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A b s t r a c t
A method was elaborated to  determine  phenolic compounds (vanillin, caffeic, p-coumaric 
and salicylic acids, and flavonoids: rutin, hesperetin, quercetin, pinocembrin, apigenin, 
kaempferol, isorhamnetin, chrysin, and acacetin) in bee pollen loads using high-
performance liquid chromatography with a diode array detector (HPLC-DAD). Phenolic 
compounds from bee pollen were isolated on Cleanert C18-SPE columns (500 mg/6 mL, 
Agela Technologies). Polyphenols were identified by comparing the retention times 
and spectra of  compounds found in pollen load samples with the ones of the standard 
mixture. Quantitative analysis was conducted using the external standard method. In 
addition, basic validation parameters for the method were determined. For the identified 
compounds (except for the salicylic acid), satisfactory (≥0.997) linear correlations 
were obtained. The elaborated method showed high repeatability and inter-laboratory 
reproducibility. Variability coeffcients of the majority of phenolic compounds did not 
exceed 10% in conditions of repeatability and inter-laboratory reproducibility, and for the 
total polyphenolic content they were 1.7 and 5.1%, respectively. The pollen load samples  
(n = 15) differed in qualitative and quantitative composition of the phenolic compounds. 
In all the samples, we identified the p-coumaric and salicylic acids and flavonoids rutin, 
hesperetin, and apigenin nevertheless, these compounds’ contents significantly differed 
among individual samples. The total phenolic content in the tested samples of pollen 
loads ranged from 0.653 to 5.966 mg/100 g (on average 2.737 mg/100 g).
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INTRODUCTION

Polyphenolic compounds, including flavonoids, 
occur widely in plants but are not synthesised 
by humans and animals (Cook & Samman, 1996). 
In recent years there has been an increased 
interest in studies on the positive influence of 
these compounds on human health, and so new 
sources of polyphenols in daily nutrition are 
being explored (Cook & Samman, 1996; Yao et 
al., 2004). 
Bee pollen contains an estimated 2 to 5% of 
polyphenols, including polyphenolic acid and 
flavonoid derivatives (Campos et al., 1997, 2002, 
2008) and has become the subject of studies 

as a potential source of polyphenols (Almaraz-
Abarca et al., 2004). The majority of them have 
indicated a interdependence of the content of 
phenolic compounds in bee pollen and its anti-
oxidative properties (Kroyer & Hegedus, 2001; 
Almaraz-Abarca et al., 2004, 2007; Carpes et 
al., 2007, 2009; LeBlanc et al., 2009; Leja et al., 
2007; Šarić et al., 2009; Graikou et al., 2011; 
Freire et al., 2012; Ulusoy & Kolayli, 2013). The 
presence of polyphenolic compounds positively 
influence the human organism as they show, 
among others, anti-inflammatory, antivirus, an-
tibacterial and antifungal properties. Thanks 
to their capability of capturing or inhibiting 
the creation of free radicals, they also have 
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antioxidative properties and delay the ageing 
process. Bee pollen is recommended not only 
as a dietary supplement but also as a prophy-
lactic and treatment of cardiovascular system 
diseases, allergies, infections, inflammations, 
gastrointestinal complaints, autoimmune 
system impairment, age-related diseases, 
cancers, etc. (Carpes et al., 2007, 2009; Šarić et 
al., 2009; Graikou et al., 2011; Ulusoy & Kolayli, 
2013; Omnia, Nabila & Nadia, 2014).
Due to these beneficial properties of phenolic 
compounds, numerous studies have been 
undertaken concerning their composition in 
pollen loads. Most of them describe the use of 
the high-performance liquid chromatography 
with a diode array detector (HPLC-DAD) just 
for qualitative analysis of phenolic compounds 
(Markham & Campos, 1996; Campos et al., 1997; 
Campos, Webby, & Markham, 2002; Almaraz-
Abarca et al., 2004, 2007, 2008; Freire et al., 
2012; Lv et al., 2015). The high correlation 
between the antioxidative properties and the 
content of phenolic compounds suggests the 
quantitative analysis of these compounds to be 
equally important. The analysis of total poly-
phenolic content commonly utilises the spec-
trophotometric method with Folin-Ciocalteau 
reagent (Carpes et al., 2007, 2009; LeBlanc et 
al., 2009; Mărghitaş et al., 2009; Graikou et 
al., 2011; Freire et al., 2012; Prelipcean, 2012; 
Ulusoy & Kolayli, 2013), which was also used in 
Polish  research on the efficiency of different 
methods of extraction of these compounds 
and on storing conditions of bee pollen loads 
extracts (Rzepecka-Stojko et al., 2010, 2012). 
The composition of phenolic compounds in 
bee pollen collected under Polish pollen flow 
conditions has not been well recognised due to 
a lack of data concerning qualitative and quan-
titative composition. Chromatographic methods 
have not been used in Poland for this purpose, 
so the aim of our study was to develop a chro-
matographic method (HPLC-DAD) for the deter-
mination of polyphenolic acids and flavonoids in 
bee pollen loads. 

MATERIAL AND METHODS

Chemicals
Reagents used as standards, vanillin (≥98.5%), 
p-coumaric (≥98.0%) and salicylic acids 
(≥99.0%), quercetin (≥95%), kaempferol 
(≥97.0%), isorhamnetin (≥95.0%) and acacetin 
(≥97.0%) were purchased from Sigma-Aldrich 
(Saint Louis, USA), while caffeic acid (≥99.0%), 
rutin (≥90.0%), hesperetin (≥98.0%), pinocem-
brin (≥95.0%), apigenin (≥99%) and chrysin 
(≥98.0%) were purchased from Fluka (Buchs, 
Switzerland). J.T. Baker (Deventer, Holland) 
supplied methanol and Sigma-Aldrich (Saint 
Louis, USA) formic acid. Potassium hexacyano-
ferrate (II) – K4Fe(CN)6×3H2O and zinc acetate 
– Zn(CH3×COO)2×2H2O used to prepare Carrez 
solutions were provided by POCH (Gliwice, 
Poland). Solid phase extraction cartridges 
Cleanert C18-SPE 500 mg/6 mL were purchased 
from Agela Technologies (Wilmington, DE, USA) 
and HPLC membrane filter (13 mm, 0.45 µm 
PTFE) was supplied by Carl Roth (Karlsruhe, 
Germany).

Bee pollen samples
The research material consisted of fresh bee 
pollen samples (n = 15) collected in 2011-2014 
at an apiary of the Faculty of Beekeeping 
Technology of the Apiculture Department, 
Research Institute of Horticulture and donated 
by Polish beekeepers cooperating in the study. 
Before the HPLC analysis, samples were 
subjected to melissopalynological analyses to 
determine their botanical origin according to the 
protocols described in studies by Warakomska 
(1962, 1985) and Warakomska & Masierowska 
(1992). According to the International Honey 
Commission’s proposed requirements (Campos 
et al., 2008) for monofloral bee pollen (the major 
taxon is present at minimum 80%), all samples 
used in this study were classified as multifloral 
bee pollen. Samples were stored at about - 20°C 
until further analysis.
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Sample preparation
The homogenized bee pollen sample (5 ± 0.001 g) 
was mixed with 48 mL of acidified water 
(deionized water with 1% addition of formic 
acid), 1 mL of Carrez solution I and 1 mL of 
Carrez solution II in a mechanical shaker at in 
25°C for 30 min. The bee pollen suspension was 
then filtered through filter paper with medium 
wide pores. The filtrate (10 mL) was loaded onto 
the Cleanert C18-SPE (500 mg/6 mL) cartridge 
column, which was previously activated with  
6 mL of methanol, followed by 6 mL of acidified 
water. The cartridge was washed with 6 mL of 
acidified water, and phenolic compounds were 
eluted with 6 mL of methanol (in 3 portions of 
2 mL). Finally, the eluate (phenolic fraction) was 
collected into a 10-mL flask, which was filled to 
a certain volume with methanol. The solution of 
extract was filtered through a PTFE membrane 
filter and then injected into the HPLC-DAD 
system for chromatography analysis.

HPLC-DAD analysis of phenolic compounds
The Shimadzu HPLC-DAD system (Shimadzu, 
Kyoto, Japan) consisting of a degasser (DGU-14A), 
a binary pump (LC-10AT VP), an auto sampler 
(SIL-10AD VP), a column oven (CTO-10A VP), a 
diode array detector (SPD-M20A Prominence) 
and a system controller (SCL-10VP) was used to 
analyse phenolic compounds in bee pollen loads. 
Chromatographic separation was performed on 
a Bionacom STR column (2.5 µ, 3×100 mm), using 
a gradient program with two solvent systems 
(A – water with 1% addition of formic acid, B 
– methanol) at a constant flow of 1.0 mL/ min. 
Conditions were initially 16% B, then 0.01 – 
36.00 min changed to 90% B; 36.00 – 37.00 min 
from 90% to 16% B and 37.00 – 46.00 min at 
16% B. The column temperature was maintained 
at 40°C, and injection volume was 5 µL. 
Chromatograms of phenolic compounds were 
plotted at 320 nm and the spectral data for 
all peaks were accumulated in the range of 
190 - 400 nm using DAD. The obtained chro-
matograms and spectra were processed with 
the CLASS-VP v. 7.0 Chromatography Software 
(Shimadzu, Deutschland GmbH). The compounds 
were identified by comparing their retention 

times and spectra with reference standards. 
Quantitative analysis of phenols was performed 
using the external standard method.
Assay validation 
For quantitative determination of phenolic 
compounds in bee pollen with HPLC-DAD, such 
basic parameters of validation as linearity, re-
peatability, within-laboratory reproducibility, 
and recovery were determined. Linearity was 
determined in a concentration range from 2.5 to 
10.0 mg/L. Repeatability and within-laboratory 
reproducibility were determined based on vari-
ability coefficients calculated for the content of 
individual phenols as well as for total phenolic 
content in bee pollen. 
Two solutions of phenolic standard with a con-
centration of 2.0 mg/L were injected into the 
chromatographic column to determine the 
recovery of phenolic compounds. One solution 
was extracted on SPE columns. All steps of the 
SPE procedure were the same as described 
above for the bee pollen samples except for the 
volume of phenolic standard loaded onto the 
SPE column (1 mL of solution with c = 20.0 mg/L). 
The second solution was prepared through 
the dilution of the basic standard solution  
(c = 1.0 mg/L) in methanol to obtain the same 
concentration (2.0 mg/L) as after the extraction 
with the SPE. Both standard solutions were 
subjected to chromatographic analysis, and the 
contents of individual phenolic compounds were 
calculated. The recovery for each compound 
determined after SPE extraction was calculated 
from a ratio referring to the contents of 
individual phenols in the solution obtained 
without the SPE. The content of a specific 
phenolic compound in the solution obtained 
without the SPE was assumed to be 100%. 

RESULTS

Analysis of phenolic compounds in bee pollen
Satisfactory separation using HPLC-DAD was 
obtained for a mixture of thirteen standards: 
vanillin, caffeic acid, p-coumaric acid, salicylic 
acids, and flavonoids: rutin, hesperetin, 
quercetin, pinocembrin, apigenin, kaempferol, 
isorhamnetin, chrysin, and acacetin (Fig. 1.). 
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Fig. 2. HPLC-DAD chromatogram of phenolic compounds identified in a bee pollen sample:  
1. p-coumaric acid; 2. salicylic acid 3. rutin; 4. hesperetin; 5. quercetin; 6. apigenin; 7. isorhamnetin

Fig. 1. HPLC-DAD chromatogram of phenolic compounds in the standard mixture: 1. vanillin; 2. 
caffeic acid; 3. p-coumaric acid; 4. salicylic acid; 5. rutin; 6. hesperetin; 7. quercetin; 8. pinocembrin; 
9. apigenin; 10. kaempferol; 11. isorhamnetin; 12. chrysin; 13. acacetin
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An example of chromatogram of phenolic 
compounds in bee pollen loads is presented in 
Fig. 2. The results of the analysis of phenolic 
compounds in bee pollen samples are collected 
in Table 1. The following phenols were identified 
in all analysed samples (n = 15): p-coumaric acid 
(0.014 – 0.224 mg/100 g), salicylic acid (0.119 – 
2.570 mg/100 g), rutin (0.202 – 5.341 mg/100 g), 
hesperetin (0.014 – 0.828 mg/100 g), and 
apigenin (0.003 – 0.023 mg/100 g), whereas 
caffeic acid (0.004 – 0.036 mg/100 g), chrysin 
(0.007 – 0.008 mg/100 g) and acacetin (0.011 
– 0.013 mg/100 g) were found just in two 
samples (Tab. 1). The highest average values 
were determined for rutin (1.192 mg/100 g) and 
salicylic acid (1.113 mg/100 g), and the lowest 
averaged contents were determined for chrysin 
(0.008 mg/100 g), kaempferol (0.010 mg/100 g), 
apigenin (0.011 g/100 g), isorhamnetin 
(0.011 g/100 g), and acacetin (0.012 mg/100 g). 

Total content of phenolic compounds ranged 
from 0.653 to 5.966 mg/100 g (on average 
2.737 mg/100 g). The bee pollen samples showed 
a high variability of qualitative and quantitative 
composition for phenolic compounds (Tab.1). 
The highest variability (CV>100%) was observed 
for the contents of rutin and quercetin and the 
lowest variability (CV=35.9%) was noted for 
vanillin content but was identified only in five 
samples. The coefficient of variation (CV) for the 
total content of phenolic compounds amounted 
to 59.4%.

HPLC-DAD method validation
The results of basic validation parameters are 
collected in Table 2. For all of the identified 
phenolic compounds (except salicylic acid), the 
coefficients of linear correlation were ≥0.997. 
The average coefficient of variation for total 
content of phenols under the conditions of re-

Table 1 
Contents (mg/100 g) of phenolic compounds in bee pollen loads

Phenolic compound
No. of 

samples*
Min - Max Mean ± SD CV (%)

Vanilin 5 0.070 – 0.230 0.017 ± 0.01 35.9

Caffeic acid 2 0.004 – 0.036 0.020 -

p -Coumaric acid 15 0.014 – 0.224 0.077 ± 0.06 72.6

Salicylic acid 15 0.119 – 2.570 1.113 ± 0.76 68.3

Rutin 15 0.202 – 5.341 1.192 ± 1.36 114.1

Hesperetin 15 0.014 – 0.828 0.256 ± 0.25 98.7

Quercetin 12 0.008 – 0.325 0.075 ± 0.09 117.1

Pinocembrin 5 0.014 – 0.052 0.025 ± 0.02 62.6

Apigenin 15 0.003 – 0.023 0.011 ± 0.01 51.6

Kaempferol 10 0.005 – 0.024 0.010 ± 0.01 59.0

Isorhamnetin 4 0.006 – 0.015 0.011 -

Chrysin 2 0.007 – 0.008 0.008 -

Acacetin 2 0.011 – 0.013 0.012 -

Total 15 0.653 – 5.966 2.737 ± 1.67 59.4

* Number of bee pollen samples in which a given phenolic compound was identified
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peatability and within-laboratory reproducibility 
were 1.7% and 5.1%, respectively. No coeffi-
cient of variation of repeatability calculated for 
an individual phenolic compound exceeded 10%, 
whereas the highest coefficients of variation 
of within-laboratory reproducibility were 
determined for pinocembrin (16.1%), isorhamne-
tin (11.7%), and quercetin (11.0%). The recovery 
for total phenols as well as for individual 
compounds was over 100% (Tab. 2).

DISCUSSION

The composition of phenolic compounds in 
bee pollen collected under Polish pollen flow 
conditions has not been well recognised. 
Rzepecka-Stojko et al. (2010, 2012) showed 

that their content depended on the method 
extraction of these compounds and bee pollen 
extract storage. These studies used the spec-
trophotometric method with Folin-Ciocalteu 
reagent to determine phenolic compounds in 
bee pollen extracts, but only total phenolic 
content was determined as it was impossible to 
identify individual compounds with this method. 
Leja et al. (2007) determined the total content 
of phenolic compounds in pollen loads in the 
context of their influence on the antioxidative 
properties of bee pollen. This paper’s authors 
stressed the necessity of further studies 
toward the separation of phenolic compounds 
present in pollen loads in order to establish the 
influence of individual compounds on the anti-
radical properties of bee pollen.

Table 2 
Results of validation (mean values) of the HPLC-DAD method 

Phenolic compound
Correlation 
coefficient*

(n = 3)

Coefficient of variation (%)
Recovery (%)  

(n =2)Repeatability
(n = 3)

Reproducibility 
(n = 5)

Vanilin 0.9967 n.d.** n.d.** 110.9

Caffeic acid 0.9982 n.d.** n.d.** 107.1

p -Coumaric acid 0.9995 2.4 4.8 107.9

Salicylic acid 0.9194 2.4 6.6 103.6

Rutin 0.9989 2.1 4.9 110.3

Hesperetin 0.9991 0.6 10.8 136.7

Quercetin 0.9980 3.6 11.0 106.5

Pinocembrin 0.9969 4.7 16.1 112.5

Apigenin 0.9978 6.7 7.6 114.7

Kaemferol 0.9992 8.5 10.3 118.0

Isorhamnetin 0.9978 9.4 11.7 100.8

Chrysin 0.9992 n.d.** n.d.** 114.0

Acacetin 0.9981 n.d.** n.d.** 124.3

Total - 1.7 5.1 112.1

* Correlation coefficients calculated in concentration range from 2.5 to 10.0 mg/L 
** not detected



J. APIC. SCI.  Vol. 61 No. 1 2017

159

The HPLC-DAD method presented in this paper 
has been used for the first time in Poland for 
qualitative and quantitative determination of 
phenolic compounds in bee pollen loads. Satis-
factory chromatographic separation of vanillin, 
some phenolic acids (caffeic, p-coumaric and 
salicylic) and flavonoids (rutin, hesperetin, 
quercetin, pinocembrin, apigenin, kaempferol, 
isorhamnetin, chrysin and acacetin) was 
obtained on a Bionacom STR column, using a 
gradient program with two solvent systems. 
Phenolic compounds were extracted from bee 
pollen loads with the use of Cleanert C18-SPE 
cartridges. The compounds were identified by 
comparing their retention times and spectra 
with reference standards. Quantitative analysis 
of phenols was done using the external standard 
method. Satisfactory coefficients of correlation 
(≥0.997) were obtained for all the identified 
phenolic compounds (except for the salicylic 
acid). Moreover, the method reported here 
showed satisfactory repeatability and within-
laboratory reproducibility.
The HPLC-DAD technique has been recently 
used in Poland for the analysis, but only qualita-
tive, of phenolic compounds in order to identify 
the botanical origin of Polish monofloral honeys 
(Kuś et al., 2014). Similarly, in the majority of 
foreign papers concerning phenolic compounds 
in bee products, including bee pollen, the 
HPLC-DAD was used only for their identifica-
tion (Markham & Campos, 1996; Campos et al., 
1997; Campos, Webby, & Markham, 2002; Al-
maraz-Abarca et al., 2004, 2007, 2008; Freire 
et al., 2012). However, qualitative analysis of 
phenolic compounds is important not only for 
the characterization of bee pollen chemical com-
position but also because the chromatographic 
profile (the so-called fingerprint) of phenolic 
compounds is characteristic for a certain taxon 
and can be used to determine the botanical 
origin of bee pollen loads (Campos et al., 1997; 
Campos, Webby, & Markham, 2002; Almaraz-
Abarca et al., 2004, 2007, 2008; Freire et al., 
2012). According to some authors and the In-
ternational Honey Commission, the identifica-
tion of bee pollen’s botanical origin based on the 
chromatographic profile of phenolic compounds 
is more precise than the traditional microscopic 

method (Campos et al., 1997, 2008; Almaraz-
Abarca et al., 2007). 
The analysed samples of bee pollen loads 
presented different qualitative and quanti-
tative compositions of phenolic compounds. 
P-coumaric acid, salicylic acid, and flavonoids: 
rutin, hesperetin, and apigenin were found in 
each sample, but nevertheless the contents of 
these compounds significantly differed. Vari-
ability coefficients calculated for contents of 
these compounds ranged from 51.6% (for 
the apigenin) to 114.1% (for the rutin). Other 
analysed compounds were identified only in 
some samples: quercetin in 12, kaempferol in 
10, vanilin and pinocembrin in 5, isorhamne-
tin in 4, and caffeic acid, chrysin, and acacetin 
only in 2. The noted differences in the composi-
tion of phenolic compounds resulted from the 
diversity of plant species from which the pollen 
was collected. Based on the melissopalynologi-
cal analysis, all of the tested samples of pollen 
loads were classified to multifloral pollen loads 
which is why our results did not allow the de-
termination of markers - phenolic compounds 
characteristic for Polish monofloral bee pollen. 
The composition of phenolic compounds in bee 
pollen loads, similarly as in the case of other 
chemical compounds of bee pollen strictly 
depends on botanical origin, which was also 
presented by other authors (Almeida-Mura-
dian et al., 2005, Almaraz-Abarca et al., 2008; 
Mărghitaş et al., 2009). It is difficult to compare 
our results with those of other authors due to 
different botanical and geographical origin of 
analysed bee pollen loads (Markham & Campos, 
1996; Campos et al., 1997; Campos, Webby, & 
Markham, 2002; Almaraz-Abarca et al., 2004, 
2007, 2008; Freire et al., 2012; Lv et al., 2015). 
Moreover, authors of those studies determined 
such phenolic compounds as aglycones 
(complexes with sugars). In our studies, the 
SPE technique with C18 columns was used to 
isolate the phenolic compounds from the bee 
pollen loads at the stage of sample prepara-
tion for chromatographic analyses. The SPE 
technique with the C18 column was previously 
tested in Poland in the extraction of phenolic 
compounds from honey (Michalkiewicz, Biesaga, 
& Pyrzynska, 2008). However, the extraction of 
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phenolic compounds from bee pollen loads with 
the SPE technique on a octadecyl sorbent (C18) 
was also conducted by Ulusoy & Kolayli (2013). 
The total phenolic content was determined in 
a number of papers concerning the antioxida-
tive properties of bee pollen (Almaraz-Abarca 
et al., 2004, 2007; Leja et al., 2007; Carpes et 
al., 2007, 2009; LeBlanc et al., 2009; Mărghitaş 
et al., 2009; Graikou et al., 2011; Freire et al., 
2012; Prelipcean, 2012; Ulusoy & Kolayli, 2013). 
Most of these studies used the common colori-
metric method with the Folin-Ciocalteu reagent 
for the quantitative analysis of polyphenols 
(Carpes et al., 2007, 2009; LeBlanc et al., 2009; 
Mărghitaş et al., 2009; Graikou et al., 2011; 
Freire et al., 2012; Prelipcean, 2012; Ulusoy & 
Kolayli, 2013). As mentioned, the Folin-Ciocal-
teu method allows only the determination of 
the total phenolic content so it is impossible to 
compare our results concerning the contents of 
individual phenolic compounds with the results 
presented in the above-mentioned papers. It is 
also difficult to compare our results on the total 
phenolic content with other authors’ results due 
to the little selectivity of the Folin-Ciocalteu 
method (Martha-Estrella, Niokhor, & Stevanovic, 
2008). Different non-phenolic compounds, such 
as reducing sugars, can cause interference in 
this method and overestimate analysis’ results. 
Although the HPLC method is more selective 
from the previously mentioned one, we were 
unable to identify all of the phenolic compounds 
occurring in bee pollen, so our results for the 
total phenolic content were much lower. Similarly, 
Ulusoy & Kolayli (2013) obtained lower results 
for the total phenolic content using the HPLC 
method (from 502.94 to 2660.60 µg/100 g) in 
comparison to the Folin-Ciocalteu method (from 
44.07 to 124.10 mg/g) and it needs to be stressed 
that total phenolic contents were determined 
in the same samples using the two methods. 
Discrepancies between our and other authors’ 
results arose not only from using different 
methods but mainly from differences in the 
composition of phenolic compounds connected 
to botanical and geographical origin of pollen 
samples. Leja et al. (2007) proved the high vari-
ability of Polish pollen’s antioxidative properties 

and total phenolic content - the highest (8243 
mg/100 g) and the lowest (1293 mg/100 g) in 
the pollen of Pyrus communis and Zea mays, re-
spectively. 
The results of our studies met other authors’ ex-
pectations which, due to the high variability of 
bee pollen composition, indicated the necessity 
of further studies on the precise determina-
tion of phenolic compounds (Kroyer & Hegedus, 
2001; Leja et al., 2007; Carpes et al., 2009; 
Mărghitaş et al., 2009). The HPLC-DAD method 
that we elaborated allows for the identifica-
tion of phenolic compounds in bee pollen. It can 
be further employed to characterise the com-
position of polyphenols in bee pollen collected 
under pollen flow conditions of Poland, but such 
studies should be conducted on samples of 
monofloral pollen. To assess the usefulness of 
the HPLC-DAD method for quantitative analysis 
of polyphenols, its validation should be extended. 
It is necessary to test the linearity in lower 
ranges in order to both determine the method’s 
working range and limit of quantification and 
to validate its repeatability and reproducibility 
for the determination of chrysin and acacetin. 
Although the quantitative method requires 
further evaluation, it needs to be stressed that 
we were one of the few to use the HPLC-DAD 
technique to analyse phenolic compounds in bee 
pollen quantitatively. Only Serra Bonhevi, Soliva 
Torrentó, & Centelles Lorente (2001), Šarić et 
al. (2009), and Ulusoy & Kolayli (2013) had used 
this method for the same purpose.
The HPLC-DAD method as elaborated by us can 
be further used for the quality control of bee 
pollen because, according to some authors and 
the International Honey Commission, the compo-
sition of phenolic compounds can be an indicator 
of bee pollen quality which should be controlled 
during the process of collection and storage 
(Campos et al., 1997; Campos et al., 2008).
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