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Introduction

Natural resources (plants, microorganisms, bee products, 
algae, mushrooms and some animal species) represent 
sources of biomolecules with various activities in different 
structural and vital forms [1]. The World Health Organi-
zation (WHO) announced that 80% of the global popula-
tion prefers natural source medicines (especially medicinal 
plant-based medicines) to alleviate or cure diseases [2]. In 
addition, it has been reported that currently 50% of the phar-
maceutical market originates from natural products. New 
molecules with potential bioactivity are identified from 
natural sources every day, and their evaluations continue 
for their suitability for use as drugs. Identifying biologically 
activated target or lead compounds is the first step in drug 
discovery. In this regard, the choice of appropriate method 
for the characterization of bioactive compounds to evaluate 
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Abstract
Bee pollen continues to increase its popularity as a ‘complete food’ among natural resources with its high health value 
and therapeutic chemical compounds. This study focused on HPLC-DAD (high-performance liquid chromatography-diode 
array detection) based on the identification of chemical compounds of Cistus creticus, Helianthus annuus, Papaver som-
niferum and Salix sp. bee pollens. Also, water extracts and the fractions (hexane, dichloromethane, ethyl acetate, butanol, 
water) obtained from the methanol extracts of all bee pollens were investigated for chemical compounds. A total of 29 
chemical compounds were screened and kaempferol was detected in all studied bee pollen samples at concentration of 
0.4 and 331.6  µg/g. Luteolin (68.7–694.8  µg/g), trans-aconitic acid (12.2–479.1  µg/g), myricetin (160.4–1534.2  µg/g), 
quercetin (162.1–608.1 µg/g), rosmarinic acid (273.8–435.6 µg/g), rutin (3.6–202.8 µg/g), and trans-cinnamic acid (5.1–
1854.6 µg/g) were found as the most abundant chemical compounds. Additionally, nonpolar and polar fractions of the bee 
pollens were chemometrically clustered for similarities and differences of chemical compounds via principal component 
analysis (PCA) and hierarchical cluster analysis (HCA). In nonpolar fractions, C. creticus, H. annuus, P. somniferum, and 
Salix sp. ethyl acetate fractions (CEA, HEA, PEA, SEA) were separated from other fractions, while in polar fractions, C. 
creticus, H. annuus, P. somniferum, and Salix sp. butanol fractions (CB, HB, PB, SB) were separated from other fractions. 
This study provides additional data on the characterization of valuable chemical compounds in bee pollens and constitutes 
a beginning in the chemometric classification of chemical compounds.
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of both activities against disease and potency is an impor-
tant goal [3].

Bee products constitute an important class of natural 
products with both nutritional and medicinal character-
istics. Honeybees (Apis mellifera L.) can produce many 
by-products, such as the bee pollen, bee bread, royal jelly, 
propolis, and beeswax, in addition to honey. The medicinal 
properties of these by-products have been acknowledged by 
ancient civilizations for thousands of years, and they have 
an increasing use in the modern era, mainly as nutritional 
supplements or health products [4]. Bee pollen is produced 
by collecting pollen grains by bees to form a granule that is 
agglutinated using salivary secretions, nectar or honey and 
stored in the honeycomb cell. The main role of bee pollen 
is to supply a source of nutrients that guarantee the survival 
of the colony, consequently ensuring its development and 
maintenance [5]. Today, bee pollen has an important use 
in humans as nutritional supplements and some alterna-
tive medical treatments [6, 7]. Additionally, bee pollen is a 
concentrated, nutrient-dense food that is high in energy and 
vitamins. It is one of nature’s most complete and nutritious 
foods, as it contains almost all the nutrients vital to humans. 
Bee pollen is called a ‘complete food’ or ‘life-giving pow-
der’ because it contains many components not found in 
foods of animal origin and is richer in protein [8]. Bee pol-
len is a natural product rich in bioactive compounds. More 
than 250 bioactive substances have been identified in bee 
pollen of various plant species. This group of basic chemical 
substances includes lipids, amino acids, proteins, carbohy-
drates, fatty acids, phenolic compounds, carotenoids, flavo-
noids, vitamins, and bio-elements [9]. It has been informed 
that the bee pollen has antioxidant, antimicrobial, antidia-
betic, anti-hyperglycemic, anti-inflammatory, hepatoprotec-
tive, nephroprotective, and anti-cancer properties with the 
synergism of this versatile and diverse mixture in its content 
[10, 11].

Phenolic compounds are a valuable member of second-
ary metabolites found in fruits, vegetables, coffee, fruit 
juice, mushrooms, and bee products. To date, the isolation 
or characterization of around 8000 phenolic compounds 
from natural sources has been reported. In terms of their 
structural differences, they are basically categorized into 
five sub-classes: flavonoids, phenolic acids, lignans, tannins 
and stilbenes [12]. Consumption of phenolic compounds is 
critically important for health as they are responsible for the 
removal of reactive oxygen species in vivo [13]. In this way, 
phenolic compounds support the prevention or alleviation 
of oxidative damage-based diseases such as inflammation, 
cardiovascular, diabetes diseases and cancer. Various stud-
ies have been managed on the mechanisms of action of phe-
nolics, and it is accepted that the main bioactive property 

underlying these effects is related to their antioxidant activi-
ties [14].

Bee pollen is a significant apitherapeutic product highly 
admired by natural medicine for its potential medicinal 
and nutritional applications. In recent years, it has become 
the focus of both the consumer and the scientific commu-
nity. In this study, chemical compounds of Cistus creticus, 
Helianthus annuus, Papaver somniferum and Salix sp. bee 
pollens, water extracts and the fractions (hexane, dichloro-
methane, ethyl acetate, butanol, water) obtained from the 
methanol extracts of all bee pollens were characterized by 
HPLC-DAD. Also, chemical compounds found in the non-
polar and polar fractions obtained from the bee pollens were 
chemometrically clustered via principal component analysis 
(PCA) and hierarchical cluster analysis (HCA) methods.

Materials and methods

Bee pollen materials

Cistus creticus bee pollen was collected from Antalya 
(36°55′N-32°01′E)-Türkiye in April, 2023; Helianthus ann-
uus bee pollen from Konya (37°57′N-32°77′E)-Türkiye, 
in July, 2023; Papaver somniferum bee pollen in May, 
2023 and Salix sp. bee pollen in April, 2023 from Afyon 
(38°45′N-30°26′E)-Türkiye with the contribution of expert 
staff members of the provincial organizations of the Central 
Union of Turkish Beekeepers. All bee pollen samples were 
transported to the laboratory with a cold chain and stored at 
−20 °C. Detailed information about the palynological analy-
sis of all bee pollens is given in Supplementary information 
and the images of the bee pollens are shown in Figs. S1-S4.

Chemicals

Fumaric, vanillic, 2-hydroxy cinnamic, trans-aconitic, 
p-hydroxy benzoic, gallic, p-coumaric, protocatechuic, 
levulinic, chlorogenic, caffeic, p-hydroxy phenyl acetic, 
ferulic, 3-hydroxy benzoic, trans-cinnamic, and rosmarinic 
acids, and 6,7-dihydroxy coumarin, quercetin, guaiacol, 
rutin, naringenin, chrysin, methanol, kaempferol, n-hex-
ane, apigenin, n-butanol, vanillin, coumarin, ethyl acetate, 
myricetin, catechin, dichloromethane, luteolin, and acetic 
acid were purchased from E. Merck (Darmstadt, Germany) 
and Sigma Chemical Co. (Sigma-Aldrich GmbH, Stein-
heim, Germany) as analytical grade.
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Extraction and fractionation of the bee 
pollens

Initially, each bee pollen sample was dried in a freeze dryer 
and then ground. Ground bee pollens (999 g for C. creti-
cus, 986 g for H. annuus, 1015 g for P. somniferum, 1019 g 
for Salix sp.) were separately extracted with 2 L of metha-
nol at least 3 times at 24 h intervals under room conditions 
until no chemical compounds were extracted (3 times for 
P. somniferum, 4 times for Salix sp., 5 times for C. creti-
cus and H. annuus). After the extraction was completed, 
the mixture was filtrated using a filter paper, then methanol 
was removed under vacuum in a rotary evaporator (Wig-
gens, STRIKE 380 M3/M6, Beijing) at + 40 °C to dryness to 
obtain the methanol extract. The residue of bee pollen was 
extracted with hot water at + 80 °C for one day, the water 
was removed with a freeze dryer (Christ Alpha 1–4 LD, 
Christ, Germany) to dryness to obtain the water extract [15].

The methanol extract was dissolved in pure water and 
the water suspension was obtained. The water suspension 
was extracted with fresh solvents by liquid-liquid extraction 
method to give n-hexane, dichloromethane, ethyl acetate, 
n-butanol and water fractions, respectively. The solvents 
of n-hexane, dichloromethane, ethyl acetate and n-butanol 
were removed separately under vacuum in a rotary evapora-
tor to dryness to obtain the relevant fractions. Water solvent 
was removed with a freeze dryer to dryness to obtain the rel-
evant fractions [16]. All the water extracts of bee pollens and 
fractions of bee pollen methanol extracts were maintained at 
+ 4 °C for a maximum of 10 days for further testing.

HPLC-DAD identification of chemical 
compounds

Chemical compounds of bee pollens, water extracts and frac-
tions were identified using high performance liquid chroma-
tography (HPLC) (LC-20AT, Shimadzu, Japan) following 
a procedure previously explained in our study [17, 18]. 
Bee pollens, water extracts and fractions were dissolved in 
water:methanol (80:20) and filtered by using a 0.20 μm dis-
posable LC filter disk for HPLC-DAD. The separation was 
performed with the reverse phase C18 column (Inertsil ODS-
3, Inertsil, USA) (5 μm, 250 mm × 4.6 mm i.d) at 40 °C. An 
injection volume of 20 µL was used with mobile phase flow 
rate of 1 mL/min. The mobile phase used was: (A) 0.5% 
acetic acid in water, (B) methanol. The elution gradient 
was as follows: 0–10% B in 0.01 min, 10–20% B in 2 min, 
20–30% B in 15 min, 30–100% B in 30 min, 100 − 0.01% B 
in 33 min, 0.01% B in 35 min, 10% B in 35.01 min. Detec-
tion was carried out photodiode array detector (PDA) using 
280 nm as the preferred wavelength. In total, 29 different 

standards were separated by HPLC, and the identification 
of the compounds was carried out with a photodiode array 
detector (PDA) at a wavelength of 280 nm. Comparison of 
retention times and UV data of standards was used in the 
characterization of the chemical compounds detected in the 
bee pollens, extracts and fractions. The amounts of identi-
fied chemical compounds were calculated by drawing the 
calibration graph obtained by injecting known concentra-
tions (0.0–1.0 ppm) of different standards. All analysis was 
operated in triplicate. The results were given as µg/g dry 
weight (dw).

Statistical analysis

All HPLC-DAD analysis were operated in triplicate and the 
results were given as the average of triplicate. The results 
were registered as the mean ± S.E. (standard error). Stu-
dent’s t test was used to determine the significant differences 
among the average values and p < 0.05 was considered to 
indicate statistical significance. Chemometric analysis of 
the chemical compounds of the fractions by principal com-
ponent analysis (PCA) and hierarchical cluster analysis 
(HCA) was completed by MINITAB 16.0 software. PCA 
was used to observe the similarities and differences between 
fractions and extracts in terms of their chemical compounds. 
HCA was used to separate fractions and extracts into clus-
ters and groups according to the proximity or diversity of 
their chemical compounds. Euclidean distance and Ward 
Link method were used to define hierarchical relationships 
in cluster analysis [19].

Results and discussion

Chemical compounds

Chemical compounds of bee pollens of C. creticus, H. ann-
uus, P. somniferum and Salix sp., the fractions (hexane, 
dichloromethane, ethyl acetate, butanol, water) and water 
extracts of all four pollens were characterized by HPLC-
DAD. The analytical parameters of chemical compounds for 
HPLC-DAD analysis are described in Table S1. In total, 29 
different chemical compounds consisting of phenolic acids, 
organic acids, flavonoids, and phenolics are screened and 
the chromatograms of the standards, the pollens, fractions 
and water extracts are given in Figs. S5–33. The screened 
and detected chemical compounds in C. creticus bee pollen, 
fractions and water extract are given in Table 1, H. annuus 
bee pollen, fractions and water extract in Table 2, P. som-
niferum bee pollen, fractions and water extract in Table 3, 
Salix sp. bee pollen, fractions and water extract in Table 4.
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as the richest fractions in kaempferol among all bee pollens, 
fractions and water extracts.

Luteolin is a flavone found in many foods commonly 
consumed by humans such as vegetables, fruits, and herbs. 
In addition to its wide range of bioactivities, its anti-con-
vulsion, antitumor, anti-inflammatory, antidiabetic, neuro-
protection, anti-cardiovascular, and antioxidant properties 
have been documented in in vitro or animal experiments 
[22]. Luteolin was the second most identified compound. 
The very high concentration of luteolin was found in CD 
(C. creticus dichloromethane fraction), CEA (C. creticus 
ethyl acetate fraction), SB (Salix sp. butanol fraction), PEA, 
HEA, HB, PD (P. somniferum dichloromethane fraction), 
SEA (Salix sp. ethyl acetate fraction), PB (P. somniferum 
butanol fraction), SD (Salix sp. dichloromethane fraction), 
CH (C. creticus hexane fraction), S (Salix sp. bee pollen), 

Kaempferol is a powerful bioactive flavonol found 
in fruits and vegetables. It has been described to prevent 
various diseases such as diabetes, obesity, arthritis, glau-
coma, osteoporosis and skin diseases. Additionally, it 
has been revealed that kaempferol has hepatoprotective, 
kidney protective, cardioprotective, neuroprotective and 
gastroprotective properties through its antioxidant and anti-
inflammatory effects [20]. Moreover, it has been determined 
that kaempferol, in combination with other drugs or natural 
compounds, synergistically increases the effectiveness of 
drugs [21]. Kaempferol was the only compound identified 
in all bee pollens, fractions and water extracts in the con-
centration range of 0.4 and 331.6 µg/g. PEA (P. somniferum 
ethyl acetate fraction), HEA (H. annuus ethyl acetate frac-
tion) and HB (H. annuus butanol fraction) were documented 

Table 1  Chemical compounds (µg/g) of C. creticus bee pollen, water extract and fractions
Peak 
number

Compounds Reten-
tion 
time 
(min)

C CH CD CEA CB CW1 CW2

1 Fumaric acid 3.061 nd nd nd nd nd nd nd
2 trans-Aconitic acid 3.303 15.8 ± 0.01 nd 34.0 ± 0.01 239.4 ± 0.02 222.4 ± 0.01 12.2 ± 0.01 479.1 ± 0.02
3 Gallic acid 3.585 nd nd nd nd nd nd nd
4 Levulinic acid 3.809 nd nd nd nd nd nd nd
5 Protocatechuic acid 5.345 nd nd nd nd nd nd nd
6 p-Hydroxy phenyl acetic 

acid
6.326 nd nd nd nd nd nd nd

7 Catechin 6.402 nd nd nd nd nd nd nd
8 Chlorogenic acid 7.749 nd nd nd nd nd nd nd
9 p-Hydroxy benzoic acid 7.950 nd nd 3.5 ± 0.01 3.2 ± 0.01 nd nd nd
10 6,7-Dihydroxy coumarin 8.921 nd nd nd nd nd nd nd
11 Vanillic acid 9.635 nd nd 11.0 ± 0.01 nd nd nd nd
12 Caffeic acid 9.722 nd nd nd 4.3 ± 0.01 nd nd nd
13 3-Hydroxy benzoic acid 10.214 nd nd nd nd nd nd nd
14 Vanillin 11.714 nd nd 0.1 ± 0.01 nd nd nd nd
15 p-Coumaric acid 14.556 nd nd nd nd nd nd nd
16 Guaiacol 14.822 nd nd nd nd nd nd nd
17 Ferulic acid 16.642 nd nd 5.9 ± 0.01 nd nd nd nd
18 Coumarin 18.701 nd nd nd nd nd nd nd
19 Rutin 20.459 4.1 ± 0.01 nd 5.3 ± 0.01 nd 202.8 ± 0.01 nd nd
20 2-Hydroxy cinnamic 

acid
20.509 nd 3.8 ± 0.01 nd 287.9 ± 0.02 nd nd 0.5 ± 0.01

21 Rosmarinic acid 21.095 281.3 ± 0.02 nd nd 435.6 ± 0.02 309.9 ± 0.01 nd 277.5 ± 0.02
22 Myricetin 21.517 160.4 ± 0.01 163.4 ± 0.02 211.6 ± 0.01 270.2 ± 0.01 nd nd nd
23 Quercetin 23.351 nd nd 586.9 ± 0.02 608.1 ± 0.01 162.2 ± 0.01 nd nd
24 trans-Cinnamic acid 23.443 nd nd nd nd nd 46.4 ± 0.01 43.6 ± 0.01
25 Naringenin 23.568 nd nd nd nd nd nd nd
26 Luteolin 23.900 nd 73.3 ± 0.01 694.8 ± 0.01 558.4 ± 0.01 69.8 ± 0.01 nd nd
27 Kaempferol 24.765 32.4 ± 0.02 30.4 ± 0.02 8.8 ± 0.01 6.1 ± 0.01 30.4 ± 0.02 32.8 ± 0.02 32.2 ± 0.01
28 Apigenin 25.015 nd nd nd nd nd nd nd
29 Chrysin 27.172 nd 0.4 ± 0.01 nd nd nd nd nd

Total 494.0 271.3 1561.9 2413.2 997.5 91.4 832.9
Values represent the means ± S.E. of three parallel measurements (p < 0.05). nd: Not detected. C: C. creticus bee pollen, CH: Hexane fraction, 
CD: Dichloromethane fraction, CEA: Ethyl acetate fraction, CB: Butanol fraction, CW1: Water fraction, CW2: Water extract
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HW1 (H. annuus water fraction), HW2 (H. annuus water 
extract), PW2 (P. somniferum water extract), S, SD, SEA, 
SB, SW1 (Salix sp. water fraction), and SW2 (Salix sp. 
water extract).

Myricetin is a flavonol that has an important position 
in protecting health. The explored biopotentials of myric-
etin were reported as antidiabetic, anti-cancer, anti-obesity, 
osteoporosis protection, cardiovascular protection, hepato-
protective, and anti-inflammatory activities [24]. The very 
high concentration of myricetin was found in C, CH, CD, 
CEA, H, HD (H. annuus dichloromethane fraction), P, PD, 
PEA, S, SH, SD, SEA, SB, SW1, and SW2.

Rosmarinic acid is an important polyphenolic acid that 
has uses in various fields such as food preservative, cos-
metic and pharmaceutical industries. Bioactive properties of 

SH (Salix sp. hexane fraction), HH (H. annuus hexane frac-
tion), H (H. annuus bee pollen), CB (C. creticus butanol 
fraction), P (P. somniferum bee pollen), and PW1 (P. som-
niferum water fraction).

trans-Aconitic acid was recognized as one of 30 chemi-
cals with the most added value by the Department of Energy 
due to its industrial use as a chemical building block and 
precursor of other important chemicals and polymers. The 
reported biological activities of trans-aconitic acid could 
be listed as nematocidal, anti-leishmanial, antifungal, anti-
oxidant, antifeedant, anti-inflammatory, and anti-quorum 
sensing [23]. trans-Aconitic was the third most identified 
compound. The presence of trans-aconitic was detected in 
C (C. creticus bee pollen), CD, CEA CB, CW1 (C. creticus 
water fraction), CW2 (C. creticus water extract), HEA, HB, 

Table 2  Chemical compounds (µg/g) of H. annuus bee pollen, water extract and fractions
Peak 
number

Compounds Retention 
time (min)

H HH HD HEA HB HW1 HW2

1 Fumaric acid 3.061 nd nd nd nd nd nd nd
2 trans-Aconitic acid 3.303 nd nd nd 363.4 ± 0.03 273.6 ± 0.01 15.8 ± 0.01 32.9 ± 0.02
3 Gallic acid 3.585 nd nd nd nd nd nd nd
4 Levulinic acid 3.809 nd nd nd nd nd nd nd
5 Protocatechuic acid 5.345 nd nd nd nd nd nd nd
6 p-Hydroxy phenyl 

acetic acid
6.326 nd nd nd nd nd nd nd

7 Catechin 6.402 nd nd nd nd nd nd nd
8 Chlorogenic acid 7.749 nd nd nd nd nd nd nd
9 p-Hydroxy benzoic 

acid
7.950 nd nd 20.4 ± 0.02 17.6 ± 0.01 nd nd nd

10 6,7-Dihydroxy 
coumarin

8.921 nd nd nd nd nd nd nd

11 Vanillic acid 9.635 nd nd 8.7 ± 0.01 nd nd nd nd
12 Caffeic acid 9.722 nd nd nd 4.1 ± 0.02 nd nd nd
13 3-Hydroxy benzoic 

acid
10.214 nd nd nd nd nd nd nd

14 Vanillin 11.714 nd nd nd nd nd nd nd
15 p-Coumaric acid 14.556 nd nd 0.1 ± 0.01 nd nd nd nd
16 Guaiacol 14.822 nd nd nd nd nd nd nd
17 Ferulic acid 16.642 nd nd nd nd nd nd nd
18 Coumarin 18.701 nd nd nd nd nd nd nd
19 Rutin 20.459 nd 3.6 ± 0.01 3.9 ± 0.02 nd 132.6 ± 0.01 nd nd
20 2-Hydroxy cinnamic 

acid
20.509 4.6 ± 0.01 nd nd 86.1 ± 0.01 nd nd nd

21 Rosmarinic acid 21.095 nd nd nd 319.8 ± 0.01 280.2 ± 0.02 nd nd
22 Myricetin 21.517 169.1 ± 0.01 nd 194.8 ± 0.03 nd nd nd nd
23 Quercetin 23.351 166.5 ± 0.02 165.7 ± 0.02 nd nd nd nd nd
24 trans-Cinnamic acid 23.443 nd nd 48.4 ± 0.01 1854.6 ± 0.02 1474.6 ± 0.02 nd nd
25 Naringenin 23.568 nd nd nd nd nd nd nd
26 Luteolin 23.900 69.9 ± 0.02 71.5 ± 0.01 nd 345.9 ± 0.02 247.1 ± 0.02 nd nd
27 Kaempferol 24.765 30.5 ± 0.01 34.1 ± 0.02 20.8 ± 0.01 221.8 ± 0.01 193.4 ± 0.01 31.2 ± 0.01 32.5 ± 0.01
28 Apigenin 25.015 nd nd nd nd nd nd nd
29 Chrysin 27.172 nd 0.7 ± 0.01 2.6 ± 0.01 nd 0.5 ± 0.01 nd nd

Total 440.6 275.6 299.7 3213.3 2602 47 65.4
Values represent the means ± S.E. of three parallel measurements (p < 0.05). nd: Not detected. H: H. annus bee pollen, HH: Hexane fraction, HD: 
Dichloromethane fraction, HEA: Ethyl acetate fraction, HB: Butanol fraction, HW1: Water fraction, HW2: Water extract

1 3

671



European Food Research and Technology (2025) 251:667–683

quantity of quercetin was recorded in CD, CEA, CB, H, HH, 
P, PH, PEA, PB, PW1, SH, SEA, SB, and SW1.

Rutin, a flavonoid glycoside derivative, is known as vita-
min P or rutoside. A lot of studies have confirmed that rutin 
has antimicrobial, antioxidant, anti-arthritic, hepatoprotec-
tive, cardiovascular, anti-allergic, anti-cancer, antidiabetic, 
wound healing, and anti-inflammatory effects [27]. The 
presence of rutin was specified in C, CD, CB, HH, HD, HB, 
P, PEA, PB, and PW2.

Cinnamic acid is known for its various health benefits 
and low cytotoxicity, and is also known as phenylacrylic 
acid. The five most well-known cinnamic acid members 
are: ferulic, caffeic, p-coumaric and sinapic acids. Among 
its wide range of bioactive properties neuroprotective, anti-
tumor, anti-parasitic, antidiabetic, antimicrobial, antioxi-
dant and anti-inflammatory activities came to the fore [28]. 

rosmarinic acid such as antiviral, antibacterial, antiepileptic, 
anti-inflammatory, anti-nociceptive, anti-anxiolytic, antiox-
idant, anti-depressant, and neuroprotective have been high-
lighted in previous studies. Its potential use in preventing 
Alzheimer’s disease, improving cognitive function, treating 
kidney diseases, and cancer has also been reported [25]. C, 
CEA, CB, CW2, HEA, HB, PH (P. somniferum hexane frac-
tion), PEA, S, SH, SD, SEA, SB, and SW1 were identified 
as having very high contents of rosmarinic acid.

Quercetin is a flavonol and is found in a great variety 
of natural sources. Numerous in vivo and in vitro studies 
have supported that quercetin commands various medicinal 
values such as neurovascular protection, anti-inflammatory, 
antioxidant, antihypertensive, hypoglycemic, anti-cancer, 
anti-aging, and immune strengthening effects [26]. The high 

Table 3  Chemical compounds (µg/g) of P. somniferum bee pollen, water extract and fractions
Peak 
number

Compounds Reten-
tion 
time 
(min)

P PH PD PEA PB PW1 PW2

1 Fumaric acid 3.061 nd nd nd nd nd nd 118.4 ± 0.02
2 trans-Aconitic acid 3.303 nd nd nd nd nd nd 31.7 ± 0.01
3 Gallic acid 3.585 nd nd nd nd nd nd nd
4 Levulinic acid 3.809 nd nd nd nd nd nd nd
5 Protocatechuic acid 5.345 nd nd nd nd nd nd nd
6 p-Hydroxy phenyl acetic 

acid
6.326 nd nd nd nd nd nd nd

7 Catechin 6.402 nd nd nd nd nd nd nd
8 Chlorogenic acid 7.749 nd nd nd nd nd nd nd
9 p-Hydroxy benzoic acid 7.950 nd nd 3.6 ± 0.01 2.8 ± 0.01 nd nd nd
10 6,7-Dihydroxy coumarin 8.921 nd nd 4.1 ± 0.01 nd nd nd nd
11 Vanillic acid 9.635 nd nd 8.4 ± 0.02 nd nd nd nd
12 Caffeic acid 9.722 nd nd nd 4.6 ± 0.01 nd nd nd
13 3-Hydroxy benzoic acid 10.214 nd nd nd nd nd nd nd
14 Vanillin 11.714 0.1 ± 0.01 0.6 ± 0.01 116.3 ± 0.01 0.8 ± 0.02 1.2 ± 0.01 nd nd
15 p-Coumaric acid 14.556 nd nd 0.6 ± 0.01 0.4 ± 0.01 nd nd nd
16 Guaiacol 14.822 nd nd nd nd 1.8 ± 0.01 nd nd
17 Ferulic acid 16.642 nd nd 6.0 ± 0.02 nd nd nd nd
18 Coumarin 18.701 nd nd nd 128.2 ± 0.01 nd nd nd
19 Rutin 20.459 4.0 ± 0.01 nd nd 41.1 ± 0.01 11.9 ± 0.01 nd 3.6 ± 0.01
20 2-Hydroxy cinnamic acid 20.509 nd nd nd nd nd nd nd
21 Rosmarinic acid 21.095 nd 294.6 ± 0.01 nd 277.3 ± 0.02 nd nd nd
22 Myricetin 21.517 161.2 ± 0.02 nd 185.8 ± 0.01 196.2 ± 0.01 nd nd nd
23 Quercetin 23.351 168.8 ± 0.01 170.9 ± 0.02 nd 312.1 ± 0.01 195.8 ± 0.02 162.1 ± 0.01 nd
24 trans-Cinnamic acid 23.443 nd 17.9 ± 0.01 19.2 ± 0.03 nd nd nd nd
25 Naringenin 23.568 nd 2.5 ± 0.01 nd nd nd nd nd
26 Luteolin 23.900 69.4 ± 0.01 nd 193.5 ± 0.02 359.5 ± 0.01 96.2 ± 0.01 68.7 ± 0.01 nd
27 Kaempferol 24.765 26.3 ± 0.01 17.1 ± 0.01 0.4 ± 0.01 331.6 ± 0.02 0.6 ± 0.01 29.8 ± 0.01 1.6 ± 0.01
28 Apigenin 25.015 nd nd nd nd nd nd nd
29 Chrysin 27.172 nd 1.3 ± 0.01 nd 12.8 ± 0.01 0.7 ± 0.01 nd nd

Total 429.8 504.9 537.9 1666.9 308.2 260.6 155.3
Values represent the means ± S.E. of three parallel measurements (p < 0.05). nd: Not detected. P: P. somniferum bee pollen, PH: Hexane fraction, 
PD: Dichloromethane fraction, PEA: Ethyl acetate fraction, PB: Butanol fraction, PW1: Water fraction, PW2: Water extract

1 3

672



European Food Research and Technology (2025) 251:667–683

Ferulic acid is an important cinnamic acid derivative and 
is pronounced as boon. It has tremendous potential thera-
peutic properties in the therapy of cancer, diabetes, lung, 
and cardiovascular diseases, mainly with versatile bioactivi-
ties such as activation of transcriptional factors, antiallergic, 
antimicrobial, anti-cancer, antiviral, metal chelation, antiox-
idant, hepatoprotective, modulation of enzyme activity [30]. 
Ferulic acid was characterized in PD and CD.

Caffeic acid is a dihydroxy cinnamic acid derivative found 
primarily in honey, coffee, potatoes, fruits, herbs, chard, 
olives, and vegetables [31]. Caffeic acid was correlated 
with various pharmacologic activities, consisting of anti-
obesity, antidiabetic immunomodulatory, hypolipidemic, 

The presence of trans-cinnamic acid was defined in CW1, 
CW2, HD, HEA, HB, PH, PD, S, and SD. The decreasing 
amounts of 2-hydroxy cinnamic acid were in the following 
order: CEA, HEA, H, CH, and CW2.

p-Coumaric acid is a cinnamic acid analogue found in a 
wide variety of natural sources. The huge bioactive poten-
tials of p-coumaric acid have been revealed as an antioxi-
dant, bone formation, antimicrobial, anti-ulcer, anti-cancer, 
antiarthritic, anti-inflammatory, cardioprotective, gout pre-
vention, antidiabetic, anti-melanogenic, gastroprotective, 
anti-platelet, hepatoprotective, reno-protective, and anti-
angiogenic [29]. The presence of p-coumaric acid was 
found in HD, PD, and PEA.

Table 4  Chemical compounds (µg/g) of Salix sp. bee pollen, water extract and fractions
Peak 
numbers

Compounds Reten-
tion 
time 
(min)

S SH SD SEA SB SW1 SW2

1 Fumaric acid 3.061 nd nd nd nd nd nd nd
2 trans-Aconitic acid 3.303 42.2 ± 0.01 nd 29.4 ± 0.01 130.6 ± 0.01 154.6 ± 0.01 20.2 ± 0.01 66.9 ± 0.01
3 Gallic acid 3.585 nd nd nd nd nd nd nd
4 Levulinic acid 3.809 nd nd nd 2.10 ± 0.01 nd nd nd
5 Protocatechuic acid 5.345 nd nd nd nd nd nd nd
6 p-Hydroxy phenyl 

acetic acid
6.326 nd nd nd nd nd nd nd

7 Catechin 6.402 nd nd nd nd nd nd nd
8 Chlorogenic acid 7.749 nd nd nd nd nd nd nd
9 p-Hydroxy benzoic 

acid
7.950 nd nd nd 0.8 ± 0.01 nd nd nd

10 6,7-Dihydroxy 
coumarin

8.921 nd nd nd nd nd nd nd

11 Vanillic acid 9.635 nd nd 1.0 ± 0.01 nd nd nd nd
12 Caffeic acid 9.722 nd nd nd 82.4 ± 0.02 nd nd nd
13 3-Hydroxy benzoic 

acid
10.214 nd nd nd nd nd nd nd

14 Vanillin 11.714 nd nd nd nd nd nd nd
15 p-Coumaric acid 14.556 nd nd nd nd nd nd nd
16 Guaiacol 14.822 nd nd nd nd nd nd nd
17 Ferulic acid 16.642 nd nd nd nd nd nd nd
18 Coumarin 18.701 nd nd nd nd nd nd nd
19 Rutin 20.459 nd nd nd nd nd nd nd
20 2-Hydroxy cinnamic 

acid
20.509 nd nd nd nd nd nd nd

21 Rosmarinic acid 21.095 347.9 ± 0.02 298.8 ± 0.01 309.0 ± 0.02 402.5 ± 0.02 390.9 ± 0.01 273.8 ± 0.01 nd
22 Myricetin 21.517 421.2 ± 0.01 270.0 ± 0.01 463.8 ± 0.01 1162.8 ± 0.03 1534.2 ± 0.01 168.8 ± 0.01 160.4 ± 0.02
23 Quercetin 23.351 nd 163.3 ± 0.03 nd 205.2 ± 0.01 412.7 ± 0.02 162.1 ± 0.01 nd
24 trans-Cinnamic acid 23.443 5.1 ± 0.01 nd 22.6 ± 0.01 nd nd nd nd
25 Naringenin 23.568 nd nd nd nd nd nd nd
26 Luteolin 23.900 72.5 ± 0.01 72.2 ± 0.01 91.7 ± 0.01 131.9 ± 0.01 525.7 ± 0.01 nd nd
27 Kaempferol 24.765 32.2 ± 0.02 35.6 ± 0.01 25.0 ± 0.02 31.8 ± 0.01 19.2 ± 0.01 33.6 ± 0.01 32.6 ± 0.01
28 Apigenin 25.015 nd nd 15.1 ± 0.01 nd nd nd nd
29 Chrysin 27.172 nd nd nd nd nd nd nd

Total 921.1 839.9 957.6 2150.1 3037.3 658.5 259.9
Values represent the means ± S.E. of three parallel measurements (p < 0.05). nd: Not detected. S: Salix sp. bee pollen, SH: Hexane fraction, SD: 
Dichloromethane fraction, SEA: Ethyl acetate fraction, SB: Butanol fraction, SW1: Water fraction, SW2: Water extract
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anticonvulsant, antidiabetic, antitumor, anti-inflammatory, 
anti-cancer, antibacterial, antifungal, antiviral, neuroprotec-
tive, antihypertensive, antioxidant, anticoagulant, and anti-
microbial. Today, many coumarin derivatives are approved 
for clinical use by the FDA (U.S. Food and Drug Admin-
istration) [41]. When coumarin was only found in PEA, 
6,7-dihydroxy coumarin was detected in PD.

Guaiacol, also known as 2-methoxy phenol, is an impor-
tant phenolic compound with antioxidant, analgesic and 
antimicrobial activities [42]. Guaiacol was only identified 
in PB.

Naringenin is a flavanone found in high concentrations 
mostly in citrus fruits. The positive effects of naringenin 
on health were revealed as antidiabetic, anti-cancer, gas-
troprotective, antimicrobial, anti-obesity, cardioprotective, 
neuroprotective, immunomodulator, and nephroprotective 
by in vitro and in vivo studied with related to antioxidant 
and anti-inflammatory activities [43]. Naringenin was only 
found in PH.

Apigenin is a flavone that attracts attention with its low 
toxicity. Apigenin is mainly found in fruits, nuts, vegeta-
bles, honey, herbs, and tea. Literature studies have reported 
that apigenin is a promising treatment candidate with its 
anti-inflammatory and antioxidant properties on a variety 
of diseases including insomnia, cancer, obesity, infection, 
depression, diabetes, respiratory, cardiovascular, neurode-
generative, and skin diseases [44]. SD was the only fraction 
containing apigenin.

Fumaric acid is a valuable dicarboxylic acid used in 
industrial products such as food, detergents, feed, and phar-
maceutical products with antioxidant, anti-cancer and anti-
microbial properties [45]. The only PW2 was found as rich 
in fumaric acid.

Levulinic acid is a value-added dicarboxylic acid that is 
in demand for its antimicrobial effect in the cosmetic indus-
try, maintaining acid balance and protecting the skin from 
microbial infection and in food industry by improving food 
safety and quality without causing any negative effects [46]. 
Levulinic acid was only characterized in SEA.

Chemical compounds are extracted using organic sol-
vents and their aqueous formulations in the basic context, 
and there are still uncertainties in the literature regarding the 
most suitable solvent and extraction technique, especially 
for the extraction of phenolic compounds. In particular, the 
extraction of phenolic compounds is carried out using ace-
tone, ethyl acetate, water, methanol and butanol [47]. Serial 
exhaustive extraction is one of the most commonly used 
techniques for the extraction of chemical compounds from 
natural sources, involving fractionation of the crude extract 
from hexane to butanol. Although the extraction efficiency 
increases depending on the polarity of the solvent used, the 
extraction performance also depends on other factors such 

hypotensive, antiproliferative, antioxidant, antimicrobial, 
neuroprotective, and anti-inflammatory [32]. Caffeic acid 
was identified in all ethyl acetate fractions of the bee pol-
lens. The highest concentration of caffeic acid was found in 
SEA and followed by PEA, CEA, and HEA.

Hydroxy benzoic acids are phenolic compounds with 
remarkable antioxidant activity that contain hydroxyl 
groups in different positions and numbers in their aromatic 
rings. p-Hydroxy benzoic acid, one of the most important 
members of this family, has been ranked among various 
value-added bioproducts with potential biotechnological 
applications in recent years, especially in food, cosmetics, 
pharmaceuticals, and fungicides [33]. As a result of the stud-
ies, it was revealed that the various bioactive properties of 
p-hydroxy benzoic acid include nematicidal, antialgal, anti-
mutagenic, hypoglycemic, antimicrobial, antiestrogenic, 
anti-platelet aggregation, anti-inflammatory, antiviral, and 
antioxidant [34]. p-Hydroxy benzoic acid was found in CD, 
CEA, HD, HEA, PD, PEA, and SEA.

Chrysin is a flavone found in fruit, honey, herbs and 
propolis. Chrysin, whose anti-cancer, antioxidant, hepato-
protective, antiviral, neuroprotective and anti-anxiety prop-
erties have been emphasized, has also been reported to be an 
adjuvant to some drugs [35]. Chrysin was identified in CH, 
HH, HD, HB, PH, PEA, and PB.

Vanillin is the primary ingredient that provides the char-
acteristic taste and aroma of vanilla, which is a mixture of 
more than 200 compounds. Vanillin, which forms a multi-
million-dollar market, is preferred as a fragrance ingredient 
in ice cream, confectionery, dairy products, perfume, phar-
maceuticals, liqueurs and other beverage sectors [36]. The 
pharmacological characteristics of vanillin were reported as 
antiviral, neuroprotective, nephroprotective, antibiotic, anti-
microbial, wound healing, anti-inflammatory, anti-cancer, 
antioxidant, and cardioprotective activities [37]. Vanillin 
was detected in CD, P, PH, PD, PEA, and PB.

Vanillic acid is a dihydroxybenzoic acid analogue used 
as an important flavoring agent. It attracts attention mostly 
due to its usage in the cosmetics, fruit, sweeteners, ciga-
rettes, pharmaceuticals, alcohol, beverage and polymer 
sectors [38]. The well-identified bioeffects of vanillic acid 
were reported as: antimicrobial, antibacterial, sedative, 
antifungal, antimutagen, hepatoprotective, wound healing, 
antioxidant, cardioprotective, antidepressant, chemother-
apy-preventative effects, and even herbal growth regulator 
[39]. Vanillic acid was identified in all dichloromethane 
fractions of the bee pollens. The presence of vanillic acid 
was determined in CD, HD, PD, and SD.

Coumarins are bioactive molecules with the most privi-
leged structural skeleton of the heterocyclic benzopyrene 
family, found in a wide variety of natural sources [40]. It 
has attracted attention with its bioactive properties such as 
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p-coumaric acid (11.87 µg/g), genistein (7.03 µg/g), myric-
etin (8.37 µg/g), and quercetin (4.71 µg/g). P. somniferum 
bee pollen (81%-monofloral) from Afyon-Türkiye was 
described as rich in luteolin (399.97 µg/g), p-hydroxy ben-
zoic acid (21.8 µg/g), p-coumaric acid (17.21 µg/g), kaemp-
ferol (14.12 µg/g), and rutin (10.27 µg/g). The amounts of 
quercetin (2.05, 3.99, 5.19 µg/g), luteolin (1105.80, 1190.67, 
1340.58 µg/g), kaempferol (12.96, 22.40, 23.61 µg/g), and 
apigenin (4.60, 6.56, 15.65 µg/g) in the ethanol extract of 
frozen, dried and freeze-dried P. somniferum bee pollen 
from Western-Slovakia were reported [54]. Again, in the 
study of Çobanoğlu [49] the dominant phenolic compounds 
were recorded as luteolin (230.55  µg/g), p-coumaric acid 
(17.04 µg/g), genistein (10.37 µg/g), naringenin (13.13 µg/g), 
kaempferol (20  µg/g), quercetin (8.34  µg/g), isorhamne-
tin (15.14 µg/g), and rutin (8.66 µg/g) in Salix bee pollen 
(multifloral) from Kütahya-Türkiye. The ethanol extract of 
the multifloral bee pollen from Fez-Meknes-Morocco was 
detected as rich in caffeic acid (41.00  µg/g), chlorogenic 
acid (22.90  µg/g), isorhamnetin (11.0  µg/g), gallic acid 
(11.71 µg/g), and catechin (10.80 µg/g) by Aboulghazi et 
al. [55]. The methanol extract of the bee pollen (multiflo-
ral) from Rize-Türkiye was investigated for phenolic com-
pounds and the most abundant compounds were reported 
as luteolin (52.52 µg/g), daidzein (16.18 µg/g), p-coumaric 
acid (13.10 µg/g), caffeic acid phenethyl ester (12.72 µg/g), 
and chrysin (4.46 µg/g) [56]. In a comprehensive study con-
ducted by Mutlu and Erbas [57] in which 21 polyfloral and 
29 monofloral bee pollens collected from different regions 
(Mediterranean, Anatolia, Aegean, Black Sea, Marmara) of 
Türkiye in two different seasons were chemically examined, 
methyl-3,4,5-trihydroxybenzoate (7.0–119.2 µg), trans-cin-
namic acid (7.8–111.4  µg), naringenin (134.0–966.7  µg), 
p-coumaric acid (15.1–78.8  µg), 3,4-dimetoxy cinnamic 
acid (13.3–361.7  µg), rosmarinic acid (311.4–3933.8  µg), 
apigenin (128.7–758.7 µg), rutin (145.8–605.7 µg), myric-
etin (11.1–130.9  µg), quercetin (07.1–269.8  µg), luteolin 
(17.9–1068.9  µg), and kaempferol (14.2–72.5  µg) were 
identified in all bee pollens per one g. In a study on the phe-
nolic compounds of the ethanol extracts of two monofloral 
(Brassica sp. and Salix sp.) and three multifloral bee pollens 
collected from Transylvania-Romania, quercetin-3-O-rutin-
oside (33.54–134.23  µg/g), quercetin (8.70–115.36  µg/g), 
kaempferol (0.26–234.78 µg/g), quercetin-3-O-galactoside 
(5.96–23.16  µg/g), ellagic acid (24.76–154.90  µg/g), and 
p-coumaric acid (0.43–26.85  µg/g) were described as the 
most abundant phenolic compounds [58]. The dominant 
phenolic compounds in nine different bee pollens (multi-
floral) (from Bayburt-Türkiye) were obtained as gallic acid 
(16.13–27.76 µg/g), sinapic acid (5.15–56.93 µg/g), ferulic 
acid (50.92–89.85 µg/g), isorhamnetin (44.67–82.80 µg/g), 
kaempferol (5.95–8.46 µg/g), naringenin (8.30–10.04 µg/g) 

as the chemical composition of the phenolic compounds to 
be extracted, the number and position of hydroxyl groups, 
molecular size, temperature, contact time, particle size and 
the effect of other compounds [48]. In general, ethyl acetate 
(1666.9–3213.3  µg/g) and butanol (308.2–3037.3  µg/g) 
fractions of bee pollens were determined to be significantly 
more chemically rich than other fractions in this study. The 
highest levels and yields of chemical compounds in these 
ethyl acetate and butanol fractions could be relevant with 
the increased solvent polarity and extraction efficiency.

It is noteworthy that previous studies on the chemical com-
positions of the bee pollens were limited. Consistent with the 
results here, luteolin (33.9 µg/g), kaempferol (31.93 µg/g), 
quercetin (31.4 µg/g), vanillic acid (10.89 µg/g), myricetin 
(9.09  µg/g), p-hydroxy benzoic acid (8.9  µg/g), isorham-
netin (7.76 µg/g), and rutin (4.02 µg/g) were identified as 
the most abundant phenolic acids and flavonoids in Cistus 
bee pollen (85%-monofloral) from Afyon-Türkiye [49]. The 
ethyl acetate and dichloromethane sub-extracts of Cistus 
sp. bee pollen (58%-monofloral) and Salix sp. bee pollen 
(64%-monofloral) from Samsun-Türkiye were investigated 
for phenolic compounds by Alimoglu et al. [50]. For Cis-
tus sp. bee pollen when isoquercitrin (9030  µg/g), rutin 
(3390  µg/g) and caffeic acid (900  µg/g) were detected in 
the ethyl acetate sub-extract, no phenolic compounds were 
identified in the dichloromethane sub-extract. For Salix 
sp. bee pollen when only isoquercitrin (680  µg/g) was 
reported in the ethyl acetate sub-extract, galangin (40 µg/g) 
and chrysin (60 µg/g) were characterized in the dichloro-
methane sub-extract. The results of H. annuus bee pollen, 
water extract and fractions are in agreement with those 
reported in H. annuus bee pollen from North-East-Romania. 
Kaempferol (52.22  µg/g), myricetin (33.36  µg/g), p-cou-
maric acid (24.75  µg/g), vanillic acid (21.19  µg/g), quer-
cetin (21.11  µg/g), luteolin (13.45  µg/g), rosmarinic acid 
(2.01 µg/g), and chlorogenic acid (0.78 µg/g) were reported 
as the main compounds in this H. annuus bee pollen [51]. 
In parallel with the findings obtained here, quercetin (38.96, 
26.14  µg/g), caffeic acid (4.28, 2.16  µg/g), rutin (2.72, 
8.64 µg/g), kaempferol (6.12, 2.42 µg/g), and luteolin (1.22, 
1.14  µg/g) were reported in H. annuus bee pollen (from 
Vojvodina-Serbia) ethanol and methanol extracts [52]. The 
ethanol extracts of frozen, dried, freeze-dried of H. annuus 
bee pollen collected from Western-Slovakia were revealed to 
contain quercetin (14.30, 10.19, 12.04 µg/g), luteolin (66.39, 
63.62, 46.96 µg/g), and apigenin (23.99, 32.01, 34.40 µg/g) 
[53]. Çobanoğlu [49] studied phenolic compounds of two 
different monofloral P. somniferum bee pollens and the 
presented results supported our findings. The main pheno-
lic compounds of P. somniferum bee pollen (80.2%-mono-
floral) from Afyon Türkiye were reported as luteolin 
(450.68 µg/g), kaempferol (20.68 µg/g), rutin (12.3 µg/g), 
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Chemometric analysis

Chemometric methods are a set of processes of extracting 
information by processing raw data. Chemometric methods 
include experimental design, classification and clustering 
studies, multivariate analysis, and multivariate calibration. 
Principal component analysis (PCA) is a versatile statisti-
cal analysis that reduces variables in a table of data to their 
essential properties, called principal components. Several 
linear combinations of the original variables are explained 
as principal components in which the variance of all vari-
ables is explained at the maximum level. With this method, 
an approximation of the original data table is obtained by 
using some main components [64]. Hierarchical cluster 
analysis (HCA) classifies similar units within the same clus-
ter by calculating the values of the units observed in the 
research on all measured variables. The analysis focuses on 
the clusters and groups that will emerge, and the resulting 
clusters are expected to be homogeneous within themselves 
and heterogeneous among themselves [65]. In this study, 
nonpolar and polar fractions of the methanol extracts of 
four bee pollens were separately chemometrically classified 
for their identified chemical compounds by using PCA and 
HCA.

For nonpolar fractions of the methanol extracts of bee 
pollens, the score plot graphic is given in Fig. 1 and the load-
ing plot graphic is given in Fig. 2. 1st component (PC1) was 
estimated for 21.8% and 2nd component (PC2) for 20.1% of 
total variance. By interpreting Figs. 1 and 2 together, it was 
determined that all nonpolar fractions differed according to 
the concentrations of their chemical compounds and there 
were five different groups in total. High concentrations of 
ferulic acid, vanillin, 6,7-dihydroxy coumarin and vanillic 
acid were effective in PD forming the 1st group. PEA was 
in the 2nd group with the highest contents of chrysin, rutin, 
coumarin and kaempferol. The 3rd group was consisted of 
CH, CD, HH, HD, PH, SH, SD related to p-hydroxy ben-
zoic acid, quercetin, luteolin, apigenin and naringenin. The 
highest concentration of myricetin and levulinic acid caused 
SEA in the 4th group. CEA and HEA were grouped as the 5th 
group due to the highest amounts of rosmarinic, 2-hydroxy 
cinnamic, caffeic and trans-aconitic acids. Fig. 3 presents 
the dendrogram results of HCA for the nonpolar fractions 
of the methanol extracts of bee pollens. Two main clusters 
and four sub-clusters were attained according to the simi-
larities and concentrations of the main characterized com-
pounds in the nonpolar fractions of bee pollens. HEA was in 
the one main cluster whereas the other main cluster is other 
nonpolar fractions of bee pollens. The 1st sub-cluster was 
consisted of SEA with the higher concentration of myric-
etin than others. CD and CEA were in the 2nd sub-cluster 
due to similar concentration of luteolin and quercetin when 

[59]. The ethanol extracts of 16 chestnut bee pollens from 
Black Sea and Marmara regions from Türkiye were screened 
for 29 phenolic compounds by Karkar et al. [60]. Rosmarinic 
acid (2042–13495 µg/g), vitexin (354–1720 µg/g), luteolin 
(288–907 µg/g), hyperoside (232–1126 µg/g), pinocembrin 
(60–232 µg/g), and trans-chalcone (8–58 µg/g) were stated 
as the most commonly identified compounds in investi-
gated 16 chestnut bee pollens. Benzoic acid (8900.6 µg/g), 
apigenin (6477.2  µg/g), quercetin (3575.1  µg/g), luteolin 
(3930.2 µg/g), and kaempferol (3264.5 µg/g) were noted as 
the main compounds in the ethanol extract of the bee pollen 
collected from Muğla-Türkiye by Kahraman et al. [61]. The 
main chemical compounds of the methanol extract of the 
bee pollen from Kocaeli-Türkiye were reported as benzoic 
acid (26.493  µg/g), quercetin (10.254  µg/g), syringalde-
hyde (5.362 µg/g), protocatechuic acid (4.805 µg/g), rutin 
(2.445  µg/g), and catechin (2.071  µg/g) [62]. Sonmez et 
al. [63] characterized the main compounds in the methanol 
extract of Anatolian bee pollen (from Türkiye) as querce-
tin (169.793 µg/g), rutin (178.289 µg/g), p-coumaric acid 
(7.848 µg/g), and p-hydroxy benzoic acid (3.153 µg/g). In 
the findings of the above-mentioned literature studies, it 
is noticed that kaempferol, luteolin, myricetin, p-hydroxy 
benzoic acid, p-coumaric acid, rutin, and rosmarinic acid 
are among the most abundant compounds identified in the 
bee pollens. In sum, a total of 28 different samples (four 
different bee pollens, water extracts and fractions of these 
bee pollens) were screened for chemical compounds and 
kaempferol was detected in all samples, luteolin in 18 
samples, myricetin in 16 samples, rosmarinic acid in 14 
samples, rutin in 10 samples, p-hydroxy benzoic acid in 7 
samples, p-coumaric acid in 3 samples. In various previous 
studies have been emphasized that these differences in the 
chemical compositions of the bee pollen arise from differ-
ences in climatic conditions such as temperature, genotype, 
water stress, light intensity; collection time and the botani-
cal origin of the bee pollen [57].

The obtained findings revealed that C. creticus, H. ann-
uus, P. somniferum, and Salix sp. bee pollens, fractions 
and extracts can be used as an alternative source of natural 
chemical compounds such as organic acids, phenolic acids, 
phenolics and flavonoids for food, cosmetic and pharmaceu-
tical applications. Although more isolation and characteriza-
tion studies are needed for the full chemical characterization 
of the pollens here, the obtained data have the basis to pave 
the way for future studies. Also, ethyl acetate and butanol 
fractions, especially thanks to their impressive contents 
of chemical compounds with previously proven bioac-
tive properties, can serve as natural bioactive sources for 
researchers to conduct research on these species.
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1st sub-cluster: HB.
2nd sub-cluster: CW2.
3rd sub-cluster: CB.
4th sub-cluster: SW1.
5th sub-cluster: PB and PW1.
6th sub-cluster: HW1, HW2, CW1, PW2 and SW2.
According to the chemometric analysis results, C. creti-

cus, H. annuus, P. somniferum, and Salix sp. ethyl acetate 
fractions were separated from other fractions in nonpolar 
fractions. This may be due to the higher total amount of 
chemical compounds in the ethyl acetate fractions compared 
to the hexane and dichloromethane fractions. According to 
Alara et al. [48], provided that the existence of different 
effects is also considered, it is stated that increasing solvent 
polarity increases the solubility of chemical compounds 
and thus the extraction efficiency. C. creticus, H. annuus, P. 
somniferum, and Salix sp. butanol fractions were separated 
from other fractions in polar fractions in the chemometric 
analysis. Again, this may be due to the higher total amount 
of chemical compounds in the butanol fractions compared to 
the water fractions and extracts. Boeing et al. [66] reported 
that extraction with water was not as effective as extraction 
with organic solvent-water mixtures. Because the presence 
of water increases the permeability of the cell tissue, allow-
ing better mass transfer by molecular diffusion and recovery 
of water-soluble chemical compounds. The differences in 
these bioactive compounds determined in polar and nonpo-
lar fractions may provide an idea for predicting the biologi-
cal effects of future studies aimed at these species.

compared to other the nonpolar fractions. PEA was posi-
tioned in the 3rd sub-cluster with higher rutin and coumarin 
contents than the others. HH, HD, CH, PD, PH, SH, and SD 
were combined in the 4th sub-cluster due to the proximity of 
their kaempferol amounts.

For polar fractions of the methanol extracts of bee pol-
lens, the score plot graphic is given in Fig. 4 and the loading 
plot graphic is given in Fig.  5. 1st component (PC1) was 
estimated for 27.6% and 2nd component (PC2) for 23.3% of 
total variance. By interpreting Figs. 4 and 5 together, it was 
determined that all polar fractions differed according to the 
concentrations of their chemical compounds and there were 
seven different groups in total. PB constituted the 1st group, 
as vanillin was identified only in this fraction. Since fumaric 
acid was identified only in PW2, this extract was called as 
the 2nd group. CW1, HW1, HW2, PW1, SW1, and SW2 
were in the 3rd group because they contained similar chemi-
cal compounds. The identification of 2-hydroxycinnamic 
acid only in CW2 was effective in the formation of the 4th 
group. While the 5th group contained CB in connection with 
the highest concentration of rutin, the highest amounts of 
rosmarinic and trans-cinnamic acids provided HB in the 6th 
group. The presence of luteolin, myricetin and quercetin in 
SB led to the formation of the 7th group. Fig.  6 presents 
the dendrogram results of HCA for polar fractions from the 
methanol extracts of bee pollens. Two main clusters and 
six sub-clusters were attained according to similarities and 
concentrations of the main characterized compounds in the 
polar fractions of bee pollens. The 1st main cluster consists 
of SB and the 2nd main cluster consists of the other polar 
fractions of bee pollens. Additionally, 6 sub-clusters were 
given in the below:

Fig. 1  Score plot for PC1 and PC2 
in the nonpolar fractions
 

1 3

677



European Food Research and Technology (2025) 251:667–683

were separated from other fractions in nonpolar fractions, 
C. creticus, H. annuus, P. somniferum, and Salix sp. buta-
nol fractions were separated from other fractions in polar 
fractions.

In conclusion, this study is the first to identify the chemi-
cal compounds of C. creticus bee pollen, water extract and 
fractions and, H. annuus and P. somniferum bee pollen water 
extracts and fractions. Since this study is one of the first 
chemical analyses of C. creticus pollen, further research 
on this species is necessary. The important chemical com-
pounds characterized in the contents of H. annuus, P. som-
niferum, and Salix sp. bee pollens, fractions and extracts 
could provide a critical basis for future research on the bio-
logical potentials of these pollen species. Considering the 
chemical content of bee pollens, it can be considered that 
they can be used especially in the development of medicines 
and nutritional supplements.

Conclusion

Within the scope of this study, C. creticus, H. annuus, P. 
somniferum and Salix sp. bee pollens, water extracts and the 
fractions (hexane, dichloromethane, ethyl acetate, butanol, 
water) obtained from the methanol extracts of all bee pollens 
were investigated for chemical compounds by HPLC-DAD 
in detail. This study is the first to identify the chemical com-
pounds of C. creticus bee pollen, water extract and fractions 
and, H. annuus and P. somniferum bee pollen water extracts 
and fractions. In these 28 different bee pollen samples stud-
ied in total, kaempferol, luteolin, trans-aconitic acid, myric-
etin, quercetin, rosmarinic acid, rutin, and trans-cinnamic 
acid were the most frequently identified compounds. All 
examined bee pollens, water extracts and fractions were 
found to be significantly rich in chemical compounds. Also, 
chemical compounds of nonpolar and polar bee pollen frac-
tions were chemometrically clustered via PCA and HCA. 
Nonpolar and polar fractions were distinguished among 
themselves according to their chemical compounds, simi-
larities and concentrations of these compounds. According 
to the chemometric analysis results, while C. creticus, H. 
annuus, P. somniferum, and Salix sp. ethyl acetate fractions 

Fig. 2  Loading plot for PC1 and PC2 in the nonpolar fractions
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Fig. 4  Score plot for PC1 and PC2 in the polar fractions

 

Fig. 3  Dendrogram results of the nonpolar fractions
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Fig. 6  Dendrogram results of the polar fractions

 

Fig. 5  Loading plot for PC1 and PC2 in the polar fractions

 

1 3

680



European Food Research and Technology (2025) 251:667–683

and methods. Molecules 27:4490. https:/​/doi.or​g/10.33​90/mo​
lecules27144490

4.	 Maicelo-Quintana JL, Reyna-Gonzales K, Balcazar-Zumaeta 
CR, Auquinivin-Silva EA, Castro-Alayo EM, Medina-Mendoza 
M, Cayo-Colca IS, Maldonado-Ramirez I, Silva-Zuta MZ (2024) 
Potential application of bee products in food industry: An explor-
atory review. Heliyon 10:e24056. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​1​6​/​j​.​h​e​l​i​y​o​
n​.​2​0​2​4​.​e​2​4​0​5​6​​​​​​​

5.	 Komosinska-Vassev K, Olczyk P, Kafmierczak J, Mencner 
L, Olczyk K (2015) Bee pollen: Chemical composition and 
therapeutic application. Evid Based Complement Alternat Med 
2015:297425. https:/​/doi.or​g/10.11​55/20​15/297425

6.	 Algethami JS, El-Wahed AAA, Elashal MH, Ahmed HR, 
Elshafiey EH, Omar EM, Naggar YA, Algethami AF, Shou Q, 
Alsharif SM, Xu B, Shehata AA, Guo Z, Khalifa SAM, Wang K, 
El-Seedi HR (2022) Bee pollen: Clinical trials and patent applica-
tions. Nutrients 14(14):2858. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​3​3​9​0​/​n​u​1​4​1​4​2​8​5​
8​​​​​​​

7.	 Khalifa SAM, Elashal MH, Yosri N, Du M, Musharraf SG, Nahar 
L, Sarker SD, Guo Z, Cao W, Zou X, Abd El-Wahed AA, Xiao J, 
Omar HA, Hegazy MEF, El-Seedi HR (2021) Bee pollen: Current 
status and therapeutic potential. Nutrients 13:1876. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​
/​1​0​.​3​3​9​0​/​n​u​1​3​0​6​1​8​7​6​​​​​​​

8.	 Guine RPF (2015) Bee pollen: Chemical composition and poten-
tial beneficial effects on health. Curr Nutr Food Sci 11:301–308. 
https:/​/doi.or​g/10.21​74/15​73401311666150630181615

9.	 Rozman AS, Hashim N, Maringgal B, Abdan KA (2022) Com-
prehensive review of stingless bee products: Phytochemical com-
position and beneficial properties of honey, propolis, and pollen. 
Appl Sci 12(13):6370. https:/​/doi.or​g/10.33​90/ap​p12136370

10.	 El Ghouizi A, Bakour M, Laaroussi H, Ousaaid D, El Menyiy N, 
Hano C, Lyoussi B (2023) Bee pollen as functional food: Insights 
into its composition and therapeutic properties. Antioxidants 
12(3):557. https:/​/doi.or​g/10.33​90/an​tiox12030557

11.	 Rodriguez-Polit C, Gonzalez-Pastor R, Heredia-Moya J, Carrera-
Pacheco SE, Castillo-Solis F, Vallejo-Imbaquingo R, Barba-
Ostria C, Guaman LP (2023) Chemical properties and biological 
activity of bee pollen. Molecules 28(23):7768. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​
3​3​9​0​/​m​o​l​e​c​u​l​e​s​2​8​2​3​7​7​6​8​​​​​​​

12.	 Lv QZ, Long JT, Gong ZF, Nong KY, Liang XM, Qin T, Huang 
W, Yang L (2021) Current state of knowledge on the antioxidant 
effects and mechanisms of action of polyphenolic compounds. 
Nat Prod Commun 16(7):1–13. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​1​7​7​/​1​9​3​4​5​7​8​
X​2​1​1​0​2​7​7​4​5​​​​​​​

13.	 Lang Y, Gao N, Zang Z, Meng X, Lin Y, Yang S, Yang Y, Jin Z, Li 
B (2024) Classification and antioxidant assays of polyphenols: A 
review. J Future Foods 4–3:193–204. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​1​6​/​j​.​j​f​u​
t​f​o​.​2​0​2​3​.​0​7​.​0​0​2​​​​​​​

14.	 Grosso G (2018) Effects of polyphenol-rich foods on human 
health. Nutrients 10:1089. https:/​/doi.or​g/10.33​90/nu​10081089

15.	 Çayan F, Tel-Çayan G, Deveci E, Duru ME, Öztürk M (2022) 
Isolation and identification of compounds from truffle Reddello-
myces westraliensis and their antioxidant, cytotoxic and enzyme 
inhibitory activities. Process Biochem 121:553–562. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​
r​g​/​1​0​.​1​0​1​6​/​j​.​p​r​o​c​b​i​o​.​2​0​2​2​.​0​8​.​0​0​1​​​​​​​

16.	 Tel-Çayan G, Öztürk M, Duru ME, Rehman M, Adhikari A, 
Türkoğlu A, Choudhary MI (2015) Phytochemical investiga-
tion, antioxidant and anticholinesterase activities of Ganoderma 
adspersum. Ind Crop Prod 76:749–754. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​1​6​/​j​.​
i​n​d​c​r​o​p​.​2​0​1​5​.​0​7​.​0​4​2​​​​​​​

17.	 Tel-Çayan G, Deveci E, Çayan F, Molo Z, Duru ME, Yeşil Y 
(2022) Chemometrics evaluation of phytochemicals and antioxi-
dant activities of the extracts of Chaerophyllum bulbosum roots 
and aerial parts. Anal Lett 55(2):327–342. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​8​0​
/​0​0​0​3​2​7​1​9​.​2​0​2​1​.​1​9​3​0​0​2​6​​​​​​​

Supplementary Information  The online version contains 
supplementary material available at ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​0​7​/​s​0​0​2​1​7​-​0​
2​4​-​0​4​6​4​5​-​2​​​​​.​​

Acknowledgements  The authors would like to thank the Central 
Union of Turkish Beekeepers for providing bee pollens. This study was 
supported by grants from The Scientific and Technological Research 
Council of Turkey (TUBITAK-122Z738).

Author contributions  Gülsen Tel-Çayan: Conceptualization, method-
ology, software, data curation, formal analysis, funding acquisition, 
investigation, project administration, resources, software, supervision, 
validation, writing-original draft, writing-review & editing. Fatih Çay-
an: Methodology, formal analysis, investigation, validation, visualiza-
tion, software, data curation. Ebru Deveci: Data curation, software, 
formal analysis, validation, visualization, writing-original draft. Şükrü 
Karataş: Methodology, investigation. Mehmet Emin Duru: Software, 
investigation, formal analysis.

Funding  Open access funding provided by the Scientific and Techno-
logical Research Council of Türkiye (TÜBİTAK).

Data availability  No datasets were generated or analysed during the 
current study.

Declarations

Conflict of interest  The authors report no declarations of interest.

Ethical approval  This article does not contain any studies with human 
participants or animals performed by any of the authors.

Open Access   This article is licensed under a Creative Commons 
Attribution 4.0 International License, which permits use, sharing, 
adaptation, distribution and reproduction in any medium or format, 
as long as you give appropriate credit to the original author(s) and the 
source, provide a link to the Creative Commons licence, and indicate 
if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless 
indicated otherwise in a credit line to the material. If material is not 
included in the article’s Creative Commons licence and your intended 
use is not permitted by statutory regulation or exceeds the permitted 
use, you will need to obtain permission directly from the copyright 
holder. To view a copy of this licence, visit ​h​t​t​​p​:​/​/​​c​r​e​​a​t​i​​v​e​c​o​m​m​o​n​s​.​o​
r​g​/​l​i​c​e​n​s​e​s​/​b​y​/​4​.​0​/​​​​​.​​

References

1.	 Li Z, Chen K, Rose P, Zhu YZ (2022) Natural products in drug 
discovery and development: Synthesis and medicinal perspective 
of leonurine. Front Chem 10:1036329. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​3​3​8​9​/​f​c​
h​e​m​.​2​0​2​2​.​1​0​3​6​3​2​9​​​​​​​

2.	 Aware CB, Patil DN, Suryawanshi SS, Mali PR, Rane MR, Gurav 
RG, Jadhav JP (2022) Natural bioactive products as promising 
therapeutics: A review of natural product-based drug develop-
ment. S Afr J Bot 151(Part B):512–528. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​1​6​
/​j​.​s​a​j​b​.​2​0​2​2​.​0​5​.​0​2​8​​​​​​​

3.	 Barba-Ostria C, Carrera-Pacheco SE, Gonzalez-Pastor R, Here-
dia-Moya J, Mayorga-Ramos A, Rodriguez-Polit C, Zuniga-
Miranda J, Arias-Almeida B, Guaman LP (2022) Evaluation 
of biological activity of natural compounds: Current trends 

1 3

681

https://doi.org/10.3390/molecules27144490
https://doi.org/10.3390/molecules27144490
https://doi.org/10.1016/j.heliyon.2024.e24056
https://doi.org/10.1016/j.heliyon.2024.e24056
https://doi.org/10.1155/2015/297425
https://doi.org/10.3390/nu14142858
https://doi.org/10.3390/nu14142858
https://doi.org/10.3390/nu13061876
https://doi.org/10.3390/nu13061876
https://doi.org/10.2174/1573401311666150630181615
https://doi.org/10.3390/app12136370
https://doi.org/10.3390/antiox12030557
https://doi.org/10.3390/molecules28237768
https://doi.org/10.3390/molecules28237768
https://doi.org/10.1177/1934578X211027745
https://doi.org/10.1177/1934578X211027745
https://doi.org/10.1016/j.jfutfo.2023.07.002
https://doi.org/10.1016/j.jfutfo.2023.07.002
https://doi.org/10.3390/nu10081089
https://doi.org/10.1016/j.procbio.2022.08.001
https://doi.org/10.1016/j.procbio.2022.08.001
https://doi.org/10.1016/j.indcrop.2015.07.042
https://doi.org/10.1016/j.indcrop.2015.07.042
https://doi.org/10.1080/00032719.2021.1930026
https://doi.org/10.1080/00032719.2021.1930026
https://doi.org/10.1007/s00217-024-04645-2
https://doi.org/10.1007/s00217-024-04645-2
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3389/fchem.2022.1036329
https://doi.org/10.3389/fchem.2022.1036329
https://doi.org/10.1016/j.sajb.2022.05.028
https://doi.org/10.1016/j.sajb.2022.05.028


European Food Research and Technology (2025) 251:667–683

compounds. Appl Microbiol Biotechnol 102:3561–3571. ​h​t​t​​p​s​:​/​​
/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​0​7​/​s​0​0​2​5​3​-​0​1​8​-​8​8​1​5​-​x​​​​​​​

34.	 Manuja R, Sachdeva S, Jain A, Chaudhary J (2013) A comprehen-
sive review on biological activities of p-hydroxy benzoic acid and 
its derivatives. Int J Pharm Sci Rev Res 22(2):109–115.

35.	 Stompor-Gorący M, Bajek-Bil A, Machaczka M (2021) Chrysin: 
Perspectives on contemporary status and future possibilities as 
pro-health agent. Nutrients 13:2038. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​3​3​9​0​/​n​u​1​
3​0​6​2​0​3​8​​​​​​​

36.	 Gallage NJ, Moller BL (2018) In: Schwab W, Lange B, Wüst M 
(eds) Biotechnology of Natural Product. Springer, Cham. ​h​t​t​​p​s​:​/​​/​
d​o​​i​.​o​​r​g​/​1​0​.​1​0​0​7​/​9​7​8​-​3​-​3​1​9​-​6​7​9​0​3​-​7​_​1​​​​​​​

37.	 Arya SS, Rookes JE, Cahill DM, Lenka SK (2021) Vanillin: A 
review on the therapeutic prospects of a popular flavouring mol-
ecule. Adv Tradit Med 21:1–17. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​0​7​/​s​1​3​5​9​6​-​0​
2​0​-​0​0​5​3​1​-​w​​​​​​​

38.	 Ingole AS, Kadam MP, Dalu AP, Kute SM, Mange PR, Theng 
VD, Lahane OR, Nikas AP, Kawal YV, Nagrik SU, Patil PA 
(2021) A review of the pharmacological characteristics of vanillic 
acid. J Drug Deliv Ther 11:200–204. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​2​2​2​7​0​/​j​d​d​
t​.​v​1​1​i​2​-​s​.​4​8​2​3​​​​​​​

39.	 Yalameha B, Nejabati HR, Nouri M (2023) Cardioprotective 
potential of vanillic acid. Clin Exp Pharmacol Physiol 50:193–
204. https:/​/doi.or​g/10.11​11/14​40-1681.13736

40.	 Citarella A, Vittorio S, Dank C, Ielo L (2024) Syntheses, reac-
tivity, and biological applications of coumarins. Front Chem 
12:1362992. https:/​/doi.or​g/10.33​89/fc​hem.2024.1362992

41.	 Younes AH, Mustafa YF (2024) Plant-derived coumarins: A nar-
rative review of their structural and biomedical diversity. Chem 
Biodivers 21:e202400344. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​0​2​/​c​b​d​v​.​2​0​2​4​0​0​3​
4​4​​​​​​​

42.	 Li N, Su J, Wang H, Cavaco-Paulo A (2021) Production of anti-
microbial powders of guaiacol oligomers by a laccase-catalyzed 
synthesis reaction. Process Biochem 111:213–220. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​
/​1​0​.​1​0​1​6​/​j​.​p​r​o​c​b​i​o​.​2​0​2​1​.​0​7​.​0​1​8​​​​​​​

43.	 Uçar K, Göktaş Z (2023) Biological activities of naringenin: A 
narrative review based on in vitro and in vivo studies. Nutr Res 
119:43–55. https:/​/doi.or​g/10.10​16/j.​nutres.2023.08.006

44.	 Mushtaq Z, Sadeer NB, Hussain M, Mahwish Alsagaby SA, 
Imrane M, Mumtaz T, Umar M, Tauseef A, Al Abdulmonem W, 
Tufail T, Al Jbawi E, Mahomoodally MF (2023) Therapeutical 
properties of apigenin: A review on the experimental evidence 
and basic mechanisms. Int J Food Prop 26:1914–1939. ​h​t​t​​p​s​:​/​​/​d​o​​
i​.​o​​r​g​/​1​0​.​1​0​8​0​/​1​0​9​4​2​9​1​2​.​2​0​2​3​.​2​2​3​6​3​2​9​​​​​​​

45.	 Ilica RA, Kloetzer L, Galaction AI, Caşcaval D (2019) Fumaric 
acid: Production and separation. Biotechnol Lett 41:47–57. 
https:/​/doi.or​g/10.10​07/s1​0529-018-2628-y

46.	 Rajendaren V, Saufi SM, Zahari MAKM (2022) A review of the 
methods for levulinic acid separation and extraction. Biomass 
Convers Biorefin 14:13595–13609. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​0​7​/​s​1​3​3​
9​9​-​0​2​2​-​0​3​4​4​4​-​7​​​​​​​

47.	 Lama-Munoz A, Contreras MDM (2022) Extraction systems and 
analytical techniques for food phenolic compounds: A review. 
Foods 11:3671. https:/​/doi.or​g/10.33​90/fo​ods11223671

48.	 Alara OR, Abdurahman NH, Ukaegbu CI (2021) Extraction of 
phenolic compounds: A review. Curr Res Food Sci 4:200–214. 
https:/​/doi.or​g/10.10​16/j.​crfs.2021.03.011

49.	 Çobanoğlu DN (2024) Assessing monofloral bee pollens from 
Türkiye: Palynological verification, phenolic profile, and antioxi-
dant activity. J Food Sci 89:1711–1726. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​1​1​1​/​1​
7​5​0​-​3​8​4​1​.​1​6​9​2​8​​​​​​​

50.	 Alimoglu G, Guzelmeric E, Yuksel PI, Celik C, Deniz I, Yesilada 
E (2021) Monofloral and polyfloral bee pollens: Comparative 
evaluation of their phenolics and bioactivity profiles. LWT-Food 
Sci Technol 142:110973. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​1​6​/​j​.​l​w​t​.​2​0​2​1​.​1​1​0​9​
7​3​​​​​​​

18.	 Küçükaydın S, Tel-Çayan G, Çayan F, Taş-Küçükaydın M, 
Eroğlu B, Duru ME, Öztürk M (2023) Characterization of Turk-
ish Astragalus honeys according to their phenolic profiles and 
biological activities with a chemometric approach. Food Biosci 
53:102507. https:/​/doi.or​g/10.10​16/j.​fbio.2023.102507

19.	 Brereton RG (2003) Chemometrics, data analysis for the labora-
tory and chemical plant. John Wiley & Sons, Ltd, Hoboken.

20.	 Sharma N, Biswas S, Al-Dayan N, Alhegaili AS, Sarwat M 
(2021) Antioxidant role of kaempferol in prevention of hepato-
cellular carcinoma. Antioxidants 10:1419. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​3​3​9​
0​/​a​n​t​i​o​x​1​0​0​9​1​4​1​9​​​​​​​

21.	 Alrumaihi F, Almatroodi SA, Alharbi HOA, Alwanian WM, 
Alharbi FA, Almatroudi A, Rahmani AH (2024) Pharmacologi-
cal potential of kaempferol, a flavonoid in the management of 
pathogenesis via modulation of inflammation and other biological 
activities. Molecules 29:2007. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​3​3​9​0​/​m​o​l​e​c​u​l​e​s​
2​9​0​9​2​0​0​7​​​​​​​

22.	 Zhu M, Sun Y, Su Y, Guan W, Wang Y, Han J, Wang S, Yang B, 
Wang Q, Kuang H (2024) Luteolin: A promising multifunctional 
natural flavonoid for human diseases. Phytother Res 38:3417–
3443. https:/​/doi.or​g/10.10​02/pt​r.8217

23.	 Bruni GO, Klasson KT (2022) Aconitic acid recovery from 
renewable feedstock and review of chemical and biological appli-
cations. Foods 11:573. https:/​/doi.or​g/10.33​90/fo​ods11040573

24.	 Imran M, Saeed F, Hussain G, Imran A, Mehmood Z, Gondal 
TA, El-Ghorab A, Ahmad I, Pezzani R, Arshad MU, Bacha U, 
Shariarti MA, Rauf A, Muhammad N, Shah ZA, Zengin G, Islam 
S (2021) Myricetin: A comprehensive review on its biological 
potentials. Food Sci Nutr 9:5854–5868. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​0​2​/​
f​s​n​3​.​2​5​1​3​​​​​​​

25.	 Ijaz S, Iqbal J, Abbasi BA, Ullah Z, Yaseen T, Kanwal S, Mah-
mood T, Sydykbayeva S, Ydyrys A, Almarhoon ZM, Sharifi-Rad 
J, Hano C, Calina D, Cho WC (2023) Rosmarinic acid and its 
derivatives: Current insights on anticancer potential and other 
biomedical applications. Biomed Pharmacother 162:114687. 
https:/​/doi.or​g/10.10​16/j.​biopha.2023.114687

26.	 Zhang W, Zheng Y, Yan F, Dong M, Ren Y (2023) Research prog-
ress of quercetin in cardiovascular disease. Front Cardiovasc Med 
10:1203713. https:/​/doi.or​g/10.33​89/fc​vm.2023.1203713

27.	 Negahdari R, Bohlouli S, Sharifi S, Dizaj SM, Saadat YR, Khezri 
K, Jafari S, Ahmadian E, Jahandizi NG, Raees S (2021) Thera-
peutic benefits of rutin and its nanoformulations. Phytother Res 
35:1719–1738. https:/​/doi.or​g/10.10​02/pt​r.6904

28.	 Deng H, Xu Q, Guo HY, Huang X, Chen F, Jin L, Quan ZS, Shen 
QK (2023) Application of cinnamic acid in the structural modifi-
cation of natural products: A review. Phytochemistry 206:113532. 
https:/​/doi.or​g/10.10​16/j.​phytochem.2022.113532

29.	 Kaur J, Kaur R (2022) p-Coumaric acid: A naturally occurring 
chemical with potential therapeutic applications. Curr Org Chem 
26:1333–1349. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​2​1​7​4​/​1​3​8​5​2​7​2​8​2​6​6​6​6​2​2​1​0​1​2​1​
4​5​9​5​9​​​​​​​

30.	 Babbar R, Dhiman S, Grover R, Kaur A, Arora S (2021) A com-
prehensive review on therapeutic applications of ferulic acid 
and its novel analogues: A brief literature. Mini Rev Med Chem 
21:1578–1593. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​2​1​7​4​/​1​3​8​9​5​5​7​5​2​1​6​6​6​2​1​0​1​2​0​1​
1​1​7​0​2​​​​​​​

31.	 Magnani C, Isaac VLB, Correa MA, Salgado HRN (2014) Caf-
feic acid: A review of its potential use in medications and cosmet-
ics. Anal Methods 6:3203–3210. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​3​9​/​C​3​A​Y​4​
1​8​0​7​C​​​​​​​

32.	 Kadar NNMA, Ahmad F, Teoh SL, Yahaya MF (2021) Caffeic 
acid on metabolic syndrome: A review. Molecules 26(18):5490. 
https:/​/doi.or​g/10.33​90/mo​lecules26185490

33.	 Wang S, Bilal M, Hu H, Wang W, Zhang X (2018) 4-Hydroxy-
benzoic acid-a versatile platform intermediate for value-added 

1 3

682

https://doi.org/10.1007/s00253-018-8815-x
https://doi.org/10.1007/s00253-018-8815-x
https://doi.org/10.3390/nu13062038
https://doi.org/10.3390/nu13062038
https://doi.org/10.1007/978-3-319-67903-7_1
https://doi.org/10.1007/978-3-319-67903-7_1
https://doi.org/10.1007/s13596-020-00531-w
https://doi.org/10.1007/s13596-020-00531-w
https://doi.org/10.22270/jddt.v11i2-s.4823
https://doi.org/10.22270/jddt.v11i2-s.4823
https://doi.org/10.1111/1440-1681.13736
https://doi.org/10.3389/fchem.2024.1362992
https://doi.org/10.1002/cbdv.202400344
https://doi.org/10.1002/cbdv.202400344
https://doi.org/10.1016/j.procbio.2021.07.018
https://doi.org/10.1016/j.procbio.2021.07.018
https://doi.org/10.1016/j.nutres.2023.08.006
https://doi.org/10.1080/10942912.2023.2236329
https://doi.org/10.1080/10942912.2023.2236329
https://doi.org/10.1007/s10529-018-2628-y
https://doi.org/10.1007/s13399-022-03444-7
https://doi.org/10.1007/s13399-022-03444-7
https://doi.org/10.3390/foods11223671
https://doi.org/10.1016/j.crfs.2021.03.011
https://doi.org/10.1111/1750-3841.16928
https://doi.org/10.1111/1750-3841.16928
https://doi.org/10.1016/j.lwt.2021.110973
https://doi.org/10.1016/j.lwt.2021.110973
https://doi.org/10.1016/j.fbio.2023.102507
https://doi.org/10.3390/antiox10091419
https://doi.org/10.3390/antiox10091419
https://doi.org/10.3390/molecules29092007
https://doi.org/10.3390/molecules29092007
https://doi.org/10.1002/ptr.8217
https://doi.org/10.3390/foods11040573
https://doi.org/10.1002/fsn3.2513
https://doi.org/10.1002/fsn3.2513
https://doi.org/10.1016/j.biopha.2023.114687
https://doi.org/10.3389/fcvm.2023.1203713
https://doi.org/10.1002/ptr.6904
https://doi.org/10.1016/j.phytochem.2022.113532
https://doi.org/10.2174/1385272826666221012145959
https://doi.org/10.2174/1385272826666221012145959
https://doi.org/10.2174/1389557521666210120111702
https://doi.org/10.2174/1389557521666210120111702
https://doi.org/10.1039/C3AY41807C
https://doi.org/10.1039/C3AY41807C
https://doi.org/10.3390/molecules26185490


European Food Research and Technology (2025) 251:667–683

antioxidant activities of blossom honey, bee pollen, and propolis. 
Eur Food Res Technol 249:3085–3096. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​0​7​/​s​
0​0​2​1​7​-​0​2​3​-​0​4​3​5​0​-​6​​​​​​​

60.	 Karkar B, Şahin S, Güneş ME (2021) Evaluation of antioxidant 
properties and determination of phenolic and carotenoid pro-
files of chestnut bee pollen collected from Turkey. J Apic Res 
60:5:765–774. https:/​/doi.or​g/10.10​80/00​218839.2020.1844462

61.	 Kahraman HA, Tutun H, Kaya HM, Usluer MS, Tutun S, Yaman 
C, Sevin S, Keyvan E (2022) Ethanolic extract of Turkish bee 
pollen and propolis: Phenolic composition, antiradical, antiprolif-
erative and antibacterial activities. Biotechnol Biotechnol Equip 
36:45–56. https:/​/doi.or​g/10.10​80/13​102818.2022.2045217

62.	 Saral O, Şahin H, Saral S, Alkanat M, Akyıldız K, Topçu A, 
Yılmaz A (2022) Bee pollen increases hippocampal brain-
derived neurotrophic factor and suppresses neuroinflammation 
in adult rats with chronic immobilization stress. Neurosci Lett 
766:136342. https:/​/doi.or​g/10.10​16/j.​neulet.2021.136342

63.	 Sonmez E, Kekecoglu M, Sahin H, Bozdeveci A, Alpay Karao-
glu S (2023) Comparing the biological properties and chemical 
profling of chestnut bee pollen and bee bread collected from Ana-
tolia. Braz J Microbiol 54:2307–2317. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​0​7​/​s​4​
2​7​7​0​-​0​2​3​-​0​0​9​8​0​-​w​​​​​​​

64.	 Greenacre M, Groenen PJF, Hastie T, d’Enza AI, Markos A, 
Tuzhilina E (2022) Principal component analysis. Nat Rev Meth-
ods Primers 2:100. https:/​/doi.or​g/10.10​38/s4​3586-022-00184-w

65.	 Ran X, Xi Y, Lu Y, Wang X, Lu Z (2023) Comprehensive sur-
vey on hierarchical clustering algorithms and the recent develop-
ments. Artif Intel Rev 56:8219–8264. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​0​7​/​s​1​0​
4​6​2​-​0​2​2​-​1​0​3​6​6​-​3​​​​​​​

66.	 Boeing JS, Barizao EO, Silva BC, Montanher PF, Almeida VC, 
Visentainer JV (2014) Evaluation of solvent effect on the extrac-
tion of phenolic compounds and antioxidant capacities from the 
berries: Application of principal component analysis. Chem Cent 
J 8:48. https:​​​//d​oi.​or​g/10​.118​6/​s13​065-​014-0048-1

Publisher’s note  Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

51.	 Oroian M, Dranca F, Ursachi F (2022) Characterization of Roma-
nian bee pollen-an important nutritional source. Foods 11:2633. 
https:/​/doi.or​g/10.33​90/fo​ods11172633

52.	 Kostic AZ, Milincic DD, Gasic UM, Nedic N, Stanojevic SP, 
Tesic ZL, Pesic MB (2019) Polyphenolic profile and antioxidant 
properties of bee-collected pollen from sunflower (Helianthus 
annuus L.) plant. LWT-Food Sci Technol 112:108244. ​h​t​t​​p​s​:​/​​/​d​o​​i​
.​o​​r​g​/​1​0​.​1​0​1​6​/​j​.​l​w​t​.​2​0​1​9​.​0​6​.​0​1​1​​​​​​​

53.	 Fatrcova-Sramkova K, Nozkova J, Mariassyova M, Kacaniova 
M (2016) Biologically active antimicrobial and antioxidant sub-
stances in the Helianthus annuus L. bee pollen. J Environ Sci 
Health 51:3:176–181. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​8​0​/​0​3​6​0​1​2​3​4​.​2​0​1​5​.​1​1​
0​8​8​1​1​​​​​​​

54.	 Kaaniova M, Nokova J, Fatrcova-Ramkova K, Kropkova Z, 
Kubincova J (2010) Antioxidant, antimicrobial activity and heavy 
metals content in pollen of Papaver somniferum L. Ecol Chem 
Eng 17(1):97–106.

55.	 Aboulghazi A, Fadil M, Touzani S, Hibaoui L, Hano C, Lyoussi 
B (2024) Phenolic screening and mixture design optimization for 
in vitro assessment of antioxidant and antimicrobial activities of 
honey, propolis, and bee pollen. J Food Biochem 2024:8246224. 
https:/​/doi.or​g/10.11​55/20​24/8246224

56.	 Yaylaci Karahalil F, Bakirhan F, Kara Y (2024) In vitro deter-
mination of nitric oxide synthase inhibition, antioxidant capacity 
and phenolic content of various natural products (bee and herbal 
products). Chem Biodivers 21:e202301330. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​1​0​
0​2​/​c​b​d​v​.​2​0​2​3​0​1​3​3​0​​​​​​​

57.	 Mutlu C, Erbas M (2023) Turkish bee pollen: Composition, 
regional discrimination and polyphenol bioaccessibility. Food 
Biosci 53:102805. https:/​/doi.or​g/10.10​16/j.​fbio.2023.102805

58.	 Urcan AC, Criste AD, Dezmirean DS, Bobis O, Bonta V, Burtescu 
RF, Olah NK, Cornea-Cipcigan M, Margaoan R (2024) Enhanc-
ing antioxidant and antimicrobial activities in bee-collected pol-
len through solid-state fermentation: A comparative analysis of 
bioactive compounds. Antioxidants 13:292. ​h​t​t​​p​s​:​/​​/​d​o​​i​.​o​​r​g​/​1​0​.​3​3​
9​0​/​a​n​t​i​o​x​1​3​0​3​0​2​9​2​​​​​​​

59.	 Saroğlu Ö, Bayram NE, Özçelik B (2023) Comparison of bioac-
tive constituents by HPLC-DAD-ESI–MS and UFLC and in vitro 

1 3

683

https://doi.org/10.1007/s00217-023-04350-6
https://doi.org/10.1007/s00217-023-04350-6
https://doi.org/10.1080/00218839.2020.1844462
https://doi.org/10.1080/13102818.2022.2045217
https://doi.org/10.1016/j.neulet.2021.136342
https://doi.org/10.1007/s42770-023-00980-w
https://doi.org/10.1007/s42770-023-00980-w
https://doi.org/10.1038/s43586-022-00184-w
https://doi.org/10.1007/s10462-022-10366-3
https://doi.org/10.1007/s10462-022-10366-3
https://doi.org/10.1186/s13065-014-0048-1
https://doi.org/10.3390/foods11172633
https://doi.org/10.1016/j.lwt.2019.06.011
https://doi.org/10.1016/j.lwt.2019.06.011
https://doi.org/10.1080/03601234.2015.1108811
https://doi.org/10.1080/03601234.2015.1108811
https://doi.org/10.1155/2024/8246224
https://doi.org/10.1002/cbdv.202301330
https://doi.org/10.1002/cbdv.202301330
https://doi.org/10.1016/j.fbio.2023.102805
https://doi.org/10.3390/antiox13030292
https://doi.org/10.3390/antiox13030292

	﻿Characterization of chemical compounds of fractions from four different bee pollens with chemometric classification
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Bee pollen materials

	﻿Chemicals
	﻿Extraction and fractionation of the bee pollens
	﻿HPLC-DAD identification of chemical compounds
	﻿Statistical analysis

	﻿Results and discussion
	﻿Chemical compounds

	﻿Chemometric analysis
	﻿Conclusion
	﻿References


