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Abstract

Bee venom is a natural substance produced by worker bees. The aim of this research paper
is to determine the characteristics of Anatolian bee venom by evaluating its chemical con-
tent and microbiological properties. Physical, chemical and microbiological analyses were
performed on 25 bee venom samples from different areas of Anatolia, Turkey. Data
obtained by 3-replicate studies were evaluated with normality and one-way and two-way
ANOVA / Tukey tests. Chemical analyses of the bee venoms revealed average melittin,
apamin, and phospholipase A2 contents of 40.57%, 2.12% and 13.67%, respectively. The
results suggest that Anatolian bee venom has a high phospholipase A2 content compared
to the previous literature. The results for apamin content were similar to those reported in
other countries. Melittin content was within the range of standard values. Bee venom sam-
ples were also observed to have a high sugar content, associated with pollen and nectar
contamination. Total aerobic mesophilic bacteria counts revealed no microbial development
in 11 samples of bee venom. Staphylococcus aureus was not detected in any sample. A low
microbial load was associated with a high phospholipase A2 content in the bee venom com-
position, thus contributing to its antimicrobial character. This study presents an examination
of Anatolian bee venom in terms of chemical content and microbial quality. The examination
of other components in addition to phospholipase A2, melittin and apamin in future studies,
together with an analysis of antimicrobial properties will further our understanding of Anato-
lian bee venom.

Introduction

Bee venom is a natural substance produced by worker bees (Apis mellifera anatoliaca) [1].
Honeybees have two separate glands at the base of the needle apparatus, an acid gland (venom
gland) and an alkaline gland (Dufour gland). The venom gland is responsible for producing
bee venom and thus plays a defensive role. The venom produced is stored in the venom gland
[2]. This gland begins to produce bee venom with the emergence of the new adult bee [3].
Although one-day-old bees possess some quantity of venom, they are unable to sting during

PLOS ONE | https://doi.org/10.1371/journal.pone.0255161

July 22, 2021 1/14


https://orcid.org/0000-0003-1639-6495
https://doi.org/10.1371/journal.pone.0255161
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0255161&domain=pdf&date_stamp=2021-07-22
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0255161&domain=pdf&date_stamp=2021-07-22
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0255161&domain=pdf&date_stamp=2021-07-22
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0255161&domain=pdf&date_stamp=2021-07-22
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0255161&domain=pdf&date_stamp=2021-07-22
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0255161&domain=pdf&date_stamp=2021-07-22
https://doi.org/10.1371/journal.pone.0255161
https://doi.org/10.1371/journal.pone.0255161
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

PLOS ONE

Properties of Anatolian bee venom

this period since the sting has not yet hardened. From the second day of life on, the activity of
the acid gland increases, and bee venom production peaks in bees aged 16-19 days. The
amount of venom in a bee ranges between 0.05 and 0.3 ml / bee, depending on the season and
the nature of the animal [2].

Bee venom consists of a complex mixture of proteins, peptides and low molecular compo-
nents [1]. It is also known for its antibacterial, anti-fungal, antiviral, metabolic, anti-inflamma-
tory, anti-arthritis and anticancer characteristics. Bee venom exhibits numerous biological
activities, such as effects on the immune system, the central and peripheral nervous systems,
and the cardiovascular system [4]. In addition to being traditionally used in the treatment of
pain, skin diseases and rheumatism, studies have also reported that it exhibits anti-carcino-
genic activity against prostate, liver and breast cancers [5].

Melittin, which constitutes 40%-50% of the dry weight of bee venom, is a polypeptide with
a 26 linear amino acid sequence. Melittin, which is cationic and hemolytic, exhibits amphi-
pathic properties by containing hydrophilic parts with the carboxy end and hydrophobic parts
with the amino side in its structure [6]. In addition to reducing surface tension by disrupting
the membrane structure, it also induces cortisol production with its anti-inflammatory effects.
It affects the central nervous system and enables the pituitary gland to produce cortisol. Melit-
tin increases blood circulation by affecting the muscles and causes a decrease in blood pressure
[7]. One study of different bee venoms examined the effects of bee venom on gram-positive
and gram-negative bacteria and reported that melittin contributed to the anti-bacterial proper-
ties of the venom [8].

Bee venom is used in the treatment of immune-related diseases and tumours [9, 10]. Pep-
tides in the venom, such as melittin and phospholipase A2, target numerous cancer cells such
as renal, lung, liver, prostate, bladder and breast cancer cells [11]. Moreover, it has been sug-
gested that the anti-cancer mechanism of action of bee venom is due to the cytotoxic effect in
the cell caused by the activation by melittin of phospholipase A2 [12, 13]. Melittin exhibits
effects on tumour cells. Studies show that melittin inhibits growth in tumour cells by stopping
the cell cycle. In addition to changing the membrane structure of cancer cells and preventing
their transformation, it also causes cells to undergo apoptosis, programmed cell death. In one
study, melittin was tested for apoptosis of tumour cells in liver cancer (HCC), one of the most
common types of cancer worldwide. Positive results were obtained with its use in combination
with various compounds [14]. Melittin is thought to exert a similar effect to that on tumour
cells on other types of cancer cells. In another study involving HIV-1, melittin was found to
prevent transmission of the virus. While toxic effects were observed on cells involving free-
form melittin, this effect disappeared when melittin was applied as a nanoparticle, and it exhib-
ited anti-viral properties [15]. It is therefore important for bee venom samples to have a high
melittin content, since this determines the venom quality.

In contrast to other substances, phospholipase A2 in bee venom is an enzyme and is present
at levels of approximately 10% - 12% by dry weight. This enzyme, the most effective of the
known allergen substances in venom, is also a harmful component that causes the breakdown
of phospholipids. It also breaks down the phospholipids in the cell membrane, causing the
membrane structure to deteriorate. Researchers have concluded that the enzyme homologous
to human phospholipase A2 inhibits cell death caused by prions [16]. While the enzyme acti-
vated by melittin is thought to be involved in nervous system diseases such as Alzheimer’s and
Parkinson’s, it also affects the development of inflammation. In response to these effects of
phospholipase A, it has been determined that phospholipase B, which enables the breakdown
of toxic components, exhibits activity in bee venom [17].

Apamin, which contains 18 amino acids, contains two disulphide bridges in its structure.
One of the most important properties of apamin, one of the smallest neurotoxins in the
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venom, is its anti-inflammatory effect. An experiment on mice with atherosclerosis, a chronic
inflammatory disease, showed that apamin can be used in the treatment of the condition, with
dose-dependent anti-inflammatory effects [18]. In addition, while low doses affect the central
nervous system, high doses cause neurotoxic effects [19]. Apamin exhibits an allosteric inhibi-
tor property playing a significant role in several pathophysiological responses, such as athero-
sclerosis, Parkinson’s disease and hepatic fibrosis [20-23]. Apamin has been shown to exert a
selective blocking effect on Ca™? dependent K* (SK channels) channels in the central nervous
system. It has also been proposed for use in the treatment of Parkinson’s disease due to this
effect, which is beneficial for repetitive movements in neurons [19]. High concentrations of
apamin have been associated with an increase in pro-inflammatory cytokines [24]. The chemi-
cal content of bee venom is therefore highly important in terms of its efficacy. The purpose of
this paper was to investigate the content and microbiological contamination of bee venom
samples obtained from different parts of Anatolia, Turkey. Within the scope of the study, the
venom and infrastructure were first prepared for the analysis, followed by the development
and validation of the analysis methods. Since bee venoms may differ from each other depend-
ing on the region and time of collection, 25 different bee venom samples were obtained from
different parts of Anatolia. These were then subjected to physical, chemical and microbiolog-
ical analyses.

Materials and method

Sample collection

Twenty-five bee venom samples were collected from different cities in Turkey by an Apimak
bee venom collector (Arsum, Turkey) from the entrance of the hives. The bees passing through
this layer insert the glass where they are exposed to an electric current. Once the venom has
dried in this glass layer, it is collected by the beekeepers. The times and places of bee venom
sample collection are given in Table 1.

Physical analysis in bee venom

Bee venoms were analysed by examining their smell and appearance. In order to remove
impurities, 0.1 grams of powder bee venom samples were dissolved in 10 grams of distilled
water and filtered. Foreign material and other impurities were removed by filtration (What-
man(® qualitative filter paper, Grade 1).

Chemical analysis in bee venom

Determination of bee venom content by high performance liquid chromatography-
ultraviolet light (HPLC-UV). Melittin, apamin and phospholipase A2 in the bee venom
samples were separated using HPLC (VWR International, Radnor, USA) in a suitable solution
diluted with water, and subsequently determined photometrically in the ultraviolet region. A
Supelco Supelcosil LC-318 (Sigma-Aldrich Co. LLC, Darmstastadt, Germany) column (4,6 x
250 mm, 5 ym) was used at 220 nm. Ultra-distilled water and 0.1% trifluoroacetic acid (TFA)
were used for mobile phase A and 80:20 acetonitrile (ACN), ultra-distilled water and 0.1% tri-
fluoroacetic acid for mobile phase B. The linear gradient 24 method was applied with 5%-80%
mobile phase B. The flow rate was 1 ml/ minute and the injection volume 40 pl [25].

Analyses were performed using the modified DIN 10758 method. Stock standard solutions
of 1 mg / ml were prepared by dissolving phospholipase A2 and melittin in ultra-pure water
and apamin in ultra-pure water with 0.05 M acetic acid. By taking the appropriate amount
from each solution, standard solutions of 2%, 5%, 10%, 20%, 40%, and 50% were formed and

PLOS ONE | https://doi.org/10.1371/journal.pone.0255161  July 22, 2021 3/14


https://doi.org/10.1371/journal.pone.0255161

PLOS ONE

Properties of Anatolian bee venom

Table 1. Times and places of collection of bee venom samples.

Sample Origin Year of
collection

Bee Venom 1 Manisa June 2019
(Located between 27° 08’ and 29° 05’ east longitude and 38° 04’ and 39° 58’ north latitude.)

Bee Venom 2 Malatya June 2019
(Located between 38° 45" and 39° 08’ east longitude and 37° 54" and 39° 03’ north latitude.)

Bee Venom 3 Adana June 2019
(Located between 35° 52" and 36° 42’ east longitude and 36° 57" and 37° 45’ north latitude.)

Bee Venom 4 Adana July 2019
(Located between 35° 52" and 36° 42’ east longitude and 36° 57" and 37° 45’ north latitude.)

Bee Venom 5 Balikesir July 2019

(Located between 26° 28’ east longitude and 39° 40 'north latitude.)

Bee Venom 6 Denizli August 2019
(Located between 28° 30’ and 29° 30’ east longitude and 37° 12’ and 38" 12’ north latitude.)

Bee Venom 7 Mugla August 2019
(Located between 27° 13’ and 29° 46’ east longitude and 36° 17’ and 37° 33’ north latitude.)

Bee Venom 8 Malatya July 2019
(Located between 38° 45" and 39° 08’ east longitude and 37° 54" and 39° 03’ north latitude.)

Bee Venom 9 Adana July 2019
(Located between 35° 52" and 36° 42’ east longitude and 36° 57" and 37° 45’ north latitude.)

Bee Venom 10 Adana July 2019
(Located between 35° 52" and 36° 42’ east longitude and 36° 57" and 37° 45’ north latitude.)

Bee Venom 11 Denizli July 2019
(Located between 28° 30’ and 29° 30’ east longitude and 37° 12’ and 38" 12’ north latitude.)

Bee Venom 12 Denizli June 2019
(Located between 28° 30’ and 29° 30’ east longitude and 37° 12’ and 38° 12’ north latitude.)

Bee Venom 13 Manisa July 2019
(Located between 27° 08” and 29° 05’ east longitude and 38 04’ and 39° 58 north latitude.)

Bee Venom 14 Mugla July 2019
(Located between 27° 13’ and 29° 46’ east longitude and 36° 17" and 37° 33’ north latitude.)

Bee Venom 15 Konya June 2019
(Located between 31° 14’ and 34° 26’ east longitude and 36° 41" and 39° 16’ north latitude.)

Bee Venom 16 Adana August 2019
(Located between 35° 52" and 36° 42’ east longitude and 36° 57" and 37° 45 north latitude.)

Bee Venom 17 Malatya June 2019
(Located between 38° 45’ and 39° 08’ east longitude and 37° 54’ and 39° 03’ north latitude.)

Bee Venom 18 Malatya August 2019
(Located between 38° 45’ and 39° 08’ east longitude and 37° 54’ and 39° 03’ north latitude.)

Bee Venom 19 Denizli July 2019
(Located between 28° 30’ and 29° 30’ east longitude and 37° 12" and 38° 12’ north latitudes.)

Bee Venom 20 Adana July 2019
(Located between 35° 52" and 36° 42’ east longitude and 36° 57" and 37° 45’ north latitude.)

Bee Venom 21 Denizli July 2019
(Located between 28° 30’ and 29° 30’ east longitudes and 37° 12’ and 38° 12’ north latitude.)

Bee Venom 22 Adana June 2019
(Located between 35° 52’ and 36° 42’ east longitudes and 36° 57’ and 37° 45" north latitude.)

Bee Venom 23 Mugla July 2019
(Located between 27° 13’ and 29° 46’ east longitude and 36° 17” and 37° 33’ north latitude.)

Bee Venom 24 Konya June 2019
(Located between 31° 14’ and 34° 26’ east longitude and 36° 41’ and 39° 16 north latitude.)

Bee Venom 25 Manisa June 2019
(Located between 27° 08 and 29° 05’ east longitude and 38° 04" and 39° 58’ north latitude.)

https://doi.org/10.1371/journal.pone.0255161.t001
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fed into the vials and given to the HPLC device, where calibration curves were created. Next, 5
mg of bee venom samples to be analysed were weighed and diluted with 10 ml of ultra-pure
water. The syringe tip was filtered, placed into the vial, and given to the HPLC device. Three
replicates were analysed from each sample. Quantification was performed according to the
external standard method, using peak areas and peak heights [26].

Sugar analyses in the bee venom samples were performed with a Thermo Fisher Scientific
APS-2 Hypersil (Thermo Fisher Scientific Inc., Waltham, USA) column (4 x 250 mm, 5 um) in
HPLC using a Refractive Index (RI) detector. Isocritical analysis was carried out using the ace-
tonitrile:ultra-pure water (80:20) mobile phase. Standards for fructose, glucose and sucrose
were obtained from Sigma Co. Sugars in 0.5 g bee venom sample were extracted with acetoni-
trile-water solution and Carrez I-II and then purified by centrifugation and filtration [26].

Moisture content. Moisture determination analysis was carried out at 105°C with a Pre-
cisa XM50 (Precisa Gravimetrics AG, Switzerland) moisture analyser. Three analyses were
repeated for each of the 25 different samples collected [26].

Microbiological analysis

For total aerobic mesophilic microorganism counts, 0.1 grams of powder bee venom samples
were weighed in a sterile container before being homogenized by adding 10 grams of distilled
water into the sterile container. For optimal growth and recovery of microorganisms, the pH
of the sample suspension was adjusted to 6.6-7.2, with 1IN NaOH.1 mL sample being placed
onto 3M™ Petrifilm™ aerobic count plates (3MCompany, USA) and left to solidify for 1 minute.
The samples were than incubated at 35°C for 48 hours, and all red colonies were finally
counted independently of size and colour density.

For Staphylococcus aureus ATCC ®) 6538 (+) analysis, the samples were diluted by adding
peptone salt and buffered peptone according to the ISO 6887-1: 1999 method, and then
homogenized. The pH was adjusted to a range of 6-8 with 1N NaOH, and the samples were
placed onto Petrifilm plates. Red-purple colonies were counted by incubation at 37° C for 24
hours.

In order to count Candida albicans, which can grow in simple culture medium or selective
culture medium (CHROMagar Candida), the bee venoms were diluted and homogenized and
placed onto Petrifilm plates. Counting was performed after incubation for 24-72 hours at 25—
37° C.

For Escherichia coli ATCC ® 25922 Gram (-) counting, bee venom samples were first pre-
pared and weighed into a sterile container. These were than homogenized by adding distilled
water into the sterile container. For optimal growth and recovery of microorganisms, the pH
of the sample suspension was adjusted with IN NaOH to 6.6-7.2. Next, 1 mL of sample was
placed on Petrifilm plates and left to solidify for 1 minute. Following incubation at 35° C for
24 hours, gaseous blue colonies were finally counted.

For total yeast and mould counts, the sample was weighed and placed in a sterile container.
To this was added 0.1% peptone water and peptone salt diluents according to ISO method
6887-1. After homogenization, 1 mL was placed onto a Petrifilm plate and incubated at 20° C
for 3-5 days, after which coloured regions were counted. Yeasts appear as small, bronze to
blue-green coloured colonies, while moulds are large and brown, beige, orange, or blue-green
in colour.

Statistical analysis

The study data were subjected to statistical analysis. Data from repeated studies were evaluated
with normality, one-way and two-way analysis of variance (ANOVA) / Tukey tests.
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Results

Physical analysis in bee venom

Chemical analysis of bee venom

Table 2. Physical properties of bee venoms.

Melittin, apamin, phospholipase A2, glucose, fructose, sucrose and moisture content analy-
sis results were evaluated using Minitab19 software with 95% significance level normality and
two-way ANOVA / Tukey tests.

The physical properties of the 25 bee venom samples were examined (Table 2). The bee ven-
oms appeared in the form of a typical powder with a typical smell (resembling banana and
pear). The colours of the bee venoms varied from light yellow to beige and light brown.
According to the Turkish standard (TS) 13126, bee venom has a pungent smell, a bitter taste
and a clear yellowish colour. It dries at room temperature, loses 30%-40% of its mass and crys-
tallizes. The crystalline powder should have a pungent odour, a bitter taste, and an off-white
colour. The physical properties of the bee venom samples were found to compatible with the
standard.

Moisture determination. The moisture values of the analysed bee venom samples ranged
from 9.16 + 0.10% to 10.56+ 0.09% (Table 3). The results indicated no incompatibility in the
physical properties of the venoms.

Sample Appearance Color Smell
Bee Venom 1 Typical Powder Light Yellow Typical
Bee Venom 2 Typical Powder Beige Typical
Bee Venom 3 Typical Powder Light Brown Typical
Bee Venom 4 Typical Powder Light Yellow Typical
Bee Venom 5 Typical Powder Light Yellow Typical
Bee Venom 6 Typical Powder Light Yellow Typical
Bee Venom 7 Typical Powder Light Yellow Typical
Bee Venom 8 Typical Powder Light Yellow Typical
Bee Venom 9 Typical Powder Light Yellow Typical
Bee Venom 10 Typical Powder Light Yellow Typical
Bee Venom 11 Typical Powder Light Yellow Typical
Bee Venom 12 Typical Powder Light Yellow Typical
Bee Venom 13 Typical Powder Light Yellow Typical
Bee Venom 14 Typical Powder Light Brown Typical
Bee Venom 15 Typical Powder Light Yellow Typical
Bee Venom 16 Typical Powder Light Yellow Typical
Bee Venom 17 Typical Powder Light Yellow Typical
Bee Venom 18 Typical Powder Light Yellow Typical
Bee Venom 19 Typical Powder Light Brown Typical
Bee Venom 20 Typical Powder Light Yellow Typical
Bee Venom 21 Typical Powder Beige Typical
Bee Venom 22 Typical Powder Light Yellow Typical
Bee Venom 23 Typical Powder Light Yellow Typical
Bee Venom 24 Typical Powder Beige Typical
Bee Venom 25 Typical Powder Light Yellow Typical
https://doi.org/10.1371/journal.pone.0255161.t1002
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Determination of bee venom content using HPLC-UV. Using the HPLC-UV method,
retention times were 23 minutes for melittin, 12 minutes for apamin and 18 minutes for phos-
pholipase A2. The melittin content of the bee venom samples was in the range of 26.76%-
51.85%. According to the TS 13126 Honeybee Venom standard, the melittin content should be
between 40% and 50% in dry matter. The average amount of melittin in the present study was
40.57%, within the range of the standard.

The content of phospholipase A2 in bee venoms varied between 9.26% and 17.83%. Accord-
ing to the TS 13126 Honeybee Venom standard, phospholipase A2 content should be between
10%-12% in dry matter. The average content of phospholipase A2 in bee venoms in the pres-
ent study was 13.67%.

The amount of apamin contained in the bee venoms ranged from 1.40% to 2.85%. Accord-
ing to TS 13126 Honeybee Venom standard, apamin content should be 1%-3% in dry matter.
In this context, all venoms in this study complied with the standard.

The average apamin content of Anatolian bee venom samples in the present study was
2.12%. ANOVA / Tukey test results and grouping are given in Table 4. According to TS 13126
for Bee Venom, melittin should be between 40% and 50%. Analysis of the Anova/Tukey results
for melittin revealed that venoms 6, 8, 10, 12, 17 and 21 were incompatible with the Turkish
standard.

Table 3. Moisture content of the bee venoms (%).

Sample
Bee Venom 1
Bee Venom 2
Bee Venom 3
Bee Venom 4
Bee Venom 5
Bee Venom 6
Bee Venom 7
Bee Venom 8
Bee Venom 9

Bee Venom 10
Bee Venom 11
Bee Venom 12
Bee Venom 13
Bee Venom 14
Bee Venom 15
Bee Venom 16
Bee Venom 17
Bee Venom 18
Bee Venom 19
Bee Venom 20
Bee Venom 21
Bee Venom 22
Bee Venom 23
Bee Venom 24

Bee Venom 25

Mean + std
9.85 + 0.10 °df
10.41 +0.18%
9.74 +0.18°%%

9.29 + 0.10"
10.56 +0.09 *

9.16 + 0.10!
9.47 + 0.148"

102 +0.1°¢
9.82 + 0.15%8
9.86 + 0.10°4F
9.64 + 0.07°%"
10.2 + 0.10°*
9.74 + 0.07°®
9.59 + 0.10"
9.74 + 0.10°®
9.67 + 0.19°%
10.19 + 0.06>¢
9.77 + 0.09°%
9.57 + 0.09%"

9.84 + 0,08 °d°fe
9.74 + 0.08°®
9.77 + 0.08°®
9.79 + 0.19°%®
9.86 + 0.09°4f

10 +0.10%

"The means indicated by different letters in the column exhibit statistically significant differences (p <0.05).

https://doi.org/10.1371/journal.pone.0255161.t1003
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Table 4. Melittin, apamin, phospholipase A2 contents in bee venom.

Sample Apamin (%) Phospholipase (%) Melittin (%)
Bee Venom 1 2.17 +0.1F 14.76 0.1 41.62 +0.1%
Bee Venom 2 2.30 + 0.0% 13.86 0.1 46.16 + 0.1
Bee Venom 3 2.31 +0.0% 14.95 + 0.1 42.89 +0.1%
Bee Venom 4 2.83 +0.0% 15.35 + 0.0 43.69 + 0.2
Bee Venom 5 2.27 £0.0% 13.60 + 0.1 45,05 + 0.5%
Bee Venom 6 1.69 +0.0% 9.96 + 0.0°Y 37.37 +0.1%
Bee Venom 7 2.29 +0.0% 14.75 £ 0.1%° 47.58 +0.3%°
Bee Venom 8 2.61+0.1° 14.86 +0.1° 51.85+0.1°
Bee Venom 9 2.10 + 0.1%¢ 11.14 + 0.0 40.02 + 0.1
Bee Venom 10 1.99 + 0.2 16.45 + 0.1%¢ 36.71 +0.1%¢
Bee Venom 11 2.29 +0.0% 17.75 £ 0.1%° 47.48 +0.1%°
Bee Venom 12 1.73 £ 0.07 10.41 +0.17 31.12 £ 0.4Y
Bee Venom 13 2.02 +0.1%¢ 10.86 + 0.1%¢ 40.03 + 0.3
Bee Venom 14 2.32+0.2F 12.78 +0.1% 42,40 +0.1%
Bee Venom 15 2.85+0.1° 20.95 +0.1° 45.04 % 0.1°
Bee Venom 16 2.52 +0.0% 15.33 0.3 43.73 + 0.1
Bee Venom 17 2.13+0.1%¢ 14.62 0.1 35.65 + 0.4
Bee Venom 18 2.42 +0.1% 12.70 £ 0.1* 46.33 + 0.4°
Bee Venom 19 237 +0.0° 1430 £ 0.1%° 47.72 +0.2%®
Bee Venom 20 1.87 + 0.0 12.18 + 0.2* 43.69 + 0.2*
Bee Venom 21 1.40 + 0.0% 9.27 +0.0% 26.76 + 0.4%
Bee Venom 22 2.28 + 0.0% 14.81 + 0.0 43.17 +0.2%
Bee Venom 23 1.98 +0.0% 11.51 + 0.0 42.06 +0.1%¢
Bee Venom 24 2.17 + 0.0% 14.76 +0.3* 41.62 +0.1%
Bee Venom 25 2.30 + 0.0% 13.86 + 0.0 46.16 + 0.1%

Average 212404 13.67 £2.6 40.57 +7.9

! Means with different letters in the column for each feature differ statistically significantly (p <0.05). In the table, *abc’ is expressed with the letter x and ’cde’ with the

letter y.

https://doi.org/10.1371/journal.pone.0255161.t1004

Fructose, glucose and sucrose analyses were performed to measure the sugar content in the
samples. The amount of glucose in the bee venoms ranged between 1% and 13.7%. Significant
differences were observed in terms of glucose contents among the different samples.

Glucose, fructose and sucrose analysis results are given in Table 5. Bee venom samples were
classified in terms of glucose, fructose and sucrose values. Bee Venom 5 exhibited the highest
glucose, fructose and sucrose values. In order to evaluate the sugar analysis results in this
study, total sugar contents are also given in Table 5.

Microbiological analysis

No microbial development was observed in 11 of the bee venom samples at total aerobic meso-
philic bacteria counts. Microbial development observed between 1x10* cfu / g-ml and 1x10°
cfu / g-mland 1x10° cfu / g-ml was observed in 14 venoms. In terms of E. coli counts, micro-
bial development was observed at 1.2 x10° cfu / g-ml in bee venoms 1, 2, 3 and 5, while no
microbial development observed in the other venom samples. In terms of S. aureus counts, no
microbial development was detected in any of the 25 samples. The C. albicans count was 2x10°
cfu / g-ml in samples 1, 23 and 25. Total yeast count was higher in samples 2 and 5 (5 and 4
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Table 5. Glucose, fructose and sucrose contents in bee venom.

Sample Glucose (%) Fructose (%) Sucrose (%) Total sugar (%)
Bee Venom 1 1.50 +0.1° 1.23+0.2° 0.03 +0.1° 2.73
Bee Venom 2 457 +0.1% 5.93 + 0.2 0.00 + 0.0°* 10.50
Bee Venom 3 2.23 +0.0% 4.07 +0.28 1.13 +0.2% 7.40
Bee Venom 4 2.50 + 0.1 3.30 +£0.2% 1.17 + 0.1 7.00
Bee Venom 5 13.50 + 0.2° 16.10 + 0.2° 0.33 £0.2° 29.90
Bee Venom 6 7.57 +0.1%° 11.60 +0.1%° 0.27 + 0.1*° 19.47
Bee Venom 7 6.00 + 1.0% 2.10 + 0.4% 0.07 +0.1% 8.10
Bee Venom 8 543 +2.2% 5.83 + 0.3 0.03 + 0.1%* 11.27
Bee Venom 9 2.93 +2.0% 4.67 +0.3% 0.03 + 0.1 7.60
Bee Venom 10 337+ 1.0° 3.47 + 0.3 0.10 + 0.2% 6.83
Bee Venom 11 2.63 + 1.6°¢ 11.30 + 0.6>¢ 0.07 +0.15¢ 13.93
Bee Venom 12 533 + 2.5 12.17 + 0.9 0.00 + 0.0> 17.60
Bee Venom 13 2.67 + 1.0% 2.10 + 0.5% 0.00 + 0.0% 4.97
Bee Venom 14 4.97 +2.9™ 4.50 + 0.3 0.13 + 0.1 9.67
Bee Venom 15 420 + 1.2 5.93 + 0.2 0.20 + 0.1 10.23
Bee Venom 16 2.87 + 1.7° 4.53 +0.9% 0.03 + 0.1 7.40
Bee Venom 17 6.27 + 1.2 4.10 +0.1% 0.20 + 0.1 10.37
Bee Venom 18 5.70 + 3.1%% 5.20 + 0.1%¢ 0.00 + 0.0°* 11.00
Bee Venom 19 4.77 + 1.5 7.43 +0.2%¢ 0.23 +0.1% 12.40
Bee Venom 20 3.33+£1.9% 477 £0.28 0.03 +0.1% 8.10
Bee Venom 21 11.70 + 0.6 5.50 + 0.2 0.00 + 0.0> 17.30
Bee Venom 22 3.93+2.9° 333+ 0.1 0.07 + 0.1 7.27
Bee Venom 23 437 +2.6™ 547 +0.4% 0.03 + 0.1% 9.83
Bee Venom 24 420 + 1.0 6.27 + 0.8 0.03 + 0.1 10.47
Bee Venom 25 323 +2.9% 227 +0.3% 0.07 + 0.1% 5.50

! Means with different letters in the column for each feature differ significantly (p <0.05). cde’ is expressed by the letter x in the table.

https://doi.org/10.1371/journal.pone.0255161.t005

cfu/g-ml, respectively) (Table 6). Microbiological evaluation suggests that the microbial quality
of bee venom may depend on several factors, such as the time and place of production.

Discussion

The average melittin content in this study was 40.57%. A previous study reported melittin con-
tent values of 29.6% for European bee venom (A. mellifera mellifera and A. mellifera ligustica)
and 25.5% for Africanized bee venom (A. mellifera scutellata) samples [27]. The melittin con-
tent in this study is relatively higher than those values. This may be attributable to differences
between the colonies studied [27]. African bees secrete lower amounts of melittin, due to their
venom glands being smaller than those of European bees [27-30]. In another study, involving
five bee venom samples collected from Romania a, melittin content ranged from 27.66% to
64.22% with an average of 58.45% [31]. The average melittin value in the present research was
lower than in the Romanian study.

Another study investigated the Africanized honeybee venom profile and reported an aver-
age phospholipase A2 content of 12.2% [32]. The average phospholipase A2 content was rather
higher in the present study of Anatolian bee venom. However, the study of five bee venom
samples collected from Romania reported phospholipase A2 contents in the range of 10.96%-
22.86%, with an average value of 15.13% [31]. This was lower than in the present study. The
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Table 6. Microbiological analysis results for bee venoms.

Sample Total Aerobic Mesophilic (cfu/g- | E. coli (cfu/g-ml) | S. aureus (cfu/g-ml) | C. albicans (cfu/g-ml) | Total Mold (cfu/g- Total Yeast (cfu/g-
ml) ml) ml)
Bee Venom 1 1x10° 2x10° 0 2x10? 0 0
Bee Venom 2 0 2x10° 0 0 2x10% 5%10?
Bee Venom 3 0 2x10? 0 0 1x10* 2x10?
Bee Venom 4 0 0 0 0 0 0
Bee Venom 5 5%10° 2x10? 0 1x10* 1x10* 4x10%
Bee Venom 6 0 0 0 0 0 3%x10?
Bee Venom 7 1x10? 0 0 0 2x107 0
Bee Venom 8 1x10% 0 0 1x10* 1x10* 0
Bee Venom 9 0 0 0 1x10% 1x10% 2x10?
Bee Venom 0 0 0 1x10? 0 2x10%
10
Bee Venom 1x10% 0 0 0 0 2x10?
11
Bee Venom 1x10? 0 0 0 2x10% 0
12
Bee Venom 0 0 0 1x10? 0 1x10?
13
Bee Venom 2x10? 0 0 0 1x10* 0
14
Bee Venom 2x10? 0 0 0 1x10* 2x10?
15
Bee Venom 2x10? 0 0 0 0 2x107
16
Bee Venom 0 0 0 1x10* 1x10* 1x10*
17
Bee Venom 0 0 0 1x10* 0 0
18
Bee Venom 2x10° 0 0 0 0 2x10%
19
Bee Venom 1x10% 0 0 0 1x10* 0
20
Bee Venom 0 0 0 1x10* 1x10* 0
21
Bee Venom 0 0 0 0 0 2x10%
22
Bee Venom 1x10% 0 0 2x10% 1x10* 0
23
Bee Venom 1x10? 0 0 0 0 2x10%
24
Bee Venom 1x10? 0 0 2x10? 0 0
25

https://doi.org/10.1371/journal.pone.0255161.t006

variation in venom composition may be due to various factors, including the method of
venom collection and the species of honeybees involved. The bee venoms used in the Roma-
nian study were collected from inside the beehive by stimulating the bees with electric current
pulses. The venom collection frames were also located in the upper middle cavity of the upper
body of the hive [31]. The objective was to obtain the highest level of efficiency in bee venom
collection [31, 33]. In the present study, however, venom samples were collected by placing the
platform at the entrance to the hive. Phospholipase A2 may also be affected by the conditions
of collection since different methods result in different compositions of the final products [34].
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In addition, Romanian honeybees (A. carpatica) and Turkish honeybees (A. mellifera anato-
liaca) may have characteristic bee venom compositions, since the venom content depends on
the species. A. mellifera carpatica is a valuable bee capable of producing honey and pollen of
good quality [35]. The high phospholipase A2 content in Romanian samples may be attribut-
able to Romania having a favourable geographical location, various relief forms, a continental
climate, a wide variety of wild flora and cultivated agricultural products and experienced bee-
keepers [35].

The average apamin content of Anatolian bee venom samples in the present study was
2.12%. Melittin, phospholipase A2 and apamin contents of bee venom collected from North-
east Portugal were 86%, 13% and 2%, respectively, in another study [36]. The apamin and
phospholipase A2 content was similar in Anatolian and Portuguese bee venom samples,
although the melittin content differed. We attribute this to the difference in bee venom pro-
duction seasons, since the total amount of protein varies with the age of the insect. A study
analysing the total protein content of 7, 14, 21, 28, 35, and 40-day old A. mellifera L. worker
bee venom glands in the summer and winter showed a higher level of venom extraction from
older workers [37]. The study of five bee venom samples collected from Romania reported
apamin content between 3.42% and 4.68%, with an average value of 4.09% [32].

The average apamin, phospholipase A2 and melittin contents in a study of 28 bee venom
samples were 2.64%, 13.04% and 54.08%, respectively [38]. The phospholipase A2 content of
Anatolian bee venom was higher than in that research, while the melittin and apamin contents
were lower. Another study revealed apamin, phospholipase A2 and melittin contents in the
ranges of 2%-3%, 10%-12% and 40%-50%, respectively [19]. The apamin and melittin con-
tents of Anatolian bee venom in the present study were between these ranges, while the phos-
pholipase A2 content was higher. The protein content of Anatolian bee venom appears to be
consistent with the range of values in the previous literature.

The total sugar content of a quality bee venom should be less than 6.5% [1]. As shown in
Table 5, the majority of the samples in this study had higher sugar contents then the recom-
mended value. This may be due the bee venom sample collection method. On the other hand,
it has been suggested that bee venom will not contain carbohydrates if collected in such a man-
ner as to prevent contamination with pollen and nectar [39]. Bee venom can be collected by
means of a platform placed either inside the hive, or at the entrance to the hive [40]. Since the
bee venom samples in the present research were collected from the entrance to the hive, there
is a strong possibility of pollen contamination. The high sugar found in the bee venom samples
cannot therefore be regarded as in indicator of low quality since it results from the presence of
pollen. Further studies are now required in order to validate the hypothesis, and new findings
may improve bee venom collection methods.

The low microbial load in bee venom samples can be associated with the antimicrobial
effect of the venom. In a study using the disk diffusion method to evaluate the antibacterial
activity of bee venom against six gram-positive and gram-negative bacteria, namely S. aureus,
Salmonella typhimurium, E. coli O157: H7, Pseudomonas aeruginosa, Burkholderia mallei and
Burkholderia pseudomallei, antimicrobial activity was tested using three concentrations of bee
venom and standard antibiotic (gentamicin) disks as positive controls. Bee venom was
observed to exhibit antibacterial activity against E. coli, S. aureus and S. typhimurium at all
three concentrations. The authors concluded that bee venom exerted higher antibacterial
activity in the medium against E. coli than against the other two bacterial strains [41]. Given
the environmental conditions and the nature of the bee venom, a high microbial load might be
expected. However, the microbial load was almost non-existent for most samples. This shows
that bee venom produces its own antimicrobial protection system.
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Bee venom, like other natural toxins, is a chemical defence agent used by bees for self-pro-
tection. Phospholipase A2 has been shown to exhibit antibacterial activity and to represent a
significant host defence molecule [42-45]. Phospholipase A2 destroys the living cell membrane
through its powerful allergenic property [46]. In terms of the relationship between low micro-
bial contamination and high phospholipase A2 content, it may be concluded that bee venom
inhibits microbial growth through the presence of phospholipase A2.

Conclusion

Bee venom samples were evaluated using physical, chemical and microbiological analyses in
this study. The average melittin, apamin and phospholipase A2 contents were 40.57%, 2.12%
and 13.67%, respectively. The results suggest that Anatolian bee venom has a higher phospholi-
pase A2 content than that reported elsewhere in the literature. Apamin content was similar to
that reported in other countries. The sugar content of the bee venom samples in this study
were higher than those reported in the previous literature. We think that contamination of bee
venom samples with pollen and nectar played a significant role in the high sugar content. Fur-
ther studies investigating this association should now be performed in order to observe this
relationship in greater detail. Melittin content was within the range of standard values. In
terms of the S. aureus count, no microbial development was detected in any of the 25 bee
venom samples. The low microbial load may be associated with the high phospholipase A2
level in the bee venom samples, due to its well-known antimicrobial properties.
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