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ABSTRACT  
Bee pollen is multiplex blend of floral pollen and nectar agglutinated by bee salivary substances. It is 
famously known for being high in proteins, carbs, lipids, vitamins, and phenolic compounds, among 
other physiologically dynamic components. Its composition fluctuates incredibly agreeing to both 
botanical origins and edaphoclimatic conditions. In this work, the botanical origin, the phenolic 
components and the anti-inflammatory activity in vivo of eight bee pollens intended for human 
consumption were taken from distinctive apiaries in Algeria’s northeast, were determined and 
compared. All samples were detected heterofloral based on the identification of forty pollen types 
belonging to 22 botanical families. Total phenolic contents varied between 752.94 ± 17.78 and 
12247.06 ± 40.04 mg GAE/ 100g, while the total flavonoid contents ranged from 2680.55 ± 12.02 to 
8506.94 ± 15.56 mg QE/ 100g, and the total flavonol contents were in the interval between 4978.87 ± 
33.39 and 7903.75 ± 24.39 mg QE/ 100g. The obtained results showed that the bulk of the ethanolic 
extracts had a good anti-inflammatory activity. As a conclusion, all the aforementioned heterofloral 
bee pollen samples could significantly be a wealthy source of polyphenols with a potential anti-
inflammatory activity. 
Key words: Bee pollen, Palynological analysis, Phenolic contents, Anti-inflammatory activity 
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ÖZ 
Arı poleni, çiçek poleni ve nektar ile arı tükürük maddelerinin karmaşık bir karışımıdır. 
Karbonhidratlar, proteinler, lipidler, vitaminler ve fenolik bileşikler gibi birçok biyolojik olarak aktif 
maddenin zengin bir kaynağı olarak ünlüdür. Bileşimi, botanik kökenlere ve edafoklimatik koşullara 
göre büyük ölçüde değişir. Bu çalışmada, Cezayir'in kuzeydoğusunda bulunan farklı arılıklardan 
toplanan insan tüketimine yönelik sekiz arı poleninin botanik orijini, toplam fenolik içerikleri, toplam 
flavonoid içerikleri, toplam flavonol içerikleri ve in vivo antiinflamatuar aktiviteleri belirlendi ve 
karşılaştırıldı. Tüm örnekler, 22 botanik familyaya ait kırk polen türünün tanımlanmasıyla heterofloral 
olarak saptandı. Toplam fenolik içerik 752,94 ± 17,78 ile 12247,06 ± 40,04 mg GAE/ 100 arasında 
değişirken, toplam flavonoid içeriği 2680,55 ± 12,02 ila 8506,94 ± 15,56 mg QE/ 100g arasında 
değişmekte ve toplam flavonol içeriği 4978,87 ± 33,39 ile arasında değişmektedir. 7903,75 ± 24,39 mg 
QE/ 100g. Sonuçlar etanolik ekstraktların büyük kısmının iyi bir anti-inflamatuar aktiviteye sahip 
olduğunu göstermektedir. Sonuç olarak, yukarıda bahsedilen tüm heterofloral arı poleni örnekleri, 
potansiyel bir anti-inflamatuar aktiviteye sahip zengin bir polifenol kaynağı olabilir. 
Anahtar kelimeler: Arı poleni, Palinolojik analiz, Fenolik içerik, Antiinflamatuar aktivite  
 
GENİŞLETİLMİŞ TÜRKÇE ÖZET 
Çalışmanın amacı: Arı poleni nektarın arı tükürük 
maddeleriyle aglutine edilmiş multipleks karışımıdır. 
Proteinler, karbonhidratlar, lipidler, vitaminler ve 
fenolik bileşikler gibi etkileyici fizyolojik olarak 
dinamik bileşenlere sahiptir. Arı poleni, bağışıklık 
uyarıcı, antimikrobiyal, antienflamatuar, antioksidan 
ve antinosiseptif özelliklere sahip olduğundan, 
geleneksel Çin tıbbında genellikle apiterapötik bir 
çare olarak tavsiye edilir. Bununla birlikte, bileşimi, 
botanik kökenlere ve edafoklimatik koşullara göre 
inanılmaz derecede dalgalıdır. Buna göre bu 
çalışmada sekiz Cezayir arı poleninin in vivo 
botanik orijini, toplam fenolik içerikleri, toplam 
flavonoid içerikleri, toplam flavonol içerikleri ve 
antiinflamatuar aktiviteleri belirlenmiş ve 
karşılaştırılmıştır. 

Gereç ve Yöntem: Cezayir'in kuzeydoğu 
bölgesindeki farklı arı kovanlarından insan 
tüketimine yönelik sekiz arı poleni örneği toplandı. 
Daha sonra, Louveaux ve diğerleri tarafından 
belirtildiği gibi slaytlarda (asetoliz olmadan 
hazırlanmış) 500'den fazla polen tanesinin 
değerlendirilmesiyle palinolojik tanımlama 
doğrulandı (1978) ve polen frekansları sınıflandırıldı 
(de França Alves ve de Assis Ribeiro DosSantos 
2014). Toplam fenolik, flavonoid ve flavonol 
içerikleri üç yöntem kullanılarak belirlendi: sırasıyla 
Folin–Ciocalteu kolorimetrik yöntem (Singleton ve 
Rossi 1965) ve trikloroalüminyum kolorimetrik 
yöntemler (Topçu ve diğerleri 2007) ve (Kumaran 
ve Joel Karunakaran 2007). Olası antienflamatuar 
aktivite, sıçanlarda formalin testi kullanılarak in vivo 
olarak değerlendirildi (Arzi ve ark. 2015). 

Bulgular: Mikroskobik analiz, tüm örneklerin 
heterofloral olduğunu ortaya koydu. 22 botanik 
familyaya ait toplam kırk polen tipi tespit edilmiş 
olup, örneklerin tamamında Cistus tipi mevcuttur. 
Toplam fenolik içerikler 752.94 ± 17.78 ve 12247.06 
± 40.04 mg GAE/ 100g arasında değişirken, toplam 
flavonoid içerikleri 2680.55 ± 12.02 ila 8506.94 ± 
15.56 mg QE/ 100g arasında değişmektedir. 
Ayrıca, toplam flavonol içerikleri 4978.87 ± 33.39 ve 
7903.75 ± 24.39 mg QE/ 100g aralığındaydı. Son 
olarak, numunelerimizin etanolik ekstraktlarının 
büyük kısmının iyi bir anti-inflamatuar aktiviteye 
sahip olduğu bulundu. Ek olarak, en iyi anti-
enflamatuar aktivite, tüm değerlendirilen sürelerde, 
Diklofenak ile gözlemlenenden önemli ölçüde daha 
düşük şişme yüzdeleriyle ekstrak E'de gözlendi. 

Sonuç: Bu çalışmada incelenen heterofloral arı 
poleni örnekleri, önemli bir anti-inflamatuar aktivite 
sergileyen zengin bir polifenol kaynağı olabilir. Bu 
nedenle, ilaç ve gıda endüstrilerinde kullanımı 
kesinlikle umut vericidir. 

 

INTRODUCTION 
In Algeria, beekeeping is a genealogical hone 
although its origin is lost in the mists of time. It has 
gained prominence over the last two decades and 
has become an indispensably portion for the 
sustainable economical advancement of agricultural 
and provincial exercises. The Algerian’s apiarian 
livestock has jumped from 360000 colonies in 2000 
to over 1300000 colonies in 2014, thanks to the 
various agricultural and rural development plans 
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connected within the nation (Tamali and Özkırım 
2019). 

Bee pollen is one of the hive-derived products 
(together with honey, propolis, beeswax, royal jelly, 
beebread and bee venom) that is expecting more 
noteworthy popularity among beekeepers as a 
result of the growing request on it from agri-food, 
pharmaceutical and cosmetics industries around 
the world. Bee pollen is advertised as a nutrient-
dense food with a wide range of medicinal and 
nutritional benefits, which is driving up demand 
(Nogueira et al., 2012). Commonly designated as 
“the life-giving dust”, it is floral pollen gathered by 
foraging bees, mixed with nectar then agglutinated 
by bee salivary substances. This bee product is 
harvested in a form of pellets using a trap installed 
at the entrance of the beehives (Thakur and Nanda 
2020).   

Bee pollen is usually recommended as an 
apitherapeutic remedy in traditional Chinese 
medicine since it has immune-stimulating, 
antimicrobial, anti-inflammatory, antifungal, 
antioxidant, antinociceptive and antiviral properties 
(Komosinska-Vassev et al. 2015, Tutun et al. 
2021). 

It has the potential to provide vital nutrients like 
proteins, carbs, lipids and minerals. Furthermore, it 
contains some antioxidant vitamins, mainly vitamin 
C, E, all B-complex vitamins and provitamin A. 
Besides vitamins, it is considered as a rich source 
of polyphenols, mainly flavonoids (Khalifa et al. 
2021). The chemical composition of this bee 
product fluctuates incredibly agreeing to plant origin 
and its nutrient status, geographical region, 
edaphoclimatic conditions, storage and degree of 
processing (Aylanc et al. 2021, Sattler et al. 2015) 

In this context, the current work is devoted to 
determine the botanical origins, assess the phenolic 
components and evaluate the anti-inflammatory 
activities in vivo of eight bee pollens intended for 
human consumption with various botanical and 
geographical origins. As far as we are mindful, this 
could be the first ponder conducted on Algerian bee 
pollen aimed to compare and to look up for a 
possible relationship between the anti-inflammatory 
potential, the botanical origin, and the total 
phenolic, flavonoid and flavonol contents. In this 
regard, this study has the characteristic of being a 
preliminary study. 

 

MATERIALS AND METHODS 
Bee pollen samples 
Eight bee pollen samples (A-H) intended for human 
consumption were collected by beekeepers, during 
2019 flowering season, from different apiaries in 
Algeria’s northeastern region:  sample A 
(Constantine), sample B (Guelma), sample C 
(Boumerdès), sample D (Sétif), sample E (Jijel), 
sample F (Skikda), sample G (Khenchla) and 
sample H (Tizi Ouzou) (Figure 1). After the 
beekeepers had dried the bee pollen, the samples 
were delivered and kept in the dark at ambient 
temperature until their used. 

Palynological analysis  
A ten-gram sample of each specimen was mixed 
with 100 milliliters of warm water. Two hours later, 
the pollen was totally macerated with a glass stick. 
The supernatant was drawn off after centrifugation 
(10 min, 2500 r/min). Water: glycerin solution (50 
mL), at ratio 1:1 (v/v), was added to the pollen 
residue. After 2 hours and 24 hours, another 
centrifugation was done following the same 
conditions. Finally, the slides were prepared using 
the glycerol jelly method (Riding 2021) with the final 
pollen residue. During the slides mounting process, 
basic fuchsine was used as dye to stain pollen 
grains. Palynological identification of bee pollen 
samples was ascertained by examining over 500 
pollen grains in slides prepared without acetolysis 
as outlined by Louveaux et al. (1978) with some 
modifications. 

The pollen grains observation was carried out using 
an optical microscope, BIOSTAR B4 SP 
Microscope (Exacta Optech, München, Germany), 
at 400X and a picture analysis system EOS 450 D 
(CANON Inc., Japan). The authors' reference 
collection was used to identify pollen types, as well 
as specialized atlases and literature when 
necessary. 

When the pollen grains were identified as a 
belonging to a particular genus and a specific 
species, their scientific names; consisting of the 
genus and the species, were applied. However, 
when the pollen grains had a similar morphology for 
some species and genus or even botanical families, 
the nomenclature pollen type was used. Therefore, 
a pollen type can be defined as a group of plants 
with similar pollen grains under a light microscope. 
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Figure 1: Apiaries geopositioning in the study area (Source: Arc Gis 10.7). 

 
 

The frequency of occurrence (FO) was assigned to 
the types in each sample based on the percentage 
of each pollen type's occurrence in the sample set: 
De França Alves and de Assis Ribeiro DosSantos 
(2014) defined Rare (less than 10 percent), Less 
Frequent (10–20 percent), Frequent (21–50 
percent), and Very Frequent (more than 50 
percent). 

Extracts preparation 
The extracts were prepared by macerating 300 g of 
the powdered bee pollen samples with Ethanol 
(96%) at a ratio of 1:2 (w/v) for 5 days at room 
temperature, with solvent renovation in the third day 

and every 24 hours thereafter. The ethanolic 
extracts of bee pollen were obtained by mixing, 
filtering, and then concentrating the products of all 
extractions for each sample in a rotavap at 40 °C. 

Phenolic components  
Total phenolic content (TPC) 
The total phenolics contents of the eight (8) extracts 
were assessed spectrophotometrically using the 
Folin–Ciocalteu method (Singleton and Rossi 
1965). In every well of the microtiter plate, 100 μL 
of 1/10 (v/v) diluted Folin–Ciocalteu reagent and 
7.5μL of sodium carbonate (7.5%) were added to 
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20 μL extract. After incubating the microtiter plate 
for 2 hours in the dark, the absorbances of each 
mixture were measured at 765 nm using a 96-well 
microtiter plate reader (Perkin Elmer, Enspire). The 
results were expressed as milligram gallic acid 
equivalents per 100 gram of bee pollen extract (mg 
GAE/100 g).  

Total flavonoid content (TFC) 
The total flavonoids contents were determined by 
the trichloroaluminum colorimetric method (Topçu 
et al. 2007). In every well, 130 μL of methanol, 10 
μL of aluminum nitrate (10%) and 10 μL of aqueous 
potassium acetate (1 M) were added to 20 μL 
extract. After a 40-minutes incubation period, the 
absorbances were read at 415 nm using the 
microtiter platereader. Results were expressed as 
milligram quercetin equivalent per 100 gram of bee 
pollen extract (mg QE/100 g). 

Total flavonols content (TFlC) 
The total flavonols contents were carried out using 
the trichloroaluminum colorimetric method with 
slight modifications (Kumaran and Joel 
Karunakaran 2007). In every well, 50 μL of each 
extract were placed then 50 μL of aluminum nitrate 
(2%) and 150 μL of aqueous sodium acetate (5%) 
were added. After a 2-hours incubation period, the 
absorbances were recorded at 440 nm using the 
microtiter platereader. Results were expressed as 
milligram equivalent per 100 gram of bee pollen 
extract (mg QE/100 g). 

Animals 
Fifty male Wistar rats weighing 250–300 g, aged 3–
4 months, were used for in vivo anti- inflammatory 
activity. The animals were produced and raised at 
the laboratory animal facility of the “Department of 
Animal Biology, Faculty of Natural and Life 
Sciences, Frères Mentouri Constantine 1 
University, Algeria”. The rats were kept in groups of 
five per cage, for acclimatization for seven days 
before the start of the experiment, under standard 
laboratory condition (temperature 22 ± 2 °C, 
photoperiodic cycle (light/darkness) of 12h and 
relative humidity 50 ± 5%) and unrestricted access 
to food and water ad libitum. This protocol was 
used in accordance with the Laboratory Animals 
Care and Use guidelines and approved under the 
PRFU project (D01N01UN250120210003) by the 
Ethical Committee of the DGRSDT at the Algerian 
Ministry of Higher Education and Scientific 
Research. 

In vivo Anti Inflammatory Activity  
Formalin-induced paw edema test 
The formalin-induced inflammation test was carried 
out based on the method of Arzi et al. (2015) with 
slight modifications. The Wistar rats were randomly 
allocated into ten homogeneous groups (n=5). After 
a 12-hours fast period, the rats of each group 
received the tested samples intraperitoneally.  
Group 1 received normal saline solution (5 mL/kg) 
and treated as negative control. Group 2 was 
administered by an anti-inflammatory drug 
(Diclofenac) in a dose of 20 mg/kg of Body Weight 
(BW) and considered as standard. Group 3 to 10 
were given different bee pollen extracts in a dose of 
200 mg/kg of BW. Thirty minutes later, acute paw 
edema was induced on the right hind paw by a 
subplantar injection of 1% formalin (100 μL). Paw 
volume was measured before and after formalin 
injection at 0, 30, 60, 120, 180 and 240 minutes, 
using a water displacement plethysmometer 
(Fereidoni et al. 2000). The results (% swelling) 
were expressed as the proportional rise in paw 
volume before formalin injection. The following 
formula was used to calculate it: 

 

Where Vi is the paw volume before formalin 
injection and Vt is the paw volume after formalin 
injection at different time points. 

Statistical analysis 
The in vivo experiment was carried out in 
quintuplicate and the data were recorded as means 
± standard deviation. The one-Factor ANOVA test 
was used to determine whether there were 
significant differences between pollen samples, with 
the Tukey test serving as post-hoc test. Moreover, 
the principal components analysis (PCA) was used 
to check the relationships between pollen types, 
phenolic components and anti-inflammatory activity. 
All statistical analyses were performed using IBM 
SPSS Statistics 23.0 software (IBM® SPSS Inc.). 
For all analyses, the level of significance was set at 
5% (p < 0.05). 

 
RESULTS 
Pollen analysis revealed that all samples were 
heterofloral. A total of 40 pollen types belonging to 
22 botanical families were identified in eight pollen 
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samples (Table 1). The most diverse families were 
Asteraceae (8 types), Brassicaceae (4 types), 
Cistaceae, Fabaceae, and Fagaceae (3 types) 
respectively. The other families were represented 
by one or two types only. 

Cistus type was the most represented, found in all 
samples. Bellis, Boraginaceae, Bryonia, Buxus, 
Centaurea, Cerinthe major, Convolvulus, 
Cucurbitaceae, Euphorbiaceae, Fraxinus, 
Galactites, Helianthemum, Juglans, Myrtus 
communis, Oxalis, Poaceae, Quercus suber, 
Raphanus, Rhamnus, Sonchus, Verbenaceae, 
Vicia and Vitex pollen types were in turn observed 
in only a single sample. 

For sample A, eight different pollen types were 
identified, of which Brassicaceae and Cistus types 

were the two most frequent pollen types. Twelve 
pollen types were recorded in sample B without any 
frequent pollen types. The Pistacia lentiscus was 
the most frequent pollen type among 10 different 
pollen types recorded in sample C. In sample D, the 
two most frequent pollen types were Cistus and 
Quercus, out of a total of 9 pollen types. Thirteen 
different pollen types were found in sample E where 
Quercus type was the most frequent type. For 
sample F, Brassica was the most repeated type out 
of a total of 14 pollen types. The recurrent pollen 
types in sample G were Brassica and Pistacia 
lentiscus types from 7 pollen types. Finally, ten 
different pollen types were found in sample H, 
among which three pollen types were frequent: 
Bryonia, Cistus  and Quercus ilex. 

 

Table 1: Frequency of occurrence data recorded in the eight bee pollen samples 

Family Pollen Type 
Samples (%) 

A B C D E F G H 

Anacardiaceae Pistacia lentiscus type - R.  
9.12% 

F. 
45.70% - - L.F. 

14.97% 
F. 

43.04% 
L.F. 

11.46% 

Asteraceae 

Anthemis type - - R. 
0.17% - - R. 

0.66% 
R. 

0.72% - 

Bellis type - - - - - - - R. 
0.83% 

Carduus type - - R. 
0.33% - R. 

0.18% 
R. 

0.49% - - 

Centaurea type - - - - L.F. 
19.85% - - - 

Cichorium type - - - - - R. 
0.33% 

R. 
0.36% 

R. 
0.66% 

Galactites type L.F. 
10.07% - - - - - - - 

Picris type - R. 
5.34% - R. 

0.64% 
R. 

0.72% - - - 

Sonchus type R. 
0.72% - - - - - - - 

Boraginaceae 
Boraginaceae type - - - - - - - R. 

2.49% 

Cerinthe major type - - L.F. 
19.25% - - - - - 

Brassicaceae 

Brassica type - - R. 
4.51% 

R. 
5.14% - F. 

30.60% 
F. 

41.96% 
L.F. 

13.95% 

Brassicaceae type F. 
39.76% 

L.F. 
10.53% - L.F. 

12.05% - R. 
3.95% - - 

Other Brassicaceae type - - - - R. 
3.43% - L.F. 

12.11% 
R. 

3.99% 

Raphanus type - - - - - R. 
3.29% - - 

Buxaceae Buxus type - R. 
7.07% - - - - - - 

Cistaceae 
Cistus type F. 

21.40% 
L.F. 

16.20% 
R. 

1.64% 
F. 

24.30% 
R. 

3.97% 
R. 

9.55% 
R. 

0.36% 
F. 

20.10% 

Halimium type - R. 
9.90% - - R. 

3.43% 
R. 

2.96% - - 
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Helianthemum type - R. 
5.97% - - - - - - 

Convolvulaceae Convolvulus type - - - - - - - R. 
5.81% 

Cucurbitaceae 
Bryonia type - - - - - - - F. 

20.61% 

Cucurbitaceae type - - - - R. 
3.79% - - - 

Ericaceae Erica arborea type - - R. 
6.03% - - R. 

4.28% - - 

Euphorbiaceae Euphorbiaceae type - - - - L.F. 
19.68 - - - 

Fabaceae 

Fabaceae type - L.F. 
18.88% 

R. 
8.49% 

L.F. 
13.18% - - R. 

1.45% - 

Lotus type - R. 
5.19% - - - - - - 

Vicia type - - - - R. 
7.04% - - - 

Fagaceae 

Quercus ilex type R. 
1.08% - - R. 

8.84% - R. 
5.26% - F. 

20.10% 

Quercus suber type - R. 
2.99% - - - - - - 

Quercus type L.F. 
10.07% 

R. 
4.25% - F. 

20.74% 
F. 

22.92% 
L.F. 

16.43% - - 

Juglandaceae Juglans type - - - R. 
7.88% - - - - 

Lamiaceae Vitex type R. 
5.57% - - - - - - - 

Myrtaceae Myrtus communis type - - R. 
2.78% - - - - - 

Oleaceae Fraxinus type - - - - R. 
2.17% - - - 

Oxalidaceae Oxalis type - - - R. 
7.23% - - - - 

Papaveraceae Papaver type L.F. 
11.33% - - - R. 

2.53% - - - 

Poaceae Poaceae type - - - - - R. 
3.78% - - 

Rhamnaceae Rhamnus type - R. 
4.56% - - - - - - 

Rosaceae Rosaceae type - - L.F. 
11.10% - - R. 

3.45% - - 

Verbenaceae Verbenaceae type - - - - L.F. 
10.29% - - - 

Number of pollen types 8 12 10 9 13 14 7 10 

* F.: Frequent, L.F.: Less Frequent, R.: Rare 

 

The results of phenolic components of the eight 
ethanolic extracts indicated significant differences 
in their total contents. Whereby, high total phenolics 
contents were recorded in the extract D followed by 
the extract G then the extracts C and E (12247.06 ± 
40.04, 9050.98 ± 17.93, 7854.90 ± 33.05, and 
7541.27 ± 48.71 mg GAE/100 g; respectively) with 
insignificant difference in the two last ones (Table 
2), while the lowest content was obtained in the 
extract A (752.94 ± 17.78 mg GAE/100 g). For 
flavonoids, the extract D provides the highest 
content (8506.94 ± 15.56 mg QE/100 g), followed 
by the extract G (6076.39 ± 20.01 mg QE/100 g), 

whereas low values were registered in extracts A 
and B (2694.44 ± 22.85 and 2680.55 ± 12.02 mg 
QE/100 g; consecutively). Flavonols contents 
values ranged from 4978.87 ± 33.39 mg QE/100 g 
(extract B) to 7903.75 ± 24.39 mg QE/100 g 
(extract D).  

In the anti-inflammatory activity, after formalin 
injection into the hind paw, the paw edema in the 
normal saline group; increased along with the time 
course and the peak edema, was registered after 
240 min in which the mean of swelling percentage 
was 63.99 ± 2.98 % (Table 3). Our results showed 
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that the extract E had the best anti-inflammatory 
activity with the least significant swelling 
percentage mean in all assessed time. Followed by 
extract F which had also strongly and significantly 
activity, compared to the control group, inhibited the 
formalin induced paw edema, with comparable 
effect to the reference drug (diclofenac at 20 mg/kg 

BW). Furthermore, extracts A, D, G, and H 
exhibited mild anti-inflammatory effect, with 
significant statistical difference when compared to 
the normal saline group. However, extracts B and C 
did not affect the paw edema with non-significant 
difference compared to the control group. 

 

Table 2: Phenolic components contents in the pollen types ethanolic extracts 

Extracts 
TPC 

(mg GAE/100 g) 

TFC 

(mg QE /100 g) 

TFlC 

(mg QE /100 g) 

A 752.94 ± 17.78 e 2694.44 ± 22.85 e 5058.68 ± 12.97 d 

B 5913.72 ± 19.13 d 2680.55 ± 12.02 e 4978.87 ± 33.39 d 

C 7854.90 ± 33.05 c 5201.39 ± 37.87 c 6950.70 ± 31.72 a,b 

D 12247.06 ± 40.04 a 8506.94 ± 15.56 a 7903.75 ± 24.39 a 

E 7541.27 ± 48.71 c 4847.22 ± 36.10 c,d 7406.10 ± 17.13 a 

F 6482.35 ± 15.5 d 4965.28 ± 27.43 c 5744.13 ± 50.46 c,d 

G 9050.98 ± 17.93 b 6076.39 ± 20.01 b 6208.92 ± 43.97 b,c 

H 6178.43 ± 34.45 d 4347.22 ± 27.43 d 7485.91 ± 54.82 a 

*The outcomes were presented as Means ± SD of three measurements. Analysis of variance (One-Factor ANOVA and 
Tukey tests) revealed statistical difference (P < 0.05). Different superscripts (a, b, c…) for the values in the same 

columns are statistically different. 

 

The obtained data on the main pollen types, the 
total bioactive components and the swelling 
percentages were ordinated with PCA analysis. In 
total, 48 standardized variables were introduced to 
create covariance matrix. Whereby, Varimex 
method was used as a factor analysis rotation 
technique and the number of extracted factors was 
fixed at two principal components (PCs). The PCA 
indicated that the two PCs accounted for 71.16% of 
the total variance. The first principal component 
(PC1) represented 40.42% and had the highest 
positive correlation coefficients with the swilling 
percentages (t+30: 0.975; t+120: 0.972; t+60: 
0.964; t+180: 0.960 and t+240: 0.947). The PC2 
(30.74% of the variance) had the main correlation 
coefficients with the total bioactive components 
(TPC: 0.985; TFC: 0.908 and TFlC: 0.689). The 

variables with high correlation coefficients appeared 
together in the biplot (Figure 2). Focusing on the 
PC1, the PCA demonstrated four bee pollen types; 
Centaurea, Cucurbitaceae, Euphorbiaceae and 
Fraxinus, with negative correlation coefficient (-
0.796) with the swilling percentages which means 
that these pollen types were characterized by 
potent anti-inflammatory activity. Regarding PC2, it 
can be concluded that Oxalis and Juglans types are 
positively correlated (0.575) with the total bioactive 
components (TPC, TFC, and TFlC) and that their 
presence matches up with high total bioactive 
components. Whereas, the three pollen types; 
Galactites, Sonchus and Vitex had a negative 
relationship (-0.777) with the total bioactive 
components. 

 
 



                                          ARAŞTIRMA MAKALESİ / RESEARCH ARTICLE 

Uludağ Arıcılık Dergisi – Uludag Bee Journal 2022, 22 (1): 45-58 53 

Table 3: Effects of bee pollen and diclofenac on formalin-induced paw edema in rats. 

Extracts and 
standards 

T+30             
(%) 

T+60             
(%) 

T+120            
(%) 

T+180            
(%) 

T+240            
(%) 

A 19.80 ± 1.29 d,e 26.42 ± 2.89 b,c 32.49 ± 2.57 c 32.86 ± 2.60 c,d 42.38 ± 2.06 c 

B 30.84 ± 2.31 a 40.01 ± 1.74 a 44.44 ± 2.55 b 55.59 ± 2.96 a 61.08 ± 1.90 a 

C 29.75 ± 2.25 a,b 42.40 ± 2.51 a 53.49 ± 2.76 a 55.68 ± 3.75 a 63.71 ± 3.28 a 

D 15.12 ± 1.78 e,f 23.87 ± 1.93 b,c 35.14 ± 1.51 c 38.10 ± 1.67 b 49.53 ± 1.03 b 

E 3.89 ± 0.66 h 3.67 ± 0.66 e 4.22 ± 1.27 f 7.71 ± 1.46 h 10.17 ± 2.31 h 

F 12.68 ± 2.74 f,g 21.97 ± 1.77 c 25.54 ± 2.47 d 28.04 ± 1.89 d 31.95 ± 2.14 d 

G 18.73 ± 2.09 e, 26.75 ± 1.52 b 30.18 ± 2.07 c,d 37.70 ± 2.55 b,c 43.71 ± 1.90 c 

H 23.04 ± 2.90 c,d 24.29 ± 2.48 b,c 34.97 ± 2.92 c 39.02 ± 2.21 b 49.73 ± 2.60 b 

Control 26.61 ± 2.90 b, c 37.99 ± 2.37 a 57.81 ± 2.57 a 59.74 ± 1.17 a 63.99 ± 2.98 a 

Diclofenac 8.74 ± 1.17 g 12.54 ± 2.98 d 11.53 ± 2.63 e 16.50 ± 2.73 e 22.49 ± 1.94 e 

* The swelling percentages values mean ± SD (n = 5) were checked by One-Factor ANOVA test followed by multiple 
comparison test Turkey (p < 0.05). Outcomes with distinct superscript letters are statistically different. 

 

 

DISCUSSION 
The botanical identification of our samples 
confirmed the richness of the northeastern region of 
Algeria in important species resulting from the 
particular climate (Mediterranean climate for both 
tell and steppe regions), orography and human 
impact. Most of the found pollen types were from 
spontaneous species known by their high 
melliferous potential (Ghorabet al. 2021b, Saadia 
TamaliandÖzkırım 2019, Zerrouk et al. 2014). 
Therefrom, this floral diversity represents a great 
feature that favours the sustainable development of 
beekeeping activities in Algeria. 

Even if Asteraceae family was the most diverse (8 
types), it was not the most frequent plant family 

(represents just 5.25% of identified pollen types). 
The most abundant families in our samples were 
Brassicaceae (its 4 pollen types constituted 23.15% 
of identified pollen types), followed by 
Anacardiaceae (represented by its unique type 
Pistacia lentiscus with 15.53% of identified pollen 
types) then Cistaceae (14.99%) and Fagaceae 
(14.10%). Excluding Brassicaceae family, all the 
cited families are well known as good polliniferous 
species. However, most species of Brassicaceae 
and Asteraceae families were considered as 
nectariferous. Fabaceae family members (6.68% of 
identified pollen types) were known as good nectar 
and pollen producers (Ghorabet al. 2021a).
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Figure 2: Loading biplot of variables (Pollen types, phenolic components and swilling percentages) included in the 
Principal Component Analysis (PCA) 
 
Numerous studies in many countries have been 
conducted on bee pollen total bioactive 
components. Concerning our bee pollens, the TPCs 
were ranging from 752.94 to 12247.06 mg GAE/100 
g, TFC ranging from 2680.55 to 8506.94 mg 
QE/100 g and TFlC ranging from 4978.87 to 
7903.75 mg QE/100 g. Although different extraction 
and assay methods were used, these results were 
tad higher than those reported by (Asmae et al. 
2021, Eraslan et al. 2009, Fatrcová-Šramková et al. 
2013, LeBlanc et al. 2009, Yildiz et al. 2013).  Our 
results can also be comparable with those obtained 
by (ŞahinandKarkar 2019, Žilić et al. 2014). 
Nevertheless, the present findings were moderately 
lower than those found on Turkish bee pollen 
(Gercek et al. 2021). 

This variation is common and may be ascribed to 
variations in geographical origin and edaphoclimatic 
condition (Araújo et al. 2017, Nogueira et al. 2012). 
However, the most influencing factor remains 
botanical origin (Bogdanov 2004, Daoud et al. 
2019, Estevinho et al. 2012).  

The anti-inflammatory effect of our ethanolic bee 
pollen extracts was investigated by a method of 
formalin-induced paw edema in rats. This method is 
commonly used as a model for anti-nociceptive and 
anti-inflammatory activities assessment which 
mainly results from a neurogenic inflammation 
mediated by neuropeptides such as substance P 
(Damas et al. 1999).  
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The diclofenac was chosen as an anti-inflammatory 
drug reference. It is a proven nonsteroidal anti-
inflammatory drug (NSAID) with antipyretic, anti-
inflammatory and analgesic properties. Diclofenac 
exerts its action via cyclooxygenases (COX-1 and 
2) inhibition with relative equipotency. However, 
extensive research shows that the mechanisms of 
action of diclofenac goes beyond COX inhibition 
and confirms that it can inhibit substance P, inhibit 
lipoxygenase enzymes, influence the release and 
uptake of arachidonic acid, activate the nitric oxide–
cGMP antinociceptive pathway and alter the 
interleukin-6 production (Gan 2010). 
The bulk of the tested bee pollen ethanolic extracts 
suppressed paw edema. Homogeneous effect was 
found in an ethanolic bee pollen extract from Cistus 
sp. of Spanish (Maruyama et al. 2010), 
hydroethanolic extracts of bee pollen from 
M.fasculata (Lopes et al. 2019) and from 
S.aff.postica (Lopes et al. 2020) at comparable 
doses showed high anti-inflammatory activity in rat 
carrageenan-induced paw edema models. These 
results confirm the hypothesis that bee pollen 
extract may act by COX-2 inhibition and also 
probably acts by NO release inhibition and as H1 
histamine receptor antagonist (Lopes et al. 2019).  

In mouse formalin-induced paw edema model, Choi 
(2007) noted that the ethanolic extract of pine 
(Pinus densiflora) bee pollen has demonstrated at 
the same dose (200mg/kg BW) a strong anti-
inflammatory activity significantly better than that of 
the used anti-inflammatory drug reference 
(indomethacin at 10 mg/kg BW). This finding 
corroborates with the result observed with extract 
E. 

The results of the PCA showed that there is no 
correlation between the total phenolic, flavonoid 
and flavonol contents of the samples with the anti-
inflammatory activity (0.057, -0.042 and -0.167 
respectively). Therein, the registered variation of 
the anti-inflammatory activity in our results between 
the eight bee pollen extracts could be explained by 
the different botanical origins of our bee pollen 
which certainly implies a variation in their 
secondary metabolites composition. The high anti-
inflammatory activity registered with extract E 
compared to remaining extracts could be attributed 
to its possible richness in flavonoids from the 
subgroup of flavonols with potent anti-inflammatory 
effect like quercetin and kaempherol, likewise their 
glycosides especially rutin (Panche et al. 2016; 

Rzepecka-Stojko et al. 2015). Therefore, additional 
research is required to identify the phenolic profile 
of each extract and thus clarify the possible 
mechanism. 

This finding gives us more information and details 
about the relation between pollen types and 
phenolic components and anti-inflammatory activity 
of a bee pollen ethanolic extract. However, these 
results remain preliminary, whereby future 
investigations are needed to affirm them. 

Several studies must be launched inside and 
outside Algeria on monofloral bee pollens to 
pinpoint the biological characteristics and the 
chemical composition of each pollen type, for better 
comprehension of their anti/pro-inflammatory 
activity mechanisms. 

 
Conclusion 
All bee pollen samples, intended for human 
consumption, collected from the northeast of 
Algeria, an area known for its flora diversity, are 
heterofloral. The ethanolic extracts of the studied 
samples are rich in total phenolic, flavonoid and 
flavonol contents. Most extracts exhibited a good 
anti-inflammatory activity. In this fact, Algerian bee 
pollen can be an important candidate which opens 
up new possibilities for developing many food 
supplements and pharmaceutical products. It is 
therefore advisable to give more attention and 
support more research on this bee hive product. 
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