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The Pollen Book, Chapter 2

Pollen: Nutrition, Functional Properties, Health

Stefan Bogdanov

tiger lilly pollen, courtesy www.pbrc.hawaii.edu

The old Egyptians describe pollen as "a life-givilugt." Pollen and its nutritional value is stilrsounded by
mysteries. It is called the only perfectly complieted. The consumption of plant producing seedptbigen, is
praised in the Bible, Genesis 1:2hd God said, See, | have given you every plardymiog seed, on the face of
all the earth, and every tree which has fruit proithg seed: they will be for your food.

The earliest references found to its medical useinabooks by Arab and Jewish physisicans in Igié®pain,
although pollen may not have been bee collectedmbides (1135-1204) a physician in Cordoba, recormied
its use as an astringent and sedative tonic. ledhg 1200’s lbn el-Beithar described it as aplasidc, also
benegfi“cial for the stomach, giving back the fervotithe blood and curing swellings produced byrgatertain
foods™.

In new times bee collected pollen began to be tmelduman nutrition only after the second world ywahen
pollen traps were developed.

In this review it will be distinguished between #féects of bee pollen and of hand collected poliaich will be
named flower pollen.

COMPOSITION AND NUTRITION

Pollen Composition and nutritional requirements: man components, after®" #

*
Main Components gin 100 g (gR}g;y)
Carbohydrates _ 13- 55 320
(fructose, glucose, sucrose, fibers)
Crude fibers 0.3-20 30
Protein 10-40 50
Fat 1-13 80

As shown in chapter 1 of this book, there is avaigation of pollen composition. This variationn&inly due to
the botanical origin of pollen. Thus, for some poltypes there is a better contribution of poltethe RDI than
for other pollen types. Consequently, it is impott@ establish the RDI coverage for the pollere/that are
offered by companies or beekeepers by making aiclaéanalysis of the marketed pollen.

Bee Product Science, April 2016 1




The Pollen Book, Chapter 2

Carbohydrates
They are mainly polysaccharides like starch anbveall material*® . The sugars fructose, glucose and sucrose
comprise about 90 % of all low molecular sugrs

Crude fibre

The crude fibre content varies considerably, thisation is due both to the determination methaditarthe
botanical origin. Recent measurements are in a&ffreement. A Swiss study reports it to diffameen 10 and
13 g/ in different commercial pollétwhile in pollen from France values between 9.@ &4.4 g/100 g are
reported'®.

Protein

Theprotein can play an important role for covering R2l. Only about 1/10 of the total protein comesnfrfree
amino acids. Pollen contains all essential amindsa@ee table below). However, protein contenededpstrongly
on the botanical origin of honey, while the qualite pattern of the amino acids is similar in diféerent types of
pollen®

Fat

There are considerable differences of the fat etrstied composition, depending on the botanicaimrithe
differences of fat content are due to the diffetmtanical origin of pollen. There are mainly padad neutral fats
(mono-, di and triglycerides), as well as small ants of fatty acids, sterines and hydrocarbons.

In one study 3 % of the total lipids are free fattyd are reported, about half of them are thetumated acids
oleic, linoleic (omega-6) and linolenic (omega*¥)

Manning reports in a review that 70 to 90 % oflthiels are composed of fatty acids, the averagego@ound 90
%. In the same review he finds a big variationhef different fatty acids depending on the pollgretyMostly
pollen has a higher amount of unsaturated acidshbre are some exceptions, e.g. sunflower paifen.

In a study of mixed pollen originating from diffeitegeographic origins that 50 to 60 % of the faitids were
unsaturated: oleic, linoleic and mainly alpha-lgiol(about 70 % of all unsaturated acitf$)

There is agreement that the main saturated acddS k4, C16 and C18 acids: myristic, palmitic améist acids,
while the main non-saturated acids are C18 : di@icleic and alpha-linoleic. The main acid is #ipha-linolenic
acid is an omega-3 acid. The concentration ofdbid in pollen in different pollen types varies wligl lying
between 0.1 and 4 g /100% The amount of the acid in pollen mixtures frorfatient countries varies much less,
the values vary between 1.7 and 4.4 g /160.g

The alpha-linoleic acid is a so called omega-3 awg many beneficial effects in nutritiéh Compared to other
food pollen has a higher concentration of most tadgje food. However, no official RDI has been blshed.

Other physiologically important compounds are tieeads and terpenes, but they are contained in mgjoantities

Minor components

Minerals and trace elements

Minerals and Nutritional Requirements, after " *> %2

Minerals mg in 100g RDI
(mg/day)
Potassium (K) 400 — 2000 2000
Phosphor (P) 80 — 600 1000
Calcium (Ca) 20 — 300 1100
Magnesium (Mg) 20 — 300 350
Zink (Zn) 3-25 8.5
Manganese (Mn) 2-11 3.5
Iron (Fe) 1.1-17 12.5
Copper (Cu) 0.2-1.6 1.2
Selenium (Se) 0.05-0.005 0.005
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There is a considerable variation depending ompdtiien typé*®. The main mineral is potassium. The mineral
levels in pollen were also found to vary considbraithe course of the year due to differencethanfloral origin
of the pollen. This was true for potassium, magmasicalcium, manganese and iron, while the zinccapger
content of pollen appeared to be more contant

The sodium content of pollen is relatively low, wes$ were found varying between 28 and 93 mg / 180§ ***
145

Vitamins and carotenoids
There is a significant nutritional contribution finanost of the vitamines

500 4

450 1 present in pollen: provitamine A, vitamine E (tobepol), niacin, thiamine,
250 | folic acids and biotin. Specially in those caselsere high values have been
250 ] Carotenoids measured, while in some pollen types the conteotisr. Like other
200 1 Hg/g components, there is a considerable variation, ri#pg on the pollen type.
Y ‘ ‘ Pollen contains significant amount of carotenomdainly B-carotene, are
lem, N _mamill ans _
N s e b oA e related to vitamin. But these, too depend on tharboal source of the
& pollen, graph for pollen collected in Brazil aftegraph left)

[B-carotene represents about 17 % of the totalserawats. French Cistus
pollen contains 20 times more carotenoids thantobesné™,

Vitamins and Nutritional Requirements, after " *> ***

mg in 100g RDI
(mg/day)

Vitamines
Ascorbic acid (C) 7— 56 100
-Carotin (provitamin A) 1-20 0.9
Tocopherol (vitamin E) 4-32 13
Niacin (B3) 4-14.4 15
Pyridoxin (B6) 0.2-0.7 14
Thiamin (B1) 06-1.3 1.1
Riboflavin (B2) 0.6-2.6 1.3
Pantothenic acid 05-2 6
Folic acid 03-1 0.4
Biotin (H) 0.05-0.07 0.045

Compared to the vitamin-richest corns, fruits aadeatables, pollen has 20 times more vitamine Asigmificantly
more panthothenic and folic acids and biotin.

Unconjugated vitamin D and its metabolites weregtigated in the pollen &inus nigra ArandPinus sylvestris
L. It was found that vitamin D (D2, D3) was presierthe pollen in amounts about 2 micrograms/10d) 26+
OHD3, 24,25-dihydroxycholecalciferol [24,25-(OH)28d 1,25-dihydroxycholecalciferol [1,25-(OH)2D3]
between 0.1 and 3 micrograms/10 g of pollen, degeinoh pollen species and methdd

Coenzym Q was detected in pollen from China in tjtias from 0 to 193 mg/ky/®. The recommended daily
intake of food supllements with Coenzym Q is al&uto 100 mg daily.
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Variation of pollen nutritional composition of seveal pollen gather in Franceafter**®
values per 100 g

RDI Cistus Chestnut Willow Heather Poppy Rape
Calories 2000 - 2500 354 316 354 319 316 334
Proteins. G 50 14.2 19.56 155 155 22.8 22.85
Lipids 6.56 4.19 5.8 3.26 3.26 8.79
Linoleic acids g 8 0.7 0.31 0.31 0.13 0.31
Alphalinoleic acid g 1.6 0.52 0.15 0.33 0.55 0.55
Polyunsaturated acids % 57.65 54.30 49.50 49.50 68.90
Carbohydrates g 58.03 52.17 46.77 64.5¢g 48.66 40.97
Fibres g 259 12.80 14.4 14.4 13.0 9.2 13.1¢g
Vitamins, mg
Vitamin B1 1.4 0.80 0.52 1.01 0.38 0.47 0.67
Vitamin B2 1.6 0.76 1.17 0.86 0.86 0.36 0.86
Vitamine B3 18 4.60 6.7 7.1 4.799 2.27 0.37
Vitamine B5 6 0.86 1.24 0.9 0.9 1.45 0.75
Vitamine B6 2 0.27 0.29 0.30 0.25 0.04 0.44
Vitamine B9 200 124 371 844 128 157 199
Vitamine C 60 14.2 14.3 29.8 20.2 67.1 11.11
Vitamine E 10 27.8 4.2 11.8 9.28 1.44 0.69
Minerals, mg
Copper, Cu 25 0.68 0.61 0.85 0.63 0.63
Magnesium, Mg 300 26.5 50.1 71.4 60.1 41.3
Phosphor, P 800 200.1 337.5 566 279.9 448
Zinc, Zn 15 2.26 6.47 4.7 3.2 4.41
Potassium, K 8000 370 504 484 433 433
Sodium, Na 2000 26 31 31 31 24
Polyphenols mg 1033 1959 2086 1500 1788 1420
ORAC. mmoles/g 151 536 406 199 379 283
Flavonoids. Mg
Kaempferol-3.0- glucos. 72.6 61.9 575 48.3 648.3
Isorhamnetine-3.0- glucos. 22.5 282 158 7.1 37.1
Rutine 149.7 ND 335 1207 239
Luteoline-7-glucoside 7.6 13.9 6.6 30.7 175
Phytosterols mg 276 232 191 NA NA
Ess. Amino acids. mg
Threonine 390 680 640 670 930 680
Valine 700 870 840 790 130 1130
Methionine 910 20 420 420 660 590 590
Isoleucine 700 690 660 640 950 950
Leucine 980 220 1130 1130 1130 1575
Phenylalanine 980 700 660 770 940 700
Lysine 840 130 1080 1020 1020 1465
Tryptophane 245 160 160 160 170 273 160
Totals 5845 5870 5590 5710 5710 7924
Cystine 160 330 170 330 170 360

NA — not analysed

Flavonoids

These are the main secondary compounds of pollegy @re responsible for the colour of pollen ared ar
either colourless or yellow, red and pufpfe The flavonoids are also responsible for theebitiste of
pollen. Most flavonoids exist as glycosides, caligtiycones, i.e. sugar derivatives. In one sthdyr
amount varied between 1293 and 8243 mg/100 g,athan between 530 and 3258 mg/104 & the
variation been due to variation of the flavonoistemt of the different pollen types. Rutin seembédhe
main flavonoid®. There are no official daily allowances for flanids, suggestions lie between 200 to
1000 mg a day.

Sterols and terpenes

Pollen contains also 0.1 — 0.4 % sterols, somehiélwhaving various biological properties lifeestradiol 3-
sistosterol, stigmasterol and fucosterol, as wed.4 to 0.2 % mono-terpenjég
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Cistus pollen contains mostly delta-5-avenaster@8(thg/100 g) and 24- thylcholesterol (76 mg/1QGchestnut
pollen mostly betasitosterol (111 mg/100 g) arabkbicasterol (46,5 mg/100 g); willow pollen: béteterol (74
mg/100g) and delta 5- avenasterol (39 mg/108°)

Pollen digestion and pharmacodynamics

Doubts have been raised, whether the tough shpblt#n can be cracked and digested
by humans. It has been found out, that in animpégrents pollen does longer contain
their content when they have left the digestionttréihis conducted to the hypothesis that
the nutritional content of pollen can be releasgthle digestive juices in animafg® **
There is evidence that pollen can be persorbeddidabsorption of pollen grains into the
blood stream) in the digestive tract of dogs, rabbind human€. In in-vitro simulation

of human digestion pollen was partly digesteavhere as there were differences in the
degree of digestion of poppy and hazelnut polleth an average degree of digestibility
of 15 % for carbohydrates and 53 % for proteinghis case has been hypothesized that
pollen is insufficiently digested and that crackimd) improve the digestibility and

bioavailability "%,

Combination of protamex hydrolysis and ultrasongratan degrade the pollen coat and entirely didvogh the
exine and the intine of the polf&n

Different companies offer cracked bee pollen, ciagrthat this product is better digested. On theohand, there
are many studies in humans with whole bee pollea (&xt section) showing that a part of the belepalontent
is digested and is bioavailable. However maceraifguollen for several hours in water or other iiguis
recommended in order to improve digestibility, amoe used also for other heavy digestible graimpcts.

Bee pollen extraction improves the antioxidant\tgti best extraction is achieved with ethanol.r&gtion with
water alone yields also extracts with higher aritiant activity than that of whole poll&nAlso Remy Chauvin
carried many of his rat nutrition experiments aftexceration of pollen with water for several hoamsl subsequent
filtration, that means without the water insoluptalen (see below). In the book on pollen by theddkan
pharmacist Tikhonov and his team many active pgl@paration were also made from the water soluble
supernatant after pollen maceration with water {sgber downUkranian pollen preparations against different
diseases)Thus it seams that many of the bioactive substamicpsllen are easily released from the pollen.

After pollen has reached the human digestive theecpollen grain begins to swell. Do to the uptakeater they
increase in size and are enzymatically activatée. material, contained in pollen wall break up araderials
(enzymes and allergens) leak out. This leads twtstres similar to the pollen tulfe

The exines of the pollen corn cannot be decompwstte gastrointestinal tract as very few animalg a
microorganisms are enzymatically capable of digjiretng the highly resistant sporopollenin whichkegup the
pollen grain wall. Thus, only the pollen contenttie submicroscopic area of the pollen wall cantilized as
foodstuff’

Pollen in animal nutrition

Chauvin carried out animal feeding experiments wihen. He fed different types of pollen and conegkthe
weight gain of pollen fed mice in comparison witke controls, fed with caséih

Effects of pollen feeding on the weight increase aofice, after®

Gains in gram

First week Second week Third week Total, Sign. *, **
P Extract Whole P P Extract Whole P P Extract Whole P P Extract Whole P
Rape 6.0 5.1 5.1 6.5 5.4 3.1 16.4 * 14.7 *
Clover 5.7 5.3 5.2 6.3 5.4 2.1 16.3 * 13.8 *
Sweet chestnut 6.4 3.7 4.5 7.4 4.7 25 15.6 ** 13.5 **
Mixed pollen 7.7 4.3 5.4 7.4 5.5 2.6 18.7 * 13.3 **
Control (casein) 3.9 5.4 4.4 4.6 5.9 2.7

* - Significant or non-significant according to 8ents t-test.

Whole pollen and aqueous extracts of pollen wedddamice, together with the mice feeding with ¢asie a
proportion of 50% pollen of the total feeding. Tdepieous pollen was prepared by maceration of pollerater
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for several hours and subsequent filtration. Thiafe was boiled and the resulting precipitate feasto the mice.
Feeding of casein with less than 10 % of pollenrditiproduce a significant effect. At the end @& gxperiment it
was found, that the mice which had pollen in tkiggt had eaten less food, meaning that pollen ingadhe food
utilisation.

In another experiments Chauvin found following aases in % of the initial weight, mice being fethwiatural
pollen added to a casein food, being 50 % of ttad food®:

Fruit pollen: 46 %; Sweet chestnut pollen: 44 %o 43 %; dandelion: 37 %; Rockrose:36 %; Maif29%3
Heather: 34 %; Clover: 16 %.

In addition, Chauvin found out that mice can becsgsfully fed on pollen only. However, the weigitrease of
the males was much slower than that of the shesmale

In another study the ingestion of bee pollen by raveals that it improves the maternal nutritibrats without
affecting the normal fetal development and thushinii a favourable nutrient during pregnancy. Hawvekie
hyperglycaemic effect revealed in the precedingyasan not be underestimatéd

Mice feed with bee pollen from different plants fomonths show an increase of the reproductiors t&te

Feeding with 200 mg/kg pollen to New Zealand whétlebits increased body weight of does, conceptte milk
yield, litter size; improved biochemical profilestood, and also kit growth and their survivalrantil weaning

Feeding of casein containing 5 % of pollen let total weight increase of poultry of 4 kg, whileetbontrols
increased by 2.7 kg (initial weight was 5.8 kg)other experiments addition of 5 % of pollen to fibeding of
laying hens resulted in a better survival ratescivivas even better than when 10 % pollen weré¥ed

It has been shown that fed chickens with bee pddlads to a better development of the small irestilli from
the duodenum, jejunum and ileum. These findinggesigthat bee pollen could promote the early dgveént of
the digestive systefi".

Bee pollen product supplementation to horses in tiaing seems to improve feed intake

The objective of this study was to determine tliea&ty of supplementation of Dynamic Trio 50/5(Qee pollen-
based product, to improve physical fithess, blaadkdbcyte profiles, and nutritional variables in reiged horses.
No treatment differences existed for different parfance parameters, while there was a trend foptyoyte
counts to be lower in BP than the controls (plagemoday 42. Dynamic Trio 50/50 supplementation inaye a
positive effect on performance by helping horsesaming meet their potentially increased nutridemands by
increasing feed intake and thus nutrient reteftton

Pollen for increase of sport performance

In early days there were claims that bee pollemisptimal food for sportsmen. Indeed, competispertsmen in
some countries have used bee pollen preparatiomgr@cts as a dietary supplement in the belidfitizan lead to an
improvement in performance. Controlled experimavith swimmers indicate that no positive benefit wained
from the use of this supplementation. However niln@ber of training days missed due to upper regpirdract
infections was much less in the bee pollen treatrgeup (4 days) than in the placebo group (27 dagsa study of
longer duration, this difference could lead to mprioved performance by the bee pollen treatmentdue to fewer
interruptions in training®. On the other hand, another test with long distananers showed that neither pollen nor
protein s;é[gplementation improved the performandh®blood haemoglobin values in comparison withdbntrols
(placebo)™.

Experiments with sportsmen in Russia, reviewed bgvva et al. discusses different studies in Russia

1. Ivashkiavicene, 1977 tested the intake of twicayidtake of 10 g pollen on the performance omgonal
light athletic team of Lithuania. The performandasreased, together with an increase of the blood
haemoglobin values. Analogous positive experimesmt® carried out with basketball and handball
professional players.

2. Vassilecksy and Maltsev, 1988 tested the polleskmbn the performance of military trainings. Thaelged
to the daily ration of 50 g pollen before lunchtile recovery period between the marches the nwn70d g
of pollen. The control group did not take pollenndmber of physical parameters were measured: Weigh
pulse, the spirometric value, as well as perforreaara psychological tests. The authors concludstdoibilen

Bee Product Science, April 2016 6




The Pollen Book, Chapter 2

can be successfully used for recovery after phiysteain periods, improving also the psycho-vegetat
condition.

3. There were successful performance tests with hpoéigh mixtures (50 g of honey with 20 to 40 g pall
4. The dosage of pollen was different varying betw2@mand 50 g daily.

Nechaeva tested intake of twice a day of two teasppollen (10 g) for 15 days and tested the perdioce of
Russian sport female students. Following tests wanged out: measurement of body mass, performahStange’s
breath holding test, measurement of the viso-motaaction, hanging on the bars, 30 m runs withimalkspeed,
measurement of heart rate afterwards, then a Stengtep test with a step height of 30 cm, 30 clipgrsminute
followed by a 5 minute rest. There was a signifidaarease of the reaction of the organism to hjgas measured
by the Stange test by 19 % , and an improvemetftsofiso-motoric reactidrt.

Generally, organism stress and increased sportisgsrlead to a decrease of the immune reactias.l&dds to
increase infection risk of sportsmen. A Russiadttates that the immune reaction measured bsetiaivity of T
lymphocytes of sportsmen normalised after the mtafkpollen in honey within 8 weekdn another Russian study it
was found that pollen intake by sportsmen in swingvand cross-country skying leads to increasecdegadfithe
haemoglobin and protein valdés

FUNCTIONAL PROPERTIES

Parts of this section have appearéd in

The main biological components of bee pollen aeeptienolic acid derivatives and
polyphenolic compounds, mostly flavonoid glycosidBse flavonoids are so called
secondary plant compounds which have different mambd physiological and
pharmacological activities. They possess diversigical properties such as
antioxidant, antiaging, anticarcinogen, antiinflaatory, antiatherosclerosis,
cardioprotective and improve the endothelial fumttiMost of these biological actions
have been attributed to their intrinsic reducingatalities. They may also offer indirect
protection by activating endogenous defensive systnd by modulating different physiological preess’.

Another group of compounds contained in pollentleephytosterols. Among several bioactivities thasm
prominent is their blood cholesterol-lowering effea partial inhibition of intestinal cholesterabsorption. Other
claimed benefits of phytosterols are possible Hmtimgenic effects as well as, immune stimulatimg) a
antiinflammatory activities carried out mainly bgth-sitosterol. Furthermore, there is emergingenie
suggesting that particularly plant sterols may Haesmeficial effects against the development okedéht types of
cancers, like colorectal, breast and prostate canltés not clear whether mechanisms other tharestablished
cholesterol-lowering action of phytosterols coukbacontribute to these potential health benéfits

Functional properties of pollen in cell and animalstudies(see references in the text)

Effect Tested pollen type
Antibacterial and antifungal Bee pollen

Antioxidant Bee pollen

Radiation- protective and hepatoprotective Bee pollen
Chemopreventive and antitumor Bee pollen, flower pollen
Anti-inflammatory Bee pollen, flower pollen
Anti-osteporosis Bee pollen

Anti-diarroe Bee pollen
immunomodulating Bee pollen

Probiotic and prebeiotic Bee pollen

Antiaging Bee pollen,
Antiatherogenic Bee pollen, flower pollen
Positive influence on the urinary bladder of mice  flower pollen
Anti-depressant Bee pollen
Cardioprotective Bee pollen
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Antimicrobial activity

After isolation of different flavonoids frofBucalyptus globuludfRanunculus
sardousandUlex europeangee pollen it was concluded that the herbacetin
derivates fronRanunculus sardousndUlex Europeandiad a marked antibiotic
activity againsPseudomonas aeruginagan the other handucalyptus globulys
mainly rich in quercetin derivates, did not show antibacterial activity”.

In other study it was found that bee pollen hydapb compounds with unknown
nature had antibacterial activity agailétidans streptococci™.

Antibacterial activity of Turkish bee pollen wasidied against 13 different bacterial species pathsdor plants
(Agrobacterium tumefaciens, A. vitis, Clavibacteclmganensis subsp. michiganensis, Erwinia amyloviara
carotovora pv. carotovora, Pseudomonas corrugatsd@astanoi pv. savastanoi, P. syringae pv. pHisd®, P.
syringae pv. syringae, P. syringae pv. tomato, teala solanacearum, Xanthomonas campestris pv. eafnip
and X. axonopodis pv. vesicatorid he results showed that the Turkish bee poligraet have an inhibitory effect
against all pathogens. The conclusion of the ssimbyvs that this bee-pollen extract has a potetatinécame a
seed protectant because some of the bacterialgeth@re transmitted through the s&eds

On the other hand the assays carried out with $hrkee pollen methanol extracts at concentratiams 0.02 %
to 2.5 % had no inhibition activity against diffatespoilage and pathogenic microorganiéms

Pollen bread was found to possess an antibactetiaity againsStaph. aureuandS. epidermidis.

In a recent study with 80 % ethanol extracts ofzibien bee pollen antibacterial activity was exdoitagainst
Staphylococcus aureus, Bacillus subtifseudomonas aeruginosadKlebsiella sp.

The antibacterial substances of bee pollen, aatijaénstStreptococcus viridangre similar to the ones found in
propolis and honey comb&

Pollen has also significaantifungal activity against different pathogéhg** '

Antioxidant effects

el s S Oxidative stress is thought to contribute to theetlgpment of chronic and
° .' , R degenerative diseases such as cancer, autoimmaordetis, aging, cataract,
‘ rheumatoid arthritis, cardiovascular and neurodegaive disease€$’. An antioxidant
I is a molecule capable of slowing or preventingdkielation of other molecules and so

» @ o
-':.. -VIIVIIﬂrmns-. iy
@Na¥incidsg [
o® O
f__;..':, . toprevent such changes.
e ©

In several studies a close relationship betweelempalntioxidant bioactivity and
by cos phenolic compounds has been repoffed ®" ® However the correlation between
these two parameters is not that clear was also found that the bee pollen antioxidantivity is pollen species-
specific* * 8”88 99nd independent of its geographical oritin

The difference between the antioxidant activitiethe different pollen types harvested in Romasiabout 10
fold. The antioxidant activity of Pinus and Knaypiallen is relatively low while that of Matricarand Salix pollen
is highe?’.

The values vary from: FRAP values, mM*F&g 0.25 to 5.35; DPPH in Trilox equiv. mM Trilog/ 0.27 — 2.8. In
comparison: for most vegetables and fruits the szahees are about a factor of 200 to 1000 timedlerm4.

Bee bread was also found to have a high antioxiaamtity ** **

The antioxidant abilities dfistus ladeniferupollen extracts were evaluated using lipid peratiamh model
system. Ethanol-soluble fraction (ESF) was mosvadbllowed by hot-water fraction (HWF). These ldlgs of
pollen extracts were higher than that of 5 mM asicaaicid and were similar to that of 1 miMocopherol.
Superoxide-scavenging capacities were decreagbd imrder water-soluble fraction > HWF > ESF. EBéveed
the highest hydroxyl radical scavenging ability amgohese samples. The pollen extracts showed DBR&iEat
scavleogging ability. Particularly the ability of E§Fadually increased with passage of the time (880% to 10
min)=.

The antioxidant status, estrogenic/anti-estrogediivity and gene expression profile were studiedhice fed with
Cystus incanus L(Cistaceae) reach bee pollen from Croatia. Thiepaohodulated antioxidant enzymes (AOE) in
the mice liver, brain and lysate of erythrocyted eeduced hepatic lipid peroxidation (LPO). Bedgwinduced
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25% of anti-estrogenic properties while no estragantivity was found. Differential gene expressjofile
analyses after bee pollen enriched diet identifyemexpressed gene Hspa9a, Tnfsf6 (liver) and degualated
gene expression of Casp 1 and Ccl21c (brain) wanieimportant in the apoptosis pathway and cherisotix

The free radical scavenging ability decreases thighstorage of dried bee-pollen at room temperatodecan
loose about 50 % of the antioxidant power withiyehr?”,

Experiments with feeding rats were conducted with pollen during one month studying the state ef th
erythrocyte redox system. It was established tiatobntent of glutathione, total SH-groups as aglihe activities
the antioxidant enzymes glutathione peroxidasegundthione reductase were increased in compavigtbrthe
control group™.

Anti-radiation and hepatoprotective effects
Anti-radiation

The free radical scavenging activity prevents iaadn damages by free radicals. This means thanéiradiation
effect of pollen should be expect&d Indeed, it was established that small x-irradiatioses activate the lipid
peroxidation and antioxidant system enzymes in tivee. The introduction of a bee pollen extracthe diet of
the animals normalized the activity of several gflione system enzymes in mice livér

Application of beta-carotene oil or bee-pollen balivlished radiation effects but did not influetioe effects
caused by chemical toxics. The authors supposédhinaelective action of the observed drugs isieoted with
the antioxidant activity of pollen and beta-caret&n

Hepatoprotection

The effect of bee pollen on liver functions in oéds was studied. After one month they had a ditionwof
malondyaldehyde levels and the sulphydryl group$-G3 content was normalized. Also serum urea aontepr
levels were significantly improved at the end @& #xperiment$>®.

Bee pollen extracts were administered to ratsxiotwed by carbaryl. Levels/activities of total f@im, albumin,
glucose, triglyceride, T-cholesterol, T-bilirubinipod urea nitrogen, creatinine, uric acid, magmasisodium,
potassium, chloride as well as different liver eneg were evaluated in the serum samples of thietreats in
comparison to the controls, showed a detoxificagiffact of bee pollen. While carbaryl caused negathanges in
most of the oxidative stress markers and of themsdriochemical parameters investigated in the otstthese
effects were relieved with the administration oé ipellen®

It was recently found that feeding mice with be#igroprotects from the toxic effects of the peskcprotoxur, a
very toxic pesticide, which is thought to inducédative stresé®.

Paracetamol intoxicated rats fed bee pollen expeggiarations, Cernilton and Cerniltin showed Deattnilton
increased the survival of the rats by preventinggkie lesions. It has been hypothesized that tisrais effective
and not prophylacti€’.

Enzymatic hydrolysates from bee pollenGitus ladaniferuprepared by six proteases and angiotensin | -
converting enzyme (ACE) inhibitory activities weneestigated. These results suggest that thergesyahigh
antioxidant and ACE inhibitory activities in hydyshtes from bee pollen Gfistus ladaniferus®’ .

Bee pollen oEucalyptus globandSalix. atr showed antidiarietic activity in rafs

Cardus® and castané& bee pollen was shown to have a hepatoprotectfiegtéfi mice and rats These positive
effects were confirmed in humans. Administratiorpofien bread to patients suffering from chronipatéis
showed that after 30 days their clinical situaiibproved measured by the albumin/globulin propariioplasma
and the microscopic structure of liV8r These effects could be explained by the pollended activation of the
antioxidant system liver enzymes and the decrebligidperoxidation®,

Chemopreventive and anticancer activity

The pollen flavonoids quercetin, rutin and chyrisave been shown to have a chemopreventive achyity
increasing apoptosis (programmed cell death), dleting in cancer preventioh'?:

Bee pollen

The morphological changes in aged canine benigstatio hyperplasia were followed after bee polleatment,
5-10 g/kg administered in oral doses for 2 monthaged dogs with prostatic hyperplasia. Prostatesas
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reduced both at one month and at 2 months. Micpps@xamination showed marked diminution in gland
diameter, epithelial cell heights and less papillafolding of the epithelia compared to untreatedtrols. No
effect on plasma estradiol or testosterone levels ebserved and no toxicities were repotted

A chloroform extract of Brassica bee pollen shoaaticancer activity by increasing apoptosis of hampeostate
cancer PC-3 cell&,

The estrogenic/antiestrogenic activity and the gerioity/antigenotoxicity of bee pollen from Saliba L and
Cystus incanus L and its derivative extracts irsy@ad human cells was investigated. All samplesved a
marked inhibitory effect on the activity of the nal estrogen 17 beta-estradiol (higher than 908&xtracts 2)
and failed to cause estrogenic activity and chramesdamage. At least one preparation from eachespsicowed
a marked antigenotoxic effect against the actiothefanticancer drugs mytomicin C. bleomycin, amgnstine.
Bee pollens from C. incanus and S. alba were faorme neither genotoxic nor estrogenic as wellffestve
estrogen inhibitors, and able to reduce the chromesdamage induced by the three cancer drugs tised,
supporting their use as a safe food supplementfuange chemoprotective/chemopreventive agéhts

Extracts of Turkish bee pollen inhibited respirgitburst ofk-562 cancer celf$

Bee pollen extracts inhibited the proliferatiorhoiman umbilical vein endothelial cells, but to igtsler extent
than Chinese red propdifs

Bee pollen polysaccharides frdRosa rugosg§WRPP) were extracted and fractionated. All tleetions had
significant anti-proliferative activity in HT-29 drHCT116 cells; the neutral and acidic fractiongsenghown to
have significant synergistic effects which accodrfte the antitumor activity of bee pollen polyshatddes from
Rosa rugosan vitro*®

Flower pollen

Nine human-derived cancer and non-cancer contincelifines were employed to evaluate the relativeitro
activity of the pollen extract, Cernitin T-60. Resiges of the cell lines to the drug were assesgetehsuring
growth and cell survival as determined by cell dotihe results demonstrated that of the 9 contiawali lines
tested, only those derived from the human prostate growth inhibited by the pollen extract, wharéa non-
prostate derived cells exhibited variable degréessistance to the T-80 Another experiments with Cernithin
extract showed that it had an anti-tumour actigftynice with lung cancéf

2,4-dihydroxy-H-1,4-benzoxazin-3)-one (DIBOA), a cyclic hydroxamic acid isolatedrin had collected rye
pollen, has a strong inhibitory effect on the gitowf prostate cell liné&.
Antiinflammatory activity

' Inflammation is a physiological response to the agenof tissues or cells that is caused
by physical or biological agents and also freeaaldiinvolving different reactions
intended to remove the cause and repair the damage.

The antinociceptive and antinflammatory activitypaie Pinus densiflora

flower pollen extracts (100 and 200 mg/kg) in miere tested. The positive
results of pollen on acid acetic- induced writhiag,formalin-induced paw

licking and on the hot plate test suggest thaatiegesic effect may be related to
the antinflammatory, neurogenic and narcotic priogeof pollen. Positive

results in carragenan-induced paw oedema and dmgbiacid-induced ear oedema suggestRirais
densiflorapollen extract acts on cycloxygenase and lypoxggeractivities’.

The anti-inflammatory effect of ethanol extract@stus bee pollen of Spanish origin was testecats r
The results show a potent anti-inflammatory agtibiy the inhibition of NO production, besides the
inhibitory activity of COX-2. Some flavonoids indad in bee pollen may partly participate in some of
the anti-inflammatory actiofi
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Different health enhancing effects in animal and deexperiments
Anti-osteoporosis effects

Osteoporosis is defined as a reduction in bone aragslisruption of bone architecture resultinggduced bone
strength and increased fracture risk.

Bee pollen water-solubilized extract frddistus ladaniferufias an inhibitory effect on bone resorption in rats
femoral tissues and osteoclastic cell formationdne marrow cell culturi vitro. Thus bee pollen extract has
stimulatory effects on bone formatiomvitro °®. The active factor of this effect, a bee pollen gimthas been
characterised’.

It was shown by the same research group that watabilized extract fronCistus ladaniferupollencauses a
significant increase of alkaline phosphatase, ayrae that participates in bone mineralization. red
administration of the water-solubilized bee pokedract fromCistus ladaniferuso rats caused a significant
increase in calcium content, alkaline phosphateseity and DNA content in the femoral-diaphyseatia

metaphyseal tissues, indicating that the extraettexanabolic effects on bone componémtgvo '’

The water-solubilized extract fro@istus ladaniferubeepollenhas a preventive effect on bone loss in STZ-
diabetic rats, and also a restorative effect onmadsiochemical factors in diabetic rafd

Primary and secondary humoral immune responsdgtiet of specific IgM and IgG) as well as the irgigy of
delayed-type hypersensitivity to sheep erythrocytere investigate in rabbits fed with bee pollesddor a
month. It is shown that bee pollen is an immunontatdu. It stimulated humoral immune response arahgkd
the reaction of delayed-type hypersensibfiity

Anaemia

Anaemia is characterized by a low number of reddlcells. The effects of 10 g/kg/day of oral belgmoon
haemolytic anaemia animals were studied on the peratic system of mice and rats. The results shavadbee
pollen markedly antagonized the inhibition of tleropoietic system and reduced white blood celtkese
animals'® Intake of bee pollen by rats induce a signifidantease of the red blood ceffs

Similar studies in healthy rats and rats with tiatnial ferropenic anaemia were carried out, examgitihe effect of
the addition of 10 g/kg/day of multifloral bee pailon a standard diet. The bee pollen group shewmesdter
weight gain, an increase in the haemoglobin leartsa decrease in platelets. Platelet concentratinstitutes a
haematic parameter that reflects the state ofrtlmewithin an organism. It was concluded that beléep improves
the digestive absorption of iréh

Other effects

Bee Pollen

Antidiarroe activity

Pollen extracts from bee collectBdcaliptus globulugabill andSalix atrocinereaBrot were tested on Swiss OFFI
mice. The results showed that both bee pollen spdrve antidiarrhoeal activity. However, they hswae
differencesEucaliptus globulugabill. Bee pollen extract was more effective otarding the diarrhoea, where
Salix atrocinereahad a better effect in reducing the percentagbasfhoeal excrements, but both floral types
reduced the diarrhoeal excrements by 30%. Thig/stadcluded that the antidiarrhoeal activity, aof gtudied bee-
pollen, may be due to polyphenolic compounds, aafequercetin, although some others compoundsdcoave

a role on this activity and may be responsibletierdifferences on the resulfs

Immunomodulator

Bee pollen is an immunomodulator, stimulating humhonmune response and changed the reaction ofetbigpe
hypersensitivity in rabbif& In a Chinese study in mice it was shown thatrethand acetone extracts, as well as
whole Brassica bee pollen has an immunoactivaiitigigy *2> *2°

In a study with bee pollen from Brazil it was fouth@t supplementation of broilers food with up 16 % BP resulted
in increase of the bird immuniy

Probiotic

Recently a probiotic effect of fresh (deep frozefigm) but not of dry pollen was announced. Thebptic lactic
bacteria were not found in dry pollen, because #reynot viablg® **°
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Prebiotic

Bee pollen ethanol extract supplementation in braihicken significantly increases the number aftbbacillus
spp. and Enterococcus spp. in the caecum of chéclBae pollen could be therefore used as a pokéedid
additive with prebiotic activity to the poultry dié

Antiaging

The effect of bee pollen on intercellular lipofusan mice was studied by morphological observatidie results
demonstrate a reduction of lipofuscin in cardiacahe, liver, brain and adrenal glands following @ustration of
bee pollen. This action may be related with thé-ageing effect of bee pollefi

Pollen and the heart

Feeding of polysaccharides isolated from Chineseplodlen to rats resulted in a decrease of triglges, but not
of total cholesterol and HDLC

The beneficial effects of bee pollen on the cardsmular system are connected with the presencesental
unsaturated fatty acids, vitamin E, phytosterdsgpholipids and flavonoidf

A significant effect of bee pollen hydrolysatesamenzyme converting angiotensin | to angioten{ACE), has
been demonstrated. The results indicate a highyadtitive potential of bee pollen—manifesting itd®f the
inhibition of ACE activity—which results in hypotsive effects. Also an antiatherosclerotic effedftbee pollen
has been report&t

Anti-depressant
Bee pollen inhibits the MAO enzyme, MAO inhibitaree generally used as anti-depresséhts
Regulator of ovary function

Bee pollen was shown to be a potent regulatortasvarian functions: increase of progesteroneestichdiol
secretion, decrease of the Insuline-like growthidg and increase of apoptdsis

Flower pollen

Cernitin (a grass pollen preparation) has diffetemeficial properties: lowering serum lipid levEts ***reducing
atherosclerosis plaque intensityand decreasing platelet aggregation tottitro ® andin viva®* These assays
have been confirmed in humafrs

Cernitin intake influenced positively the activitfurinary bladder of rats and mit®

POLLEN IN MEDICINE

Some parts of the following section have appeargd i

Most applications of pollen in modern medicine podlen preparations of flower pollen. The
main reason is that only the utilization of spexcifollen can guarantee a constant concentratio?_"‘

of the active ingredients “

Benign prostatic hyperplasia 5 ' l}
T ol The most important use of pollen in medicine ipitsphylactic and curative activity

in prostate disorders. Prostatitis, or prostateimimation, can cause difficult or

painful urination that is often accompanied by aning sensation, by a strong and

frequent urge to urinate, that often results iry@mhall amounts of urine, and by pain

in the lower back or abdomen. Benign prostatic hyiasia (BPH) is an enlarged

. prostate, benign meaning non-cancerous and hyseapkxcessive growth of the

. tissue. BPH is the result of small non-canceroosvtirs inside the prostate. Chronic

prostatitis is very common in elderly men, whiclghtibe related to age and hormone

changes. As conventional therapies such as antibiate not efficient, it is not surprising thatipats have turned

with increasing frequency to phytotherapy and otteenplementary treatments, including the intakpadfen.

Indeed, most of the studies reported in this sediave been carried out with different flower polfgeparations,

but there are also some positive results with lodlerp
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Flower pollen preparations

Most clinical tests were conducted with differdotfer pollen preparations: Cernilton, Cernitol &rstat/Poltit
are preparations of hand collected grass or rnjemathile Cernitin and Graminex contain differelatwier pollens.

In the Bruneton’s Compendium of Pharmacognosy’aswnentioned that in certain countries an extratbwer
pollen from a selected flora in the South of Swedas commercialized for prostatitis treatment. fibve extract
includes two fractions, one is water-soluble areddther soluble in acetone rich in sterols. Thebsoluble
fraction was analysed and inhibitsvitro tumoral and normal prostatic cells to grow. Thaltextract decreases
the prostate hypertrophy in rats, but given to huenao change was verified in blood levels of LHHES
testosterone or dihydro-testosterone. In patieitts prostatic adenoma the improvement was in nyetur
important decreases in the residue post-urinatératind long term treatment of this condition, ardase of the
prostate antero-posterior diameter was seen. Tiharyrdebit did not suffer any changes. The eftecthe other
symptoms usual in the hypertrophic benign of ptesias not of statistical significante

A hydroxamic acid with anti-cancer in-vitro actiyit®, is probably the active compound in the flowerqmol
extract Cernitin which might be responsible for syenptomatic relief in patients with benign prosthyperplasia.
Seventy nine patients, ages ranged from 62 to 8&ywiith this disease were treated with pollemaexf resulting
in a mild beneficial effect on prostate volume amichation®’.

The pollen extract Prostat/Poltit (produced by Ajtan) shows in a double blind placebo controlledigtan
improved symptomatic relief in man with chronic banterial prostatitis/chronic pelvic pain syndrome
(CNBP/CPPS). After 6 months the patients treatdd Rrostat/Poltit (3 tablets/day eq. 222 mg of guoll
extract/day) showed a significantly lower pain s¢dess of voiding symptoms, less urine storagepsyms and
better sexual function than the patients who haeived placebo. No adverse effects were repdfted

An overview on the promising pharmacologic agemtsamplementary medicine for their use in benigrstatic
hyperplasia and prostate cancer agents, showe@dnailton (the cited rye pollen extract) is ongla@m, besides
Glycine maxsoy), PC-SPES (a mixture of 8 herbs) &ndnus africana (Pygeum africanuiadenanj*.

Cernitron was also tested in a study with 15 pé&dirith chronic prostatitis and prostadynia. Inat3he patients
there was either complete or lasting relief, 2quat failed to respond. Another double blind study showed a
significant improvement of the Cernitron treatetiguets in comparison to the contréfs90 patients were treated
with the same product and were divided into twaugsy with and without complicating factors. Thosthaut
such factors (n=72) 78 % improved significantlythie other group (n=18) only 1 patient showed atipes
response. Cernitron was well tolerated by 97 %hefpatients®.

A clinical assay with Cernitron with a total of g8tients with benign prostatic hyperplasia (BPH} there treated
pharmacologically for 4 months: 51 received Ceoniland 38 Tadenan (controls). Significant subjectiv
improvement was found in 78% of the patients inGeenilton group compared to only 55% of the Tadena
treated patients. In the Cernilton-treated patiarggnificant improvement in the uroflow rate, dexse in residual
urinegnd in prostate volume were found. This s&hyws that Cernilton is an effective therapy fatignts with
BPH™.

The effect of the flower pollen on PPH was reviewe#003. 13 clinical trials were reviewed, mosthnducted
with Cernilton, indicating that flower pollen th@sais a safe and effective therapy for the manageiemild to
moderate Lower Urinary Tract Symptoms (LUTS). Thelges showed a consistent reduction in subjective

symptoms and overall effectiveness ratings of 76%gieater’. This study is published imww.graminex.com

Bee pollen

A double-blind, placebo-controlled clinical triab® performed to investigate the efficacy and sajeéty2-week
intake of a bee pollen (mainly Citrus) ethanol agtr(PE) supplemented food in 47 patients withdpeprostatic
hyperplasia (BPH). The participants were randorsbigned to 3 study food trial groups: a placebaigr® mg
extract per day); a lower-dose group (160 mg PElpg); and a high-dose group (320 mg PE per dasguies P,
L, and H, respectively). Outcome measures werehhege during the 12-week intervention period injestive
symptom scores and 2 urodynamic parameters, maxiftownrate (Q max) and residual urine volume. Q Xina
values were significantly increased in group H (.85) but not in groups L or P. While residuaherivolume
was significantly increased in groups L and P (®G5 each), the level in group H decreased, altholog
difference between groups H and P did not readfsttal significance (P=0.052). No pollen-relatezhlth
hazards or laboratory abnormalities of clinicah#figance were found. The results can be summaitizaida
higher dose of bee pollen extract intake signifiyatiecrease the symptoms of BFH
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Dogs with BPH were successively treated with de§é&s10 g/kg bee pollen for two montfis

Biologically active substances

Besides the above mentioned hydoroxamic acitivigye are other substanc€alercetin is one of the main
flavonoids in bee polleff. This compound shows in vitro a permanent infobitbf androgen-independents cancer
cells PC-3 at the dose of 100 uM. In prostate aarelés this activity is due to the ability of qeetin to block the
cell cycle in various phases through an inhibitddthe expression of several specific genes. Qtiarabso up-
regulates expression of various tumour suppressmegwhile down-regulating oncogene expresSibin a
prospective, double blind, placebo-controlled trilaé patients who had been taking quercetin (50@nigne/day

for 4 weeks) showed a significant improvement ikildhronic prostatitis symptoms, 67% of the patieakéng
quercetin having a significant decrease of sympttiths

Rutin, a principal pollen constituent has antitumor praps has similar antitumor activity as quercetihese two
substances have been recognised to act againgbajsofprogrammed cell death) and thus delay cayrosvth”.

Kaempferol, another bee pollen flavonoid caused a reversibibition of PC-3 cancer cells growth It is known
that other flavonoids present in pollen (e.g. apigiare able to depress the kinase activationastpte cancer.

Another class of substances that might be invoirete antiprostatitis action of bee pollen areghgtosterols
Besides cholesterol other sterols in pollen aredterol, beta-sitosterol, stigmasterol and campalsigke other
components the amounts and sterol types vary demend the plant specié&. Beta-sitosterol is known to be an
active substance against BEH

A third group involved in the antiprostatis actyis beta- carotene The antiprostatitis and anti prostate cancer is
evidenced for lycopene. A drop of PSA, an indicatioprostatitis and prostate cancer has been estdkeby Cistus
and willow pollen, both pollen rich in carotenest hot by chestnut pollen, having a relatively logeta-carotene
content'®. Beta carototene decreases the risk for somegpeosarcino

Hay fever and other allergies

Air born pollen is known to cause allergic reactigeee allergy section). However, there are
promising results that pollen can also be useddwgnt these allergies. Claims that a small
consumption of bee pollen can desensitise agaaystdver are known since a long time.
However, only recently it was proven that bee poiteleed exerts antiallergic and anti-hay
fever effects.

The antiallergic activity of bee pollen phenolidrext (BPPE) and the flavonoid myricetin
(MYR) was tested in a murine model of ovalbumin @\hduced allergy in mice. BPPE
(200 mg/kg) and MYR (5 mg/kg) treatments showedhittlon of different allergic reactions. The resuiupport
the hypothesis that MYR is one of the flavonoid8BPE responsible for the anti-allergic effect arngbtential
tool to treat allergy®.

Since mast cells play a central role in the patheges of various allergic diseases, the effecteef pollen
ingestion by rats significantly reduced the cutarsemast cell activation elicited specific antigdhalso reduced
in vitro mast cell degranulation and tumour ne@dactor-X production. These results revealed ttiat
antiallergic action of bee pollen was exerted bybiiing the activation of mast cells, which plaggportant roles,
not only in the early phase, but also in the latase of the allergic reactiéh

Grass pollen is promising agent for treatment eépes suffering from allergies towards grass padiéergy "> *>°

but also following bee stings'*? In a clinical test with children allergic to g&apollen extracts of pollen were
administered orally and subcutaneously, last treatrneing the the most efficielif. Application of special grass
pollen tablets was also successfully te€ted

Recently pollen vaccines have been prepared frdlarpdrom which allergenic components were removed
recent publication a successful clinical trial frttee sublingually applie@Gramineaepollen vaccine against hay
fever of humans has been report®dA successful therapy with a pollen based vacaiganst birch delivered
sublingually and subcutaneously has also beentepdr These results are very promising due to thedfct
increased incidence of hay fever in the develomeohties.

Aqueous pollen extract has been successfully ugaitist house-dust asthrif4 A preparation from different bee
pollen, called Pollysat was also used for decregisia symptoms of hay fev&f.

Homeopathic grass pollen preparations has beerssictly tested against hay fefet*®
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Hepatitis

Bee pollen against hepatitisafter Asafova et dland Shkenkderov and Ivaridv

Author, clinical test, Pollen intake, recommendation, results

lalomicianu et al. 1976 Intake of 30 g bee bread or fresh pollen dailyd@@s pollen or 30 days
110 deteriorating chronic hepatitis patients bee bread. Normalisation of albumin/globulin blgatio. In patients

taking bee bread the ratio changed from 0.96 t@ Widle in patients
taking pollen from 0.85 to 1.26.
Belyaeva et al. 1990 Children from 3 to 5 years: 12 g, 6-12 years: 1pdalen as water
Children virus hepatitis suspension or with honey. In comparison with cdatsignificant
changes of white and red blood bodies, of plasratemrs and of the
humoral immune response

Bashmakov and Chernov 1986 Children: 3 times one tablespoon, grownups 3 tioressoupspoon. 1
Chronic hepatitis and jaundice month after the operation, improvement of patients.

Uzbekova (2001), Hepatitis B Successful use of bee poll&h

Antiaging

The health enhancing effects of pollen in cardioués health (see above) and also its anabolioyihr
stimulating properties (page 6) make it a good ichaid for treating age-connected conditions such as
arteriosclerosis and chronic fatigue. Ludyanskidggslied pollen successfully in geriatrics and agathronic
fatigue (see below).

The effect of intake of a total of 40 g bee poleas tested twice daily for 1 month on 28 patienith an average
age of 72 years with cholesterosis and cholestisatbthe gall bladder. In 86 % of the patients ¢helesterol
values decreased from 7.8 mm/l to 5.9 mm/I. In 68f%e patients the gall bladder secretion impdovéth an
improved consistency, while in the rest of thegatt there was no improvemént

In the monograph of Asofova et akuccessful treatments were reported for:

* Climacterium for men and women: 50 g pollen and §@® honey daily (Ohotsky, Kostish, 1978)
» Chronic weakness (asthenia): long-term intake g@idhily

Better memory

In traditional Chinese medicine a mixture of belgug radix polygoni multifloreZiziphi spinosasemenRadix
salviae multiorhizagFructus schisandraandFructus ligustris lucidagknown as “NaO Li Su”, has reputation as a
medicine against declining memory functions. Inphesent study the effect of this mixture on fgjlimemory was
assessed in 100 elderly Danish volunteers by aledimd placebo controlled cross-over trial. Tlileet was
evaluated after treatment periods of 3 months ourdty a battery of psychological and biochemieatd. No
desirable effects on memory functions were achiavidta this treatment. Increases in the number dfdleod cells
and in the serum creatinine levels were seen tftatment. In the subgroup initially showing a nembf red

blood cells below the median a significant positteerelation was found between changes in the nuwitred

blood cells and changes in the Wechsler MemoryeSsebres’.

Menopause

An daily ingestion of table spoon of pollen (ab&0tg) for a period of 14 days by breast canceeptgiimproved
the menopausal symptoms of 70 % of the patientdeaplacebo effect of 25 % was expectdd
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Heart and blood circulation diseases

Different clinical studieswith bee pollen

As reported in different monographd®® *"or after original references

Author, clinical test, disease Pollen intake, recommendation, results

Dudaev et al, 1988 2 teaspoons 3 times a day. Significant effectdandbvalues: fall of
Ischemic disease after myocardial infarct cholesterol, fibrinogen, soluble fibrin and of btbaiscosity. (afte)
Bashmakov and Chernov 1988 Pollen in honey 1:1, dissolved in 100 ml of watdin3es a day before

55 patients after heart surgery or with myocard meals, for 3 months, in connection with standardioaion. Treatments
infarct, unknown number of patients with other were successful. (aftgr
heart diseases

Golovkin et al. 1993 Suppositories with 1 g pollen, twice a day; afterdhys examination:

Ischemic disease after myocardial infarct positive effects on myocardial metabolism haemodyna and
resilence. (aftéy

Balshushkiavich et al, 1986 40 g pollen: twice a day two tablespoons: recomragod to include

Ischemic disease after myocardial infarct pollen in diet in connection with physio-and spiberapy. (afte)

Koslic and Takac, 1979 Intake 2 times 2.5 pollen, measurement in bloaavinweeks

5 Arteriosclerosis patients with increased triglyceride content fell to half the initial (2.44M/I) while Changes in

triglyceride content the levels of lipoproteins and cholesterol weresighificant (after>%

Georgieva and Wassilev, 1976 1 tablespoon pollen before meals, twice a day faohth. A small fall

60 elderly patients with arteriosclerosis and 40 of cholesterol and lipoproteins in arteriosclergsisients and

with brain arteriosclerosis improvement of non dynamic neurasthenia disordebsain
arteriosclerosis patients (aft€r)

Kassaynko, 20107 Intake for 12 weeks of 40 g daily pollen or beedoreesulted in

Treatment of adult patients with dislipidia cholesterol decrease by 11.4, resp. 20.5 %; the samntity of bee
bread decreased triglicerides by 12.5 % and HDC48 %

Stasitite and Vassilauskas, 2006 Intake for 30 days of 2x daily 4.5 g pollen for @ays results in a

Treatments of adult patients with dislipidemia decrease of cholesterol afdipoproteins, biggest decrease in smoking
women by 30.8, resp. 12.8 %. (attér

Liferov et al. 200% Treatment of 57 patients (men and women) for 45 dhgyintake of 2 x

Treatment of patients with arterial hypertensior 15 g intake of bee bread daily. Total cholesteedrdased by 24 %, LDL
by 36 %, HDL increased by a factor of 2.1.

Gastroenterological disorders

Different clinical studieswith bee pollen
reported in the monographs of Asafova etahd Shkenkderov and Ivarigv

as

Author, clinical test, Pollen intake, recommendation, results

Lenormand and Chauvin, 1957 good treatment results

diarrhoea, colitis, enteritis, and chronic

constipation

Georgieva, Vassilev, 1971 Two soupspoons pollen per day for 10 days, bleestiogped after 2-4
40 patients with bleeding stomach ulcer, contrc days while in the controls bleeding stopped aftedays

only anti-bleeding drugs

Krikshtopaitis et al. 1986 5 g pollen in honey 1:1, 3 times a day with 100-tiMoiled water half
stomach ulcer (n=7) duodenal ulcer (n=17) anc an hour before meals for 2-4 weeks. Quick healirgjldut one patients
patients with different disorders (this patient had nausea after pollen)

Krikshtopaitis and Yudovalkis 1988 5 g pollen in honey 1:1, 3 times a day for 4-5 veeé&l¢omach pH rose
Chronic duodenal and gastric ulcers from 1.1 to 5.0; erosions healed and acidity wasnadised

Prieditis et al. 1986 15 g pollen in half a glass of water twice a dagralbreakfast and lunch
After chirurgy of duodenal and gastric ulcer for 10 days. Dispepsia disappeared, positive effentduodenal motor
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patients skills, serum and hepatic values normalised

Balshushkiavich et al, 1988 2 times per day10 g pollen for 10 days, togethiér avdiet and physical

Duodenal ulcer, gastritis exercises

Bashmakov and Chernov, 1988 Pollen in honey 1:1, 3 times a day: initial 5 dégtslespoon, then 5 days

Duodenal and gastric ulcers, colitis with dessertspoon and finally with soupspoon f& rhonths;
improvement, measured with gastric acidity decrease

Ivanova, Djarimov, 1993 One table spoon pollen in honey 1:2 for 3 timeayahe hour before

Duodenal and gastric ulcer meals. Significantly better results than controls.

The experience of Ludyanski

Ludyansky, a chief doctor in a big Russian hospitéth life-long practice in apitherapy, has sumised the
apitherapy knowledge in his monography “Apitheraia Russianj*. He summarises the medical uses of pollen
in his hospital in the following table:

Treated disease Very good and good improvement No improvement
Aneamia 26 5
Geriatry 23 -
Impotency 50 15
Gastritis 47 5
Posttraumatic asthenic syndrome 81 15

Ukranian pollen preparations against different dis@ases

The Ukranian pharmacist Tikhonov and his group ftbemmNational Pharmacy University of the Urkaine
developed a number of bee pollen preparation (veaterorganic solvents)and tested them against dewuof
diseases®

Digestive diseases in mice and humans

The preparatio®ollenzymis a preparation based on a water extraction fyolien and contains proteins, enzymes
and amino acids. It was successfully tested mitte. It improves the microcirculation of the irtiees and can
heal following digestive diseases: chronic entétisppancreatitis, hepatitis and gall bladderanimation.

The same preparation was used in the following maagainst a number of digestive diseases: 4 titalgone
pill after the meals, for 15-20 days. A test wBthhumans with infestations of the small and tihgdantestines
showed only improvement of the small intestineanfination. In a test with 39 diseased humans witbnit
pancreatitis were treated. After 5 to 7 days symgtbke burping and stomach inflation diminisheaf8-9 days
also other symptoms were improved. The preparatgmalso successfully tested with 40 humans witbreb
gastroduodenitis (gastric ulcer). After 10 daysrtiegority of the patients had improved significgnThe
preparation was also successfully tested with @@mia having a gall bladder enlargement, thelgatider
decreased in size. The preparation was also sdiathesssted with patients having a chronic panttisa

The lipophylic extract of pollenLEOP) is an exctract prepared with non-polar solvents @lant oils. It contains
beta-carotin, flavonoids, lipids, fatty acids aati$oluble vitamins. This preparation is nhon tadcording to
different toxicity and allergenity tests if appligdanimals until a dose of 40 g/kg. LEOP is applas a
suppositoridPolenfen.Tested in mice this preparation causes improvemesexual disfuctions and an increase of
sexual activity. According to the results the pragians can be used in the treatment of sexuallisions
connected with androgenic insufficiency and int@iejaculation, hemarroids and proctitis. The ssjppoa
Polenfenare applied twice a day for 15-30 days.

Another preparatioRollentar is based on a pollen extract and succinic acids preéparation was successfully
tested in mice for use for the increase of perforraaunder the conditions of physical strain. Thidue to its anti-
hypoxic activity, resulting in increased performandt has also a brain blood circulation protegtativity as
tested positively in mice with brain ischemia (lddaosufficiency in the brain).
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Other therapeutic effects

Bee pollen

Bee bread (as only medicine) was administered toaZ@nts suffering from anaemia. For more tharoatmone
teaspoon of pure bee bread (or a 1:1 mixture obbead and honey) was administered to adults €6§poon to
children up to a year; ¥ teaspoon for children fmre year onward) three times a day. The healttiton of the
inpatients improved during the therapy. The pasiequpetite increased, they were more lively, béttenoured und
gained weight. Furthermore, their headings redaecetitheir debility, vertigo and tiredness recedediell. Epidermis
and mucous membranes were less pale and the hasdgimoghd their number of erythrocytes increasedefag to
the resuétss the paper states that bee bread a&bkufor the treatment of anenffaA Bulgarian report support these
findings

Bee pollen was ingested by 10 patients sufferiomfhypertriglyceridemia which were under permarkisihey
dialysis. After 2 weeks the level of serum triglside dropped and after 2 months it reached normlaies. The
authors conclude that the positive pollen effectloa used for the treatment of hypertriglecyridid possibly also
of uricaemid®.

Cancer, radiation

Bee pollen was effective in reducing adverse edfe€radiation used for cancer treatment in a tohlind study
of 25 women with inoperable uterine cartéer

In Chinese medicine bee pollen is used for bloooh&tion, reducing cravings for sweets and alcoioh
radiation protectant and a cancer inhiditor

In Russia it was shown that ingestion of whole baléen or pollen tablets or its extracts reducebirain hypoxia,
protecting against ionizing radiation, acting aghastress and tumour of humans. The strong adaptogetivity
exhibits pollen load in natural or powdered forab{ets, capsules) while the aqueous and ethanalotxthad a
lower adaptogenic activity. For the enhancing ofgital and immunological resistance higher dosgmtén load
(10-40 g daily) and for enhancing of mental comditihe lower doses of this product (1-3 g) durirg)\Reeks
should be usé€d

The introduction of a pollen diet as an adjuvarthimreduction of side effects during radiotherappatients with
gynaecological cancer (15 women with carcinomaefdervix) received a pollen diet during irradiatiavhilst ten
further patients receiving irradiation served astaas without pollen added to the diet. Serum emzy, proteins,
vitamins and blood count were analysed before &ed iaradiation. It appears, that pollen favousainifluences
the efficacy of irradiation and reduces the freqyenf side effects, both subjectively and objedsi¥e

Other effects

In the monograph of Asofova et kuccessful treatments were reported agaubst chipooinchitis: 3 times a day
a soup spoon of honey:pollen 5:1 mixture (Chuhmeekal. 1993; Bashmakov and Chernov, 1988)

Flower pollen

Therapy-relevant research has been carried maitttydifferent flower pollen preparations: CernitGlernitron
and Cernitin. Pollen extracts are reported to pcedyood results in patients suffering from nutnébproblems in
the form of emaciation, loss of appetite and ptaisatid mental asthenia. These effects have beed both in
children and elderly patients convalescing afteiouss illnesses. In particular, protein synthesigeased as did
secretion of 17-OH-steroids and 17-oxi-steroids sdie effects being attributed to the Cernitrirmak& were shown
3agsgto)eing attributed to the preparation, and sicgnifi results were achieved after as little as twaths of treatment

Mixed pollen containing four sorts of pollens (Rapgphae, Corn, Sunflower) is capable of increasiody
tolerance to acute hypoxia and promoting adaptatidnghlands. The experimental study showed tblé¢p can
significantly increase body tolerance to acute kygg@ollen can also increase the high energy coieh
normalize the activity of several enzymes whichiamgortant to high energy metabolism; regulate the
neurotransmitter in 4 parts of the brain and mamarmal activities in the nervous system; incectie secretion
of adrenocortical hormone which may favour O2 apson; increase SOD content in tissues (heartr)liaad
hence may prevent super-oxygenation and guard side@e radicals, increase PO2 in the brain aratialtblood:;
decrease oxygen consumption and blood lactic awidentration; and increase the immunity of animalder
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normal condition. In field study, carried out whiamans in two different years it was shown that &y taking
pollen 3 to 5 days before moving to 5000 m showedmess symptoms that individuals who had takéeroor
no drugs. The researchers concluded that pollekentan also reduce and ameliorate symptoms of acotintain
sickness™’.

SPECIFIC THERAPEUTIC OF UNIFLORAL POLLEN

In almost all scientific studies mixed pollen waed. As pollen composition varies widely depending
the type of pollen, specific pollen should be usedhedicine.

The effects presented in the data below are re@dan scientific or clinic studies but are basedtraditional folk
medicine. These effects should be tested in clisitalies.

Therapeutic properties of different pollen types infolk medicine after'® 2°

Therapeutic effect Pollen type

Antibiotic Eucalyptus, maize, chestnut, dandelion, clover
Improves blood circulation Cherry, horse chestnut, sweet chestnut, willow
Calming, against sleeplessness Acacia. citrus, hawthorn, linden, poppy,
Cough Poppy

Diuretic Dandelion, cherry, cornflower

Digestive Acacia, lavender rosemary

Heart fortification Hawthorn

Improvement of liver function Horse chestnut, sweet chestnut, dandelion
General tonifier Apple, eucalyptus, willow

Ulcer healing Rape

SIDE EFFECTS AND ALLERGIC REACTIONS
Allergy

Bee-pollen is normally well tolerated, but the mmese of allergenic pollens and substances canenexdluded.
Pollen allergy like hay-fever, concerns mainly mjieagainst air-born pollen, while allergies toestgd pollen are
relatively rare, with a similar rate as other foollsase of a 34-year-old Spanish woman with a Irglbistory of
seasonal rhinoconjunctivitis and honey intoleranb&h developed eosinophilic gastroenteritis aftgestion of
bee pollet?®. Non-life-threatening anaphylactic reaction hasrbeecorded after bee pollen intake®According
to a 2008 Russian study the incidence to polleastign, tested in 891 normal humans was 1.4%°%

About 10 to 25 % of the population has hay feveotber forms of airborne pollen allergy. The alemg effects
of bee pollen have been reviewBd>® The allergy towards ingested bee pollen has begawed in 2015 by
Choi et al. Mostly the allergy reaction is due tmdavpollinated pollen but there are bee pollen frtom
Compositae family which can also induce an allgrgy

Allergy after ingestion of pollen of the composienily was reported. A case of a 34-year-old Spanish woman
with a lifelong history of seasonal rhinoconjunits/and honey intolerance which developed eosiilicph
gastroenteritis after ingestion of bee polt€hNon-life-threatening anaphylactic reactidi™, and also one case
of renal failure? and one case of anaphylactic sHdtiave been recorded after bee pollen intake.

For safety reasonsit is recommended that people who are susceptible to allergies or asthma, or people with hay
fever should avoid intake of bee pollen.

But: bee pollen has an anti-allergenic effécthere is a successful desensitisation therapgydever by pollen,
see sectioiay Fever.
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Toxic compounds and microbiological contaminants

Trace amounts of hepatotoxic pyrolizidine alkalgi@g) were found in pollen dEchium vulgare, E. plantagineum,
Senecio jacobaea, S. ovatus, and Eupatorium canoabi®. In Middle and Northern Europe these pollens ate n
among the main pollen gathered by bees, howev&outhern Europe the twEchiumplants are more diffused and
are gathered by bees in larger amodhté

Recently Kempf et al. (2010) reviewed the imporeaaEPA’s for human nutrition. The quantities foundEchium,
Senecio, Eupatrium and Phalaenopsis pollen vagedeen 0.8 and 14 mg/g

Pollen should be tested to fulfil with standardsrfocrobiological purity and to residues of contaamits. The
allergy issue will be addressed later. The differemtaminants of bee-pollen have been recentigwned®.

Pollen intake

Whole pollen

From biological point of view the most effectivellea forms are bee bread and fresh frozen pofemollen is
relatively an expensive food product, a regulaaketof 10 g (2 teaspoons) is realistic and can hgwephylactic
effect. For prophylactics and health enhancingsedsd 10-20 g per day can be taken for a longéoger time,
best twice for 3 months a year, e.g. during wirfer. apitherapy the dose of pollen to be takenduita is 20-50 g
daily, taken 3 times per day, 1-2 hours before meal

For improving pollen digestibility place pollenivvater overnight. Good chewing or milling of pollbafore
administering improves the digestibility too. Irder to counterbalance the bitter taste of pollgpart of pollen
can be mixed with 1 part of honey (by weight).

Approximate weight of pollen given as spoons: teasg6 g; dessertspoon 9 g; soupspoon 12 g.
Cracked pollen and pollen extracts

Another intake forms are cracked pollen and bekepaxtracts. Cracking of pollen increases its sligdity. Bee
pollen extraction improves the antioxidant actiyligst extraction is achieved with ethdndWaceration with
water increases the pollen digestibility, for sevéiours or overnight.

It was found out that ethanol extracts of pepsifestied pollen have a higher antioxidant effect gthanol
extracts of normal pollen, pepsin digested pollad the lowest antioxidant effétt

CONCLUSION: BEE POLLEN AS A FUNCTIONAL FOOD
2. Health claims

According to the EU Regulation 1924/2088glifferent health claims can be made for food:
1. Physical performance and fitness

Long term ingestion of pollen and special polleaparations (cracked pollen, pollen extracts) capriove the
physical performance and fitness of sportsmen &tetlg people

2. Gut, digestion and liver health
Pollen intake can improve gut, gastroenterologicadidiver health

P
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Fresh frozen pollen conserves best the bioavailability of pollen Pollen in honey combines the functional
biological properties of pollen ingredients properties of the two products.
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Quantum-R,
Multi-Pollen
xtract

Pollen extracts or tablets are used for intakeasflyg digestible pollen component supplementation.
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