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A b s t r a c t
The aim of our study was to investigate how the collection period affects and influences 
the production, chemical composition, and size of bee pollen loads (0.5, 1.0, 2.0, greater 
than 2.0  mm). The results showed there was a predominance of pollen loads with 
a  diameter greater than 2.0  mm in all the production seasons. For all the seasons, there 
were no differences in protein content between the particle sizes. But when comparing 
0.5  mm during the different periods, there were significant differences; the highest 
value was found during the winter (24.39 ± 3.7%). As far as lipids and crude fiber are 
concerned, we obtained differences between the same granulometry sizes for the spring 
and summer seasons. As for ashes, the results showed differences between different 
particle sizes for the summer and autumn seasons. Our results have shown that regardless 
of pollen particle size, its quality was not altered, suggesting that smaller loads can be 
commercially used by containing nutritional quality or else be used by beekeepers as 
a  supplement during periods of food scarcity.
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INTRODUCTION

The development of a bee colony depends on the 
quality and quantity of food resources. Pollen is 
essential for the nourishment and development of 
the swarm’s productive and reproductive potential 
(Zerbo et al., 2001). Pollen represents the main 
source of proteins, lipids, vitamins, and minerals. It 
also plays a key role in the adequate development 
of the brood, and the nourishment of young bees as 
well as the functioning of glands and ovaries and the 
formation of body fat. On the other hand, the chemical 
composition of bee pollen may vary according to the 
plant species, environmental conditions, plant age, 
and nutritional status when the pollen is developing 
as well as the different locations, seasons and years 
(Hebert and Shimanuki, 1978; Pernal and Currie, 
2000; Szczęsna et al., 2002).

A lack of proteins, carbohydrates, lipids, minerals, 
and water, may hinder the development, mainte-
nance, and reproduction of the colonies, reduce 
their life expectancy, cause stress, and propitiate 
the emergence of diseases. The colony’s ability to 
care for the new brood can also be affected (Brod-
schneider and Crailsheim, 2010).
The harvesting of pollen from a variety of plant 
species assures bees a balanced diet (Schimdt and 
Buchmann, 1993). This suggests a greater foraging 
effort. However, factors such as pollen-grain size 
and shape may affect pollen-packing efficiency. 
Therefore load size, and pollen accessibility may 
affect the amount of pollen collected for a given 
foraging effort (Cook et. al., 2003). 
Besides, during the bee pollen harvesting, the 
presence of loads with different sizes have been 
observed. Often, after classification by sieving 
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during the processing, the different sized loads end 
up having no commercial value and are discarded 
by the producer. There are no literature data that 
assess the differences in composition between 
sizes of these loads. Such differences could present 
a  possible difference in quality.
In this study, we aimed to assess the possible 
influences that the collection season has on 
production and chemical composition of bee pollen, 
and how these parameters relate to the size of 
the loads (0.5, 1.0, 2.0, and greater than 2.0  mm) 
collected by bees Apis mellifera L. Our results may 
provide new information regarding the harvesting 
frequency and nutritional composition of bee pollen, 
serving as a tool to start an artificial protein feed 
to the managed colonies. The feed could be used in 
times of pollen production scarcity or when pollen 
quality is insufficient.

MATERIAL AND METHODS
	
Bee pollen samples
The bee pollen samples were produced and collected 
three times a week from five hives housed at the 
Lageado Experimental Farm Beekeeping Production 
Area, UNESP (22°50’30,16”S x 48°25’41,90”W), 
located in Botucatu, in the State of São Paulo, Brazil. 
Between June 2010 and May 2011, Botucatu was 
characterised by a Cfa climate (a humid subtropical 
climate with a hot and rainy summer) according to 
the Köppen climate classification system (Köppen 
and Geiger, 1928). 
The pollen was collected, then immediately frozen 
to prevent the growth of microorganisms. At the 
end of each month, the pollen production from the 
five hives was mixed and dried out in a controlled-
temperature oven (40ºC) for 8 - 12 hours, until the 
pollen reached a 4% moisture content. The pollen 
was then cleaned to remove impurities, weighed 
on a thermobalance for the total weight and 
moisture, and classified using a set of sieves with 
different sized meshes (0.5, 1.0, 2.0, and greater 
than 2.0  mm). After being assigned to different 
classes, each month’s pollen samples were weighed 
again, to obtain the granulometry class weight. The 
pollen samples were frozen (-12ºC) after drying, to 
preserve the quality until the chemical analysis was 
performed. Each month, a total of four samples of 
bee pollen was obtained, one for each classification, 
totaling forty-eight samples throughout the year.

Chemical analyses
Total Protein: For establishing the total protein 
content, 0.7  g of the samples were digested in 
a  macro Kjeldahl flask containing 4  g of the catalytic 
mixture (1:3 CuSO4 and K2SO4) and 20  mL of concen-
trated H2SO4. After digestion, 80  mL of 40% NaOH 
was added to release ammonia, which was collected 
in a H2SO4 solution, and then, titrated with a stand-
ardised NaOH 0.1  M solution. To determine the 
total protein, the nitrogen values were multiplied by 
conversion factor 6.25 (Roulston et al., 2000).
 	
Crude Fiber: For determining the fiber content, 2  g 
of milled pollen, defatted in petroleum ether, were 
heat digested with a solution of H2SO4 0.113  M, and 
subsequently, with a solution of NaOH 0.313  M, for 
30 minutes in each digestion. After neutralising the 
residue with hot water, washing was performed 
with 20  mL of ethanol and 10  mL of ethyl ether. 
The residue was then incinerated at 550°C in an 
oven and the fibers quantified by gravimetry (AOAC, 
2000).
	
Lipids: The total lipids were determined by 
gravimetry. For this, 2  g of milled pollen were 
extracted in heat petroleum ether, in a Soxhlet 
apparatus, during a four-hour period (Almeida-Mura-
dian et. al., 2005).
	
Ashes: Two grams of previously weighed milled 
pollen were placed in a porcelain crucible and then 
incinerated in an oven at 550ºC until white ash 
was obtained. After the sample had been cooled 
in a desiccator, the ashes were determined by 
gravimetry (Almeida-Muradian et. al., 2005).
	
Statistical Analysis
The results were reviewed by One Way ANOVA on 
Ranks followed by Dunn’s test and a t-test for the 
chemical analysis data, to verify the differences 
between the means. These were considered statis-
tically different when p<0.05 (Zar, 2010).

RESULTS

Regarding the total production of bee pollen based 
on the season, we found that the highest average 
was obtained during the winter (114.67 ± 33.1  g), 
which differed significantly from spring, summer, 
and autumn (Tab. 1). 
There were no differences between the 0.5 and 
1.0 granulometric ratings when compared during 
the same season. Nevertheless, regardless of the 
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season, there was a significant predominance of 
pollen loads with a particle size greater than 2.0  mm 
(Tab. 1). 
The spring season showed the lowest production 
for 0.5  mm granulometry (0.15 ± 0.1  g), differing 
significantly from winter (1.52 ± 1.6  g) and autumn 
(0.43 ± 1.9  g). For 1.0 and 2.0  mm ratings, the 
highest production was obtained in winter (1.51 ± 
1.2 g and 9.15 ± 1.8  g, respectively), differing sig-
nificantly from other seasons for the same particle 

size (Tab. 1). As for pollen with a diameter greater 
than 2.0  mm, we observed a lower amount of bee 
pollen production for the autumn season (21.61 ± 
17.5  g) (Tab. 1).
As far as 0.5  mm granulometry was concerned, 
a lower protein content was observed during the 
autumn (19.89 ± 1.4%), which differed significantly 
from winter (24.39 ± 3.7%), but not from summer 
(20.79 ± 1.8%) or spring (20.44 ± 2.4%). The 1.0  and 
2.0 mm classification showed the highest protein 

Table 1.
Bee pollen production according to: seasonality and classification into different meshes 
(0.5, 1.0, 2.0, and greater than 2.0  mm) during the spring, summer, autumn, and winter. 

The data represent the average followed by the respective standard deviations
Bee pollen classification (grams and percentage)

0.5 mm 1.0 mm 2.0 mm >2.0 mm Total
SPRING

(Sept. Oct. Nov.)
0.15 ± 0.1aB

(0.28%)
0.21 ± 0.2aA

(0.39%)
3.33 ± 2.9bA

(6.18%)
50.16 ± 17.8bB

(93.15%)
53.85 ± 20.1A

SUMMER
(Dec. Jan. Feb.)

0.29 ± 0.3aBC
(0.47%)

0.26 ± 0.1aA
(0.42%)

2.95 ± 1.9bA
(4.81%)

57.77 ± 43.5bB
(94.30%)

61.27 ± 45.4A

AUTUMN
(Mar. April May)

0.43 ± 1.9abAC
(1.82%)

0.25 ± 0.1aA
(1.06%)

1.35 ± 0.9bcA
(5.71%)

21.61 ± 17.5cA
(91.41%)

23.64 ± 18.5A

WINTER
(June July Aug.)

1.52 ± 1.6aA
(1.33%)

1.51 ± 1.2aB
(1.32%)

9.15 ± 1.8abB
(7.98%)

102.49 ± 35.3bB
(89.37%)

114.67 ± 33.1B

Different lowercase letters, in the same line, indicate significant differences between means (P≤0.05).
Different capital letters, in the same column, indicate significant differences between means (P≤0.05).

Table 2.
The effect of the season in crude protein values - CP (%), lipids - LP (%), crude fiber – CF (%), 

and ash (%), from samples of bee pollen (4% moisture content) collected by Apis mellifera bees
during the spring, summer, autumn, and winter seasons. The data represent the average followed 

by the respective standard deviations

Season Granulometry CP
(%)

LP
(%)

CF
(%)

Ash
(%)

SPRING
(Sept. Oct. 
Nov.)

0.5 mm
1.0 mm
2.0 mm
>2.0 mm

20.44 ± 2.4abA
21.44 ± 2.7abA
21.76 ± 1.1abA
20.34 ± 2.3aA

--
--

4.95 ± 2.6aA
4.30 ± 2.0aA

--
--

3.17 ± 1.4aA
3.30 ± 1.8abA

--
--

2.32 ± 0.5aA
2.12 ± 0.3aA

SUMMER
(Dec. Jan. 
Feb.)

0.5 mm
1.0 mm
2.0 mm
>2.0 mm

20.79 ± 1.8abA
20.65 ± 1.4abA
21.87 ± 1.1abA
20.37 ± 1.5aA

--
--

2.28 ± 0.7bA
2.28 ± 0.4bA

--
--

1.81 ± 0.3bA
2.11 ± 0.5aA

--
--

2.56 ± 0.2aA
2.35 ± 0.1aB

AUTUMN
(Mar. April 
May)

0.5 mm
1.0 mm
2.0 mm
>2.0 mm

19.89 ± 1.4aA
20.21 ± 1.7aA
19.63 ± 1.4aA
18.66 ± 1.0aA

--
--

2.26 ± 0.4bA
2.64 ± 1.0abA

--
--

2.13 ± 0.2abA
2.45 ± 0.5aA

--
--

2.74 ± 0.2aA
2.41 ± 0.2aB

WINTER
(June July 
Aug.)

0.5 mm
1.0 mm
2.0 mm
>2.0 mm

24.39 ± 3.7bA
23.65 ± 2.1bA
22.71 ± 2.8bA
20.38 ± 2.6aA

--
--

3.43 ± 0.6abA
3.65 ± 0.9abA

--
--

3.05 ± 0.8aA
4.05 ± 0.8bB

--
--

2.68 ± 0.3aA
2.43 ± 0.2aA

Different lowercase letters, for the same granulometry, indicate significant differences between means (P≤0.05).
Different capital letters for the same season, indicate significant difference between means (P≤0.05).
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content for the winter season (23.65 ± 2.1; 22.71 ± 
2.8%, respectively), which differed from the autumn 
season (20.21 ± 1.7% and 19.63 ± 1.4%, respective-
ly). As for a pollen size greater than 2.0  mm, no sig-
nificant results were found between the different 
seasons (Tab. 2). 
No other analyses were performed for 0.5 and 
1.0  mm granulometries due to insufficient pollen 
production.
There were differences in the lipid contents 
between the different seasons for the 2.0  mm clas-
sification. The highest mean was obtained in spring 
(4.95 ± 2.6%), differing significantly from that of the 
summer (2.28 ± 0.7%), and autumn (2.26 ± 0.4%) 
(Tab. 2). The lowest lipid content for pollen loads 
with a diameter greater than 2.0 mm, was found 
during the summer (2.28 ± 0.4%), which differed 
significantly from that found in the spring (4.30 ± 
2.0%). 
For the 2.0  mm granulometry, the lowest crude 
fiber content was found in summer (1.81 ± 0.3%). 
The content was statistically different from spring 
(3.17 ± 1.4%), and winter (3.05 ± 0.8%). As for the 
pollen classified in more than 2.0  mm, the highest 
content was found in winter (4.05 ± 0.8%), which 
differed from summer and autumn (2.11 ± 0.5; 2.45 
± 0.5%, respectively) (Tab. 2).
As for the ash content, we did not observe signifi-
cant results between the same granulometry when 
compared in the different seasons (Tab. 2). However, 
when comparing different pellet sizes in any one 
season, we observed statistical differences only for 
the summer and autumn (Tab. 2).

DISCUSSION

The highest production, regardless of its granulo-
metric grading, was obtained in the winter. Winter 
was characterised as a dry season, with low precipi-
tations (ranging from 0.0 to 1.78  mm), and a greater 
insulation period (8.68  ±  2.0 decimal hours). This 
data reinforces the hypothesis that bee foraging 
occurs in periods of low rainfall (Carpes et al., 2009). 
The reduction in pollen production for the other 
seasons could be related to the decrease of plants 
available in the vicinity of the apiary, which limited 
the floral resource for bees. The low availability of 
nourishment may also influence the worker bees’ 
foraging activity. A decrease in the size of the colony 
may then be induced. This can especially be seen in 
the amount of unsealed brood. A stimulatory effect 
on pollen collecting is then brought about (Dreller 
and Tarpy, 2000). 

A significant predominance of pollen loads with 
a  granulometry greater than 2.0  mm was observed 
in all the studied seasons. According to Roman 
and Kulik (2006), the size and weight of individual 
pollen loads collected by bees of the genus Apis 
may vary from 3.03 to 15  mg, depending on the 
plant which provides food, the colony conditions 
or needs, and the bee species that makes the 
harvest. In addition, the percentage of pollen loads 
which may be gathered from minor fonts and are 
smaller than 2.0  mm, ranged between 6.8 and 
10.6% in the studied seasons. Sources which were 
between 1  and 10% of pollen representation were 
considered as a secondary resource and had little 
appeal. However, these pollen types may eventually 
serve as a complement to the colony dietary needs 
and become important to maintain its balance, for 
limited periods, when the resources supply is subject 
to seasonal variations (Ramalho et al., 1985).
Both the growth and development of bees are mainly 
influenced by the total protein intake, not only by 
the amount of nourishment consumed. Moreover, 
the lack of protein in their diet may reduce immunity 
in honey bees. Thus, the bees may become more 
prone to disease, resulting in a significantly lower 
survival rate (Szymaś and Jędruszuk, 2003). So, it is 
important to know the quality of the collected bee 
pollen. 
Funari et al. (2003) found higher values ​​for CP 
(26.2%) in bee pollen collected in the same region 
as our study from the previous year. Carpes et. al. 
(2009) obtained protein levels between 18.55 and 
22.60% in 36 samples from the southern region of 
Brazil, which are similar to the levels found in our 
present work. 
The autumn season showed lower protein levels 
when compared with the winter season. There 
were particle sizes smaller than 2.0  mm, which is 
probably related to the fact that the pollen com-
position varies according to the plant species and 
environmental conditions (Szczęsna et al., 2002). 
Another possible explanation is that there may have 
been a reduction in the secondary sources of pollen, 
used to complement the colony diet. Available food 
may have become more scarce for these bees, which 
could possibly have caused a decrease in protein 
content during the autumn season.
On the other hand, if a protein deficiency is observed, 
bees may bring pollen loads with a lower granulom-
etry but containing higher protein levels. Once all 
colony requirements are met, the collecting ceases, 
reducing productivity. How bees detect the pollen 
need of a hive, and which signs are used by foragers 
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in their evaluation is not yet understood. Camazine 
(1993) suggested that pollen foragers receive 
a  cue from the nurse bees, in the form of protein-
aceous food, which conveys information about their 
colony’s need for pollen. If the protein supply in the 
hive is high, nurse bees might provide the foragers 
with this nourishment during trophallaxis, and the 
foragers will respond to the stimulae.
The lipid content was higher in pellets larger than 
2.0  mm, mainly during the spring. Studies show 
that chemical substances which are attractive to 
bees, reside in pollen’s lipid fraction (Dobson, 1988). 
In this way, plants presenting pollen with a high 
concentration of lipid content are more likely to be 
visited. The lipid results from our present study are 
similar to those that Oliveira et al. (2009) obtained in 
5 samples from southeastern Brazil.
The ash content found in bee pollen was more sig-
nificant for particles larger than 2.0  mm, during the 
summer and autumn. The ash content was mostly 
influenced by floral species and a plant’s capacity 
to accumulate minerals in pollen (Serra Bonvehí 
et al., 1986). Martins et. al. (2011), obtained ash 
content ranging between 1.89 ± 0.29  g and 3.61 ± 
0.32  g/100  g for bee pollen samples from eleven 
Brazilian states. This was similar to the results found 
in our study.
Regarding the crude fiber content, we observed that 
there were differences only for the winter season 
when we compare the granulometry of 2.0  mm, and 
granulometry greater than 2.0  mm. The amount of 
crude fiber comes from the outer covering of the 
pollen grain. This covering is basically composed 
of cellulose and sporopollenin. Funari et. al. (2003) 
found an average of 1.1% for crude fiber content 
in pollen samples in the study area. This was lower 
than the values that we have obtained.
The Apis mellifera bees have specific nutrient needs 
for developing their full production and reproductive 
potential. The amount and composition of pollen may 
modify the behavior and fecundity of adult bees as 
well as the life expectancy of workers, the size of 
brood area, hive population, and quality of larval 
nourishment (Human et al., 2007).
For these reasons, the frequency of pollen production 
and knowledge of its chemical composition is worth 
studying in order to, if necessary, supplement 
colonies with an artificial source of protein in times 
of shortage or when the natural pollen presents low 
protein contents.	

CONCLUSIONS
	
We can conclude that the collection season 
influences the pollen composition and its production, 
as concerns loads greater than 2.0  mm. The results 
of the present work can contribute information 
about the pollen quality in a given production area. 
It may then be possible to add value to this product, 
which is used for bee nutrition and for animal and 
human consumption. 
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