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BEE POLLEN: CHEMICAL COMPOSITION AND POTENTIAL BENE FICIAL
EFFECTS ON HEALTH

Running title:Bioactive Components of Bee Pollen

Abstract

Since long ago, bee pollen has gained reputaticemamportant source of energy
and beneficial substances from the nutritional badlth points of view. However, in
the recent years this natural product has gainechrmierest, either from the scientific
community, increasing the number of works aboubitfrom the general population,
that buy it as natural functional food. This reviewends on one hand to focus on the
chemical composition of the bee pollen, since itthe chemical components that
provide it with beneficial properties. On the oth&and, it also addresses the health
effects of this product, by referring the differestudies that have been done and
published about this theme. From the informatiamfbon the literature it was possible
to depict some of the most investigated effectseaf pollen, such as antimicrobial, anti-

inflammatory, antioxidant and antimutagenic actdat

Keywords: Bee pollen Apis meliffera phenolic compounds, fatty acids, antimicrobial,

anti-inflammatory, antioxidant.

1. INTRODUCTION

Bee pollen derives from the joining of flower polte with nectar and salivary
substances of the honeybegpié melliferg [1]. In their collecting excursions the bees
gather pollen grains from the flowers into pollapsules on their back legs by means

of numerous filaments [2]..



Bee pollen is used in the hive to feed the beedlitheir stages of development. In
particular, the particles of pollen constitute thest significant source of proteins to
guarantee the survival of the bees [2].

Inside the hive, the pollen is stored separataynfthe nectar cells. The collection
of this natural product is based in scraping potiéfrof the bees’ legs as they enter the
hive [3]. A trap is installed in front of the entty the hive, and when the worker-bees
come home they let their pollen pellets fall in ttiap, being then reserved in a
container [1].

Bee pollen constitutes one of nature's most com@etl nutritious foods because it
gathers almost all nutrients necessary for humiaes.pollen is a complete sustenance
and contains many components not found in foods faaimal origin, being also richer
in proteins. For example, for equal amounts, bdkepas richer in amino acids when
compared to beef, eggs, or cheese. Furthermorenautalf of the proteins are present
as free amino acids, and these are available fectduse by the body. One single
teaspoon of pollen corresponds to the mount gadheyeone bee working during eight
hours per day for one month, and it contains mbean t2.5 billion grains of flower
pollen. The bee pollen has been called “life-givohgst” and has been used in folk
medicine due to its wide range of therapeutic priigge According to Medeiros et al.
[4], bee pollen is used in folk medicine to alldgi@olds, ulcers, anaemia and allergies.
Other health effects include skin problems (drynskiabies’ diaper rash or eczema),
infertility, asthma, addiction in general and alolddm in particular or problems of the
stomach. Some herbalists acclaim that bee polléareres athletic performance and
also minimizes adverse effects of chemotherapythEtmnore, bee pollen plays an
important role on a diet aimed at controlling anabsgizing weight because it could
correct a likely chemical imbalance in body metadmlwhich may be associated with
unusual gain or loss of weight.

It is important to mention that the German Fed&wadrd of Health has officially
recognized bee pollen as a medicine [5].

Bee pollen consumption has some tradition among riae and Indian cultures,
but not in Europe. However this reality is changsagd more and more interest is
demonstrated by European consumers. Bee pollerain ¢ available at many health
food stores and it can also be found in other aatlietary supplements.

2. CHEMICAL COMPOSITION OF BEE POLLEN



The pollens collected by the bees are rich in pmetefree amino acids,
carbohydrates, lipids, vitamins (including B-comypbnd folic acid) and minerals. Bee
pollen is said to be the “only perfectly completed”, because it comprises all the
essential amino acids that the human body nectEssit®esides, it also contains
bioactive compounds, which, even if present in sopahntities, play an important role
on human health. For example, bee pollen contaanstenoids, phenolic compounds
and in particular flavonoids, which are productatthesults from the metabolism of
plants and which possess numerous phenolic comgowr that have antioxidant
activity [3,4].

However, many factors can contribute for the contmws of bee pollen, such as
the plant source, the climate and weather condititime characteristics of the soil, as
well as the actions of the beekeeper [6,7].

The major components of bee pollen are carbohysl(asaging between 13% and
55%), crude fibres (0.3% to 20%), proteins (10%4®8%6) and lipids (1% to 10%) [1].
The data about the general composition of bee poléed to be enough for the majority
of purposes, however, presently the utility of sfieclata on the composition of bee
pollen is progressively being acknowledged [8].tlis way, many recent studies
focused on specific pollens and studied also tleadtive compounds apart from the
basic chemical constituents.

According to Villanueva et al. [9] bee pollen is gifeat importance, providing a
good complement of the diet due to the its richnegzroteins, and particularly in fats
and carbohydrates.

Table 1 summarizes some studies found in literatab®ut the chemical
composition of bee pollen, which will be analysedmore detail along the present

chapter.



Table 1. Studies about the chemical compositidmeef pollen.

General

chemical

compositiol

Sugars

Proteins and
amino acids

Fatty acids

Phenolic

compounds

Vitamins

Others

Almeida-Muradian et al. [2

Arruda et al. [10]

Arruda et al.[11]

Avni et al. [12]

Ceksteryt et al. [13]

Coronel et al. [14]

Di Paola-Naranjo et al. [15

Fanali et al. [16]

Feas et al. [3]

Human and Nicolson [17]

LeBlanc et al. [18]

Marchini et al. [19]

Morais et al. [7]

Pascoal et al. [1]

Qian et al. [20]

Sart et al. [21]

Silva et al. [22]

Szczsna[23]

Szczsna[24]

Vit and Santiago [25]

Xue et al. [26]




2.1. General chemical composition

Feas et al. [3] studied twenty two samples of oigaee pollen harvested in the
Douro International Natural Park (Portugal). Thenpkes evaluated included nine
botanical families: Cistaceag Boraginaceag Rosaceae Fagaceae Asteraceag
FabaceageEricaceae MimosaceaeandMyrtaceae The average values of the physico-
chemical and nutritional properties including atstergy were: 67.7% carbohydrates,
21.8% crude protein, 5.2% crude fat, 2.9% ash @dd3kcal/100 g.

Marchini et al. [19] determined the physico-cherhammposition of pollen samples
collected in State of S&o Paulo, Brazil, from 5Shyees of AfricanizedApis mellifera
Their results showed that the pollens had, on aegrdl.5% proteins; 2.8% ashes;
23.6% moisture; 76.3% of dry residue; 3.5% lipi2l8;4% of total sugars; 20.7 mEq/kg
of titrate acidity and pH = 5.1.

The bromatological characterization of bee pollemmf Argentina was made by
Coronel et al. [14]. The moisture content rangenfi3.23 and 9.23%; the fat content
varied from 1.76 to 6.76%; the proteins varied frdih26 to 30.86%; the crude fibre
varied from 0.1 to 2.46%; the ashes varied fron6 @®6.70%; the sugars constituted
the major portion with values going up to 60%.

Vit and Santiago [25] evaluated the chemical contjmwsof bee pollen in the fresh
state collected from the Misinta paramo situatethenVenezuelan Andes. Their results
showed that yellow pollen was the most frequerttioa, with 2.18% ash, 5.37% ether
extract, 14.88% moisture and 37.32% proteins.

Almeida-Muradian et al. [2] studied the chemicaimpmsition of ten different
pollens from south Brazil that included 17 botahisaecies, but the most significant
were Arecaceag Asteraceaeand Myrtaceae On average the moisture content was
7.4%, the protein was 20% dry basis, lipids 6% 21286 ash.

Human and Nicolson [17] evaluated the nutritionahtent of fresh, bee-collected
and stored South African pollen from a single spediloe greathead)i Their work
revealed that the three types of pollen studiecewenificantly different, and that when
the bees gathered and stored them, the moistureabdhydrates contents increased

while crude protein and lipids contents diminished.

2.2. Sugars



The analysis of sugars in five samples of bee pdhem different countries (Israel,
China, Romania, and Spain:2) was assessed by Qiah 0] by means of high-
performance thin layer chromatography (HPTLC), kpginformance ligand exchange
chromatography with pulsed amperometric detectibiifLEC-PAD) and HPLEC
coupled to liquid chromatography—electrospray iatie mass spectrometry (LC—ESI-
MS). The main sugars in the pollen samples wereogle, fructose and sucrose, and in
smaller amounts a trisaccharide was also detettezlamounts of glucose varied from
8.2% to 13.1%, fructose from 15.9% to 19.9% andasecfrom 14.8% to 18.4%.

2.3. Proteins and amino acids

Szczsna[23] studied the composition in proteins and amino aadsinifloral
pollens collected by honey bees from sixteen botniorigins QOnagraceage
Caryophyllaceag Artemisia Agrimonia Rheum Cornus Fragaria, Syringa
Ranunculus Majorana type, Brassica Sinapis alba, Sinapis arvensjsCampanula
patula Chelidonium maiusPolygonum bistojt Their results showed that although the
content of amino acids and proteins was dependerthe floral origin, contrarily the
concentration of essential amino acids was faitdple and hence not varying according
to the botanical origin of the pollen. Furthermaitee proteins include the twenty-two
basic amino acids, and are suitable for human copsan.

Human and Nicolson [17] reported that in pollen pka®s from South Africa at least
18 amino acids were present in the pollen, inclgdhre 10 essential amino acids, and
that the ratios of essential to non-essential amtids were not significantly different

between the three types of pollen studied.

2.4. Fatty acids

According to Human and Nicolson [17] who studieesfr, bee-collected and stored
South African pollens, 17 fatty acids were foundtba bee collected and bee stored
pollens while the fresh pollen had 13. The threevailing fatty acids present in the
fresh pollen were palmitic (24%), stearic (17%) avidic (23%) acids. In the bee
collected and bee stored pollens the main fattgsagiere galoleic (42% and 24%,
respectively), palmitic (14% and 22%, respectiveay)d oleic acids (12% and 13%,
respectively).

Feas et al. [3] studied twenty two samples of oigaee pollen harvested in the

Douro International Natural Park (Portugal). Adhe fatty acid profiles, the main fatty



acid found was linolenic acid (41.52%), followed kgoleic (18.96%), palmitic
(13.73%) and oleic (11.88%) acids.

Avni et al. [12] studied the nutritional aspectshafneybee-collected pollen from
seven locations in Israel over an year, in termsotdl protein, total fatty acids, and
fatty acid composition. The overall mean pollenteio content was 39.8% and total
fatty acids content was 3.8%. The overall meangw80 g for palmitic acid, 152 g for
linoleic acid and 234 g for linolenic acid.

Ceksteryt et al. [13] studied the fatty acid compositiorbie pollens. Twenty-two
fatty acids were identified, including five Omegaf8ur Omega-6 and three Omega-9
polyunsaturated fatty acids. Furthermore, the rati®@mega-6 to Omega-3 fatty acids
increased in beebread if the content of pollengased.

Szczsna[24] investigated the long-chain fatty acids compositadnhoneybee-
collected pollen from selected countries: Polamaljt® Korea and China. By means of
gaseous chromatographic analyses (CG-FID) theyifeshthe some long-chain fatty
acids: myristic (C14:0), palmitic (C16:0), stear(€18:0), oleic (C18:1), linoleic
(C18:2), -linolenic (C18:3), arachidic (C20:0), leeic (C22:0) and lignoceric (C24:0).
In most of the studied samples the predominatirigsawere: linolenic acid (43%),
followed by palmitic acid (28%) and linoleic aciti4@o). As a consequence, the authors
state that, due to a high concentration of esddatiy acids, pollen can be applied as a

dietary supplement.

2.5. Phenolic compounds

Morais et al. [7] evaluated the phenolic contentpoflens from five Portuguese
Natural Parks. These mixed pollens were originainfreight floral speciefRosaceage
Cistaceae Boraginaceag AsteraceagFagaceae Ericaeae Myrtaceaeand Fabaceae
The phenolic compounds content varied betweendds16.8 mg GAE/Q.

Fedas et al. [3] reported phenolic contents varyiogn 12.9 to 19.8 mg GAE/g of
extract and flavonoid contents varying from 4.5/th mg of catechin equivalents/g in
22 samples of organic bee pollen harvested in tber® International Natural Park
(Portugal).

Pascoal et al. [1] determined the phenolic conténtight samples of bee pollen
commercialized in Portugal, and which were bougbmf the market, being mostly
original from Portugal and Spain. The total phencbntent varied from 18.55 to 32.15
mg/g, and the flavonoids varied between 3.92 anii4lthg/g.



The polyphenol composition of six different sampbédee pollen from Texas was
determined by LeBlanc et al. [18]. Total polyphenof pollen extracts ranged from
15.91 to 34.85 expressed as gallic acid equivaléB&E) per mg/g pollen. The
contents of flavones and flavonols varied betwe®6 2nd 5.48 expressed as quercetin
equivalents (QE) per mg/g pollen. Flavonones cdsteanged from 19.94 to 27.48
expressed as naringenin equivalents (NE) per mglgm

Sart et al. [21] studied the phenolic composition ob&tian bee pollen by high
performance liquid chromatography (HPLC) analySisven phenolic compounds were
detected belonging to flavonol (pinocembrin), flaeks (quercetin, kaempferol,
galangin, and isorhamnetin), flavones (chrysin) phenylpropanoids (caffeic acid).

Fanali et al. [16] used nano-liquid chromatogragoy the determination of
polyphenols in bee pollen, and identified nine pblenols, namelp-cumaric acid p-
coumaric acid, ferulic acid, myricetin, cinnamiddaajuercetin, naringenin, hesperetin
and kaempferol.

Di Paola-Naranjo et al. [15] evaluated the anthagyaomposition of five samples
of dark blue pollen from the speciEshium plantagineurnollected in Spain, by HPLC
with diode array and mass spectrum detection. #ir tivork they identified nine
different anthocyanins, being the most abundant gatinidin-3-O-rutinoside, and
present in successively lower amounts were delgimf8-O-rutinoside, delphinidin-3-
O-glucoside, petunidin-3-O-glucoside,  cyanidin-3t@inoside,  malvidin-3-O-
rutinoside, cyanidin-3-(6malonylglucoside), cyanidin-3-O-glucoside and pdom3-
O-rutinoside. The total anthocyanin content wasfbto vary from 45 to 80 mg/100 g,
and the authors believe that differences may betdube geographical origin of the
pollens evaluated. Because of the high amount tifoaganins present, they suggest

that blue pollen could represent a significant sewf phytochemicals.

2.6. Vitamins

The B complex vitamins were evaluated by de Arretal. [10] in seven fresh and
dry commercial mixed bee pollen samples. In thehrpollens, vitamin B(thiamine)
was found in concentrations ranging from 0.59 t691mg/100 g db; vitamin B
(riboflavin) from 1.73 to 2.56 mg/100 g db; vitamBy or PP (niacin) from 6.43 to
15.34 mg/100 g db; vitamin ¢B(pyridoxin) from 0.33 to 0.79 mg/100 g db. They
verified that these concentrations were not sigaiftly altered by the dehydration

process. The samples were then stored under diffeomditions: at room temperature



(with and without light) and frozen. After 1 yedrstorage, the concentration of vitamin
B: stayed constant, while in the case of the othe&xmins, the losses were variable
according to the duration and not so much accortdirgjorage conditions.

A similar study was conducted by de Arruda et Al][on seven dried bee pollen
samples collected from S&o Paulo, Brazil. In theiudy they evaluated the
concentration of B complex vitamins and its vitasm&y HPLC, with fluorescence
detection. The concentrations (all expressed inbdrsis) found for vitamin Bvaried
from 0.64 to 1.01 mg/100 g; for vitamin B2 from 1. 2.56 mg/100 g; for vitamin PP
from 7.27 to 14.43 mg/100 g; and for vitamin B6nfr0.33 to 0.77 mg/100 g.

Almeida-Muradian et al. [2] studied the chemicaimpmsition of ten different
pollens from south Brazil that included 17 botahisaecies, but the most significant
were ArecaceagAsteraceaeand Myrtaceae. They verified the lack of vitamin C and

beta-carotene but the occurrence of total carotisnoi

2.7. Miscellaneous

The analysis of coenzyme;£in bee pollen using online cleanup by accelerated
solvent extraction and high performance liquid amatography has been done by Xue
et al. [26] in twenty bee pollen products. Thesuks showed contents varying from not
detectable to 192.8 mg/kg.

Silva et al. [22] evaluated the chemical compositid bee pollen from Brazil. The
mass spectroscopy (MS), ultraviolet (UV), meltingim (mp) and Nuclear Magnetic
Resonance (NMR) spectra were the methods used dotifyl the structures of
compounds isolated from the pollghisitosterol, tricetin, selagin, 8-methoxiherbacetin

d-mannitol, d-mannitol hexaacetate, naringenin,iaathamnetin.

3. EFFECTS OF BEE POLLEN ON HUMAN HEALTH

Bee pollen can be seen as a healthy foodstuff \&ithextensive variety of
therapeutic properties. Feas et al. [3] summaspese of the therapeutic properties of
bee pollen that were already confirmed by moderanse: antifungal, antimicrobial,
antioxidant, anti-radiation, hepatoprotective, cbpreventive, anticancer and anti-
inflammatory activities. In addition, it has beeported to trigger beneficial effects in
the prevention of prostate problems, arteriosclsyogastroenteritis, respiratory
diseases, allergy desensitization, improving theliogascular and digestive systems,

body immunity and delaying aging.,6,27]. Table 2 shows some of the published



works that evaluated the effects of bee pollen diferént biological activities.

According to Almeida-Muradian et al. [2] these #@q@eutic and protective effects have

been related to the presence of polyphenols.

Table 2. Documented bioactivities of bee pollen.

Antioxidant
activity

Anti-inflammatory

activity

Antimicrobial
activity

Antifungal activity

Allergy

Liver protection

Antimutagenic

and anticancer

activities

Toxicity
protection

Almaraz-Abarca et al. [28]

Bevzo and Grygor'eva [29]

Carpes et al. [30]

Chantarudee et al. [31]

Eraslan et al. [32]

Eraslan et al. [33]

Feas et al. [3]

Furusawa et al. [34]

LeBlanc et al. [18]

Marghitas et al. [35]

Maruyama et al. [36]

Medeiros et al. [4]

Morais et al. [7]

Ozcan [37]

Pascoal et al. [1]

Pinto et al. [38]

Sark et al. [21]

Silva et al. [22]

Yildiz et al. [39]

10




3.1. Antioxidant activity

Pascoal et al. [1] evaluated the antioxidant agtief eight commercial bee pollens
by two methods: inhibition of lipid peroxidation ing thiobarbituric acid reactive
substances (TBARS) and scavenging of DPPH (ra@i@Hbiphenyl-1-picryhydrazyl).
The antioxidant activity varied from 0.35 to 3.7@/mg as given by the first method,
while by the DPPH it was higher and varied from82® 6.69 mg/mg.

The free radical scavenging capacity of pollensnffove Portuguese Natural Parks
were evaluated by Morais et al. [7] according to twethodologies: DPPH method and
-carotene bleaching (BCB) assay. The results obdavth the DPPH method varied
from 2.16 to 5.87 mg/mL, whereas in thearotene bleaching assay varied from 3.11
to 6.52 mg/mL.

Feas et al. [3] studied the antioxidant effectveérity two samples of organic bee
pollen from Portugal. The scavenger activity ghdarotene bleaching assays values
were on average 3.0 mg/mL and 4.6 mg/mL mg/mL,eesgely, thus being similar to
those found by Morais et al. [7].

Almaraz-Abarca et al. [28] investigated the vadatof antioxidant activity between
honeybee-collected pollens from different botanmagins. The antioxidant activities
of total extracts of a mixture of honeybee-colldg®llen and its six constituent pollens
were determined by two methodologies: lipid perakimh assay by the TBARS test
and DPPH method. The results revealed that allaetdr presented antioxidant
properties acting as radical scavengers and alsimlaisitors of lipid peroxidation.
Furthermore, the antioxidant activities were vdgalbmong species but were not
evidently associated to the contents of flavonolthe pollen.

The in vitro antioxidant capacity of twelve honeybee-collegedlens of selected
floral origin harvested from Romania was evaluabyd Marghitas et al. [35]. The
antioxidant activities were assessed by three réifitemethods: DPPH assay, Trolox
equivalent antioxidant capacity procedure and deioh reducing antioxidant power
assay (FRAP). Their results indicated that theoaidant activities varied according to
each floral species and were not noticeably relatedhe contents in phenolic
compounds.

Silva et al. [22] evaluated the free radical scauem activity of different solvent
extracts from Brazilian bee pollen by using the BIP&say. Their results showed that

the antioxidant activity was greater for the etagétate extract, followed by the ethanol

11



and finally the hexane extracts, hence suggeshiagthe ethyl acetate extract, rich in
flavonoids, is a good scavenger of active oxygetigs.

The antioxidant activity of six different samplelsSpnoran Desert bee pollen were
studied by LeBlanc et al. [18] using the DPPH amAP assays. The extracts were
produced using eight different solvents: water,hapbl, ethanol, propanol, 2-propanol,
acetone, dimethylformamide and acetonitrile. Thegoaidant activity measured by the
DPPH assay varied from 0.90% (for terpentine budlep and acetonitrile solvent) to
89.05% (for mimosa pollen and dimethylformamideveat). The FRAP assay vyield
much lower values, varying from 0.05% (for palmlenland propanol solvent) to 4.15
(for mimosa pollen and dimethylformamide solvent).

The work by Chantarudee et al. [31] compared tbe fadical scavenging activity
of corn pollen collected fromApis melliferahives with floral corn pollen collected at
corn fields in Nan province, Thailand. The extractisolvents used were methanol,
dichloromethane (DCM) and hexane, and the extragte analysed by the DPPH
assay, evaluating the percentage scavenging gctind the effective concentration at
50% (EGg). From the three solvents studied, the DCM exéibthe highest antioxidant
activity. The work allowed concluding that the amidant activity of the bee pollen
derived from corn was higher (for DCM: Bf& 428.6+ 29.0pug/ml) when compared to
that of the floral corn pollen (for DCM: Eg= 365.2+ 38.8ug/ml).

3.2. Anti-inflammatory activity

Pascoal et al. [1] evaluated eight bee pollensakgt im the market in Portugal in
relation to their anti-inflammatory activity, assed using the hyaluronidase enzyme.
They found that all samples evidenced anti-inflanomaactivity, with percentages of
inhibition varying from 12.20% to 25.17%.

The anti-inflammatory effect of bee pollen ethaawtract from Spanish origin on
carrageenan-induced rat hind paw edema, as wellthas mechanism of anti-
inflammatory action was investigated by Maruyamale{36]. Their results indicated
that the bee pollen showed a potent anti-inflamnyatapacity and also that some
flavonoids that were present in the bee pollen payially contribute for some anti-
inflammatory effects. Hence they concluded that ppeléen could be helpful both as a
dietary supplement and also as a functional food.
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Feas et al. [3] studied the anti-inflammatory attivof twenty two samples of
organic bee pollen from Portugal, assessing theirdl@mmatory activity using the
hyaluronidase enzyme, and found it varying fron20% to 25.17%.

3.3. Antimicrobial activity

Morais et al. [7]studied the antimicrobial activity of pollens frdime Portuguese
Natural Parks, against eight test microorganisralinionella typhi ESA 101,
Staphylococcus aureusSA 72,Bacillus cereusESA 55, Escherichia coliESA 15,
Zygosacharomyces mellisESA 35, Zygosacharomyces bailii ESA 1307,
Zygosacharomyces rouiSA 23,Candida magnélieESA 11). Their results showed
that all the extracts evidenced antimicrobial attjvand showed different selectivity
and different Minimum Inhibitory Concentration feach microorganism. They also
observed that the occurrence of pollen and the oygmllen affected the growth of the
microorganisms under study (Gram-positive bact&ram-negative bacteria, yeasts) in
different ways.

Feas et al. [3] studied the antimicrobial activafytwenty two samples of organic
bee pollen from Portugal against seven microorga®i$s. aureusATCC 6538, S.
aureuseSA 159P. aeruginosaATC, P. aeruginos&SA 22, E. coli ATCC, E
coli ESA 37,C. glabrataATC). They observed that the antimicrobial actiwtgried
significantly with the pollen sample, for all theeans under study. The most sensitive
microorganisms were both strains®faureusone of the most representative bacteria
involved in respiratory diseases. These showed mum inhibitory concentrations
ranging from1.81 and 4.28 mg/mL.

The antimicrobial activity of eight commercial bg@ellens was evaluated by
Pascoal et al. [1] against seven microorganistnareusATCC 6538,S. aureu€ESA
159,P. aeruginosaATC, P. aeruginosd&SA 22, E. coli ATCC, E coli ESA 37,C.
glabrata ATC). Their results showed that all the samplesiletdd antimicrobial
actions, with Staphylococcus aureusevealing as the most sensitive a@dndida
glabrataas the most resistant among the microorganisnaéestu

Carpes et al. [30] characterized the antimicrolpadential of thirty six pollen
extracts from south Brazil using nine microorgargsBacillus subitilisATCC 21.332,
Pseudomonas aeruginos&TCC 15.442, Streptococcus mutans Ingbriti600,
Staphylococcus aureusATCC 25.923, Klebsiella pneumonige Agrobacterium

tumefaciens Xanthomonas vesicatoriaXanthomonas axonopodisnd Pseudomonas
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syringag. Their results showed that, although the polledragts presented high
concentrations of phenolic compounds and flavondiusy were not capable of inhibit

the microorganism growth.

3.4. Antifungal activity

The inhibitory effects of pollen extracts from @ifént regions of Turkey on
mycelial growth ofAspergillus parasiticustrain NRRL 2998 were investigatadvitro
by Ozcan [37], who found that the less active catregion headed for the fungus in the

experiments was 2% of the pollen extract.

3.5. Allergy

The bee pollen phenolic extract (BPPE) containsiplecompounds, and specially
flavonoids. Since some flavonoids have shown immuodulatory activity, Medeiros
et al. [4] evaluated the effect of BPPE and thevdiwid myricetin (one of the
compounds present) in the murine model of ovalbumiluced allergy. The BPPE
treatment in dosages of 200 mg/kg showed inhibitddnthe paw edema, and the
treatment with myricetin at 5 mg/kg also inhibitedlmonary cell migration and IgE
and 1gG1l OVA-specific production. Their results icate that myricetin is one
flavonoid that proved to have an anti-allergic effand therefore constitutes a possible

instrument to treat allergies.

3.6. Liver protection

Eraslan et al. [32] investigated timevivo effect of carbaryl, which is a pesticide, on
some biochemical changes in rats, namely the aratiie effect of bee pollen. The
results obtained allowed verifying that carbarylgorated negative changes in the
majority of the markers of oxidative stress andoals the biochemical parameters
investigated in the serum. However, these effectsewalleviated when a water-
solubilized extract of bee pollen was administraitedlosages of 50 and 100 mg/kg
bw/day.

Sari et al. [21] investigated thi vivo oxidant/antioxidant effects of flavonoid
from Croatian bee pollen. The investigators foumat the administration of bee pollen
as a food supplement in a concentration of 100 gwgpw modulated antioxidant
enzymes in the mice liver, brain and lysate of letytes and reduced hepatic lipid

peroxidation.
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The hepatoprotective potential of bee pollen wasssed by Yildiz et al. [39], who
evaluated the effect of chestnut bee pollen on tieepgiamages induced in rats. The
results obtained from their work demonstrated tthet chestnut bee pollen could
effectively protect the hepatocytes from the oxidastress, thus promoting the healing
of the induced liver damage.

Bevzo and Grygor'eva [29] studied the effect of pelen extract on glutathione
system activity in mice liver under X-ray irrad@ti. Their results allowed establishing
that small X-irradiation doses activate the lipidrgxidation and antioxidant system
enzymes in the liver of the mice. However, the adstiation of bee pollen extract to
the animals normalized the activity of several gihione system enzymes in the mice

liver.

3.8. Antimutagenic and anticancer activities

Pascoal et al. [1] studied eight commercial beelepsl in relation to their
antimutagenic activity. The anti-genotoxic effeofsbee pollen ors. cerevisiaavere
tested up to 0.75 mg/mL in a 0.5% fixed ethyl me#salfonate concentration, which
produces random mutations in genetic material lgtemtide substitution. Their results
showed that that all the samples demonstrated atagenic activity, although some of
them showed to be more effective in diminishing thember of gene conversion
colonies and mutant colonies than others.

The genotoxicity/antigenotoxicity of bee pollenfr&Cystus incanuandSalix alba
and their derivative extracts in yeast and humdis lgmphocytes) was investigated by
Pinto et al. [38]. They found that the pollens waog genotoxic and were capable of
reducing the damage in the chromosomes producethédyhree cancer drugs used.
Hence they concluded that the bee pollens couldsbd as a safe food supplement with
chemoprotective/chemopreventive properties.

Sart et al. [21] investigated thian vivo effects of flavonoid from Croatian bee
pollen in terms of estrogenic/anti-estrogenic attiand gene expression profile. The
investigators found that the administration of lpedlen as a food supplement in a
concentration of 100 mg/kg bw induced 25% of astra@genic properties and on the
other hand no estrogenic activity was found. Ddferal gene expression profile
analyses after bee pollen enriched diet identifdemexpressed gene Hspa9a, Tnfsf6
(liver) and down-regulated gene expression of Cagmd Ccl21c (brain) which are

important in the apoptosis pathway and chemotéxiface of these results, the authors
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postulated that bee pollen possess a noticeablecesamf compounds with health
protective potential.

Furusawa et al. [34] studied the antitumour po&trdf the water-soluble fraction
(Cernitin T60) of pollen extract on Lewis lung cammma implanted intraperitoneally in
syngeneic mice. Cernitin T60 was not cytotoxic @fl cultures at concentrations up to
2.5 mg/ml and at concentrations of 0.5 g/kg it niegiully extended the lifetime of
mice having the tumour without any detectable aslvaffects. Furthermore, Cernitin
T60 revealed beneficial synergetic therapeuticotff@n the lifetime of mice when it
was combined with standard cytotoxic antitumor druhe authors concluded that

Cernitin T60 seems to be a powerful immunostimulafanacrophages.

3.9. Toxicity protection
The protecting capacity of bee pollen against pxopdoxicity in anin vivo model

was evaluated by Eraslan et al. [33]. The rats \adrainistrated bee pollen in dosages
of 100 mg/kg bw/day and the effect of pollen adstngtion on the propoxur toxicity
was evaluated after 14 days in blood and tissuesr(lkidney, brain and heart)
collected from the animals, by means of oxidatiess markers and some other
biochemical parameters. The data obtained allowefying that propoxur caused
undesirable changes in the majority of the bioclsahparameters investigated and the

administration of bee pollen alleviated these effec

3. CONCLUSION

The evolution as to know the composition of polles been important in the past
years, not only at the physico-chemical level, &igb from the nutritional and health
points of view, by searching for bioactive compaosindith biological effects on the
human body.

The information found on the scientific literatueveals an increasing interest in
developing studies, boih vivo andin vitro to explore the true effects of bee pollen on
human health and well-being. Among the most fretjyanvestigated effects of bee
pollen stand its antimicrobial, anti-inflammatorgntioxidant and antimutagenic

activities.
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