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Flavonoids are regarded as key compounds in bee bread. In this paper, quantitative determination 
of sum of flavonoids and dominating group of flavonoids were carried out by colorimetric aluminum 
chloride method. The principle of aluminum chloride colorimetric method is that aluminum chloride 
forms complexes with flavones and flavanols wherein it reacts with the C-4 keto group and hydroxyl 
groups of the ring C, and/or ring A and/or ring B. In this work 3 samples of bee bread and 5 extracts were 
investigated. The total contents of flavonoids in the tested extracts ranged from 10 to 166 mg/L. Our study 
confirmed that complex of quercetin dihydrate with aluminum chloride had the maximum absorption 
at 423.8–427.2 nm, namely in the limits for flavanols from 415 to 440 nm, in differential spectra in the 
range of quercetin concentrations of 2.08–31.2 mg/L (solvent was ethanol 50%). According to literature 
data, flavanols (galangin, morin, kaempferol, rutin, quercetin, quercitrin and myricetin) have absorption 
maximum in the range from 415 to 440 nm while flavones (chrysin, apigenin, and luteolin) and glycosides 
of flavanols – less 415 nm. Our studies demonstrated that the structure of direct spectra of developed 
extracts was very similar. There was no any absorption maximum. The structure of the differential spectra of 
all the developed extracts was also very similar. But there was one divergence in the differential spectra: an 
absorption maximum varies in the range from 406.9 nm to 411.7 nm that indicates different composition 
of flavonoids in the extracts. Repeatability of the position of an absorption maximum of the extracts is very 
good at carrying out analyses in the different days. On the base of conducted experiments, we assume that 
our bee bread samples can contain flavanols mainly in the form of glycosides and flavones as absorption 
maxima of the extracts in their differential spectra are less than 415 nm.
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Introduction
Bee bread seems to be an attractive source of natural raw material for the food, cosmetics and 
pharmaceutical industry (Baltrušaityte et al., 2007; Ivanišova et al., 2015; Čeksteryte et al., 2016). 
Among the minor components of bee bread are phenolic compounds (Baltrušaityte et al., 2007; 
Markievicz-Żukovska et al., 2013; Rzepecka-Stojko et al., 2015; Sobral et al., 2017). Flavonoids are the 
secondary components of most importance in bee-bread. In pollen grains, most of flavonoids exist 
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as glycosides, among them flavanols glycosides are present in greatest amounts. Quercetin is known 
as the major aglycone in bee bread. 

The level of free aglycones is a better indicator of the quality of pollen loads than the free amino acids 
content (Baltrušaityte et al., 2007; Zuluaga et al., 2014; Rzepecka-Stojko et al., 2015). Zuluaga et al. 
indicate that bee bread contains 3.2 ±1.0 mg eq-quercetin/g with the reference the dry matter of bee 
bread. Average total flavonoid content in bee-pollen has been established in 5.16 mg eq-quercetine/g 
bee-pollen (Zuluaga et al., 2014), a higher value than in bee-bread. Ivanišova et al. state about the 
high levels of phenolic substances and total flavonoids in the sample of bee bread from Ukraine. They 
employed aluminum colorimetric method for assay of sum of flavonoids at 415 nm (Ivanišova, 2015). 
Čeksteryte et al. also employed aluminum colorimetric method for assay of sum of flavonoids at 415 
nm and identified quercetin and kaempferol in bee methanolic beebread extracts, 0.05 and 0.67 mg 
per 1 gram of beebread, respectively (Čeksteryte, 2016). The presence of quercetin and kaempferol 
can be explained by that these aglycones are in more than 50% plants (Korulkin et al., 2007). The 
aim of this study was to measure content of flavonoids, evaluate the flavonoids composition of the 
extracts of beebread collected in Ukraine in 2015.

Materials and methodology
3 bee bread samples were used in that study. These samples were removed from the cells of the hives, 
packed in polypropylene bags and stored in refrigeration at (2–8) °C until phytochemical analyses 
were performed. The samples were collected during summer of 2015 year in Ukraine. The hives were 
located in Vradivka of Mykolajiv region and Poltava region. Bee bread granules were put in containers, 
50% (m/m) ethanol was added in necessary volume and extraction was carried out at 15–25 °C with 
periodic stirring for 17–21 days at a ratio of raw material-solvent: 1 : 10 and 1 : 5 (maceration). Then 
extracts were filtered through filter paper. 50% ethanol was selected as solvent that extracts both 
hydrophilic and hydrophobic biologically active substances (BAS) (Фитохимический анализ…, 2009; 
Rzepecka-Stojko et al., 2015). Before carrying out analytical procedures extracts were additionally 
filtered through a filter with a pore size of 0.45 microns if necessary. Table 1 presents information 
about the tested bee bread samples and their extracts.

Table 1 Information about bee bread samples and prepared extracts 

No Number 
of an extract

Date of collection 
of bee pollen

Ratio of bee bread 
to 50% ethanol

Dates of 
extraction

Time of 
extraction

1 10416 15.07.2015 10 g : 100 ml 19.04.–10.05.2016 21 day

2 30416 June 2015 10 g : 100 ml 19.04.–10.05.2016 21 day

3 40516 02.08.2015 20 g : 100 ml 10.05.–27.05.2016 17 days

4 50516 15.07.2015 20 g : 100 ml 10.05.–27.05.2016 17 days

5 60516 June 2015 20 g : 100 ml 10.05.–27.05.16 17 days

Total flavonoid content was determined using the slightly modified method of differential 
spectrometry provided by Meda et al. (2005). The curve of quercetin dihydrate was plotted in a range 
of its concentrations of 2.08 to 31.2 mg/L. 1 ml of the obtained solutions of quercetin dihydrate were 
mixed with 1.0 ml of 2% aluminum chloride hexahydrate in 50% ethanol. The amount of 2% aluminum 
chloride hexahydrate in 50% ethanol was substituted by the same volume of 50% ethanol in the 
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blank for each dilution of quercetin dihydrate. Simultaneously, each blank for differential spectrum 
was used for measuring direct spectrum of quercetin using 50% ethanol as blank. After incubation 
at the room temperature for 65–85 min the direct and differential spectra of the reaction mixtures 
were measured in range of 360 nm to 460 nm. In a like manner, the certain volume of an extract of 
bee bread was diluted with 50% ethanol up to 1.0 ml and was mixed with 1.0 of 2.0% solution of 
aluminum chloride hexahydrate. 

The mixture was mixed by vortex and incubation was done for 65–85 minutes at the room 
temperature. The amount of 2% solution of aluminum chloride was substituted by the same amount 
of 50% ethanol in the blank. The test was carried out for each bee bread extract in triplicate. Direct 
spectra of the extracts were determined according to the following procedure: the certain volume 
of an extract of bee bread was diluted with 50% ethanol up to 2.0 ml. 50% ethanol was used as 
a blank. In fact, each blank for a differential spectrum was used for measuring direct spectrum of an 
extract using 50% ethanol as blank. For assay of flavonoids we used absorbance of the extracts and 
quercetin dihydrate solutions in absorption maxima in their obtained differential spectra, appropriate 
equations for quercetin dihydrate in mg/ml (y1 = 30.428 ⋅ X – 0.0262, R² = 0.9717 and y2 = 29.945 ⋅ 
X – 0.0219, R² = 0,997) and necessary recalculations for volume of an extract taken for the assay.

Results and discussion
The results of the investigation of batches 10416, 30416, 040516, 050516 indicate that at an incorrect 
ratio of volumes of an extract of bee bread and 2% solution of AlCl3 ⋅ 6 H2O the absorbance of a reaction 
mixture is less than 0.05 or significantly higher 1.0 and the absorption maximum are shifted the 
right. In general, regularity was established: the more absorbance exceeds 1.0 the more absorption 
maximum is shifted the right. Absorbance of a reaction mixture was corrected with reducing the 
volume of an extract and compensation of deficiency of the volume of a reaction mixture with 
a volume of 50% ethanol. Secondly, our studies demonstrated that the structure of direct spectra 
of developed extracts was very similar. There was no any absorption maximum. The structure of 
the differential spectra of the tested extracts was also very similar. But there was one divergence 
in the differential spectra: an absorption maximum varies in the range from 406.9 nm to 411.7 nm 
that indicated different composition of flavonoids in the extracts (Figures 1a–f ). Repeatability of the 
position of the absorption maximum of the extracts was very good at carrying out analyses in the 
different days (Table 2).

Figure 1a–b Direct spectrum of the extract
a – No. 010416; b – No. 010416 with AlCl3 (λmax = 412.0 nm, A = 0.323); c – No. 040516; d – No. 040516 with 
AlCl3 (λmax = 407.6 nm, A = 0.483); e – direct spectrum of quercetin 153 mg/l (λmax = 374.4 nm, A = 0.548); 
f – differential spectrum of quercetin 153 mg/l with AlCl3 (λmax = 426.2 nm, A = 0.540)
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Figure 1c–f Direct spectrum of the extract
a – No. 010416; b – No. 010416 with AlCl3 (λmax = 412.0 nm, A = 0.323); c – No. 040516; d – No. 040516 with 
AlCl3 (λmax = 407.6 nm, A = 0.483); e – direct spectrum of quercetin 153 mg/l (λmax = 374.4 nm, A = 0.548); 
f – differential spectrum of quercetin 153 mg/l with AlCl3 (λmax = 426.2 nm, A = 0.540)

The principle of aluminum chloride colorimetric method is that aluminum chloride mainly forms 
complexes with flavones and flavanols wherein it reacts with the C-4 keto group and either the 
C-3 hydroxyl group of the ring C, and/or C-5, C-7 hydroxyl group of the ring A and the C-3ˊ or C-4ˊ 
of the ring B hydroxyl groups (Chang et al., 2002). According to Chang et al., such flavanols as 
galangin, morin, kaempferol, rutin, quercetin, quercitrin and myricetin have absorption maximum at 
415–440 nm (ethanol in concentration of 36,5% was as medium) while the absorption maximum of 
complexes formed by chrysin and apigenin which have only C-5 and C-7 hydroxyl and C-4 keto groups 
were at 395 nm and 385 nm, respectively. Our study confirms these data: complex of quercetin with 
aluminum chloride had the maximum absorption at 423.8–427.2 nm in differential spectra in the 
range of quercetin dihydrate concentrations of 2.08–31.2 mg/L (figures 1e and 1f ). Another flavone 
luteolin having C-3ˊ, C-4ˊ, C-5 and C-7 hydroxyl groups had the maximum absorption of complex 
with Al at 415 nm (Chang et al., 2002). Baltrušaityte at al. (2007) identified kaempferol, chrysin and 
apigenin in bee bread. 

Čeksteryte et al. (2016) identified kaempferol and quercetin and stated that flavonoids in the form of 
glycosides had been not found in bee bread. Markievicz-Żukovska et al. (2013) detected kaempferol 
and apigenin in bee bread. Sobral et al. (2017) recognized a lot of flavonoids derivates in bee bread 
among them were flavanol derivatives, mainly quercetin, kaempferol, myricetin, isorhamnetin and 
herbacetrin glycoside derivatives.
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Table 2 Analytical procedure and content of sum of flavonoids in bee bread extracts

Number of 
an extract Analytical procedure λmax and 

absorbance
Sum of flavonoids, mg/L, time 

of forming complex

10416

0,5 ml of the extract +1,0 ml 2% 
AlCl3 ⋅ 6 H2O + 0,5 ml of 50% ethanol 413,2 nm, 1.435 63 min, content of flavonoids was 

not calculated

0.1 ml of the extract +1.0 ml 2% 
AlCl3 ⋅ 6 H2O + 0.90 ml of 50% ethanol

410.9 nm, 0.327 103.71, 67 min

411.7 nm, 0.336 106.41, 74 min

30416

0.5 ml of the extract +0.5 ml of 50% 
ethanol +1.0 ml 2% AlCl3 ⋅ 6 H2O 410.6 nm, 0.144 10.01, 66 min

0.1 ml of the extract +0.90 ml of 50% 
ethanol +1.0 ml 2% AlCl3 ⋅ 6 H2O 412.5 nm, 0.032 17.11, 80 min

40516

1.0 ml of the extract +1.0 ml 2% 
AlCl3 ⋅ 6 H2O 426.3 nm, 1.941 content of flavonoids was not 

calculated (20.07.2016)

0.1 ml of the extract +1.0 ml 2% 
AlCl3 ⋅ 6 H2O + 0.90 ml of 50% ethanol 407.3 nm, 0.516 159.21, 82 min

50516

1.0 ml of the extract + 1.0 ml 2% 
AlCl3 ⋅ 6 H2O 431.6 nm, 1.969 content of flavonoids was not 

calculated (20.07.2016)

0.5 ml of the extract +1.0 ml 2% 
AlCl3 ⋅ 6 H2O + 0.5 ml of 50% ethanol 419.3 nm, 1.697 69 min, content of flavonoids was 

not calculated

0.1 ml of the extract +1.0 ml 2% 
AlCl3 ⋅ 6 H2O + 0.9 ml of 50% ethanol

410.1 nm, 0.539 166.01, 71 min

410.4 nm, 0.528 162.71, 86 min

60516

1.0 ml of the extract +1.0 ml 2% 
AlCl3 ⋅ 6 H2O 411.5 nm, 0.440 content of flavonoids was not 

calculated (20.07.2016)

0.5 ml of the extract +1.0 ml 2% 
AlCl3 ⋅ 6 H2O + 0,5 ml of 50% ethanol 411.9 nm, 0.213 14.02, 74 min

1 – calculations of sum of flavonoids were performed using y1 = 30.428 ⋅ X – 0.0262, 2 – calculations of sum of 
flavonoids were performed using y2 = 29.945 ⋅ X – 0.0219

Conclusions
The total contents of flavonoids in the extracts ranged from 10 to 166 mg in 1 L. Supposing that 
flavonoids are present in the form of aglycones we can assume that our beebread sample contain 
mainly flavones as the maximum absorbance of extracts in their differential spectra are less than 
415 nm, namely in the range of 406.9–411.7 nm. But on the other hand, according to D. Korulkin et al. 
(2007), there is the following regularity for absorption maxima of flavanols: at substitution of the C-3 
hydroxyl group absorption maximum of complex of flavonoids with AlCl3 is shifted the left. For this 
reason, we assume that our bee bread sample can contain flavanols mainly in the form of glycosides 
and flavones.
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