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Abstract

Bee products containing bee pollen collected from flowers and harvested by humans from the hive, include both active
principles produced by plants and active principles added during collection, processing, and storage by bees. Pollen, is
one of the most bee products used in apitherapy, is a valuable source of bioactive substances, as it contains most of the
active ingredients that are directly assimilable in the human body (vitamins, minerals, hormones and substances acting
as prehormones, enzymes and simple carbohydrates) and have by adding in the diet a wide range of indications,
recommendations and applications. As a result, this mini-review systematically presents both the highlighting of the
influence of pollen in daily human consumption and the analysis of composition, antioxidant activity, quality parameters
and sensory properties of biologically active pollen harvested from organically grown honey crops.
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INTRODUCTION

Organic beekeeping provides food security and
contributes to the quality of life in rural areas,
especially in beekeeping practices (Martinello et
al., 2021).

Bees are the dominant pollinators of most
flowering plants globally and are important for
the pollination of many crops. 71% of the plants
which generate food worldwide are pollinated
by bees (FAO, 2022).

Pollinators are especially important for the
conservation of plant biodiversity (Martinello et
al., 2021).

Martinello & Mutinelli (2021) pointed out that
bees could be considered as active bio-samplers
of environmental pollution and possible warning
biomarkers for human health through the
importance related to human welfare through
pollination and production of honey and other
bee products.

Most contaminants accumulate in wax (Walsh et
al., 2021), but also in other bee products
(Zawislak et al., 2019).

The need for ecologic beekeeping farms and
organic farming is of vital importance for
biodiversity conservation and human health, as
this argument has not been fully researched in
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the scientific community, according to our
knowledge.

Rahimi et al. (2020) in the scientific paper
“Organic Beekeeping Practices in Romania:
Status and Perspectives towards a Sustainable
Development”, drew attention on the
importance of wusing certain conceptual
assessment models in the case of sustainability
for the organic beekeeping sector.

This concept is also supported by Kouchner et
al. (2018), highlighting the lack of necessary
tools for sustainability assessment in this field,
and suggesting an assessment system dedicated
exclusively to the cultivation of organic plants in
order to obtain bee products with perfect
antioxidant potential.

Currently, beekeeping is an important sector that
is developing a strong focus on organic crops. In
general, organic beekeeping is practiced
separately from the rest of mainstream
agriculture. The clear principles applied to
organic farming are also strictly applied in the
practice of organic beekeeping and are regulated
by legislation (MADR, 2022) and certified by
European recognized certification bodies (e.g.
Ecocert).

The clear principles of organic beekeeping are to
support the health and vitality of bee colonies



with great care and attention, and to minimize
negative influences on the environment and
especially on consumers of bee products.

First and foremost, the beekeeper must have
extensive expert knowledge of natural bee
behavior and organic hive methods (Pocol et al.,
2021).

For a sustainable development of ecological
beekeeping, an important measure is training to
increase the level of socio-cultural development
of the parties involved in this process: farmer -
beekeeper. Education for the growth and
development of ecological services with modern
technologies targeted at farmers and beekeepers.
In addition to these support measures, there is a
need for the development of support
programmes for stakeholders in organic farming
and beekeeping and the ability to understand the
legislation, according to Jurickova et al. (2020).
Their research (Jurickova et al., 2020) sees
organic farming as a 'sustainable' farming
system offers a potential solution for sustaining
biodiversity by contributing to environmental
protection.

THE NUTRITIONAL ANALYSIS OF
POLLEN

Modern agricultural systems use both bees and
wild pollinators to provide pollination, which
have the ability to pollinate in confined spaces
or cold temperatures. The decline of bee species
due to the increased use of pesticides raises
concerns about pollination in agriculture. The
number of farmers is quite low in terms of
adopting more environmentally friendly
practices for pollination. This mini-review aims
to identify an eco-economic model at the bee
farm level to explore the impact of pollination
on organic crop production.

This study evaluates farmers' decisions of
adopting and optimizing organic crops with a
well-defined role in ensuring pollination and the
good development of bee and other pollinators.
Results show that through various organic
farming and beekeeping sustainability schemes,
effectively for encouraging and implementing
new farming practices to ensure pollination and
maintenance of organic beehives and viable
pollinators, farmers are willing to cultivate
organic honey crops for pollen collection
maintenance (Kleftodimos et al., 2021).
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According to a study conducted by researchers
(Feas et al., 2012) it appears that the antioxidant
activity of pollen is higher due to the fact that it
comes from organic plant crops.

Analysis of the origin of pollen from different
geographical areas is especially important to
identify the antioxidant value of pollen and the
organic plants of origin.

Through palynological analysis, it is possible to
identify the floral areas, the vegetation in certain
honey bases, very importantly the honey species
that have been of interest to bees in certain
periods.

The nutritional analysis of pollen collected by
bees, made by researchers, has revealed that it is
an excellent source of energy (Feds et al., 2012).
For example, pine (Pinus sylvestris L.), corn
(Zea mays) and common reed Phragmites
australis) pollen contain: 13.92; 36.59; and
31.93% total carbohydrates, 13.45; 20.32; and
18.90% protein; 1.80; 3.7; and 1.16% lipids and
2.35; 4.90; and 3.80% total ash, respectively. It
is obvious that, by analyzing these pollen
sources, we can also identify the organic honey
plants that honeybees (4pis melifera L.) visit
predominantly (Feas & Estevinho, 2011).

The increased interest in recent times of
researchers in an older ecological plant has been
studied (Berti et al., 2016), in the paper
Camelina uses, genetics, genomics, production,
and management, which, according to the
researchers, sown in autumn, but also in spring,
provides pollen for honeybees as well as for wild
pollinators, both in season and between the
harvest of the main honey plants. Researchers
say that, through this pollination mechanism, the
camelina provides an abundance of nectar.
Camelina sown in late fall begins flowering in
early May and camelina sown in early spring
begins flowering in late June, both of which
flower much earlier than soybean, rapeseed,
sunflower in the same area (Eberle et al., 2015;
Thom et al., 2016).

Camelina sown in late autumn yielded more
pollen (100 kg/ha) than rapeseed (Brassica
napus oleifera) (82 kg/ha) (Eberle et al., 2015).
Camelina flowers are a particularly reliable
source of pollen and nectar, providing 100 to
250 kg of honey a year to a family of bees (Axel
etal., 2011).

Moreover, organic plants, Camelina species, C.
microcarpa and C. alyssum are visited by



honeybees more frequently (Séguin-Swartz et
al., 2009), and according to the Canadian Food
Inspection Agency (CFIA, 2012) provides
abundant pollen compared to the shepherd's teat
(Capsella bursa pastoris) a plant with important
therapeutic properties.

Numerous specialized studies (Faure & Tepfe
2016) show the importance of antioxidants in
camelina oil, high levels of omega-3 lipids,
vitamin E, are beneficial to human health (Zubr
1997).

The classical method of collecting raw pollen
collected by bees consists of fixing a pollen
collector with holes of 5 mm in diameter in front
of the hive warp, which has a collecting drawer.
Bees need a high variability of pollen sources for
the harmonious development of the colony
(Abramovic & Abram, 2005).

Honeybees have the ability to produce about 6
different hive products used in apitherapy
(Kolayli & Keskin, 2020) honey, pollen,
propolis, royal jelly, shepherd's purse, bee
venom, and a more recent hive product apilarnil
discovered by Iliesiu in 1980.

Table 1 shows the total content of polyphenolic
compounds, flavonoids, phenolic acids, antho-
cyanins, and carotenoids in polyfloral honey
with added pollen according to (Habryka et al.,
2021). The higher the pollen addition in honey
(Tomezyk et al., 2019), the higher the content of
phenolic compounds in the honey analyzed by
(Habryka et al., 2021), reaching a value of
178.26 mg GAE/100 g (Table 1) for the sample
with the largest addition of grams of bee pollen.

Table 1. The total phenolic, flavonoid, phenolic acid, anthocyanin, and carotenoid content
in multiflower honey and honeys enriched with bee pollen.

Addition oﬂf Tg::ltz:te ?Iglgic Toctzlllils:‘();‘;id TOtalAPclil(;nollc Total Anthocyanin Total Carotenoid
Bee Pollen (%) GAE/100 g) QE/100 g) (é(;l];e/lll:; (('n;;g Content (mg/100 g) Content (mg/100 g)
0 30.75+0.25 2.77+0.29 11.02 +0.68 2.01+0.05 0.138 +£0.001
5 63.33+£0.27 5.94+0.25 16.65+0.19 4.02+0.05 0.311 +0.004
10 89.42+0.61 8.38 +0.19 17.08 £ 0.23 5.57+0.38 0.934 +0.001
15 136.63 +£0.44 12.11 £ 0.48 20.32+0.52 7.60+0.19 1.404 + 0.002
20 156.13 £0.92 14.25+0.27 21.26 £0.39 9.16 + 0.09 1.726 + 0.001
25 178.26 £ 1.13 16.39£0.16 2444 £0.17 11.32+0.10 2.333+£0.001
LSDo.0s 0.83 0.36 0.51 0.22 0.003

Table source: Habryka et al., 2021.

According to the study Kocot et al. (2018), the
phenolic acid content of pollen can even reach
190 mg/100 g, with gallic acid being the most
important representative of that.

The medicinal properties of these products were
recognized thousands of years ago by ancient
civilizations, although in modern times they
have limited use.

Hive products are complete sources of bioactive
compounds, macro- and micronutrients, which
in a comprehensive way confer multiple biolo-
gical actions to these by-products, such as, for
example, antimicrobial, antioxidant, and anti-
inflammatory properties (Giampieri et al.,
2022).

Bee products, represent an inexhaustible source
of natural antioxidants, including phenolic
acids, flavonoids and terpenoids, as well as
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numerous other phytochemicals, which are able
to ameliorate the effects of oxidative stress
underlying cause of many diseases (Martinello
etal., 2021).

Pollen consists of a multitude of microscopic
corpuscles contained in pollen sacs in the
anthers of plant flower stamens.
Physiologically, they are tiny granules that
constitute the male fertilized elements of the
flower (male reproductive part) (Ialomiteanu,
1976).

According to a study by Dr. Rawhi (2012), bees
harvest more than 300,000 pollen grains in a
single transport, as they have three pairs of
limbs, anterior, median, and posterior.

The bee's limbs are morphologically adapted to
perform specific pollen-collecting functions



(Beekeepers Association - Beekeeping Research
and Development Institute, 2012).

The pollen grain has a diameter of 1:50 000 um,
and the bee collects about 12 - 15 mg of pollen
in a single transport, equal to one tenth of its
weight (Rawhi, 2012).

The weight of the pollen grain differs according
to the atmospheric humidity, floral origin, but
also to the orientation ability and vitality of the
bee. After harvesting, the pollen is transported
to the hive, stored in honeycombs, enhanced
with enzymes, enriched with enzymes and a
little honey and then the bee presses it into the
honeycomb cell.

Collection by the beekeeper is carried out by
various techniques before it is stored in the
combs (Francis-Baker, 2021).

The pollen collected by the beekeeper holds the
color of the flowers visited by the bees. The

chemical structure of the pollen varies
significantly depending on the weather
conditions during harvesting and the

development of the floral anthers.

Pollen is considered a rich product of bioactive
ingredients, including proteins, carbohydrates,
lipids, phenolic compounds, and vitamins
(Spulber et al., 2020).

By drying, pollen loses vitamins, aminoacids,
volatile substances, biological water, lactic flora
with antibacterial activities, lactoferments.
Frozen raw pollen retains all these active
elements, as well as the intense taste and pastel
colors.

Freshly frozen, raw pollen can be kept at a
temperature of -5 to -15°C.

The raw pollen in the collector must be cleaned
of impurities and foreign bodies, left to dry in
the shade, protected from sunlight, heat,
moisture, dust, and insects.

Ultraviolet rays destroy pollen, the atmospheric
temperature should not exceed 40-45°C and it is
very important not to use air fans.

Fresh raw pollen can be left at room temperature
for about 5 days and 14 days in the refrigerator.
An essential factor is that freezing and thawing
of raw pollen can be repeated without affecting
its quality due to its low water content (8-10%)
and the fact that it does not contain pathogenic
bacteria.

Freshly frozen pollen retains its qualities for
about two years after collection according to Dr
Rawhi (2012).
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Like any protein-rich food it loses its nutritive
and curative qualities within a few days if not
stored properly (Spulber et al., 2020).

Raw pollen is recognized as a food with some
standardized qualities in countries such as
Argentina or Switzerland (Codigo Alimentario
Argentino, 1998, Buenos Aires, Argentina: La
Canal y Asociados).

In Argentina, for example, the quality standards
of raw pollen are well defined:

aerobic microbiological ones should not exceed
ISO x 10° CFU/g, fungal 10° CFU/g without
pathogenic microorganisms, moisture should
not exceed 8%, pH between 4 and 6, protein
content should be approx. 15-28% Kjeldahal (N
x 6.25) weight of dry pollen (Method developed
by Johan Kjeldahl).

Raw pollen must be free of impurities, foreign
bodies.

Raw pollen is analyzed in specialized
laboratories, the most commonly used being to
determine its vegetable origin.

In an article (Spulber et al., 2020) it was pointed
out the need for a study at the whole
geographical area of Romania in order to
identify the type of monofloral pollen and the
characteristics of its antioxidant properties.

The biological quality of raw pollen collected by
bees is closely related to its plant origin,
nutritional quality, nitrogen content and
chemical composition.

Physical properties are understood to mean the
ovoid or spherical shape of a pollen grain which
is about 20-40 microns in diameter and has two
envelopes called exine and intine.

The color of the raw pollen indicates its plant
origin or geographical area, ranging from golden
yellow to black.

Identification of raw pollen is based on
morphological characteristics examined with a
scanning electron microscope (SEM) and
screening of phenolic compounds of raw pollen
collected by bees is performed using the
capillary electrophoresis method.

Raw pollen samples were collected from bee
colonies in the stationary hive. From each type
of pollen samples were collected and stored in
individual containers at -18°C (Spulber et al.,
2020).

However, taking into account the variable
composition of raw pollen, one of the important



biological activities is its antioxidant activity
(Freire et al., 2012).

Many studies have reported a positive
correlation between antioxidant activity and the
total phenolic content occurring in the

composition of raw pollen collected by bees
(Domenici et al., 2015).

The flavonoid content of raw bee-collected
pollen can be up to 2.5% being mainly found as
glycosides. Kaempferol derivatives, apigenin,
luteolin and quercetin derivatives have been
detected in raw pollen. The most common
phenolic acids found in raw pollen collected by
bees include gluconic, chlorogenic and formic,
lactic, butyric acids and their derivatives.

Raw bee pollen is also rich in carotenoids and
vitamins, including tocopherols and, in smaller
quantities, calciferol. In addition, raw pollen
collected from bees is a rich source of valuable
macro and microelements for the human body
(Kocot et al., 2018).

Biologically active compounds present in bee
pollen include substances with different
properties, e.g., phytosterols, organic acids and
enzymes. Compounds possessing antibacterial
properties include inhibins and phenolic acids,
triterpenes and phytohormones (Pascoal et al.,
2014).

Raw pollen collected by bees is a valuable
source of vitamin E, which, due to its
antioxidant properties, protects unsaturated fatty
acids and some vitamins against oxidation.
Raw bee pollen also contains quercetin, an
antioxidant that reduces LDL cholesterol in the
human body and also has anti-atherosclerotic
properties (Denisow & Denisow-Pietrzyk, 2016).
Polyphenols play a significant role in
detoxifying the human body after drug or
alcohol intoxication. They inhibit the activity of
enzymes that are responsible for the formation
of inflammation. They also have an antibiotic
effect on fungi and bacteria pathogenic to
humans.

Raw pollen collected by bees has an anti-
atherosclerotic effect as it reduces the content of
total lipids, total cholesterol and
triacylglycerides in blood serum and also
reduces the aggregation capacity of platelets.
Pollen is also of high nutritional value and
supplements  deficiencies of  exogenous
vitamins, bio elements and aminoacids (Kocot et
al., 2018).
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An interesting theory is the identification of
resveratrol in raw pollen found in the Brassica
sp. and in the methanolic extract from raw pollen
of Papaver spp. Pollen type and luteolin has
been identified in high amounts in Papaver spp.
(Thakur & Nanda, 2020) also reported the
presence of resveratrol in different Brassica
species.

Antimicrobial activity of raw pollen collected by
bees has been studied and it has been
demonstrated by scientific work that raw
monofloral pollen and also raw polyfloral pollen
has clear antitumor, immunostimulatory action
(Basim et al., 2006; Carpes et al., 2007).

POLLEN RESEARCH AS AN
ANTIOXIDANT

According to research by Spulber et al. (2020).
45% of the raw pollen collected by bees is
predominantly a single type of raw pollen of
floral origin.

Phenolic compounds are regarded as the major
constituents of bee pollen responsible for
antioxidant activity (Harif et al., 2017).

An important research study in determining the
antioxidant potential of raw pollen samples
collected by bees (Habryka et al., 2021) was
conducted using an ethanol-water extract with
an initial concentration equal to 0.2 g/mL. An
appropriate amount of sample was dissolved in
ethanol: water solution (1:1 v/v), centrifuged
(3000 x g; 15 min) and filtered through filter
paper. The analysis was performed on a UV-Vis
V-630 spectrophotometer (Jasco, Tokyo,
Japan).

Research on raw pollen by Habryka et al.
(2021), revealed the impact of raw pollen
addition on the sensory characteristics of honey.
Its color, odor, texture, and taste were evaluated.
The mean results of the polyfloral honey colour
assessment sensory descriptors were analysed to
estimate colour: brightness, clarity, cloudiness,
and uniformity. Polyfloral honey was designated
as very golden, clear, and very uniform when
mixed with pollen (Spulber et al., 2020.)
Furthermore, the analysis carried out did not
reveal differences in texture and increasing the
addition of raw pollen collected by bees to the
honey reduced its brightness. Already an
addition of 5% raw pollen collected by bees
reduced honey brightness to an average value of



3.07, and with the addition of 25% raw pollen
collected by bees, honey brightness was reduced
to a level of 1.21 (Spulber et al., 2017).

The addition of pollen also reduced honey
uniformity, clarity, and brightness.

In honey samples with added pollen, color
uniformity was good and differences between
the specimens for honey samples with different
amounts of added bee pollen were small.

Raw pollen is considered a complete food, a
valuable hive product, and, due to its
composition, it can be transformed into a protein
food and a complex nutrient (Kouchner et al.,
2019). Raw pollen contains most of the vital
elements of the human body. It acts in an
absolutely miraculous natural synergy with the
body, this synthesis cannot be artificially
reproduced in the laboratory.

Based on the research work of Spulber et al.
(2020) concluded the following hypothesis the
pharmacological properties of pollen are
different due to the potential source of over 1000
different flowers.

The most important properties of raw pollen,

according to  scientific  research  are:
antibacterial, anti-inflammatory, antibiotic,
antioxidant, antitoxic, aphrodisiac, allergy,
anabolic, antisclerotic, antidepressant,

antipyretic, diuretic, lowers LDL cholesterol in
the blood, reduces the risk of genetic diseases,
raw pollen is tonic, hepatoprotective, regulates
hormones, is adjuvant against the negative
effects of chemotherapy, is beneficial for the
prostate (Donadieu, 1981).

Many medical researches, as well as some
scientific research works have shown that pollen
administered daily performs decongestive
actions in various stages of prostate
hypertrophy, ensuring preventive effects of
prostatism (Donadieu, 1981) in elderly people.
According to Donadieu (1981), reliable results
can be obtained by continuous daily
administration of two tablespoons of raw pollen.
According to the study carried out by Spulber et
al. (2020) raw pollen contains plant pigments, in
particular flavonoids which in combination with
vitamins C and E become a powerful reducer of
free radicals determining the development of
atherosclerosis and cardiovascular diseases.
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Flavonoids in pollen increase the collagen-
storing action of vitamin C. (Teixeira et al., 2007).
According to the studies conducted by Dan et al.
(2018) for a pollen harvest without Nosema spp.
spores at the beginning of the winter season of
bee families is important the source of
honeycomb with food reserve. Examination of
Nosema spp. spores presence in the food reserve
before the winter makes it possible to remove
(eliminate) from consumption these sources of
infestation, which significantly decreases the
morbidity and mortality rate among bees.

CONCLUSIONS

This paper is a summary of previous research on
the impact of enriching the daily diet with raw
pollen.

By adding raw pollen to the daily diet research
studies have shown an increase in the phenolic
content leading to an increase in antiradical and
antioxidant activities.

A natural and fresh preparation can be a novelty
for the end consumer, for the treatment of certain
diseases or as a nutritional supplement, it can be
a future research topic with favorable
implications for a number of fields such as
environmental protection, industry, apitherapy.
Romania has a great beekeeping and beekeeping
potential, by encouraging and specializing
young farmers with financial and informational
support, this type of product with added raw
pollen collected by bees can be made for the
natural apitherapy food industry.

The key to a healthy lifestyle is a reorientation
towards nature, a minimum care for the
environment, an exceptional care for health
through the quality of the products consumed,
with a rich nutritional value.
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