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ABSTRACT

Bee pollen is a honey bee product containing over 250 biologically active substances such as phenolic
bases, amino acids, carbohydrates, lipids, enzymes and coenzymes, vitamins and bio-elements. The
composition of bee pollen may vary due to plant sources and its botanical and geographical origin.
Bee pollen has been used since ancient times in traditional medicine for its therapeutic effects such
as wound healing and hepatoprotective. Bee pollen has been reported to possess antioxidant and
radical scavenging activities usually attributed to the presence of phenolic acids and flavonoids which
are plant-derived polyphenolic substances. The antioxidant capacity of bee pollen depends on the
content of total polyphenolic substances. This review presents an overview of chemical composition
and antioxidant activity of bee pollen.
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OZET

Ari poleni fenolik bazlar, amino asitler, karbonhidratlar, lipitler, enzimler ve koenzimler, vitaminler ve
biyo-elementler gibi 250'den fazla biyolojik olarak aktif madde igeren bir an iiriiniidiir. Polen bilegimi
polenin bitkisel kaynagina, botanik ve cografi kokenine gore degisebilir. Ari poleni, yara iyilestirici ve
karaciger koruyucu gibi etkileri nedeniyle geleneksel tipta eski gaglardan beri kullaniimaktadir. A
poleninin, genellikle bitkilerden elde edilen polifenolik maddeler olan fenolik asitlerin ve flavonoidlerin
varligina atfedilen antioksidan ve radikal temizleme aktivitelerine sahip oldugu bildirilmistir.
Antioksidan kapasitesi, toplam polifenolik maddelerin igerigine baghdir. Bu derleme ari poleninin
kimyasal bilegimi ve antioksidan aktivitesine genel bir bakis sunmaktadir.

Anahtar Kelimeler: Antioksidan aktivite, Ari poleni, Oksidatif stres

GENISLETILMiS OZET

Amag: Bal, arn sitd, propolis ve polen gibi ari
artnleri saglik tzerine yararli oldugu bilinen birgok
biyoaktif maddeyi yapilarinda bulundurmaktadiriar.
Ozellikle flavonoidler, karotenoidler ve fenolik
bilesikler gibi maddeler sebebiyle antioksidan

aktivite gosterdigi bildirilmigtir. Ari Grdnleri icerisinde
ar1 poleni, sahip oldugu biyoaktif bilesiklerin gugcli
antioksidan etkilerinin yani sira pek cok terapdtik
etkilere de sahiptir. Bu derlemede ari poleninin
Ozellikleri ve antioksidan etkili bilesiklerinden
bahsedilecektir.
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Tartisma: Ari poleni, nektar, cicek poleni ve ari
salgisinin bir karigimidir. Yapilan calismalarla 6n
plana ¢ikan bu dogal ari Grinu, gida takviyesi ve
potansiyel bir terapétik olarak kabul gérmektedir. Ari
poleninin yapisi ve kimyasal bilesimi cografi
bdlgeye, ekolojik yapiya ve mevsime bagh olarak
degisiklik gosterebilir. Bunun yaninda, ari poleninin
isleme sirecleri, saklanma suresi ve kosullari da ari
poleninin  kimyasal igerigini etkilemektedir. Bu
faktorlere bagli olarak degisen igerik, ari poleninin
antioksidan etkisini degistirmektedir. Ayrica, ari
poleni ekstraktlarinin antioksidan etkileri kullanilan
solusyona gore degismektedir. En gugli antioksidan
etkiyi etanol ekstraksiyonunda gostermigtir. Ari
poleninin antioksidan kapasitesinin  dlgiminde
DPPH, ABTS*, FRAP, ORAC gibi birgcok ydntem
kullanmakta birlikte, tek bir metodun uygulanmasi
gercek aktiviteyi gdstermeye yetmemektedir.
Antioksidan kapasitesinin belirlenmesinde reaksiyon
mekanizmasi, izolasyon prosedirleri, biyoaktif
bilesenlerin safligi ve kullanilan substrat gibi gesitli
parametreler dikkate alinmalidir.

Superoksit radikalleri (O2"), hidrojen peroksit (H202),
hidroksil radikalleri (*OH) ve singlet oksijen ('02)
genel olarak tanimlanan reaktif oksijen tirleri (ROS)
olup biyolojik sistemler tarafindan metabolik yan
drinler olarak dretilirler. Canli  organizmalar,
genellikle ROS'un zararl etkilerini bloke etmede
etkili olan enzimatk ve enzimatik olmayan
antioksidanlari  iceren antioksidan sistemlere
sahiptir. Ancak, patolojik durumlarda antioksidan
sistemler yetersiz kalabilir. Serbest radikaller ve
oksidantlar fazla miktarda uUretildiklerinde, oksidatif
stres olarak bilinen bir fenomeni ortaya gikarirlar; bu,
zarlar, lipitler, proteinler, lipoproteinler ve
deoksiriboniikleik asit (DNA) gibi cesitli hiicresel
yapilari olumsuz etkileyebilecek zararli bir suregtir.

Ari polenlerinin antioksidan aktiviteleri esas olarak p-
kumarik asit, ferulik asit, gallik asit, klorojenik asit,
vanilik asit ve kafeik asit gibi fenolik asitlere,
epikatesin, rutin, kuersetin, luteolin, apigenin ve
kristin gibi flavonoidlere, resveratrol gibi fitoaleksin
ve E ve C vitamini gibi vitaminlere atfedilir. Bu
biyoaktif maddeler elektofilleri etkisiz hale getirerek,
serbest radikalleri ve reaktif oksijen tirlerin
temizleyerek antioksidan aktivite gdsterirler. Ayrica
metal iyonlarini baglayarak toksik metallerin
uzaklastiriimasini saglarlar.

Sonug: Ar poleni gida takviyesi ve farmasotik Griin
gelistirmek icin  kullanilan en o6nemli dogal
drinlerden biridir. Yapilan ¢ok sayida c¢alisma,
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oksidasyonun zararli etkilerine kargi koyabilen dogal
bir ajan olarak ari poleninin buyuk potansiyelini
dogrular niteliktedir. Gida endustrisi, bilesiminde
bulunan antioksidan bilegikler nedeniyle son yillarda
ari polenine buyuk 6nem vermistir. Ari poleni, zengin
biyoaktif bilesikleri nedeniyle birgok gida takviyesi ve
farmasotik Grinun geligtiriimesi icin 6nemli bir aday
olabilir.

INTRODUCTION

Bee pollen produced by worker honey bees is
composed of proteins, sugar, fibre, mineral salts,
phenolic compounds and vitamins and used as a
food source for all stages of the development of the
bees (Campos et al. 2008). It contains known
essential nutrients required for the body to make
health maintenance and possess a wide range of
therapeutic effects including antioxidant, anti-
inflammatory, anticarcinogenic, antifungal,
hepatoprotective, wound healing and immune-
regulating (Denisow and Denisow-Pietrzyk 2016,
Guiné 2015, LeBlanc et al. 2009, Olczyk et al. 2016,
Thakur and Nanda 2020). Oxidative stress is
imbalance between free radical-generating and
radical scavenging systems in the body, which may
contribute to many disorders including cancer,
atherosclerosis, cerebral and cardiac ischemia,
Parkinson's disease, gastrointestinal disturbances,
and aging (Rao et al. 2011). An excess of free
radicals formed by oxidative stress attacks vital
cellular  components including coenzymes,
neurotransmitters and macromolecules such as
nucleic acids, proteins, lipids and carbohydrates.
The cellular radical scavenging system, consisting of
antioxidant enzymes, neutralizes the free radicals
and prevents free radical damage. However, the
living cell has limited capacity on neutralizing the
oxidative free radicals formed (Campos et al. 2003).
The deficit can be compensated by exogenous
antioxidants obtained from the diet and they can
increase protection of the body. Additionally, the
endogenous antioxidant system performs its
functions with exogenous antioxidant systems in a
synergistic way (Warraich et al. 2020). Bee pollen
has been reported to exhibit antioxidant and radical
scavenging activities. Its antioxidant ability has
usually been attributed to the presence of phenolic
acids and flavonoids (LeBlanc et al. 2009, Leja et al.
2007, Sari¢ et al. 2009). The composition of bee
pollen may vary depending on the species
composition of the pollen, catchment areas, weather



conditions, seasons, and actions of the beekeeper
(Campos et al. 2008, Guiné 2015). Thus, the
antioxidant activities may vary due to the differences
in active ingredients of bee pollen. This chapter will
focus on chemical composition and antioxidant
activity of bee pollen.

Oxidative stress

Oxidative stress has been defined as an imbalance
between production and accumulation of reactive
oxygen species (ROS) due to the disturbance of
balance between their production and removal by
antioxidant enzymes in cells and tissues (Pizzino et
al. 2017). ROS are generated via several oxidative
processes, including aerobic metabolism,
arachidonic acid metabolism and the activity of
NADPH oxidases and xanthine oxidases, during
both physiological and pathological conditions (Cho
et al. 2011, Pizzino et al. 2017). ROS include free
radicals such as superoxide radicals (Oz¢—), hydroxyl
radicals (*OH) and nonradical molecules such as
hydrogen peroxide (H202) and singlet oxygen ('02)
(Sharma et al. 2012). Oxidative stress occurs as a
result of the deterioration in biological systems'
ability to detoxify these reactive products (Pizzino et
al. 2017). Free radicals are molecules with unpaired
electrons and having an odd number of electrons
make them unstable, short lived and highly reactive.
Due to their high reactivity, free radicals can capture
electrons from other compounds to gain stability.
Thus, the affected molecule loses its electrons and
becomes a free radical itself. The free radical
molecules formed initiate the reactions that damage
living cells (Phaniendra et al. 2015). Excessive ROS
can damage cellular proteins, lipids and DNA,
leading to cell death. Mitochondria have their own
DNA (called mitochondrial DNA) and their own
machinery for synthesizing RNA and proteins.
Mitochondrial DNA is considered to be susceptible
to ROS attack resulting from oxidative stress. As a
result of mitochondrial DNA damage, mutations
occur in the mitochondrial genomes, which leads to
the development of diseases and an increase in the
severity of the diseases (Guo et al. 2013).

Antioxidants

Antioxidant is used to define the molecules that
donate an electron to a rampaging free radical to
stabilize it, thus preventing oxidative damage (Lobo
et al. 2010). Antioxidants combat free radicals in
various ways, including by sequestering metal ions
that are the source of free radicals, by suppressing
the production of active species, by scavenging and

quenching of ROS, by terminating the chain
reaction, and by repairing radical's damages of the
cell (Rao et al. 2011, Aguilar et al. 2016). Based on
their activity, antioxidant defence mechanisms are
classified into two types, enzymatic and non-
enzymatic. They can be also classified according to
their source including endogenous antioxidants that
are produced in the body and exogenous
antioxidants that are supplied with the diet (Masella
et al. 2005, He et al. 2017). Endogenous antioxidant
system includes enzymatic antioxidants such as
superoxide dismutase (SOD), catalase (CAT),
glutathione  peroxidase  (GTPx), thioredoxin
reductase, peroxiredoxin, glutathione-S-transferase
(GST) and glutathione reductase (GTRx), and non-
enzymatic antioxidants such as albumin, bilirubin,
glutathione, uric acid, melatonin, polyamines, and
metal binding proteins (ceruloplasmin, transferrin)
(Aguilar et al. 2016, Birben et al. 2012, Kuciel-
Lewandowska et al. 2020, Masella et al. 2005, Rao
et al. 2011).

Exogenous antioxidants can be obtained from the
diet; however, these antioxidants may not be
sufficient to maintain optimal body function. Even
though it is best to get the antioxidants from a diet
rich in fruits and vegetables, taking antioxidant
supplements has become an increasingly popular
practice (Pham-Huy et al. 2008). Intake of
exogenous antioxidants can play an important role in
supporting endogenous antioxidants by combating
oxidative stress and increasing protection of the
body (Romero et al. 2013). Exogenous antioxidant
systems include nonenzymatic antioxidants such as
vitamin C (Ascorbic acid), vitamin A (B-carotene),
vitamin E (a-tocopherol), Lycopene (Carotenoid),
trace elements (Selenium, zinc, manganese),
flavonoids and other compounds (Hydroxycinnamic
acids, allicin, curcumin) (Rao et al. 2011, Romero et
al. 2013).

Antioxidant activity of bee pollen

Bee pollen, a honey bee derivative product, is used
for its nutritious and physiological properties and
beneficial effects on human health. It contains many
components which are important in the healthy and
normal development of the organism, therefore it
can be used as a food supplement. Bee pollens have
rich phenolic compounds, flavonoids, phytosterols
and other chemicals including vitamins and minerals
with health protective potential (Denisow and
Denisow-Pietrzyk 2016). Numerous studies have
demonstrated that bee pollen has potential bioactive
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and therapeutic properties due to its healthy
ingredients and these ingredients varies widely
according to its botanical and geographical origin
hence its therapeutic effects also vary (Oliveira et al.
2019, Adaskeviciuté et al. 2019, Komosinska-
Vassev et al. 2015).

Bee pollen has been considered to be a potential
natural source of antioxidants due to high antioxidant
properties of its active ingredients, especially
phenolic compounds. These antioxidant ingredients
comprise two main groups of compounds, phenolic
compounds (flavonoids and phenolic acids) and
carotenoids. Phenolic compounds prevent oxidative
stress-mediated DNA and tissue damage from a
variety of endogenous and exogenous factors.
Flavonoids having subgroups including flavanonols,
flavanols (catechins), anthocyanins, chalones,
isoflavones and neoflavanoids play a variety of
biological activities in plants, animals and bacteria.
Flavonoids are secondary metabolites contributing
to the colourful pigments of plants and have
important roles in the growth, development and
defence of plants (Kocot et al. 2018, Panche et al.
2016). They can have effects on antioxidant activity,
gene expression, cell signalling or drug metabolizing
enzymes and have a phytoestrogenic potential, and
show a protective effect against the toxicity of
environmental pollutant dioxin (Ali¢i¢ et al. 2014).
The antioxidant activities of flavonoid compounds
are related to a group of natural compounds with
variable phenolic structures (Cornara et al. 2017,
Kocot et al. 2018, Karkar et al. 2020). Flavonoids act
as antioxidants by direct elimination of the radicals,
interaction with enzymes or chelatically binding the
metal cations. Phenolic compounds also enable free
radicals to be neutralized mainly by quenching
oxygen or decomposing peroxides. Bee pollen also
contains carotenoids that have antioxidant activity.
Carotenoids are naturally occurring pigments
responsible for yellow, orange, and red in plants,
algae and photosynthetic bacteria and can scavenge
the radicals with different ways such as electron
transfer, addition reactions and elimination of
hydrogen (Ali¢i¢ et al. 2014, Fatrcova-Sramkova et
al. 2016).

Bee pollen has been reported to exert free radical-
scavenging activity and inhibitory effect on lipid
peroxidation. Antioxidant ability of bee pollen has
been attributed to its contents with antioxidant
properties/activities (Leja et al. 2007). The measure
of its antioxidant activities has been expressed by
antioxidant capacity. Many factors may be important
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in accurately defining antioxidant activity. Many
assays used to determine the antioxidant capacity of
bee pollen are based on different mechanisms of
antioxidant defence systems such as the removal or
inhibition of free radicals or chelation of metal ions
(Alicic et al. 2014). It has been reported that
antioxidant activity of bee pollen may vary
depending on its content. Therefore, different
findings have been obtained in studies with bee
pollen samples collected from different areas (Kocot
et al. 2018, Leja et al. 2007, Saral et al. 2019).

Various methods including direct and indirect assays
are available to evaluate the antioxidant capacity of
bee pollen. Trolox (6-hydroxy-2,5,7,8-
tetramethylchroman-2-carboxylic acid) equivalent
antioxidant capacity (TEAC) and oxygen radical
absorbance capacity (ORAC) assays are the most
commonly used direct assays for determining the
capacity. The most frequently used indirect methods
are 2,2-diphenyl-1-picrylhydrazyl (DPPH+), ABTS
(2,2-azino-bis-3-.  ethylbenzothiazoline-6-sulfonic
acid), ferric reducing ability of plasma (FRAP).
These assays provide useful data but are not
sufficient to evaluate the overall antioxidant capacity
of the content (Ali¢i¢ et al. 2014, Okan et al. 2013,
Marghitaschedilla et al. 2009, Fatiha and Abdelkader
2019, Pisoschi and Negulescu 2011, Moniruzzaman
et al. 2011).

Antioxidant compounds of bee pollen

Bee pollen has a rich chemical structure such as
proteins, free amino acids, carbohydrates, lipids,
fatty acids, phenolic compounds, vitamins (including
B-complex and folic acid) and minerals. The high
content of carbohydrates (13% to 55%), crude fibres
(0.3% to 20%), proteins (10% to 40%) and lipids (1%
to 10%) highlights bee pollen as a good nutritional
supplement (Villanueva et al. 2002). Other minor
components are minerals, vitamins, carotenoids,
phenolic compounds, flavonoids, sterols and
terpenes (Feas et al. 2012). Bee pollen contains
provitamin A (B-carotene) and vitamin E, D, B1, B2,
B6 and C, and acids like pantothenic, nicotinic, folic,
biotin, rutin and inositol (Komosinska-Vassev et al.
2015).

Honey bees use a variety of flowering plants for bee
pollen production. When the bees start foraging to
gather pollen, they visit the same species of flowers,
and that pollen is mainly monofloral origin with minor
additions of other species (Ali¢i¢ et al. 2014). The
composition of bee pollen depends mainly on
botanical sources, together with other factors



including soil type, climatic conditions and
anthropogenic activities (Pascoal et al. 2014), thus
strongly affecting antioxidant properties. A high
number of in vitro studies using DPPH, ABTS",
FRAP, ORAC methods have confirmed the
antioxidant potentials of bee pollens (Sari¢ et al.
2009, Ulusoy and Kolayli 2014, KaSkoniené et al.
2015, Mohdaly et al. 2015, Kocot et al. 2018, Ozcan
et al. 2019). The antioxidant activities of the bee
pollens seem to be mainly due to phenolic acids like

p-coumaric acid, ferulic acid, gallic acid, chlorogenic
acid, vanillic acid, caffeic acid and syringic acid,
flavonoids like epicatechin, rutin, quercetin, luteolin,
apigenin, kaempferol, pinocembrin and chrysin,
phytoalexin like resveratrol and vitamins like vitamin
E and C. Compounds with antioxidant activity in bee
pollen are given in Table 1. Antioxidant capacity of
bee pollen and methods used to determine
antioxidant capacity are given in Table 2.

Table 1. Compounds with antioxidant properties in honey bee pollens.

Compounds

Pollen origin

Range

Reference

p-coumaric acid

Egypt

2.48 + 0.25 mg/mL

Mohdaly et al. 2015

Brazil

0.24 + 0.02 mg/g

de Florio Almeida et al. 2017

Anzer pollen from Turkey

34.16-127.85 ug/100 g

Ulusoy and Kolayli 2014

Bee pollen from Turkey and
Russia

1.39+0.10-10.46 £+ 0.18
mg/100g

Ozcan et al. 2019

Rape bee pollen from China

32.63 £ 2.19 pglg FPE
11.22 + 0.10 pg/g BPE

Sun et al. 2017

Gallic acid

Anzer pollen from Turkey

9.15-18.59 pg/100 g

Ulusoy and Kolayli 2014

Bee pollen from Egypt

5.9 + 0.05 mg/mL

Mohdaly et al. 2015

Bee pollen from Latvia,

Lithuania, Spain and China 3.0-32.3 ug/g Kaskoniené et al. 2015
Bee pollen from Turkey and 6.17 + 0.08-32.89 + 0.62 Ozcan et al. 2019
Russia mg/100g

Protocatechuic acid
(3,4-
dihydroxybenzoic
acid)

Anzer pollen from Turkey

8.31-19.77 pg/100 g

Ulusoy and Kolayli 2014

Rape bee pollen from China

119.38 + 4.82 pglg FPE

Sun et al. 2017

Bee pollen from Turkey and
Russia

17.09 £ 0.56-94.74 + 2.99
mg/100g

Ozcan et al. 2019

p-OH benzoic acid

Anzer pollen from Turkey

2.74-122.68 ug/100 g

Ulusoy and Kolayli 2014

Rape bee pollen from China

84.28 * 5.29 pglg FPE
11.08 + 0.13 pg/g BPE

Sun et al. 2017

Abscisic acid

Anzer pollen from Turkey

21.04-288.70 pg/100 g

Ulusoy and Kolayli 2014

Benzoic acid Anzer pollen from Turkey 46.87-1,077.64 pug/100 g Ulusoy and Kolayli 2014
. 314.16 £ 11.87ug/g FPE
Rape bee pollen from China 3.46 + 0.14 uglg BPE Sun et al. 2017
1,2- Bee pollen from Turkey and 8.34 + 0.48-114.97 £ 0.03 4
dihydroxybenzene Russia mg/100g Ozcan etal. 2019
Apigenin-7- Bee pollen from Turkey and 4.24 +0.17-24.31 £ 0.41 Azcan et al. 2019
glucoside Russia mg/100g )

Chlorogenic acid

Anzer pollen from Turkey

14.64-75.08 pg/100 g

Ulusoy and Kolayli 2014

Chlorogenic acid/
Caffeic acid

Bee pollen from Central Chile

11.29 £ 0.45-258.92 + 10.36
mg/kg

Velasquez et al. 2017

Trans-cinnamic
acid

Bee pollen from Brazil

0.27 £ 0.01 mg/g

de Florio Almeida et al. 2017

Rape bee pollen from China

102.65 = 3.79 pglg FPE
2.30 + 0.17 pglg BPE

Sun et al. 2017

Vanillic acid Anzer pollen from Turkey 22.96-87.02 ug/100g Ulusoy and Kolayli 2014
Bee pollen from Egypt 0.35 + 0.15 mg/mL Mohdaly et al. 2015

Vanillin Rape bee pollen from China 58.41 + 1.22 ug/g FPE Sun et al. 2017

Caffeic acid Anzer pollen from Turkey 10.88-98.03 ug/100g Ulusoy and Kolayli 2014
Bee pollen from Egypt 4.21 £0.22 mg/mL Mohdaly et al. 2015
Bee pollen from Latvia, « L
Lithuania, Spain and China 8.5-20.6 pg/g Kaskoniené et al. 2015
Bee pollen from Turkey and 5.84 £ 0.35-23.86 + 0.63 Azcan et al. 2019
Russia mg/100g

Syringic acid Anzer pollen from Turkey 10.55-259.53 ug/100g Ulusoy and Kolayli 2014
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Compounds

Pollen origin

Range

Reference

Bee pollen from Egypt

0.59 + 0.08 mg/mL

Mohdaly et al. 2015

Bee pollen from Turkey and

5.56 + 0.01-23.77 £ 0.01

Ozcan et al. 2019

Russia mg/100g
Sinapic acid Bee pollen from Central Chile 21;/2kgi 0.36-89.67 £ 3.59 Velasquez et al. 2017
Ferulic acid Anzer pollen from Turkey 36.83-230.55 pg/100g Ulusoy and Kolayli 2014

Bee pollen from Egypt

4.2 £0.18 mg/mL

Mohdaly et al. 2015

Bee pollen from Latvia,
Lithuania, Spain and China

14.6-68.6 ug /g

Kaskoniené et al. 2015

Bee pollen from Central Chile

5.48 £ 0.22-26.33 + 1.05
mg/kg

Velasquez et al. 2017

Bee pollen from Brazil

0.01 £ 0.01 mg/g

de Florio Almeida et al. 2017

o-coumaric acid
(2-
Hydroxycinnamic
acid)

Anzer pollen from Turkey

2.63-42.23 ug/100 g

Ulusoy and Kolayli 2014

Bee pollen from Latvia,
Lithuania, Spain and China

43.4-179.9 ug/g

Kaskoniené et al. 2015

Bee pollen from Central Chile

4.02 +0.16-630.92 + 25.24
mg/kg

Velasquez et al. 2017

Tert-cinnamic acid

Anzer pollen from Turkey

6.82-56.38 ug/100 g

Ulusoy and Kolayli 2014

Bee pollen from Turkey and
Russia

1.57 £ 0.18-181.33 £ 0.25
mg/100g

Ozcan et al. 2019

Bee pollen from Central Chile

6.49 + 0.26-8.93 + 0.36 mg/kg

Velasquez et al. 2017

Rutin Anzer pollen from Turkey 25.59-692.85 ug/100 g Ulusoy and Kolayli 2014

Bee pollen from Egypt 3.46 + 0.14 mg/mL Mohdaly et al. 2015

Bee pollen from Latvia, « L

Lithuania, Spain and China 156.2-955.7 ug/g Kaskoniené et al. 2015

Bee pollen from Turkey and 9.82 + 0.62-80.47 + 0.46 Ozcan et al. 2019

Russia mg/100g

. 774.87 £ 8.77 ug/g FPE

Rape bee pollen from China 6.45 + 0.40 ug/g BPE Sun et al. 2017

Bee pollen from Brazil 0.02 + 0.01 mg/g de Florio Almeida et al. 2017
Quercetin Sunflower bee pollen from Fatrcova-Sramkova et al.

Western Slovakia 10.19-14.30 mglkg 2016

Cystus incanus L: rich bee 3.25 pmol/g (hydrolyzed Sari¢ et al. 2009

pollen from Croatia extracts)

Anzer pollens from Turkey 55.94-499.20 ug/100g Ulusoy and Kolayli 2014

Bee pollen from Egypt 6.4 £ 0.30 mg/mL Mohdaly et al. 2015

Bee pollen from Latvia, . L

Lithuania, Spain and China 24.0-529.8 ug/g Kaskoniené et al. 2015

Rape bee pollen from China 196.38 + 3.14 ug/g FPE Sun et al.2017

Bee pollen from Turkey and 61.23 £ 0.76-685.36 + 0.60 Azcan et al. 2019

Russia mg/100g

Bee pollen from Brazil 0.32 + 0.02 mg/g de Florio Almeida et al. 2017
Luteolin Sunflower bee pollen from Fatrcova-Sramkova et al.

Western Slovakia 46.96-66.39 mg/kg 2016
Apigenin Sunflower bee pollen from Fatrcova-Sramkova et al.

Western Slovakia 23.99-34.40 mg/kg 2016

Bee pollen from Egypt 2.4 £0.25 mg/mL Mohdaly et al. 2015
Kaempferol Bee pollen from Egypt 1.65 £ 0.24 mg/mL Mohdaly et al. 2015

Cystus incanus L. rich bes 1.563 pmol/g Sari¢ et al. 2009

pollen from Croatia

Bee pollen from Turkey and 1.91 £ 0.10-39.37 £ 0.14 Azcan et al. 2019

Russia mg/100g

Bee pollen from Central Chile igﬁ(; 021-344.20 £ 13.76 Velasquez et al. 2017

. 9.26 + 6.21 pg/g FPE

Rape bee pollen from China 0.17 + 0.18 pg/g BPE Sun et al. 2017

Bee pollen from Brazil 0.68 + 0.02 mg/g de Florio Almeida et al. 2017
Pinocembrin Cystus incanus L. rich bee 1.418 pmol/g (nonhydrolyzed

pollen from Croatia

extracts)

Sarié et al. 2009
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Compounds Pollen origin Range Reference
Chrysin . . 1.351 pmol/g (nonhydrolyzed
Cystus incanus LZ rich bee extracts) and 0.786 pmol/g Sari¢ et al. 2009
pollen from Croatia
(hydrolyzed extracts)
Galangin Cystus incanus L. rich bee 0.859 pmol/g (nonhydrolyzed

pollen from Croatia

extracts)

Sarié et al. 2009

Isorhamnetin

Cystus incanus L. rich bee
pollen from Croatia

6.705 pmol/g (hydrolyzed
extracts)

Sarié et al. 2009

Protocatechuic acid

Anzer pollen from Turkey

8.31-19.77 pg/100 g

Ulusoy and Kolayli 2014

Rape bee pollen from China

119.38 + 4.82 pglg FPE

Sun et al. 2017

Myricetin Bee pollen from Brazil 0.04 + 0.07 mg/g de Florio Aimeida et al. 2017
Catechin Bee pollen from Egypt 4.8 £0.18 mg/mL Mohdaly et al. 2015

Bee pollen from Turkey and 73.88 + 5.35-337.40 + 0.87 Azcan et al. 2019

Russia mg/100g
a-Catechin Bee pollen from Egypt 0.58 + 0.05 mg/mL Mohdaly et al. 2015

3,4-dimethoxy
cinnamic acid

Bee pollen from Egypt

45.8 £ 0.16 mg/mL

Mohdaly et al. 2015

Naringenin Bee pollen from Egypt 3.34 £ 0.12 mg/mL Mohdaly et al. 2015

Eee.po”e” from the Baltic 3.1-118.0 ug/g Kagkoniené et al. 2015
egion

Bee pollen from Turkey and 4.43 +0.21-501.13 £ 2.38 Azcan et al. 2019
Russia mg/100g

Luteolin Bee pollen from Egypt 2.8 £0.10 mg/mL Mohdaly et al. 2015
Bee pollen from Central Chile 316.00 + 2.64 mg/kg Velasquez et al. 2017

Epicatechin Anzer pollen from Turkey 39.15-520.02 pg/100g Ulusoy and Kolayli 2014

Bee pollen from Egypt

2.1 £0.08 mg/mL

Mohdaly et al. 2015

Isorhamnetin

Bee pollen from Turkey and

2.21£0.08-71.23 £ 0.40

Ozcan et al. 2019

Russia mg/100g
Anthocyanins 77.37 £2.25-57.19 + 5.84 .
Tuscan bee pollen from ltaly mgC3GE/L Gabriele et al. 2015
Resveratrol Bee pollen from Turkey and 3.83 £0.09-82.02 + 0.04 Ozcan et al. 2019
Russia mg/100g
. 242.88 + 6.32 pg/g FPE
Rape bee pollen from China 439 £ 0.13 pglg BPE Sun et al. 2017
Vitamin B1 Rose bee pollen from Hubei 261.28 £ 4.09-1043.99 + 0.22
: . . Yang et al. 2019
Province in China ug/g
Vitamin E Bee pollen from Brazil 13.5-42.5 ug/g Oliveira et al. 2009
#"{:‘:ﬁ(‘g;ra' fresh bee pollen from 145 35 4 5.07 ug/g dry pollen  Kanar and Mazi 2019
Vitamin C Bee pollen from Brazil 273.9-560.3 ug/g Oliveira et al. 2009
#"{:‘r'f('g}‘/’ra' fresh bee pollen from 54 504 6.36 uglg dry pollen  Kanar and Mazi 2019
Rose bee pollen from China ;5/22 *1.38-262.74 £3.30 Yang et al. 2019
B-carotene Bee pollen from Brazil 56.3-198.9 ug/g Oliveira et al. 2009

Total carotenoid
content

Bee pollen from Central Chile

2.8-50.2 mg/kg

Velasquez et al. 2017

Bee pollen from Brazil

0.49-242.6 uglg

Oliveira et al. 2009

Bee pollen from Turkey and
Russia

12.78 £ 0.01-98.62 + 0.02
mg/g

Ozcan et al. 2019

Sunflower bee pollen from
Western Slovakia

223.10 + 1.24-261.33 £ 1.36
mg/kg

Fatrcova-Sramkova et al.
2016

Total flavonoid
content

Sunflower bee pollen from
Western Slovakia

93.40-105.82 mglkg

Fatrcova-Sramkova et al.
2016

Trigona apicalis bee pollen
Trigona thoracica bee pollen
Trigona itama bee pollen

25.72 £ 0.17 mg QE/g
31.80 £ 0.13 mg QE/g
15.28 + 0.04 mg QE/g

Harif Fadzilah et al. 2017

Honeybee pollen from the Baltic

Region

6.1-11.6 RE (mg/g)
2.7-5.2 QE (mg/g)

Kaskoniené et al. 2015

Bee pollen from Europe
Countries

10.68-48.31 mg RUE/10 g

Adaskeviciateé et al. 2019
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Compounds

Pollen origin

Range

Reference

Monofloral bee pollen from
Brazil

0.3+0.0- 9.0+ 0.6 mg GAE/g

De-Melo et al. 2018

Bee pollen from Brazil

5.95 mg quercetin/g

Soares de Arruda et al. 2020

Bee pollen from Greece

6.0 £ 0.3-57.6 £ 2.0 mg QE/g

Atsalakis et al. 2017

Bee pollen from Portugal 4.5-7.1 GAE/g Feas et al. 2012
Rose bee pollen from China ;%24 *1.20-27.96 £ 0.03 Yang et al. 2019

Bee pollen from Turkey

2.62 +0.047-4.44+0.125 mg
QE/g

Mayda et al. 2020

Rape bee pollen from China

19.24 £ 0.06 mg RE/g FPE
3.65 + 0.03 mg RE/g BPE

Sun et al. 2017

Total phenolic
content

Bee pollen from Istanbul/Turkey.

147.10-462.02 mg GAE/g

Dulger Altiner et al. 2020

Trigona apicalis bee pollen
Trigona thoracica bee pollen
Trigona itama bee pollen

135.93 £ 0.02 mg GAE/g
103.62 % 0.04 mg GAE/g
33.46 £ 0.02 mg GAE/g

Harif Fadzilah et al. 2017

Anzer pollen from Turkey

44.07-124.10 mglg

Ulusoy and Kolayli 2014

Rape bee pollen from China

11.76 £ 0.04 mg GAE/g FPE
0.81 1 0.01 mg GAE/g BPE

Sun et al. 2017

Bee pollen from Latvia,
Lithuania, Spain and China

24.1-45.5 RE (mg/g)
17.7-26.8 GAE (mg/g)
13.4-25.2 QE (mg/g)

Kaskoniené et al. 2015

Bee pollen from Europe
Countries

33.14-55.04 mg RUE/10 g

Adaskeviciateé et al. 2019

Monofloral bee pollen from
Brazil

5.6 +0.0-29.7 0.3 mg GAE/g

De-Melo et al. 2018

Bee pollen from Brazil

27.94 mg GAE/g

Soares de Arruda et al. 2020

Bee pollen from Greece

15.2+0.4-60.2 + 2.0 mg
GAE/g

Atsalakis et al. 2017

Bee pollen from Portugal

12.9-19.8 GAE/g

Feas et al. 2012

Sunflower bee pollen from
Western Slovakia

691.67 + 7.76-803.33 + 3.30
mg/kg

Fatrcova-Sramkova et al.
2016

Bee pollen from Korea

7.4-20.4 ug GAE/mg extract

Kim et al. 2015

Unifloral bee pollen from Turkey

2340.07  199.32 mg
GAE/100 g

Ozkék and Silici 2017

Bee pollen from Venezuela

396.7-1286.7 GAE/100 g

Pérez-Pérez et al. 2012

Bee pollen from Italy

42 +0.4-29.6 + 0.9 mg GAE/g
DW

Rocchetti et al. 2019

Bee pollen from Central Chile

22.8-918.4 mglkg

Velasquez et al. 2017

Multifloral fresh bee pollen from
Turkey

14.42 £ 0.60 mg GAE/g

Kanar and Mazi 2019

Bee pollen from Turkey

26.69 + 0.595-43.42 + 0.779
mg GAE/g

Mayda et al. 2020

Rutin (RE), gallic acid (GAE), quercetin (QE), free phenolic extracts (FPE), and bound phenolic extracts (BPE)
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Table 2. Antioxidant capacities of bee pollens and methods used to determine antioxidant capacity.

Bee pollen origin Method Antioxidant capacity Reference
Monofloral bee pollen from DPPH 10.0 £ 0.3-110.8 + 1.3 ymol TE/g
Brazil ORAC __ 133.7 + 7.3-542.0 % 20.7 ymol TE/g De-Melo et al. 2018
pee pollen from Turkeyand  pppy 60,35 £ 0.03-81.41 £ 0.0% Ozcan et al. 2019
Multifloral fresh bee pollen
from Turkey DPPH 0.29+0.01 ICs0 (mg dry pollen/ml) Kanar and Mazi 2019
Bee pollens from Europe Adaskevicité et al.
Countries ORP 16.27-39.40 mg RUE/10 g 2019
Bee pollen from Korea DPPH 13.0-50.1% Kim et al. 2015
Bee pollens from ltaly ABTS 49.9 £ 6.2-216.3 £ 4.6 ymol TE/g DW
DPPH 11.9 £ 6.4-134.7 + 4.3 ymol TE/g DW Rocchetti et al. 2019
ORAC  105.0 £ 19.4-916.1 + 27.7 uymolTE/g DW
Tuscan bee pollen from Italy DPPH 37.95+0.19-94.45 £ 0.01% Gabriele et al. 2015
ORAC  519.45 + 15.07-677.70 £ 12.92 ymol TE/g )
Bee pollen from Portugal DPPH 2.0 mg/mL-4.3 mg/mL .
BCB __ 3.1-5.9% 0.9 mg/mL Feas et al. 2012
Sunflower bee pollen from o Fatrcova-Sramkova et
Western Slovakia DPPH 47.97 £ 0.29-50.46 + 0.43% al. 2016
Anzer pollen from Turkey FRAP 11.77-105.06 pmol Trolox/g ul d Kolavii
CUPRAC _ 33.1-86.8 mmol/g 20”15403’ and Rolayl
DPPH 0.65-8.20 mg/mL
Bee pollen from Poland TAA 6.8-86.4%
DPPH 8.6-91.3% Leja et al. 2007
HRSA 10.5-92.7%
Bee pollen from Egypt DPPH 15%
ABTS 76.51% Mohdaly et al. 2015
Bee pollen from Brazil ORAC  228.02-411.39 mmol eq.Trolox /g pollen
DPPH __ 1.68-7.77 mg pollen/mL extract ggg‘{)es de Arruda et al.
BCB 72.38-90.27%
Bee pollen from Turkey CUPRAC 6.25-257.27 ymol TE/g .
ABTS _ 6.20-111.40 pmol TE/g ggé%er Altiner et al.
DPPH 0.44-83.84 ymol TE/g
(B;ﬁﬁepo"e” from Central FRAP  6.86-52.99 g GAE/kg Velasquez et al. 2017
Bee pollen from Venezuela TEAC 0.5-1.84 pmoles Trolox equivalents Pérez-Pérez et al.
TEAC/100 g 2012
Unifloral bee pollen samples 42.37 + 3.81 mg AAE/g 5 o
from Turkey DPPH 89.66 + 0.39% Ozkok and Silici 2017
Bee pollen from Brazil DPPH 810-4690 pg/mL Carpes et al. 2009
Bee pollen from Turkey DPPH 3.08 + 0.056-3.85 + 0.030 mg TE/g
ABTS _ 1.80 £0.052-5.980 £ 0.100 mg TEAC/g ___ayda etal. 2020

ORP: oxidation-reduction potential, BCB: B-Carotene bleaching, DPPH: 2,2-diphenyl-1-picrylhydrazyl, ABTS: 2,2'-azino-
bis 3-ethylbenzothiazoline-6-sulfonic acid, ORAC: oxygen radical absorbance capacity, ORP: oxidation reduction potential,
FRAP: ferric reducing ability of plasma, CUPRAC: cupric reducing antioxidant capacity, TEAC: trolox equal antioxidant
capacity, TAA: total antioxidant activity, HRSA: hydroxyl radical-scavenging activity.

Conclusion

The previously mentioned studies seem to confirm
the great potential of bee pollen as a natural agent
capable of counteracting the damaging effects of
oxidation. In recent years, the food industry has paid
great attention to bee pollen due to its antioxidant

Uludag Aricilik Dergisi — Uludag Bee Journal 2021, 21 (1): 119-131

compounds. Bee pollen may be an important
candidate for developing many food supplements
and pharmaceutical products due to its rich bioactive
compounds.
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