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ABSTRACT

Background: Pollen of honey-bee Apis mellifera L. is a product gathered for human consumption and
marketed as a nutritional and functional resource. However, some studies indicate that it is necessary to
develop transformation processes to modify the external structure of pollen, which is extremely difficult
and prevents the nutrients and bioactive compounds to be completely digested in the gastrointestinal
tract. The bee-pollen productivity in Colombia is up to five times higher than in countries traditionally
recognized for its marketing, making this a valuable business opportunity. Objectives: To describe the
chemical structure and the most important nutritional and functional components in bee pollen, as well
as to understand the availability of compounds and some backgrounds reported for the opening of the
bee-pollen grain, both in a natural and artificial manner. Methods: The literature search involved the
use of different terms, alone or combined, by using logical operators; some terms were: pollen, bee-
bread, bioactive and nutritional compounds, bioavailability, pollen structure, exine, fertilization. Selec-
ted search fields were the title or abstract of the publication in the following databases: Directory of Open
Access Journals, Emerald, Pubmed, Redalyc, Scientific Electronic Library Online, Science Direct, Springer Journal,
Taylor & Francis, Wiley Online Library. The selected literature was that found mainly between 2008 and
2014in Spanish and English. Results: The nutritional and functional composition of bee-pollen is widely
reported; nevertheless, few studies on transformation processes to improve the availability of the com-
pounds present in this product were found. The natural fermentation process occurred within the hive
to obtain the product known as “bee-bread” is highlighted, since an emulation of this transformation
could be developed in a controlled manner for a scaled production; despite this, further research in the
involved biotechnological aspects is still required. Conclusions: Efforts have been made to characterize
the bee-pollen from a physical-chemical point of view, but no significant progress in the development of
processes of transformation has been reached. The future trends should aim at developing engineering
processes emulating the phenomena occurred in nature where structural changes in the outer layer of
bee-pollen can be achieved.
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RESUMEN

Antecedentes: El polen de la abeja Apis mellifera L. es un producto recolectado para consumo humano
y comercializado como recurso nutricional y funcional. Sin embargo, algunos estudios indican que es
necesario desarrollar procesos de transformacién para modificar la estructura externa del polen, la cual es
muy resistente ¢ impide que los nutrientes y compuestos bioactivos sean completamente digeribles en el
tracto gastrointestinal. La productividad del polen en Colombia es hasta cinco veces superior a la de paises
tradicionalmente reconocidos por su comercializacién, convirtiéndose en una oportunidad de negocio
valiosa. Objetivos: Describir la estructura quimica y los componentes nutricionales y funcionales mds
importantes del polen. Ademas, comprender la disponibilidad de los compuestos y algunos antecedentes
reportados para la apertura del polen, tanto natural como artificialmente. Métodos: La basqueda biblio-
grafica comprendié el uso de diferentes términos, solos o combinados mediante el empleo de operadores
16gicos; algunos fueron: polen, pan de abejas, compuestos bioactivos y nutricionales, biodisponibilidad,
estructura del polen, exina, fertilizacién. Los campos de btisqueda fueron seleccionados en las siguientes
bases de datos: Directory of Open Access Journals, Emerald, Pubmed, Redalyc, Scientific Electronic Library Online,
Science Direct, Springer Journal, Taylor & Francis, Wiley Online Library. La bibliografia seleccionada princi-
palmente, fue aquella encontrada entre 2008 y 2014 en espaiiol e inglés. Resultados: La composicién
nutricional y funcional del polen es ampliamente reportada; sin embargo, son escasos los trabajos sobre
procesos de transformacién para mejorar la disponibilidad de los compuestos presentes. Se destaca el
proceso natural de fermentacién ocurrido al interior de la colmena para la obtencién del producto cono-
cido como “pan de abejas”, ya que se podria desarrollar una emulacién de esta transformacién de manera
controlada para una produccién a escala; a pesar de esto, todavia se requiere de una mayor investigacién
en los aspectos biotecnolégicos involucrados. Conclusiones: Desde el punto de vista fisicoquimico, se
han hecho esfuerzos para caracterizar el polen; sin embargo, no hay avances significativos en el desarrollo
de procesos de transformacién. Las futuras tendencias deben estar encaminadas a desarrollar procesos
ingenieriles, emulando fenémenos ocurridos en la naturaleza en donde se logren modificaciones estruc-
turales de la capa externa del polen.

Palabras clave: Apis mellifera, calidad de alimentos, procesos bioquimicos, nutricién, composicién
de alimentos.

INTRODUCTION

Pollen is the male gametophyte of flowers used
as a mean for the reproduction of plants. Different
insects, including bees, take advantage of pollen as
a source of protein, fat, vitamins and minerals (1).
When bees visit flowers, they cover their bodies
with pollen dust and form pellets with their saliva;
they then attach the pellets to the corbiculae of
their hinder legs to carry them to the hive and thus
provide nutrients to their offspring (2). Although
there are over 500 species of bees (3), the term “bee-
pollen” is usually used for the product collected by
species Apis mellifera L. Beekeepers have designed
traps set in the hives to collect the excess of bee-
pollen, and then, to undergo it to basic processes of
suitability, especially those of drying and removal of
impurities, before being oftered on the market (4).

In recent years, the recognition of bioactive and
nutritional value of bee-pollen has promoted its in-
cursion as food for humans (5-14). However, regard-
less of the characteristics of this food, there are reports

that show a reduced availability of nutrients and
bioactive compounds once the bee-pollen is ingested.
This is mainly due to the strong chemical structure
that covers the outer layer of the grain (4,5), which
suggests that the bee-pollen for human consumption
must undergo transformation processes; one, as a
strategy to increase its shelf life, and two, to improve
the nutritional and functional quality indicators.

In Colombia, reports about physical-chemical and
palynological analyses as well as traceable systems for
bee-pollen collection, have been described in specia-
lized literature (15-18). In this country, beekeepers
have recognized the geographical advantages of the
region known as the Cundiboyacense Highland,
where about 90% of the bee-pollen domestic pro-
duction is concentrated (19). This area presents yields
per hive of near 40 kg of product / year, compared
to other countries that dominate most of the market
such as Spain, Portugal, China, Brazil or Argentina,
which do not reach 15 kg/ hive / year (4, 19-20). The
geographical localization of the Cundiboyacense
Highland is shown in Figure 1.
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Location Latitude (N) | Longitude (W)
North-West | 5°55°45.29”" | 72°59°02.26”’
North-East | 5°46°45.55”" | 73°42°48.08”’
South-West | 4°28°06.53”" | 74°05°16.96”°
South-East | 4°52°16.47" | 74°24°12.10”

Figure 1. Localization of the colombian Cundiboyacense Highland (area shaded in gray). Source of coordinates: (21)

Even though there are plenty of studies that focus
on the research of the characterization of physical-
chemical properties of bee-pollen, there are actually
few reports on potential treatments to suit it as a food
with enhanced nutritional and bioactive value for
humans. Consequently, the need to strengthen the
beekeeping productive chain, particularly in aspects
related to innovation and new product development,
is clear (19). The objective of this review is both to
contribute to the systematization of information
related to both the bee-pollen structure and world-
wide reports of chemical and physical composition.
The availability of nutrients and the backgrounds for
bee-pollen grain rupture is also discussed. Finally,
some further stages which require the pollen for
alimentary purposes in humans are suggested.

METHODS

Bibliographic information was collected by
revising investigations related to bee-pollen com-
position, structure and transformation processes.
Available bibliographic tools at Universidad Na-
cional de Colombia were employed; these were:
Directory of Open Access Journals, Emerald, Pubmed,
Redalyc, Scientific Electronic Library Online, Science
Direct, Springer Journal, Taylor & Francis, Wiley Online
Library. Research was made in both English and
Spanish. Different terms, alone or combined by

using logical operators, were used such as: pollen,
bee bread, bioactive and nutritional compounds,
bioavailability, pollen structure, exine, fertilization,
pollen transformation.

Selected search fields were the title or abstract of
the publication. The specialized literature selected
was that found mainly between 2008 and 2014. In
addition, the bibliographic administrator employed
was Mendeley Desktop ver. 1.11. The criteria for the
inclusion of articles were based on the contribution
of investigations in the topics for which this article
has been structured: pollen structure, nutritional
and bioactive potential of bee-pollen, availability
of nutrients and bioactive compounds in bee pollen
and backgrounds for exine rupture. On the other
hand, exclusion criteria were based on those articles
which had topics beyond those mentioned in the
objective of this work, such as: antimicrobial or
medicinal activity of bee-pollen, and phenotypic
or genotypic characterization of bacteria isolated
from bee-pollen.

RESULTS

More than 3500 articles related to the search
criteria were identified; however, only 60 records
were selected and referenced in this review. In fi-
gure 2, the search process and the results obtained
in the investigation are illustrated.
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The terms pollen, bee bread, bioactive and nutritional compounds,
bioavailability, pollen structure, exine, fertilization, pollen transformation,
were employed for information search.

|

3560 accumulated results from 2008 to 2014 of all databases used for
information search

|

Considered aspects:
1. Pollen structure

2. Nutritional and bioactive potential of bee pollen
3. Availability of nutrients and bioactive compounds in bee pollen
4. Backgrounds for exine rupture

!

60 records included in review

Figure 2. Search flowchart

Pollen structure

Pollen is a powder of variable appearance, from
fine to coarse, composed by a multitude of mi-
croscopic particles (6-200 um in diameter) with
variable shape, usually spherical or oval. The pollen
cell walls consist of a series of stratified concentric
layers. The outer wall is known as exine and is
very flexible, elastic, strong and firm; it is made of
sporopollenin, a compound that provides chemical
resistance to pollen and preserves the compounds
which are within it (Figure 3) (22). The exine is
mainly composed of sporopollenin and other com-
ponents unknown up to date (23).

Colombia

Figure 3. Structure of the pollen cell. Outer part: (A)
exine.Inner part (depicted in imaginary white lines):
(B) intine; (C) endoplasmic reticulum; (D) aperture;
(E) vegetative nucleus; (F) nucleus of the generative cell

In addition, the inner layer is called intine, which
consists of cellulose, and is structurally similar to
the cell wall of a plant (24). From reports based on
specialized literature, it is known that the exine is
rich in antioxidant compounds, while the intine
has the rest of the nutritional and bioactive com-
pounds (25).

The chemical analysis of sporopollenin has been
limited due to the difficulty of obtaining large
quantities of exine without affecting or modifying
the structure of this molecule (24). Atkin et al.
recently found that this molecule has an empirical
formula C, H,,,O,, (22).

Nowadays, it is suggested that the sporopollenin
consists of a series of biopolymers, homologous to
the compounds cutin, suberin and lignin. Cutin
is the structural component of the plant cuticles, a
layer that covers the outer surface of cells, synthe-
sized from oxygenated fatty acids (C,,and C ), and
derived mainly from the oleic acid, together with a
small amount of phenolic acids such as p-coumaric
and ferulic acid (26).

The suberin protects the inner parts of the plant
such as roots and tubers, and it is also found in the
coating of seeds of certain plants (27). It is a mixed
polymer of long-chain fatty acids (C,-C,;) and
a moderate content of phenylpropanoids such as
p-coumaric and ferulic acid, and compounds such
as tyramine, andsome monolignols. Lignin, on
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the other hand, is composed entirely of phenolic
compounds known as monolignols (27).

Nutritional and bioactive potential of bee
pollen

Bee-pollen has been used for centuries in the
human diet and traditional medicine due to its
nutritional and physiological properties (5, 8-9).
Difterent studies have shown that, besides protein
richness, the bee-pollen is a good source of carbo-
hydrates, dietary fiber, fatty acids and antioxidant
components, making it a productwith functional
properties based on the health effects caused by its
periodic consumption (2).

With respect to Colombian bee-pollen from the
Cundiboyacense Highland, several reports have
described its physicochemical composition (15, 28-
30). As for the botanical species, there is a tendency
to a greater presence of dandelion (Hypochaeris ra-
dicata) and red clover (Trifolium pratense) pollen (31).

Table 1 shows the average composition of Colom-
bian bee pollen of the Cundiboyacense Highland (15),
the reported composition ranges in specialized litera-
ture and the values suggested by the standard regula-
tions described by Campos et al. which set the ranges
of the nutritional conditions to be met by bee-pollen
(2). This literature also reports other components of
interest to the bee-pollen, although they are not part
of the normativity, such as minerals and vitamins.
Potassium (5,600 to 5,800 mg/ kg), magnesium (1,000
- 1,200 mg/ kg) and calcium (1,400 to 1,700 mg/ kg)
are the predominant elements (12, 32). Moreover,
the vitamins make an important contribution to the
bee pollen, being the most significant the B-carotene
(10-200 mg/ kg) and vitamin C (70 - 560 mg/ kg),
followed by niacin (40-110 mg / kg ), thiamine
(6-13mg/kg), folicacid (3-10mg/kg) and biotin (0.5 to
0.7 mg/ kg) (2, 14, 32).
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Among the biologically active substances
that have been reported in bee-pollen, phenolic
compounds, flavonoids and anthocyanins are
tound (10, 12-13). Flavonoids are secondary
components important in bee-pollen. They are
found as glycosides, called aglycones, respon-
sible for the color of the grain (yellow, brown,
red, purple, etc.) and its characteristic bitter
taste (4). This aspect receives special attention
in the field of functional foods, since some
studies have shown some therapeutic benefits
of the anti-radical activity, the inhibition of
lipid peroxidation and the cellular and humoral
response suppression (6-7, 38).

On the other hand, different regulations
have defined minimum limits according to the
Recommended Daily Intake (RDI) for each
nutrient and bioactive compound that should
be present in the portion of a food matrix in
order to be labeled as a potentially significant
source of such substance (39-42). Based on
national and international standards, Table 2
lists the nutritional and bioactive components of
bee-pollen, according to its contribution to the
RDI. Calculations were performed on a portion
of bee-pollen of 15 g/ day as suggested by some
authors (2,32); nevertheless, other researchers
advise the possibility of increasing the portion
up to 40 g/ day (4, 43), which would increase
the contribution of bee-pollen to the RDI of
the compounds described.

Table 1. Interval of composition of bee pollen from diverse origins and suggestion for standard regulations

Content Min-
Max Average content Colom- Suggestion for standard
Component bian bee-pollen regulation according References
g/iggighdtry g/100 g dry weight to (2)
Proteins 10-40 23.8 No less than 15g/100g (2,4, 15, 29, 33-36)
Lipids 1-13 6.86 No less than 1.5¢/100g | (2.4, 15, 29, 33-36)
Total carbohydrates 13-55 39.8 No less than 40g/100g (2,4, 15, 29, 33-36)
Total dietary fiber - 14.5 - (34,37)
Ash 2-6 2.47 No more than 6g/100g (2,4, 15, 29, 33-36)
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Recommended . . .
MV Daily Intake Quantlty contained Contribution of bee- Reference
in 15 g of bee pollen pollen to the RDI
(RDI)
More than 28%
0, -

At l.cast 12% of the ener (13 keal protein/ @)

Protein getical value 50 g/da Between 1,5 and 6
ro Y ’ & 45 kcal bee-pollen, approx.)
0, -

At least 20% of the nu Between 20% and 27% (40)

tritional composition
B-carotene 0.9 mg/day Between 0.15 and 3 mg Between 17% and 333%
Vitamin E 13 mg/day Between 0.65 and 4.80 mg | Between 5% and 37%
Vitamin B1 1.1 mg/day Between 0.09 and 0.20 mg | Between 8% and 18%
Vitamin B2 At least 15% of the RDI 1.3 mg/day Between 0.09 and 0.30 mg | Between 7% and 23% (5;‘33_94’44;1’
Folic acid 0.4 mg/day Between 0.04 and 0.15 mg | Between 11% and 38%
Biotin 0.045 mg/day | Between 0.008 and 0.010 mg | Between 17% and 23%
Zinc 8.5 mg/day Between 0.43 and 3.74 mg | Between 5% and 44%

6 g Fiber / 14.5 g Fiber /
Fiber 20 - 35 g/day 2,18¢g (42)

100 g Food 100g bee-pollen

MV = minimum value for a food to be considered a rich source of this nutrient or bioactive compound

Availability of nutrients and bioactive com-
pounds in bee-pollen

Despite the large content of nutrients and bio-
active compounds that are found in bee-pollen, the
quality, in terms of nutrition, depends mainly on
the digestibility (parameter used to measure the
nutritional value of a food) and bioavailability (part
of the nutrient that the body digests, absorbs and
uses in physiological functions), which appears to
be closely related to some morphological characte-
ristics of grains, such as porosity and thickness of
the outer wall (4, 45).

Previous investigations suggest that the availabi-
lity of usable components of bee-pollen by humans,
including nutritional and bioactive compounds is
limited and, therefore, so is its use as food (45).
In the past years, there have been some doubts on
the ability of the human digestive system to break
the outer layer overlying the pollen and to absorb
nutrients and bioactive substances that are inside
it. For instance, different simulations in vitro of
human digestion suggest that the bee-pollen is
partially digested -between 48% and 59%- (5), and
anthropological studies found coprolites (dried hu-
man excretions) with intact pollens of the periods
between 1400 - 200 BC, which has been used by
some researchers as evidence of the strength of the
outer wall of pollen, even to gastric acid (46).

This reflects the need to find alternatives for
transforming bee-pollen for an integral use of this
product. Despite the absence of conclusive data, the
common view of different researchers is that bee-
pollen is insufficiently digested and a breaking of
this outer wall would improve the digestibility and
bioavailability (5, 46).

Backgrounds for exine rupture

The backgrounds to describe the different
processes known, in which the exine aperture is
achieved, can be divided into two categories. The
first one corresponds to those transformations in
the structure of pollen occurring in nature; the
second one refers to the developments made by
humans in order to achieve the same goal, mainly
through biotechnological processes.

Aperture processes of exine occurring in
nature

There are two phenomena recognized for achie-
ving the aperture of the exine. The first one is the
natural process of plant fertilization, in which the
pollen-flower interaction favors the passage of gene-
tic information for the reproduction of plants. The
other one is related to the process occurred in hives
where the bees, with the help of digestive enzymes
and microorganisms, put the pollen in cells where a
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fermentation process that structurally modifies the
exine and facilitates the aperture, occurs.

Plant fertilization

It is important to note that the main purpose of
pollen is to ensure that genetic information arrives
in the best condition to another plant of the same
species, in order to continue with its reproductive
and evolutive cycle. Possibly, the rigidity of the
exine is useful to protect DNA in the pollen grain
regardless of environmental conditions.

Both the pollen and the recipient flower, have
a mechanism that facilitates the exine aperture
favoring fertilization (47). This process starts in
the stigma, which traps and discriminates pollen
grains related and unrelated to the plant (48). Little
is known about the pollen-stigma interaction (49),
but some reports agree that in the pollen aperture
process, a complex mixture of saturated and unsatu-
rated long chain triacylglycerols and carbohydrate-
rich aqueous solutions is involved (47-48). During
the process, some enzymes such as peroxidases,
polygalacturonases, glucanases and esterases show
maximum peaks of activity. Although the enzyme
function isunknown, it is suggested that they are
useful for pollen recognition and to facilitate the
aperture process (50).

Unfortunately, the research done so far only
clarifies some aspects of this phenomenon, but the
understanding of what happens at a biological level
may be useful to be applied in the development of
a technological transformation process. The reports
exposed showthe importance of enzymes in the
weakening and opening of the pollen exine layer,
but it is still necessary to prove which of the reported
enzymes exerts an appreciable effect on the grain.

Biological transformation process of pollen
in the hive

It is known that in the hives bees rarely consume
pollen directly, but they do it after it has been stored
in cells in order to put it through to a biochemical
transformation process and convert it into a product
known as “bee-bread”; this increases the availability
of nutrients and bioactive components (51). Despite
the improved nutritional and functional value of bee
bread with respect to pollen, this product is still very
rare and expensive —up to 208 USD / kg (Source:
Apiarios Sao Braz, Lages SC, Brazil)- due to the
inherent difficulty of extraction that obligates the
beekeeper to partially destroy the hive.
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Del Risco, based on his research, mentions
that the process of obtaining bee-bread occurs in
a progression of appearance/disappearance of colo-
nizing microorganisms according to the conditions
of both the cell of the hive and the substrate. This
fermentation process would occur in three different
stages: initially, the bee deposits the pollen grain in
one of the cells used for this purpose inside the hive,
where salivary secretions and some honey are also
added. Honey works as a source of carbohydrates
for the initial growth of microorganisms, as well
as a seal for generating anaerobic conditions within
the cell (52).

At this point, it is clear that the microbiome is
abundant and diverse, not only because of the mi-
croorganisms naturally present in the bee-pollen,
but because of those who live in the digestive tract
of the bee. Several studies show that different
species of the bacteria Pseudomona sp. and yeast
Torulopsis sp. are the colonizers in the first stage
(51). These microorganisms induce fermentation
under aerobic conditions, and it is estimated that
the main results include a decrease in the pH of the
medium, with a consequent increase in the acidity,
the production of vitamins of the B complex by
yeasts, and the depletion of oxygen remaining in
the cell (52). Similarly, various investigations have
attributed to bacteria of the genus Pseudomona sp. a
high enzyme activity and, particularly, a production
of the enzyme cutinase, which degrades cutin, one
of the structural components of the exine (53).

The oxygen depletion and the decline in pH
cause a decrease in the population of Pseudomona sp.,
a situation that is exploited by different species of
Bacillus and Streptococcus, which are the colonizers of
the substrate in the second stage of fermentation; at
this point, the process is carried out under anaerobic
conditions (52). These microorganisms apparently
have the ability to pre-digest the pollen as well as
to inhibit the growth of other microorganisms that
can affect the health of the hive (52). Some authors
also believe that the enzymes produced (pectinases,
cellulases, amylases, proteases, B-glucanases and
isomerases) have some effect on the breaking of
exine under anaerobic fermentation (4, 54), but it
is still unknown if these enzymes are an influential
factor for obtaining bee bread inside the hive.

The third stage begins with a decrease in the po-
pulation of Bacillus and Streptococcus, and the coloni-
zation of the substrate from various types of Lactic
Acid Bacteria (LAB). These bacteria produce lactic
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disappearance of the LAB and yeasts that remained
in the bee bread (52). Table 3 presents some of the
microorganisms isolated from bee bread.

Table 3. Main microorganisms found during the process of transformation of bee pollen into bee bread (55).

Bacilli Lactobacilli Yeasts
B. subtilis L. kunkeii Candida parapsilosis Torulopsis globosa
B. megaterium L. jensenii Candida reukaufii Torulopsis incospicua

B. licheniformis L. fructosus

Candida tenuis

Torulopsis magnoliae

B. circulans L. lantarum

Torulopsis candida

Torulopsis sake

B. pumilus

Torulopsis etchellsii

Torulopsis stellata

Torulopsis famata

Biotechnological processes for the aperture of
exine of pollen based on natural phenomena

Regarding pollen transformation processes,
specialized literature is still very scarce. Most
studies related to the breaking or weakening of
the exine of pollen have been made mainly as a
botanical research approach (56-57), rather than
as a technological tool to make more available the
nutrients and bioactive compounds for its use as a
dietary supplement.

Some studies have been conducted to use the
exine in food and pharmaceutical industries as a
carrier of different substances; however, the em-
ployed techniques promote the destruction of all
nutrients (26). Xu et al. managed to break the exine
using supercritical CO, at 45 MPa for 10 minutes,
but only with the aim of obtaining an extract rich
in unsaturated fatty acids (58 g/100 g of fatty acids),
mainly linoleic acid (C18:2) (12.9 g/100 g of fatty
acids) and linolenic acid (C18:3) (38.6 g/100 g of
fatty acids) (58).

The most notable advances have been achieved
by simulating the process that occurs in the hive for
bee bread making at laboratory scale. Del Risco and
Fuenmayor represented the anaerobic fermentation
of bee-pollen carried out by acid lactic microor-

ganisms to produce bee bread (33,52). Del Risco
ensures that in the presence of heat and humidity,
the bee pollen loses the exine layer and starts lactic
acid fermentation (52).

Fuenmayor evaluated different bioprocesses
aiming at improving nutritional indicators of bee-
pollen as a contribution to the development of a
protein nutritional supplement. This investigation
showed that it is possible to induce lactic acid
fermentation in solid phase in a matrix composed
primarily of bee pollen, using an inoculum of
Lactobacillus acidophilus, but it is also highlighted
that further studies are needed to describe the
phenomenon of rupture of the outer layer of pollen,
which would allow a better understanding of the
phenomenon (33). Del Risco ef al. mentioned that
from pollen silage with lactic acid bacteria native
from bee bread (L. plantarum, L. coryniformis and L.
delbrueckii), it is feasible to obtain an acid product
with an acceptable microbiological quality (51). In
comparison with pollen, bee-bread has an average
of 3% of lactic acid, a greater content of vitamin K
(6500 mg/kg and 7400 mg/kg in bee-pollen and
bee-bread, respectively) and higher values of leu-
cine, threonine and valine aminoacids as shown in

table 4 (52, 59-60).

Table 4. Aminoacid composition in bee-pollen and bee-bread (60).

Aminoacid Average content in bee-pollen pg/g Average content in bee-bread ug/g
Leucine 70 110

Threonine 35 50
Valine 40 50
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It can be observed that bee pollen transformation
techniques established are still not enough, and
therefore, it is of great importance to assess diffe-
rent processes that generate a solution to the issues
mentioned, factors that have not been evaluated
yet despite the potential of this product. It would
be interesting to emulate the fermentation process
for the scaled production of bee-bread, through the
development of a transformation process, with the
goal of improving the nutritional and functional
indicators. However, this emulation is only possi-
ble if certain conditions of the process are figured
out and the roles of enzymes and microorganisms
involved in the transformation of the pollen are
completely known.

In this review, a general panorama on composi-
tion and transformation alternatives of bee-pollen is
given, with the objective of focusing future research
in these areas. Nevertheless, the wide varieties in
pollen species, the recognized link of pollen to
geographical origin and the lack of knowledge in
some aspects commented in this article, restrict
the generalization of the results. Additionally, due
to space limitations, to provide a broader picture in
topics, such advances in the extraction of bioactive
compounds or the inclusion of bee-pollen directly
in several food matrixes is a future task.

CONCLUSION

While it is true that there are several investi-
gations for the physicochemical characterization
of bee pollen, the availability of the compounds
present in such product, once it is consumed by
humans, is still unknown. Additionally, the current
information is not enough to generate guidelines
that serve to define a transformation process of
bee-pollen that promotes the availability of nu-
trients and bioactive compounds. Future research
for transformation should focus on the application
of treatments of various kinds for breaking the
exine and, in turn, assessing whether this process
improves their nutritional and functional indicators,
measured in vitro and in vivo. It would be interesting
to emulate the fermentation of bee-pollen that
occurs in the hive for the scaled production of bee
bread, through the development of a process of
transformation. The colombian beekeeping chain
currently sells products directly, with no kind of
transformation processes; thus, there is neither
innovation in the market nor guidelines for the
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creation of value. The recognition of beckeeping
as a productive chain, by the Ministry of Agricul-
ture and Rural Development of Colombia in 2012,
commits this sector to improve its technological
development indicators and create new products
useful for market diversification.
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