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a  b  s  t  r  a  c  t

Since  ancient  times  bee  pollen  has  been  considered  a good  source  of  bioactive  substances  and  energy.
Taking  into  account  the  current  demand  for healthy  and  natural  foods,  it is  not  surprising  that  bee  pollen
has  been  attracting  commercial  interest  in recent  years,  making  it one  of  the  most  widely  consumed
food  supplements.  It has  been  extensively  reported  that  bee  pollen  contains  several  health-promoting
compounds,  such  as proteins,  amino  acids,  lipids,  phenolic  compounds,  vitamins  or  minerals.  Thus,  this
study  aims  to  give  an  overview  of the extraction  and  determination  techniques  of several  of  the  above-
mentioned  compounds  which  have  been  published  in the last few years  (2011-2017).  The design  of  the
study  is in  accordance  with  the different  families  of bioactive  compounds,  and  the  extraction  procedures
together  with  the  analytical  techniques  employed  and  their  determination  are  discussed.  A list  of  some
of the  most  relevant  applications  is provided  for each  category,  including  a brief  summary  of the  exper-
imental  conditions.  The  references  included  will  provide  the  reader  with  a comprehensive  overview  of
and  insight  into  the  analysis  of  bioactive  compounds  from  bee pollen.
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1. Introduction

Apicultural products have long been used in phytotherapy as
well as in diet for their positive health consequences. Nowadays,
bee products (honey, royal jelly, propolis, bees wax  or bee pollen)
are gaining prominence due to the presence of bioactive com-
pounds that are associated with beneficial properties to health
[1,2]. Bee pollen in particular is gaining attention as functional food
for human consumption due to its high content of compounds with
health-promoting effects, such as essential amino acids, antioxi-
dants, vitamins and lipids [3]. It is collected by foraging honey bees
(Apis sp. including Apis mellifera) and stingless bees, and is a combi-
nation of mainly floral pollen with some nectar or honey, enzymes,
wax and bee secretion. The pollen mixture is transported as a small
pellet in the pollen basket of the beeı́s legs to the bee hive, where it is
stored and used as food for all the developmental stages in the hive
[4,5]. From the moment in which the bees add their secretions to
this pollen, it acquires certain peculiar characteristics which make
it different from pollen collected by hand or that which is dispersed
by wind [6]. Bee pollen contains several nutrients and bioactive
compounds: proteins, which are among the main components of
bee pollen, include enzymes and both essential and nonessential
amino acids. In fact, bee pollen is referred to as the “only perfectly
complete food”, as it contains all the essential amino acids needed
for the human organism [5]. A large number of carbohydrates are
also found in this substance, for instance, reducing sugars, polysac-
charides, starch, and soluble and non-soluble fibers. In addition,
lipids, such as fatty acids, sterols, and triglycerides, minority com-
pounds, for example, minerals and vitamins (water and fat soluble),
and several other bioactive compounds, like the phenolic type, are
present [7,8]. However, the composition of bee pollen is particu-
larly dependent on plant origin, together with other factors such
as climatic conditions, soil type, beekeeper activities, and the dif-
ferent processes or storage treatments in commercial production
[5,9]. It is worth mentioning that the bioactive quality of bee pollen
declines over time, and that conditioning carried out on fresh pollen

Fig. 1. Evolution of the published works in the last years (2011–2017) related to
extraction and determination of bioactive compounds from bee pollen (data up to
May  2017). The sources of information were the databases: ISI-Web of Knowledge,
Scirus, Scopus and Science Direct. The search has been done using as keywords
[(bee pollen) or (honey bee collected pollen)] and [(bioactive) or (lipids) or (vita-
mins) or (proteins) or (phenolic) or (essential elements) or (sugars) or (amino acids)
or  (carbohydrates) or (peptides) (extraction) or (isolation) or (quantification) or
(separation) or (determination) or (analysis) or (chromatography)] among several
others.

before storage is influential in its nutritional and functional value
[3]. Since bee pollen displays a high level of moisture in its compo-
sition, a dehydration process (artificial drying) is necessary to avoid
rapid fermentation and spoilage, which is crucial in order to extend
the shelf life time [10].

Over the past years, the rising interest in the extraction and
determination of these beneficial bee pollen compounds has been
demonstrated by the number of published research papers deal-
ing with this issue (See Fig. 1), and the large list of countries in
which such studies were carried out (See Fig. 2). As can be observed
in Fig. 3, several of these compounds have been examined in this
matrix during this period of time, most of the studies being devoted
to the analysis of proteins, peptides and amino acids (31% of the

Fig. 2. Summary of the number of publications per country related to the analysis of bioactive compounds from bee pollen.
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