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Abstract: Sixteen ethanolic extracts were obtained from seven different bee bread samples. The total flavonoid
content in the extracts was determined by aluminium-chloride method and was in the range of 8.3 mg/L +
6.24% to 195.3 mg/L * 1.35% and 28.8 mg/L £ 19.33% to 603.3 mg/L + 4.64% with reference to quercetin and
rutin, respectively. The relative standard deviations (RSD) for parallel measurements for the calibration curves
of quercetin dehydrate and rutin trihydrate were in the range of 0.51% to 9.39% and 5.02% to 19.91%, respec-
tively. The RSD for parallel measurements for the extracts with reference to quercetin dihydrate and rutin tri-
hydrate were in the range of 0.23% to 11.64% and 4.64% to 19.33%, respectively. The total flavonoid content
mainly depended on a ratio of bee bread to 50% ethanol and technology of obtaining bee bread (presence or
absence of drying operation). The increase of bee bread in the solvent in 2 times yield an elevation of the total
flavonoid content in approximately 1.5 times at similar maceration time (7 days). The significant differences
between results were statistically confirmed. Antimicrobial activity was evaluated with disc diffusion method.
The best antibacterial activity of the bee bread extracts was found against Bacillus cereus CCM 2010,
Clostridium perfringens CCM 4435, and Staphylococcus aureus subsp. aureus CCM 4223. The activity of the
bee bread extracts against Gram-negative bacteria, Aspergillus and Penicillium genera was lower with moder-
ate anticandidal activity. The obtained results indicated that it was very important to employ extracts with a high
content of bee bread in 50% ethanol (1 : 5, 1 : 10) during the development of bee bread extracts with the pur-
pose of their potential usage in medical practice. According to the results of this study, bee bread is a product
which is rich in flavonoids and with good antibacterial activity against Gram-positive bacteria and can be con-
sidered as a raw material for the development of diet supplements and antimicrobial medicinal products.
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INTRODUCTION

Bee bread is a fermented mixture of honey,
pollen collected by bees and digestive enzymes of bee
saliva. Bee bread is the main food of bee larvae and the
main source of proteins in a bee’s diet. (1-6). Bee bread
has been used for many years in traditional medicine,
supplementary nutrition and alternative diets, primary
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due to its nutritional properties and health benefits (6,
7). Bee bread can be considered a food supplement due
to a high content of nutrients (8). One of the contribu-
tions to its high nutritional value is the presence of sig-
nificant amounts of phenolic compounds (flavonoids
(0.25-1.4%) and phenolic acids) as natural antioxi-
dants, carbohydrates (24.40-34.80%), proteins (20.2-
26.0%), lipids (0.67-4.5%), unsaturated and saturated
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fatty acids, vitamins, free amino acids, C,, — C;; alka-
nes, unsaturated alcohols, carotenoids, lactic acid
(3.06-3.20%), aliphatic acids, phytohormones, grow-
ing stimulators, etc. (3-7, 8, 9). The potential applica-
tion of bee bread as a food and nutriceutical supple-
ment mainly depends on its chemical composition
which varies directly with the flora of a region, geo-
graphic origin, climatic conditions, soil type, the time
and year of pollen collection by bees, bee species,
method of obtaining bee bread (presence or absence of
drying operation) and storage conditions (5, 6, 8). It
was set up that polyphenols have a strong impact on the
antioxidant activity of bee bread extracts (1-3, 5-9).

Bee bread has antimicrobial, antioxidant,
hepatoprotective, immunomodulating, anti-inflam-
matory and antiradiation activity, adaptogenic prop-
erties, etc. (1, 2, 7, 10). It stimulates the protective
forces of the human body, normalizes metabolism,
has a positive influence on the liver, nervous and
endocrine system functions, and enhances regenera-
tion of tissues, physical and mental persistence of
the human body (2, 7, 9-15).

Phenolic acids and flavonoids as secondary
metabolites are widespread in the plant kingdom
(10, 16). Polyphenols are also components of bee
pollen (2, 3, 7). Flavonoids and phenolic acids pos-
sess antioxidant features, neutralize active oxygen
species and scavenge free radicals due to their spe-
cific chemical structure and are associated with a
reduced risk of various chronic diseases related to
oxidation stress (3, 7). Among such diseases are car-
diovascular diseases, cancer, diabetes, atherosclero-
sis, cataracts, cognitive dysfunction, and age-related
functional decline, etc. (12, 16).

Flavonoids are present in pollen mainly in the
form of glycosides, from which flavonol glycosides
are present in the largest amount (7). The presence of
a glycoside bond reduces antioxidative properties
because of steric effects (7). The main flavonols of
bee pollen are quercetin and kaempferol and their gly-
cosides (5-7, 12, 14). The level of free aglycones is a
better indicator of pollen loads quality than the free
amino acids content (7). The flavonoid rutin
(quercetin — 3-O rutinoside) is a flavonol glycoside
comprising the flavonol quercetin and disaccharide
rutinose. Among other flavonoids are chrysin, api-
genin, luteolin, etc. (3, 5-7, 10, 12, 14, 15). According
to Chang C.C. et al. (17), Meda A. et al. (18) and
Zuluaga C.M. et al. (3), the content of flavonoids is
considered to be an important index for evaluating
propolis, honey and bee bread quality, respectively.

There are few studies regarding the develop-
ment of bee bread extracts with RSD analysis,
repeatability (intra-assay precision) and intermedi-

ate precision of an analytical procedure of the deter-
mination of total flavonoid content in different days
and correlation between antimicrobial activity and a
ratio of bee bread to 50% ethanol and between
antimicrobial activity and total flavonoid content of
bee bread extracts. Therefore, the aim of this
research was to elaborate analytical procedure for
measuring the total flavonoid content, establish pre-
cision parameters for the developed analytical pro-
cedure, determine antimicrobial properties of the
extracts of bee bread collected in Ukraine in 2015
and 2016 and evaluate correlations of antimicrobial
activity with a ratio of bee bread to 50% ethanol and
the total flavonoid content. The parameters of the
precision include repeatability (RSD for measure-
ments in one day) and intermediate precision (a vari-
ation in a marker content in different days).

This study is expected to widen the existing
information on the characteristic of the analytical
procedure of bee bread extracts total flavonoid con-
tent determination, their antimicrobial activity and
to assist in more focused future analytical and tech-
nological research aiming to develop bee bread
extract for different applications in food and phar-
maceutical industries.

MATERIALS AND METHODS

Sample preparation

Seven bee bread samples were used in this
study. These samples were removed from hive cells,
dried at a temperature of 36-38°C (with exception of
bee bread of sample 3), packed in polypropylene
bags and stored in a refrigerator at a temperature of
2-8°C before extracts were prepared. Bee bread of
sample 3 was not dried before packaging. The sam-
ples were collected in Ukraine during the summer of
2015 and 2016. 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
(maceration) was carried out at a temperature of 15
-25°C with periodic stirring for 7-21 days at a ratio
of raw material to the solvent of 1 to 20, 1 to 10 and
1 to 5. Then extracts were filtered through filter
paper. 50% ethanol was selected as a solvent that
extracts both hydrophilic (vitamin C and phenolic
acids) and hydrophobic (flavonoids) biologically
active substances of bee bread (7). Before carrying
out analytical procedures extracts were additionally
filtered through the filter with the pore size of 0.45
microns if necessary. Table 1 presents information
about the tested bee bread samples and their
extracts.
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Table 1. Characteristic of bee bread samples and extracts.
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Number | Number of bee | Date of bee bread Ratio of bee bread Dates of bee Time of bee
of extract | bread sample collection to 50% ethanol bread maceration bread maceration
1 1 15.07.2015 10.0 g to 100 mL 19.04.2016 — 10.05.2016 21 day
2 2 30.05.2015 10.0 gto 100 mL | 29.11.2016 — 06.12.2016 7 days
3 3 June 2015 10.0 gto 100 mL | 19.04.2016 — 10.05.2016 21 day
4 4 02.08.2015 20.0 g to 100 mL 10.05.2016 — 27.05.2016 17 days
5 1 15.07.2015 20.0 gto 100 mL | 10.05.2016 —27.05.2016 -//-
6 3 June 2015 20.0 gto 100 mL | 10.05.2016 —27.05.2016 -//-
7 5 10.06.2016 2.5 gto 50 mL 28.09.2016 — 07.10.2016 9 days
8 5 10.06.2016 2.5gto50ml 28.09.2016 — 07.10.2016 -//-
9 5 10.06.2016 2.5 gto50 mL 28.09.2016 — 07.10.2016 -//-
10 6 23.05.2016 2.5 gto 50 mL 28.09.2016 — 07.10.2016 -//-
11 6 23.05.2016 2.5 gto 50 mL 28.09.2016 — 07.10.2016 -//-
12 1 15.07.2015 5.0 g to 100 mL 29.11.2016 — 06.12.2016 7 days
13 7 22.06.2016 5.0 g to 100 mL 29.11.2016 — 06.12.2016 -//-
14 7 22.06.2016 10.0 gto 100 mL | 29.11.2016 — 06.12.2016 -/l-
15 3 June 2015 20.2 gto 200 mL | 29.11.2016 — 06.12.2016 -//-
16 3 June 2015 20.1 gto 100 mL | 29.11.2016 — 06.12.2016 -//-
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Figure 1. Calibration curve of quercetine dihydrate
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Figure 2. Calibration curve of rutin trihydrate
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Total flavonoid content

The total flavonoid content was determined
using the slightly modified procedure of differential
spectrometry provided by Chang C.C. et al. (17),
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Meda A. et al. (18), Zhang et al. (19) and Ordonez et
al. (20) using calibration curves of quercetin dihyd-
rate and rutin trihydrate (Figs. 1 and 2, respectively).
The slight modifications referred to either a wave-

Table 2. Total flavonoid content of the bee bread extracts with repeatability and intermediate precision.

The total flavonoid content with reference to
. . Reaction time, Comment on the change in the mean
Sample Quercetin, Rutin, min total flavonoid content
mean (mg/L) £ RSD | mean (mg/L) £ RSD
1 107.2 £ 1.91% 340.3 £ 7.70% 85 -
2 74.8 £ 10.00% 243.6 £ 17.43% 75 -
8.3 +6.24% 28.8 £19.33% 75 There is an increase in the mean content by
3 3.6% and 2.8% with reference to quercetin
8.6+3.11% 29.6 £ 16.29% 118 and rutine, respectively
4 158.4 £ 4.32% 493.1 £ 8.22% 84 There is an increase in the mean content by
161.3 +3.65% 501.8 +7.51% 116 1.8% with reference to quercetin and rutine
5 165.5 + 3.82% 514.4 +7.58% 75 -
14.0 £ 6.54% 45.8 £ 14.75% 70 There is an increase in the mean content by
6 3.6% and 3.1% with reference to quercetin
14.5 £3.52% 472+ 11.74% 82 and rutine, respectively
7* 1352+ 9.4% - 75 -
125.7 £ 11.64% - 75 There is an increase in the mean
8* In 6 months content by 2.3% with reference
128.6 £ 4.45% 404.1 £9.21% 75 to quercetin
9%* 136.1 £ 10.39% - 77 -
118.5+£0.23% 3742 £ 5.59%% 75 There is a decrease in the mean content by
118.2 £ 1.82% 373.2+£7.11% 120 0.3% with reference to quercetin and rutine
10 In 3 days
There is a decrease in the mean content by
o 9.3% and 8.8% with reference to quercetin
107.5 £ 1.47% 341.3 £7.27% 82 and rutine, respectively, from the initial
values
110.4 £ 2.03% 350.0 £ 7.66% 75 There is a decrease in the mean content by
11 In 7 davs 4.1% and 3.9% with reference to quercetin
A and rutine, respectively, from the initial
105.9 £ 0.80% 336.4 £ 6.73% 85 values
78.1 +2.50% 253.3 +10.24% 85 There is an increase in the mean content by
2 In1da 9.9% and 9.2% with reference to quercetin
y and rutine, respectively, from the initial
85.8£4.01% 276.5 £ 10.99% 84 values
1. There is a decrease in the mean content
1282 + 4.74% 403.2 £ 9.49% 83 by 10.6% and 10.1% with reference to
quercetin and rutine, respectively, at 83 and
In 2 days 85 min of different days from the initial
13 values;
110.4 + 1.82% 350.0 £ 7.46% 77 2. There is an increase in the mean content
by 3.8% and 3.6% with reference to
114.6 + 1.95% 362.6 + 7.39% 85 quercetin and rutine, respectively, at 85 min
from the initial values at 77 min
14 1953+ 1.35% 603.3 + 4.64% 75 -
15 9.5+5.29% 32.3+17.08% 75 -
16 14.7 £ 11.08% 48.0 + 18.54% 85 -

*- determination was carried out only for quercetin
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length for measuring, reaction time or volume of
sample for analysis, etc.

The calibration curves of quercetin dihydrate
and rutin trihydrate were plotted in the range of con-
centrations of 2.08 to 31.2 mg/L and 20.12 to 100.6
mg/L, respectively. 1.0 mL of the obtained solutions
of quercetin dihydrate or rutin trihydrate was mixed
with 1.0 mL of 2% aluminum chloride hexahydrate
in 50% ethanol. The amount of 2% aluminum chlo-
ride hexahydrate in 50% ethanol was substituted by
the same volume of 50% ethanol in the blank for
each solution of quercetin dihydrate or rutin trihy-
drate, respectively. The mixtures were vortexed.
After incubation at room temperature for 80 + 5 min,
the absorbance of the reaction mixtures was meas-
ured at 425 nm for quercetin dihydrate and 410 nm
for rutin trihydrate (19).

In most cases measurements were carried out at
404-430 nm with using different flavonols
(quercetin, rutin, quercetrin, galangin) as well as fla-
van-3-ol catechin as markers (21). For studies of na-
tural products with quercetin as marker authors per-
form measurements at one of the following wave-
lengths 415 nm (2, 17, 18, 22, 23), 420 nm (20), 430
nm (21) and even 510 nm in the presence of NaNO,
(3) and with rutin at one of the following wave-
lengths: 510 nm (16) and 410 nm (19). In previous
studies, it was confirmed that quercetin dihydrate
and rutin trihydrate had maximum absorption at
wavelengths of 425 + 2 nm and 411 * 1 nm, respec-
tively. Taking into account literature and own data,
such wavelengths of 425 and 410 nm were used for
the measurements. The mean of three readings was
used for each concentration of the active marker.

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% solu-
tion of aluminum chloride hexahydrate in 50%
ethanol. As a rule, 0.1 mL of an extract was taken
with the exception of 0.5 mL for samples 3 and 6
with lower total flavonoid content. The amount of
2% aluminum chloride hexahydrate in 50% ethanol
was substituted by the same volume of 50% ethanol
in the blank. The mixture was vortexed and incubat-
ed for 75-85 min. Some mixtures were incubated up
to 120 min at room temperature for studying time’s
influence on the absorbance of the reaction mix-
tures. 80 £ 5 min was chosen a compromise reaction
time for assay of the total flavonoid content.

Then the absorbances of the reaction mixtures
were measured at 410 nm. The test was carried out
for each bee bread extract in triplicate.

In previous unpublished studies, it was estab-
lished that the maximum absorption of the reaction

mixtures of the bee bread extracts varied in the
range of 403 to 415 nm. Therefore, a wavelength of
410 nm was chosen as a compromise wavelength for
assay of the total flavonoid content.

The appropriate equations for the calibration
curves of quercetin dihydrate and rutin trihydrate in
mg/L (Y, =0.0276 - X, + 0.0009 and Y, = 0.0095 - X,
— 0.0199, respectively), necessary recalculations for
converting quercetin dihydrate into quercetin, rutin
trihydrate into rutin and volume of an extract (0.1 or
0.5 mL) taken for the analytical procedure were used
for calculations of the total flavonoid content in the
tested extracts. For samples 7, 8 and 9 the following
equation was used for only quercetin dihydrate (Y; =
0.0299 - X5 — 0.0219, r = 0.998). The mean of three
readings was used and expressed as mg of quercetin
or rutin equivalents per 1 L of an extract.

Antimicrobial activity

The ethanolic bee bread extracts were subject-
ed to evaporation under reduced pressure at 40°C in
order to remove ethanol (Stuart RE300DB rotary
evaporator, Bibby scientific limited, UK, vacuum
pump KNF N838.1.2KT.45.18, KNF, Germany).
For the antimicrobial assay, the dried bee bread
extracts were dissolved in dimethyl sulfoxide
(DMSO) (Penta, Czech Republic).

Microorganisms

Fifteen strains of microorganisms were tested
in this study, including three Gram-negative bacteria
(Haemophilus influenzae CCM 4456, Klebsiella
pneumoniae CCM 2318, Salmonella enterica subsp.
enterica CCM 3807), three Gram-positive bacteria
(Bacillus cereus CCM 2010, Clostridium perfringens
CCM 4435, Staphylococcus aureus subsp. aureus
CCM 4223), three yeasts (Candida albicans CCM
8186, Candida glabrata CCM 8270, Candida tropi-
calis CCM 8223) and six microscopic filamentous
fungi (Aspergillus clavatus, Aspergillus flavus, As-
pergillus versicolor, Penicillium expansum, Penicil-
lium chrysogenum, and Penicillium griseofulvum).
The tested bacterial and yeasts strains were collect-
ed from the Czech Collection of microorganisms
and microscopic fungi from the Department of
Microbiology of Faculty of biotechnology and food
sciences of the Slovak University of Agriculture in
Nitra. The bacterial strains were grown in Mueller-
Hinton agar (MHA, Biolife, Italy) in plates at a tem-
perature of 37°C, whereas the yeasts and molds were
grown in Sabouraud dextrose agar (SDA, Biolife,
Italy) and Potato dextrose agar (PDA, Biolife, Italy),
respectively, at a temperature of 28°C. The stock
cultures were maintained at a temperature of 4°C.
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Disc diffusion method

Antimicrobial activity of each bee bread extract
was determined by a disc diffusion method. Briefly,
100 pL of the tested microorganisms were grown in
10 mL of fresh media until they reached a count of
approximately 10° cells per mL. Then 100 pL of the
microbial suspension was spread onto Mueller
Hinton agar plates. The extracts were tested using 6
mm sterilized filter paper discs. The diameters of the
inhibition zones were measured in millimeters. All
the measurements were round up to the closest whole
millimeter. Each antimicrobial assay was performed
at least three times. Blank discs were impregnated
with Ampicillin (10 pg/disc, Oxoid, UK) for Gram-
positive bacteria and yeasts, Gentamicin (10 pg/disc,
Oxoid, UK) for Gram-negative bacteria and griseo-
fulvin (25 pg/disc, Oxoid, UK) for microscopic fila-
mentous fungi and used as positive controls. The
negative control was a 1% solution of DMSO.

Statistical analysis

All analyses for each sample were carried out
in triplicate and the results were expressed as mean
value * standard deviation (SD) or mean value *
relative standard deviation (RSD).

Correlation coefficients (r) to determine rela-
tionships between values were calculated using MS
Excel Software. Achim Buyul and Peter Tsefel’s
classification was employed to estimate found cor-
relation coefficients (r) between two magnitudes: up
to 0.2 — very weak, up to 0.5 — weak, up to 0.7 —
medium, up to 0.9 high and over 0.9 very high cor-
relation (24).

Wayne’s statistical analysis was employed for
comparison of the total flavonoid content mean val-
ues obtained over a short interval of time, in differ-
ent days, for the different ratio of bee bread to sol-
vent, etc. Decision rule in all cases was: with o =
0.025, critical values of t* should be in the range of
-2.78 to + 2.78. Hull hypothesis (H,) was rejected if
t* < -2.78 or t* > +2.78 (25).

RESULTS AND DISCUSSION

The total flavonoid content of the extracts pre-
pared with the different ratio of bee bread to 50%
ethanol showed values of 8.3 mg/L + 6.24% to 195.3
mg/L £1.35% with reference to quercetin and 28.8
mg/L + 19.33% to 603.3 mg/L + 4.64% with refer-
ence to rutin. The highest total flavonoid content was
observed for the extracts of bee bread with a ratio of
bee bread to 50% ethanol as 1 to 5 and 1 to 10.

Flavonoids including those of bee bread are
considered important for their health-promoting

activity and high nutritional value (3, 6, 23). They
possess antioxidant and anti-inflammatory activities
(23). They exceed vitamin C and vitamin E in terms
of antioxidant activity because they have a stronger
capacity to donate electrons (23). Standardization of
some plant materials is recommended to be carried
out based on the total flavonoid content (26).

The principle of aluminum chloride colorimet-
ric method consists in that aluminum chloride main-
ly forms complexes with flavones, flavonols and
chalcones. Aluminum chloride 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-3” or C-4” of the ring B hydroxyl groups
17, 27).

According to the Guideline on quality of herbal
medicinal products/traditional herbal medicinal
products selected markers for assay should be justi-
fied (28). The authors of the published papers with
exception of Chang et al. did not explain why they
selected the proper marker or wavelength for the
evaluation of flavonoid content in natural samples
(2, 3,16, 17).

Baltrusaityte at al. identified kaempferol,
chrysin and apigenin in bee bread (14). Our previ-
ous study confirms that the complexes of quercetin
with aluminum chloride have the maximum absorp-
tion at 423.8-427.2 nm in differential spectra in the
concentration range of 2.08 to 31.2 mg/L (29).
Markiewicz-Zukowska et al. detected kaempferol
and apigenin in bee bread (6) while Ceksteryte et al.
identified aglycons kaempferol and quercetin and
stated that flavonoids in the form of glycosides
have not been found in bee bread (5). Sobral et al.
found flavonol derivatives, mainly quercetin,
kaempferol, myricetin, isorhamnetin and herbace-
trin glycoside derivatives (30). Tavdidishvili et al.
reported the presence of such three flavonoids as
naringin, quercetin and rutin in Georgian bee bread
samples using HPLC-UV-Vis (31). Ursan et al.
stated about presence of flavonol glycosides main-
ly from quercetin, kaempferol, 8-methylherbacetin
and 7-methylherbacetin, determined total flavo-
noid content using a calibration curve of quercetin
and checked the linearity of detector response
using rutin as a standard (32). Therefore, quercetin
and rutin could be employed as active markers for
determination of the total flavonoid content as they
were stated as components of bee bread (3, 31).

The total flavonoid content with aspects of
precision of the elaborated analytical procedure is
presented in Table 2.

To our knowledge, there is no regulation for
RSD for parallel measurements in analytical proce-
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dures of flavonoids sum determination. In our stu-
dies, the RSD for parallel measurements for the two
calibration curves of quercetin dihydrate (Y, =
0.0276 - X, + 0.0009 and Y; = 0.0299 - X, — 0.0219)
and that of rutin trihydrate were in the range of
0.51% to 4.36%, 6.32 to 9.39% and 5.02% to
19.91%, respectively. The RSD for parallel meas-
urements for the extracts with reference to quercetin
dihydrate was in the range of 0.23% to 11.64% and
4.64% 19.33% with reference to rutin trihydrate.
The difference between the two calibration curves of
quercetin dihydrate could be explained by the dif-
ferent two intercepts, respectively, 0.0009 and
0.0219. The RSD of the extracts are similar to RSD
obtained in other studies (16, 18, 22). RSD ranged
from 2.19 to 4.8% and O to 41.18% in studies relat-
ed to determination of the total flavonoid content
using a standard curve of quercetin in walnut green
husks and honey (18, 22). RSD was 6.2% in studies
related to determination of the total flavonoid con-
tent using a standard curve of rutin in root extract of
Arisaema jacquemontii Blume (16).

According to the results in Table 2, the total
flavonoid content depended on a ratio of bee bread
to 50% ethanol (m/V) and technology of bee bread
obtaining. Conspicuous results were obtained for
different ratios of bee bread to 50% ethanol. The
larger was the content of bee bread in 50% ethanol,

the higher was the total flavonoid content. The
increase of bee bread in the solvent in 2 times yields
elevation of the total flavonoid content in approxi-
mately 1.5 times. Such an increase was observed for
extract number 16 compared to number 15 and
extract number 14 compared to number 13.

The obtained results also demonstrated that the
same sample of bee bread has approximately the
same total flavonoid content in the extracts that
could be explained by forming pellets of bee bread
from pollen collected from the same flowers at the
same time. For instance, extracts 7, 8 and 9 con-
tained approximately the same total flavonoid con-
tent at the same ratio of bee bread to 50% ethanol.

These studies also show that 7 days of macera-
tion is enough for flavonoid extraction. For instance,
the total flavonoid content of extracts number 15
and 16 almost do not differ from that of extracts
number 3 and 6, respectively.

The above-mentioned results were statistically
confirmed and presented in Table 3.

Hypothesis testing was employed for establish-
ing differences between two mean values of the total
flavonoid content obtained over a short interval of
time, in different days, for different ratio of bee
bread to solvent, for different extracts, etc. In all
cases the null hypothesis (H,) was tested that the dif-
ference is equal to zero, namely, two means were

Table 4. Antibacterial activity of the bee bread extracts with disc diffusion method in mm.

Sample B. cereus C. perfringens S. aureus H. influenzae K. pneumoniae S. enterica
1. 143+2.1 11.7 £0.6 12.0 £ 2.0 3715 20£1.0 50x1.0
3. 140+ 1.0 11.7+ 1.5 10.7+1.2 40+1.0 23%15 20%+1.0
4. 14321 11.0+ 1.0 13.0+ 1.0 4020 20£1.0 37£1.5
5. 16.0 £ 2.0 127+ 1.1 150+ 1.0 50£1.0 2712 50%1.0
6. 15.7+2.1 13.3+1.1 150+ 1.0 4.0+20 20£+1.0 37+2.1
7. 14.0+£2.0 14321 120+ 1.0 40+1.0 1.7+ 0.6 43106
8. 12.3+£0.6 11.7+£ 1.5 9.0+£1.0 1.7+ 0.6 23+0.6 50+£1.0
9. 11.7+2.1 11.7+0.6 9.3+2.1 30+1.0 2712 4.7+25
10. 13315 11.7+2.1 13715 43+21 2.7%0.6 4.00+ 1.0
11. 12.0+2.7 14321 11.7x 1.5 40x1.0 27%2.1 37x2.1
12. 133+ 1.5 133+ 1.5 11.0+ 1.0 3715 30£1.0 37+£15
13. 13715 13.0+ 1.0 133+1.2 33£0.6 2.7%0.6 50£1.0
14. 123+2.1 150+ 1.0 11.7x 1.5 30£1.7 2712 4.0+20
15. 120+ 1.0 15.0+3.0 11.0+ 1.0 30+£1.0 20+1.0 33+£15
16. 150+ 1.0 11.7+ 15 127+ 1.5 30£1.0 23%15 3.0£1.0
DMSO ND ND ND ND ND ND
GEN/AMP 223+ 1.5 227+1.2 23.3+2.1 233+1.5 22.3+0.6 21.7+2.1

ND - inhibition zones not detected; GEN - gentamicin; AMP - ampicillin
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assumed to be the same at H,, (u,= p,). Sample data
did provide evidence that the population means are
not equal if we could reject the null hypothesis that
the population means are equal, namely alternative
hypothesis was opposite of the null hypothesis (H,-
u, # U,). For this purpose, it was necessary to pool
sample variances by means of the following formu-
la:

(n,=1)-SD + (n,-1) - SD;?

S2=
n+n,—2

P

The statistical test was given by t* according to
the following formula:

£ = X, = X5) =y = o)y
5L
n,on

Which, when H, was true, is distributed as
Student’s ¢ with n, + n, — 2 (3 + 3 — 2 = 4) degrees
of freedom.

The conducted statistical analysis showed that
the total flavonoid content in extracts with the ratios
of 1 :5and 1 : 10 is statistically higher in compari-
son to the extracts with the ratios of 1 : 10 or 1 : 20,
respectively, at the same maceration time (samples
16 and 15, 13 and 14, respectively). Not taking into
account maceration time, the total flavonoid content
in extracts with the ratios of 1 : 5 and 1 : 10 is sta-
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tistically higher in comparison to the extracts with
the ratios of 1 : 10 or 1 : 20, respectively (samples
12 and 1, 1 and 5, respectively). The drawback of
this study is different maceration times for some
comparable extracts.

Beyond the aforementioned, from the statisti-
cal point of view, rutin is more convenient for ana-
lytical studies as it gives no statistically significant
difference in the total flavonoid content for the same
extract at the determination in different days
(extracts 10-13), in the total flavonoid content of
extracts prepared from the same bee bread sample
with different maceration times (extracts 15 and 3,
16 and 6). Moreover, the absorption maximum of
the extracts is much closer to the ones of rutin that is
more justified in the selection of a marker. These
studies with statistical analysis provide interesting
ideas for further research aiming at technological
processes optimization, standardization of the
method and validation of the analytical procedure of
total flavonoid content determination and finding
factors directed at a reduce of SD and, respectively,
RSD.

In addition, compared to the Colombian
Cundiboyacense Highland bee bread, Ukrainian
samples contain less flavonoids that can be also
explained by a lower content of Colombian bee
bread in solvent (1 g to 30 mL) that facilitates better

Table 5. Anticandidal activity of the bee bread extracts with disc diffusion method in mm.

Sample C. albicans C. glabrata C. tropicalis
1. 6715 67115 53+0.6
3. 6715 63+15 40£1.0
4. 7.7+0.6 6.7+1.5 6.0+ 1.0
5. 5.0 1.0 7.0+£2.7 50+ 1.0
6. 5715 50£1.0 70£1.0
7. 6715 63+2.1 50+1.0
8. 6.0+ 1.0 6.0+ 1.0 6.7+1.5
9. 50£1.0 73+2.1 5715
10. 5315 57+12 57+2.1
11. 5712 57+06 53+0.6
12. 63+12 6.7+15 50+1.0
13. 5306 47+£0.6 47+0.6
14. 8.0+ 1.0 5315 53+0.6
15. 50£1.0 50£1.0 6.7+15
16. 50 1.0 5712 6.7+1.5
DMSO ND ND ND
AMP 22715 2367+ 1.5 22315

ND - inhibition zones not detected; AMP - ampicillin
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extraction of biologically active compounds but
larger expenditures of ethanol (3). But Ukrainian
bee bread samples contain more flavonoids com-
pared with ones obtained in Western Slovakia (13).
It is necessary to indicate that the results of different
studies are compared hard as scientists employ dif-
ferent solvents, analytical procedures or even meth-
ods, ratios of bee bread to a solvent (methanol,
ethanol), extraction techniques, analytical markers
for calculation of the total flavonoid content and
most studies are directed at determination of
flavonoids in 1 g of bee bread (2, 3, 5, 6). This study
is directed at the determination of the total flavonoid
content in bee bread extracts prepared with different
ratio of bee bread to 50% ethanol and different mac-
eration times and study of precision parameters of
the developed analytical procedure.

Finally, the results of this study also show that
elaborated analytical procedure of the determination
of the total flavonoid content is not precise enough
as not in all the cases the results of determination in
different days were in the range of 90-110% from an
initial value that in line with the requirements of the
Guideline on quality of herbal medicinal
products/traditional herbal medicinal products.
According to this Guide, in the case of a medicinal
product containing a herbal preparation where con-
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stituents with known therapeutic activity are
unknown, a variation in a marker content during the
proposed shelf-life should be within £ 10% of the
initial assay value (28). Further analytical and statis-
tical studies are needed to enhance repeatability and
intermediate precision of the developed analytical
procedure.

The antibacterial activity of bee bread extract
against Gram-positive and Gram-negative bacteria
was shown in table 4. The best antibacterial activity
against Bacillus cereus (16.00 £ 2.00 mm) was
found in sample 5 (the sample of 20 g/100 mL was
macerated for 17 days). The strongest antibacterial
activity of the bee bread extracts against Clostridium
perfringens was found in samples 14 and 15 (15.0 £
1.0 mm and 15.0 £ 3.0 mm, respectively).
Staphylococcus aureus was the most sensitive to
samples 5 and 6 (15.0 £ 1.0 mm). The best antibac-
terial activity of the extracts against Gram-positive
bacteria was found for B. cereus.

The best antibacterial activity against
Haemophilus influenzae (5.0 £ 1.0 mm) was found
in sample 5 (the sample of 20 g/100 mL was macer-
ated for 17 days). The strongest antibacterial activi-
ty against Klebsiella pneumoniae was found in sam-
ple 12 (3.0 £ 1.0 mm). Salmonella enterica was the
most sensitive to samples 1, 5, 8, and 13 (5.0 £ 1.0

Table 6. Antifungal activity of the bee bread extracts with disc diffusion method in mm.

Sample | A. clavatus A. flavus A. versicolor P. expansum P. chrysogenum | P. griseofulvum
1. 2.0£0.0 2.00+ 1.0 1.7£0.6 23%15 23%1.5 1.0£1.0
3. 20+ 1.0 23315 2.0+0.0 1.7£0.6 1.3+£0.6 1.7+ 0.6
4. 27+1.2 2.00£ 1.0 20+ 1.0 20+ 1.0 1.3+£0.6 1.0+ 1.0
5. 30+ 1.7 233+£0.6 20+1.0 23+£0.6 1.7£1.5 1.3+0.6
6. 1312 233+£0.6 20+ 1.0 1.7£0.6 2715 1.7+ 0.6
7. 20+ 1.0 2.00 £ 0.0 1.7+ 0.6 30+ 1.0 20+ 1.0 1315
8. 27+£25 1.67£12 1.0+ 1.0 3715 2712 23%15
9. 1.7£0.6 267+12 27+1.2 20+ 1.0 2315 23+0.6
10. 2306 23+0.6 1.7+£15 3.0+ 1.7 23+0.6 2715
11. 23%15 1.7£0.6 27+2.1 3721 20£1.0 23+£0.6
12. 20+ 1.0 23+0.6 1.7£0.6 1.7£0.6 2.0+0.0 1.7+ 0.6
13. 1.7+£0.6 1.3+0.6 1.7+ 0.6 20+ 1.0 23+0.6 1.7+£0.6
14. 23+0.6 23+0.6 20+1.0 30+£1.0 2315 23+0.6
15. 20+ 1.0 1.7£0.6 1.3+£0.6 2306 2315 1.3+0.6
16. 1.7+ 0.6 1.3+0.6 20+ 1.0 2306 20+ 1.0 1.0+ 1.0
DMSO ND ND ND ND ND ND
GRI 163+ 1.5 17312 17.7£0.6 16.3£0.6 153 £0.6 15312

ND - inhibition zones not detected; GRI - griseofulvin
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mm). The best antibacterial activity of the extracts
against Gram-negative bacteria was found for
Salmonella enterica.

Our studies are in line with ones conducted by
other scientists. In the study of Abouda et al. bee
bread extracts in dilutions 1/2, 1/4, 1/8 and 1/16
were tested by the agar well diffusion method on
various strains of the bacteria including Escherichia
coli, Staphylococcus aureus, Bacillus cereus, and
Pseudomonas aeruginosa. Results revealed that
most of the strains were inhibited by the dilution 1/2
and 1/4. The Gram-positive bacteria were more sen-
sitive to bee bread compared to Gram-negative bac-
teria. All the samples showed strong antimicrobial
activities on the bacterial strains, which were first
tested for their resistance to antibiotics. The results
showed that bee bread samples were more inhibito-
ry than dried bee-pollen (10). The best antibacterial
activity of bee bread with disc diffusion method was
found against Bacillus thuringiensis CCM 19 and
Staphylococcus aureus subsp. aureus CCM 4223 (2).
Gram-positive bacteria (Bacillus cereus and Staphy-
lococcus aureus) were more sensitive than Gram-
negative bacteria (Escherichia coli and Salmonella)
to all the extracts in the study carried by Md Akhir
etal. (11).

The anticandidal activity of the bee bread
extract was shown in table 5. The best anticandidal
activity against Candida albicans (8.0 £ 1.0 mm)
was found in sample 14 (the sample of 10 g/100 mL
was macerated for 7 days). The strongest anticandi-
dal activity of the bee bread extracts against
Candida glabrata was found in sample 9 (7.3 + 2.1
mm). Candida tropicalis was the most sensitive to

sample 6 (7.0 £ 1.0 mm). The best anticandidal
activity was found against Candida albicans.

Antifungal activity of the bee bread extracts
against Aspergillus and Penicillium genera was
shown in table 6. The best antifungal activity against
Aspergillus clavatus (3.0 £ 1.7 mm) was found in
sample 5. The strongest antifungal activity of the
bee bread extracts against Aspergillus flavus was
found in sample 9 (2.67 £ 1.2 mm). Aspergillus ver-
sicolor was the most sensitive to samples 9 and 11
(2.7 £ 1.2 and 2.7 £ 2.1 mm, respectively). The best
antifungal activity against Penicillium expansum
(3.7 £ 1.5 and 3.7 £ 2.1 mm) was found in samples
8 and 11. Penicillium chrysogenum was the most
sensitive to samples 6 and 8 (2.7 £ 1.5 mm and 2.7
* 1.2 mm, respectively). Penicillium griseofulvum
was the most sensitive to sample 10 (2.7 £ 1.5 mm).
The best antifungal activity of the extracts against
microscopic filamentous fungi was found for
Penicillium expansum.

Correlations between the antibacterial activity
for the most sensitive microorganisms and the con-
tent of bee bread in 50% ethanol (Bacillus cereus,
Clostridium perfringens, Staphylococcus aureus)
were established and are presented in Figure 3.

The unexpectedly high and medium correla-
tions (r = 0.74 and 0.61, respectively) were obtained
between the antimicrobial activity against Bacillus
cereus and Staphylococcus aureus and the content of
bee bread in 50% ethanol compared to a very weak
correlation between the antimicrobial activity and
the total flavonoid content (r = -0.177 and 0.022,
respectively). The unexpected results were also
obtained for Clostridium perfringens. In this case, a

17 4
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y=0.157x+ 11.974
15 R?=0.5539
— 14
E y=0.1674x+10.335
2 -
=13 R?*=0.3661
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—1 2 =
o R?*=0.0497
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-
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Content of bee bread to 50% ethanol [%]

Figure 3. The dependence of the growth inhibition of Bacillus cereus, Clostridium perfringens and Staphylococcus aureus on the content

of bee bread in 50% ethanol
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negative weak correlation between the antimicrobial
activity and the content of bee bread in 50% ethanol
was r = -0.22 compared to a weak correlation
between the antimicrobial activity and the total
flavonoid content (r = 0.014).

The obtained results indicate that it is very
important to employ extracts with a high content of
bee bread in 50% ethanol during the development of
bee bread extracts with the purpose of potential
usage in medical practice.

CONCLUSIONS

The results of this investigation show that bee
bread samples (obtained for technology with drying
operation) from Ukraine are rich in flavonoids and
compounds with antibacterial activity against Gram-
positive bacteria.

The total flavonoid content of the extracts
mainly depended on a ratio of bee bread to 50%
ethanol and technology of obtaining bee bread
extracts. Moreover, the content of bee bread in 50%
ethanol correlated with the antimicrobial activity
against Bacillus cereus and Staphylococcus aureus.
The conducted statistical analysis showed that the
total flavonoid content in the extracts with the ratios
of 1:5 and 1 : 10 is statistically higher in compari-
son to the extracts with the ratios of 1 : 10 or 1 : 20,
respectively. As the extracts with the ratio of bee
bread to 50% ethanol of 1 : 5 and 1 : 10 are rich in
flavonoids and possess good antibacterial activity
against Gram-positive bacteria, the results of this
study indicate the prospects of the usage of bread
extracts as components of diet supplements and
pharmaceutical products. Thus, the further studies
will be directed at the development of extracts for
diet supplements formulations and as well for the
treatment of infectious diseases of the oral cavity,
caused by Gram-positive bacteria, in the form of
sprays and carrying out wider phytochemical, statis-
tical technological and microbiological investiga-
tions with a larger number of extracts and pathogen-
ic bacteria as well.
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