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Bee pollen (BP)'s richness in nutrients, such as proteins, vitamins, minerals, oligo-elements, and unsaturated fatty acids,
is certain, along with the fact that it provides a moderate calorie intake as well as a good level of tolerance and safety,
except for in the case of allergic reactions or external pollution, which remain manageable and predictable.
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| 1. Introduction

Substantial research has been conducted on the composition and pharmacological bioactivities of bee pollen (BP),
indicating both its usefulness and safety. Numerous studies have shown that BP has a rich and well-balanced composition
to serve as a human food and supplement, while its richness of bioactive compounds, especially polyphenols, confers to it
a large array of biological and pharmacological activities . BP-related risks may mainly emanate from external factors [,
or from improper storage and processing conditions [, Allergic reactions are rare and BP is perceived as a safe product
in most physiological situations including in childhood, in older age, and in disease recoveries Bll4. BP from different floral
sources has been reported to possess anesthetic, anti-allergic, anti-androgen, anti-atherosclerotic, anti-cancer
(anticarcinogenic and anti-mutagenic), anti-inflammatory, antimicrobial (antibacterial, antifungal, and antiviral), antioxidant,

antiulcer, and immunostimulant activities RIEIABINMLAILZANS  On metabolic pathophysiology, it has been shown to
possess anti-obesity 12, antidiabetic 12, hypocholesterolemic 22! and hepatoprotective A2 effects. In the digestive
system, it has been shown to maintain &, ameliorate &, and regulate 3! gut functions. In the cardiovascular system, it is
able to reduce capillary fragility &, and can improve overall cardiovascular health €13, Some authors reported that BP
may contribute to the prevention of and positively impact some degenerative processes such as neurodegeneration €114,
overall aging 2113 and cellular apoptosis 12!, and may promote recovery from chronic diseases and possess chemo-
preventive properties . It has also been shown to improve skin health and reparation, encompassing many valuable
cosmetic qualities BI116],

| 2. Nutritional Value

Bee pollen (BP) hazards can arise mainly from external contamination factors, as pollen is very sensitive to these factors
2 or from inconvenient storage and processing conditions . Special requirements are being established in the 1SO-
TC34-SC19-WG3 norm to avoid such tampering in the quality assurance and control of the crude material. Allergic
reactions to the product can be largely prevented if researchers document pollen composition and preliminarily consider
patient sensitivity; BP remains safe for most physiological situations including in childhood, in the elderly and in recovering
patients B, BP can also be a source of many essential elements for breastfeeding and pregnant women. A recent study
of 27 different brand commercial BP samples showed that a daily consumption of 40 g of this product by a breastfeeding
woman could bring 23.9%, 22.6%, 23.8%, and 26.3% of daily needs of copper, iron, manganese, and selenium,
respectively 12, Similarly, the same study showed that the same schedule consumption by a pregnant woman can supply
31.1%, 30.9%, and 30.7% of copper, manganese, and selenium daily needs, respectively. Moreover, some experimental
studies reported that BP had protective effects against prenatal exposure to neurotoxic contaminants in animals [L8I[L91,
Therefore, it appears a priori to be a very good food in basic nutrition, as a complementary functional food, or also as an
adjuvant in different pathophysiological contexts. An abridged diagram of BP composition is presented in Figure 1.
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Figure 1. General Composition of Bee Pollen According to the Currently Available Literature.

According to a recent review of more than 100 published studies, the main components of BP are, in order of
weight/weight importance: carbohydrates (percentages from 18.5 to 84% were reported), proteins (4.5-61%), lipids (0.4—
20%), fibers, ash, and other components 29[21[22] Carbohydrates exist here as two types of structurally and functionally
distinct pools, namely structural carbohydrates, which contribute to pollen grain structure and protection, and non-
structural carbohydrates, which are easily digestible and are generally studied and measured in experimental studies 23],
The high carbohydrate content is mainly due to the blending of plant pollen with nectar by honeybees during pellet
formation, but is also modulated by plant species, growth level, and harvesting conditions 2. BP carbohydrates consist
mainly of monosaccharides with fructose and glucose as the main ingredients, and disaccharides such as sucrose,
maltose, maltulose, and trehalose 21241251 polysaccharides are encountered in pellet-covering layers (e.g., sporopollenin
in the exine and cellulose and pectin in the intine) where they play an encapsulating and protective role against physical,
biological, and chemical degradation, and do not generally have any known nutritional value [291241(25],

It Is important, moreover, to note that the abundance of polyols (e.g., mannitol, inositol, xylitol, ribitol), as included
components of carbohydrates in this matrix, contribute to its lower caloric value while ensuring the equilibrated import of
energy sources and other nutritional needs &,

The second key components of BP are proteins. Some studies reported that protein content may reach 61% in some
pollen types 22, Further to the main botanical origin, the great variation of protein composition may also originate from the
fact that BP is mono- or multi-floral [&. Some comparative analyses reported that pollen was richer in amino acids than
eggs, cow meat, and milk 28, The protein content in this product is frequently regarded as a quality index of its nutritional
value [IZ, |ndeed, BP is a natural protein source for honeybees, and thus constitutes a key nutritional supply to ensure
the development and growth needs of colony members are met, as well as to serve, via the resulting bee bread 28], as a
raw material for royal jelly secretion to feed the larvae and queen [22. Protein supplementation from pollen may even have
some advantages over other widely used protein supplements such as whey proteins. A study in Wistar rats has reported
that this supplementation was more efficient as a hepatoprotective compared to whey protein, both in running and non-
running animals. This was manifested particularly by enhanced hepatocyte activity and reduced glycogen deposition B9,
Moreover, BP is different from pollen, which is native on the plant. A recent comparative proteomic analysis of bee- and
manually-collected pollen of dandelion showed that the bee-collected one contained more metabolism-specific proteins
and honeybee proteins which are not found in manually-collected pollen BY. This research, however, reported that total
protein content differed only slightly between the two samples.

Despite its composition variability BP contains all the essential amino acids (AAs) needed by the human body, as well as
others used to build proteins in humans B2, However, this does not mean that all types of pollen contain all these AAs.
Some floral sources may lack important AAs that are even essential for bee growth and life. Taraxacum officinale pollen,



for example, was found to lack tryptophan, phenylalanine, and arginine 1. A sample of Helianthus annuus BP was found
to contain phenylalanine at levels that are lower than those needed by honeybees in their normal nutritional requirements
(831 Methionine and valine, which are also essential to honeybees, were found to be absent in BP samples from Cyanus
segetum and Cytisus scoparius, while present in notable amounts in other BP samples from these same species 24,
These differences must be verified by further studies on BP from other species, and those emanating from the natural
presence of AAs have to be well distinguished from those originating from experimental procedures. Moreover, in the
same geographic location and environmental conditions, BP composition in amino acid could be variable and specific to
the individual bee colony B3I, Of course, some of them are more widely present than others. A recent study of BP samples
from 32 botanical species showed that arginine, asparagine, glutamine, leucine, lysine, and proline constitute about 60%
of the total protein content of BP [24],

In fact, hundreds of proteins have been isolated in this crude material. One study of four pollen samples, for example,
identified 207 proteins in them . To further enhance BP proteinic value, the enzymatic disruption of pollen walls (by an
enzymatic mixture of cellulase: pectinase: xylanase: papain, at 4:2:1:3 ratios) was reported to not only enhance protein
liberation and availability from inside pollen grains, but also to permit, unlike physical methods (e.g., ultrasound-assisted
and/or freeze-thawing wall breaking), the release of the proteins that form these walls €,

The third main component of BP are lipids 2438l |n addition to proteins, lipids appear to play decisive roles in the pollen
assembly by honeybees. In fact, it has been shown from different plants and bees species that protein-to-lipid ratios of
pollen can drive bee foraging behavior and health BZ. This consideration would be crucial if beekeepers want to “guide”
bee foraging and naturally adapt the composition of collected BP for human or animal use. Studies in bumblebees have
shown that lipid intake is strongly regulated (more than carbohydrates), and that these insects may overeat proteins to
reach a sufficient lipid intake or adequate protein—lipid ratio 28, Such behavior is not yet studied in honeybees and may, if
verified in social honeybees, give important insights about naturally adapting the composition of BP. Bumblebees and
honeybees have been shown to possess several similarities in foraging behaviors, and a similarity in lipid and protein
foraging is consequently not impossible. Among behavioral similarities, some floral volatiles were shown to attract both
insects B4, A comparative study of honeybee and bumblebee honeys from different geographical and botanical origins
reported a similar qualitative composition of free AAs between the two types of honeys, although the quantitative
composition was different 2%, Another comparative study reported recently that honeybees and bumblebees both avoid
foraging nutritionally poor (e.g., having low protein and high lipid content) and highly toxic pollen, compared to other
insects 4],

BP lipids are mainly composed of phospholipids (mostly glycerophospholipids such as phosphatidylcholines,
lysophosphatidylcholines,  phosphatidylethanolamines,  phosphatidylglycerols, and phosphatidylserines), and
polyunsaturated fatty acids, but numerous sphingolipids (mainly ceramides), and glycolipids are also present in BP in
smaller quantities 42431441 Sterols are also widely present 28, since BP is the only source of these vital molecules for
honey bees 431, Phytosterols, viz. sterols, have also been found to drive phylogenetic signals in bee foraging behaviors
[34] and have been linked to bee colony health and performance BZ38]. To our current knowledge, stanols in BP, although
frequent in plant pollen & and known for their beneficial effects on human health ¥Z, have unfortunately not yet been
studied for pharmacological and nutritional purposes.

Long chain fatty acids such as linoleic (Omega-3), a-linolenic (Q-6), oleic (Q-9), and a-palmitic acid (saturated) are among
the major fatty acids in BP [El48], Unsaturated fatty acids may reach 60% of pollen lipids, while palmitic acid is the most
abundant saturated fatty acid #9. Other fatty acids such as oleic acid and myristic acid have also been reported as the
main lipidic components 28, The storage conditions BY, manipulation and processing of BP may alter its lipidic profile.
Drying with different techniques, for example, which is the most common operation in pollen use by humans, was shown
to reduce its lipid content and alter the structure of its fatty acids, with freeze-drying having the least impact 43l The lipid
profile of BP has also been shown to vary with geographic location and environmental conditions, even for those that are
derived from the same plant species &, Furthermore, harvesting season was also reported to significantly influence lipid
profile. An analysis of pollen loads harvested around one year in the same geographic location showed that, not only did
the percentage of different fatty acids in the total lipids vary according to the period of collection, but also that the ratio of
unsaturated to total fatty acids was variable during the year with a maximum registered in the summer period B9,

Pollen lipids are not only important for bee life and in assessing BP nutritional profiles. Recent studies showed that these
lipids determine the lipidic content and profile of other derivatives produced by honeybees, namely royal jelly B, In
contrast to proteins, the great impact of the lipidic profile on pollen importance has only just begun to draw attention 52,



BP is also rich in many other nutrients in terms of vitamins and minerals, with a content of up to 0.7% of the total weight
being constituted by vitamins, and with being a potential source of considerable amounts of fat soluble vitamins (e.g., pro-
vitamin A, vitamins D, and E, which is present in many tocopherol derivatives). It could also contain water soluble vitamins
(e.g., vitamins of the B group including B1, B2, B3, B5, B6, B7, B9, and B12, and vitamin C) BI2353] Bp js, for example,
the richest known source of riboflavin in all plant-based materials 24!, Interestingly, according to numerous comparative
studies from different regions of the world &I, the vitamin content of bee bread appears to be richer than BP (including the
presence of vitamin K, which is rarely found in pollen). This may likely result from pollen fermentation by lactic acid
bacteria from honeybee stomachs and by the bee bread microbiome 22!,

Mineral elements are found in BP at an abundant ratio of about 1.6% 1. They include, at largely variable levels between
individual taxonomic types, macro-elements such as calcium, magnesium, phosphorus, potassium, and sodium, and
microelements such as copper, iron, manganese, selenium, and zinc [BIZES]

A large number of other micronutrients includes carotenoids 521, anthocyanins, glucosinolates, and coenzyme Q10, which
are well known for their potential nutritional and health-related effects . Numerous enzymes and coenzymes, as well as
nucleic acids, particularly ribonucleic acids, are also universally found in considerable amounts L8536 Betaines were
also recently discovered to be widely present in variable quantities depending on the pollen origin, and have been
therefore proposed as additional potential markers for origin identification 4. An analysis was conducted on Spanish BP
samples from different botanical origins (e.g., Brassica napus, Vicia sativa, Quercus sp., Retama sp., Papaver sp., Rosa
sp., Teucrium sp., Reseda sp., Cytisus sp., Rubus sp.,) and the authors verified the presence of betaines in all of them.
Some are pharmacologically well-known molecules, such as betaine, betonicine, trigonelline, and choline, being
consistently present at concentration ranges of 7-4910, 264-52,834, 12-3628, and 13-723 mg/kg BP dry weight,
respectively BZ. These natural and safe molecules, widely known for their protective role against osmotic and oxidative
stresses, especially at hepatic and renal levels 8], are still very scarcely studied in BP. Their wide presence, if verified by
sufficient studies, may give additional support to the bioactivity of BP in human metabolic organs and related physiological
functions and pathological processes.

BP also contains an interesting microbiome comprising mainly Lactobacillus strains and other microorganisms such as the
Pseudomonas genus and yeasts from Saccharomyces genus B89 This microbiome evidently originates, at least partly,
from the digestive microbiota of the honey bee (bee saliva), and participates in the fermentation of pollen to manufacture
bee bread 9. The exploitation of these strains will contribute to increase the value of BP for further nutritional
applications, as researchers will discuss bellow.

A significant observation to underline is that BP pellets in their natural form are hardly digestible and therefore do not allow
the full release of their nutrients due to the high protection of the encapsulation walls of the pollen grains. These shells
may decrease the bioavailability of micronutrients by as much as 50% or more 4. Some studies reported that the grinding
of pollen grains and their dissolution in warm water may increase nutrient bioavailability from 10-15% (values for raw
grains) to 60-80% 1, Studies showed that a preliminary disruption of pollen walls might increase nutrient release and
bioavailability & and thus enhance the nutritional value and benefits for humans. However, be a “double-edged sword”
alter pollen composition, and needs further studies and formulation enhancements.

Fermentation is among the most known processes that may enhance pollen’s nutrient availability. It was reported by many
studies that it increases composition richness, either considering nutrients such as vitamins, AAs, peptides, and
unsaturated fatty acids, or phytochemicals such as phenolic acids, flavonoids, phenolamides, etc. [24I51[62][63][64][65](66] gp
fermentation was found to potentiate bioactivities, such as those that are antioxidant, anti-inflammatory, antibacterial, and
antifungal, and to amplify the lowering effects on many metabolic disorder biomarkers, including body mass index,
glycemia, cholesterol, and triglyceride levels BSI64I65I66]67] These kinds of results were obtained by many well-known
and widely used fermenting strains, including bacteria such as Lactococcus lactis, Lactobacillus rhamnosus €2,
Lactobacillus bulgaricus, and Lactobacillus kunkeei, and yeasts such as Saccharomyces cerevisiae [©2 and
Hanseniaspora uvarum 83, Some studies reported that yeast fermentation resulted in a more pronounced enhancement
of nutrient composition than lactic bacteria or mixed (bacteria and yeast strains together) fermentations [©8l. It has even
been reported that fermentation permitted the reduction in allergenicity of BP by significantly reducing its allergen contents
and the immunoglobulin-E-binding affinity of these allergens (this was obtained by fermenting Brassica napus BP with
Saccharomyces cerevisiae) ©9. Indeed, bee bread, which is the natural product of the honeybee-ensured lactic
fermentation of BP over the course of approximately one week in the honeycomb, is characterized by a partial alteration
of the resistant pollen grain wall and a richer and more balanced nutrient composition, as well as an enhanced
digestibility, bio-accessibility, and compound bioavailability in the human body B4E4IE7 The results may evidently vary



according to the assessed parameters, but the general tendencies that researchers have enumerated here are generally

reported by almost all studies.
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