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Problem and its Significance 

The ectoparasitc mite Varroa jacobsoni is the most destructive pest of honey 
bees Apis mellifera (10,11). The rapid emergence and spread of the parasite in the last 
10 years has drastically changed beekeeping practices. To avoid the devastating 
effects the mites have on honey bee colonies, beekeepers are forced to treat mite 
infestation with pesticides. The repeated application of such products can lead to a 
potential problem of residues in apiculture products, to a lesser extent in honey and 
also the elevated chance of environmental contamination (6). The rapid development 
time of Varroa, the large population and the massive use of chemicals are 
contributing to the development of resistance, especially if challenged repeatedly with 
the same pesticide (4). With the increasing resistance of mites to registered acaricides, 
there is an immediate need for alternative methods to control honey bee parasites. 
Preliminary data utilizing essential oils was able to demonstrate that some of the oils 
were effective for mite control. Under an Almond Board Project # 04-GW-01, we 
studied the inclusion of essential oils in our liquid protein diet fed to the bees in 
colonies with mite infestation.  

In this project, we are proposing the development of a new and novel essential 
oil delivery system based on a starch microencapsulation. In this process, cornstarch 
will be used to encapsulate microscopic droplets of the oils about the size of a pollen 
grain. The long-term goal of this research is to find three essential oils that are 
effective in controlling Varroa, so in the end, we will be able to provide products that 
can be alternated to minimize the chance of resistance.  
 
Objectives:
 
1. Select essential oils for their ability to control Varroa mites. 
2. Determine the optimum concentration of essential oils to be used in the delivery 
system. 
3. Determine the effects of the essential oil formulation on mite infestation and 
reproduction rates. 
 
Objective 1: Select essential oils for their ability to control Varroa mites. 
 

The essential oils were selected for starch encapsulation based on their ability 
to control mites. Preliminary data obtained under an Almond Board Project # 04-GW-
01, showed efficacy of some oils to control mites in colony trials.  
The essential oils we proposed to test were: Thymol, Origanum, Clove and 
Cinnamon.  

The microencapsulation of the essential oils was done by ARS chemists at the 
USDA Bioproducts Laboratory in Albany, CA. The chemists have developed a 



technique for microencapsulation that we used for our essential oils as a delivery 
system. The active ingredient (AI) of the oil in the capsules was 25%. 
 
Objective 2: Determine the optimum concentration of essential oils to be used in 
the delivery system. 
 

To make the microencapsulated essential oils more attractive to the bees, we 
mixed them with powdered sugar, a commonly known method used by beekeepers to 
apply antibiotics in the colonies called dusting. Each starch encapsulated essential oil 
was mixed in the laboratory with powdered sugar at different concentrations such as: 
1%; 2.5%; 5% and 7% AI. Preference feeding trials were performed in various 
nucleus colonies by applying 5 grams of oil-sugar mix on the top bars of the frames. 
Plain powdered sugar was used as a control and applied at the same time with the 
treatments. Consumption and preference were recorded over time. Feeding preference 
trial is shown in Table 1. 
 

Feeding Preferences Table 1 
 

 
 
Objective 3: Determine the effects of the essential oil formulation on mite 
infestation and reproduction rates. 
 

Once the acceptable concentration of the oil was determined at 2.5%, a 
mixture of each microencapsulated essential oil and powdered sugar was fed to 5 
nucleus colonies (nucs) for each treatment period. A total of 15 grams of oil mixture 
was applied to each nuc and the treatments were replenished as needed. Control nucs 
were fed powdered sugar without the essential oil starch encapsulations. Pre-
treatment mite population levels in 25 5-frame nucleus colonies were determined by 
the sticky board technique. In addition, we sampled sealed brood to estimate mites 
per cell. To determine the efficacy of the essential oils treatments, we monitored the 
rates of mite invasion and reproduction in the tests nucs. The duration of the 
treatment with the microencapsulated oils was 8 weeks followed by 1 week of 
Apistan, a commercially available miticide used as a known treatment to kill the 
remaining mites in the colonies. The results and data analysis from these experiments 
are shown in Figures 1 through 4. 

 
 

The Optimum Concentration was determined at 2.5% AI 

Essential Oil Concentration 

Origanum 

Clove 

Cinnamon 

Thymol 

Control (Sugar) 

1% 2.5% 5% 7%

Overall 

-/++ 2.5% + -/+

+ -/++ -/+ 2.5% 

+ + -/+ -/+ 2.5% 

+ -/+ 2.5% + -/+

+ + ++ All 



 
 
 
Figure 1 

Average Number of Mites in Colonies treated with 
Clove Oil
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Figure 2 
 
Average Number of Mites in Colonies treated with 

Thymol Oil

0

200

400

600

800

1000

1200

Weeks

A
v
e
ra

g
e
 N

u
m

b
e
r 

o
f 

M
it

e
s

Pre-treatment

Week 1

Week 2

Week 3

Week 4

Week 5

Week 6

Week 7

Week 8

Week 9

Apisan

 
 
 
 
 
 
Figure 1 and Figure 2. The number of mites decreased significantly in both oils after 
4 weeks of treatment, and remained at that level for the rest of the treatment. There is 
no significant difference on mite population when the miticide was applied at week 
10. 



 
Figure 3  

 
Average Number of Total Mite Population in 
Colonies Treated with Clove and Thymol Oil
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Figure 3.This graph is the combination of Fig.1 and 2 and the control was added. 
Average of total mite population recorded after 9 weeks of treatment. Week 0 
represents mite population before treatment. Week 1-9 treatment period, Week 10 a 
commercial miticide was applied to knock down the remaining mites in the colonies. 
The mite population was recorded using the sticky board technique. Boards were 
replaced weekly. The oils were used at 2.5% concentration from a 25% stock. 
 

Figure 4 
Analysis of Mite Cell Infestation in Colonies Treated 

with Essential Oils
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Figure 4. Brood cells were examined for mite invasion and reproduction. Each time 
period represents 1 brood cycle of 21 days. In period 2 generally all the oils were able 
to reduce the number of mites. 
 
 
 
 
 



 
Conclusions 
 

• From all the oils tested, Clove and Thymol were the most effective in 
controlling invasion and reproduction in the cells as well as mite drop rates. 

• The optimum concentration to be used in the treatment was 2.5%. 
• Easy treatment application that shows to be efficient and at the same time 

reduce human exposure to toxic compounds. 
• Even though the delivery system works well, we need to improve the release 

rate of the oils and we plan to do that as an extension of this research project. 
 

We strongly believe that this new technology will enable us to test a wide range 
of essential oils and derivatives.  

Results of Phase II of this project will be presented at the annual Almond Board 
Conference. 
 
REFERENCES 
 

1. Amrine James W., et al. 1996. New mite controls investigated. American Bee 
Journal. 652-654. 

2. Bartelt Robert J., et al. 1990. Feeding stimulants for the European Corn Borer 
(Lepidoptera: Pyralidae): Additives to a starch-based formulation for Bacillus 
thuringiensis. Environ. Entomol. 19 (1): 182-189. 

3. Calderone Nicholas W., et al. 1997. Plant extracts used for control of the 
parasitic mites Varroa jacobsoni (Acari: Varroidae) and Acarapis woodi 
(Acari: Tarsonemidae) in colonies of Apis mellifera (Hymenoptera: Apidae). 
J. Econ. Entomol. 90 (5): 1080-1086. 

4. Eischen Frank. 1995. Varroa resistance to Fluvalinate. American Bee Journal. 
815-816. 

5. Gillespie Robert L., et al. 1994. Palatability of flour granular formulations to 
European Corn Borer Larvae (Lepidoptera: Pyralidae). J.Econ.Entomol. 87 
(2): 452-457. 

6. Imdorf Anton, et al. March 1996. Alternative Varroa control. American Bee 
Journal. 189-193. 

7. Imdorf Anton, et al. 1999. Use of essential oils for the control of Varroa 
jacobsoni Oud. in honey bee colonies. Apidologie. 30, 209-228. 

8. Kraus Bernhard, et al. 1994. Screening of substances for their effect on 
Varroa jacobsoni: attractiveness, repellency, toxicity and masking effects of 
ethereal oils. Journal of Apicultural Research. 33 (1): 33-43. 

9. McGuire Michael R., et al. 1992. Adherent starch granules for encapsulation 
of insect control agents. J. Econ. Entomol. 85 (4): 1425-1433. 

10.  Sammataro Diana, et al. 1998. Some volatile plant oils as potential control 
agents for Varroa mites (Acari: Varroidae) in honey bee colonies 
(Hymenoptera: Apidae). American Bee Journal. 681-685. 

11.  Spivak Marla. 1996. Honey bee hygienic behavior and defense against 
Varroa jacobsoni. Apidologie. 27, 245-260. 

12. The hive and the honey bee. Revised Edition 1992. Dadant & Sons 
Publication. 

13. Van Buren NWM, et al. 1993. The effectiveness of systemic agents used to 
control the mite, Varroa jacobsoni, in colonies of the honey bee, Apis 
mellifera depends on food distribution patterns. Apidologie. 24, 33-43. 

 
 



 


	REFERENCES

