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Abstract: The objective of the study was to investigate the impact of the protein content of pollen on the development of the 

honey bee (Apis mellifera L.). The protein content of the pollen influenced the development of the honey bees, and should be 

taken into consideration as an essential factor. The pollen collected in different periods of the year has a different protein value. 

The protein content in the examined samples throughout the three seasons ranged from 13.9% to 27.8%, and the average value 

was 20.9%. Pollen from plants blooming in spring had higher protein content (21.1–27.8%) than those from summer (13.9–

23.5%) and autumn (15.1–25.1%). The great amount of pollen that honey bees collected in spring and its richness in proteins 

could explain the strong growth of brood and population during this period. The development of bee colonies is higher, when 

honey bees collect pollen with higher protein content. The higher it is, the higher development is. During the spring the pollen 

with protein content over 21%, and especially over 27% allows the colonies to maintain a high level of development. When 

autumn providing pollen with high protein content, the bee colonies grow faster in the early spring of the following year as 

well. Considering the fact that the new beekeeping season started at the end of August and at the beginning of September of the 

previous year, the amount of protein in the pollen was of great importance for rearing a large amount of brood in the early 

spring, when the blooming of a large number of plants had not yet begun and the bees used mainly the pollen supplies from the 

previous year. When the protein content is going down, the development of the bee colonies is also restricted. There is a 

relationship between the protein content of pollen and the development of bee colonies. This study shows, that development of 

the bee colonies is strongly connected by protein content of pollen, and protein content of pollen is characterized by a great 

dynamics of pollen sources. 
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1. Introduction 

Pollen provides lipids, carbohydrates, vitamins, and 

minerals to the bee colonies and it serves as the honey bees 

only protein source [1]. The development of the bee colonies 

has a direct relationship with the contribution and consumption 

of pollen [2]. The colonies terminate the rearing of brood in 

the absence of flowering pollen-giving plants in the nature and 

of protein reserves inside the hive [3]. The shortage of pollen 

can have significant effects, both on the strength and resilience 

of the colony and on honey production [4, 5]. It is established 

that a lack of pollen or a lowering of its nutritional value over 

long-term feeding negatively affects the physiological 

development of bees [6]. If pollen is absent, or is kept for a 

long period at 18-26°C, the amount of brood reared in colonies 

will be reduced [7]. In order for a bee colony to undertake its 

vital processes, it must be sufficiently supplied with quality 

protein food. Pollen containing less than 20% crude protein 

cannot satisfy the colony requirements for its development and 

optimum honey production [8]. 

The nutritional value of pollen varies between different 

plant species, and may differ significantly in amino acid 

composition and/or concentration, and this affects the growth 

of a bee colony [9, 10]. There is a relationship between the 

nutritional value of pollen and the development, reproduction 

and productivity of bee colonies [11]. Honey bee longevity, 

brood rearing and honey production are all reduced when 

protein availability is insufficient [12, 13]. The level of 

protein in bees’ food significantly affects the amount of 

brood reared, the protein content of bee hemolymph, the 

metabolism, and the quality of food for the larvae [14]. Low 

protein content in pollen also reduces the resistance of honey 
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bees to diseases [15]. Deficiency of protein in the diet of the 

colony can be one of the reasons for the emergence of 

invasion and infectious diseases [16]. 

The aim of this study is to identify the impact of different 

protein content of pollen on honey bee (Apis mellifera L.) 

development. 

2. Materials and Methods 

2.1. Bee Colonies 

The study was carried out using 5 bee colonies during 

2012-2014, housed in 10-frame Langstroth-Ruth hives. At 

the end of each month the colonies were inspected, with the 

following taken into account: The number of frames covered 

by bees- there are 1580±100 bees on a frame, we multiply by 

1580 [17]. Quantity workers brood- using measuring frame 

with squares of size 5x5 cm (25 cm
2
 area). Taking into 

account that in 1cm
2 
of comb there are 4 worker cells, then in 

each of the squares there are 100 worker cells, then multiply 

the number of squares by 100 [5]. 

2.2. Pollen Collecting and Sampling 

Pollen traps were placed into the hives and the pollen 

pellets were harvested every 2 days from an apiary located in 

Belozem 42.2°, 25.033333° (Bulgaria). The collection of 

pollen started in April and continued until September. Each 

sample collected was marked with a predetermined color for 

each hive and date. Every single month was with two 

reporting periods (except April 2012- only one): Ι period 

from 1
st
 to 15

th
 day of the month and ΙΙ period from 16

th
 to 

30/31
st
 day of the month. The collected pollen from the bee 

colonies was mixed according to the accurate period. The 

random sample using for analysis for each period was taken 

using the quarter method of sampling. In this method the 

pollen was spread some on paper and divided it into four 

equal quarters, then removed two diagonally opposite 

quarters. The remaining material was mixed and quartered 

until the sample was reduced to the desired size. 

2.3. Protein Content Analysis 

Thirty-five vials with mixed pollen collected from all the 

colonies were analysed. For nitrogen content determination, 

the pollen was analysed using the Kjeldahl method, which is 

separated into three steps. During the first step, digestion, a 

quantity of 1g of pollen was placed into the tubes of a 

digestion unit with 20 ml of strong sulphuric acid (H2SO4, 95-

98%) and heated for three and half hours in the presence of a 

catalyst, which assists the conversion of nitrogen in proteins to 

ammonium ions. When the digestion was complete, the 

samples were removed and left to cool at room temperature. 

After cooling, the ammonia was distilled in the presence of 

NaOH and collected in a solution of boric acid (H3BO3, 99.5-

100.5%), which was then titrated against 0.1 M HCl. The 

crude protein content was estimated using the factor 5.60 [18], 

by the volume of HCL which was taken by an instrument and 

added to the pollen. In this case the following formula applied: 

Protein (%) = 0.791*V/m. 

Where: V = the volume (ml) of HCl taken during the titration. 

M = the amount of pollen (g). 

3. Results 

During 2012 (Figure 1) and 2014 (Figure 3) the development 

of the bee colonies was similar. In 2012 (Figure 1) data showed 

that the bee colonies had the largest development in June when 

the number of the bees was 47400. This was due to the large 

amount of brood reared in April-June (Figure 1), as a result of 

the high protein value of the pollen during this period (Table 1). 

In 2014 the largest development was recorded in May (Figure 3), 

when the number of the bees were 42976. This was due to the 

large amount of brood reared in March-May (Figure 3) because 

of the high protein content of the pollen during this period 

(Table 1) and the autumn in 2013 (Table 2), and it reflected the 

early rapid and strong development of the bee colonies. After 

the rapid and strong development, when pollen with low amount 

of protein content was coming into the bee colony, it began to 

decrease the development of the bee colonies, it also started to 

reduce in the past two years of research 2013 (Figure 2) and 

2014 (Figure 3). In contrast, in July-September 2012 (Figure 1) 

and 2014 (Figure 3), when the protein started to reduce (Table 

1), the development of the bee colonies was reduced (Figure 1 

and Figure 3). In September 2014, despite the fact that the 

protein content of the pollen was increasing, the development 

was reduced to 15800 (Figure 3). 

 
Figure 1. Dynamic of the development (population) of the bee colonies (number of bees) for 2012. 
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Figure 2. Dynamic of the development (population) of the bee colonies (number of bees) for 2013. 

 
Figure 3. Dynamic of the development (population) of the bee colonies (number of bees) for 2014. 

The statistical analysis (Excel) of the data during 2012 

between the protein concentration of pollen (Table 1) and the 

development of the bee colonies (Figure 1) showed that there 

was a positive but no significant correlation (r= 0.30, p≤ 

0.05). The reason for that difference was the biggest amount 

of brood rearing in May but it was emerged in June (Figure 

1), and because of that the protein had low value in this 

period compared to April-May (Table 1). In 2014 it was 

found a positive high and significant correlation (r= 0.51, p≤ 

0.05) between the protein concentration of the pollen (Table 

1) and the development of the bee colonies (Figure 3). In 

2014 (Figure 3) the correlation was more clearly expressed 

because of the strong early spring development of the 

colonies, but the lowest value was due to the fact that the 

protein in the autumn increased and decreased the 

development, which was related to the ongoing preparing of 

the bee colonies for wintering. 

The dynamics of the protein content of the pollen in 2013 

(Table 1) also influenced the development of the bee colonies 

but in a different way. The data provided in the Figure 2 

demonstrated that the bee colonies showed the largest 

development in May, when the number of bees were 39184. 

This was due to the large amount of brood reared in April-May 

(Figure 2) due to the high protein content of the pollen during 

spring- 23.1% (Table 2). In contrast, during June when the 

protein average value was 15.6% (Table 1), the development 

of the bee colonies was sharply reduced to 31600 bees. In June 

2012/ 2014 the protein content in pollen was 22.5%/ 22.1% 

(Table 1) and the development of the bee colonies was 47400 

and 41396 (Figure 1 and Figure 3). In the second period of 

July 2013 (16-31 of July) when the protein content had 

increased from 15.6% to 19.9% (Table 1), development of the 

bee colonies grew up again- till 37288 bees (Figure 2), which 

was in higher than that in July 2012 (Figure 1) and July 2014 

(Figure 3). The statistical analysis during 2013 of the data 

between the protein concentration of the pollen (Table 1) and 

the development of the bee colonies (Figure 2) showed that 

there was a negative but no significant correlation (r= -0.21, p≤ 

0.05). The reason for the negative correlation is due to the fact 

that despite the increasing of the amount of protein in August 

and especially in September 2013 (Table 1), when the protein 

was higher even than the spring 2013 (Table 2), the bees have 

a biological instinct to reduce the rearing of brood and prepare 

for the winter period. But if looking at period May-July 2013, 

where we observed the essential dynamics of the crude protein 

content (Table 1) and the development (Figure 2) of the bee 

colonies the correlation was high and significant (r= 0.81, p≤ 

0.05). 

Table 1. Protein content (%) of mixed bee collected-pollen in different 

harvesting periods for three years. 

 2012 2013 2014 

April 1-15  21.1 27.8 

April 16-30 25 23 25.5 

April (average value)  25  22  26.7  

May 1-15 24.6 23.9 24.8 

May 16-31 23.4 24.4 23 

May (average value)  24  24.2  23.9  

June 1-15 23.5 15.6 22.5 

June 16-30 21.5 15.7 21.6 

June (average value)  22.5  15.6  22.1  

July 1-15 17 16 19.2 

July 16-31 18.3 19.9 21 

July (average value) 17.7  17.9  20.1  
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 2012 2013 2014 

August 1-15 17.1 22.8 20.7 

August 16-31 13.9 21.9 18.4 

August (average value) 15.5  22.4  19.6  

September 1-15 15.1 22.6 19.9 

September 16-30 16 25.1 24.2 

September (average value)  15.6  23.9  22  

Table 2. Protein content (%) of mixed bee collected-pollen in different 

seasons for three years. 

 
2012 2013 2014 

Sring 24.4 23.1 25.3 

Summer 18.6 18.6 20.6 

Autumn 15.6 23.9 22 

X for year 19.5 21.9 22.6 

The research during the three years showed that during the 

spring and early summer (April-June) the bees had an 

increased the amount of brood (Figure 1, Figure 2 and Figure 

3). In 2014 the highest average protein content of the pollen- 

22.6% was registered compared to 2012- 19.5% and 2013- 

21.9% (Table 2), even during the summer period, the amount 

of protein was higher than 20% (Table 2). 

4. Discussion 

Pollen is a natural source of protein for bees, and it is 

necessary for honey bee development. Without the presence 

of flowering plants and supply of pollen in the local natural 

environment, bee colonies slow growing brood. The 

composition of pollen harvested by honey bees can vary 

greatly depending on the time of year, the botanical origin, 

and the geographic region from which the pollen is obtained 

[19]. 

Many authors have studied the impact of protein content 

of pollen on honey bees live. Pollen with protein content 

more than 20% seems to supply the needs of the nutritional 

requirements of the bees [8, 20-23]. It is established that in 

the presence of a sufficient amount of pollen containing not 

less than 25% protein bees can maintain a high level of 

vitality and productivity [24]. The study on trapped pollen 

from Apis mellifera colonies in the Belozem area of Bulgaria 

revealed in 11 mixed pollen samples that the protein content 

ranged from 13.88 to 25.02%, and the average value was 

19.45% [11]. It is found crude protein of selected pollen 

sources ranged from 13.9 to 25.5% [26]. Pollen from plants 

blooming in spring had higher protein content (20–24.7%) 

than those from summer (15.1–19.9%) and autumn (19.3–

23.1%). The great amount of pollen that honey bees collected 

in spring and its richness in proteins could explain the strong 

growth of brood and population during this period. 

The determination of the protein content is fundamental in 

understanding pollen quality. It affect not only the 

development, but also and survival of the honey bee 

colonies. It is found in spring providing pollen with an 

average protein content of 24.35%, colonies can maintain a 

high level of reproduction and development [11]. In contrast, 

during the autumn when the protein average is 15.57%, 

reproduction and development of the bee colonies is reduced. 

Pollen collected by honey bees has a different protein value 

at different periods of the year. 

The level of protein in the bees food significantly affects: 

a) the amount of brood reared, b) the protein content of bee 

hemolymph, c) the metabolism, and d) the quality of food for 

the larvae [14]. The enzyme activity at the beginning of the 

post-embryonic development, depends on the protein content 

in the diet [26]. One of the best ways to fight against 

dangerous diseases such as nosematosis, akarapidoza, 

foulbrood is by feeding the bees with pollen [5]. 

The results of this study showing that the impact of the 

protein content of the honey bee-collected pollen plays major 

role for honey bee development. Consequently, the local 

flora directly and indirectly affects the beekeeping by 

affecting the development of the honey bee colony. 

5. Conclusions 

The pollen collected in different periods of the year has 

a different protein value. The protein content in the 

examined pollen samples throughout the experiment 

ranged from 13.9% to 27.8%, and the average value was 

20.9%. Pollen from plants blooming in spring had higher 

protein content than those from summer and autumn. The 

protein content of the mixed pollen samples is different 

for each year. 

The development of bee colonies is higher, when honey 

bees collect pollen with higher protein content. The higher it 

is, the higher development is. During the spring the pollen 

with protein content over 21%, and especially over 27% 

allows the colonies to maintain a high level of development. 

After rapid and strong development, when pollen with low 

amount of protein content was coming into the bee colony, it 

began to decrease the development of the bee colonies. When 

the protein content had increased the development of the bee 

colonies grew up again. 

There is a relationship between the protein content of 

pollen and the development of bee colonies. 
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