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ANALYSIS OF SAFETY INDICATORS AND BIOLOGICAL

VALUE OF BEE POLLEN

Abstract

The article presents a synthesis of current scientific data on the safety, chemical composition,
and biological value of bee pollen as a promising raw material for the development of functional food
products, biologically active supplements, and pharmaceutical preparations. The results of numerous
studies confirm that bee pollen is a concentrated source of proteins, amino acids, carbohydrates,
lipids, minerals, vitamins, phenolic compounds, and flavonoids, which determine its antioxidant, anti-
inflammatory, and antimicrobial properties. It has been established that the botanical and
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geographical origin, season of collection, and technological conditions of drying and storage
significantly affect the biochemical profile of the product, while contamination with heavy metals,
pesticides, mycotoxins, and microorganisms reduces its nutritional suitability and safety.

Scientific approaches to determining the botanical authenticity of bee pollen using
melissopalynological, spectroscopic, chromatographic, and microbiological analyses have been
summarized. Special attention is given to innovative methods for improving the bioavailability of
nutrients, particularly fermentation, ultrasonic destruction of cell walls, and optimization of drying
regimes, which make it possible to preserve biologically active components without losing the natural
properties of the product. Toxicological and microbiological risks associated with storage conditions
and environmental factors in collection regions are considered, confirming the need for systematic
quality control in accordance with international HACCP requirements and the principles of the “One
Health” concept.

The obtained results prove that bee pollen is a unique natural product capable of exerting a
complex effect on the human body — from antioxidant protection to maintaining immune homeostasis.
It can be effectively used in the production of dietary supplements, therapeutic and prophylactic
preparations, and specialized food products. The prospects for further research involve creating a
national database on the chemical profile and bioactivity of samples of various botanical origins,
harmonizing quality control standards, and scientifically substantiating biotransformation
technologies to enhance nutrient bioavailability. Comprehensive studies of bee pollen will contribute
to increasing the competitiveness of Ukrainian beekeeping products in the international market and
expanding their application in the fields of healthy nutrition, medicine, and biotechnology.

Keywords: bee pollen, safety, quality, biological value, standardization, honeybee, functional
food products.

Introduction. Modern trends in food science and technology have led to a
growing interest in natural products that combine high nutritional value with
therapeutic and preventive properties. One such product is bee pollen, which belongs
to the unique gifts of beekeeping and has a complex effect on the human body. Formed
as a result of honeybees (Apis mellifera L.) collecting floral pollen, moistening it with
salivary secretions, and shaping it into granules, bee pollen acquires special
physicochemical properties. As a result, it not only preserves the naturally rich
composition of pollen but also demonstrates increased nutrient bioavailability.

The chemical composition of bee pollen is extremely diverse and includes a
significant number of compounds. Its basis consists of proteins and amino acids, among
which are all those essential for the human body. In addition, the product contains a
wide range of vitamins, mineral elements, polysaccharides, unsaturated fatty acids,
phenolic compounds, flavonoids, and antioxidants. Due to this combination of
bioactive ingredients, bee pollen has the ability to positively influence metabolism, the
immune system, and the body’s antioxidant status, as well as to contribute to the
prevention of chronic diseases associated with the effects of free radicals.

Particular interest is drawn to the study of the therapeutic and preventive
potential of bee pollen. The results of numerous studies indicate that it exhibits
immunostimulating, anti-inflammatory, antioxidant, antibacterial, and
hepatoprotective properties. The use of this product is recommended in dietary
nutrition, restorative medicine, gerontology, and sports nutrition. In addition, bee
pollen is considered a promising raw material for the development of new types of
functional food products and biologically active supplements.
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At the same time, ensuring the safety and quality of bee pollen remains a pressing
issue. Its quality is significantly influenced by the botanical origin of the pollen, the
region and conditions of collection, as well as harvesting and storage technologies. In
view of current environmental challenges, the risks of contamination with heavy
metals, pesticides, mycotoxins, and other xenobiotics pose a particular threat. It is also
necessary to consider the possibility of microbiological contamination that may occur
during the collection or storage stages of the product. These factors reduce food safety
and may pose a potential risk to consumer health.

An important component of bee pollen research is its melissopalynological
analysis, which makes it possible to determine the botanical origin of the pollen and to
assess the specificity of its biological activity depending on the plant source. The use
of modern methods of analytical chemistry, microbiology, and toxicology provides the
scientific basis for a comprehensive assessment of the safety and biological value of
this product. This approach complies with international food safety standards and the
“One Health” concept, which emphasizes the interconnection between the health of
humans, animals, and the environment.

Thus, the study of the safety and biological value of bee pollen is a relevant and
multifaceted task that integrates aspects of food science, medicine, toxicology, and
ecology. The scientific justification of the product’s nutritional suitability, the
identification of potential risks, and the confirmation of its therapeutic and preventive
potential form the basis for the broad use of bee pollen in healthy nutrition systems and
preventive medicine.

The aim is to analyze scientific sources concerning the safety of bee pollen, to
identify the factors influencing its quality, and to assess its biological value as a
promising raw material for the development of innovative technologies for functional
food products.

Analysis of recent studies and publications. In the current context of market
globalization and the expansion of bee product exports, the issue of standardizing the
quality and safety of bee pollen has become particularly important. The growing
demand for natural ingredients with high biological activity requires the
implementation of innovative quality control technologies, as well as the establishment
of unified regulatory approaches to the evaluation of this product at the international
level. This opens up broad prospects for the development of the beekeeping industry
and for its deeper integration into the global system of functional food production.

Researchers have found that monofloral bee pollen collected during the
flowering of Acer spp. is characterized by a high level of homogeneity of pollen pellets,
a regular morphological shape, and a dense structure that ensures the stability of the
product’s physicochemical parameters. The protein content in such pollen is on average
8% lower than in polyfloral pollen; however, it contains higher concentrations of
polyphenols, flavonoids, and phenolic acids, which determine its stronger antioxidant
activity. No deviations from the standards were detected according to microbiological,
toxicological, and radiological criteria. Therefore, Acer spp. monofloral pollen meets
DSTU requirements, possesses high biological and functional value, and can be used
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as a raw material for the production of food supplements and pharmaceutical
preparations [1].

In the authors’ previous studies, similar patterns were observed regarding the
quality and safety of Acer spp. bee pollen. Its high uniformity and stability of sanitary
and hygienic parameters were confirmed. Although the protein level is somewhat lower
compared to polyfloral samples, the increased content of phenolic compounds and
antioxidants indicates its significant biofunctional potential and the feasibility of its use
in the production of therapeutic and preventive products [2].

A comprehensive analysis of the accumulation of heavy metals in bee pollen
collected from various natural zones of the Carpathian region was conducted.
Significant variability in the content of lead, cadmium, copper, and zinc was revealed,
which is determined by geographical and climatic factors. The highest concentrations
of these elements were recorded near industrial facilities and transport routes, while in
mountainous areas the values were close to the natural background. It was proven that
bee pollen can serve as an effective bioindicator of environmental conditions, as it
accumulates information about the level of ecological safety within the bees’ foraging
area. The practical significance of these findings lies in the use of the obtained data for
creating environmental monitoring maps, identifying risk zones, and providing
recommendations for the safe placement of apiaries [3].

Further studies were aimed at examining the relationship between the
composition of bee pollen — particularly the content of heavy metals and fatty acids —
and the reproductive capacity of queen bees. It was found that an increased
concentration of toxic elements negatively affects physiological processes related to
oogenesis, while a balanced fatty acid profile contributes to maintaining the
reproductive function of queens. This confirms the relevance of a comprehensive
approach to assessing pollen quality, which should include simultaneous monitoring of
microbiological, toxicological, and lipid parameters. The authors emphasize the need
to develop an environmental monitoring system for apiaries located in regions with
intensive anthropogenic load [4].

Bee pollen is considered a promising functional product due to its combination
of high nutritional value and bioactive properties. It has been established that bee pollen
contains complete proteins, essential amino acids, carbohydrates, lipids, a wide range
of vitamins and minerals, as well as phenolic compounds and flavonoids that determine
its antioxidant, anti-inflammatory, immunomodulatory, and antimicrobial effects. The
obtained results confirm the need for further standardization of this product and for the
scientific substantiation of its therapeutic effectiveness [5].

A comprehensive characterization of the physicochemical properties of bee
pollen reflecting its botanical origin was carried out. The combination of classical
parameters (moisture, ash content, protein, fat, and sugar levels) with modern
analytical technologies made it possible to establish objective criteria for the
standardization and authentication of the product. The study’s conclusions emphasize
the importance of integrating spectroscopic and chromatographic methods into the
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quality control of beekeeping products, ensuring greater analytical accuracy and
reliability of the results [6].

The nutritional potential of bee pollen and bee bread was investigated, with
emphasis on the bioavailability of their macronutrients. The use of an *in vitro*
gastrointestinal model made it possible to assess the degree of protein, fat, and
carbohydrate digestion. It was shown that enzymatic treatment increases nutrient
availability, while bee bread, due to natural fermentation in the hive, exhibits better
digestibility. The obtained data confirm the high nutritional value of both products and
substantiate their use as sources of functional ingredients in the food industry [7].

A detailed characterization of the chemical composition of bee pollen was
presented, highlighting a wide range of biologically active compounds — from proteins
and fatty acids to polyphenols and flavonoids. The antioxidant, anti-inflammatory, and
antimicrobial activity of the extracts indicates the potential of bee pollen as a natural
source of antioxidants and functional components for food and pharmaceutical
products. At the same time, it was found that the level of bioactivity varies depending
on the botanical origin and geographical collection conditions, which necessitates
further harmonization of approaches to assessing the quality and safety of this product
[8].

It has been proven that bee pollen possesses pronounced antioxidant properties
due to its high content of polyphenols and flavonoids. Chemical analysis confirmed the
presence of biologically active compounds responsible for the product’s ability to
neutralize free radicals. In addition, the effect of bee pollen extracts on the growth of
probiotic and pathogenic microorganisms was studied: a stimulating effect on certain
probiotic strains and inhibition of some pathogens were observed. The obtained results
confirm the significant potential of bee pollen as a natural antioxidant and as a
functional ingredient in food and pharmaceutical products, combining nutritional and
probiotic value with properties that counteract pathogenic microflora [9].

It was determined that drying methods significantly affect the chemical
composition and aromatic profile of bee pollen. The authors compared different drying
technologies, including hot-air drying, lyophilization, and other methods, and revealed
substantial differences in the preservation of proteins, carbohydrates, lipids, and
volatile components. It was found that high temperatures cause the loss of thermolabile
substances (particularly vitamins and phenolic compounds) and alter the profile of
volatile compounds responsible for aroma. Lyophilization proved to be the most gentle
method, ensuring the preservation of both the nutritional and sensory value of the
product. The obtained results indicate that the proper choice of drying technology is
critically important for maintaining the nutritional and biological value of bee pollen,
as well as for ensuring its stability and authenticity during further use in food
technologies and pharmaceuticals [10].

Based on the conducted studies, it was established that fermented bee pollen, in
terms of its chemical composition and biological activity, can be comparable to natural
bee bread. The authors examined the changes occurring during the controlled
fermentation of bee pollen and compared the results with the parameters of natural bee
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bread. It was found that the fermentation process increases the content of free amino
acids, simple sugars, phenolic compounds, and flavonoids, which directly enhance the
antioxidant activity of the product. At the same time, the bioavailability of nutrients in
fermented pollen improves, making it more digestible for the body. The study showed
that although natural bee bread exhibits higher biological activity due to complex
processes in the beehive, laboratory-fermented pollen demonstrates similar properties
and may become a promising alternative in the food and pharmaceutical industries.
This approach makes it possible to obtain a product with controlled characteristics,
which is important for standardization and commercial use [11].

Bee pollen can be regarded as a functional food product with pronounced
therapeutic properties. The authors systematized data on its chemical composition,
which includes proteins, essential amino acids, carbohydrates, unsaturated fatty acids,
vitamins, minerals, and a wide range of biologically active compounds such as
polyphenols, flavonoids, and carotenoids. These components determine its antioxidant,
anti-inflammatory, antimicrobial, and immunomodulatory effects. It has been shown
that regular consumption of bee pollen may contribute to strengthening the immune
system and reducing the risk of cardiovascular and metabolic diseases. The product’s
potential as an adjunct in the prevention and treatment of chronic pathologies
associated with inflammatory processes is particularly emphasized. The summarized
research results indicate that bee pollen can be used as a functional component in
dietary supplements and therapeutic-preventive preparations. At the same time, there
is an emphasized need for further product standardization and for determining optimal
doses to ensure its safe and effective application in human nutrition and medicine [12].

According to research [13], spectroscopic methods are an effective tool for
distinguishing bee pollen based on its composition, color, and botanical origin. The
study showed that the chemical profile, particularly the ratio of proteins, lipids,
carbohydrates, and phenolic compounds, has clear correlations with the botanical
origin of the pollen. The color of bee pollen, determined by the concentration of
carotenoids and flavonoids, also demonstrated diagnostic significance in the
classification of samples. The use of spectroscopic methods in combination with
statistical models made it possible to achieve high accuracy in identifying the botanical
origin of bee pollen. The obtained results confirm the prospects of introducing
spectroscopic technologies into the quality control and authentication of beekeeping
products. This opens up opportunities for rapid, non-destructive analysis of bee pollen
without the need for labor-intensive classical melissopalynological methods.

It has been proven that bee pollen is a multicomponent product with high
therapeutic potential. Current data on its chemical composition have been summarized,
including proteins, essential amino acids, vitamins, minerals, flavonoids, and
polyphenolic compounds. Particular attention is given to its antioxidant, anti-
inflammatory, immunomodulatory, antimicrobial, and anticancer activity. The study
emphasizes the importance of bee pollen as a promising raw material for the
development of functional food products and biologically active supplements. The
authors highlight the need for further standardization, investigation of bioavailability,
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and determination of safe application doses, which are key prerequisites for the
integration of this product into medical and pharmaceutical practice [14].

According to studies [15], bee pollen demonstrates significant antioxidant
activity, which is determined by its high content of polyphenolic compounds and
flavonoids. The analysis indicates that the product’s antioxidant effectiveness depends
on its botanical origin and collection conditions. The obtained data show that the
concentration of biologically active compounds accounts for the variability of the
product’s antioxidant properties. The study results confirm that bee pollen can serve as
a valuable ingredient for enhancing the body’s antioxidant defense, making it attractive
for use in food technologies, dietary supplements, and pharmaceutical products.

The carbohydrate composition of bee pollen also determines its functional
properties and nutritional value. The authors summarized data on mono- and
disaccharides, polysaccharides, and dietary fiber, which together form the product’s
energy potential. Special attention was given to the role of simple sugars (glucose,
fructose, sucrose) that provide a readily available source of energy, as well as complex
carbohydrates that affect the bioavailability of other nutrients and the functionality of
the product within food systems. It was noted that the carbohydrate profile of bee pollen
depends on its botanical origin and the environmental conditions of its formation.
Carbohydrate components interact with proteins, phenolic compounds, and minerals,
determining the antioxidant, prebiotic, and structural properties of the product. The
authors emphasize that the carbohydrate fraction is largely responsible for the
functionality of bee pollen as a food additive and its potential in the food industry and
biotechnology [16].

The authors [17] systematically demonstrated that the nutritional and
biochemical properties of bee pollen significantly depend on its botanical origin. The
study emphasizes the necessity of considering botanical variability when standardizing
the quality indicators and nutritional value of bee pollen.

The studies [18] systematized current data on the chemical profile of pollen
(carbohydrates, proteins/amino acids, lipids, and phenolic compounds), analytical
methodologies, and the variability factors determined by botanical and geographical
origin, phenology, drying/storage, and processing. The data on antioxidant,
antimicrobial, and immunomodulatory properties, safety aspects (contaminants,
pesticides, heavy metals, allergens), and potential applications in functional food
products, pharmaceuticals, and biomaterials were summarized.

The study [19] summarizes current understanding of the role of amino acids in
shaping the nutritional value of pollen and maintaining the physiological functions of
the honeybee. Essential and conditionally essential amino acids are discussed, along
with their influence on larval growth and development, immune protection, and the
synthesis of proteins and enzymes. Particular attention is given to the dependence of
the amino acid composition on the botanical origin of pollen, as well as on seasonal,
climatic, and technological factors related to collection and storage. Modern analytical
methods for determining the amino acid profile are evaluated, and the need for
standardization to enable accurate comparison of research results is emphasized. The

53
O



Agrarian Bulletin of the Black Sea Littoral. 2026, Issue 118
ISSN2707-1162 (online) ISSN 2707-1154 (print) //Bemepunapni nayxu//

review demonstrates the critical importance of a high-quality amino acid composition
of pollen for bee health and apiary productivity.

A comprehensive comparison of the physicochemical composition and
functional properties of bee pollen collected from different geographical regions of
Brazil was conducted. The authors analyzed the content of proteins, lipids, sugars, ash,
moisture, and energy value, as well as determined the levels of phenolic compounds,
flavonoids, and antioxidant activity. It was shown that the botanical and geographical
origin significantly influence the qualitative parameters, particularly the concentration
of macro- and microelements and the antioxidant potential. The results highlight the
importance of regional specificity in evaluating the nutritional value of pollen and in
developing quality standards [20].

The study [21] comprehensively evaluated the nutritional value of bee pollen
based on its palynological composition, antioxidant and antimicrobial activity, as well
as the content of macro- and microelements. The authors showed that the botanical
origin determines the levels of phenolic compounds, flavonoids, and mineral elements,
which directly affect the antioxidant and antimicrobial properties of the product. The
research results emphasize the importance of combining melissopalynological analysis
with biochemical and microbiological methods for a comprehensive assessment of the
quality and nutritional value of bee pollen.

Seasonal variations in the chemical composition of bee pollen were analyzed.
The authors determined the content of crude protein, lipids, sugars, ash, and moisture
in samples collected throughout the year and demonstrated a significant dependence of
these indicators on the season and plant diversity. The highest protein and fat values
were recorded in spring, while the carbohydrate composition and ash content varied
under the influence of climatic factors and the phenology of melliferous plants. The
study emphasizes the importance of considering seasonal dynamics when assessing the
nutritional value of pollen [22].

A unified approach to assessing the nutritional composition of pollen for
studying the nutritional ecology of bees has been proposed. The authors substantiated
a standardized methodology for determining key macronutrients and demonstrated
how the ratio of these components affects the development, immunity, and
reproductive performance of bees. Particular attention was given to integrating
analytical measurements with ecological factors, which allows for a more accurate
modeling of the relationship between available pollen resources and the nutritional
needs of pollinators. The proposed concept ensures the comparability of results across
different studies and may serve as a basis for optimizing the forage resources of bees
[23].

The study [24] examined the chemical composition, antioxidant, and anticancer
properties of bee pollen collected from various floral sources in Taiwan. The authors
identified a wide range of phenolic compounds and flavonoids, determined the content
of major macronutrients, and assessed antioxidant activity using several analytical
methods. In addition, tests on cancer cell growth inhibition were conducted, revealing
the potential of certain samples as promising sources of biologically active substances.
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The results highlight the significant influence of botanical origin on the biochemical
profile and biofunctional properties of bee pollen.

The physical and microbiological parameters of bee pollen were also
characterized, and its antioxidant activity was evaluated. It was found that the botanical
origin and drying method significantly affect the content of phenolic compounds,
flavonoids, and overall antioxidant potential. The obtained results emphasize the
necessity of controlling physical and microbiological parameters to ensure the stable
quality and safety of bee pollen during storage and processing [25].

An aminoacid analysis of Apis andreniformis honey and the corresponding bee
pollen was conducted using chemometric methods. The content of essential and
conditionally essential amino acids was determined, and their contribution to
nutritional value and possible biological effects was elucidated. Statistical analysis
made it possible to differentiate samples according to their botanical and geographical
origin and to trace the relationship between the amino acid composition of pollen and
honey. The study emphasizes the importance of the amino acid profile as a marker of
botanical authenticity and an indicator of the nutritional value of bee products [26].

The effect of the fermentation process on the composition of polyphenolic
compounds in bee pollen was investigated. The authors evaluated changes in the
content of phenolic acids and flavonoids, as well as determined antioxidant activity
after different stages of fermentation. It was found that controlled lactic acid
fermentation enhances the bioavailability of certain polyphenols and can improve the
antioxidant properties of the product. The results highlight the potential of fermentation
as a technological approach to increasing the functional value of bee pollen [27].

A comprehensive comparison of bee pollen collected from different countries
was carried out. The profiles of major amino acids, organic acids, sugars, phenolic
compounds, and other metabolites were determined, enabling the identification of
geographical and botanical differences in the product. The obtained results demonstrate
the high efficiency of combining spectroscopic and chromatographic methods for
authenticity control, nutritional value assessment, and detection of possible
adulteration of bee products [28].

The study [29] presents modern approaches to determining the botanical origin
of honey. The possibilities and limitations of the melissopalynological method are
analyzed. The review emphasizes the need to standardize methods and create reference
databases for quality control and authenticity verification of honey.

The studies [30] analyzed the quality of bee bread (perga) of different botanical
origins and production technologies. Organoleptic characteristics (appearance, odor,
taste, color, consistency) and physicochemical parameters (moisture, acidity, content
of bee products, wax impurities), as well as the degree of sanitary-microbiological
safety and flavonoid content, were evaluated. It was shown that the production
technology has a significant impact: bee bread produced using artificial combs or
collected manually demonstrates higher quality and fewer impurities. Botanical origin
also influences the content of bioactive compounds and antioxidant activity. The work
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highlights the need to apply standardized production technologies and clear botanical
identification to ensure high-quality bee bread.

Methods for identifying bee products by their botanical and geographical origin
have been improved through the morphological analysis of pollen grains. The
technique of scanning electron microscopy was adapted for studying the pollen of
entomophilous plants of Ukraine. The obtained results can be used to create a national
database of pollen images [31].

The study [32] analyzed bee pollen samples from 28 countries for the presence
of common mycotoxins. The ELISA method was used for the quantitative
determination of mycotoxins. The study also included a risk assessment related to the
consumption of one or more mycotoxins.

Researchers have presented a harmonized set of standard methods for studying
bee pollen. The authors describe procedures for collection, storage, sample preparation,
identification of botanical origin (palynology, microscopy), as well as measurement of
key qualities: moisture content, chemical composition (proteins, lipids, carbohydrates,
phenolic and flavonoid compounds), antioxidant activity, physical characteristics, and
microbiological safety. The methodological guidelines include standardized analytical
procedures with examples that can be applied in many countries to ensure
comparability of results [33].

The chronic effects of pesticides on larval development and pupal survival in
*Osmia cornifrons™® were evaluated. It was found that in all cases, the consumption of
contaminated pollen led to delayed development and reduced larval and adult mass;
additionally, the fungicide caused abnormal defecation patterns and increased
mortality at the pupal stage. The study emphasizes that even low and moderate levels
of pesticides in pollen pose a significant risk to solitary bee species and should be
considered in regulatory standards and pollinator protection strategies [34].

The effect of ultrasonic treatment aimed at disrupting the cell wall on the
physicochemical properties of pollen protein isolates was studied. The researchers
emphasize that optimizing the parameters of ultrasonic exposure makes it possible to
intensify the extraction of biologically active substances without the use of aggressive
reagents. Thus, the technology of ultrasonic cell wall disruption is considered a
promising method for enhancing the nutritional and functional value of bee pollen,
including its use in the production of protein isolates and specialized food ingredients
[35].

The authors [36] used spectrophotometric and chromatographic methods
combined with high-performance liquid chromatography and mass spectrometry,
which enabled the identification of key phenolic compounds, particularly flavonoids,
responsible for pronounced antioxidant activity. The results indicate the significant
potential of bee pollen as a source of natural antioxidants and natural inhibitors of
enzymatic browning, thereby expanding its applications in functional foods,
cosmetology, and food technology. The study highlights the importance of the
botanical origin of pollen as a factor determining the level of its biological activity.
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At the same time, alongside the study of natural bioactive components of bee
pollen, an important aspect of assessing the quality of bee products is the analysis of
anthropogenic factors, particularly pesticide load, which can reduce the safety and
biological value of the products. In the researchers’ work, it is emphasized that the use
of pesticides in agriculture remains one of the main factors contributing to the mortality
of honey bees. The authors note that even at low concentrations, residues of chemical
substances can persist in bee products for a long time, posing a potential threat to
consumers and necessitating stricter control over the use of agrochemicals. The
obtained results confirm the need to harmonize national safety standards for bee
products with European requirements and to develop a monitoring system for pesticide
residues in beekeeping products [37].

Conclusions and prospects for further research. The analysis of scientific
sources has shown that bee pollen is a unique natural product of high biological value,
combining the properties of both a food and a therapeutic-preventive agent. Owing to
its complex composition, which includes proteins, amino acids, carbohydrates, lipids,
vitamins, minerals, phenolic compounds, flavonoids, organic acids, and enzymes, this
product exhibits a wide range of biological activities. Its scientifically proven
properties determine its potential for use in the food, medical, and pharmaceutical
sectors.

It has been proven that the chemical composition and biological activity of bee
pollen depend significantly on its botanical and geographical origin, as well as on the
conditions of collection, drying, storage, and technological processing. It was found
that the levels of proteins, carbohydrates, and phenolic compounds determine not only
the nutritional but also the antioxidant and prebiotic functionality of the product. At the
same time, the need for systematic safety control has been identified, since
contamination with heavy metals, pesticides, mycotoxins, or microorganisms can
significantly limit its suitability for consumption.

The application of modern analytical control methods ensures a comprehensive
assessment of the product’s authenticity, nutritional value, and sanitary safety.
Particular attention is drawn to innovative technological approaches for preserving
bioactive components, such as fermentation, ultrasonic cell wall disruption, and
controlled drying, which contribute to increasing the bioavailability of nutrients and
the stability of the product.

Thus, the synthesis of current data confirms that bee pollen is a promising source
of biologically active substances capable of playing an important role in shaping the
concept of functional nutrition and human biosecurity. Its systematic study aligns with
the priorities of sustainable development, the “One Health” concept, and the European
Green Deal strategy.

Further research on bee pollen should focus on an in-depth study of its
biochemical composition, structure, and functional activity, taking into account
botanical and geographical differentiation. Particular attention should be given to
developing a national database on the amino acid, phenolic, and mineral profiles of
samples from various origins, which will enable the creation of a standardized system
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for product identification and geographical labeling. An important direction is the
improvement of biotechnological processing methods.
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