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The effects of pollen- and bee bread-based diets on early colony establishment and worker quality
in Bombus terrestris were evaluated under indoor rearing conditions. Ninety mated queens were
randomly assigned to six diet groups (15 queens per group): Poppy Pollen, Cistus Pollen, Pollen
Mix, Poppy Bee Bread, Cistus Bee Bread, and Bee Bread Mix. Queens were monitored from nest
initiation to the emergence of the first workers, and the resulting workers were further assessed for
body size traits. Diet type did not have a significant-effect on the principal pre-social colony
establishment parameters. The time to first egg laying, time to first worker emergence, and the
number of workers produced in the first brood were similar among groups. Egg-laying rates ranged
from 33.3% (Bee Bread Mix) to 53.3% (Pollen Mix), while first-brood worker production remained
within a narrow range (mean range 5.40, 6.33 workers). Although not statistically significant, bee
bread groups tended to show numerically shorter development times, and the Bee Bread Mix group
had the lowest mean worker emergence time (31.80 + 2.71 days). In contrast, diet had a clear effect
on post-social worker quality. Worker thorax length-width, and body weight differed significantly
among treatments. The Pollen Mix and Poppy Bee Bread groups produced workers with the largest
thoracic dimensions, whereas the Cistus Bee Bread group showed the lowest thorax measurements.
Worker body weight was highest in the Pollen Mix (0.277 mg), Poppy Pollen (0.274 mg), and
Poppy Bee Bread (0.271 mg) groups, and lowest in the Cistus Pollen group (0.208 mg). Overall,
the tested diets did not markedly alter the timing of early colony initiation, but they did influence
the quality of workers produced after colony establishment. These findings suggest that bee bread,
particularly when derived from nutritionally improving worker phenotype during the critical early
phase of colony development.
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Bumblebees (Apidae, Bombini) are key pollinators in
both natural and agricultural ecosystems. They are
especially useful for crop pollination because they
pollinate efficiently, can perform buzz pollination, and
remain active in relatively low temperatures. Among
bumblebee species, Bombus terrestris is the most widely
used in commercial rearing and is commonly used to
pollinate greenhouse crops such as tomato, pepper, and
eggplant (Goulson, 2010; Velthuis & van Doorn, 2006).

The pollination value of Bombus terrestris depends
largely on successful colony establishment and healthy
development in the early period. In the bumblebee life
cycle, the first brood period is a very critical stage. This
stage begins when the queen tries to establish a nest under

controlled conditions, continues with egg laying and brood
development, and ends with the emergence of the first
workers, which marks the beginning of the social phase
(Gerard et al.,2022; Duchateau & Velthuis, 1988). Because
the later performance of the colony is strongly influenced
by the queen’s success and the rearing conditions during
this period, it is considered one of the most sensitive stages
of colony development (Watrous et al., 2019; Gretenkord
& Drescher, 1997). For this reason, nest initiation is widely
used as a practical indicator of rearing success, and
nutrition is considered one of the most important
environmental factors affecting development at this stage
(Sharma et al., 2022; Strange, 2010; Velthuis & van Doorn,
2006).
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Bumblebees are also similar to honey bees in their
nutritional requirements, feeding on nectar as a primary
energy source and pollen as the main source of protein.
Although nectar is the primary energy source for brood
production, proteins, lipids, vitamin and minerals are also
mainly supplied by pollen (Campos et al., 2008; Roulston
et al., 2000). Pollen is particularly important for larval
development (Watrous et al., 2019; Nicolson, 2011) and
queen fecundity. For a queen to attain complete
reproductive potential she must have the metabolism to
induce and activate reproduction due to pollen
consumption (Tarpy et al., 2000). The nutritional quality
varies with the plant widely between 2.5% and 61%
(Roulston et al., 2000; Tasei & Aupinel, 2008).
Researchers point out that bees need to forage on a mix of
pollen sources, not only to promote reproduction but also
to help them cope with disease or stress. At even lower
protein levels, polyfloral diets supply a range of essential
amino and fatty acids that promote reproduction as well as
reproductive capability, in contrast to the detrimental
influence mono-floral diet has on colony development
(Tasei &Aupinel, 2008; Vaudo et al., 2015).

At this juncture, bee bread pollen honeybees have
biochemically transformed stands out as a superior
nutritional product. It is activities produced through the
fermentation of collected pollen by lactic acid bacteria
(Aylanc et al., 2021; Khalifa et al., 2020). During this
fermentation process, bacterial enzymes mitigate the
structural impact of pollen cell walls, thereby increasing the
bioavailability of amino acids. Furthermore, research has
identified a relative increase in microbial activity during this
transformation (Aylanc et al., 2023; Kieliszek et al., 2018).
Di Cagno et al. (2019) also noted that the process of bee
bread formation enriches the microbiota, making it more
active and significantly improving digestibility.

While the functional properties of bee bread and its
positive effects on immunity and colony health have been
extensively studied in honeybees (4pis mellifera) (Alaux
et al., 2010; Georgi et al., 2022; Pérez-Morfi et al., 2023;
Tawfik et al., 2023; Yazlovytska et al., 2023), its potential
impact during the critical colony establishment phase of
bumblebees has yet to be explored.

In-vitro bumblebee rearing is conducted under strictly
controlled conditions. In nature, queens can use pollen
from diverse sources during nest initiation (Goulson,
2010); however, in controlled systems, the form and
quality of the ad-libitum diet are likely the most
fundamental factors dictating the colony's future.
Consequently, it is essential to determine the potential of
high-biological-value nutrients, such as bee bread, for
Bombus terrestris nutrition using experimental data. This
study compared the effects of various bee bread and pollen
diets on Bombus terrestris colonies until the social phase,
aiming to establish a scientifically supported reference for
feeding strategies. By examining key biological
parameters, we highlight the potential contribution of these
diets to successful colony initiation.

Materials and Methods
The study was conducted at the Bumblebee Research

and Application Laboratory of the Apiculture Research
Institute in Ordu, Turkey. The biological material consisted

of 90 mated Bombus terrestris queens, sourced from the
local fauna of the Ordu province. These queens were
managed through controlled stages of sex differentiation,
sexual maturation, mating, and diapause following the
protocols established by Gosterit (2016). Each queen was
housed in an individual box and environment with relative
humidity maintained at 50-55% and temperature at 28-
30°C (Bogo et al., 2017; Duchateau & Velthuis, 1988). In
addition to the experimental diets, a 1:1 sugar-to-water
syrup was provided ad libitum.

The 90 queens were randomly assigned to six
experimental groups, each containing 15 individuals: 1)
Poppy Pollen, 2) Cistus Pollen, 3) Pollen Mix, 4) Poppy
Bee Bread, 5) Cistus Bee Bread, and 6) Bee Bread Mix.
Before starting the experiment, it was confirmed that initial
queen weights did not differ significantly across groups
(p=0.379).

Fresh poppy (Papaver somniferum) and cistus (Cistus
spp.) pollens, widely used in commercial bumblebee
rearing, were sourced from Akdi Pollen (Turkey). The bee
bread used in the study was produced from these same
batches of fresh pollen using strong, uniform honeybee
colonies. Pollen traps were placed between the frames and
the brood (Brovarskyi et al., 2017), and after
supplementing the frames twice with fresh pollen at three-
day intervals, the product was harvested on the 18th day.
The monofloral status of the obtained products was verified
through palynological analysis (Kaplan et al., 2019). Crude
protein and moisture contents of the pollen and bee bread
samples were determined according to standard AOAC
procedures (AOAC, 2002). For moisture analysis, bee
bread samples were pre-homogenized to ensure uniform
drying before being analyzed with a halogen moisture
analyser. Protein (%) and moisture (%) analyses were
conducted according to Anonim (2022) and RADWAG
Balances and Scales (n.d.), respectively.

The duration from the day of housing to the first egg
was recorded as the egg-laying onset (days). Similarly, the
time from housing until the emergence of the first adult
worker was recorded as the first worker emergence time,
signalling the start of the social phase. We also recorded
the total number of workers that reached adulthood during
the first brood cycle. Thoracic length and width were
measured with 0.01 mm precision using digital callipers
(Couvillon et al., 2010; Goulson, 2003), while worker
weights (mg) were recorded immediately after emergence
using a balance with 0.001 precision.

Statistical Analysis

Initial queen weights, worker morphological traits, and
live weights were analysed using One-way ANOVA, with
Tukey’s test applied when significant differences were
detected. Parameters such as egg-laying onset, worker
emergence time, and total worker counts were analysed
using Kruskal-Wallis and Chi-square (y?) tests, with data
categorized into predetermined frequency intervals.

Results

The study evaluated biological parameters associated
with colony initiation success during the pre-social phase,
as well as worker bee morphological traits and weights in
the post-social phase, across the following dietary groups:
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Poppy Pollen, Cistus Pollen, Pollen Mix, Poppy Bee
Bread, Cistus Bee Bread, and Bee Bread Mix.

According to the Kruskal-Wallis test findings, no
statistically significant differences were observed between
the groups regarding the time taken for queens to begin
egg-laying, the duration until the first worker emerged, or
the total number of workers produced during the first brood
cycle (H=2.169, p=0.825; H=2.712, p=0.744; H=1.399,
p=0.924, respectively) (Table 1).

To provide a more granular view, the same biological
traits were categorised into pre-established intervals and
evaluated using the Likelihood Ratio Chi-square test.
These findings confirmed that the frequency distributions
for egg-laying onset (categorised as 1-4, 5-7, and >7 days)

did not vary significantly across the experimental groups
(0*>=5.522, p=0.987) (Table 2).

Additionally, the specific egg-laying rates for each
group were recorded as 46.7%, 40%, 53.3%, 46.7%, 40%,
and 33.3%, respectively (Table 2).

Similarly, the distribution of worker emergence times
across the experimental groups categorised into intervals
of 1-30, 31-35, and >35 days, did not exhibit any
statistically significant variation (}*>=16.033, p=0.380)
(Table 3).

Regarding worker counts, no significant differences
were found across the groups when analysing the
distributions for the categorized ranges of 1-6 and 7-10
individuals (¥*>=2.938, p=0.983) (Table 4).

Table 1. Egg-laying onset, worker emergence time, and worker counts across the experimental groups.

Characteristics Groups n Mean Rank H p
Poppy Pollen 15 47.97
Cistus Pollen 15 44.63
. Pollen Mix 15 51.50
Egg-laying onset (days) Poppy Bee Bread 15 4630 2.169 0.825
Cistus Bee Bread 15 42.27
Bee Bread Mix 15 40.33
Poppy Pollen 15 49.47
Cistus Pollen 15 45.93
Worker emergence (days) 582;; g[el: Bread } 2 22461; 2.712 0.744
Cistus Bee Bread 15 43.27
Bee Bread Mix 15 38.20
Poppy Pollen 15 46.97
Cistus Pollen 15 45.07
Number of workers Pollen Mix 15 49.60
(count) Poppy Bee Bread 15 45.67 1.399 0.924
Cistus Bee Bread 15 45.90
Bee Bread Mix 15 39.80

H: Kruskal-Wallis test

Table 2. Egg-laying onset durations for queens in the experimental groups.

Egg-Laying Duration (days)
Groups n/a 1-4 5-7 >7
n % n % n % n % Ort. = SE 12 P
Poppy Pollen 8 533 1 6.7 3 20.0 3 20.0 7.57+1.15
Cistus Pollen 9 60.0 2 133 1 6.7 3 20.0 7.67+1.56
Pollen Mix 7 46.7 2 133 2 13.3 4 267 8.00 +1.38 5529 0987
Poppy Bee Bread 8 533 3 20.0 1 6.7 3 20.0 6.71 £1.23 ’ '
Cistus Bee Bread 9 60.0 2 133 2 13.3 2 13.3 5.67£0.84
Bee Bread Mix 10 66.7 2 13.3 2 13.3 1 6.7 6.80 +1.93
: Likelihood Ratio chi-square, SE: Standard Error
Table 3. Worker emergence times across the experimental groups.
Worker Emergence Time (days)
Groups n/a 1-30 31-35 >35
n % n % n % n % Ort. £ 5E 2 P
Poppy Pollen 8 533 0 .0 1 6.7 6 40.0 38,43+1,69
Cistus Pollen 9 60.0 1 6.7 1 6.7 4 26.7  38,00£2,13
Pollen Mix 7 46.7 0 .0 4 26.7 4 26.7  37,88+234 16.033 0380
Poppy Bee Bread 8 533 2 133 1 6.7 4 26.7  35,14+2,15 ' ’
Cistus Bee Bread 9 60.0 0 .0 3 20.0 3 20.0 35,50+ 1,26
Bee Bread Mix 10 66.7 2 133 2 13.3 1 6.7 31,80 +2,71

¥2: Likelihood Ratio chi-square, SE: Standard Error
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Table 4. Worker counts in the experimental groups.

Number of worker bee
Groups ) n/a o . 1-6 o, . 7-10 y Ort. + SE 2 p
Poppy Pollen 8.0 53.3 5 333 2 13.3 5,71+ 0,36
Cistus Pollen 9.0 60.0 4 26.7 2 13.3 6,00 = 0,37
Pollen Mix 7.0 46.7 6 40.0 2 13.3 5,88 +0,79 2938 0.983
Poppy Bee Bread 8.0 533 5 333 2 133 5,71+ 0,84 ’ ’
Cistus Bee Bread 9.0 60.0 3 20.0 3 20.0 6,33 +£0,49
Bee Bread Mix 10.0 66.7 4 26.7 1 6.7 5,40+ 0,75
%2: Likelihood Ratio chi-square, SE: Standard Error
Table 5. Protein and moisture content (%).
Groups Protein content (%) Moisture content (%)
Poppy Pollen 21.3 18.73
Cistus Pollen 12.7 18.28
Pollen Mix 17.3 18.31
Poppy Bee Bread 21.0 17.55
Cistus Bee Bread 12.7 17.61
Bee Bread Mix 16.8 17.50
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Figure 1. Effects of different pollen and bee bread diets on thorax length, thorax width, and live weight of Bombus
terrestris workers. Bars represent mean values, and error bars indicate standard deviations. Different letters indicate
statistically significant differences among groups for the same trait (P < 0.05).

Significant differences were observed among the
groups in the analyses of the post-social phase traits
examined in this study, namely worker thorax length,
thorax width, and worker body weight (thorax length: F =
11.137, p < 0.001; thorax width: F = 14.521, p < 0.001;
weight: F=11.707, p <0.001) (Table 5). In terms of thorax
length and thorax width, the Polen Mix and Poppy Bee
Bread groups exhibited the highest mean values. They
were classified within the same statistical subset, whereas
the lowest mean values were recorded in the Cistus Bee
Bread group. Regarding worker body weight, the Polen
Mix, Poppy Pollen, and Poppy Ar1 Ekmegi groups showed
comparatively higher values, while the Cistus Pollen group
had the lowest mean weight (Table 5).

Evaluation of the chemical composition of the diets
showed that protein content (%) was higher in the poppy-
based groups (poppy pollen: 21.3%; poppy bee bread:
21.0%) and lower in the cistus groups (12.7%). In the
mixed diets, the protein content was 17.3% for the pollen
mix and 16.8% for the bee bread mix. In terms of moisture
content, pollen-based diets (18.28%—18.73) displayed
numerically higher values compared to the bee bread diets
(17.50%—17.61) (Table 5).

Discussion and Conclusion

This study evaluated the effects of different dietary
formulations on colony development parameters during the
pre-social phase of bumblebee colonies (Bombus
terrestris), as well as on post-social phase of worker traits,
including external morphometric measurements and body
weight. Overall, the findings indicated that the diets did not
lead to any notable changes in pre-social phase colony
development parameters. In contrast, post-social phase
quality traits excluding worker number such as thorax
width, thorax length, and body weight, which were
influenced by the dietary treatments.

Compared to honey bees, bumblebees tend to prefer
plant species with higher protein quality during pollen
foraging (Leonhardt & Bliithgen, 2012). Considering the
role of essential amino acids, one of the key indicators of
protein quality in ovarian development in bumblebees
(Tanaka, 2018), a negative relationship between protein
quality and the onset of egg-laying would be expected.
However, previous studies have not demonstrated a clear
protein-driven effect on this parameter (Akyol et al., 2025;
Baloglu & Giirel, 2015; Gosterit & Cigek, 2017).
Similarly, in the present study, dietary formulations did not

1982



Aktiirk and Okuyan / Turkish Journal of Agriculture - Food Science and Technology, 14(7): 1979-1985, 2026

result in any significant differences in the time to initiation
of egg-laying (p > 0.05).

Pollen stress is known to prolong larval and pupal
development in bees (Sutcliffe & Plowright, 1990). One
possible explanation for the absence of significant
differences among groups in this study may be the ad
libitum availability of protein sources, allowing
experimental units to meet their nutritional requirements.
Nevertheless, numerically shorter developmental periods
were observed in all bee bread groups, with the most
notable reduction approximately 35% recorded in the
cistus pollen/cistus bee bread comparison (Table 2). This
reduction may be attributed to the fermentation process
involved in bee bread formation, which enhances amino
acid bioavailability (Aylanc et al., 2023; Kieliszek et al.,
2018).

Similarly, no statistically significant differences were
detected in worker emergence time (x> = 16.033; p =
0.380), although a consistent numerical decrease was
observed across all bee bread groups (Table 3). In contrast
to some previous studies (Akyol et al., 2025; Ren et al.,
2023), the number of workers produced by the diet-treated
groups did not differ significantly. Notably, despite the
relatively low protein content of cistus bee bread (12.7%)
(Table 6) nearly half that of its poppy-based counterpart, it
yielded the highest numerical worker production. This
outcome may be explained by the fermentation process and
the associated improvement in nutrient digestibility (Di
Cagno et al., 2019; Kieliszek et al., 2018).

It is well established that the quality of the diet
consumed during the larval stage is one of the main factors
determining worker body size (Pereboom et al., 2003;
Machackova et al., 2019). Considering that the body size
of the first emerging bumblebee workers is closely
associated with several physiological traits such as brood
care, thermoregulation, and foraging efficiency in later
stages of colony development (Couvillon et al., 2010;
Goulson, 2003), worker size can be regarded as a key
determinant of future colony performance.

In the present study, where worker size was evaluated
based on body weight, thorax width, and thorax length,
dietary formulations had a significant effect on worker
body weight (p <0.001). The cistus groups displayed lower
average weights compared to the other treatments, whereas
the poppy-based groups showed comparatively higher
values. Notably, both cistus pollen (12.7%) and cistus bee
bread (12.7%) had the lowest protein content among all
diet types. Consistent with this study’s findings previous
research using diets with varying protein levels has
reported higher larval and worker weights in groups fed
protein-rich diets (Regali & Rasmont, 1995; Wynants et
al., 2022).

Similarly, thorax width and thorax length post-social
phase morphometric traits evaluated in this study also
indicated that the influence of diet quality becomes more
pronounced in the later stages of colony development. The
higher thorax width and length observed in workers fed
with the Pollen Mix and Poppy Bee Bread diets suggest
that nutritionally balanced and protein-rich diets,
particularly mixed formulations, positively affect worker
development in terms of both protein content and nutrient
bioavailability (Alaux et al., 2010; Tasei & Aupinel, 2008;
Vanderplanck et al., 2014).

Although no significant changes were detected in pre-
social phase colony establishment parameters, the
observed improvement in worker quality supports the
potential of bee bread as a functional dietary component.

In conclusion, this in vitro study demonstrated the
effects of different pollen- and bee bread-based diets on the
colony establishment process of Bombus terrestris
founding queens and on the quality of the resulting
workers. The results showed that the tested dietary
formulations did not produce significant differences in pre-
social phase parameters, including time to egg-laying,
worker emergence time, and the number of workers
emerging from the first brood. However, post-social phase
measurements revealed that morphometric traits (thorax
width and thorax length) and worker body weight were
significantly influenced by the dietary treatments.

The emergence of larger and heavier workers in the
pollen mix and poppy bee bread groups, which are
considered to provide more balanced protein and nutrient
content, highlights the role of larval nutrition in shaping
worker phenotype. Furthermore, the relatively high worker
production observed in the cistus bee bread group, despite
its lower protein content, suggests that improved
digestibility and amino acid availability resulting from the
fermentation process may contribute substantially to
colony development.

Overall, when cost and considerations are taken into
account, bee bread-based diets appear to be a feasible
option for use in bumblebee rearing at least until worker
emergence. While they may not induce marked differences
in pre-social phase parameters, their positive effects on
post-social phase worker quality may ultimately translate
into improved colony performance. Accordingly, bee
bread may be considered a suitable functional dietary
resource in commercial rearing practices.
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