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m The comprehensive understanding of amino acid dynamics from fresh pollen to bee-collected
pollen and ultimately to bee bread remains an enduring inquiry in apicultural research. In this
study, we investigate the alterations in amino acid composition across three pivotal stages: fresh
pollen, bee-collected pollen, and bee bread. Notably, pollen demonstrated significantly higher
protein levels (31.7 g/100 g) compared to both bee pollen (21.1 g/100 g) and bee bread (20.4 g/100
g). Although protein content between bee pollen and bee bread showed no substantial difference,
a detailed analysis of amino acids unveiled distinct patterns. Notably, ten amino acids were
significantly more abundant in bee pollen, indicating a decrease during the transition to bee bread.
Interestingly, proline levels increased significantly in bee bread, consistent with previous findings.
This study highlights dynamic fluctuations in amino acid composition influenced by honey bee
behavior and symbiont interactions, tailored to their nutritional needs. These observations are
specific to rapeseed pollen but may offer insights into other pollen types in future studies.
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INTRODUCTION

Honey bees, along with other animal pollinators, are
crucial for pollinating nearly 75% of the world's crops,
making them pivotal to global agriculture (IPBES,
2016). However, their populations are facing a signifi-
cant decline due to a combination of factors. Habitat
degradation has reduced the availability of natural
environments where bees can forage and nest (Naug,
2009). Intensive agricultural practices, especially mono-
cropping, create large areas with minimal floral diver-
sity, limiting the bees’ food sources. The extensive use
of chemical insecticides and herbicides further con-
taminates their habitats and food supply (Tosi et al.,
2017; AASSA, 2022). Additionally, the unpredictable
consequences of climate change detrimentally impact
the environment, leading to inadequate nutrition for
honey bees (Ziska et al., 2016; Descamps et al., 2021).
These stressors collectively undermine the health and
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sustainability of honey bee populations. Therefore, it is
imperative to focus on both the nutritional ecology and
the feeding behavior of honey bees (Ghosh et al., 2023;
Quinlan and Grozinger, 2023). By understanding the
complex dynamics of nutrient transfer from ecosystems
to honey bee physiology and health, we can develop
strategies to better support and preserve these vital polli-
nators. Ensuring the well-being of honey bees is essen-
tial for maintaining the pollination services they provide
to agriculture worldwide.

Honey bees (Apis mellifera) are highly organized and
eusocial insects known for their crucial role in pollina-
tion. Within the complex world of a bee colony, their
feeding behavior plays a vital role in sustaining the
health and productivity of the entire hive (Brodschneider
and Crailsheim, 2010). This behavior is finely tuned and
adaptive, guided by a combination of innate instincts
and environmental cues. Understanding the intricacies of
honey bee feeding behavior provides valuable insights
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into their biology, ecology, and the essential services
they provide to ecosystems and agriculture.

Honey bees gather both nectar and pollen during
their foraging activities. Nectar provides carbohydrates,
while pollen serves as the primary source of protein,
fat, and micronutrients such as vitamins and minerals.
The foraging behaviour of honey bees, particularly for
pollen, can be attributed to the nutritional reward they
derive from flower resources, notably influenced by
factors such as protein content or the ratio of macronutri-
ents, particularly the protein-to-lipid ratio, which guides
their foraging decisions (Ghosh et al., 2020; Vaudo et
al., 2020). Protein, comprising essential amino acids,
is of particular interest, as honeybees lack the ability
to synthesize around 10 essential amino acids and thus
must acquire them from their dietary sources (De Groot,
1953). During the scarcity of forage in winter, beekeep-
ers commonly provide sugar solution to their hives. As
spring begins, they introduce pollen patties to stimulate
honey bee activity. In a series of experiments, we exam-
ined how the nutritional content of bee pollen changes
as it transforms into pollen patties and then into bee
bread (Ghosh and Jung, 2020, 2022). Comparing bee
pollen to pollen patties, we observed a general reduction
in total protein and individual amino acids, likely due to
the addition of various ingredients, particularly sugar, in
the production of pollen patties (Ghosh and Jung, 2020).
Although no significant differences were found between
pollen patties and bee bread within the first seven days,
except for a notable increase in proline, we noted a
temporal rise in individual amino acids and overall pro-
tein levels over 14 days (Ghosh and Jung, 2022). This
increase in proline is likely attributed to the addition of
nectar, which is abundant in proline, during the transfor-
mation of bee pollen or supplied pollen patties into bee
bread. However, understanding the complete amino acid
dynamics from fresh pollen to bee-collected pollen and
eventually to bee bread remains a longstanding question.
Thus, our present study aims to investigate the changes
in amino acid composition across these three stages:
fresh pollen, bee-collected pollen, and bee bread.

MATERIALS AND METHODOLOGY

1. Sample collection

Honey bee colonies were positioned in the rapeseed

128

field in Andong during the months of May and June. We
retrieved rapeseed flowers from the field and transported
them to the laboratory in a chilling box. Using forceps,
we carefully extracted the anthers from the stamen. The
anthers in distilled water were then placed in an Eppen-
dorf tube and submerged in a sonication bath (Ultrasonic
Cleaning system, Sae Han Ultrasonic Co., Seoul, South
Korea) for approximately 10 minutes at 100 power/gain
to facilitate the release of pollen grains from the anthers.
Following this, the supernatant i.e. pollen grains in water
was collected and the empty anthers that had precipitated
to the bottom of the Eppendorf tube were discarded. The
supernatant underwent centrifugation (CF-10, Daihan
Scientific, Daegu, South Korea) at 10,000 rpm for 10
minutes. The pollen grains then settled at the bottom of
the Eppendorf tube. We discarded the supernatant, and
the pollen grains were then precipitated and dried using
a freeze dryer. The dried pollen was utilized for further
analysis.

To harvest bee pollen, we installed a pollen trap at the
entrance of a beehive for a certain period of time. This
trap typically consists of a grid or mesh through which
the bees must pass to enter the hive but some of the pollen
attached to their bodies is gently collected as they pass
through the trap. With the help of the pollen trap, bee
pollen was collected from returning forager bees as they
entered the hive. We allowed honey bees to enter the
hive with their foraged bee-pollen, except during cer-
tain periods, so that they could prepare bee bread from
the pollen. The bee bread was then harvested from the
beehives. Both bee-pollen and bee bread samples also
freeze-dried and ground into powder before analysis.

Composite sampling was utilized, meaning that sev-
eral individual samples were combined to form a single
representative sample for analysis. Pollen sampling
involved composite collection from 1 gram, while for
bee-pollen and bee bread, composite sampling required
at least 50 grams from each. This approach was applied
to collect samples of pollen, bee-pollen, and bee bread.
For each type of sample — pollen, bee-pollen, and bee
bread —two composite samples (n=2) were prepared.
Following this, amino acid analysis was performed sepa-
rately on each of the two composite samples for pollen,
bee-pollen, and bee bread to determine their respective
amino acid profiles.
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2. Amino acid estimation

Amino acid was estimated following the standard
procedure of AOAC (1990). Twenty mg of the sample
underwent acid hydrolysis using 6N hydrochloric acid
at a temperature of 110 degrees Celsius for duration of
24 hours. The resultant hydrolyzed product was sub-
jected to rotary evaporation, followed by reconstitution
using the provided company buffer. Subsequently, the
solution was filtered using a 20-micrometer filter, and
the resulting filtrate was introduced into the amino acid
analyzer system (Sykam Amino acid analyze S433,
Sykam GmbH, Eresing, Germany) for analysis.

3. Statistics

The experiment was carried out in duplicate and results
were reported as the mean and standard deviation. To
assess the significance of amino acid content differences
among pollen, bee-pollen, and bee bread, ANOVA was
conducted, followed by a post hoc test using SPSS 16.0
(IBM).

RESULTS

Table 1 illustrates the comprehensive view of the total
amino acid content found in pollen, bee pollen, and bee
bread samples. Pollen exhibited significantly higher
protein levels (31.7 g/100 g) compared to bee pollen (21.1
g/100 g) and bee bread (20.4 g/100 g), as depicted in Fig.
1. While there were no noteworthy disparities in protein
content between bee pollen and bee bread, a detailed
analysis of amino acid composition unveiled distinct
patterns.

Upon closer examination, as depicted in Table 1 and
Fig. 2, although the overall amino acid content of bee
pollen and bee bread displayed no substantial diver-
gence, the individual amino acids exhibited varying
trends. Notably, ten amino acids — valine, isoleucine, ly-
sine, threonine, arginine, glutamic acid, serine, glycine,
alanine, and cysteine— were found to be significantly
more abundant in bee pollen in comparison to bee bread,
indicating the decrement in the levels of these amino
acids in the bee bread. Interestingly the level of proline
increased significantly in the bee bread compared to bee
pollen. This is in agreement with our previous findings

Table 1. Amino acid composition (g/100 g dry weight basis) of
pollen, bee-pollen, and bee bread

Amino acid Pollen Bee-pollen Bee bread
Val* 1.86+0.00° 1.15£0.06° 1.07+0.01°
Thr* 1.72+0.00° 1.05+0.05° 0.92+0.03°
Tle* 1.62+0.04 1.04+0.05° 0.96+0.02°
Leu* 2.69+0.03° 1.734£0.09° 1.62+0.02°
Phe* 1.69+0.04° 1.0440.06° 0.9740.02°
His* 0.83+0.01° 0.53+0.02° 0.52+0.01°
Lys* 2.75+0.06 1.99+0.15° 151+0.01°
Arg* 1.85+0.07° 1.22+007° 1.10+0.04°
Met* 0.35+0.01° 0.34+0.02° 0.24+0.02°
Asp 327+001° 1.98+0.09° 2.09+0.02°
Glu 402+0.02° 2.81+0.15° 2.53+0.02¢
Ser 1.9440.02 1.24£0.06° 1.09+0.03°
Pro 1.93+0.09* 1.88+0.06% 278+0.04°
Gly 1.77+0.02¢ 1.16£0.06° 0.98+0.02°
Ala 1.95+0.02¢ 1.2840.05° 1.16+0.01°
Cys 0.30%0.00° 0.18+0.02° 0.14+0.01°
Tyr 1.14£0.03° 0.75+0.04° 0.71£0.01°
Total 31.68+0.03*  21.08+1.52° 20.39+0.20°

*indicates essential amino acid; Superscripts represent the statistical differ-
ence.
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Fig. 1. Total amino acid content (g/100g dry matter) of pollen,
bee-pollen, and bee bread.

where proline content increased significantly from pol-
len patty to bee bread.

DISCUSSION

The results from this study on rapeseed pollen align
with previous reports, showing that fresh pollen has a
higher protein content compared to bee pollen. Human
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Fig. 2. Share (%) of individual amino acid in the total amino acids (i.e. protein) in pollen, bee-pollen, and bee bread.

and Nicolson (2006) similarly discovered that the pro-
tein content of fresh pollen from Aloe greatheadii var.
davyana was significantly greater than that of bee pol-
len. However, the protein content (50.8%) of fresh Aloe
pollen exceeded that of fresh rapeseed pollen obtained
in our current investigation. This difference may arise
from the methodological approach employed in esti-
mating protein content. Specifically, crude protein was
assessed for Aloe pollen, while for rapeseed, we calcu-
lated the total proteinogenic amino acids as the protein
content, which inherently tends to be lower than the
total crude protein content. Consistently, the amino acid
composition revealed leucine as the primary essential
amino acid, followed by lysine, while glutamic acid was
notably abundant among non-essential amino acids, align-
ing with earlier research findings (Human and Nicol-
son, 2006; Yang et al., 2013; Ghosh and Jung, 2017;
Taha et al., 2019). The increase of proline may be possi-
bly due to the addition of nectar to make the corbicular
bee-pollen and the subsequent fermentation to make
bee-bread. The most abundant amino acid in the total
amino acid content of nectar is proline and therefore
mixing the pollen with nectar might increase the level of
proline (Nepi et al., 2012). The elevated concentration
of proline found in bee-bread compared to the corre-
sponding levels in bee-pollen aligns with the findings
of a previous investigation conducted by Bayram et al.
(2021). Proline is a crucial source of energy for insects.
It can be metabolized very rapidly. Oxidative proline
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degradation provides an efficient, short burst of energy
that is utilized during the initial lift phase of insect flight
(Carter et al., 2006). Thus, bees may utilize two “fuels”
available in nectar: proline for the initial phase of flight
(take-off from flowers), and sugars to extend their en-
ergy requirements during prolonged flight (Carter et al.,
2006).

Bee-bread formation involves a series of biological and
environmental processes that impact the composition of
amino acids. First, bees initiate the creation of bee-bread
through the fermentation of bee-pollen within the hive.
During fermentation, certain amino acids might undergo
breakdown or modification, consequently reducing their
individual concentrations in the resulting bee-bread.
This phenomenon could explain the decrease in some
amino acid levels observed in both this study and earlier
investigation by Aylanc et al.(2023). However, it is
worth noting that the outcomes regarding amino acid re-
duction are not consistently uniform. Bayram et al.(2021)
demonstrated contrasting results, showing that in one in-
stance, the conversion of bee-pollen into bee-bread led to
a depletion in the levels of most amino acids compared
to bee-pollen, while in another case, the results were re-
versed. This fermentation process relies on the activity of
various microorganisms present in the hive environment
and bee-pollen (Ghosh et al., 2022), which metabol-
ize specific amino acids, possibly contributing to their
depletion in bee-bread. Top of Form Additionally, bees
themselves play a role in modifying amino acids through
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enzymatic activity in their saliva or gut during the
conversion of pollen into bee-bread. Moreover, selective
consumption of pollen components by bees during pro-
cessing can lead to variations in the concentration of in-
dividual amino acids between bee-bread and bee-pollen
as honey bee can perceive concentration differences in
amino acid (Ruedenauer et al., 2021). Furthermore, the
storage conditions within the hive, including factors such
as temperature, humidity, and exposure to other sub-
stances, may affect the stability of amino acids in bee-
bread over extended periods, potentially leading to their
degradation or modification.

Hence, there exists a fluctuation in the amino acid
makeup over the course of the process, with honey bees
likely influencing this composition through their feed-
ing behavior and the influence of symbionts, tailored to
their needs. However, this observation pertains specifi-
cally to rapeseed pollen and could potentially extend to
other pollen types in future investigations.
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