six samples, except for methionine, tryptophan and cystine, where individual values are given.
Statistical comparisons were made using Kruskal–Wallis ANOVAwith multiple comparisons of mean ranks. Different letters
within a row indicate significant differences between the three types of Monsanto 6822 pollen; different superscript numbers
indicate significant differences between hand-collected pollens of the two cultivars
a Quantities are compared with the minimal levels of essential amino acids required by honeybees (De Groot, 1953)
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3.3. Fatty acids

Eight fatty acids were detected in sunflower
pollen, and together they made up half the mass of
pollen lipids. The most abundant fatty acids were
lauric, palmitic and α-linolenic acids (Table III).
Hand-collected pollens of the two cultivars did
not differ in fatty acid composition. Very few
differences in fatty acid composition were found
across pollen types. Stored pollen was higher in
oleic acid (P<0.05) than hand-collected pollen,
while bee-collected and hand-collected pollen
differed in eicosenoic acid concentrations (P<
0.05). There were no differences in fatty acid
composition between bee-collected and stored
pollens. Saturated, unsaturated and total fatty
acids did not differ across pollen types.

4. DISCUSSION

Nectar and pollen are combined in the
provisions of bees, but the nectar component is
often ignored or underestimated (Roulston et al.
2000; Nicolson, 2011). As a result of added
nectar sugars, water and carbohydrate increased
in bee-collected and stored sunflower pollen,
while the protein, lipid and ash contents
decreased. Half the dry mass of bee-collected
sunflower pollen consists of nectar sugars, even
though the prominent pollenkitt helps to stick
sunflower pollen grains together (Human and
Nicolson, 2003). The bulk of the sugar is added
at the collection stage, and we found little
difference in nutritional composition between
bee-collected and stored pollen (see also
Herbert and Shimanuki, 1978). The function of
stored pollen or bee bread in preserving and
processing nutrients is still largely unknown
(Anderson et al. 2011). Because the extent of
dilution with nectar sugars at the collection
stage is not predictable, it is not possible to
apply a correction factor to chemical analyses of
bee-collected pellets (Roulston and Cane, 2000;
Nicolson, 2011; Leonhardt and Blűthgen, 2012).

The protein in sunflower pollen appears to be
deficient in both quantity and quality. Where
quantity is concerned, our data confirm the low
protein content that has been consistently reported

in analyses of bee-collected sunflower pollen
(Kleinschmidt and Kondos, 1976; Rayner and
Langridge, 1985; Schmidt et al. 1995; Pernal and
Currie, 2000; Somerville and Nicol, 2006; Tasei
and Aupinel, 2008). Notably, the protein content
of bee-collected sunflower pollen was at the
bottom of the range for 62 plant species used by
beekeepers in south-east Australia (Somerville
and Nicol, 2006).

The quality of pollen protein depends on the
amounts of essential amino acids relative to bee
requirements (de Groot, 1953). We found
deficiencies in methionine and tryptophan in
the two cultivars tested in this study. Three
other reports on amino acids in bee-collected
sunflower pollen did not indicate amino acid
deficiencies (Wille et al. 1985; Rayner and
Langridge, 1985; Somerville and Nicol, 2006).
However, conversion of the data of Wille et al.
(1985) to grams per 100 g protein (based on a
protein concentration of 14 % in bee-collected
pollen) gives rather high values for all amino
acids, including methionine. In addition, only
the study of Rayner and Langridge (1985)
included tryptophan: this amino acid is not
routinely determined because of the additional
alkaline hydrolysis required (Gilliam et al.
1980). In a recent study sampling a broad range
of pollens, tryptophan was low in many species
(Weiner et al. 2010). Isoleucine is often defi-
cient in pollen, especially eucalypt pollens
(Somerville and Nicol, 2006). Most analyses
have been of bound amino acids, and separate
analyses of water-soluble and protein-bound
amino acids show that the latter are dominant
in terms of concentration (González Paramás et
al. 2006; Weiner et al. 2010). Analysis of free
amino acids in a single sample of hand-
collected Monsanto DK4040 pollen (data not
shown) gave a total amino acid concentration
that was only 2 % of the concentration of
protein-bound amino acids.

Genotypic differences have been recorded in
nectar production of oilseed rape Brassica napus
(Pierre et al. 1999) and in nectar sugar compo-
sition of sunflowers (Pham-Delègue et al. 1990),
and we may also expect variability in pollen
nutrients among cultivars. Pollen analysis is
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more complex than that of nectar, and data are
scarce, although the percentage of individual
amino acids was found to be similar in pollens of
citrus cultivars (Gilliam et al. 1980). Cultivars
are not bred for the characteristics of their pollen
or nectar, and the type of cultivar used may
constrain the usefulness of mass-flowering crops
for pollinators. At present there is not enough
information available to distinguish cultivar
differences from discrepancies between samples
analysed in the same or different laboratories
(Somerville, 2001; Somerville and Nicol, 2006).

High lipid levels in sunflower pollen are
considered attractive to bees, but some compo-
nents may have inhibitory effects (Singh et al.
1999). Roulston and Cane (2000) reported a
wide range (0.8 % dry mass in eucalypt pollen to
18.9 % dry mass in dandelion pollen) for ether-
extractable materials in dry pollen. Half of the
lipid content in our sunflower pollen samples
consisted of long-chain fatty acids. Lauric acid
was the most abundant (one third of the total),
followed by palmitic and α-linolenic acids. The
apparent increase in fatty acids in bee-collected
and stored sunflower pollen, though not signif-
icant, could be due to microbial modifications or
contact with beeswax during storage.

This fatty acid profile differs from previous
analyses of fatty acids in sunflower pollen in its
high lauric acid content. Farag et al. (1978) found
that myristic acid made up almost half of the
total in bee-collected pollen, while Schulz et al.
(2000), in a comprehensive (but not quantitative)
survey of lipids of fresh pollen, gave the major
fatty acid as eicosenoic acid, with the pollenkitt
lipids resembling the total extract. Loublier et al.
(1991) also extracted the pollenkitt and recorded
high levels of palmitic, α-linolenic and eicose-
noic acids. As in the case of amino acids, there
may be differences in fatty acid profile between
cultivars, locations, years, methods of analysis
and laboratories (Somerville, 2001). The high
proportion of lauric acid in our samples is
interesting because it was the most effective of
the fatty acids found to show antimicrobial
activity against Bacillus larvae, the causative
agent of American foulbrood disease (Feldlaufer
et al. 1993). While oleic and palmitic acids are

important in bee nutrition, myristic, linoleic and
linolenic acids have antimicrobial and antifungal
activity (Manning, 2001). Among the plant
species included in Manning’s review, lauric acid
is uncommon, except in dandelion (Standifer,
1966) and two other species of Asteraceae, which
in combination with our data suggests a possible
taxonomic basis for fatty acid composition. In
addition, eicosenoic acid (gadoleic acid, C20:1) is
absent from the species listed by Manning (2001),
although we found this to be a major fatty acid in
pollen of both sunflower and A. greatheadii var
davyana (Human and Nicolson, 2006). This aloe
pollen has a similar lipid content to sunflower
pollen, but a greater diversity and total quantity of
fatty acids.

Detailed studies on wild sunflower in its native
range in Texas and Kansas have shown that many
bee species take advantage of the open and
accessible flowers with abundant pollen and
nectar (Neff and Simpson, 1990; Minckley et al.
1994). However, the pollen protein content of
Asteraceae is at the low end of the spectrum for
bee-pollinated plants (Roulston et al. 2000), and
beekeepers consider these pollens to be a poor
resource (Schmidt et al. 1987). Very poor
development of two species of Osmia, generalist
solitary bees, was recorded on the pollen of
dandelion Tanacetum vulgare (Asteraceae)
(Sedivy et al. 2011), and the inability of honey-
bees to rear brood on dandelion pollen has been
attributed to deficiencies in several amino acids
(Loper and Cohen, 1987). Bumblebees (Bombus
terrestris) in micro-colonies performed poorly
and reared very small larvae on sunflower pollen,
compared to other pollen sources (Tasei and
Aupinel, 2008). Of 60 species of bees of the
genus Colletes examined by Müller and
Kuhlmann (2008), the pollen specialists concen-
trated on species of Asteraceae whereas the
pollen generalists avoided this family, suggesting
that bees may need physiological adaptations,
such as detoxification abilities, to successfully
utilise the pollen of Asteraceae. In addition to its
nutrient deficiencies, the pollen of this family
may contain defensive compounds, such as
pyrrolizidine alkaloids in Senecio (Reinhard et
al. 2009). The extent of pollen digestion is also
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an important factor in comparing the nutritional
value of different pollens to bees (Peng et al.
1985; Roulston and Cane, 2000). For honeybee
workers collected from sunflower fields, we have
previously recorded an extraction efficiency,
adjusted for the empty grains in fresh pollen, of
69 % (Human et al. 2007).

Diversity in bee diets is necessary to avoid
nutritional deficiencies, such as in essential
amino acids, and to dilute toxins, and helps to
maintain honeybee immune systems (Alaux et
al. 2010). This will be especially important
when bees are foraging on mass flowering crops
such as sunflower, and is a compelling reason
for allowing weeds and natural vegetation to
persist in large-scale agricultural systems
(Schmidt et al. 1995; Carvalheiro et al. 2011).
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Composition chimique du pollen “de faible qualité”
du tournesol (Helianthus annuus Asteraceae)

Nutriments / protéine / lipides / acides aminés / acides gras

Chemische Zusammensetzung des „minderwerti-
gen“Pollens der Sonnenblume (Helianthus annuus,
Asteraceae)

Nährstoffe / Proteine / Lipide / Aminosäuren / Fettsäuren
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