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Abstract. The relevance of the study is associated with the growing interest in the development of food products
containing unconventional raw materials and the need to determine their technological compatibility with
established food formulations. In this context, the use of dead honey bee powder as a partial replacement
for wheat flour represents a promising approach that requires experimental assessment of its effects on the
physicochemical, rheological and structural-mechanical properties of sponge-cake products. The aim of the study
was to evaluate the technological feasibility of using dead honey bee powder in sponge-cake technology and to
determine a rational incorporation level. A control formulation and three experimental formulations containing 2%,
4% and 6% dead honey bee powder as a partial replacement for wheat flour were investigated. The methodology
included determination of moisture content, active acidity, batter rheology and ultimate shear stress of the baked
product. Moisture content was determined gravimetrically, active acidity was characterised by pH, batter rheology
was assessed using a rotational viscometer at 12 regulator positions, and structural-mechanical properties were
evaluated by penetration testing. Moisture content varied from 31.8 to 32.8%, whereas pH decreased from 7.1
in the control to 6.7 at 4% and 6% powder. The most pronounced changes were observed in batter viscosity and
ultimate shear stress. At regulator position 5, viscosity readings were 24.96 for the control, 23.40 at 2%, 53.04 at 4%
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and 54.60 at 6%. Ultimate shear stress increased from 141 Pa in the control to 290, 605 and 911 Pa, respectively.
Considering the available physicochemical, rheological and structural-mechanical indicators, the 2% formulation
showed the most balanced technological profile. Its moisture content was identical to the control, the pH shift
was small, and structural strengthening was moderate compared with the higher addition levels. The practical
significance of the study is the identification of a technologically feasible level for incorporating an unconventional

bee-derived raw material into a sponge-cake matrix

Keywords: Apis mellifera; protein-rich biomass; rheological properties; structural resistance; formulation

optimisation; food safety

INTRODUCTION

The development of foods with an improved nutrition-
al profile and additional functional properties remains
an important direction of contemporary food technolo-
gy. Bakery and confectionery products are particularly
suitable for such development because they are widely
consumed, have established processing technologies
and can accommodate moderate amounts of new in-
gredients without requiring a complete redesign of the
production process. Recent reviews show that function-
al bakery products are commonly developed by incorpo-
rating ingredients rich in dietary fibre, proteins, miner-
als, phenolic compounds or other bioactive substances;
however, the technological value of an ingredient can-
not be assessed only from its nutritional composition
because changes in viscosity, aeration, texture, colour
and sensory acceptance may occur simultaneously.

0.Naumenko et al. (2021) analysed the use of func-
tional ingredients in baking and emphasised that their
technological value should be considered together
with their influence on product quality. This approach
is consistent with the design of the present study, in
which the incorporation of dead honey bee powder was
evaluated not only as a source of additional compo-
nents but also through changes in moisture, acidity and
rheological characteristics. Bee-derived materials rep-
resent one group of underutilised biological resourc-
es with potential for food applications. Honey, pollen,
propolis, royal jelly, beeswax and other bee products
contain diverse macro- and micronutrients and bioac-
tive compounds, and their incorporation into foods has
been investigated for nutritional enrichment, antioxi-
dant activity, preservation and other functional effects.
The majority of published food studies, however, con-
cern conventional hive products. Considerably less at-
tention has been paid to naturally dead honey bees as a
raw material that can be stabilised, dried and processed
into a powder.

M. Kieliszek et al. (2023) reviewed recent advanc-
es in the use of bee products in food processing and
showed that their nutritional composition and func-
tional properties support their incorporation into food
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systems, while processing conditions and product qual-
ity remain important considerations. This evidence sup-
ports the broader technological rationale for investi-
gating bee-derived raw materials in food formulations,
but it does not specifically establish the suitability of
naturally dead adult bees for sponge-cake production.
R.P.F.Guiné et al.(2025) reviewed bee brood as a food for
human consumption and summarised evidence on its
nutritional and phytochemical composition. The review
confirms the growing scientific interest in bee-derived
biomass as a food resource, but the material considered
in that work differs from naturally dead adult bees. Con-
sequently, the available evidence on bee brood cannot
by itself establish the technological suitability of whole
dead honey bee powder in sponge-cake technology.

In the present study, the term dead honey bees re-
fers to naturally deceased adult honey bees collected
from beekeeping operations, rather than bee brood,
which denotes larvae and pupae. This distinction is
important because the composition and technological
properties of these two materials are different. Natu-
rally dead adult bees are more commonly investigated
as a source of chitin and chitosan or as a raw mate-
rial for non-food applications. Honeybee corpses have
been demonstrated to contain recoverable chitin, while
subsequent work has described chitosan obtained from
dead bees. These studies provide a scientific basis for
considering dead bee biomass as a source of techno-
logically relevant biopolymers. Z. Draczynski (2008) in-
vestigated naturally dead honeybees as a raw material
for chitin isolation and established conditions affecting
chitin yield and molar mass. M.D. Lootsik et al. (2016)
characterised honeybee chitosan and reported its het-
erogeneity and functional properties.J.L. Maicelo-Quin-
tana et al. (2024) reviewed the potential application
of bee products in the food industry and described
opportunities for using bee-derived materials in food
formulations. The review supports the broader techno-
logical relevance of bee products while also indicating
the need for further research into specific raw materials
and their processing characteristics.



From an agricultural and rural-economy perspec-
tive, naturally dead adult bees can be regarded as a
recurring biological residue of beekeeping rather than
only as an end-of-cycle material. Managed honey bee
colonies experience mortality associated with disease,
pests, pesticides, environmental stress and other fac-
tors, and therefore dead adult bees are generated as
part of routine apiary management (Zapata-Hernan-
dez et al., 2024). The experimental material in the
present study was not quantified at the apiary level, so
a regional estimate of the annual mass of dead bees
cannot be reliably derived from the available data.
Nevertheless, the recurring generation of this biomass
creates a potential resource stream whose value can
be increased through controlled collection, stabilisa-
tion and subsequent processing. Such an approach cor-
responds to the principles of circular bioeconomy, in
which biological residues are retained in productive cy-
cles and converted into higher-value materials instead
of being treated solely as waste (Kircher et al., 2023).
For beekeeping farms, the conversion of appropriately
selected dead-bee biomass into a stable powder there-
fore represents a potential route for diversification of
bee-derived products and more complete utilisation of
biological resources.

The possibility of converting naturally dead bees
into a stable powder is also described in practical
guidance prepared by the Food and Agriculture Organ-
ization. The proposed processing sequence includes
collection, cleaning, drying and grinding, after which
a dry powder can be obtained for further use, Animal
Production and Health Division (Animal Nutrition) in
FAO (2020). From a food-technology perspective, drying
and grinding are particularly important because they
transform a heterogeneous biological material into a
more uniform ingredient that can be dosed into a for-
mulation. At the same time, the use of such a material
in food requires careful control of raw-material origin,
contamination, processing conditions and storage. The
Animal Production and Health Division (Animal Nutri-
tion) in FAO (2020) describes collection, cleaning, dry-
ing and grinding as key stages for converting naturally
dead bees into a stable powder. This processing con-
cept is relevant to the present study because the whole
dried biomass, rather than purified chitin or chitosan,
was used as the experimental ingredient.

The structural characteristics of dead honey bee
powder are also relevant to its use in a sponge-cake
system. Chitin is a structural polysaccharide, and insect
cuticles may contain chitin in association with proteins
and melanin. Reviews of insect-derived chitin indicate
that its functional properties depend strongly on the
source and processing history. Dead honey bees have
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been specifically investigated as a source of chitin, with
reported recovery demonstrating that the exoskeletal
fraction is technologically valuable,Z. Draczynski (2008).
A. Khayrova et al. (2021) reviewed approaches to ob-
taining chitin, chitosan and related complexes from in-
sect biomass and showed that the properties of these
materials depend on the biological source and process-
ing conditions. This finding is important for the present
research because naturally dead honey bees were used
as a whole powdered material rather than as an isolat-
ed chitin or chitosan preparation.

A sponge cake is a particularly sensitive model for
evaluating a new powdered ingredient because its qual-
ity depends on the balance between foam formation,
batter viscosity and structural setting during baking.The
batter is an aerated multiphase system in which the egg
proteins, sugar, starch and flour interact before and dur-
ing heating. An ingredient that substantially increases
batter viscosity can modify the stability of air cells, the
mobility of the continuous phase and the final cellular
structure. Studies of model sponge cakes have shown
that the rheological behaviour of the batter is closely
related to air retention and the subsequent develop-
ment of crumb structure. M. Assad-Bustillos et al. (2020)
showed that protein substitution changes rheological
properties, air volume fraction and mechanical char-
acteristics of sponge cakes. These studies support the
combined assessment of batter rheology and structur-
al resistance used here. I. Amoah et al. (2022) reviewed
functional ingredients used in bread and discussed
their potential links with nutritional and health-relat-
ed effects. The authors also highlighted that function-
al enrichment should be considered in relation to the
characteristics of the resulting bakery product. This sup-
ports the present approach of combining the function-
al rationale for using bee-derived biomass with direct
technological measurements. This relationship is par-
ticularly important when an unconventional functional
ingredient replaces a portion of wheat flour. The substi-
tution changes the ratio of starch, gluten-forming pro-
teins and non-gluten particles in the system. Function-
al bakery research shows that such substitutions may
improve nutritional characteristics but may also impair
technological and sensory properties when the addition
level becomes excessive, Z. Martins et al. (2017). There-
fore, the selection of an appropriate dosage should be
based on a set of complementary indicators rather than
on one parameter alone.

The available literature reveals a specific research
gap. Considerable attention has been devoted to edi-
ble bee brood, conventional bee products and purified
chitin or chitosan, while direct application of a whole
powder obtained from naturally dead adult honey
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bees in a conventional sponge-cake formulation re-
mains insufficiently characterised. In particular, data
linking the concentration of dead honey bee powder
with batter viscosity and the mechanical resistance of
the baked product are limited. This is important be-
cause a technically feasible formulation should main-
tain acceptable moisture and acidity while avoiding
excessive structural hardening. The aim of this study
was therefore to evaluate the technological feasibil-
ity of incorporating dead honey bee powder into a
sponge-cake semi-finished product and to determine
a rational incorporation level on the basis of moisture
content, pH, batter viscosity and ultimate shear stress.
The study also sought to relate instrumental changes
to the visible appearance and crumb structure of the
experimental products.

MATERIALS AND METHODS
The experimental object was a sponge-cake semi-fin-
ished product prepared using a conventional formu-
lation in which part of the wheat flour was replaced
by powder obtained from naturally dead honey bees.
Four formulations were prepared: a control with-
out the functional ingredient and three experimental
formulations containing 2%, 4% and 6% dead honey
bee powder relative to the mass of wheat flour. The
quantities of starch, granulated sugar and melange
were kept constant across the formulations. Thus, the

experimental factor was the concentration of dead
honey bee powder, while the total formulation was
changed only through the corresponding reduction in
wheat flour (Table 1). The raw material was represented
by naturally dead adult honey bees collected from bee-
keeping operations. The supplied experimental record
did not include season of collection, floral/forage base,
detailed colony-management conditions, or a separate
physiological classification of the bees. These factors
were therefore not treated as experimental variables
and cannot be separated as sources of variation in the
present dataset. This limitation is relevant because
seasonal and physiological differences in Apis mellifera
are associated with changes in metabolic and protein
profiles (Koubova et al.,2021). To improve reproducibil-
ity, the preparation procedure used in the present work
was standardised at the processing stage: naturally
dead adults were collected, visible foreign matter was
removed, the material was dried, ground to a powder,
and the dry ingredients were sieved before formulation.
No chemical extraction, deproteinisation or purification
of chitin or chitosan was performed. For future appli-
cation at apiary level, traceability of the collection date
and colony, exclusion of visibly contaminated or suspi-
cious material, documentation of drying conditions,and
controlled storage of the resulting powder should be
incorporated into an internal farm standard before the
material is considered for food use.

Table 1. Formulation of the experimental sponge-cake semi-finished products

Raw material Control 2% powder 4% powder 6% powder
Wheat flour, g 28.00 27.44 26.88 26.32
Potato starch, g 6.90 6.90 6.90 6.90
Granulated sugar, g 34.70 34.70 34.70 34.70
Melange, g 57.90 57.90 57.90 57.90
Dead honey bee powder, g - 0.56 1.12 1.68

Source: developed by the authors

The dead honey bee powder was prepared from nat-
urally dead adult honey bees. The material was cleaned
to remove visible foreign matter, dried and ground to
a powder suitable for dosing into the formulation. The
experimental preparation sequence is summarised in
Figure 1. The study did not involve extraction or chem-
ical purification of chitin or chitosan; the whole dried
biomass was used as the functional ingredient. This dis-
tinction is essential when interpreting the results be-
cause the technological behaviour of the whole powder
cannot be equated with that of purified chitosan. Before
use, the dry ingredients were sieved. Melange was con-
ditioned at approximately 18-20 °C. Melange and sugar
were whipped until the volume increased approximate-
ly 2.5-3-fold. A dry mixture of wheat flour, potato starch
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and the appropriate amount of dead honey bee powder
was then incorporated gradually. Mixing was performed
with upward folding movements to minimise disruption
of the aerated structure. The batter was transferred into
moulds to approximately two-thirds of their volume.
Baking was carried out at 180-200 °C for 25-35 min.
After baking, the products were cooled at approximate-
ly 18-25 °C for 8-10 h before instrumental evaluation.
The experimental conditions were kept identical for
the control and modified formulations. This approach
was selected to determine whether the addition of
dead honey bee powder could be implemented with-
in the existing sponge-cake process without changing
the principal baking parameters. The resulting products
were visually documented and compared with respect



to crumb colour and apparent pore structure. Photo-
graphs were taken after cooling under the same light-
ing and background conditions and were used for qual-
itative comparison of crumb colour and apparent pore
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uniformity. The visual criteria were limited to overall
colour tone, crumb homogeneity and visible differenc-
es in pore size; no instrumental colour measurement or
quantitative image analysis was performed.
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Figure 1. Experimental preparation sequence and incorporation of dead honey bee powder
into the sponge-cake formulation
Source: developed by the authors based on Animal Production and Health Division (Animal Nutrition) in FAO (2020)

Moisture content was assessed gravimetrically from
the change in sample mass after drying.A 5.00 g portion
of each sample was used. The moisture content was cal-
culated from the mass loss during drying. The original
experimental dataset contains a single recorded value
for each formulation; therefore, the present manuscript
reports the measured values without calculating stand-
ard deviation or inferential statistical significance. The
active acidity of the sponge-cake semi-finished products
was characterised by pH. The control and experimental
samples were compared under the same measurement
conditions. The pH values were interpreted primarily as
indicators of changes in the chemical environment of
the product. No conclusions concerning microbiological
stability were drawn solely from pH because microbio-
logical safety requires dedicated microbiological testing.

The rheological behaviour of the sponge-cake bat-
ter was evaluated using a rotational viscometer at 12
regulator positions. The instrument readings obtained
at each position were recorded for the control and each
experimental formulation. The measurement range was

treated as an instrumental response scale because the
supplied dataset does not provide a calibrated phys-
ical unit for the displayed viscosity readings. Conse-
quently, the results are reported as instrument units
rather than being converted to Pa-s or another Sl unit.
The upper readings of 60.84 observed at high regu-
lator positions were interpreted as the upper limit of
the available measurement range rather than as evi-
dence of identical intrinsic viscosity. The mechanical
behaviour of the baked semi-finished products was
evaluated by a penetration method, with the resulting
parameter expressed as ultimate shear stress in pas-
cals. The method was used to compare the resistance
of the crumb structure to deformation. Higher values
indicate greater resistance of the formed structure to
penetration and therefore a more mechanically rig-
id crumb. The supplied experimental dataset contains
one value for each measured indicator and formulation.
It does not include the number of independent repli-
cates, standard deviations, standard errors or individual
raw measurements. Therefore, statistical significance
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testing was not performed and no artificial error bars or
p-values were introduced. Percentage changes relative
to the control were calculated descriptively to facilitate
interpretation of the magnitude of the observed effects.
This limitation is explicitly stated because a formal sta-
tistical conclusion requires independent replicates and
an appropriate statistical model. Relative change com-
pared with the control was calculated as:

AX (%) = [(X;— X)/X ] % 100, 1)

where X; is the value for the experimental formulation
and X_ is the control value. For pH, the difference from
the control was reported in pH units rather than as a
percentage because pH is a logarithmic measure.

RESULTS AND DISCUSSION
The progressive replacement of wheat flour by dead
honey bee powder resulted in visible changes in the
appearance of the baked products. The control prod-
uct had the lightest crumb and the most uniform visual
structure. The 2% formulation showed a slightly darker
and greener-grey crumb while retaining a comparatively
uniform appearance. At 4% and 6%, the colour became

progressively darker and the crumb appeared less ho-
mogeneous, with more pronounced local differences in
pore size.These observations are descriptive and are not
presented as a formal sensory score because no trained
sensory panel was included in the supplied dataset. The
visual changes are technologically relevant because
colour and crumb structure are among the parameters
most frequently assessed in functional bakery research,
R. Guiné & S. Florenca (2024). They may result from the
intrinsic colour of the dead honey bee powder and from
the altered composition of the flour fraction. The ap-
pearance of the 4% and 6% products also corresponds
with the instrumental evidence of stronger batter struc-
turing. However, visual correspondence should not be
interpreted as proof of a single causal mechanism be-
cause the experiment did not separately quantify pore
size, density or crumb cell distribution. Moisture content
varied only slightly among the formulations. The con-
trol and 2% sample both showed 32.4% moisture, the
4% sample showed 31.8%, and the 6% sample showed
32.8% (Table 2). The full range was therefore 1.0 per-
centage point. Relative to the control, the changes were
0.0% at 2%,-1.85% at 4% and +1.23% at 6%.

Table 2. Moisture content of the experimental sponge-cake semi-finished products

Sample Sample mass, g
Control 5.00

2% powder 5.00

4% powder 5.00

6% powder 5.00

Source: developed by the authors

The small magnitude of the changes indicates
that replacing a limited proportion of wheat flour with
the tested powder did not substantially alter the final
moisture level under the selected baking conditions.
This is technologically useful because large changes
in moisture would normally require reconsideration
of the baking regime or the water balance of the for-
mulation. The stability of the moisture content at 2%
is particularly notable because the same formulation
also produced only a small change in pH and a moder-
ate increase in structural strength. The lower moisture
value at 4% may reflect a change in the distribution
of water between the wheat-based continuous phase
and the additional solid particles introduced with the
powder. At 6%, the value increased again and slight-
ly exceeded the control. It is possible that the finely
divided particles increased the amount of water re-
tained within the crumb matrix after cooling. However,
the present experiment did not measure water-hold-
ing capacity, particle-size distribution or water activity,
so this explanation should be considered a plausible

Ukrainian Black Sea Region Agrarian Science, 30(3), 87-100

Mass after drying, g Moisture content, %

3.38 32.4
3.38 324
341 31.8
3.36 32.8

technological interpretation rather than a demonstrat-
ed mechanism (Fig. 2).
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Figure 2. Effect of dead honey bee powder concentration
on moisture content of the sponge-cake
semi-finished product

Source: developed by the authors

The result is consistent with the general princi-
ple that the incorporation of functional powders into



bakery systems may modify water distribution without
necessarily producing a proportional change in final
moisture.Reviews of functional bakery products empha-
sise that the effect depends on the chemical composi-
tion, particle size, concentration and processing history
of the added ingredient, R. Guiné & S. Florenca (2024).
In the present case, the relatively narrow moisture
range suggests that the tested concentrations can be
processed under the same general baking conditions
without a pronounced moisture imbalance. I. Amoah et
al. (2022) reviewed functional ingredients in bread and
emphasised that enrichment can modify several quali-
ty attributes simultaneously. This supports the present
approach of considering moisture, rheology and struc-
tural resistance together.

Bokovets et al.

From a formulation perspective, the moisture result
does not by itself identify the optimum concentration. All
four samples remained close to one another, meaning
that the decisive differences must be sought in rheologi-
cal and mechanical behaviour. This is important because
a functional ingredient can be technologically acceptable
with respect to moisture while simultaneously making a
sponge-cake batter excessively viscous or the final crumb
excessively firm. The pH decreased from 7.1 in the control
to 7.0 at 2% powder and to 6.7 at both 4 and 6% (Table 3).
Thus, the maximum observed shift relative to the control
was 0.4 pH units. The identical value for the 4 and 6% for-
mulations suggests that the increase in powder concen-
tration beyond 4% did not produce an additional measur-
able change in the pH under the experimental conditions.

Table 3. Active acidity of the experimental sponge-cake semi-finished products

Sample Dead honey bee powder, % pH
Control 0 71
2% powder 2 7.0
4% powder 4 6.7
6% powder 6 6.7

Source: developed by the authors

The gradual shift towards a lower pH may reflect
the chemical contribution of the added biomass and the
altered balance of buffering components in the formu-
lation. The result should not, however, be interpreted as
evidence that the powder acts as an acidifying agent in
a general sense because the experiment measured the
final product pH rather than the acid-base properties of
the powder itself (Fig. 3).

7.5
7.24

7.1
7.0]
269
6.8
6.71
6.6]
6.51
6.4

7.1

7.0

6.7 6.7

Control 2% 4% 6%
Figure 3. Effect of dead honey bee powder concentration
on the pH of the sponge-cake semi-finished product

Source: developed by the authors

The small change at 2% is consistent with the
overall technological suitability of this formulation.
At 4 and 6%, the pH shift becomes more pronounced,
but it remains moderate in absolute terms. Impor-
tantly, the present study does not establish a direct

relationship between the observed pH and microbial
shelf life. Research on insect-derived foods demon-
strates that microbial and chemical safety must be as-
sessed independently, and that drying conditions, stor-
age and contamination history can strongly influence
safety, V. Borkovcova et al. (2022). Therefore, pH should
be considered here as a physicochemical descriptor
rather than a safety endpoint.

M. Borkovcova et al. (2022) evaluated foods based
on bee drone brood for microbial and elemental safe-
ty and showed that nutritional and sensory potential
must be considered together with contamination risks.
The study supports treating pH in the present work as
a physicochemical descriptor rather than as evidence
of microbiological safety. Z. Ma et al. (2023) reviewed
the protein composition, processing approaches and
allergenicity of edible insect proteins and emphasised
that allergenic potential should be considered when
insect-derived materials are introduced into foods. Al-
though their review does not concern dead honey bees
specifically, it supports the need for dedicated aller-
genicity assessment of the tested bee-derived powder
before its broader use as a food ingredient.

The pH results also show that the most substan-
tial technological effects of the dead honey bee pow-
der are not related to acidity. The difference between
the control and the 2% formulation is only 0.1 pH
unit, whereas the mechanical and rheological chang-
es become much larger as the powder concentration
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increases. This distinction helps identify which quali-
ty attributes are most sensitive to the addition of the
functional ingredient. From a technological perspec-
tive, the small pH change at 2% indicates that this level
did not substantially alter the acid-base environment
of the product, whereas the larger shift at 4% and 6%
should be considered together with the pronounced
rheological and mechanical changes. The clearest
concentration-dependent response was obtained for

batter viscosity. At the first regulator position, the con-
trol, 2% and 4% formulations all showed a reading of
6.24, whereas the 6% formulation showed 7.80. With
increasing regulator position, the separation between
the curves became progressively more pronounced.
At position 4, the readings were 18.72 for the control,
21.06 for 2%, 27.30 for 4% and 39.00 for 6%. At position
5, the corresponding values were 24.96, 23.40, 53.04
and 54.60, respectively (Table 4).

Table 4. Viscosity readings of sponge-cake batter at different viscometer requlator positions

Regulator position Control 2% 4% 6%
1 6.24 6.24 6.24 7.80
2 9.36 10.14 13.26 15.60
3 12.48 14.04 18.72 22.62
4 18.72 21.06 27.30 39.00
5 24.96 23.40 53.04 54.60
6 43.68 46.80 58.50 60.84
7 56.16 57.72 60.84 60.84
8 60.84 60.84 60.84 60.84
9 60.84 60.84 60.84 60.84

10 60.84 60.84 60.84 60.84
11 60.84 60.84 60.84 60.84
12 60.84 60.84 60.84 60.84

Source: developed by the authors

The response pattern is characterised by a pro-
nounced increase in the apparent resistance of the 4
and 6% batters at intermediate regulator positions.
The difference is particularly clear at position 5, where
the 4% and 6% formulations exceeded the control by
112.5% and 118.8%, respectively, whereas the 2% for-
mulation was 6.25% lower than the control. This re-
sult is more informative than the high-position read-
ings because positions 8-12 reached the same value
of 60.84 for all samples and therefore approached the
upper limit of the instrument response. The increase
in batter viscosity can be interpreted in terms of the
additional solid phase introduced by the powder and
its interaction with water and the other formulation

BN W A oy N
2. 9. 9.9 g © 5

Viscosity (instrument units)

components. In a sponge-cake system, an increase in
the viscosity of the continuous phase can influence the
mobility of particles and the stability of air bubbles. Re-
search with model sponge cakes has shown that mod-
ifying batter rheology can alter air retention and the
resulting cellular structure, J. Bousquiéres et al. (2017),
M. Assad-Bustillos et al. (2020). In the pea-protein study,
increasing protein substitution produced a substantial
increase in rheological properties and was associated
with changes in the air volume fraction and cake me-
chanical properties, M. Assad-Bustillos et al. (2020). The
present results show a qualitatively similar technolog-
ical principle, although the composition of the added
material is different (Fig. 4).

——Control
—=-2% dead honey bee powder
——4% dead honey bee powder
—*76% dead honey bee powder

o

i 2 3 4 5 6 7

9 10 11 12

Viscometer regulator position

Figure 4. Viscosity response of sponge-cake batter as a function of viscometer regulator position
and dead honey bee powder concentration

Source: developed by the authors

Ukrainian Black Sea Region Agrarian Science, 30(3), 87-100



K.Dybdal-Grasberger et al. (2026) showed that bat-
ter properties, microstructure and baked cake structure
are interconnected but that no single rheological pa-
rameter fully predicts the final structure. This agrees
with the present interpretation of viscosity together
with ultimate shear stress and visual observations. At
2%, the powder caused only a moderate change in the
viscosity profile. This may be advantageous because
the batter remains sufficiently structured to retain its
aerated state without reaching the much higher re-
sistance observed at 4% and 6%. In contrast, the sharp
increase in the middle of the viscosity curve at high-
er concentrations indicates that the powder begins
to dominate the flow behaviour of the system. Such
a change may complicate mixing and mould filling
and may restrict the redistribution of air cells during
baking. The interpretation is supported by the photo-
graphic observations. The 2% sample retained a rela-
tively uniform crumb appearance, whereas the 4% and
6% samples showed more heterogeneous pores and
localised structural differences. The correspondence
between the rheological and visual results does not
prove a direct one-to-one causal relationship, but it
supports the conclusion that the higher powder con-
centrations changed the structural state of the batter
sufficiently to affect the final crumb.

The viscosity curve also demonstrates why the con-
centration of a functional ingredient cannot be select-
ed solely on the basis of its potential nutritional value.
A higher concentration may increase the amount of the
targetingredient in the product but simultaneously shift
the batter outside the desirable processing window.
Recent work on functional bakery products similarly

Bokovets et al.

emphasises that successful enrichment requires a bal-
ance between functional composition and technologi-
cal performance, R. Guiné & S. Florenga (2024). For the
present formulation, the 2% level provides the most
moderate rheological modification among the test-
ed concentrations. M.E. Ronie et al. (2021) reviewed
functional ingredients and novel approaches in bakery
products and noted that formulation changes can affect
both nutritional characteristics and technological qual-
ity. This reinforces the use of several complementary
indicators for selecting the powder concentration.

A. Cappelli & E. Cini (2021) reviewed bakery inno-
vations and stressed the importance of maintaining
product quality when introducing new ingredients.
0. Naumenko et al. (2021) likewise described function-
al ingredients as factors capable of modifying bak-
ery-product properties. These observations are con-
sistent with the present finding that a low addition
level is technologically more balanced than higher
levels. R.P.F. Guiné et al. (2025) emphasised that suc-
cessful functional bakery products require a balance
between enrichment and technological performance.
The present results support this conclusion because
higher powder levels increased structural resistance
while producing less homogeneous crumb characteris-
tics. The ultimate shear stress increased systematically
with dead honey bee powder concentration. The con-
trol value was 141 Pa, while the 2, 4 and 6% formu-
lations reached 290, 605 and 911 Pa, respectively (Ta-
ble 5). Relative to the control, these values correspond
to increases of 105.7%, 329.1% and 546.1%. The effect
was therefore substantially larger than the changes ob-
served for moisture content and pH.

Table 5. Ultimate shear stress of the experimental sponge-cake semi-finished products

Sample
Control
2% powder
4% powder
6% powder

Source: developed by the authors

The systematic increase indicates progressive
strengthening of the crumb structure as the powder con-
centration rises. This effect can reasonably be related to
the increasing proportion of non-wheat solid particles
and structural biopolymers in the formulation. Dead
honey bee exoskeletons contain chitin associated with
proteins and pigments, and chitin-containing insect ma-
terials can contribute to the structural and sorption be-
haviour of composite systems. The present study did not
isolate chitin from the powder and therefore cannot at-
tribute the mechanical effect to chitin alone. Instead, the

Dead honey bee powder, %

0

2
4
6

Ultimate shear stress, Pa
141
290
605
911

observed increase should be interpreted as the combined
effect of the whole powder and its interactions with the
wheat-based matrix. A. Khayrova et al. (2021) reviewed
insect-derived chitin and chitosan and showed that their
functional properties depend on source and processing
history. M. Sharaf et al. (2024) demonstrated technolog-
ical potential of bee-derived chitosan in a specialised
antimicrobial application. These studies support the rel-
evance of chitin-containing bee biomass as a technolog-
ical material, but they do not establish that chitin alone
caused the mechanical changes observed here (Fig. 5).
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Figure 5. Effect of dead honey bee powder concentration
on the ultimate shear stress of the sponge-cake
semi-finished product
Source: developed by the authors

The 2% formulation produced a two-fold increase
in ultimate shear stress compared with the control, but
the absolute value remained substantially below those
of the 4% and 6% formulations. From a technological
standpoint, this moderate strengthening may be useful
because it can improve structural integrity without pro-
ducing the very high resistance observed at higher con-
centrations. In contrast, the 6% formulation produced
a more than six-fold increase relative to the control,
indicating a considerable change in crumb firmness
(Fig. 6).The increase in mechanical resistance agrees
with the rheological results obtained for the batter. The
same formulations that showed the largest increase in

Cohtrol ) 2

viscosity also showed the largest increase in ulti-
mate shear stress. This relationship suggests that the
structural modification begins at the batter stage and
persists after baking. Nevertheless, it would be inap-
propriate to assume that batter viscosity alone deter-
mines final mechanical properties. Recent multiscale
research on sponge cakes has shown that the transi-
tion from batter to baked structure involves aeration,
protein aggregation, starch gelatinisation and thermal
transitions, and that batter properties alone may not
fully predict the final cake structure, K. Dybdal-Gras-
berger et al. (2026). Accordingly, the mechanical data
should be interpreted together with the visual obser-
vations and moisture results. The 4% and 6% formu-
lations showed greater structural resistance but also
more pronounced visual heterogeneity. This suggests
that increasing powder concentration beyond 2% does
not simply improve the product; instead, it changes the
balance between structural stability and the character-
istic soft, aerated texture expected from a sponge cake.
The four measured indicators provide complementary
information about the effect of dead honey bee powder.
Moisture content remained within a narrow range, pH
changed moderately, while viscosity and ultimate shear
stress responded strongly to the concentration of the
added powder. This difference in sensitivity is impor-
tant because it identifies the rheological and mechani-
cal properties as the principal technological constraints
for the tested ingredient (Table 6).

Figure 6. Cross-sectional appearance of sponge-cake semi-finished products containing different levels
of dead honey bee powder

Source: developed by the authors

Table 6. Relative change in selected quality indicators compared with the control

Indicator 2%

Moisture content, relative change, % 0.0

pH, change from control, units -0.1
Viscosity at position 5, relative change, % -6.25
Ultimate shear stress, relative change, % +105.7

Source: developed by the authors

The established 2% dosage can also be expressed in

practical raw-material terms for a beekeeping enterprise.

Ukrainian Black Sea Region Agrarian Science, 30(3), 87-100

4% 6%
-1.85 +1.23
-0.4 -0.4
+112.5 +118.75
+329.1 +546.1

According to the experimental formulation, 0.56 g of
dead honey bee powder replaces 0.56 g of wheat flour



in a formulation containing 28.00 g of flour. Thus, the
selected level corresponds to 20 g of powder per 1 kg
of wheat flour, or 2 kg per 100 kg of wheat flour. At
this ratio, 1 kg of standardised powder would theoreti-
cally be sufficient for formulations containing approx-
imately 50 kg of wheat flour. Using the proportions of
the 2% experimental formulation, this amount would
correspond to approximately 228.7 kg of total batter
before baking, including flour, starch, sugar, melange
and powder. This value represents a theoretical formu-
lation load rather than the final baked yield because
baking losses were not measured in the present study.
The calculation demonstrates that even a relative-
ly low incorporation level can provide a technically
meaningful utilisation route for a recurring apiary bio-
mass stream without requiring a major change in the
basic sponge-cake formulation.

The relative changes show that the 2% formula-
tion occupies an intermediate technological position.
Its moisture content is identical to the control, the pH
differs by only 0.1 unit, and the viscosity at the most
informative intermediate regulator position is slightly
lower than that of the control. At the same time, the
ultimate shear stress is more than twice the control
value, indicating that the powder has already produced
a measurable strengthening effect. This combination is
consistent with the concept of a moderate functional
modification rather than a major restructuring of the
product. The 4% formulation marks a clear transition.
Moisture and pH remain within a relatively narrow
range, but viscosity at position 5 more than doubles and
ultimate shear stress increases more than four-fold. The
6% formulation intensifies this effect further. Because
the moisture and pH do not change proportionally to
the mechanical parameters, the higher concentration
primarily affects the structural state of the system rath-
er than its overall moisture balance or acidity.

The visual evidence provides additional context.
The control had a light and relatively uniform crumb,
the 2% sample retained a comparatively homogeneous
structure with a darker tone, and the 4 and 6% samples
showed stronger colour changes and more visible het-
erogeneity. Functional bakery research indicates that
colour and texture are among the most commonly eval-
uated quality attributes because they strongly influ-
ence product acceptance, R. Guiné & S.Florenca (2024).
In the present study, the photographs are therefore
useful as qualitative evidence, but they cannot replace
instrumental colour analysis or a formal sensory pan-
el. Because no calibrated image-analysis procedure
was applied, these observations should be interpret-
ed only as qualitative evidence of structural change
rather than as quantitative porosity measurements.

Bokovets et al.

The selection of 2% as the rational level should con-
sequently be understood as a technological conclusion
within the tested experimental range, not as a univer-
sal recommended intake level. The study demonstrates
that 2% provides the most balanced combination of
the measured parameters while 4% and 6% produce
progressively stronger structural effects. A different
base formulation, particle size, drying regime or baking
schedule could shift the optimum concentration. Fur-
ther work should therefore test the same powder under
controlled particle-size conditions and with independ-
ent experimental replicates.

The agricultural origin of the raw material also in-
troduces a source of biological variability that should
be considered when scaling the technology. Honey bees
show seasonal changes in physiology and biochemical
composition, and differences between summer and
winter workers have been documented at the meta-
bolic and proteomic levels (Koubova et al., 2021). Con-
sequently, the composition of a dead-bee powder may
depend not only on the proportion of adults collected
but also on the season, age structure, colony condition,
forage environment and circumstances preceding mor-
tality. These factors were not experimentally separated
in the present work; therefore, the observed rheolog-
ical and structural responses should be attributed to
the tested powder batch rather than generalised to
all dead-bee biomass. Future studies should compare
standardised batches collected in different seasons and
from defined apiary conditions. Such work would make
it possible to determine whether the 2% technological
level remains stable across raw-material batches and
would provide the evidence required for a practical in-
ternal standard for collection and primary preparation.

CONCLUSIONS
The study demonstrated the technological feasibility
of incorporating powdered naturally dead honey bees
into a sponge-cake semi-finished product at levels of
2%,4% and 6% relative to wheat flour. The modification
had only a limited effect on moisture content, which
remained within 31.8-32.8%, and produced a moder-
ate decrease in pH from 7.1 in the control to 6.7 at the
two highest addition levels. The strongest concentra-
tion-dependent response was observed in the rheolog-
ical and structural-mechanical properties. Increasing
the powder level markedly increased batter viscosity at
intermediate viscometer positions and increased ulti-
mate shear stress from 141 Pa in the control to 290,
605 and 911 Pa at 2%, 4% and 6%, respectively. The
visual examination of the products supported the in-
strumental findings by showing progressive darkening
and greater crumb heterogeneity at higher addition
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levels. Within the investigated range, 2% dead honey
bee powder provided the most balanced technologi-
cal profile. At this level, moisture content was identical
to the control, the pH shift was minimal and the in-
crease in structural resistance was moderate compared
with the substantially stronger changes at 4% and 6%.
Therefore, 2% can be considered a rational concentra-
tion for further technological development of the test-
ed formulation. From an agricultural perspective, the
2% level corresponds to 20 g of standardised powder
per kilogram of wheat flour and therefore provides a
realistic basis for incorporating a recurring apiary bio-

characterisation of the powder and finished product,
sensory evaluation, instrumental texture and colour
measurements, microbiological and contaminant as-
sessment, allergenicity evaluation and storage-stability
studies. These investigations will be necessary to es-
tablish whether dead honey bee powder can be devel-
oped into a safe and reproducible functional ingredient
for bakery products. The final assessment of suitability
for food use also requires microbiological and contam-
inant testing, allergenicity evaluation and storage-sta-
bility studies of the powder and finished product.

mass stream into a value-added food formulation. The ACKNOWLEDGEMENTS
approach may support diversification of bee-derived None.

products and more complete utilisation of beekeeping

resources, but implementation should be preceded by FUNDING

traceable collection, primary processing and safety con-
trol. An internal apiary standard covering collection re-
cords, exclusion criteria, cleaning, drying, grinding, stor-
age and batch identification is therefore proposed as a
practical prerequisite for further development.

The findings should be interpreted as a tech-
nological proof of concept rather than evidence of a
health claim or confirmed food-safety status. Further
studies should include independent replicate meas-
urements with statistical analysis, detailed chemical
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AHoTauif. AKTYanbHICTb AOCNIAKEHHS 3yMOB/IEHA 3POCTAHHAM iHTepecy 40 pPO3po6/IeHHS XapyoBMX MPOAYKTIB i3
BMKOPUCTAHHSAM HETPAAMLIMHOI CUPOBUHM Ta HEOOXIAHICTIO BU3HAUYEHHS ii TEXHONIOTIYHOI CYMICHOCTI 3 yCTaNleHUMM
peLenTypHUMM KOMMO3MLIAMKU. Y LLbOMY KOHTEKCTi BMKOPWMCTaHHS MOPOLLKY 3 MepTBMX MELOHOCHMX 6aXin gk
YaCTKOBOrO 3aMiHHMKA MWEHUYHOro BOpoLHA € MepCneKkTMBHWUM HanpsaMoM, WO noTpebye ekcnepuMeHTanbHOI
OLiHKM MOro BMIMBY Ha (i3MKO-XiMiYHi, peonoriyHi Ta CTPYKTYpPHO-MeXaHi4Hi BNacTMBOCTI BiCKBITHMX BMPOGIB.
MeTa focnifKeHHs nonsrana B TOMy, WO6 OLIHUTU TEXHONOTYHY AOLINbHICTb BUKOPUCTAHHS NMOPOLUKY 64K0NMHOI0
niamMopy y TexHonorii 6ickBiTHOro Hanishabpurkaty Ta BUSHAUMTK paLioHaNbHWIA piBeHb MOro BHeceHHs. [locniaxeHo
KOHTPOJIbHMI 3pa30K i TPU 3pa3kM 3 YACTKOBOK 3aMiHOK NLIEHMYHOro HOPOLWHA NOPOLWKOM 64KOAMHOMO NiAMOpy
y KinbkocTi 2,4 i 6 % Bia Macu 6opowHa. MeToguka nepenbavana BU3HAYEHHS MACOBOI YACTKM BOSIOTU, AKTUBHOI
KMCNOTHOCTI, PEONIONiYHMX BNACTUBOCTEN TiCTa Ta rPaHMYHOIO HaMpyXeHHs 3CyBY rotoBoro BMpoby. MacoBy yactky
BOJIOTM BM3HA4Yanu rpaBiMETPUYHO, aKTUBHY KMCIOTHICTb XapaKTepu3yBanu 3HauyeHHaM pH, peonoriyHi BnacTMBoCTi
OLHIOBaNM 3a MOKa3aMu poTauiiHOro Bicko3uMeTpa Yy 12 NONOXeHHSX perynsTopa, a CTPYKTYPHO-MEXaHiuHi
BJ1IACTUBOCTI — NeHeTpaLiMHMM MeToaoM. BCTaHOBNEHO, WO BOMOTiCTb 3pa3KiB 3MiHOBanaca y Mexax 31,8-32,8 %, a
pH - Bia 7,1 y KoHTponi 8o 6,7 3a BHeceHHS 4 i 6 % no6aBku. HanbinbL BUpaXeHi 3MiHWM CnocTepiranmcs ans Ba3KocTi
TiCTA Ta rPAaHMYHOIO HAMPYXXEHHS 3CYBY. 3@ MATOr0 MONOXEHHS Perynatopa 3Ha4YeHHS BS3KOCTI CTaHOBWMAM 24,96 y
KOHTponi, 23,40 3a 2 %, 53,04 3a 4 % 1a 54,60 33 6 %. [paHM4HE HAaNpyXeHHS 3cyBy 3pocsio Bia 141 May KoHTponi go
290, 605 i 911 MMa BiaNOBIAHO. 32 CYKYMHICTIO AOCTYNHUX MOKA3HMKIB HaMbiNbw 36anaHCOBaHUM BUSBMBCS 3pa3ok
i3 2 % nopowky nigmopy. [pakTMYHe 3HaYEHHS NONSATAE Y BCTAHOBMIEHHI TEXHONOTYHO NPUAATHOIO PiBHS BHECEHHS
HEeTpaaMUifHOT anicMpoBUHM Y BICKBITHY CUCTEMY

Kniouosi cnoBa: Apis mellifera; 6inkoBMmicHa Biomaca; peonoriyHi BNacTMBOCTI; CTPYKTYPHA CTiMKiCTb; ONTUMI3aLis
peuenTypu; 6e3neYHiCTb Xap4OBMX NPOAYKTIB
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