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ABSTRACT

Subclinical mastitis is an important problem in terms of the dairy economy all over the world and due to
the increasing antibiotic resistance day by day, there is a great need for new antibiotic alternatives and
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natural products. The aim of this study is to examine the effectiveness of bee venom against bacterial

mastitis agents. Methods, such as well diffusion, disc diffusion, microdilution and time-kill analyses,
were applied to 12 bacteria species isolated from milk samples. Effective results were obtained in
microdilution and time-kill analysis. MIC values were determined in the range of 12.5-50 pug/ml and
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time-kill times were observed in the range of 1-24 h. In addition, bacterial suspensions from 12
species were prepared and there were effective against mixed infection in vitro. As a result, bee
venom, as an antibiotic alternative, can give satisfactory results in the treatment of subclinical mastitis
and mixed infections. Field studies and treatment trials should be emphasized.

Introduction

Mastitis, which is one of the costliest problems for the dairy
industry, is defined as inflammation of the mammary gland
(Kurt and Eski 2021). The disease can be seen in clinical, subcli-
nical and chronic types which may vary depending on the
udder, the causative organisms, immunity, age and lactation
stage of the animal (Romero et al. 2018; Krishnamoorthy et al.
2021). In clinical mastitis, heat, swelling and pain in the
affected udder and changes in the appearance of milk are
clearly observed (Krishnamoorthy et al. 2021; Kurt and Eski
2021). Subclinical mastitis does not produce visible changes
on the udder and in the milk, and because it progresses
without showing clinical symptoms, it is overlooked, can
spread easily and continues for a long time. Economically,
70-80% of milk yield losses are due to subclinical mastitis
(Demir and Egki 2019). Chronic mastitis is a rare form of the
disease. However, it causes consistent inflammation of the
mammary gland in dairy cows (Krishnamoorthy et al. 2021).
Chronic mastitis is a rare form of the disease. However, it
causes consistent inflammation of the mammary gland in
dairy cows. In clinical mastitis, heat, swelling and pain in the
affected udder and changes in the appearance of milk are
clearly observed (Krishnamoorthy et al. 2021; Kurt and Eski
2021). Subclinical mastitis does not produce visible changes
on udder and change in the milk. Since subclinical mastitis pro-
gresses without showing clinical symptoms, it is overlooked,

can spread easily and continues for a long time. Economically,
70-80% of milk yield losses are due to subclinical mastitis
(Demir and Eski 2019). Mastitis has various aetiologies and is
most commonly caused by bacteria and results in serious econ-
omic losses such as a decrease in milk production and quality,
cost of antibiotic treatment or extra labour, milk disposal,
decrease in the sale price of milk and the culling of animals
(Kurt and Eski 2021; Dalanezi et al. 2020). There are also
losses due to a situation that has a significant impact on
animal welfare and public health (Libera et al. 2021).

Overuse or misuse of antibiotics in the treatment of mastitis
results in a marked increase in bacterial strains resistant to
these antibiotics. Therefore, antimicrobial-resistant microorgan-
isms have been of great concern because of the extensive clinical
use of antibiotics. The World Health Organization (WHO) has
concerns that infections may no longer be treatable with anti-
biotics available soon, due to the continued significant increase
in antibiotic resistance in the world. WHO (13 January 2020)
reported that these infections could pose a great threat to
human life unless new antibiotics are developed against drug-
resistant infections (Yacoub et al. 2020). The increase in drug-
resistant bacterial strains indicates that new antibiotics or
novel natural antimicrobial agents that can be used in treatment
should be developed (Neubauer et al. 2017; Xie et al. 2017). For
this reason, the development of new compounds as an alterna-
tive treatment to mastitis is needed. Bees are of great economic
and medicinal importance, especially as they play a critical role in
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the pollination of many fruits, vegetables and seed crops. Bees
also produce compounds such as honey, resin, beeswax, propo-
lis, royal jelly, pollen and venom (apitoxin) (Leandro et al. 2015).
Among these compounds, bee venom produced by bees as a
defensive mechanism is one of the most important bioproducts
and has recently attracted the attention of researchers. Honey-
bee venom is viscous, transparent and colourless in the liquid
state and is a white or yellowish-white powder in the dry form.
The composition of bee venom can vary depending on the
honey bee species, strain, the place of origin and venom collec-
tion season (Kokot et al. 2009). The composition of bee venom
includes peptides (Melittin, apamin, secapin, procamine, pro-
tease inhibitor, tertiapine, mast cell degranulation peptide and
other small peptides), enzymes (phospholipase A2, phospho-
lipase B, hyaluronidase, phosphatase, A-glucosidase, acid phos-
phomonoesterase and lysophospholipase), sugars (Glucose
and fructose), phospholipids and volatile compounds. It also
contains amines (histamine, dopamine and noradrenaline) and
amino acids (aminobutyric acid and a-amino acids) (Park et al.
2010; Pascoal et al. 2019). Bee venom is traditionally used in
the treatment of many diseases such as arthritis, rheumatism,
skin rash, itching, pain and inflammation (Curicio-Vonlanthen
et al. 1997; Yin et al. 2007; Ratcliffe et al. 2014). It is also
known to have anti-carcino-genetic activity against prostate,
liver and breast cancer. In many recent studies, it has been
reported that bee venom exhibits numerous biological activities,
including anti-fungal, anti-viral, metabolic, inflammatory, anti-
articular and anticancer effects (Son et al. 2007; Zolfagharian
et al. 2016; Memariani et al. 2019). Bee venom also has effects
on the immune systems, central and peripheral nervous
systems and cardiovascular systems (Fennell et al. 1968;
Carpena et al. 2020; Tanugur-Samanci and Kekecoglu 2021).
Some investigations have shown the antibacterial effect of bee
venom against several pathogenic bacteria (Harwig et al. 1995;
Koduri et al. 2002; Boutrin et al. 2008; Park et al. 2013).

The aim of this study is to examine the antibacterial activity
of bee venom on various bacteria isolated from cattle with sub-
clinical mastitis and mixed infections that are difficult to treat.

Materials and methods
Ethical statement

The present study was approved on 04/04/2022 by the Ethics
Committee of Adana Veterinary Control Institute, Adana,
Turkey (Approval no: 04/04/2022-1/227).

Chemicals

Standards, Apamin (Sigma-A1289), Phospholipase A2 (Sigma-
P9279) and Melittin (Sigma M2272) were purchased from
Sigma-Aldrich (St. Louis, MO, USA) to determine the bee
venom (BV) content.

Sample collection and preparation

Bee venom samples were collected in the citrus honey season
between May and June 2021 from Apis mellifera anatoliaca
(Mugla ecotype) hives located in the Mentese provinces of

Turkey. A bee venom collector (BeeSas beekeeping, Turkey)
was used for the sample collection.

Bee venom is obtained by scraping with a sharp scalpel after
being collected on glass plates and kept in air and shade for 8 h
at room conditions. BV was then freeze-dried and placed in a
—18°C freezer until analysis.

Determination of bee venom content

Apamin, phospholipase-A2 and melittin components in bee
venom were analyzed by high-performance liquid chromato-
graphy (HPLC) - a variable wavelength detector (VWD)
(Agilent 1260 series). The Agilent 1260 series HPLC configur-
ation consists of a quad gradient pump (G1311B), a column
oven (G1316A), an autosampler (G1329B) and VWD (G1314F).

It was segregated by an InfinityLab Poroshell C18 EC-C18
(4.6 x 50 mm, 2.7 microns) column. The optimum separation
temperature was 20°C and the column flow rate was 1 ml/
min. Standard mixture solutions, contained apamin, phospho-
lipase A2 and melittin were prepared at concentrations of 25,
50,100 and 125 pl/ml. The gradient programme is optimized
for peak retention times. Absorbance was measured at 220 nm.

Animal and management

This study was carried out on 80 multiparous Holstein dairy
cows at a medium-scale commercial farm in Adana, Turkey.
The animals were aged (3 and 4) with a milk yield (of 35 and
40 l/day) and lactation times (2 and 3). They were managed
in free stall barns under the same conditions, milked twice a
day using an automatic milking system, fed with a total mix
ratio and had free access to water. Pre- and post-milking
udder disinfection procedures and mastitis screenings were
routinely performed on the farm.

California mastitis test

California mastitis test (CMT) was performed for the confir-
mation of the examination applied by inspection and palpa-
tion. The test process and the interpretation of CMT results
were made according to a previous study (Bastan et al. 2008).
No treatment was performed before and during the study. Sub-
clinical mastitis was formed according to CMT and udder exam-
ination. The CMT was performed according to the
manufacturer’s instructions (California mastitis test kit, Immu-
Cell). The CMT reaction of each quarter was recorded as nega-
tive (0), trace, 1+, 2+ and 3+. If one of the 1+, 2+ and 3+ values
was obtained, it was considered positive. All tests were per-
formed for four teats of each cow. A total of 320 teats were
examined.

Milk sample collection

Milk samples were taken before morning milking and feeding.
Before collecting the milk, the udder and the teat ends were
washed, cleaned and dried, and samples were taken after the
foremilk was discarded. Milk samples were collected from indi-
vidual quarters with subclinical mastitis (n = 20) to sterile falcon



tubes (Isolab®, Germany) under asepsis and antisepsis con-
ditions. After the milk samples were collected, they were
immediately transported to the laboratory under the cold
chain (+4°C) for microbiological analyses.

Isolation and identification of subclinical bacterial
mastitis agents

The bacteria were isolated from milk samples and transported
to the laboratory under the cold chain (+4°C). Samples (5 ml)
from each sample were poured directly into the sterile stoma-
cher bags with a filter (Fisher Scientific, Nepean, ON, Canada)
aseptically and 45 ml of sterile ringer solution was added and
homogenized. The decimal dilution was pipetted and spread
out the surface of Blood agar, Endo Agar and Saboraud Dex-
trose Agar (SDA) plates (Sigma-Aldrich, St. Louis, MO, USA)
before incubation at 37°C for 24-48 h. The isolates were first
evaluated by Gram staining to examine the morphology of
colonies and biochemical test characteristics. Then, the bac-
terial species were identified by using the VITEK-2 automated
identification system (Biomerieux, Basingstoke, UK).

Determination of antibiotic susceptibility for
subclinical mastitis agents

Antibiotic susceptibility was evaluated by the Kirby-Bauer disk
diffusion method (Bauer et al. 1966). Amoxicillin (30 ug), Amika-
sin (30 ug), Trimethoprim-sulfamethoxazole (1.25/23.75 ug),
Neomycin-Bacitracin-Tetracycline (30 pg/101U/30 pg), Gami-
thromycin (15 pg), Rifaximin (40 pg), Framycin-Penicillin G
(100 pg/101U), Cephalexin-kanamycin (15 ug/30 ug), Cefapirin
(30 ng) and Enrofloxacin (5 pg) (Mast Diagnostics, Merseyside,
UK) discs were used. Results were interpreted according to
the guidelines of the Clinical and Laboratory Standards Institute
(CLSI).

Antibacterial effect of bee venom on subclinical
mastitis agent

Following antibiotic susceptibility tests, disc diffusion, well
diffusion and microdilution tests were applied to the iso-
lates. In addition, due to time and antibiotic concentration,
the time-killing method, which is a method of dynamically
revealing the bactericidal effect of the antibiotic, was
applied. In addition, due to mixed infections, bee venom
antimicrobial activity was tested on a mixture of isolated
bacteria. Mc Farland 0.5 turbidity value of all isolated
species was taken after the suspension was made. The con-
centration of this bacterial mixture was set to 2 x 10° cfu/ml,
and the bee venom activity in this mixture was examined in
all tests.

Disc diffusion method

In this method, firstly, bacterial suspensions, adjusted to 0.5
Mcfarland turbidity, were spread on the Muller Hinton Agar
plates (MHA). Then 6.25, 12.5, 25, 50, 100, 200, 400 and
800 pg of bee venom were adsorbed onto blank discs and
placed on the agar. Plates were incubated at 37°C for 24 h
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and the inhibition zones formed around the disc were
measured with a calliper.

Agar well diffusion method

Antibacterial effects of bee venom were determined using the
agar well diffusion method according to a previous study with
minor modifications against tested bacteria (Yazgan et al.
2021). Briefly, after standardizing the overnight bacteria isolates
to 0.5 McFarland turbidity (1.5 x 10® cfu/ml), 0.1 ml of each bac-
terial suspension was spread on sterile Muller Hinton Agar
(MHA) plates. Agar wells of 5 mm in diameter were made in
agar plates using a sterile plastic cylinder. Each well was filled
with 100 ul of 6.25, 12.5, 25, 50, 100, 200, 400 and 800 ug/ml
concentrations of bee venom. MHB and distilled water were
also used as control. Then, all plates were incubated at 37°C
for 24 h. After incubation, the inhibition zones formed around
the well were measured with a calliper. The results were
expressed in mm by the arithmetic mean of the diameter of
the inhibition zone around each well. All tests were performed
in triplicate for each sample.

Microdilution method

Minimal inhibition concentration (MIC) and minimal bacteri-
cidal concentration (MBC) of bee venom were determined
by the broth dilution method (CLSI 2015). The stock solution
was prepared by dissolving in 1 ml distilled water as 6.25,
12.5, 25, 50, 100, 200, 400 and 800 pg. Serial dilution from
each stock concentration was performed on microplates (96-
well microplates) by the microdilution method. Twenty micro-
litres of bee venom at each concentration was added to each
well ELISA microplate. Then, 200 ul of each bacterial culture
(2 x 10° cfu/ml) was inoculated on each well microplate con-
taining bee venom and Muller Hinton Broth (MHB). The well
including MHB and the bacterial suspension was used as the
positive control. The well without MHB was also used as the
negative control. The microplates were incubated overnight
at 37°C and were read absorbance at 560 and 620 nm. MIC
value was determined for each bacterium according to absor-
bance values on microplates. Then, the MBC values were
determined by inoculating the samples in the microplates
on the Miuller Hinton Agar. All tests were performed in
triplicate.

Time-kill assay

The time-kill assay of bee venom, against all tested bacteria,
was evaluated at their MIC according to the previous method
with minor modifications (Chuesiang et al. 2019). Each grew
without formulation. Different time intervals (0, 1, 3, 6, 12 and
24 h) were applied in the assay. Briefly, 1 ml of overnight
growth of each bacterial suspension at 0.5 McFarland turbidity
(1.5 x 108 cfu/ml) was inoculated to each tube containing bee
venom at MIC concentration. The tube was incubated for 0, 1,
3,6, 12 and 24 h at 37°C. 0.1 ml of each bacterial suspension
was spread on the MHA agar plate at each time point and incu-
bated at 37°C for 24 h. After incubation bacterial colonies were
counted for the time-kill assay curve.
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Table 1. The concentrations of components of bee venom (+ SD standard
deviation).

Sample Apamin (%) Phospholipase A2 (%) Melittin (%)
Bee venom 497 +0.14 13.82+£0.19 75.39+0.21
Results

Chemical compositions of bee venom

The major compounds detected in the bee venom were melli-
tin and phospholipase A with 75.39%, and 13.82%, respectively,
whereas other compounds in a low concentration of 4.97%
apamine (Table 1). The chromatogram for the chemical compo-
sition of bee venom is displayed in Figure 1.

Identification of subclinical bacterial mastitis agent

Bacteria isolated from milk samples were analysed with the
VITEK-2 identification system and various biochemical tests,
and 12 species of bacteria were identified. These isolates are
Staphylococcus aureus, Staphylococcus epidermidis, Staphylococ-
cus xylosus, Streptococcus uberis, Streptococcus dysagalactiae,
Enterococcus casei, Kocuria varians, Aerococcus viridans, Pseudo-
monas oryzohabitans, Sphingomonas paucimobilis, Serratia mar-
cescens and Acinetobacter Iwoffi. While mixed infections and
more than one agent were seen in some cattle, a single
agent was isolated in others.

Determination of antibiotic susceptibility for
subclinical mastitis agents

To determine the antibiotic susceptibility profiles, the sensi-
tivity of the isolated mastitis agents to the antibiotics used in
the treatment of mastitis was investigated. Twelve isolates
were found to be sensitive to Amoxicillin, Amikasin, Trimetho-
prim-Sulfamethoxazole, Neomycin-Bacitracin-Tetracycline,
Gamithromycin, Rifaximin, Framycin-Penicillin G, Cephalexin-
Kanamycin, Cefapirin and Enrofloxacin. Amoxicillin was not

evaluated for Serratia marcescens because of its intrinsic

resistance.

Antibacterial effect of bee venom on subclinical
mastitis agents

Disk diffusion method

In the disk diffusion test, no inhibition zones were observed in
any isolate. The diameter of the inhibition zone widened as the
concentration increased.

Agar well diffusion method

Subsequently, the well diffusion test was also performed on all
isolates at the same concentrations as the microdilution test.
The zone diameters were measured for each concentration
and ranged from 0.5 to 21 mm, sometimes no zone diameter
was detected (ND).

Determination of MIC and MBC values

Firstly, MIC and MBC values were determined by the microdi-
lution method to examine the interactions of mastitis agents
with bee venom. The microdilution method was applied to
the microplates using 6.25, 12.5, 25, 50, 100, 200, 400, 800
and 1600 pg/ml concentrations of bee venom. Absorbances
at 560 and 620 nm wavelengths were measured with an
ELISA reader. The MIC values of the agents were between
12.5 and 50 ug/ml, and the MBC values were between 12.5
and 50 pg/ml.

Time-kill assay

In the time-kill analysis, it was determined at what concen-
tration and for how long mastitis agents were inhibited. The
effects of 12.5, 25, 50, 100, 1000 and 2500 pg/ml concentrations
of bee venom were examined at 0, 1, 3, 6, 12 and 24 h, respect-
ively. The concentration and time that inhibited the growth of
bacteria on agar were evaluated as effective. The time-kill times
varied between 1 and 24 h, and the concentration varied
between 25 and 2500 pg/ml depending on the isolate. In all
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Table 2. Microdilution, time-killing and well diffusion tests through which bee venom is tested at various concentrations.

Well Diffusion test

Killing time (inhibition time)

Bacteria MIC value  MBC value
Staphylococcus aureus 12.5 pg/ 25 pg/ml 6.25 pg/ml (11 mm)
ml
12.5 pg/ml (17 mm)
25 pg/ml (17 mm)
Streptococcus uberis 25 pg/ml 25 pg/ml 6.25 ug/ml (0.5 mm)
12,5 pg/ml (10 mm)
25 pg/ml (13 mm)
Streptococcus dysagalactia  12.5 pg/ 25 pg/ml 6.25 pg/ml (ND)
ml
12.5 ug/ml (ND)
25 pg/ml (ND)
Staphylococcus epidermidis ~ 12.5 pg/ 25 pg/ml 6.25 pg/ml (0.5 mm)
ml
12.5 pug/ml (0.5 mm)
25 pg/ml (0.6 mm)
Staphylococcus xylosus 12.5 pg/ 12.5 pg/ 6.25 pg/ml (0.5 mm)
ml ml
12.5 pug/ml (0.5 mm)
25 pg/ml (10 mm)
Enterococcus casei 12.5 pg/ 12.5 pg/ 6.25 pg/ml (ND)
ml ml
12.5 pg/ml (ND)
25 pg/ml (12 mm)
Pseudomonas oryzihabitans ~ 12.5 pg/ 12.5 pg/ 6.25 ug/ml (0.7 mm)
ml ml
12.5 pug/ml (0.7 mm)
25 pg/ml (0.7 mm)
Sphingomonas paucimobilis 50 pg/ml 50 pg/ml 6.25 pg/ml (0.7 mm)
12.5 ug/ml (0.8 mm)
25 pg/ml (10 mm)
Serratia marcescens 12.5 pg/ 25 pg/ml 6.25 pg/ml (ND)
ml
12.5 pg/ml (ND)
25 pg/ml (ND)
Acinetobacter Iwoffii 12.5 pg/ 12.5 pg/ 6.25 pg/ml (0.5 mm)
ml ml
12.5 ug/ml (0.5 mm)
25 pg/ml (0.5 mm)
Aerococcus viridans 12.5 pg/ 12.5 pg/ 6.25 pg/ml (ND)
ml ml
12.5 pg/ml (ND)
25 pg/ml (ND)
Kocuria varians 25 pg/ml 50 pg/ml 6.25 pg/ml (ND)
12,5 ug/ml (ND)
25 pg/ml (ND)
Bacteria mixture 25 pg/ml 50 pg/ml 6.25 pg/ml (ND)

12,5 pg/ml (ND)
25 pg/ml (ND)

50 ug/ml (18 mm)

100 pg/ml (18 mm)
200 pg/ml (18 mm)
50 ug/ml (13 mm)
100 pg/ml (13 mm)
200 ug/ml (14 mm)
50 pg/ml (ND)

100 pg/ml (ND)
200 ug/ml (ND)
50 pg/ml (11 mm)

100 pg/ml (11 mm)
200 pg/ml (11 mm)
50 pg/ml (10 mm)

100 pg/ml (10 mm)
200 pg/ml (11 mm)
50 pg/ml (12 mm)

100 pg/ml (13 mm)
200 ug/ml (14 mm)
50 pg/ml (10 mm)

100 pg/ml (10 mm)
200 ug/ml (10 mm)
50 pg/ml (10 mm)
100 pg/ml (10 mm)
200 pg/ml (10 mm)
50 ug/ml (9 mm)

100 pg/ml (11 mm)
200 pg/ml (11 mm)
50 pug/ml (0.5 mm)

100 pg/ml (0.5 mm)
200 pg/ml (0.5 mm)
50 ug/ml (ND)

100 pg/ml (ND)
200 pg/ml (ND)
50 ug/ml (ND)

100 pg/ml (ND)
200 ug/ml (ND)
50 pg/ml (ND)

100 pg/ml (ND)
200 pg/ml (ND)

400 ug/ml (18 mm)

800 ug/ml (19 mm)
1600 pg/ml (19 mm)
400 ug/ml (14 mm)
800 pg/ml (16 mm)
1600 ug/ml (16 mm)
400 ug/ml (ND)

800 pg/ml (ND)
1600 pg/ml (ND)
400 ug/ml (14 mm)

800 pg/ml (14 mm)
1600 ug/ml (17 mm)
400 pg/ml (11 mm)

800 pg/ml (11 mm)
1600 ug/ml (12 mm)
400 pg/ml (ND)

800 pg/ml (17 mm)
1600 pg/ml (ND)
400 pg/ml (11 mm)

800 pg/ml (14 mm)
1600 ug/ml (14 mm)
400 pg/ml (10 mm)
800 ug/ml (14 mm)
1600 pg/ml (16 mm)
400 ug/ml (12 mm)

800 ug/ml (ND)
1600 ug/ml (ND)
400 ug/ml (ND)

800 ug/ml (ND)
1600 ug/ml (ND)
400 ug/ml (ND)

800 ug/ml (ND)
1600 pg/ml (ND)
400 ug/ml (20 mm)
800 pg/ml (21 mm)
1600 ug/ml (21 mm)
400 pg/ml (ND)

800 ug/ml (ND)
1600 pg/ml (ND)

12.5 pg/ml (6 h)

25 pg/ml (6 h)
50 pg/ml (6 h)
12.5 pg/ml (3 h)
25 pg/ml (3 h)
50 pg/ml (3 h)
12.5 pg/ml (24 h)

25 pg/ml (24 h)
50 pg/ml (24 h)
12,5 pg/ml (3 h)

25 pg/ml (3 h)
50 pg/ml (3 h)
12,5 pg/ml (6 h)

25 pg/ml (1 h)
50 pg/ml (1 h)
12,5 pg/ml (12 h)

25 pg/ml (12 h)
50 pg/ml (12 h)
12,5 pg/ml (24 h)

25 pg/ml (24 h)
50 pg/ml (24 h)
12,5 pg/ml (24 h)
25 pg/ml (24 h)
50 pg/ml (24 h)
12,5 pg/ml (24 h)

25 pg/ml (24 h)
50 pg/ml (24 h)
12,5 pg/ml (24 h)

25 pg/ml (24 h)
50 pg/ml (24 h)
12,5 pg/ml (6 h)

25 pg/ml (6 h)
50 pg/ml (6 h)
12,5 pg/ml (3 h)
25 pg/ml (3 h)
50 pg/ml (3 h)
12,5 pg/ml (6 h)
25 pg/ml (6 h)
50 pg/ml (6 h)

100 pg/ml (6 h)

1 mg/ml (6 h)
2.5 mg/ml (1 h)
100 pg/ml (1 h)
1 mg/ml (1 h)
2.5 mg/ml (1 h)
100 pg/ml (24 h)

1 mg/ml (24 h)
2.5 mg/ml (12 h)
100 pg/ml (3 h)

1 mg/ml (3 h)
2.5 mg/ml (1 h)
100 pg/ml (1 h)

1 mg/ml (1 h)
2.5 mg/ml (1 h)
100 pg/ml (3 h)

1 mg/ml (3 h)
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1 mg/ml (24 h)
2.5 mg/ml (24 h)
100 pg/ml (24 h)
1 mg/ml (24 h)
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1 mg/ml (24 h)
2.5 mg/ml (24 h)
100 pg/ml (24 h)

1 mg/ml (24 h)
2.5 mg/ml (3 h)
100 pg/ml (6 h)

1 mg/ml (6 h)
2.5 mg/ml (3 h)
100 pg/ml (3 h)
1 mg/ml (1 h)
2.5 mg/ml (1 h)
100 pg/ml (6 h)
1 mg/ml (6 h)
2.5 mg/ml (6 h)

concentrations, a decrease in 4-6 logs was detected in the
growth curve of the isolates (Table 2, Figures 2-4).

For gram-positive bacteria such as S. aureus, S. epidermidis,
S. xylosus, S. uberis and K. varians, the shortest inhibition time-
point was 1 h at 2.5 mg/ml of bee poison concentration. The
shortest inhibition timepoint for E. casei is 3 h at 2.5 mg/ml.
In  non-fermentative gram-negative isolates such as
P. oryzihabitans, S. paucimobilis and S. marcescens, inhibition
timepoint was 24 h for almost all concentrations. In 12 h, a sig-
nificant decrease was detected in the growth curve of
S. paucimobilis isolate. The shortest inhibition timepoint was
3 h at 2.5 mg/ml for A. Iwoffii and A. viridans. When time-kill is
analyzed according to MIC values, inhibition was observed for
S. aureus, S. epidermidis and K.varians at a concentration of
12.5 pg/ml in 3 h, for S. uberis at a concentration of 25 pug/mi
in 3 h, for S. dysagalactiae, P. oryzihabitans, S. paucimobilis
and S. marcescens at a concentration of 12.5 pg/ml 24 h, for
S. xylosus and A. viridans at a concentration of 12.5 pg/ml in

6 h, for E. hirae at a concentration of 12.5 pg/ml in 12 h and
for A. Iwoffii at a concentration of 50ug/ml in 24 h. The bacterial
mixture was inhibited in 6 h at both MIC and all bee venom
concentrations.

Discussion

Subclinical mastitis is a type of mammary infection that can be
recognized by the isolation of pathogenic agents and determi-
nation of some biochemical changes in milk, which do not
show local and systemic symptoms and cause an increase in
the amount of leucocytes in milk. In this study, animals that
do not show local and systemic symptoms with a decreased
milk yield and a positive CMT test, were evaluated as subclinical
mastitis. Although the use of antibiotics is the main treatment
strategy in subclinical mastitis, natural alternatives to antibiotic
treatment from plant and animal products are sought due to
the increasing number of antibiotic-resistant pathogens, the
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Figure 2. Time-kill curves of gram-positive bacteria treated with bee venom.

high incidence of mixed infections and the impact on the dairy
industry in terms of drug residues (Cheng and Han 2020).

Toxins and venoms of animal origin are potential antimicro-
bials with no previous clinical application. They have evolved as
part of the defence strategies of animals. Raw venoms contain
different peptide toxins that are generally small, easy to syn-
thesize, structurally stable and have high biodiversity (Lewis
and Garcia 2003).
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Apis mellifera venom is one of the best toxins . The antimi-
crobial activity of bee venom is provided particularly by melit-
tin and phospholipase A (PLA), as well as adolapin, apamin,
mast cell degranulating peptides, enzymes, biologically active
amines and various peptides. Therefore, the determination of
the qualitative and quantitative content of bee venom is signifi-
cant as the effect of its antimicrobial activity. The content of
melittin, which causes pore formation in the membrane,
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Figure 3. Time-kill curves of gram-negative bacteria treated with bee venom.

varies between 50% and 60%, and the total protein content
varies between 47.2% and 77.8% (Samanci and Kekecoglu
2019; Sonmez et al. 2022). In our study, the melittin value of
the bee venom was 70.49%. On the other hand, the bactericidal
effect of PLA is the destruction of phospholipids in the mem-
brane. While the PLA ratio in bee venom is approximately
10-12%, this ratio is 9.27-20.95% in Apis mellifera anatoliaca
venom (Tanugur-Samanci and Kekecoglu 2021; Bogdanov
2016). The PLA ratio of the bee venom we obtained was
13.51%. The melittin and PLA content of the bee venom we
obtained was of very high quality.
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We isolated 12 species of bacteria from 20 animals with
subclinical mastitis, and primarily a disc diffusion test was per-
formed with antibiotics commonly used in the treatment of
mastitis. All isolates were susceptible to all antibiotics. Sub-
sequently, we used bee venom to find a natural antibacterial
alternative to these antibiotics that could develop resistance
and inhibit mixed infections, which is an important problem
of subclinical mastitis, with a single preparation. Disc
diffusion, well diffusion, microdilution and time-kill tests
were applied to examine the antibacterial activity of bee
venom.
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Figure 4. Time-killing curves of a mixture of all bacteria treated with bee venom.
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Although zones of inhibition have been reported in various
studies, no zone of inhibition was observed for any bacteria in
the disk diffusion test in our study (Zolfagharian et al. 2016; Fadl
2018; Nassar et al. 2018). The absence of an inhibition zone
made us think that although its molecular weight is 2840 Da,
a sufficient amount of active substance could not diffuse
from the disc and it may not be a good alternative in bee
venom susceptibility studies (Kolayli and Keskin 2020).

In our study, inhibition zones were determined for S. aureus,
S. uberis, S. epidermidis, S. xylosus, P. oryzihabitans and
S. paucimobilis at all concentrations in the well diffusion tests.
For K. varians, A. Iwoffi, S. marcescens and E. casei, zone diam-
eters could not be determined at some concentrations. No
zones were obtained in S. dysagalactiae, A. viridans and bac-
terial mixture. In two well diffusion studies for S. aureus, an inhi-
bition zone of 2.5 mg/ml wasp venom 24 mm and 12.5 pg/ml
honeybee venom 11 mm was detected (Al-Shammery and
Hozzein 2022; Sonmez et al. 2022). In our study, a 17 mm
zone was detected for S. aureus at a concentration of 12.5
pg/ml. The reason for the large diameter of our zone may be
the high melittin ratio. Well diffusion studies on other bacteria
were not found in the literature.

In both the well diffusion test and the disc diffusion test,
clear and consistent results could not be obtained as in the
microdilution test. In these tests, active substances may not
show the same diffusion rate in the agar due to polarity, solu-
bility, size, clogging and the like (Didaras et al. 2020).

By the microdilution test, MIC and MBC values of all bacteria
were determined. While our study was planned, concentrations
of 6.25-800 pug/ml were tested on mastitis isolates following all
these studies. Bee venom MIC values of mastitis isolates were
between 12.5 and 50 ug/ml. The sensitivity of all tested patho-
gens to bee venom was achieved at 12.5-25 pg/ml and 12.5-50
pg/ml for gram-positive and gram-negative bacteria, respect-
ively. In various studies, this value is shown as 10-100 pg/ml
for gram-positive bacteria, 30-500 pg/ml for gram-negative
bacteria, 20-40 pg/ml for oral pathogens and 256-1024 pg/
ml for Salmonella species isolated from poultry (Al-Ani et al.
2015; Leandro et al. 2015; Arteaga et al. 2019).

S. paucimobilis has the highest MIC value (25 pg/ml) for bee
venom. Sfingomonas spp. has glycosphingolipids (GSL) instead
of lipopolysaccharide (LPS) and may develop in various
environments that cannot be tolerated by most other bacteria.
Even after disinfection processes in milk production facilities, its
presence has been determined. This resistant state also causes
it to appear as the causative agent of hospital infection (Kuehn
et al. 2013). These properties of S. paucimobilis may be the
reason for the high MIC value of bee venom.

S. uberis has the second MIC value (25 pg/ml) for bee venom.
S. uberis is a source of intimidation in mastitis treatments. It
causes recurrent infections and cannot be controlled by tra-
ditional mastitis control programmes. It easily adapts to the
environment and forms a biofilm. These properties may have
affected MIC values.

Mixed infections are one of the biggest problems in mastitis
treatments. One or two pathogen species cause mixed infec-
tions. However, we mixed 12 types of pathogens to know the
effect and potential of bee venom more clearly although it is
generally found in the literature that 2-3 agents cause mixed

infections. These 12 species are pathogens that we frequently
encounter in routine laboratory practices of our faculty. The
MIC value of the bacteria mixture is 25 pg/ml.

Previous studies have suggested that gram-positive bacteria
are more sensitive to melittin than gram-negative bacteria.
Interestingly, no significant difference was observed in the
MIC values of gram-positive and gram-negative bacteria in
our study. It is known that the mechanical action of bee
venom is a pore in the cell membrane in many studies. Previous
studies on gram-positive bacteria suggest that the effect of BV
on cell membrane pore formation and permeability is associ-
ated with melittin. They observed the effect of melittin on
S.aureus as damage in the cell membrane, pore formation
and cell permeability (Marques Pereira et al. 2020). However,
the external membrane of gram-negative bacteria containing
the LPS layer prevents melittin penetration from the cyto-
plasmic membrane (Shai 2002; Al-Ani et al. 2015). As we
know, phospholipase A2, the second main compound of bee
venom, indirectly disrupts the cell membrane of gram-negative
bacteria at low speed for long periods (Haktanir et al. 2021). In
summary, melittin has antibacterial effects on gram-positives,
while phospholipase A2 affects gram-negatives. Thus, bee
venom shows antimicrobial activity regardless of gram-positive
and -negative bacteria in mastitis pathogens.

In the time-kill test, all isolates were prepared as MIC values
and upper concentrations. In addition, concentrations of 1 and
2.5 mg/ml were added. S. xylosus was inhibited for 1 h at 25 ug/
ml. This is the lowest concentration and shortest-term inhi-
bition of the time-kill assay. All gram-negative bacterial
species in our study were inhibited in 24 h at all concentrations
(except A. Iwoffi, in which 2.5 mg/ml was inhibited in 3 h). The
reason for this long time (24 h) may be that phospholipase A2
affects the LPS layer and the GSL layer at a low speed for a long
time (Haktanir et al. 2021).

In our antibacterial activity tests, various concentrations of
bee venom were used at the micrograms of level. In addition,
1 mg/ml and 2,5 mg/ml concentrations were added to contrib-
ute to clinical studies in the future. Because the pharmacoki-
netic activity of bee venom is unknown. The concentration
level to be used in treatment may be well above the MIC
value. Therefore, studies should be carried out to evaluate
bee venom in terms of pharmacokinetics and pharmacody-
namics. Furthermore, in addition to pharymacokinetic and
pharmacodynamic studies, the age of the animal, the weight
of the animal and the dry or lactation period should be taken
into consideration. However, the clinical stage is still planned.
Our MIC values are lower than those in many antibacterial
activity studies. This aroused the idea that bee venom could
provide high efficiency in low doses. Of course, only clinical
practices will show this.

There are fewer studies on the antibacterial effect of bee
venom against mastitis agents (Han et al. 2007; Park et al.
2010; Fadl 2018). Bee venom has been applied subcutaneously
in various treatment studies (Bava et al. 2023). In mastitis treat-
ment studies, subcutaneous applications were made to the
area of the supra-mammary lymph nodes. However, the
number of bacterial species remained very limited (Han et al.
2009). The most significant difference of our study from other
studies is that it was tested on many bacterial agents, three



methods were used to detect susceptibility to bee venom, and
a time-kill was determined for each species. Additionally, it was
determined that bee venom is effective against mixed infec-
tions, which is a crucial problem in mastitis and where anti-
biotics are insufficient. However, in our study planned for the
future, the treatment will be in the form of application of the
preparation into the breast (teat canal). The reason why we
prefer a local application in this way is that it is not an invasive
procedure and the anaphylactic risk is low. In addition, bee
venom pharmaceutical formulation must be suitable for local
tolerance of intramammary preparations in cows given by
some institutions and agents.

In conclusion, bee venom is a bioproduct with high poten-
tial and efficacy as an antibiotic alternative. The effectiveness
of bee venom on mixed infections, which complicates the treat-
ment of mastitis and is very common in the field, was demon-
strated in our study. Although it is difficult to be preferred in
systemic treatments due to its allergic efficacy, it can be con-
sidered to be applied as an ointment, pomade, spray or intra-
mammary preparation in local treatments. To reflect these
practices in the field, it is recommended to support them
with animal experiments and to try them in treatment with
ethical permissions.
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