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Research article
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ABSTRACT: Bumblebee (Bombus terrestris L.) is a bee species that take part in pollination. Although Bumblebee 
(Bombus terrestris L.) is thought to be used only in pollination  but, it is not only take part in pollination. It could 
be used to produce different products. Brood cover wax material is a kind of bumblebee product that produced by 
Bumblebee (Bombus terrestris L.) in order to cover their nest. Although it is considered to be waste for human health, 
brood cover wax material is an important hive product with its antioxidant and antimicrobial activities. In this study, 
Bumblebee brood cover wax material was produced under laboratory conditions in a controlled manner. Biochemical 
characterization of brood cover wax material obtained from five different colonies was performed and antimicrobial ac-
tivities were determined. Accordingly, it was determined that the total phenolic content of the samples ranged between 
3.778±0.165 and 9.504±0.353 mg GAE/g. In addition, it was observed that the samples were rich in p-coumaric acid, 
luteolin, quercetin, t-sinnamic acid, chrysin and pinocembrin components. Obtained results showed that brood cover 
wax material, which also possessed antimicrobial activity, had nearly equivalent activity to Apis mellifera L. beehive 
products such as honey, pollen and bee bread. The data obtained  could be concluded that brood cover wax material 
could be used an alternative product for human health applications.
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INTRODUCTION

Taxonomically, bumblebees, which are in the 
Bombinae subfamily of the Apidae family from 

the Hymenoptera order, are important pollinators 
for both agricultural products and wild flowering 
plants in the natural flora (Demirsoy, 2001). Due to 
their long tongues, dense feathers, large body struc-
tures and vibratory pollination behaviors, these bees 
provide more effective pollination than honey bees, 
especially in tomatoes and flowers belonging to the 
Solanaceae family and with deep corolla (de Luca 
and Vallejo-Marin, 2013; Wahengbam et al., 2019).  
For this reason, the number of countries and colonies 
where bumblebees are used increased year by year.

While honey bees (Apis mellifera L.) produce 
products such as honey, pollen, propolis, beeswax, 
royal jelly and bee venom in addition to their sig-
nificant contribution through pollination, the only 
economically known contribution of bumblebees is 
pollination. In order to get more benefits from bum-
blebees, bumblebee breeding techniques have been 
developed under controlled conditions (Gosterit and 
Gurel, 2018). As a result of the studies carried out for 
this purpose, the behavior of covering the nest area 
with a thin wax cover is frequently observed in the 
colonies, especially when the temperature of the rear-
ing environment decreases.

It is known that some wasp species use similar 
nesting material in their natural habitats and this ma-
terial may contain materials such as mud, sand, plant 
parts and resin, depending on the species (Williams 
and Goodell, 2000; Cane et al., 2009). Bumblebee 
(Bombus terrestris L.) brood cover wax material is 
produced nearly in a week by bumblebee and when 
a bumblebee colony was ends its life for any reason 
brood cover wax material becomes waste. 

Apitherapy is an important treatment method in 
traditional and complementary medicine practices. 
Natural hive products such as honey, propolis, pollen, 
bee bread and royal jelly produced by honey bees are 
used in Apitherapy. Recently, interest in bee products 
has increased due to diseases such as Covid 19, can-
cer, ulcer, etc. Because bee products have different 
biological activities such as antioxidant, antimicrobi-
al, anti-inflammatory, anticancer (Münstedt and Bog-
danov, 2009; Alvarez-Suarez, 2017; Pasupuleti, et 
al., 2017; Keskin et al., 2021; Narimaneet al., 2021). 
Brood cover wax material is a natural bee product that 
produced by bumblebees. However, this cover mate-
rial is also produced in the colonies in the breeding 

of Bombus terrestris L.in completely closed labora-
tory conditions where there is no foraging activity of 
the colony individuals. Therefore, it is important to 
assess the biochemical characterization of this cov-
er material, which is produced entirely by in-colonial 
individuals, to determine its usability in apitherapy 
applications and to raise awareness about evaluating 
this material as an alternative product. Thus, in this 
study, biochemical characterization of brood cover 
wax material that becomes waste after the death of a 
bumblebee colony was determined. This study is the 
first study in which the biochemical characterization 
of the material has been performed. Antioxidant and 
antimicrobial activities of the brood cover wax ma-
terial produced in B. terrestris colonies were deter-
mined. Results were compared with  literature data 
of Apis mellifera L. beehive products such as honey, 
pollen, bee bread (perga) and propolis that used in 
Apitherapy applications.

MATERIAL AND METHOD

Production of Brood Cover Wax Material
Cover material was obtained from Bombus ter-

restris colonies reared in a completely closed envi-
ronment and under laboratory conditions where there 
is no foraging activity of individuals (Figure 1). Ac-
cording to our personal observations for many years, 
the decrease in the ambient temperature, the colonies 
covered the nest area with a thin wax cover. For this 
reason, in the study, four B. terrestris colonies were 
transferred to a lower temperature (temperature: 15-
16 oC, relative humidity: 50-55%) from a rearing cab-
inet with standard rearing conditions (temperature: 
27-28 oC, relative humidity: 50-55%) (Yoon et al., 
2002; Gosterit and Gurel, 2016). For this purpose, it 
was paid attention to have one healthy queen, approx-
imately 90-100 worker bees and a large hatching area 
in the selected colonies. Colonies were fed ad libitum 
with fresh frozen pollen and sugar syrup (50 Brix). 
One week after their transfer to the cold environment, 
the cover material knitted over the brood area in the 
colonies was taken and analyzed. Five different brood 
cover wax material were analyzed (Figure 2).

Extraction of Brood Cover Wax Material
Frozen raw brood cover wax material sample was 

grinded, and 5g of powdered raw sample was dis-
solved in 50 ml 70 % ethanol in a glass flask (500 ml), 
stirred on a shaker (Heidolph Promax 2020, Schwa-
bach, Germany) at room temperature for 48 hours and 
after filtration, the extract was evaporated with a Ro-
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tary evaporator (Heidolph Hei-VAP Value Digital G3) 
and stored at -20 °C (Keskin and Kolaylı, 2018).

Determination of Total Phenolic Content
Total phenolic content of nest cover samples 

was determined according to Slinkardand Singleton 
(1977). The basis of the determination of the total 
phenolic content by this method is based on the redox 
reaction in which phenolic compounds reduce the Fo-
lin-Ciocalteu reagent in basic medium and transform 
themselves into the oxidized form. The Folin-Ciocal-
teu reagent acts as the oxidizing compound here. By 
measuring the absorbance of the blue color formed 
by the reduced reagent as a result of the reaction, it 
is possible to calculate the total amount of phenolic 
compounds in the sample. The color intensity of the 
complex formed is directly proportional to the con-

centration of phenolic content and gives maximum 
absorbance at 760 nm. The mixture of the reaction (20 
μLsample, 680 μL distilled water,  400 μL 0.5 N Folin 
reagent, after vortex 400 μL of 10% sodium carbonate 
added)  incubated in a dark place for 30 min then the 
absorbances at 760 nm were recorded. Gallic acid at 
different concentrations (1.0; 0.5; 0.25; 0.125; 0.0625 
and 0.025 mg/ ml) was used as standard for calibra-
tion curve. Results were expressed as mg GAE/g.
Analyses were performed in triplicate.

Determination of Total Flavanoid Content
Total flavonoid content was determined accord-

ing to Fukumoto and Mazza (2000). Quercetin (QE) 
at different concentrations (0.25; 0.125; 0.0625; 
0.03125; 0.015625 and 0.0078125 mg/ml) was used. 
The absorbance of the tubes against distilled water at 

Figure 1. Bumblebee nest box

Figure 2. Brood cover wax materials
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415 nm was recorded 40 minutes after the pipetting 
was finished. The calibration curve was drawn with 
the recorded absorbance values versus the concentra-
tion (y=4.4349x+0.0325, R2: 0.9991). The total flavo-
noid content of brood cover wax material extracts was 
calculated according to the drawn standard graph, and 
the total amount of flavonoids was expressed as mg 
QE/ml nest cover extract. Analyses were performed 
in triplicate.

Ferric Reducing Power (FRAP) 
The FRAP method is the most commonly used 

method for the determination of the antioxidant ca-
pacity of natural products, and it is a method based 
on the reduction of iron (III) ion in the Fe(III)-TP-
TZ complex of antioxidant substances and hydrogen 
transfer (Benzie and Strain, 1999). Fe (III) reduced 
by the antioxidant substances in the solution gives 
maximum absorbance at 593 nm. The FRAP reagent 
consists of mixture of 10 mM TPTZ in 40 mM HCl 
and 20 mM FeCl3.6H2O and 300 mM acetate buffer 
(pH3.6), in 1:1:10 ratio respectively. The calibration 
curve (y=0.0005x-0.0229, R2: 0.9944) was created 
using the Trolox standard in different volumes (1000-

500-250-125-62.5 µM). 50 µl of brood cover wax 
material extract and standard Trolox solutions were 
vortexed with FRAP reagent (1.5ml) and were kept at 
room temperature for 20 minutes. The absorbance of 
the tubes were recorded at 593 nm. Results were exp-
ressed in terms of mmol FeSO4.7H2O/g brood cover 
wax material. Analyses were performed in triplicate.

1,1-Diphenyl-2-picrylhydrazyl radical (DPPH•) 
Antioxidant Assay

The DPPH radical (2,2-diphenyl-1-picrylhydra-
zil) is a commercially available radical and a 100 
µM methanol solution of this radical is used in trials. 
Samples in different concentrations were prepared by 
diluting the stock solution with methanol. An equal 
volume (750 µl) of DPPH solution and sample solu-
tions were mixed and left at room temperature for 
50 minutes. At the end of the period, absorbance 
was recorded at 517 nm, where DPPH gives maxi-
mum absorbance. Absorbance of the samples were 
plotted against corresponding concentrations and 
SC50 value was calculated and expressed against the 
trolox standard (0.000625 to 0.02 mg/ml) (Cuendent 
et al., 1997). The antioxidant capacity was expressed 

Table 1. Validation parameters of HPLC-UV

Standards R2 Limit of Detection (LOD) 
(µg/ml)

Limit of Quantification
(LOQ) (µg/ml)

Gallic acid 0.9984 0.0099 0.0331
Protocatechuic acid 0.9986 0.0042 0.0139
Chlorogenic acid 0.9975 0.0199 0.0662
P-OH benzoic acid 0.9988 0.0309 0.1031
Epicatechin 0.9991 0.0569 0.1896
Caffeic acid 0.9991 0.0859 0.2865
Syringic acid 0.9986 0.0203 0.0676
M-OH benzoic acid 0.9997 0.0074 0.0247
Routine 0.9991 0.0838 0.2793
Ellagic acid 0.9998 0.0896 0.2988
P-coumaric acid 0.9981 0.0333 0.1108
Ferulic acid 0.9982 0.0196 0.0653
Myricetin 0.9980 0.0868 0.2895
Resveratrol 0.9999 0.0336 0.1120
Daidzein 0.9995 0.0230 0.0768
Luteolin 0.9999 0.0254 0.0847
Quercetin 0.9999 0.0022 0.0074
t-Cinnamic acid 0.9982 0.0286 0.0954
Apigenin 0.9997 0.0439 0.1463
Hesperidin 0.9997 0.0035 0.0117
Rhamnetin 0.9978 0.0165 0.0546
Chrysin 0.9997 0.0206 0,0687
Pinocembrin 0.9999 0.0852 0.2841
CAPE 0.9998 0.0037 0.0124
Curcumin 0.9952 0.0908 0.3027
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as SC50 mg/ml Trolox equivalents, by making use of 
the calibration curve of Trolox (y=0.7354e(-0.409x), R2: 
0.9925). Analyses were performed in triplicate.

Determination of Phenolic Profile by HPLC-UV
Analyzes were made using a UV lamp in reverse 

phase HPLC. UV analyzes were performed on a 
UV-Hitachi HPLC (Elite LaChrom, Hitachi, Japan) 
system equipped with a UV detector that can respond 
simultaneously at two wavelengths (280 and 315 
nm). Analyzes were   performed using Fortis phenyl 
(150x4.6mm 5μ) and applying a gradient program 
with acetonitrile, water and acetic acid. The injection 
volume was set to 25 µl, the flow rate was set to 1.2 
ml/min, and the column temperature was set to 30°C 
in the column furnace (Can et al., 2015).Validation 
parameters were given in Table 1. Analyses were per-
formed in triplicate.

Bacterial Strains and Growth Conditions
Antimicrobial activity of samples were studied us-

ing ten bacteria (four gram-positive: Listeria mono-
cytogenes ATCC®7677, Bacillus subtilis B209,, 
Staphylococcus aureus ATCC 6538, Bacillus cere-
us ATCC®10876), four gram-negative Pseudomo-
nas aeruginosa ATCC®27853, Citrobacter freundii 
ATCC®43864 (-), Escherichia coli, ATCC®25922, 
Klebsiella pneumoniae ATCC®13883, Mueller Hinton 
Agar (MHA, Merck) or Mueller Hinton Broth (MHB, 
Merck), yeast Saccharomyces cerevisiae ATCC 976, 
and fungi, Candida albicans ATCC®10231) and Sa-
bouraud Dextrose Broth (SDB, Difco) or Sabouraud 
Dextrose Agar (SDA, Oxoid) were used for growing 
bacterial and yeast or fungal cells, respectively.

Disc Diffusion Assay
Antimicrobial activity was measured according 

to Ronald’s (1990) method. Bacterial strains were 
grown in MHA for 24 h at 37°C, and fungal strains 
were grown in SDA at 27°C for 48 h. Overnight cul-
tures were diluted with 0.9% w/v saline solution and 
turbidities of bacterial and fungal cell solutions were 

adjusted to 0.5 McFarland respectively. 100 μL of 
each diluted suspension was placed over agar in petri 
dishes and dispersed. Then, sterile discs with a diame-
ter of 6 mm were placed on agar to load stock solution 
prepared at 30 μg/ml concentrations. As a positive 
control, nystatin for fungi and amoxicillin and cep-
hazolin for bacteria were used. Alcohol was also used 
as a negative control. Inhibition zones which formed 
on the medium were measured in millimeter (mm) af-
ter incubation for 24 h at 37°C and 27°C for antibac-
terial and antifungal activities, respectively. All tests 
were made in triplicate.

RESULTS
As a result of the study, it was determined that the 

total amount of phenolic content as a result of the ex-
traction of different bee nests ranged from 3.778 to 
9.504 mg GAE/g. It was determined that the total 
amount of flavonoid substance ranged between 0.9 
and 2.97 mg QE/g, the FRAP values of the bee nest 
samples varied between 21.93 and 52.28 mmol Fe-
SO4.7H2O/g, and the DPPH• SC50 values between 0.84 
and 1.92 mg/ml (Table 2). As a result of our study, it 
was determined that all bee nests contain p-couma-
ric acid, quercetin, t-cinnamic acid, chrysin and pi-
nocembrin. It was determined that bee nest extracts 
contained quercetin as a major component (Table 3). 

A total of five ethanol extracts from different sam-
ple of the brood cover wax material were investigated. 
The determination of the inhibition zones by diffusion 
disc plates on agar method showed that  allsamples 
extracts tested exhibited an antimicrobial effect 
against some of the ten microorganisms tested. The 
results proved that especially the extract from 1, 2, 3, 
4 and 5 showed weakly antibacterial and antifungal 
activity against B. subtilis strains tested. However, the 
extract of 5 showed only antifungal activity against S. 
cerevisiae, C.albicans but did not show antimicrobial 
activity against the bacteria tested. The extracts from 
samples 1, 2, 3, 4 and 5 showed too weak antibacterial 
and antifungal activities against all the strains tested. 

Table 2. Antioxidant activity ofbrood cover wax materials

Colony Number
Total Phenolic 

Content
mgGAE/ g

Total Flavanoid 
Content
mgQE/g

FRAP 
(mmolFeSO4.7H2O/g) DPPH

SC50 (mg/ml)

1 7.005±0.648 1.765±0.070 29.034±0.947 1.638±0.049
2 3.778±0.165 0.900±0.012 21.933±0.638 1.344±0.041
3 5.471±0.177 1.522±0.013 23.879±0.564 1.922±0.044
4 9.504±0.353 2.977±0.038 52.283±0.662 0.847±0.022
5 7.768±0.091 2.195±0.113 32.111±0.925 1.388±0.023
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The largest inhibitory zones were observed with the 
extracts of 3 against, for bacteria and fungi (Table 4).

DISCUSSION
The use of bee products as food supplements and 

in supportive treatment is increasing day by day. It 
is stated in studies that the products obtained from 
beehives have many effects on health (Münstedt and 

Bogdanov, 2009; Hegazi, 2012; Habrykaet al., 2016; 
Alvarez-Suarez, 2017, Kocot et al., 2018). Howev-
er, the biological active properties of these products 
should be determined before they are used. Although 
brood cover wax material is a valuable product ob-
tained from bublumbees beehives, biochemical char-
acterization of it has not performed before. Thus, 
results of our study need to be compared with liter-

Table 3. Phenolic profile of brood cover wax materials
Phenolics (mg/g) 1 2 3 4 5

Gallic acid - - - - -
Protocatechuic Acid 0.986±0.01 - 4.422±0.01 2.673±0.01 5.225±0.01
Chlorogenic Acid - - - - -

p-OH Benzoic Acid - 5.119±0.02 13.713±0.02 12.368±0.01 12.068±0.01
Epicatechin - - - - -
Caffeic Acid - - - - -

Syringic Acid - - - - -
m-OH Benzoic Acid - - - - -

Rutin 10.318±0.01 N.D. 16.148±0.02 31.802±0.01 25.060±0.01
Ellagic Acid - - - - -

p-Coumaric Acid 11.365±0.01 6.322±0.01 6.648±0.01 11.588±0.01 12.530±0.01
Ferulic Acid - - - - -

Myricetin - - - - -
Resveratrol - - - - -

Daidzein - - - - -
Luteolin 32.258±0.02 12.525±0.02 21.809±0.02 33.377±0.02 32.828±0.02

Quercetin 185.567±1.2 87.200±0.9 147.381±1.3 324.808±1.5 185.408±0.9
t-Sinnamic Acid 3.869±0.01 2.915±0.01 2.539±0.01 2.283±0.01 2.374±0.01

Apigenin 28.935±0.01 - - 24.360±0.01 -.
Hesperetin - - - - -
Ramnetin - - - - -

Krisin 8.254±0.01 4.864±0.01 2.794±0.01 3.338±0.01 4.547±0.01
Pinocembrin 4.355±0.02 2.525±0.02 0.792±0.02 2.369±0.01 4.377±0.01

Caffeic Acid Phenethyl Ester 
(CAPE) - - - - -

Curcumin - - - - -
N.D: Not determined

Table 4. Zone diameters [mm] of inhibition showing the antimicrobial activity of samples
Microorganism 1 2 3 4 5 Ampicillin Cephazolin Nystatin

B.subtilis 12.76±0.87 12.70±0.63 12.39±0.56 12.79±0.44 11.77±0.05 32.56±0.65 33.67±0.98 N.T.
B.cereus 7.08±0.67 6.00±0.00 7.20±0.14 7.62±0.65 8.25±0.62 23.58±0.054 26.43±0.053 N.T.
S.aureus 8.78±0.43 6.00±0.00 8.34±0.66 7.58±0.75 8.77±0.34 11.76±0.54 6.00±0.00 N.T.

L.monocytogenes 6.00±0.00 6.00±0.00 8.68±0.10 7.57±0.35 8.73±0.83 26.34 ±0.54 30.45±0.73 N.T.
C.freundii 9.86±0.73 9.45±0.87 9.99±0.87 7.86±0.73 8.42±0.43 14.89±0.12 16.86±0.67 N.T.

K.pneumoniae 9.63±0.12 12.79±0.45 10.86±.73 7.36±0.67 8.91±0.63 14.74±0.84 16.17±0.56 N.T.
P.aeruginosa 7.92±0.66 7.23±0.81 7.48±0.88 8.76±0.54 8.62±0.43 30.67±0.74 25.33±0.83 N.T.

E.coli 7.22±0.82 7.00±0.21 7.74±0.33 8.62±0.52 8.25±0.66 22.00±0.23 17.00±0.00 N.T.
S.cerevisiae 7.62±0.23 7.32±0.43 7.09±0.43 7.52±0.32 12.30±0.43 N.T. N.T. 17.00±0.32
C.albicans 6.00±0.00 7.12±0.00 7.56±0.71 7.00±0.61 13.00±0.12 N.T. N.T. 17.89±0.54

-: noinhibition, NT: Not tested , Listeriamono cytogenes ATCC®7677, Bacillus subtilis B209, Staphylococcus aureus ATCC 6538, 
Bacillus cereus ATCC®10876) Pseudomonas aeruginosa ATCC®27853,Citrobacter freundii ATCC® 43864 (-), Escherichia coli, 
ATCC®25922, Klebsiella pneumoniae ATCC®13883,  yeast Saccharomyces cerevisiae ATCC 976 , and fungi, Candida albicans 
ATCC®10231
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ature data obtained for honey beehive products. In a 
study conducted by Keskin and Ozkok (2020), it was 
stated that the amount of total phenolic substance of 
honey bee pollen and bee bread obtained from the 
same hive were 5.57-6.93 mg GAE/g, respectively. 
According to Kolaylı et al. (2020), the total phenolic 
content of different honey and propolis samples was 
determined. According to that study, it was stated that 
the total phenolic content of different honey samples 
varied between 2.42 and 10.51 mg GAE/g, while the 
propolis samples ranged between 10.33 and 23.21 mg 
GAE/g (Kolaylı et al., 2020). When the total pheno-
lic content of bee nests is compared with other prod-
ucts in the honey bee beehive product, it is seen that 
honey, bee bread and pollen have a similar amount 
of total phenolic content, while propolis contains rel-
atively higher total phenolic substance. Abdallah et 
al. (2020) reported that the total flavonoid content 
in two honey samples harvested from Algeria varied 
between 0.68 and 0.93 mg QE/g. Keskin and Ozkok 
(2020) stated that the total flavonoid content of pollen 
and bee bread samples was 2.11 and 2.27 mg QE/g, 
respectively. In the study on propolis standardization 
conducted by Keskin and Kolaylı (2018), it is stat-
ed that the average total amount of flavonoid content 
in propolis samples collected from different regions 
of Turkey is 2%. Wang et al. (2016) determined that 
the total phenolic and flavonoids content of Korean 
propolis ranged from 49 to 239 mg gallic acid equiva-
lent (GAE)/g EEP Brazilian, Chinese, and Australian 
samples, 127–142 mg GAE/g EEP) and from 21 to 50 
mg quercetin equivalent (QE)/g EEP Brazilian, Chi-
nese, and Australian samples, 33–53 mg QE/g EEP), 
respectively. 

In the light of these data, bee nest extracts can be 
an alternative to honey, pollen and bee bread in terms 
of total flavonoid content. Aliyazicioglu et al. (2013) 
stated in their study that the FRAP values ​​of different 
propolis samples varied between 182.1 and 325.4 µM 
Trolox/g propolis. Keskin and Ozkok (2020) stated 
in their study that pollen and bee bread FRAP values ​​
were 64.56 and 83.62 µmol FeSO4.7H2O/g sample, 
respectively. Can et al. (2015) stated in their study 
that the FRAP values ​​of propolis samples harvested 
from Azerbaijan varied between 170.27 and 437.90 
μM Trolox/g, and the DPPH•  SC50 values ​​between 15 
and 198 mg/ml. Saral (2018) stated in  a study that 
the FRAP values ​​of honey samples collected from the 
Eastern Black Sea region ranged from 1.25 to 49.92 
μmol FeSO4/g sample. Gul and Pehlivan (2018) col-
lected honey samples from different regions of Turkey 

in their study. Accordingly, they found that FRAP val-
ues ​​ranged between 0.0022- 0.0091 mg/100 g honey 
and DPPH• values ​​varied between 12.01 mg/ml and 
65.52 mg/ml. Ozkok et al. (2021) stated in their study 
that half of 23 different propolis samples were rich 
in quercetin. Malkoç et al. (2019) stated that Anzer 
honey is rich in p-coumaric acid (63-1405 µg/100g), 
t-cinnamic acid (4-65 µg/100g) and pinocembrin 
(3000-6420 µg/100g). When honey and propolis are 
compared with the amounts of p-coumaric, quercetin, 
pinocembrin and t-cinnamic acid, it is clear that bee 
nests contain more of these components. In a study, the 
bioactivity of different pollen samples were compared 
(Margaoan et al., 2021). Accordingly, they determined 
that the total amount of phenolic substance varied be-
tween 16.40 and 41.17 mg GAE/g and the flavonoids 
content varied between 2.39 and 7.17 mg QE/g. They 
determined that the highest value of DPPH•  was 2.93 
mmolTrolox/g and 9.64 mmol Trolox/g for the TEAC. 
Akbulut and Akkemik (2018) compared the bioactive 
properties of honey, pollen and propolis samples in 
their study. They stated that the total phenolic sub-
stance amount of honey samples extracted with eth-
anol varied between 28-32 mg GAE/g. On the other 
hand, Nakajima et al. (2009) compared the antioxidant 
properties of different bee products in their study. Ac-
cordingly, it was stated that the antioxidant activity 
of propolis was higher than the antioxidant activity 
of pollen. It was emphasized that this difference was 
due to the amounts of phenolic components such as 
coumaric acid and Artepillin C. Karadal et al. (2018) 
compared the antioxidant and antibacterial activities 
of different hive products in their study. According-
ly, it was emphasized that propolis samples had the 
highest total phenolic content. It was stated that honey, 
pollen and propolis samples all showed antibacterial 
activity, but propolis had the strongest antibacterial ac-
tivity. Adaškeviˇciute et al. (2019) compared the total 
phenolic, flavonoid content and antioxidant activities 
of bee pollen with other hive products. Accordingly, it 
was stated that pollen samples had higher total flavo-
noid content than other products.

CONCLUSION
Bumblebee (Bombus terrestris L.) is a bee spe-

cie that has an important place in pollination. In this 
study, the biochemical characterization of bumblebee 
nest wax covers, which are produced in a controlled 
manner, was studied for the first time and their anti-
microbial activities were determined. It is clear that 
the nest wax cover produced by Bumblebee, which is 
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thought to be involved only in pollination, has almost 
equivalent activity to Apis mellifera L. bee race hive 
products such as honey and bee pollen. This shows 
that bumblebee nest wax cover extract can be an alter-

native product for apitherapy applications.

CONFLICT OF INTEREST
None declared by the authors.

REFERENCES

Abdellah F, Makhloufı C, Boukraa L, Hammoudı SM, Amel SAFA, Dellel 
N, Benaraba R (2020) Physico-chemical properties and antibacterial 
and antioxidant activity of two varieties of honey from Algerian step-
pe. Journal of Apitherapyand Nature 3(2): 59-74

Adaškevičiūtė V, Kaškonienė V, Kaškonas P, Barčauskaitė K, Maruška A 
(2019) Comparison of physicochemical properties of bee pollen with 
other bee products. Biomolecules 9(12): 819

Akkemik E, Akbulut G (2018) An ınvestigation of ınhibition effects of 
honey pollen propolis and royal jelly extracts on thioredoxin redu-
ctase enzym eactivity. Sakarya Üniversitesi Fen Bilimleri Enstitüsü 
Dergisi 22(6): 1585-1590

Aliyazıcıoglu R, Sahin H,Erturk O, Ulusoy E, Kolayli S (2013) Properties 
of phenolic composition and biological activity of propolis from Tur-
key. International Journal of Food Properties 16(2): 277-287

Alvarez-Suarez J M (Ed) (2017) Beeproducts. In: Chemical and biologi-
cal properties Springer

Cane JH, Griswold T, Parker FD (2007) Substrates and materials used 
for nesting by North American Osmiabees (Hymenoptera: Apifor-
mes: Megachilidae). Annals of the Entomological Society of Ame-
rica 100:350-358

Benzie I F, Strain J J (1999) Ferric reducing/antioxidant power assay: dire-
ct measure of total antioxidant activity of biological fluids and modi-
fied version for simultaneous measurement of total antioxidant power 
and ascorbic acid concentration. Methods in Enzymology 299: 15-27

Can Z, Yildiz O, Sahin H, Turumtay EA, Silici S, Kolayli S (2015) An 
investigation of Turkish honeys: their physico-chemical properties 
antioxidant capacities and phenolic profiles.  Food Chemistry  180: 
133-141

Cuendet M, Hostettmann K, Potterat O, Dyatmiko W (1997) Iridoid glu-
cosides with free radical scavenging properties from Fagraea blu-
mei. Helvetica Chimica Acta 80(4): 1144-1152

Demirsoy A (2001) Yaşamın Temel Kuralları Omurgasızlar/Böcekler En-
tomoloji Cilt-2 Kısım-2 Meteksan AŞ Baskı Tesisleri Ankara

de Luca PA, Vallejo-Marin M (2013) What’s the ‘buzz’ about? The eco-
logy and evolutionary significance of buzz-pollination. Current Opi-
nion in Plant Biology 16 (4): 429-435

Fukumoto LR, Mazza G (2000) Assessing antioxidant and prooxidant 
activities of phenolic compounds. Journal of Agricultural and Food 
Chemistry 48(8): 3597-3604

Gosterit A, Gurel F (2016) Male remating and its influences on queen 
colony foundation success in the bumblebee, Bombusterrestris. Api-
dologie 47(6): 828-834.

Gosterit A,Gurel F (2018) The role of commercially produced bumblebe-
es in Good Agricultural Practices. Scientificpapers Series D Animal-
Science LXI (1): 201-204

Gül A, Pehlivan T (2018) Antioxidant activities of some mono floral ho-
ney types produced across Turkey. Saudi Journal of Biological Scien-
ces 25(6): 1056-1065

Habryka C,Kruczek M, Drygaś B (2016) Bee products used in apithe-
rapy. World Scientific News (48): 254-258

Hegazı A G (2012) Medical importance of bee products. Uludağ Arıcılık 
Dergisi/ Uludag Bee Journal 12(4): 136-146

Karadal F, Onmaz N E, Abay S,Yildirim Y, Al S,Tatyuz I,Akcay A (2018) 
A study of antibacterial andantioxidant activities of beeproducts: pro-
polis pollen and honey samples. Ethiopian Journal of Health Deve-
lopment 32(2): 116-122

Keskin M, Kolaylı S (2018) Propoliste standardizasyon mümkün 
mü?. Uludağ Arıcılık Dergisi/ UludagBeeJournal 18(2): 101-110

Keskin M, Özkök A (2020) α-Amylase Inhibition Properties of Bee Pol-
len and Bee Bread (Perga). Hacettepe Journal of Biology and Che-

mistry 48(4): 389-393
Keskin S, Karlidag S, Mayda N, Ozkok A (2021). Comparison of bioche-

mical and antimicrobial activities of different honey samples. Czech 
Journal of Food Sciences 39(4): 273-280

Kocot J,Kiełczykowska M,Luchowska-Kocot D,Kurzepa J,Musik I 
(2018) Antioxidant potential of propolis bee pollen and royal jelly: 
possible medical application. Oxidative Medicine and Cellular Lon-
gevity 2018:7074209

Kolayli S,Palabiyik I, Atik D S, Keskin M,Bozdeveci A,Karaoglu S A 
(2020) Comparison of antibacterial and antifungal effects of diffe-
rent varieties of honey and propolis samples Acta Alimentaria 49(4): 
515-523

Malkoç M, Çakır H, Kara Y, Can Z, Kolaylı S (2019) Phenolic compositi-
on and antioxidant properties of Anzer honey from black sea region of 
Turkey. Uludağ Arıcılık Dergisi/ Uludag Bee Journal 19(2): 143-151

Mărgăoan R, Özkök A, Keskin Ş, Mayda N, Urcan A C, Cornea-Cipcigan 
M (2021) Bee collected pollen as a value-added product rich in bio-
active compounds and unsaturated fatty acids: A comparative study 
from Turkey and Romania. LWT 111925

Münstedt K, Bogdanov S (2009) Bee products and their potential use 
in modern medicine. Journal of ApiProduct and ApiMedical Scien-
ce 1(3): 57-63

Nakajima Y, Tsuruma K, Shimazawa M, Mishima S, Hara H (2009) 
Comparison of bee products based on assays of antioxidant capaci-
ties. BMC Complementary and Alternative Medicine 9(1): 1-9

Segueni N, Keskin Ş, Kadour B, Kolaylı S, Salah A (2021) Comparison 
between phenolic content, antioxidant, and antibacterial activity of 
Algerian and Turkish propolis. CombinatorialChemistry& High Th-
roughputScreening, 24(10): 1679-1687

Özkök A, Keskin M, Samancı A E T, Önder E Y, Takma Ç (2021) De-
termination of antioxidant activity and phenolic compounds for 
basic standardization of Turkish propolis. Applied Biological Che-
mistry 64(1): 1-10

Pasupuleti V R, Sammugam L, Ramesh N, Gan S H (2017) Honey pro-
polis and royal jelly: a comprehensive review of their biological ac-
tions and health benefits.  Oxidative Medicine and Cellular Longe-
vity 2017: 1259510

Ronald MA (1990) Microbiologia Compania editorial continental SA de 
CV Mexico DF 505

Saral Ö (2018) Determination of antioxidant activities of the chestnut 
and flower honeys collected from Eastern Black Sea Region in Tur-
key. Journal of Apitherapyand Nature 1(1): 28-32

Slinkard K,Singleton V L (1977) Total phenolanalysis: automation and 
comparison with manualmethods. Americanjournal of Enology and 
Viticulture 28(1): 49-55

Wahengbam J, Raut AM, Satinder P, Banu AN (2019) Role of bumblebee 
in pollination. Annals of Biology 35 (2): 290-295

Wang X,Sankarapandian K,Cheng Y,Woo S O,Kwon H W,Perumalsamy 
H, Ahn Y J (2016) Relationship between total phenolic contents and 
biological properties of propolis from 20 different regions in South 
Korea. BMC complementary and Alternative Medicine 16(1): 1-12

Williams N M,Goodell K (2000) Association of mandible shape and nest-
ing material in Osmia Panzer (Hymenoptera: Megachilidae): a mor-
phometricanalysis. Annals of the Entomological Society of America 
93: 318-325

Yoon HJ, Kim SE, Kim YS (2002) Temperature and humidity favorable 
for colony development of the in door-reared bumblebee, Bombusig-
nitus. Applied Entomology and Zoology 37(3): 419-423

Powered by TCPDF (www.tcpdf.org)

http://www.tcpdf.org

