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Abstract. The present study evaluated the effect of autumn feeding with different protein sources on the
development of the fat body in worker bees (Apis mellifera L.). The experiment involved 28 bee colonies,
divided into seven groups - one control and six experimental. The experimental groups were fed with diets
containing different protein sources: soy isolate, brewer’s yeast, spirulina, pea protein, bee pollen and a
combined diet with several protein sources. The results showed that bee pollen was the most effective
source of protein, with the group fed with it registering the highest percentage of bees with a well-developed
fat body (41.7% with grade 5). The combined feed (bee pollen, brewer’s yeast and spirulina) and brewer’s
yeast as a single protein source showed good results with 35.0% and 29.2% with grade 5, respectively. The
control group, which did not receive additional protein but was fed carbohydrates, showed 34.2% of bees
with grade 5, which highlights the role of energy sources in autumn feeding. Alternative protein sources
(soy isolate, spirulina and pea protein) were less effective, but still suitable for supporting the development
of the fat body. Based on the results obtained, showing the positive effect of the application of alternative
protein sources supplementing or replacing bee pollen, we recommend their application in the beekeeping
practice to ensure good fat body development in worker bees during the autumn period. This will lead
fo a more successful wintering and sufficient energy resources for good spring development of the bee
colonies.
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Introduction monoculture areas have a serious impact on honey

bees. By collecting and processing pollen from plant

Apis melliferahoney bees arethe main pollinators  flowers, honey bees obtain protein (Brodschneider

of many agricultural and wild plants. Their role in  and Crailsheim, 2010). The uniformity of crops
maintaining biodiversity and ecosystem stability is  |eads to a reduced diversity of pollen. This in turn
essential. The decline and loss of bee populations  can lead to a deficiency of important nutrients in
can lead to a decrease in the quality and quantity  the diet of bees (Donkersley et al., 2014). Studies
of fruits, vegetables and seeds produced, which in  py Dj Pasquale et al. (2013) showed that bees fed
turn can affect global agriculture and food security  pollen from monocultures are more vulnerable to
(Klein et al., 2007). pathogens than those fed a diverse pollen diet.
Intensive agriculture and the increase in  This highlights the need to provide a more diverse
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protein diet to maintain the health of bee colonies. In
support of this, a study by De Grandi-Hoffman et al.
(2016) found that nutrition significantly affects the
survival and productivity of honey bees, with those
fed a diverse pollen diet showing higher resilience
and vitality. The combined impact of factors such
as habitat loss, exposure to pesticides and climate
change are major factors in the decline of honey
bee populations (Goulson et al., 2015; Zhelyazkova
and Lazarov, 2020).

Proteins, as a major nutritional component, play
a key role in the growth, development and life span
of honey bees. They are involved in the synthesis
of enzymes, structural proteins and haemolymph
components that support the physiological
functions of bees (Brodschneider and Crailsheim,
2010). Protein deficiency in the diet leads to a
weakened immune system, reduced egg-laying
activity of queen bees and delayed development of
bee larvae (Di Pasquale et al., 2013).

Numerous studies have been conducted to
identify suitable substitutes for pollen. These
attempts include two main approaches: the use of
complementary pollen sources of protein in mixes
containing bee pollen, or the complete replacement
of pollen with alternative protein sources. Among
the most frequently studied substitutes are protein
flours from plants of the legume family, brewer’s
and baker’s yeast, dairy derivatives and proteins of
animal origin (Pernal and Currie, 2000; Somerville,
2005; Brodschneider and Crailsheim, 2010; Di
Pasquale et al., 2013; De Grandi-Hoffman et al.,
2016; Ricigliano et al., 2022).

Commercial products containing proteins are
also widely used in the beekeeping practice for
feeding bee colonies. Studies have been conducted
to evaluate their effectiveness compared to natural
pollen and other alternative protein sources. The
results show that some commercial mixtures can
support the development of bee colonies, especially
under adverse conditions (Pernal and Currie, 2000;
Somerville, 2005; De Grandi-Hoffman et al., 2016;
Shumkova et. al., 2017; Shumkova et. al., 2019;
Ricigliano et al., 2022).

One of the indicators for evaluating the effect in
experiments related to the nutrition of honey bees
is the grade of development of the fat body. The fat
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body is a physiological structure of key importance
in insects. In honey bees (Apis mellifera L.), it is
involved in metabolism, energy balance, nutrient
storage and the synthesis of haemolymph proteins.
One of its main functions is the storage and release
of energy depending on the energy needs of the
insect (Arrese and Soulages, 2009). However,
when bees are subjected to prolonged starvation or
malnutrition, the intensive use of resources fromthe
fat body can have serious negative consequences,
including degradation of the hypopharyngeal
glands (Corby-Harris et al., 2019). This highlights
the importance of providing a balanced diet for
bees. According to some authors, additional pollen
feeding has an impact on the development of bee
colonies and the fat body of worker bees (Lazarov
and Veleva, 2024; Veleva and Lazarov, 2024).
In addition to nutritional factors, a statistically
significant correlation has also been reported
between the degree of fat body development and
the level of hygienic behavior expressed by bee
colonies (Lazarov and Zhelyazkova, 2022).

The objective of the present study is to determine
the effect of feeding bee colonies with different
protein sources during the autumn period on the
development of the fat body in worker bees.

Material and methods

The study was conducted on a commercial
apiary in the village of Korkina, Kyustendil district,
Bulgaria. Geographic coordinates 42°18’33.48” N,
22°57°33.84”

Forthe purposes of the experiment in June 2024,
28 new bee colonies were created in 10-frame hives
of the Dadant Blatt system. Before the start of the
experiment, the colonies were matched by origin of
the queen bees (sister queens), strength of the bee
colonies, amount of capped brood, capped honey
and bee pollen. The bee colonies participating in
the study were grouped into 7 groups - one control
and 6 experimental.

Table 1 presents the sources of protein used in
the preparation of foods used in the experiment and
the total crude protein content in the finished foods.
The food for the control group does not contain
protein. Crude protein content in the food for the



experimental groups is 20%. The preparation of
the food includes mixing the ingredients in the
form of a dough-like cake. The resulting cakes are
sized into portions of 0.200 kg and packaged in
polyethylene bags. They are stored at a temperature
of 5°C and are warmed to room temperature before

being placed in the hives. For each bee colony, the
feeding consists of 6 rations weighing 0.200 kg
each placed every 7 days in the period 2 Aug 2024
—14 Sep 2024. The entire feeding period lasted 42
calendar days. The food was placed directly on the
upper slats of the bee frames in the hives.

Table 1. Components for preparing 1 kg of food and crude protein content on the finished food.

Ingredient Powdered Inverted Soyisolate Brewer’s Spirulina Pea Bee Protein
sugar [kg]  syrup [kg] [kgl yeast [kg]  [kal protein  pollen  content
Groups [kg] [kal
Control 0.750 0.250 0%
Group 1 0.455 0.316 0.229 20%
Group 2 0.050 0.475 0.475 20%
Group 3 0.210 0.475 0.315 20%
Group 4 0.224 0.526 0.250 20%
Group 5 0.234 0.766 20%
Group 6 0.086 0.395 0.159 0.105 0.255 20%

After the end of the feeding period, 30 young
non-flying worker bees aged 5-10 days (a total
of 840) were taken from each bee colony in the
control and experimental groups for analysis of
their fat body. For this purpose, the bees from a
comb with uncapped brood were shaken onto a
90x50 cm sheet of paper placed on the ground in
front of the hive. After about 1 minute, all old flying
bees returned to the hive, and only bees of the
required age remained on the sheet. The samples
taken were stored in ethyl alcohol until the moment
of dissection.

To determine the grade of development of the
fat body of each bee, the head and thorax were
removed. Using scissors, two longitudinal lateral
incisions were made on the abdomen. Sternites and
viscera were removed using tweezers. The fat body
remains visible on the dorsal side on the inside
of the tergites. Using a USB digital microscope,
images of the fat body of bees were captured and
documented, from which an assessment of the
grade of development was subsequently made.

The grade of development of the fat body
was determined according to the methodology
described by Maurizio (1954) by classifying it on a

five-grade scale.

Grade 1 — The fat body is underdeveloped,
transparent or completely absent. The chitin of the
dorsal sheath is visible through it.

Grade 2 — The fat tissue is single-layered and
flat. Cells are bluish-white, translucent without
visible inclusions.

Grade 3 — The fat tissue is single-layered with
single folds. Cells are round and white without
clearly discernible inclusions.

Grade 4 — The fat tissue is multi-layered and
folded. Cells are white, round and with clearly
discernible inclusions.

Grade 5 — The fat tissue is multi-layered and
tightly folded. Cells are large, round, yellowish and
densely packed with inclusions.

Statistical analysis

The distribution of the grades of development
of the fat body in the different experimental groups
was determined by applying chi-square analysis
(x?). This test allows to establish whether there is
a statistically significant relationship between the
type of feeding and the frequencies of the different
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grades of development of the fat body.

To check for a significant difference in the
distribution of the grades of development of the fat
body among the groups, the Kruskal-Wallis H test
was used. After the Kruskal-Wallis H test, Mann-
Whitney U tests were applied. In this way, it was
determined which of the groups had statistically
significant differences.

The size of the effect of feeding on the
development of the fat body was determined by
calculating the r-coefficient, using the following
formula:

r= 2
(VN)
where:

z - standardized normal value derived from the
Mann-Whitney U test statistics. Indicates the grade
of differences between the compared groups

N - total sample size

A value of p < 0.05 is considered statistically
significant.

Statistical analyses were performed using the
SPSS software package version 19.0 (IBM Corp.,
2010)

Results

In the present study, a significant effect on fat
body development was found when using different
protein sources included in the diet of honey bees
(Apis mellifera L.). The analysis of the relationship
between the type of feeding and the distribution
of the grades of development of the fat body was
performed using the chi-square test (x?) — Table 2.
Cramer’s V coefficient shows a weak to moderate
relationship (V = 0.191; p < 0.001) between the
groups and the distribution of the grades of
development of the fat body.

Table 2. Distribution of the grades of development of the fat body by groups and analysis of the statistical relationship

Grades of development of the fat body by groups

Groups Gr. 2 Gr. 3 Gr. 4 Gr.5 Total
Control 5 25 49 41 120
4.2% 20.8% 40.8% 34.2% 100.0%
Group 1 0 39 66 15 120
Soy isolate 0.0% 32.5% 55.0% 12.5% 100.0%
Group 2 0 28 57 35 120
Brewer’s yeast 0.0% 23.30% 47.50% 29.20% 100.00%
Group 3 8 44 50 18 120
Spirulina 6.7% 36.7% 41.7% 15.0% 100.0%
Group 4 3 32 72 13 120
Pea protein 2.5% 26.7% 60.0% 10.8% 100.0%
Group 5 0 23 47 50 120
Bee pollen 0.0% 19.2% 39.2% 41.7% 100.0%
Group 6
Brewer’s yeast Spirulina
Bee pollen 0 26 52 42 120
0.0% 21.7% 43.3% 35.0% 100.0%
Total 16 217 393 214 840
1.9% 25.8% 46.8% 25.5% 100.0%

Cramer's V = 0.191; (p) = 0.000

Note: Data are presented as number of bees and percentage of total number of bees studied.
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When working with a 5-point grading scale,
the cut-off value for “good” and “bad” fat body
development is grade 3 (Maurizio, 1954). Grades 4
and 5 are considered very good development.

The highest percentage of bees with grade 5
were observed in the groups the food of which
contained bee pollen (Group 5 and Group 6).
Group 5, which received only bee pollen as a
protein source, showed the highest percentage of
bees with grade 5 (41.7%), followed by Group 6
(35.0%), where bee pollen was part of a mix with
brewer’s yeast and spirulina. These results confirm
the conclusions of Dastouri et al. (2007), Sihag
and Gupta (2011) and Brys et al. (2024), who
also found that bee pollen was the most effective
source of protein for honey bees, providing optimal
conditions for their physiological development.

The control group, which did not receive
additional protein, also showed good results,
with 34.2% of the bees reaching stage 5 of fat
body development. This result can be explained
by the fact that the carbohydrate food (powdered
sugar and inverted syrup) had compensated for
the lack of nectar during the experiment and
had had a stimulating effect on the bees. Other
authors, such as Lazarov et al. (2025) also found a
positive influence of carbohydrate food on fat body
development during autumn feeding.

The administration of alternative protein sources
such as soy isolate (Group 1), spirulina (Group 3)
and pea protein (Group 4) showed lower results
in terms of fat body development compared to the
groups fed with bee pollen and the control group.
Based on these results, it can be assumed that
alternative protein sources may not be as effective
for fat body development as bee pollen, but
according to Di Pasquale et al. (2013), the diversity
and quality of protein sources are essential for the
health and development of bees.

Group 2, which received autolyzed brewer’s
yeast as a protein source, showed high results, with
47.5% of the bees having a fourth stage of fat body
development, and 29.2% of them having reached
stage 5. This result is in line with the studies of

Standifer et al. (1960), who found that brewer’s
yeast can be an effective source of protein for bees,
especially in the absence of natural pollen.

It is impossible not to note the effect of the
application of pea protein (group 4), where it was
found that 60.0% of the bees from this group had a
fourth grade of fat body development, which is the
highest percentage in grade 4 for the present study.
The effectiveness of pea protein was established in
the studies of Dastouri et al. (2007) and Gemeda
(2014) and it was assessed as a valuable resource
for beekeepers as a substitute for bee pollen.

When analyzing the results from Table 2, it was
found that in the group additionally fed with food
with added soy isolate, 55.0% of the bees had a
fourth grade of fat body development and there
were no bees with a second grade.

Based on the results obtained on the effect of the
application of alternative protein sources to pollen,
we can recommend their application in beekeeping
practice to provide bee colonies with bees with a
well-developed fat body during the autumn period.
This will result in less winter mortality and more
successful wintering.

The presence of statistically significant
differences between at least two of the groups
(x2 = 53.217, df = 6, p < 0.001), identified using
the Kruskal-Wallis test, justified the need for
subsequent pairwise comparisons. The statistical
analysis made using the Mann-Whitney U test,
found significant differences between some of
the experimental groups fed with different protein
sources, as well as compared to the control group
— Table 3. The largest differences were observed
between the group fed with bee pollen (Group 5)
and the groups fed with alternative protein sources
(Group 1, Group 3 and Group 4). For example, the
difference between Group 3 (spirulina) and Group 5
(bee pollen) was statistically significant (p < 0.001),
with an effect size (r = 0.338). This shows that bee
pollen has a significantly greater positive impact
on fat body development compared to alternative
protein sources.
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Table 3. Mann-Whitney U test for the statistical differences among groups.

Control Group1 Group2 Group3 Group4 Group5 Groupb6
Mann-Whitney U 5772.0 7079.0 5306.0 5785.0 6461.0 6932.0
Control r 0.185 0.016 0.241 0.185 0.095 0.034
Asimp.Sig. 0.004* 0.810  0.000** 0.004*  0.141 0.594
Mann-Whitney U 5812.5  6483.0 71295 49425 54240
Group 1 r 0.182 0.094 0.010 0.292 0.232
Asimp.Sig. 0.005% 0.146 0.882 0.000** 0.000**
Mann-Whitney U 5286.0 58485 6297.5 6793.0
Group 2 r 0.246 0.179 0.117 0.053
Asimp.Sig. 0.000**  0.006*  0.071 0.415
Mann-Whitney U 6441.0 4541.0 4954.0
Group 3 r 0.100 0.338 0.287
Asimp.Sig. 0.122  0.000** 0.000**
Mann-Whitney U 4951.0 5447.0
Group 4 r 0.293 0.230
Asimp.Sig. 0.000** 0.000**
Mann-Whitney U 6707.0
Group 5 r 0.064
Asimp.Sig. 0.324

Note: The U-values, effect sizes (r) and p-values for each pair of groups are presented. Statistically
significant differences are indicated by *- p < 0.05 and **- p < 0.01

Of interest in the present study are the results
for Group 6, which received a mix of bee pollen,
brewer’s yeast and spirulina. These results provide
an opportunity for further research on the potential
of similar mixes of protein sources. It is possible
that combining bee pollen with brewer’s yeast
and spirulina could provide a balanced diet that
would maintain good health and high productivity
of bee colonies. This mix could be particularly
useful in practice, as brewer’s yeast is a relatively
cheap and accessible source of protein, making it
economically viable for beekeepers. This is in line
with the findings of Ricigliano et al. (2022), who
found that optimizing the content of mixes from
different protein sources can maintain good health,
strength and high productivity of bee colonies. The
addition of bee pollen to protein replacers can help
reduce the negative effects of nutritional stress and
improve bee health and resilience (Watkins de Jong
etal., 2019).
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Conclusion

The present study confirms the importance of
bee pollen as the most effective source of protein
for honey bees, providing optimal conditions for
fat body development. However, the results of the
present study show that combining bee pollen with
other protein sources, such as brewer’s yeast and
spirulina, can be an effective strategy to improve
the nutritional regime of bees, especially when
pollen is insufficient in nature.

Regarding fat body development during the
autumn period, autolyzed brewer’s yeast proves
to be an effective source of protein that can be
used in practice. Of particular importance in this
case is the economic aspect, since the main goal
of replacing bee pollen is not only to provide food
in unfavorable times, but also to reduce the cost
of feeding bee colonies. Bee pollen is a relatively
expensive resource, while brewer’s yeast is an



available alternative with a significantly lower price.

In conclusion, the present study emphasizes the
importance of the diversity and quality of protein
sourcesinthe diet of honey bees. Bee pollen remains
an indispensable source of protein, but combining
it with other protein sources, such as brewer’s
yeast and spirulina, may be an effective strategy to
maintain good health and high productivity of bee
colonies. Further research on such mixes is needed
to optimize feeding regimens and reduce the cost
of feeding bee colonies.
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