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Introduction
Pollinator insects present essential contributions to 
agricultural production and the ecosystem. Among the 
insects, managed bees are known as the most important 
pollinators of crops worldwide. In addition, honey bees 
offer essential products such as honey, pollen, propolis, 
royal jelly, and bee venom [1-3]. In the USA, pollination 
provides an annual economic contribution of 16 billion 
dollars, and 12 billion dollars of this economy is obtained 
from honey bees [4]. Several factors cause the decline of 
honey bee colonies worldwide. Among these factors, 
parasitic mites, pathogens, poor nutrition, and pesticide 
exposure are in the foreground. [5,6]. Nosemosis in honey 
bees is caused by two species of microsporidian parasites, 
Nosema apis and N. ceranae. Although N. ceranae was 
originally discovered in the Asian honey bee (Apis cerana), 

it has outcompeted N. apis in the Western honey bee (Apis 
mellifera) in many regions [7]. Nosemosis is spread orally 
within the honey bee colony through contaminated food, 
pollen, and water. The disease is then spread by spores 
in the excrement of infected bees [8,9]. Nosemosis causes 
fatigue, a shorter lifespan, poor foraging, delayed immune 
response, and pheromone and hormone production 
problems. These findings lead to significant mortality, 
adult population loss, reduced honey production, and 
potential colony failure [10]. 

Different approaches are applied against Nosemosis 
infection [11]. Fumagillin, an antibiotic, has been used 
for over 50 years to treat Nosemosis [12]. Although this 
antibiotic is widely used in the USA, it is prohibited in 
Europe because the maximum residue limits have not 
been determined [13]. The use of antibiotics causes residue 
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ABSTRACT

Nosemosis is an intracellular fungus that seriously affects honeybees’ health globally. 
This study aimed to evaluate and compare the efficacy of thyme, peppermint, eucalyptus 
essential oils, and nanoparticle ozone applied by spray on the frames against Nosemosis 
in adult honey bees under field conditions. Five treatment groups and two (negative 
and positive) control groups were assigned for this study. In treatment groups; the 3% 
solutions of thyme, peppermint, and eucalyptus, and the 1.000 and 2.000 ppm solutions 
of nanoparticle ozone, were applied four times each week, 125 mL per hive (500 mL 
solution in total). Average Nosema spore counts before and after the treatment were 
calculated on a Neubauer hemocytometer slide by the digestion method, and the percent 
reduction test determined the efficacy of the combinations. According to the results, the 
highest reduction in the number of Nosema spores was observed in the thyme essential 
oil group at 84%. Peppermint essential oil, eucalyptus essential oil, and 1.000 and 2.000 
ppm nanoparticle ozone efficacies were found at 77.45%, 76.10%, 72.41%, and 71.21%, 
respectively. Findings from this study revealed that essential oils and nanoparticle ozone 
can reduce the Nosema spore load to a point under field conditions. Plant extracts 
would offer a non-antibiotic alternative for Nosema control and further studies of herbal 
extracts are required as potential Nosema control agents in honey bees. 
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problems in honey bee products and has negative effects 
such as destroying intestinal bacteria that reduce immune 
function and increases vulnerability to Nosema infection [14]. 
Due to these problems arising from synthetic drugs, 
studies on natural origin treatment methods are carried 
out recently. Natural products have advantages such as 
regional availability, low resistance, and minimal toxicity. 
Microorganisms, phytotherapeutics, essential oils, and 
organic acids are the main natural products used to treat 
Nosemosis [15]. Among these natural products, essential 
oils are the most used organic compounds against 
Nosemosis. They are mixtures of fragrant and odorless 
substances extracted by steam distillation from raw 
plant materials [16]. Essential oils are mainly composed of 
terpenoids (isoprenoids), aromatic compounds (aldehydes, 
alcohols, phenols, methoxy derivatives, and others), and 
terpenes (monoterpenes and sesquiterpenes) [17]. Due 
to these components, essential oils have repellent and 
insecticidal properties [18]. Ozone (O3), a highly reactive 
molecule, is one of the most potent oxidizers after 
fluorine and persulfate [19]. Ozone is an allotropic form of 
oxygen with many applications in medical and industrial 
fields. In addition, it has immunomodulatory, analgesic 
and anti-inflammatory properties [20], and is used as a 
supplement in treating various degenerative, infectious 
and autoimmune disorders. Ozone remains stable in 
oils for many years. Studies have shown that the anti-
bacterial effects of ozonated oils with their liquefied 
formulas with nanotechnological methods remain the 
same for two years [21].

Ozone has been tested with the fumigant method on 
Galleria mellonella, Ascosphaera apis, and Paenibacillus 
larvae. Ozone killed G. mellonella adults within five h, 
and the egg form was destroyed by fumigation of 460-920 
mg O3/m3 for 48 h. A. apis and P. larvae were removed 
with 3.200 O3/m3 and 8.650 O3/m3 ozone fumigation, 
respectively [22]. It was reported that applying ozone against 
Nosema spores on the honeycomb reduced the number of 
Nosema spores by 20.25% [23]. 

In the present study, alternative approaches to control 
Nosema disease were investigated by testing the anti-
microsporidian activity of essential oils (thyme, 
peppermint, and eucalyptus), and nanoparticle ozone on 
Nosema spp. under field conditions. 

Material and Methods 
Ethical Statement

Insect studies do not require ethics committee approval.

Study Area

This study was carried out in Balıkesir province in August, 
September, and October 2022. There were 100 hives in the 

apiary where the study was carried out. Balıkesir is located 
in the southern part of the Marmara Region of Türkiye 
(39º40’N-26º28’E). August, September, and October 2022 
weather information is shown in Table 1.

Field Experiment

One-hundred hives were included in the study. Samples 
were collected individually from each hive from the 
outermost frames. The samples were placed into sterile 
containers, and the numbers of the hives and other 
necessary information were written on the containers. 
The honey bee samples were collected between 6:00 and 
7:00 p.m.

Honey Bee Information

The Anatolian honey bee breed (Apis mellifera anatoliaca) 
was studied. The queen bees in all hives were one year 
old. During the period of the study, honey bee colonies 
average between 45.000 and 50.000 individuals. Before the 
study, the honey bees’ owner confirmed that no chemical 
or plant extract was used to treat any pathogens, in that 
season. 

Detection of Nosemosis

To detect Nosemosis, 50 honey bees were collected from 
the outer frame of 100 hives. To ensure the immobilization 
of the honey bees, the samples were kept in a deep freezer 
in the laboratory for one day. Then, 10 immobile honey 
bees per hive were examined for the existence of Nosema 
spp. spore (positive or negative) by the digestion method. 
Nosema spore forms are shown in Fig. 1. In this method, 
first, the abdomens of 10 honey bees were separated from 
their body with the help of a scalpel. The abdomens were 
put into a mortar, where they were crushed. One ml of 
distilled water was added per abdomen in the mortar. The 
honey bees’ abdomens were crushed with the help of a 
baguette for about five min. The solution was homogenized 
via a Pasteur pipette, and one drop was examined at ×400 
magnification under a light microscope (Nikon Eclipse 
E100, Japan) to detect Nosema spp. spores. 

Counting of Nosema spp. Spores

Nosema spp. spores were counted in positive honey bee 
samples from 81 hives. Adult honey bees of each colony 

Table 1. August, September, and October 2022 temperature, humidity, and 
rain condition

Weather Parameters August 2022 September 
2022 October 2022

Minimum-maximum 
temperature values 19°C-31°C 15°C-29°C 21°C-14°C

Average humidity 50% 56% 67%

Sunny day 31 days 29 days 16 days

Rain condition No rain One day 
(heavy rain)

Four days 
(heavy rain)
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were collected and counted at 0, 15, 30, 50, 65, and 90 days 
after initial treatment [24]. The digestion method evaluated 
the Nosema infection level from a pooled sample of 50 
bees from each colony. A Neubauer hemocytometer 
slide was used for counting Nosema spp. spore loads. The 
results of these six days were assessed with the formula: 
N=S×4×106 ̸ 80, where S is the spore count from all 80 cells 
of the hemocytometer (one cell represents 1/4×106 of the 
total volume) [25]. 

Treatment Groups

Before the field studies, no tests were made in vitro. This 
study was designed to determine the effectiveness of spray 
forms of compounds from thyme, peppermint, eucalyptus 

essential oils, and nanoparticle ozone against Nosemosis 
infection in live honey bees. Also, the spray application 
route is shown in Fig. 2.

Preliminary field studies were carried out with 1.000, 
2.000, 3.000, 4.000, and 8.000 ppm nanoparticle ozone. A 
sharp odor formed in concentrations of the nanoparticle 
ozone of more than 2.000 ppm. Due to this sharp odor, 
the honey bees were irritated and failed to perform the 
associated self-licking cleaning process, which is in their 
normal biology, and the combinations were not fully 
consumed. Therefore, 1.000 and 2.000 ppm nanoparticle 
ozone solutions were included in the main field trials.

The information about the thyme essential oil; 100% 
purity, active ingredients: p-cymene (8.25%), γ-terpinene 
(31.35%) and thymol (48.50%), linear formula: 
2-[(CH3)2CH]C6H3-5-(CH3)OH, molecular weight: 150.20 
g/mol,  peppermint essential oil; 100% purity, active 
ingredients: menthol (32%), mentone (16.40%), 
menthofuran (10.6%), 1,8- cineole (6.5%), trans-ferulic 
acid (11.3 mg/g), hesperidin (8.2 mg/g), ellagic acid 
(7.5 mg/g), and sinapic acid (5.3 mg/g), linear formula: 
C10H20O|CID 1254, molecular weight: 960.5 g/mol,  
eucalyptus essential oil;  100% purity, active ingredients: 
eucalyptol (50.22%), α-pinene (24.78%), p-cymene (9%), 
and β-cymene (9.24%), linear formula: C10H18O| ID 
2758, molecular weight: 153.20 g/mol.

Thyme, peppermint, and eucalyptus essential oils 
(Yeşilvadi Botanical Products, Türkiye) were homogenized 
with Poly Ethylene Glycol 400 (PEG-400: Alpha Lab®, 
United States) as an emulsifier in sugar syrup. A previous 
study has proven the fungicidal effect of ozone [23]. On this 
basis, whether it affects the Nosema spore development 
in spray form was investigated. Liquid nanoparticle ozone 
(Genoxyn Nanotech®, Farmoksi Drug, Türkiye) was used 
at 1.000 and 2000 ppm concentrations. Treatment groups 
are shown in Table 2. Thyme, peppermint, and eucalyptus 
essential oils were dissolved by mixing them with PEG-400 
in a 1:1 ratio. The desired concentrations were obtained by 
adding sugar syrup to the essential oils dissolved in PEG-
400. The preparation of essential oils is shown in Table 3. 
Eight hives containing seven or nine frames were used in 

Fig 1. Nosemosis agents are shown red arrow

Fig 2. Spray application

Table 2. Treatment groups and the number of colonies included in the 
treatment

Treatment Groups Colony Number

125 mL-3% thyme (for each colony) 8

125 mL-3% peppermint (for each colony) 8

125 mL-3% eucalyptus (for each colony) 8

1.000 ppm-1.000 mL nanoparticle ozone (for each 
colony) 8

2.000 ppm-1.000 mL nanoparticle ozone (for each 
colony) 8
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each treatment combination. These combinations were 
applied at a ratio of 1000/8 mL (125 mL) to each hive on 
days 0, 7, 14, and 21. 

Control Groups

The Nosema-positive and Nosema-negative control groups 
consisted of 8 hives, as in the treatment groups. Honey 
bee samples of positive and negative control groups were 
collected at 0, 15, 30, 50, 65, and 90 days as in the treatment 
groups and Nosema spore loads were determined.

Determination of Efficiency of Combinations 

The efficiency of combinations was determined with 
the following formula: Percent reduction test = 100-(

×100) [25]. Day 90 was accepted 
as the final count of the number of Nosema spores, while 
day 0 was accepted as the initial count (baseline) of 
Nosema spores.

Statistical Analysis

All data were evaluated by IBM®SPSS 20 software. The 
data were subjected to a Chi-square test of independence 
due to the number of Nosema spores in hives as observed 
counts. A 2x2 cross-tabulation chi-square test was applied 
to multiple comparisons for the agents. The days of the 
Nosema loads are compared with a paired-sample t-test. 
The data are presented as the number of Nosema counts 
in hives. Statistical significance level was considered when 
P≤0.05. [26]

Results
Eightyone of 100 hives were found to be positive, and 19 of 
them were negative. Nosema spp. spores were counted on 
days 0, 15, 30, 50, 65, and 90 after 5 different compounds 

had been applied to the treatment groups. The percent 
efficacy values of the treatment groups were calculated by 
applying the percent reduction test to the results of the 
counts on days 0 and 90. Treatment efficacies and the total 
Nosema spp. spore loads on the different days are given 
in Table 4. Eight negative hives at the first examination, 
separated from the positive hives, were found to be 
positive due to the microscopic examination fifteen days 
later. In addition, the Nosema spore load increased from 
day 0 to day 90 in the positive and negative control groups. 
Positive, negative, and treatment groups daily Nosema 
spp. spore loads, and SPSS results are given in Table 5. 
Statistical significance was determined by comparing 
the agents and Nosema loads (P<0.001). However, after 
2 × 2 multiple comparisons, it was determined that the 
difference was sourced only days. All the agents effectively 
reduced the Nosema load in the hives up to day 50. The 
decrease was also found to be significant on days 65 and 
90. The Nosema load on the 50th day was not statistically 
significant between the agents (P>0.05). According to 
the percent decrease test results, the highest decrease in 
Nosema spore load was observed in the thyme treatment 
group with 84%; however, this result was not statistically 
significant (P>0.05). The percentage increase and decrease 
in Nosemosis spore load daily are given in Table 6. The 
highest decrease in Nosema spore load was determined as 
40.29% between days 65 and 90 in the thyme treatment 
group. The minimum decrease in Nosema spore load 
was determined as 8.10% between 15-30 days in the 
peppermint treatment group. In addition, an increase 
of 154.11% was observed in the Nosemosis spore load 
between days 30 and 50 in the peppermint treatment 
group.

The effectiveness of nanoparticle ozone applied to the 
frames by spray was investigated against Nosemosis in 

Table 3. Preparation of stock solutions of essential oils for treatment groups

Percentage Thyme Peppermint Eucalyptus

3% 30 mL thyme oil + 30 mL PEG-400 + 940 mL 
sugar syrup

30 mL peppermint oil + 30 mL 
PEG-400 + 940 mL sugar syrup

30 mL eucalyptus oil + 30 mL PEG-400 + 
940 mL sugar syrup

PEG-400: Poli Etilen Glikol 400 

Table 4. Positive, negative, and treatment groups Nosema spp. spore loads and treatments efficacies

Treatment Groups Day 0 Day 15 Day 30 Day 50 Day 65 Day 90 Efficiency (%)

Thyme 6.525×103 5.125×103 3.500×103 2.425×103 1.675×103 1.000×103 84

Peppermint 6.875×103 4.625×103 4.250×103 10.800×103 2.050×103 1.550×103 77.45

Eucalyptus 5.650×103 4.350×103 3.500×103 2.750×103 1.950×103 1.350×103 76.10

1.000 ppm nanoparticle ozone 7.250×103 5.200×103 3.600×103 3.800×103 2.850×103 2.000×103 72.41

2.000 ppm nanoparticle ozone 6.600×103 5.100×103 4.000×103 3.575×103 2.700×103 1.900×103 71.21

Positive 4.350×103 5.550×103 6.600×103 7.600×103 8.900×103 9.800×103

Negative 0 3.200×103 3.750×103 4.600×103 5.850×103 7.000×103

https://www.googleadservices.com/pagead/aclk?sa=L&ai=DChcSEwiBjNPUkt78AhVPGgYAHTS6DlQYABAAGgJ3cw&ohost=www.google.com&cid=CAESa-D2rjChNtqdxT3itMnLZESKR-c2DP6kTtNgGN1TBjKyGIfmoFxPtZE3LkzMEV_CN2OLf2xvheYPOboAU8g0guMMfRP7eRU6H-nfX6hBDz7Ndtdw1UiWrFMlMEeUeCsfa7uOosQY8d_TLkyU&sig=AOD64_2qlDxCu8T45HUwVsk41zc_D03vRA&q&adurl&ved=2ahUKEwiLk8zUkt78AhUBRvEDHbYFDEMQ0Qx6BAgIEAE
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field conditions, and a decrease of 72.41% Nosemosis 
spore load with 1.000 ppm nanoparticle ozone, and a 
decrease of 71.21% Nosemosis spore load with 2.000 ppm 
nanoparticle ozone was found on the day 90 compared to 
the day 0. The ozone value in the solutions was calculated 
as gr/ml and expressed as a ppm value. The preparation 
methods of the ozonated nano solutions are specified in 
the patent numbered PCT/TR2022/050177.

Discussion
Essential oils (EOs) are also used as bee diet supplements. 
Honeybees actively collect several phytochemicals 
that are also dominant components in essential oils, 
and many of these compounds have antibiotic activity 
against pathogens and parasites [27]. Honey bees fed 
plant-derived phytochemicals survive longer and have a 
high capacity to overcome infections [28]. Essential oils or 
single compounds isolated from them such as camphor, 
carvacrol, eucalyptol, menthol, thymol, and several 
sesquiterpenes have been used as topical medication 
to control  Varroa destructor  mites and as nutraceutical 
compounds against  Nosema  spp. spores [29]. The anti-
nosemosis properties of essential oils may result from 
their lipophilic nature and the low molecular weight of 
terpenes/terpenoids. They can cause cell death or inhibit 

the sporulation and germination of fungi by disrupting 
the cell membrane structure or inhibiting chitin 
polymerization of the cell wall [30].

Various studies have been conducted on the antiparasitic 
activities of essential oils against Nosemosis. Thymol 
(3-hydroxy-p-cymene) is one of the most abundant 
active ingredients derived mainly from Thymus vulgaris. 
Thymol was used against Nosemosis by adding 0.1 g/
kg sugar syrup. Fewer spore loads were found in the 
thymol-treated group than in the Nosemosis-positive 
group [31]. A study conducted treatment trials with 100 
ppm thymol with the honey bees experimentally infected 
with N. ceranae in vitro. Significant differences were 
found between the treatment and the control group, 
which was a significant result (60±9 million spores/bee 
in the treatment group, 138±7 million spores/bee in the 
control group) [32]. Both studies were carried out in vitro. 
In a study conducted in vivo, thymol was given to each 
colony 6 times at 3-day intervals of 3 mL/L to 1:1 ratio 
sugar syrup, and an undesirable increase of Nosema spore 
load was observed in the thymol group, whereas there was 
a partial decrease in nettle, especially garlic [33]. Contrary 
to the increase mentioned in that study due to thymol 
usage, our study’s Nosema spore load decreased from day 
0 to day 90 (Table 6). 

Table 5. Positive, negative, and treatment groups daily Nosema spp. spore loads, and SPSS results

Treatment Groups Day 0a Day 15b Day 30c Day 50abcdef Day 65e Day 90f df X2 P Value

Thyme 6.525.000 5.125.000 3.500.000 2.425.000 1.675.000 1.000.000

20 7481.854 <0.001

Peppermint 6.875.000 4.625.000 4.250.000 10.800.000 2.050.000 1.550.000

Eucalyptus 5.650.000 4.350.000 3.500.000 2.750.000 1.950.000 1.350.000

1.000 ppm nanoparticle 
ozone 7.250.000 5.200.000 3.600.000 3.800.000 2.850.000 2.000.000

2.000 ppm nanoparticle 
ozone 6.600.000 5.100.000 4.000.000 3.575.000 2.700.000 1.900.000

Positive 4.350.000 5.550.000 6.600.000 7.600.000 8.900.000 9.800.000

Negative 0 3.200.000 3.750.000 4.600.000 5.850.000 7.000.000

The data presented is the number of Nosema counts in hives. df: Degree of freedom; X2: Table chi-square value. Superscripts of the columns indicate differences 
between the days

Table 6. Percent increase and decrease of Nosemosis spore load daily

Day Thyme Peppermint Eucalyptus
1.000 ppm 

Nanoparticle 
Ozone

2.000 ppm 
Nanoparticle 

Ozone
Positive Negative

0-15 21.45% ↓ 32.72% ↓ 23% ↓ 28.27% ↓ 22.72% ↓ 27.58% ↑
3.200.000 total 

increase

15-30 31.70% ↓ 8.10% ↓ 19.54% ↓ 30.76% ↓ 21.56% ↓ 18.91% ↑ 17.18% ↑

30-50 30.71% ↓ 154.11% ↑ 21.42% ↓ 5.55% ↑ 10.62% ↓ 15.15% ↑ 22.66% ↑

50-65 30.92% ↓ 81.01% ↓ 29.09% ↓ 25% ↓ 24.47%↓ 30.26% ↑ 27.17% ↑

65-90 40.29% ↓ 24.39% ↓ 30.76% ↓ 29.82% ↓ 29.62% ↓ 10.11% ↑ 19.65% ↑

The increase between days 0-15 was given as a number in the negative control group. ↓: Decrease; ↑: Increase
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Menthol is derived from peppermint oil and was 
previously used for some honey bee parasites. It has been 
tested with thymol to combat Varroa in vivo and promising 
results have been obtained (infestation rate reduced from 
21.86% to 1.32% at the end of treatments). It has also 
been reported that using menthol at a dose of 2.5 mL is 
effective in tracheal mite infestations [34]. In our study 
of peppermint oil, the effectiveness of which was tested 
in other bee pests, it was used for the first time against 
Nosemosis in honey bees in vivo. Peppermint oil was 
found to be a crucial agent that suppresses Nosema spore 
load after thyme oil. According to the percent reduction 
test, its effectiveness was determined as 77.45%. 

Eucalyptus essential oil has been studied in vitro for 
Varroosis [35] and Nosemosis [36]. In both, mites were 
reduced at 71.06% and spore burden at 23%. In a field study 
with eucalyptus, although a decrease was observed in the 
first four applications compared to the control group, an 
increase in Nosemosis spore load was observed in the last 
two applications. This increase has been described as the 
intestinal flora may have been damaged due to eucalyptus 
with the last two applications [33]. In our field study 
with eucalyptus essential oil, the Nosemosis spore load 
decreased by 76.10% at the end of the treatment. During 
our trials, no clinical findings, especially diarrhoea, which 
may occur due to damage to the intestinal flora, were not 
encountered. 

Thyme, peppermint and eucalyptus essential oil were 
used by dissolving them in different volumes of PEG-400. 
PEG-400 was found to be inexpensive and non-toxic [37]. 
No adverse effects were observed in the honey bees due to 
using PEG-400. Various studies have been carried out on 
ozone. One of these studies on the medical use of ozone 
found that during ozone application, hydrogen peroxide, 
which is formed due to oxidative stress and lipid oxidation, 
acts as a secondary messenger. As a result of repeated 
ozone applications, the antioxidant system is stimulated 
and resistance against oxidative stress develops [38]. 
As seen in Table 1, although the temperature, humidity 
average, and the number of rainy days in October caused 
a suitable environment for the development of the Nosema 
fungal form, an increase in Nosemosis spore load was 
observed in the peppermint and 1.000 ppm nanoparticle 
ozone groups only on the 50th day in the treatment 
groups. The reason for this increase can be explained 
by the fact that the honey bee colonies in these hives are 
clinically weaker compared to other honey bee colonies. 
In addition, the negative control group was found to be 
positive for Nosemosis on the 15th day, and the Nosemosis 
load increased until the 90th day. This is because nectar, 
pollen, and water contaminated with Nosema spores are 
transferred to healthy hives. In the positive control group, 
the Nosemosis spore load increased from day 0 to day 
90. This increase can be explained by the contamination 
of food and water sources with Nosema spore forms as 

in the negative control group. According to the results 
of the current study, although all agents were found to 
be similarly effective in reducing the burden of Nosema 
spp, the proportional effect of thyme oil was determined 
more effective than the other agents. Essential oils are 
tried by most researchers in the laboratory environment, 
but not under field conditions. In addition, the active 
ingredients with proven effectiveness in the laboratory 
environment have not been tested under field conditions. 
The reason why the active substances were given by spray 
is the hygienic behavior of honey bees by licking each 
other. With this behavior, the honey bee took the active 
substances given by the spray more quickly. During the 
study, abnormal bee death and plundering were not 
encountered in the colonies. 

As a result, thyme, peppermint, eucalyptus essential oils, 
and nanoparticle ozone, which constitute our study subject, 
were applied to the frames by spraying in field conditions 
and their effectiveness values against Nosemosis were 
revealed. Promising results were obtained in this study 
and more comprehensive studies are needed in treating 
with natural extracts. The health of honey bee colonies 
and bee products can be guaranteed with these studies’ 
results if the natural extract is applied in a suitable dose. 
Our field study may allow bee products that are healthier 
and have no drug residue problems to be offered to the 
public.
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